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Serum Leptin, Ghrelin, and IGF-1 Levels and Their 
Association with Bone Mineral Density in Patients with 
Ulcerative Colitis

 Abdulkerim Furkan Tamer1,  Ömer Yılmaz2

1Department of Internal Medicine and Nephrology, Adnan Menderes University Faculty of Medicine, Aydın, Türkiye
2Department of Internal Medicine and Gastroenterology, Atatürk University Faculty of Medicine, Erzurum, Türkiye

ORCID IDs of the authors: A.F.T. 0000-0002-9820-5850, Ö.Y. 0000-0001-7471-4987.

INTRODUCTION
Ulcerative colitis (UC), although primarily affecting the 
gastrointestinal tract, is also associated with extraintestinal 
manifestations and complications, such as decreased bone 
mineral density (BMD), which may result in osteopenia and 
osteoporosis. Over the past three decades, studies from 
different cohorts have reported a prevalence of osteopenia 
ranging from 22% to 77% and osteoporosis from 17% to 41% 
among UC patients.1,2

The major risk factors for reduced BMD in UC patients 
include low body weight and body mass index (BMI), chronic 
inflammation, prolonged corticosteroid therapy, immobilization, 
and malabsorption of vitamin D, calcium, and vitamin K.3 Initially, 
the reduction in BMD was attributed primarily to corticosteroid 
use; however, the observation that corticosteroids are often 
used only for remission induction and not for maintenance 
therapy suggests that additional factors also contribute to 
decreased BMD.4

Cite this article as: Tamer AF, Yılmaz Ö. Serum leptin, ghrelin, and IGF-1 levels and their association with bone mineral density in patients with 
ulcerative colitis. Arch Basic Clin Res. 2026;8(2):92-99.

Corresponding author: Abdulkerim Furkan Tamer, E-mail: aftamer@gmail.com

Received: October 14, 2025 
Revision Requested: November 17, 2025 Accepted: May 25, 2026 Publication Date: July, 14, 2026

ABSTRACT
Objective: This study aimed to investigate the relationship between serum leptin, ghrelin, and insulin-like growth factor-1 (IGF-1) levels and 
bone mineral density (BMD) in patients with ulcerative colitis (UC) to elucidate possible mechanisms underlying impaired bone mineralization 
in UC.

Methods: A total of 38 patients with UC and 38 age- and sex-matched healthy controls were included. Serum levels of leptin, ghrelin, IGF-
1, and tumor necrosis factor-alpha (TNF-α) were measured during both the active and remission phases. Bone mineral densitometry was 
performed using dual-energy X-ray absorptiometry, and vertebral and femoral T- and Z-scores were recorded. The results were compared 
between disease phases and those of controls.

Results: Among UC patients, 27% had normal BMD, 50% were osteopenic, and 23% were osteoporotic. Mean T- and Z-scores were 
significantly lower in UC patients than in controls (P < 0.05). Serum leptin and IGF-1 levels during the active phase were significantly 
decreased, while ghrelin and TNF-α levels were significantly elevated, compared with controls (P < 0.05). In remission, ghrelin levels remained 
higher than in controls (P < 0.05), whereas leptin, IGF-1, and TNF-α levels were similar. A positive correlation was observed between IGF-1 
and femoral neck T-scores in the active phase (P < 0.05).

Conclusion: BMD is significantly reduced in UC patients, particularly during active inflammation. Decreased secretion of leptin and IGF-1 
and elevated ghrelin levels may contribute to bone loss, highlighting the interplay among inflammation, metabolism, and skeletal health in 
UC.

Keywords: Ulcerative colitis, leptin, ghrelin, IGF-1, bone mineral density, TNF-α

DOI: 10.4274/ABCR.2026.25384
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One possible mechanism involves alterations in the synthesis 
and secretion of adipokines, such as leptin and ghrelin, by 
adipose tissue. Anorexia, malnutrition, and cachexia associated 
with inflammatory bowel disease (IBD) can impair adipose tissue 
function, leading to alterations in leptin and ghrelin secretion. 
These disturbances may contribute to the higher prevalence 
of osteoporosis in UC patients.3 White adipose tissue, which 
constitutes the majority of fat in the body, not only regulates 
energy homeostasis but also plays a critical role in immune 
and metabolic processes. Cytokines such as interleukin-6 and 
tumor necrosis factor-alpha (TNF-α), along with adipokines 
like leptin and ghrelin secreted from adipose tissue, have been 
shown to influence bone metabolism.3

Low circulating leptin levels or leptin resistance, commonly 
observed in obesity, has been associated with reduced 
BMD. Leptin replacement has been reported to significantly 
improve spinal BMD, and the presence of leptin receptors 
on osteoblasts and chondrocytes indicates direct effects 
on bone growth and metabolism.5 Similarly, ghrelin, another 
adipokine secreted from white adipose tissue, has been 
implicated in growth hormone secretion, appetite stimulation, 
gastrointestinal motility, glucose tolerance, and energy 
homeostasis.6 Beyond its metabolic effects, ghrelin has also 
been proposed to play a role in the link between bone mass 
and adipose tissue.7

Several studies have reported elevated ghrelin levels in 
patients with IBD compared with healthy controls, although 
findings remain inconsistent.8,9 Furthermore, increased ghrelin 
concentrations have been positively correlated with reduced 
BMD in IBD patients.7 In line with these findings, we aimed to 
investigate serum leptin and ghrelin levels in UC patients and 
their relationships with BMD. To further explore the impact of 
inflammation and catabolism, we included measurements of 
serum TNF-α and insulin-like growth factor-1 (IGF-1).

MATERIALS AND METHODS
Study Population

This study included 38 patients who were admitted to the 
Gastroenterology Clinic of Atatürk University Faculty of 

Medicine in 2009 and 2010 with complaints of bloody diarrhea, 
urgency, and abdominal pain, who were diagnosed with UC, and 
38 healthy volunteers who served as the control group. The 
healthy controls were selected to match the UC patients as 
closely as possible in terms of age and sex. All participants were 
fully informed about the study, and written informed consent 
was obtained prior to enrollment.

Clinical Evaluation and Diagnosis

All patients were evaluated through a detailed medical history, 
physical examination, and laboratory assessments, including 
blood, urine, and stool analyses. Other gastrointestinal and 
systemic conditions with similar clinical manifestations 
were excluded during the differential diagnosis process. 
The diagnosis of UC was confirmed based on characteristic 
endoscopic findings and histopathological evaluation of colonic 
biopsy specimens.

Inclusion and Exclusion Criteria

Patients with renal failure, chronic liver disease, chronic heart 
disease, systemic infectious diseases, IBDs other than UC, 
systemic inflammatory or autoimmune disorders, hypertension, 
diabetes mellitus, or malignancy were excluded from the study.

Assessment of Disease Activity

The disease activity of UC patients was evaluated according to 
the Truelove-Witts criteria (Table 1).10 Based on these criteria, 
patients were categorized as being in either the active phase 
or remission phase of the disease. Treatment regimens were 
adjusted for newly diagnosed or relapsed patients during the 
active phase. After achieving remission, patients were recalled 
for follow-up visits at intervals ranging from 3 months to 1 year.

Sample Collection and Biochemical Analysis

Before initiation of treatment, a 10 mL venous blood sample was 
collected from each patient in the morning after an overnight fast 
during the active phase, and a second 10 mL venous blood sample 
was collected after remission was achieved. Similarly, fasting 
venous blood samples were obtained from the control group. 
Serum leptin, ghrelin, and TNF-α levels were measured by 
enzyme-linked immunosorbent assay, and IGF-1 was measured 
by chemiluminescence.

BMD Measurement

BMD was evaluated during both the active and remission 
phases using dual-energy X-ray absorptiometry (DEXA). 
Measurements were obtained from the lumbar vertebrae (L1-
L4) and femoral neck; BMD (g/cm2) was calculated, and T and 
Z scores were derived. Osteopenia was defined as a T-score 
between -1.0 and -2.5, and osteoporosis as a T-score ≤ -2.5, 
according to World Health Organization criteria.11

Statistical Analysis

All statistical analyses were performed using the Statistical 
Package for the Social Sciences (SPSS) for Windows, version 
18.0 (IBM Corp., Armonk, NY, USA). Data were expressed as 
mean ± standard deviation.

MAIN POINTS
•	 In active ulcerative colitis, serum leptin and growth 

factor-1 (IGF-1) levels were significantly lower, whereas 
ghrelin and tumor necrosis factor-alpha (TNF-α) levels 
were elevated.

•	 Bone mineral density was reduced in Ulcerative 
colitis (UC) patients compared with controls, and this 
reduction persisted even during remission.

•	 A positive correlation was observed between IGF-1 
levels and femoral neck T-scores in active UC patients.

•	 Corticosteroid exposure was associated with higher 
leptin levels, highlighting treatment-related metabolic 
effects.

•	 These findings support the interplay between 
inflammatory and metabolic pathways in UC 
pathophysiology.
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•	 The Shapiro-Wilk test was used to assess the normality of 
data distribution.

•	 Comparisons between two independent groups were made 
using the independent samples t-test or the Mann-Whitney U 
test, as appropriate.

•	 Categorical variables were compared using the chi-square 
test.

•	 Correlations between continuous variables were 
examined using Pearson’s or Spearman’s correlation 
coefficients, depending on their distribution. 
A P value of <0.05 was considered statistically significant.

Ethical Approval

The study protocol was approved by the Ethics Committee 
of Atatürk University Faculty of Medicine (Department of 
Internal Medicine, session no: 01, January 13, 2009), the Atatürk 
University Faculty of Medicine Ethics Committee (session no: 
4, May 15, 2009; decision no: 122), and the Internal Medicine 
Division Council (session no: 4, June 17, 2009; decision no: 48).

RESULTS
Among the 38 patients in the active phase, 10 (27%) had normal 
BMD, 9 (23%) had osteoporosis, and 19 (50%) had osteopenia. 
The mean T- and Z-scores of BMD, measured during both the 
active and remission phases, were significantly lower compared 
with those of the control group (P < 0.05, Tables 2 and 3).

No statistically significant differences were observed in the 
mean T and Z scores of BMD at the lumbar spine (L1-L4), 
femoral neck, and total hip between patients in the active and 
remission phases (P > 0.05, Table 4).

Serum leptin and IGF-1 levels were significantly lower in patients 
with active UC than in the control group (P < 0.05). In contrast, 
serum levels of ghrelin and TNF-α were significantly higher in 
the active phase than in controls (P < 0.05, Table 5).

In the remission phase, serum leptin, IGF-1, and TNF-α levels 
did not differ significantly from those of the control group (P 
> 0.05, Table 5). However, ghrelin concentrations remained 
significantly elevated compared with controls (P < 0.05; Table 
6). This persistent increase in ghrelin, even during clinical 
remission, may reflect ongoing subclinical inflammation or a 
compensatory metabolic response to chronic disease burden.

Table 1. Truelove and Witts Criteria for Assessing Disease Activity in Ulcerative Colitis
Parameter Mild Disease Moderate Disease Severe Disease

Stool frequency ≤ 4 stools/day 4-6 stools/day ≥ 6 bloody stools/day

Blood in stool Present (occasional) Frequent Frequent/continuous

Temperature Normal < 37.8 °C > 37.8 °C

Pulse Normal < 90/min > 90/min

Hemoglobin Normal ≥ 10.5 g/dL < 10.5 g/dL

Erythrocyte Sedimentation Rate (ESR) Normal 20-30 mm/h > 30 mm/h

General condition Well Mild systemic disturbance Severe systemic disturbance

Table 2. Comparison of Mean T and Z Scores of BMD Between 
Active UC Patients and Controls

Parameter Active 
(Mean ± SD)

Control 
(Mean ± SD) P

L1-L4 T -1.49 ± 1.26 -0.73 ± 0.94 P < 0.05

L1-L4 Z -1.07 ± 1.11 0.07 ± 1.00 P < 0.05

F. Neck T -0.88 ± 1.03 -0.23 ± 0.72 P < 0.05

F. Neck Z 0.02 ± 1.12 0.96 ± 1.04 P < 0.05

Total Hip T -0.78 ± 1.02 -0.04 ± 0.62 P < 0.05

Total Hip Z -0.30 ± 0.99 0.76 ± 0.77 P < 0.05
F.: Femur.

Table 3. Comparison of Mean T and Z Scores of BMD Between 
UC Patients in Remission and Controls

Parameter Remission 
(Mean ± SD)

Control 
(Mean ± SD) P

L1-L4 T -1.55 ± 1.14 -0.73 ± 0.94 P < 0.05

L1-L4 Z -1.13 ± 1.01 0.07 ± 1.00 P < 0.05

F. Neck T+ -0.73 ± 1.15 -0.23 ± 0.72 P < 0.05

F. Neck Z 0.11 ± 1.01 0.96 ± 1.04 P < 0.05

Total Hip T -0.69 ± 1.02 -0.04 ± 0.62 P < 0.05

Total Hip Z -0.25 ± 0.92 0.76 ± 0.77 P < 0.05
F.: Femur.

Table 4. Comparison of Mean T and Z Scores of BMD Between 
Active and Remission UC Patients

Parameter Active 
(Mean ± SD)

Remission 
(Mean ± SD) P

L1-L4 T -1.49 ± 1.26 -1.55 ± 1.14 P > 0.05

L1-L4 Z -1.07 ± 1.11 -1.13 ± 1.01 P > 0.05

F. Neck T -0.88 ± 1.03 -0.73 ± 1.15 P > 0.05

F. Neck Z 0.02 ± 1.12 0.11 ± 1.01 P > 0.05

Total Hip T -0.78 ± 1.02 -0.69 ± 1.02 P > 0.05

Total Hip Z -0.30 ± 0.99 -0.25 ± 0.92 P > 0.05
F.: Femur; BMD, bone mineral density; UC, ulcerative colitis.
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Serum leptin and IGF-1 levels were significantly lower in patients 
during the active phase compared with those in remission (P 
< 0.05). Although serum ghrelin concentrations were higher 
in active UC patients than in remission, this difference did 
not reach statistical significance (P>0.05). By contrast, serum 
TNF-α levels were significantly elevated in the active phase 
compared with levels during remission (P < 0.05, Table 7).

Serum leptin levels were significantly higher in UC patients 
who received for induction of remission compared with those 

who did not (P < 0.05). No statistically significant differences 
were observed between steroid-treated and untreated patients 
in serum concentrations of ghrelin, IGF-1, or TNF-α (P > 0.05, 
Table 8).

No correlations (positive or negative) were observed between 
serum leptin or ghrelin levels and either serum TNF-α or BMD 
in patients in both the active and remission phases. However, 
in patients with active UC, a statistically significant positive 
correlation was detected between femoral neck T-scores and 
serum IGF-1 levels (Tables 9 and 10).

DISCUSSION
The most important findings of this study are that, in patients 
with UC, serum leptin and IGF-1 levels were reduced, ghrelin 
levels were increased in patients with UC, and BMD was 
positively associated with IGF-1 but not with leptin or ghrelin.

While numerous factors play a role in this inflammatory process, 
recent evidence has suggested that adipokines secreted from 
mesenteric adipose tissue—now increasingly recognized as a 
novel immune cell compartment—may also contribute to the 
pathogenesis of UC. These adipokines have been reported 
to exert both pro-inflammatory and anti-inflammatory 
effects. Studies have demonstrated conflicting findings 
regarding serum leptin levels and the presence of IBD, with 
some reporting negative associations and others reporting 
statistically significant positive associations. More recent 
research has highlighted the potential influence of ethnic 
and racial variation on circulating leptin levels; however, the 
underlying mechanisms remain to be fully elucidated. Leptin 
concentrations are generally lower among non-White patients, 
suggesting that ethnic variation may indeed play an important 
role in the correlation between leptinemia and IBD.12

Under normal conditions, leptin secreted by adipose tissue 
is thought to enhance anti-inflammatory macrophage 
populations and thereby exert an inflammation-reducing 
effect.13

Karmiris et al.8 reported that serum leptin levels measured 
during the active phase of UC were significantly lower compared 
with healthy controls, suggesting that reduced circulating 
leptin may be associated with intestinal inflammation. Similarly, 
Franchimont et al. demonstrated that in patients with IBD, 
serum leptin concentrations increased following treatment with 
infliximab, an anti-TNF-α agent, accompanied by a reduction in 
intestinal inflammation.14

Table 5. Comparison of Serum Leptin, Ghrelin, IGF-1, and TNF-α 
Between Active UC Patients and Controls

Parameter Active 
(Mean ± SD)

Control 
(Mean ± SD) P

Leptin 5.10 ± 6.67 ng/dL 14.30 ± 1.80 ng/dL P < 0.05

Ghrelin 91.23 ± 62.00 pg/mL 13.40 ± 1.78 pg/mL P < 0.05

IGF-1 103.66 ± 46.38 ng/mL 189.0 ± 12.0 ng/mL P < 0.05

TNF-α 10.93 ± 12.36 pg/mL 2.41 ± 0.18 pg/mL P < 0.05
IGF-1, insulin-like growth factor-1; TNF-α, tumor necrosis factor-alpha.

Table 6. Comparison of Serum Leptin, Ghrelin, IGF-1, and TNF-α 
Between UC Patients in Remission and Controls

Parameter Remission 
(Mean ± SD)

Control 
(Mean ± SD) P

Leptin 15.67 ± 16.62 ng/dl 14.30 ± 1.80 ng/dl P > 0.05

Ghrelin 65.24 ± 46.89 pg/ml 13.40 ± 1.78 pg/ml P < 0.05

IGF-1 170.08 ± 68.43 ng/ml 189.0 ± 12.0 ng/ml P > 0.05

TNF-α 4.19 ± 7.35 pg/ml 2.41 ± 0.18 pg/ml P > 0.05
IGF-1, insulin-like growth factor-1; TNF-α, tumor necrosis factor-alpha; UC, 
ulcerative colitis.

Table 7. Comparison of Serum Leptin, Ghrelin, IGF-1, and TNF-α 
Between Active and Remission UC Patients

Parameter
Active
(Mean ± SD)

Remission
(Mean ± SD)

P

Leptin 5.10 ± 6.67 ng/dL 15.67 ± 16.62 ng/dL P < 0.05

Ghrelin 91.23 ± 62.00 pg/mL 65.24 ± 46.89 pg/mL P > 0.05

IGF-1 103.66 ± 46.38 ng/mL 170.08 ± 68.43 ng/mL P < 0.05

TNF-α 10.93 ± 12.36 pg/mL 4.19 ± 7.35 pg/mL P < 0.05
IGF-1, insulin-like growth factor-1; TNF-α, tumor necrosis factor-alpha; SD, 
standard deviation; UC, ulcerative colitis.

Table 8. Comparison of Serum Leptin, Ghrelin, IGF-1, and TNF-α According to Steroid use in UC Patients
Parameter Steroid (+) (Mean ± SD) Steroid (-) (Mean ± SD) P

Leptin 30.33 ± 18.67 ng/dL 10.05 ± 11.99 ng/dL P < 0.05

Ghrelin 85.53 ± 70.00 pg/mL 57.98 ± 34.24 pg/mL P > 0.05

IGF-1 159.90 ± 55.10 ng/mL 173.71 ± 73.16 ng/mL P > 0.05

TNF-α 2.16 ± 2.25 pg/mL 4.91 ± 8.23 pg/mL P > 0.05

Femur Neck T -0.75 ± 1.03 -0.83 ± 1.15 P > 0.05

IGF-1, insulin-like growth factor-1; TNF-α, tumor necrosis factor-alpha.
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Reduced leptin concentrations appear to contribute to 
impaired anti-inflammatory regulation in UC. During the active 
phase, serum leptin levels are significantly lower than those 
observed in both the remission and control groups (Tables 5 
and 7). Notably, leptin concentrations remain decreased even 
during remission compared with healthy controls, suggesting 
the persistence of subclinical inflammation (Table 6). Given 
leptin’s anorexigenic properties, the marked reduction in its 
levels during active disease may represent a compensatory 
mechanism aimed at mitigating malnutrition, which either 
precedes or arises as a consequence of intestinal inflammation. 
In light of leptin’s established anti-inflammatory functions, 
persistently reduced concentrations—both during active 
disease and relative to controls—support the hypothesis that 
insufficient leptin-mediated immunoregulatory activity may 
contribute to the perpetuation of intestinal inflammation in UC.

In UC patients receiving steroids, serum leptin levels measured 
during remission were significantly higher than in those not 
receiving steroids. This finding suggests that steroid therapy 
enhances anti-inflammatory activity, leading to higher leptin 
concentrations in these patients than in non-users. In other 
words, serum leptin levels increased in parallel with a reduction 
in inflammation (Table 8).

Leptin is also believed to have important effects on bone 
metabolism, promoting bone mineralization and enhancing 
osteoblastic activity. Consistent with this, our study 
demonstrated reduced leptin levels in patients with UC. 
However, correlation analysis did not reveal any statistically 
significant positive or negative association between leptin 
concentrations and BMD measurements (Tables 9-10).15

In a study by Karmiris et al.8 that included 100 patients (46 
with UC and 54 with Crohn’s disease) and 60 healthy controls, 
serum ghrelin levels were higher in IBD patients than in healthy 
controls. Moreover, when IBD patients were compared with 
controls, elevated ghrelin levels were correlated with reduced 
leptin concentrations. The authors concluded that ghrelin levels 
positively correlate with the severity of inflammation in IBD and 
that impaired secretion of adipose tissue-derived proteins may 
play a role in IBD pathogenesis. Consistent with these findings, 

our study also demonstrated higher serum ghrelin levels and 
lower leptin levels in patients with active UC compared with 
healthy controls.8 

Ates et al.16 reported that serum ghrelin levels measured during 
the active phase were significantly higher than those measured 
during remission. The same study demonstrated negative 
correlations between serum ghrelin levels and both serum 
IGF-1 concentrations and BMI. Consequently, the authors 
concluded that elevated ghrelin levels correlate positively with 
disease severity and may serve as a useful marker in assessing 
both disease activity and nutritional status in UC. In our study, 
however, no statistically significant difference was observed 
between ghrelin levels in the active and remission phases. 
Nevertheless, the borderline trend toward higher ghrelin levels 
during active disease suggests results consistent with those of 
Ates et al.16

In a study conducted by Konturek et al.17, colonic mucosal 
biopsy specimens from 15 UC patients were compared with 
those from 15 healthy controls, revealing increased mucosal 
mRNA expression of ghrelin in the UC group. The authors 
suggested that this elevated colonic mucosal expression of 
ghrelin may represent a protective response triggered by the 
heightened mucosal inflammation.17 

In our study, serum ghrelin levels in active UC patients were 
marginally higher than in patients in remission, although the 
difference was not statistically significant. The absence of 
a significant difference may be explained by the multitude 
of factors influencing ghrelin secretion, and by its active 
involvement in numerous metabolic and inflammatory 
processes. However, ghrelin levels in active UC patients were 
significantly higher than those in healthy controls. This finding 
suggests that increased ghrelin secretion occurs during 
inflammatory processes and that this increase—ghrelin being 
known for its pro-inflammatory effects— may itself contribute 
to intestinal inflammation. During remission, serum ghrelin 
levels in UC patients remained significantly higher than in 
healthy controls, indicating that, despite clinical remission, the 
effects of chronic inflammation persist in UC patients for an 
extended period.

Table 9. Correlation Analysis of Serum Leptin, Ghrelin, and IGF-1 with TNF-α and BMD T-Scores in Active UC Patients
Parameter TNF-α L1-L4 T Femur Neck T Total Hip T

Leptin 0.241 (P > 0.05) 0.164 (P > 0.05) 0.185 (P > 0.05) 0.271 (P > 0.05)

Ghrelin -0.006 (P > 0.05) 0.017 (P > 0.05) -0.015 (P > 0.05) -0.029 (P > 0.05)

IGF-1 -0.167 (P > 0.05) 0.166 (P > 0.05) 0.373 (P < 0.05) 0.316 (P > 0.05)
IGF-1, insulin-like growth factor-1.

Table 10. Correlation Analysis of Serum Leptin, Ghrelin, and IGF-1 with TNF-α and BMD T-scores in Remission UC Patients
Parameter TNF-α L1-L4 T Femur Neck T Total Hip T

Leptin 0.096 (P > 0.05) 0.008 (P > 0.05) -0.090 (P > 0.05) -0.024 (P > 0.05)

Ghrelin -0.188 (P > 0.05) -0.118 (P > 0.05) -0.180 (P > 0.05) -0.195 (P > 0.05)

IGF-1 -0.100 (P > 0.05) 0.192 (P > 0.05) 0.187 (P > 0.05) 0.064 (P > 0.05)
BMD, bone mineral density; DEXA, dual-energy X-ray absorptiometry; TNF-α, tumor necrosis factor-alpha; IGF-1, insulin-like growth factor-1.



Tamer and Yılmaz. Leptin, Ghrelin, IGF-1 and Osteoporosis in Ulcerative Colitis Arch Basic Clin Res 2026;8(2):92-99

97

Although Peracchi et al.18 reported a positive correlation between 
ghrelin and TNF-α levels, no such association was observed in 
our study. In both the active and remission phases, ghrelin levels 
showed no correlation with TNF-α concentrations or BMD. 
Furthermore, there was no significant difference in ghrelin 
levels between patients who received steroids for remission 
induction and those who did not. Taken together, our findings 
suggest that the dysregulated secretion of ghrelin—known 
to possess pro-inflammatory properties—may contribute to 
intestinal inflammation. Alternatively, the increased ghrelin 
secretion may represent a compensatory protective response 
of the organism to inflammation. Elevated ghrelin levels could 
also be interpreted as a response to malnutrition developing 
during intestinal inflammation, serving to preserve energy 
stores and counteract cachexia by promoting fat accumulation 
and appetite stimulation.18

In IBD, dysfunction of the growth hormone/IGF-1 axis has 
been demonstrated. IGF-1, synthesized in the liver, exerts 
anabolic effects in multiple tissues and plays a crucial role in 
the regulation of growth and metabolism. During inflammatory 
processes, hepatic synthesis of IGF-1 is reduced, resulting 
in decreased serum IGF-1 levels. Growth retardation has 
frequently been reported in children with UC and Crohn’s 
disease. IGF-1 also plays an important role in bone metabolism 
and calcium balance, and has been shown to correlate positively 
with bone mineralization.19

In a cohort study including 1,004 individuals, Pöykkö et al.20 
reported a negative correlation between serum ghrelin levels 
and IGF-1 concentrations. They suggested that this relationship 
may play an important role in regulating energy metabolism, 
although further studies are needed to clarify the underlying 
mechanisms. In our study, while serum ghrelin levels were 
higher in patients compared with the control group, serum IGF-
1 levels were lower than those of healthy controls.20

In an experimental study by Haris et al.21 using colitis-induced 
mice, BMD and serum TNF-α and IGF-1 levels were evaluated 
during both the active and remission phases of IBD. They 
observed that elevated TNF-α and reduced IGF-1 levels during 
active disease paralleled the reduction in BMD. With disease 
remission, TNF-α levels decreased, IGF-1 levels increased, and 
BMD improved. Similarly, our study found a positive correlation 
between IGF-1 concentrations and BMD in active UC patients. 
However, no significant correlation was detected between 
IGF-1 and TNF-α levels during activity. Consistent with the 
findings of Haris et al.21, we also observed that IGF-1 levels 
were lower during the active phase compared with remission. 
Furthermore, IGF-1 values increased once patients achieved 
remission. Given its well-known anabolic effects in multiple 
tissues, as well as its role in enhancing bone mineralization and 
osteoblastic activity, the observed reduction in IGF-1 levels and 
the associated correlation with decreased BMD in our study 
are consistent with previous reports. The observation that IGF-
1 concentrations in patients with active UC were lower than 
in patients in remission and in healthy controls suggests that 
the IGF-1 axis is disrupted in UC. This impairment may result 
from altered secretion of adipokines (e.g., leptin and ghrelin) by 
adipose tissue, as well as from other inflammatory processes 

upregulated in UC. Ultimately, this disturbance of the IGF-1 axis 
and reduced serum IGF-1 levels may help explain the increased 
catabolic state observed in these patients.21

TNF-α plays a key role in the pathogenesis of UC, as it does 
in many other inflammatory diseases, and is an important 
therapeutic target in UC. Inhibition of TNF-α with monoclonal 
antibodies such as infliximab and adalimumab has emerged as 
an effective therapeutic strategy for the management of the 
most treatment-resistant cases of chronic UC.22

Komatsu et al.23 reported that serum TNF-α levels in UC patients 
were up to 380 times higher than those in healthy individuals. 
In their study, TNF-α concentrations were significantly higher 
during the active phase compared with remission, highlighting 
the central role of TNF-α in the pathophysiology of IBD and 
underscoring its value as an important biomarker for assessing 
disease activity.23 

In our study, serum TNF-α levels were significantly higher 
in patients during the active phase compared with both the 
remission and healthy-control groups, confirming the well-
established pro-inflammatory role of TNF-α. No statistically 
significant difference was observed between patients in 
remission and controls. The decline in TNF-α levels with 
remission supports the rationale for the successful outcomes 
achieved with TNF-α inhibitors, which are increasingly being 
adopted as a cornerstone in the treatment of UC. The changes 
observed in our study, together with the recent widespread use 
of TNF-α inhibitors, further emphasize the role of TNF-α as one 
of the principal cytokines driving intestinal inflammation in UC.

IBD is recognized as a significant risk factor for reduced BMD, 
leading to osteopenia and osteoporosis. Previous reports have 
demonstrated a prevalence of osteopenia and osteoporosis 
among IBD patients ranging from 7% to 56%. In a cohort study 
by Koutroubakis et al.7, BMD was evaluated in 118 patients 
with UC Crohn’s disease, revealing that 40 patients (33.9%) 
had normal BMD, 55 patients (46.6%) were osteopenic, and 
23 patients (19.5%) were osteoporotic. Importantly, this 
study reported that higher circulating ghrelin levels and longer 
disease duration were significantly associated with lower BMD 
and increased osteoporosis frequency, whereas no correlation 
was observed between leptin levels and BMD.7

Consistent with these findings, our analysis of 38 patients 
demonstrated that 10 (27%) had normal BMD, 19 (50%) were 
osteopenic, and 9 (23%) were osteoporotic. In contrast to the 
ghrelin association reported in the previous study, we did not 
identify any significant correlation between BMD and levels of 
either ghrelin or leptin.

In a cohort study conducted by Ottaviani et al.24 involving 336 
patients with IBD, osteopenia was identified in 115 patients 
(34%), while osteoporosis was detected in 40 patients 
(12%). The study found that older age and female sex were 
significantly associated with lower BMD. Following clinical 
evaluation, Vitamin D replacement therapy was initiated for 153 
patients (45%), and 24 (7%) began treatment specifically for 
osteoporosis. The findings emphasize the critical importance of 
a systematic and multidisciplinary assessment regarding bone 
fragility in this patient population.24
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Intestinal inflammation accelerates bone loss by increasing 
osteoclastic activity and decreasing osteoblastic activity 
through the release of pro-inflammatory cytokines, such as 
interleukin-6, interleukin-1, and TNF-α.25 Studies have shown 
that even in newly diagnosed and untreated patients with IBD, 
initial BMD values are already low.26 Furthermore, the long-term 
use of glucocorticoids, which are frequently employed in IBD 
treatment, leads to an additional decline in BMD by inhibiting 
osteoblasts. In addition, the intake and absorption of essential 
nutrients for bone health, such as Vitamin D and calcium, are 
lower in IBD patients compared to healthy individuals, further 
impacting BMD negatively.25

In our study, no statistically significant differences were 
observed between BMD T- and Z-scores of patients during 
active and remission phases. This finding may be attributed 
to factors such as the relatively short interval between active 
and remission periods (ranging from 3 months to 1 year) and 
the limited sample size. However, BMD T- and Z-scores in 
patients in the active phase were significantly lower than those 
in the healthy control group. This suggests that intestinal 
inflammation in UC and the associated increase in cytokine 
release may initiate the osteoporotic process in affected 
patients.

Furthermore, BMD T- and Z-scores measured during the 
remission phase were significantly lower than those in healthy 
controls. These findings indicate that the osteoporotic process 
initiated during the active phase does not regress immediately 
upon achieving remission. T his highlights the need for a more 
proactive and potentially aggressive approach to the prevention 
and treatment of osteoporosis in patients with UC.

Lee SJ et al.27 demonstrated that approximately one-third of 
patients with IBD diagnosed before the age of 50 had low BMD 
at the time of diagnosis. In that study, the similar prevalence 
of low BMD in the UC and Crohn’s disease subgroups 
suggested that bone loss may begin early in the disease course, 
independent of disease duration and treatment. These findings 
indicate that assessment of BMD at diagnosis in young patients 
with IBD may be clinically meaningful for early risk stratification 
and the implementation of preventive strategies.27

In our study, BMD T- and Z-scores measured during the 
remission phase were found to be significantly lower in patients 
who had received corticosteroids for remission induction 
compared with those who had not. This finding indicates that 
the pre-existing risk of osteoporosis among patients with UC 
is further exacerbated by steroid therapy. Therefore, in the 
management of UC, all potential risk factors for the development 
of osteopenia or osteoporosis—ranging from lifestyle-related 
factors to the therapeutic regimens administered—must be 
carefully considered.

The pathophysiology and etiology of UC remain incompletely 
understood. It has become increasingly evident that 
dysregulated secretion of adipose tissue–derived cytokines 
may play a critical role in the pathogenesis of UC and in the 
development of its clinical manifestations and complications. 
Altered levels of cytokines such as leptin, ghrelin, and TNF-α, 
together with disturbances in the IGF-1 axis, appear to 
contribute to the osteopenic and osteoporotic processes 

observed in UC patients. Given the increased prevalence of 
osteopenia and osteoporosis in this population, particularly 
among those receiving corticosteroid therapy, the 
implementation of appropriate preventive strategies and, when 
necessary, prophylactic treatments should be considered as 
part of comprehensive patient management.

Study Limitations

This study has certain limitations. The sample size was relatively 
small and was derived from a single center, which may limit the 
generalizability of the findings. In addition, the cross-sectional 
design precludes causal inference between hormonal changes 
and BMD. Future multicenter longitudinal studies with larger 
cohorts are needed to validate and expand upon these results.

CONCLUSION
In conclusion, the pathophysiology and etiology of UC have 
not yet been fully elucidated. It has become increasingly 
evident that dysregulated secretion of adipose tissue–derived 
cytokines may play a critical role in the pathogenesis of UC 
as well as in the development of its clinical manifestations 
and complications. Altered levels of cytokines such as leptin, 
ghrelin, and TNF-α, together with disturbances in the IGF-1 
axis, appear to contribute to the osteopenic and osteoporotic 
processes observed in UC patients. Given the increased 
prevalence of osteopenia and osteoporosis in this population, 
particularly among those receiving corticosteroid therapy, the 
implementation of appropriate preventive strategies and, when 
necessary, prophylactic treatments should be considered as 
part of comprehensive patient management.
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INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is characterized 
by excessive fat accumulation within hepatocytes, affecting 
more than 5% of liver cells in individuals without significant 
alcohol intake or secondary causes of hepatic steatosis such 
as steatogenic drugs, prior surgery, or other liver disorders.1 

There are insufficient noninvasive parameters demonstrating 
the association between NAFLD and the risk of atherosclerosis 
and cardiovascular disease.2,3 The gold standard for the 
accurate diagnosis of NAFLD is the pathological evaluation 
of liver biopsy specimens; however, numerous biomarkers 
of NAFLD have been investigated to avoid such an invasive 
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ABSTRACT
Objective: Cardiovascular disease is prevalent among individuals diagnosed with non-alcoholic fatty liver disease (NAFLD). Epicardial 
adipose tissue (EAT), carotid intima-media thickness (CIMT), and aortic propagation velocity (APV) are associated with atherosclerosis and 
cardiovascular disease (CVD). The aim of this study is to determine whether NAFLD is associated with EAT, CIMT, and APV.

Methods: Individuals aged ≥18 and <65 years who presented for routine follow-up were included. The study population comprised 75 healthy 
controls (40 females, 35 males) and 141 patients with NAFLD (68 females, 73 males). Epicardial adipose tissue thickness, carotid intima-
media thickness, and aortic propagation velocity were evaluated using transthoracic echocardiography in patients who were diagnosed with 
hepatosteatosis by ultrasound during routine check-ups at the internal medicine clinic.

Results: NAFLD was positively associated with epicardial adipose tissue thickness and carotid intima–media thickness, and negatively 
associated with aortic propagation velocity. Patients with NAFLD had significantly higher EAT and CIMT values and lower APV values than 
controls. Logistic regression analysis identified body mass index (BMI) and EAT as independent predictors of hepatosteatosis. Each unit 
increase in BMI was associated with a 1.29-fold increase in the risk of hepatosteatosis, whereas each unit increase in EAT was associated 
with a 5.49-fold increase.

Conclusion: Given the established associations of CIMT, APV, and EAT with atherosclerosis and cardiovascular disease, assessment of 
patients with NAFLD using these noninvasive parameters may help identify subclinical cardiovascular risk.
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technique.4,5 Because NAFLD is associated with the risk factors 
of metabolic syndrome, treatment should primarily focus 
on the management of hypertension, hyperlipidemia, insulin 
resistance, and diabetes mellitus.6

Epicardial adipose tissue thickness (EAT) and volume have 
been associated with visceral adiposity, coronary artery disease, 
subclinical atherosclerosis, insulin resistance, metabolic 
syndrome, and cardiac structural and functional alterations.7 
EAT thickness is associated with the presence and progression 
of NAFLD. Individuals with increased EAT may require closer 
monitoring with regard to NAFLD.8

Atherosclerosis is a systemic and chronic disease, characterized 
by the transendothelial infiltration of low-density lipoprotein 
cholesterol (LDL-C), its accumulation within the intima, and 
subsequent oxidative and enzymatic processes.9 Therefore, 
the intima–media complex of the arterial wall plays a crucial 
role in the pathogenesis of atherosclerosis and may reflect 
different stages of disease development. In the early stages of 
atherosclerosis, a hypertensive and hypertrophic response of 
medial cells can be observed, which is assessed by measuring 
carotid intima–media thickness (CIMT).10

Arterial stiffness and atherosclerotic changes within the aorta 
contribute to vascular wall thickening and reduced elasticity, 
ultimately increasing vascular resistance. As resistance 
increases, blood flow propagation within the arterial lumen 
decreases.11 In this context, APV has emerged as a practical, 
reproducible, and non-invasive parameter for assessing arterial 
stiffness.12

The present study aimed to investigate the relationship 
between NAFLD and atherogenic parameters, including 
epicardial adipose tissue thickness, CIMT, and APV and to 
determine which of these parameters is the most valuable 
predictor of NAFLD.

MATERIAL AND METHODS
This descriptive study included individuals aged 18-64 years 
who presented to the Internal Medicine outpatient clinic of 
Erzincan Binali Yıldırım University Mengücek Gazi Training and 
Research Hospital for routine follow-up between October 25, 
2022, and April 25, 2023. A total of 75 healthy individuals (40 
females, 35 males) and 141 individuals with NAFLD (68 females, 
73 males) were enrolled in the study. Among participants whose 
stage of hepatic steatosis was determined by ultrasonography, 
anthropometric measurements and hematological and 
biochemical tests (including liver and renal function tests, lipid 
profile, etc.) were evaluated.

Venous blood samples were collected following a fasting period 
of 10-12 hours.

After excluding, by ultrasonography, liver pathologies that could 
affect the study outcomes (such as malignancy, cholestasis, 
and liver cirrhosis), hepatic steatosis was classified into four 
stages: normal liver, stage 1 (mild),stage 2 (moderate), and 
stage 3 (severe).

Epicardial adipose tissue thickness measurements were 
performed by a cardiology specialist using transthoracic 

echocardiography (Philips EPIQ 7C) with an S4-2 transducer 
(2-4 MHz).

For CIMT evaluation, participants were examined in the supine 
position with slight neck extension, achieved by placing a pillow 
beneath the neck. Bilateral common carotid arteries were 
visualized using a Philips EPIQ 7C ultrasonography device with 
a 7.5 MHz linear probe. Three separate measurements were 
obtained from each side, and the average value was recorded.

For the assessment of APV, participants were positioned supine, 
and M-mode recordings were obtained by a cardiology specialist 
using a Philips EPIQ 7C echocardiography system with a 3.0 
MHz transducer. The mean of at least three measurements was 
recorded as the APV value.

Statistical Analysis

Statistical analyses were performed using the Statistical 
Package for the Social Sciences (SPSS) version 22.0 (IBM 
Corp., Armonk, NY, USA). The normality of data distribution 
was assessed using the Kolmogorov-Smirnov test. Descriptive 
statistics are presented as mean (standard deviation) in the 
results and in the tables. Comparisons between two groups 
were performed using the Student’s t-test for normally 
distributed variables and the Mann-Whitney U test for non-
normally distributed variables. For comparisons among more 
than two groups, one-way analysis of variance was used for 
normally distributed data, while the Kruskal–Wallis test was 
applied for non-normally distributed data. Categorical variables 
were compared using the chi-square test.

Logistic regression analysis was conducted to identify factors 
affecting the risk of hepatic steatosis, including variables found 
to be significant in univariate analysis. Age and sex were included 
in the model as biological variables using the enter method; 
subsequently, significant variables were identified using the 
forward likelihood ratio method. Results were expressed as 
odds ratios with 95% confidence intervals.

A P value of <0.05 was considered statistically significant.

RESULTS
Among the 216 individuals included in the study, NAFLD was 
detected in 141 (65.3%); the remaining 75 individuals (34.7%) 
comprised the control group.

The study population consisted of 108 women (50%) and 108 
men (50%). NAFLD was identified in 68 women (63.0%) and 
73 men (67.6%). No statistically significant difference in sex 
distribution was observed between individuals with and without 
NAFLD (P = 0.47).

The mean epicardial adipose tissue thickness was 3.9 ± 0.8 
mm in individuals without NAFLD and 5.1 ± 0.7 mm in those 
with NAFLD, demonstrating a statistically significant difference 
between the groups (P <0.001). The mean carotid intima–media 
thickness (CIMT) was 0.82 ± 0.12 mm in participants without 
NAFLD and 1.01 ± 0.12 mm in those with NAFLD (P < 0.001). The 
mean APV was 56.4 ± 7.9 cm/s in individuals without NAFLD 
and 43.8 ± 7.9 cm/s in those with NAFLD, with the difference 
being statistically significant (P < 0.001).
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Comparison of laboratory parameters between individuals 
with and without NAFLD revealed statistically significant 
differences in the levels of glucose, total cholesterol, high-
density lipoprotein cholesterol (HDL-C), LDL-C, triglycerides, 
alanine aminotransferase (ALT), aspartate aminotransferase 
(AST), gamma-glutamyl transferase (GGT), and body mass 
index (BMI) (Table 1).

When demographic, clinical, and laboratory characteristics were 
compared across levels of hepatic steatosis severity, significant 
differences were observed in BMI, EAT, CIMT, APV, triglycerides, 
fasting plasma glucose, ALT, and AST (Table 2).

To identify factors associated with hepatic fat accumulation, 
logistic regression analysis was performed using variables that 
were significant in the univariate analysis; age and sex were 
retained in the model as biological covariates. According to the 
regression analysis, BMI and EAT were found to be significant 
independent predictors of NAFLD. Each unit increase in BMI 
was associated with a 1.29-fold increase in the risk of NAFLD, 
whereas each unit increase in EAT was associated with a 5.49-
fold increase in the risk of NAFLD (Table 3).

DISCUSSION
In this study, laboratory parameters, radiological imaging 
findings, and anthropometric measurements possibly 
associated with nonalcoholic fatty liver disease (NAFLD) were 
evaluated.

When individuals with and without NAFLD were compared, 
statistically significant associations were observed between 
NAFLD status and body mass index (BMI), epicardial adipose 
tissue thickness (EAT), carotid intima–media thickness (CIMT), 
APV, total cholesterol, high-density lipoprotein cholesterol 
(HDL-C), low-density lipoprotein cholesterol (LDL-C), 
triglycerides, fasting plasma glucose, ALT, AST, and GGT.

When data were analyzed according to the degree of 
hepatosteatosis, statistically significant relationships were 
found between steatosis severity and BMI, APV, EAT, CIMT, 
triglycerides, fasting plasma glucose, AST, and ALT.

Several mechanisms have been proposed to explain the link 
among NAFLD, various stages of the atherosclerotic process, 
and alterations in cardiac structure and function. These 
mechanisms include endothelial dysfunction, atherogenic 
dyslipidemia, insulin resistance, and impaired cardiac 
mechanics.13,14

An association between obesity and NAFLD has been well 
established.15 In a study by Almeida et al. involving 3,841 
participants, the prevalence of NAFLD was shown to increase 

MAIN POINTS
•	 Patients with Non-alcoholic fatty liver disease (NAFLD) 

have significantly increased epicardial adipose tissue 
(EAT) thickness and carotid intima-media thickness 
(CIMT), and reduced aortic propagation velocity (APV).

•	 The severity of hepatic steatosis is associated with 
progressive increases in EAT and CIMT and a progressive 
decrease in APV.

•	 Noninvasive cardiovascular imaging markers, 
particularly EAT, may facilitate early identification of 
subclinical cardiovascular risk in patients with NAFLD.

•	 Routine assessment of EAT together with CIMT and 
APV may improve cardiovascular risk stratification and 
support earlier preventive interventions in patients 
with NAFLD.

Table 1. Demographic, Clinical, and Laboratory Characteristics 
of the Groups

Control 
group (n=75)

Study group 
(n=141) P value

Sex
Female 40 (53.3)  68 (48.2)

0.47
Male 35 (46.7) 73 (51.8)

Age (year)* 42.8 (13.2) 46 (11) 0.11

Body mass index (kg/
m2)* 25.9 (3.9) 31.7 (5.4) <0.001

Waist circumference 
(cm)** 91.3 (12.4) 106 (12.7) <0.001

Hip circumference (cm)* 103.5 (9.7) 113.5 (11.8) <0.001

NAFLD Fibrosis Score** -2.42 (1.04) -1.83 (1.38) 0.001

Epicardial adipose tissue 
thickness (mm)* 3.9 (0.8) 5.1 (0.7) <0.001

Carotid intima media 
thickness (mm)* 0.82 (0.12) 1.01 (0.12) <0.001

Aortic propagation 
velocity (cm/sn)* 56.4 (7.9) 43.8 (7.9) <0.001

Total Cholesterol (mg/
dL)** 189.1(40.9) 203.6 (38.6) 0.011

HDL Cholesterol (mg/
dL)** 48.4 (10.3) 45.2 (8.8) 0.019

LDL Cholesterol (mg/
dL)** 126.9 (33.1) 140.1 (29.9) 0.003

Triglycerides (mg/dL)* 127.2 (66.3) 188.7 (106.5) <0.001

Fasting Plasma Glucose 
(mg/dL)* 90.3 (9.7) 110.7 (42.4) <0.001

ALT (U/L)* 21.7 (15) 35.8 (24.6) <0.001

AST (U/L)* 22.7 (9.2) 27.6 (12.4) <0.001

GGT (U/L)* 23.8 (17.1) 37.5 (22.6) <0.001

Creatinine (mg/dL)** 0.85 (0.15) 0.85 (0.14) 0.94

Albumin (g/dL)** 43.7 (2.5) 43.2 (2.7) 0.26

TSH (µU/mL)* 1.84 (1.04) 1.89 (1.06) 0.62

Uric Acid (mg/dL)** 4.5 (1.2) 5.1 (1.4) 0.001

Platelet count (103/µL)** 244.6 (51.6) 250.6 (53.7) 0.43

*Mann-Whitney U test was applied. ** Student’s t-test was applied. *** 
Chi-square test was applied. (The data in the table are presented as mean 
(standard deviation) values.)
NAFLD, non-alcoholic fatty liver disease; HDL, high-density lipoprotein; 
LDL, low-density lipoprotein; ALT, alanine aminotransferase; AST, aspartate 
aminotransferase; GGT, gamma-glutamyl transferase; TSH, thyroid-
stimulating hormone.
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with rising BMI, indicating that hepatic steatosis is primarily 
related to excess adiposity (higher BMI).16 In a meta-analysis 
conducted by Yuan et al.17, an increase in BMI was associated 
with a 1.33-fold increase in the risk of NAFLD. In the present 
study, the mean BMI was 25.9 ± 3.9 kg/m2 in individuals without 
NAFLD and 31.7 ± 5.4 kg/m2 in those with NAFLD. Moreover, 

the severity of NAFLD increased in parallel with BMI. Logistic 
regression analysis demonstrated that BMI was associated 
with a 1.29-fold increased risk of NAFLD. These findings are 
consistent with previous reports.

Epicardial adipose tissue thickness is an easily measurable 
marker of visceral adiposity. Epicardial adipocytes secrete 

Table 2. Comparison of Demographic, Clinical, and Laboratory Data of Groups According to the Degree of Hepatosteatosis

Grade 1 Grade 2 Grade 3 P

Age (year)* 44.5(11.1) 47.1(10.6) 46.7(11.4) 0.43

Sex
Female 26 (50.9) 27 (50) 15 (44.1)

0.85
Male 27 (49.1) 27 (50) 19 (55.9)

BMI (kg/m2) ** 29.9 (4.3)a 31.5 (5.9)a 34.7 (4.7)b <0.001

Waist circumference (cm)* 101.8 (12.2)a 105.2 (11.1)a 113.8 (12.4)b <0.001

Hip circumference (cm)* 109.6 (10.7)a 113.2 (10.8)a 120.1 (12.4)b <0.001

NAFLD Fibrosis Score* -2.25 (1.21)a -1.77 (1.31) -1.26 (1.57)b 0.004

Epicardial adipose tissue thickness (mm)** 4.7(0.5) a 5.2 (0.75)b 5.7 (0.6)c <0.001

 Carotid intima media thickness (mm)** 0.94 (0.09)a 1.02 (0.13)b 1.09 (0.1)c <0.001

Aortic propagation velocity (cm2 .dyn–1X10-6 )** 49 (5.3)a 42.6 (7.8)b 37.5(5.7)c <0.001

Left ventricular ejection fraction (%)** 56.2 (4.4) 56.6 (4.2) 57.1 (4.3) 0.65

Total Cholesterol (mg/dL)* 199.8 (34.9) 206.9 (38.4) 204.2 (44.6) 0.63

HDL Cholesterol (mg/dL)* 44.1 (8.7) 46.7 (8.9) 44.5 (8.4) 0.27

LDL Cholesterol* 138.2 (28.6) 141.2 (29.9) 141.2 (32.6) 0.85

Triglycerides (mg/dL)** 160.3 (101.1)a 196.9 (106) 219.7 (107.3)b 0.005

Fasting Plasma Glucose (mg/dL)** 96.7 (19.4)a 115 (49.5) 125.8 (50.4)b 0.009

ALT (U/L) ** 26.5 (15.3)a 38.2 (24.3)b 46.7 (31.3)b <0.001

AST (U/L)* 22.6 (6.6)a 28.5 (12.7)b 33.8 (15.7)b <0.001

GGT (U/L) ** 32.4 (18.1) 37.2 (19.9) 45.6 (30.1) 0.08

Kreatinin (mg/dL) * 0.84 (0.14) 0.85 (0.14) 0.86 (0.14) 0.77

Albümin (g/dL) * 43 (2.7) 43.8 (2.8) 42.7 (2.7) 0.12

TSH (µU/mL) * 1.98 (1.1) 2 (1.07) 1.58 (0.92) 0.14

Uric Acid (mg/dL)** 4.8 (1.2)a 5.1 (1.4) 5.7 (1.3)b 0.011

Platelet count (103/µL)* 257.7 (49.7) 246 (55) 246.8 (57.8) 0.48

*One Way ANOVA test was used. **Kruskal Wallis test was used. *** Chi-square test was applied. a,b,c: Groups marked with the same letter are statistically similar, and 
there is a statistically significant difference at the level of <0.05 between groups with different letters.
BMI, body mass index; NAFLD, non-alcoholic fatty liver disease; HDL, high-density lipoprotein; LDL, low-density lipoprotein; ALT, alanine aminotransferase; AST, 
aspartate aminotransferase; gamma-glutamyl transferase; TSH, thyroid-stimulating hormone.

Table 3. The Results of the Logistic Regression Analysis Conducted to Determine the risk Factors Affecting Liver Steatosis

P value OR
95% CI for OR

Lower limit Upper limit

Gender* 0.96 0.978 0.439 2.175

Age* 0.62 0.966 0.932 1.002

BMI <0.001 1.294 1.152 1.453

EAT <0.001 5.492 3.121 9.664

APV 0.37 1.101 0.893 1.357

CIMT 0.98 1.011 0.374 2.732

*Gender and age were kept constant in the model as biological factors. OR: Odds-ratio; CI: Confidence interval; BMI, body mass index; EAT, epicardial adipose tissue 
thickness; APV, aortic propagation velocity; CIMT; carotid intima-media thickness. 
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numerous cytokines and vasoactive peptides, all of which may 
independently contribute to increased cardiovascular risk.18 
In a study by Oğuz et al.19 including 78 participants, mean 
EAT was 5.1 ± 2.5 mm in individuals with NAFLD, compared 
with 2.9 ± 0.9 mm in healthy controls. In a large multivariate 
logistic regression analysis conducted by Meng et al.2 in 2,238 
individuals, a significant association between NAFLD and EAT 
was demonstrated. Participants with higher EAT were older and 
exhibited greater waist and hip circumferences, lower HDL-C 
levels, higher body weight and BMI, elevated blood pressure, 
higher LDL-C, fasting plasma glucose, triglyceride levels, 
increased CIMT, and poorer overall cardiovascular health.2 In the 
present study, the mean EAT was 3.9 ± 0.8 mm in individuals 
without NAFLD and 5.1 ± 0.7 mm in those with NAFLD, and EAT 
increased in parallel with the severity of steatosis. Regression 
analysis revealed that EAT increased the risk of NAFLD by 
5.49-fold. EAT was identified as the parameter most strongly 
associated with NAFLD and therefore may serve as a valuable 
imaging marker to predict hepatic steatosis.

CIMT is a widely used and reliable method for the assessment 
of subclinical atherosclerosis.20 Increased CIMT has been 
shown to be associated with established atherosclerotic 
risk factors, including age, sex, BMI, systolic blood pressure, 
HbA1c, and hyperlipidemia.21 In a study by Kumari et al.22 

involving 80 participants, CIMT was 0.52 mm in individuals 
without NAFLD and 0.86 mm in those with NAFLD, and a 
statistically significant relationship between NAFLD and CIMT 
was reported. Furthermore, a meta-analysis by Sookoian et 
al. including 3,497 participants demonstrated a 13% increase 
in CIMT among individuals with NAFLD compared with those 
without.23 In the present study, the mean CIMT was 0.82 ± 0.12 
mm in individuals without NAFLD and 1.01 ± 0.12 mm in those 
with NAFLD. This difference was statistically significant, and 
CIMT values also differed significantly across steatosis severity 
groups. However, CIMT was not identified as an independent 
predictor of NAFLD in the regression analysis.

APV, a parameter reflecting aortic stiffness and arterial 
resistance, has been shown to be associated with coronary  
artery disease.24 In the study by Oğuz et al.,19 patients with  
NAFLD exhibited significantly lower APV values and  
significantly higher epicardial adipose tissue thickness 
compared with controls.19 Similarly, Gunes et al.11 demonstrated 
that APV, a simple, practical, and non-invasive measure of 
arterial resistance, was associated with coronary atherosclerosis 
and significantly lower in individuals with NAFLD than in 
controls. Additionally, APV was found to decrease in individuals 
with increased waist circumference, higher BMI, and elevated 
fasting plasma glucose levels.11 In our study, the mean APV 
was 56.4 ± 7.9 cm/s in individuals without NAFLD and  
43.7 ± 7.9 cm/s in those with NAFLD. Although APV differed 
significantly between individuals with and without NAFLD and 
across steatosis severity groups, it was not identified as an 
independent predictor of NAFLD in the regression analysis.

Study limitations

This study has several limitations. First, due to its single-center, 
descriptive design, establishing causal relationships based on 

the findings is challenging. Second, participants could not be 
followed longitudinally after the diagnosis of NAFLD; therefore, 
the duration required for the development of cardiovascular 
risk could not be determined.

CONCLUSION
Our findings demonstrate significant associations between 
NAFLD and atherogenic parameters, including EAT, CIMT, and 
APV. Among these, BMI and EAT were identified as independent 
predictors of NAFLD. Given the increased cardiovascular risk 
associated with NAFLD, incorporating noninvasive vascular 
assessments such as EAT, CIMT, and APV into routine evaluation 
may facilitate early detection of subclinical cardiovascular 
disease.

Further multicenter studies with larger cohorts are required to 
validate these findings and clarify the clinical utility of these 
parameters.
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INTRODUCTION
Acute decompensated heart failure (ADHF) continues to be 
one of the leading causes of hospitalization among adults 
worldwide.1,2 It is also associated with significant morbidity, 
prolonged hospitalization, and increased healthcare utilization. 
Inflammation plays an important role in both the development 
and progression of heart failure.3,4. Numerous hematological 
indices derived from hemogram parameters have emerged as 
practical and cost-effective biomarkers for risk stratification 

in cardiovascular disease and are currently used as auxiliary 
techniques in clinical practice.5,6

Among these markers, eosinophils are valuable because of their 
role in immune regulation, cytokine response formation, and 
tissue-level inflammatory responses.7,8 Although traditionally 
associated with parasitic infections and allergic diseases, 
eosinophils also participate in cardiovascular inflammation and 
stress responses through mechanisms involving interleukin-5 
(IL-5), IL-4, and IL-13.3,9 Importantly, eosinophil levels may 
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ABSTRACT
Objective: Eosinophil-derived hematological indices have been proposed as potential prognostic markers for cardiovascular disease; 
however, their clinical value in acute decompensated heart failure (ADHF) remains unclear. This study aimed to comprehensively evaluate 
the prognostic significance of eosinophil-based hematological indices, particularly the neutrophil-to-eosinophil ratio (NER), in hospitalized 
patients with ADHF.

Methods: This single-center, retrospective observational study included 245 consecutive adult patients hospitalized for ADHF between 
January 2023 and January 2024. Patients with conditions known to influence eosinophil counts, including allergic diseases, recent systemic 
corticosteroid use, active infection, malignancy, chronic inflammatory disorders, end-stage renal failure, and severe liver disease, were 
excluded. Hematological indices calculated from blood samples obtained within the first 24 h of admission included NER, eosinophil-to-
lymphocyte ratio (ELR), eosinophil-to-monocyte ratio (EMR), eosinophil percentage, neutrophil-to-lymphocyte ratio (NLR), and systemic 
immune-inflammation index (SII). The primary outcome was all-cause mortality during the one-year follow-up period.

Results: During the follow-up period, 93 (38.0%) patients died. Non-survivors were significantly older and exhibited a higher inflammatory 
burden, with increased C-reactive protein levels, NLR, and SII values. Eosinophil counts, eosinophil percentages, and EMR values were 
significantly lower in non-survivors, whereas the NER and ELR did not differ between the groups. Receiver operating characteristic analysis 
demonstrated poor discriminative performance for eosinophil-derived indices, with area under the curve values of ≤ 0.55. In the multivariate 
logistic regression analysis, only age was an independent predictor of mortality.

Conclusion: Eosinophil-based hematological indices have limited prognostic value for mortality in patients hospitalized with ADHF. Although 
eosinophil suppression is associated with adverse outcomes, these indices do not provide independent prognostic information beyond age.
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be significantly affected by allergic disorders such as asthma, 
atopic dermatitis, and allergic rhinitis, which promote type-2 
immune activation and eosinophil proliferation.10,11

Various eosinophil-derived hematological indices, including 
the neutrophil-to-eosinophil ratio (NER), eosinophil-to-
monocyte ratio (EMR), and eosinophil-to-lymphocyte ratio 
(ELR), have been investigated as potential prognostic markers 
for cardiovascular disease.12-14 Previous studies have suggested 
that excessive eosinopenia or high ratios may reflect increased 
physiological stress or systemic inflammation and may 
potentially be associated with adverse outcomes, such as 
death or rehospitalization.15,16 However, the prognostic value 
of these indices has been inconsistent across studies, and 
their independent contributions beyond traditional clinical 
predictors remain uncertain.

Further studies are needed to clarify the prognostic importance 
of eosinophil-derived indices in heart failure. In this context, the 
study aimed to investigate the relationship between eosinophil-
based hematological indices, specifically the NER, and mortality 
in patients hospitalized with ADHF.

MATERIAL AND METHODS
This single-center, retrospective, observational study included 
consecutive adult patients hospitalized with a diagnosis of 
ADHF between January 2023 and January 2024. This study was 
approved by the Ankara Bilkent City Hospital Medical Research 
Scientific and Ethical Evaluation Board (decision number: 
TABED 2-26-1823, date: 07.01.2026). The diagnosis of ADHF 
was established according to the current European Society of 
Cardiology guidelines based on compatible clinical symptoms, 
physical examination findings, laboratory results, and 
echocardiographic assessments.17 Only the first hospitalization 
of each patient during the study period was considered for the 
analysis. A one-year period after hospital admission was used as 
the basis for mortality assessment.

Patients aged 18 years or older who had a complete blood 
count obtained within the first 24 h of hospitalization were 
considered eligible for the study. To minimize factors affecting 
eosinophil levels, patients with active infection at admission; 
hematological malignancies or active solid tumors; chronic 

inflammatory or autoimmune diseases; allergic diseases known 
to alter eosinophil counts, including asthma, atopic dermatitis, 
and allergic rhinitis; systemic corticosteroid use within the 
last 30 days; end-stage renal failure requiring dialysis; severe 
liver failure; or missing or incomplete laboratory or clinical 
data required for analysis were excluded from the study. After 
applying these criteria, 245 patients were included in the final 
study.

Demographic characteristics, comorbidities, clinical findings, 
medication history, laboratory parameters, echocardiographic 
measurements, and follow-up outcomes were obtained from 
electronic medical records. Cardiac function was assessed 
using transthoracic echocardiography, and the left ventricular 
ejection fraction (LVEF) was recorded.

Blood parameters were used to calculate the following ratios: 
neutrophil-to-lymphocyte ratio (NLR) = neutrophil/lymphocyte, 
NER = neutrophil/eosinophil, ELR = eosinophil/lymphocyte, 
EMR = eosinophil/monocyte, eosinophil percentage (EOS 
percent) = (eosinophil/white blood cell) × 100, and systemic 
immune-inflammation index (SII) = (platelet × neutrophil)/ 
lymphocyte.18 All hematological indices were calculated using 
the earliest laboratory values obtained within the first 24 hours 
of hospitalization. NER could not be calculated in 38 patients 
because the eosinophil count, used as the denominator, was 
zero. These patients were excluded only from NER-related 
analyses; other hematological indices were calculated when the 
required parameters were available. 

The primary outcome of the study was all-cause mortality, 
defined as death from any cause during the follow-up. Mortality 
status was available for all patients included in the study. 
Mortality data were obtained from hospital records and national 
death registry data, and no patient was lost to follow-up for the 
primary endpoint. Secondary descriptive outcomes included 
hematological and inflammatory differences between survivors 
and non-survivors.

Statistical Analysis

Statistical analyses were performed using SPSS (version 26). 
Continuous variables were evaluated for normality using the 
Kolmogorov-Smirnov test and presented as medians and 
interquartile ranges. Categorical variables are expressed as 
numbers and percentages. Differences between survivors and 
non-survivors were compared using the Mann-Whitney U test 
for continuous variables or the chi-square test for categorical 
variables.

The diagnostic performance of hematological indices in 
predicting mortality was evaluated using receiver operating 
characteristic (ROC) curve analysis, and the area under 
the curve (AUC) was calculated (Figure 1). Optimal cut-off 
values were determined using the Youden index. Variables 
deemed clinically relevant or demonstrating significance in 
the univariate analysis were included in a multivariate logistic 
regression model to identify independent determinants of all-
cause mortality. Because exact time-to-event data were not 
consistently available, all-cause mortality was analyzed as a 
binary outcome, and multivariable logistic regression was used 
instead of Cox proportional hazards regression. In addition, 

MAIN POINTS
•	 Among patients hospitalized with acute decompensated 

heart failure, eosinophil counts and some eosinophil-
derived indices were lower in non-survivors; however, 
their overall prognostic performance was poor.

•	 Classical inflammatory markers such as C-reactive 
protein, neutrophil-to-lymphocyte ratio, and systemic 
immune-inflammation index showed stronger 
univariate associations with mortality; however, none 
remained independent predictors after multivariable 
adjustment.

•	 Age emerged as the only independent determinant of 
all-cause mortality, indicating that eosinophil-based 
hematological indices provide limited incremental 
prognostic value beyond established clinical predictors.
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renal function and major comorbidities, including hypertension, 
chronic obstructive pulmonary disease, and atrial fibrillation, 
were incorporated into the model when sufficient data were 
available. Odds ratios with 95 percent confidence intervals are 
reported. A two-sided P value of less than 0.05 was considered 
statistically significant.

RESULTS
In total, 245 patients were included in this study. In the study 
population, 152 patients (62.0 percent) survived, while 93 
patients (38.0 percent) died during the one-year follow-up. The 
baseline clinical, laboratory, and inflammatory characteristics of 
survivors and non-survivors are summarized in Table 1. Patients 
who died were significantly older than survivors (P < 0.001). The 
mean LVEF was slightly higher in non-survivors than in survivors 
(P = 0.009).

Inflammatory burden differed significantly between the groups. 
C-reactive protein (CRP) levels were markedly higher in non-
survivors than in survivors (P < 0.001). Lymphocyte counts were 
significantly lower in the mortality group (P < 0.001), whereas 
neutrophil counts were similar between groups. Eosinophil 
counts (P = 0.016) and eosinophil percentages (P = 0.015) 
were significantly lower in patients who died. The EMR was also 
reduced in non-survivors (P = 0.029). In contrast, the NER did 
not differ significantly between survivors and non-survivors (P 
= 0.28). Similarly, the ELR did not differ significantly between 
groups (P = 0.15).

Classical inflammation-based markers were more strongly 
associated with mortality than eosinophil-derived markers. The 
NLR was significantly higher in the mortality group (P = 0.0015). 
The SII was also higher among the non-survivors (P = 0.013).

Variables with clinical significance in the univariate analysis 
were included in the multivariable logistic regression model: age, 
LVEF, CRP, NLR, NER, eosinophil percentage, renal function, 

Figure 1. ROC curves for age, CRP, and Eosinophil-Related 
Parameters
ROC, receiver operating characteristic; AUC, area under curve; CRP, 
c-reactive protein; EMR, eosinophil-to-monocyte ratio.

Table 1. Baseline Demographic, Clinical, and Laboratory Characteristics of Survivors and Non-Survivors
Variable Survivors (n=152) Non-survivors (n=93) P value

Age (years) 58 (48.8-67) 67 (56-78) < 0.001

Male sex, n (%) 96 (62.7) 60 (64.5) 0.78

LVEF (%) 25 (20-30) 28 (21-35) 0.009

CRP (mg/L) 3.85 (0.58-19.0) 20.9 (3.2-65.0) < 0.001

WBC (103/µL) 8.30 (6.65-10.3) 8.50 (6.6-11.5) 0.69

Neutrophils (103/µL) 5.45 (4.1-7.3) 5.50 (3.8-7.5) 0.31

Lymphocytes (103/µL) 1.90 (1.3-2.6) 1.40 (0.90-2.20) < 0.001

Eosinophils (103/µL) 0.165 (0.10-0.26) 0.10 (0.04-0.20) 0.016

NLR 2.86 (1.91-4.53) 4.22 (2.40-6.46) 0.001

NER 28.4 (15-60) 36.9 (15-89) 0.28

EMR 0.20 (0.11-0.35) 0.17 (0.07-0.29) 0.029

Eosinophil % 1.94 (1.09-3.04) 1.23 (0.55-2.38) 0.015

SII 619 (392-1081) 874 (493-1399) 0.013

DM, n(%) 56 (36.8) 35 (37.2) 1.000

HT, n(%) 86 (56.6) 70 (74.5) 0.007

HL, n(%) 33 (21.7) 29 (30.9) 0.146

CAD, n(%) 71 (46.7) 53 (56.4) 0.179

COPD, n(%) 26 (17.1) 29 (30.9) 0.018

AF, n(%) 35 (23.0) 42 (44.7) 0.001
LVEF, left ventricular ejection fraction; CRP, C-reactive protein; WBC, white blood count; NLR, neutrophil-to-lymphocyte ratio; NER, neutrophil-to-eosinophil Ratio, 
EMR, eosinophil-to-monocyte ratio; SII, systemic immune-inflammation index; DM, diabetes mellitus; HT, hypertension, HL, hyperlipidemia; CAD, coronary artery 
disease; COPD, chronic obstructive pulmonary disease; AF: atrial fibrillation.
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hypertension, chronic obstructive pulmonary disease (COPD), 
and atrial fibrillation (Table 2). In this model, only age remained 
an independent predictor of all-cause mortality. Other variables, 
including LVEF, CRP, NLR, NER, eosinophil percentage, renal 
function, hypertension, COPD, and atrial fibrillation, were not 
independently associated with mortality. SII was evaluated in 
the ROC analysis and was presented in Table 3, but it was not 
included in the final multivariable logistic regression model.

The discriminative performance of the hematological indices in 
predicting all-cause mortality is summarized in Table 3. Overall, 
age and CRP levels exhibited the highest discriminative ability, 
whereas eosinophil-derived indices showed poor predictive 
performance, with AUC values approximately 0.55 or lower.

DISCUSSION
In our study, we evaluated the prognostic value of eosinophil-
derived hematological indices, particularly the NER, for 
predicting all-cause mortality among patients hospitalized for 
heart failure. Non-survivors had significantly lower eosinophil 

counts, eosinophil percentages, and EMR values than survivors. 
Classical inflammatory markers such as CRP, NLR, and SII were 
more strongly associated with mortality. The NER did not differ 
significantly between survivors and non-survivors, and was a 
poor predictor in the ROC analysis. In the multivariate regression 
analysis, only age remained an independent predictor of all-
cause mortality, whereas eosinophil-based indices failed to 
maintain statistical significance. By systematically assessing all 
commonly used eosinophil-derived hematological indices, this 
study provides a comprehensive overview of their prognostic 
relevance in ADHF.

In our study, the LVEF was slightly higher in non-survivors 
than in survivors. This unexpected finding may be related to 
older age and a higher comorbidity burden in these patients, 
particularly atrial fibrillation, hypertension, and chronic 
obstructive pulmonary disease. Therefore, mortality may have 
been influenced more by age, rhythm disorders, and systemic 
comorbidities than by systolic dysfunction alone.

These findings partially overlap with previous studies 
demonstrating an association between eosinophil-related 
indices and adverse outcomes in heart failure.12,19 Some 
reports have suggested that high NER or low eosinophil 
counts may be linked to an increased risk of death or major 
adverse cardiovascular events, possibly reflecting heightened 
systemic stress responses and dysregulated inflammation.20,21 
However, the prognostic power of eosinophil-derived indices 
has varied significantly between studies, and many did not 
adjust for important clinical confounders, particularly age.20,22 
Our results show that although eosinophil parameters differed 
between survivors and non-survivors in univariate analysis, their 
predictive value diminished after adjustment, suggesting that 
eosinophil dynamics may reflect overall disease severity rather 
than provide incremental prognostic information.

The biological rationale for eosinopenia in critically ill or 
decompensated patients is well recognized.23,24 Acute 
physiological stress, adrenergic activation, and elevated 
endogenous corticosteroids suppress eosinophil function and 
accelerate apoptosis, leading to low circulating eosinophil 
levels.25,26 Similarly, allergic diseases, type-2 immune activation, 
and exogenous corticosteroid use may significantly alter 
eosinophil kinetics. These mechanisms highlight the complexity 
of interpreting eosinophil-related indices in heterogeneous 
clinical populations such as patients with heart failure.10,27 In 
our study, eosinophil counts and EMR were significantly lower 
in non-survivors; however, these markers did not provide 
prognostic information beyond age and broader inflammatory 
markers. This reinforces the concept that eosinophil 
suppression may be a non-specific indicator of physiological 
stress, rather than a heart failure-specific predictor.28

In contrast, CRP, NLR, and SII were moderately associated with 
mortality consistent with substantial evidence linking systemic 
inflammation and adverse outcomes in heart failure. However, 
these indices did not remain independent predictors after 
accounting for age and LVEF. This underscores the dominant 
prognostic role of age, which has consistently emerged as a 
strong predictor of mortality in heart failure cohorts. The lack of 
independent prognostic value for NER and related indices in our 

Table 2. Multivariable Logistic Regression for All-Cause 
Mortality
Variable OR 95% CI P value

Age (per 1 year increase) 1.05 1.01-1.09 0.007

LVEF (%) 1.00 0.95-1.05 0.98

Creatinine 1.18 0.87-1.60 0.28

Hypertension 1.42 0.74-2.73 0.29

COPD 1.51 0.75-3.06 0.24

Atrial fibrillation 1.93 0.94-3.98 0.071

CRP 1.10 0.90-1.35 0.31

NLR 1.02 0.91-1.14 0.68

NER 1.00 0.98-1.02 0.89

Eosinophil % 1.04 0.80-1.36 0.77
LVEF, left ventricular ejection fraction; COPD, chronic obstructive pulmonary 
disease; CRP, C-reactive protein; NLR, neutrophil-to-lymphocyte ratio; NER, 
neutrophil-to-eosinophil ratio; OR, odds ratio; CI, confidence interval.

Table 3. ROC Curve Analysis for Predicting All-Cause Mortality

Variables AUC 95% CI Optimal cut-off 
values

Age 0.686 0.619-0.761 ≥ 69 years

CRP 0.683 0.623-0.771 ≥ 10.7 mg/L

NLR 0.621 0.550-0.696 ≥ 4.06

SII 0.595 0.514-0.661 ≥ 749.9

EF 0.599 0.525-0.669 ≥ 25%

NER 0.545 0.469-0.633 ≥ 23.48

Eosinophil count 0.409 0.334-0.476 ≤ 0.13

Eosinophil % 0.407 0.332-0.478 ≤ 2.40

EMR 0.417 0.344-0.490 ≤ 0.176
CI, confidence interval; AUC, area under curve; CRP, c-reactive protein; NLR, 
neutrophil-to-lymphocyte ratio; SII, systemic immune-inflammation index; 
LVEF, left ventricular ejection fraction; NER, neutrophil-to-eosinophil ratio, 
EMR, eosinophil-to-monocyte ratio; ROC, receiver operating characteristic.
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study suggests that their utility may be limited in populations 
with wide age variability or in settings where stronger clinical 
predictors overshadow the inflammatory indices.

Study Limitations

This study had several strengths, including detailed 
hematological profiling and comprehensive adjustment for 
multiple inflammatory variables. However, this study has 
some limitations. This retrospective single-center design may 
limit the generalizability of our results. Eosinophil counts may 
be affected by unmeasured confounding factors, including 
subclinical infections, undocumented allergic conditions, or 
undocumented corticosteroid exposure. Although our dataset 
included a substantial number of patients, certain eosinophil-
derived indices (particularly NER) could not be calculated for 
patients with zero eosinophil counts, reducing statistical power. 
Another limitation was that exact time-to-event data were 
not uniformly available; therefore, Cox proportional hazards 
regression could not be performed, and mortality was analyzed 
as a binary outcome at one-year. Because of the retrospective 
design, BNP/NT-proBNP levels and admission blood pressure 
values were not uniformly available; therefore, they could not 
be included in the multivariable model. We did not perform 
subgroup analyses by heart failure phenotype (e.g., HFrEF vs. 
HFpEF), which may have provided additional insights. Finally, we 
did not include long-term cardiovascular outcomes beyond all-
cause mortality, which may have provided additional insights.

CONCLUSION
This study evaluated the relationship between eosinophil-
based hematological indices and all-cause mortality in patients 
with acute heart failure and demonstrated that these indices 
had limited value in predicting all-cause mortality. Although 
low eosinophil levels were observed in patients who died, 
ROC analysis and multivariate statistical models revealed that 
eosinophil-derived indices were not independent prognostic 
markers. In contrast, age was identified as the strongest and only 
independent determinant of mortality. These findings indicate 
that eosinophil-based indices may assist in risk stratification for 
acute heart failure, but they are not appropriate for stand-alone 
use in clinical decision-making.
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INTRODUCTION
Familial Mediterranean Fever (FMF) (OMIM #249100) is one of 
the most common monogenic autoinflammatory diseases and 
is characterized by recurrent fever attacks and inflammatory 
findings such as peritonitis, pleuritis, arthritis, and erysipelas-like 
erythema.1,2,3 The disease is particularly common in populations 
living in the Mediterranean basin; Türkiye is among the 
countries with a high prevalence of FMF.4,5 In cases that begin in 
childhood, early diagnosis is important for initiating appropriate 
treatment and preventing long-term complications.6,7

FMF is mainly associated with variants in the Mediterranean 
Fever (MEFV) gene, which is located on the short arm of 

chromosome 16 and encodes the pyrin protein.2,4 Although 
numerous variants have been identified in the MEFV gene, 
commonly observed variants such as M694V, V726A, M680I, 
M694I, and E148Q are detected in a significant proportion 
of cases.1,5 However, when examinations are performed 
with standard panels, no diagnostic result can be reached in 
some cases, suggesting that rare or out-of-panel variants, 
in particular, may be overlooked.1,3 In an FMF-specific study, 
broader next-generation sequencing (NGS)-based analysis 
of patients with negative or single-heterozygous results after 
traditional 16-variant screening identified clinically relevant 
variants in 34% of cases and detected previously missed 
MEFV variants in 54 patients.8 This indicates that traditional 
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ABSTRACT
Objective: To determine the Mediterranean Fever (MEFV) variant spectrum using whole-gene next-generation sequencing (NGS) in pediatric 
cases with suspected Familial Mediterranean Fever (FMF).

Methods: This retrospective cross-sectional study included 471 pediatric cases referred for MEFV analysis. All exons were analyzed using 
NGS, and variants were classified according to American College of Medical Genetics and Genomics criteria.

Results: At least one MEFV variant was detected in 59.4% of cases. A total of 23 variants were identified, predominantly in exon 10 (43.5%) 
and exon 2 (34.8%). The most frequent variants were R202Q (43.3%), E148Q (16.3%), and M694V (13.7%). A low-frequency variants of 
uncertain significance, G150R, was detected in one case. Heterozygous genotypes were the most common (59.6%).

Conclusion: Whole-gene sequencing enables the detection of both common and rare MEFV variants that may be missed by limited mutation 
panels. However, frequently detected variants, such as R202Q, require careful interpretation because of their high population frequency and 
controversial pathogenicity.
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genetic screening approaches focusing only on certain exons 
may remain limited in the diagnostic evaluation of cases with 
atypical clinical features or rare variants.

In the pediatric population, the diagnosis of FMF is of particular 
importance because symptoms often begin in the first decade 
of life and serious complications, such as amyloidosis, can 
be prevented.6,7 In the literature, a substantial proportion of 
studies focusing on the pediatric age group, both in Türkiye and 
in other populations, have been conducted using limited variant 
panels, whereas NGS-based studies covering all exons of the 
MEFV gene remain limited.1,2 Whole-gene analysis may expand 
the scope of genetic evaluation by enabling the detection of 
rare or previously undescribed variants that may be missed in 
standard tests.2,3

Given the limited number of studies that analyze all exons of 
the MEFV gene in pediatric cases evaluated with a preliminary 
diagnosis of FMF in Türkiye, this study is expected to fill an 
important gap. This study aimed to determine, using NGS, 
the distribution of variants across all exons of the MEFV 
gene in pediatric cases referred for genetic evaluation with 
a preliminary diagnosis of FMF in our region. Thus, it aimed 
to comprehensively reveal the regional variant spectrum, 
to more accurately evaluate the frequency of variants that 
may be overlooked in limited panels, and to provide a data 
infrastructure that will form the basis for future genotype-
phenotype correlation studies.

MATERIALS AND METHODS
Design and Case Group

This was a retrospective, cross-sectional, descriptive study. The 
study included 471 pediatric cases who were evaluated with a 
preliminary diagnosis of FMF according to the Tel-Hashomer 
criteria and who were requested to undergo MEFV gene analysis 
at Erzincan Binali Yıldırım University-Mengücek Gazi Training 
and Research Hospital between 01.01.2024 and 31.12.2024. 
The cases had been referred from pediatric outpatient clinics 
for genetic evaluation because of clinical findings compatible 
with FMF, such as recurrent fever, abdominal pain, chest pain, 
arthralgia, and/or erysipelas-like erythema. Cases younger than 

18 years and those who underwent NGS of all exons of the MEFV 
gene were included in the study. Cases with completed genetic 
data were included in the study. This study was conducted in 
accordance with the World Medical Association’s Declaration of 
Helsinki, and ethics committee approval was obtained from the 
Erzincan Binali Yıldırım University Non-Interventional Clinical 
Research Ethics Committee (decision number: 2026-04/12, 
date: 19.02.2026).

Data Collection

Demographic data and genetic analysis results of the cases 
were retrospectively obtained from the hospital information 
system and laboratory records. In this study, age, sex, detected 
MEFV variants, zygosity status, and the distribution of variants 
across exons were evaluated.

Whole-gene Sequencing of the MEFV Gene

For MEFV gene analysis, 2 mL of peripheral venous blood was 
obtained from each case and placed into tubes containing 
ethylenediaminetetraacetic acid. Genomic DNA was isolated 
using an automated DNA isolation system. The concentration 
and purity of the obtained DNA samples were evaluated using 
a spectrophotometric method, and samples of suitable quality 
for analysis were included in the study.

NGS was used for genetic analysis. For this purpose, library 
preparation and target region enrichment were performed to 
capture all coding regions of the MEFV gene and exon-intron 
junctions. Sequencing was performed on the Illumina MiSeq 
platform. The obtained sequencing data were analyzed using 
the Genomize bioinformatics platform and compared with the 
reference genome. NM_000243.3 was used as the reference 
transcript for MEFV gene analysis. Quality control and variant 
calling were performed according to the workflow of the 
Genomize platform. Variant calls were reviewed considering 
read depth, variant allele fraction, and overall call quality. Only 
variants located within the targeted coding regions and exon-
intron junctions and that were considered reportable by the 
software were included in the final analysis. Low-quality calls, 
insufficiently covered regions, and variants outside the targeted 
regions were excluded from interpretation.

Variant Classification

Detected MEFV variants were evaluated according to the criteria 
of the American College of Medical Genetics and Genomics 
(ACMG).9 The variants were classified as pathogenic, likely 
pathogenic, of uncertain significance (VUS), or benign. In cases 
where different clinical interpretations were present among 
databases or literature sources, the variants were additionally 
indicated as ‘‘variants with conflicting classifications’’ In 
addition, ClinVar, INFEVERS, and the Human Gene Mutation 
Database were used to evaluate the variants.

Statistical Analysis

Statistical analyses were performed using SPSS (Statistical 
Package for the Social Sciences) version 22.0. Continuous 
variables were expressed as mean ± standard deviation and 
median (minimum-maximum), whereas categorical variables 

MAIN POINTS
•	 Whole-gene next-generation sequencing identified 

MEFV variants in 59.4% of pediatric cases referred for 
suspected Familial Mediterranean Fever.

•	 A total of 23 distinct MEFV variants were detected, 
most located in exons 2 and 10.

•	 R202Q was the most frequently detected variant; 
however, its clinical significance remains controversial 
and requires cautious interpretation.

•	 Whole-gene analysis contributed to the detection of 
low-frequency and potentially panel-excluded variants, 
including G150R, I259V, and C355S.

•	 The findings support the use of whole-gene sequencing 
for broader variant detection and more comprehensive 
characterization of the regional MEFV variant spectrum.
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were expressed as number and percentage. Descriptive 
statistical methods were used to evaluate demographic data, 
the distribution of detected MEFV variants, zygosity status, and 
allele frequencies.

RESULTS
Demographic Characteristics and Overall Variant Distribution

A total of 471 pediatric patients who had a preliminary diagnosis 
of FMF and underwent MEFV gene analysis were included in the 
study. Of these, 259 (55.0%) were female and 212 (45.0%) 
were male, with a female-to-male ratio of 1.2:1. The mean age 
was 7.3 ± 4.1 years. At least one MEFV variant was detected 
in 280 cases (59.4%), whereas no variant was identified in 191 
cases (40.6%) (Table 1).

Whole-gene MEFV Analysis Findings

Analysis of all exons of the MEFV gene detected 23 variants. Of 
these variants, 8 (34.8%) were localized in exon 2, 4 (17.4%) 

in exon 3, 1 (4.3%) in exon 9, and 10 (43.5%) in exon 10. 
Based on ACMG criteria, 6 variants were classified as 
pathogenic, 1 as likely pathogenic, 9 as variants of uncertain 
significance (VUS), 5 as benign, and 2 as having conflicting 
classifications (Table 2). Among the low-frequency variants, 
G150R was detected in one case in the heterozygous state and 

Table 1. Demographic Characteristics of The Study Cohort and 
MEFV Variant Status
Total cases, n 471

Gender, n (%)

Female 259 (55)

Male 212 (45)

Age (years), mean ± SD 7.3 ± 4.1

Variant status, n (%)

Positive 280 (59.4)

Negative 191 (40.6)

Table 2. MEFV Variants Detected in the Study Cohort (n=23)

Exon Coding change (HGVS, c.) Protein change (HGVS, p.) Protein change (short) ACMG classification

2 c.329T > C p.Leu110Pro L110P B

2 c.442G > C p.Glu148Gln E148Q B

2 c.443A > T p.Glu148Val E148V VUS

2 c.448G > A p.Gly150Arg G150R VUS

2 c.605G > A p.Arg202Gln R202Q B

2 c.688G > A p.Glu230Lys E230K VUS

2 c.775A > G p.Ile259Val I259V Conflicting (VUS/B)

2 c.866C > T p.Ala289Val A289V VUS

3 c.1016C > T p.Ser339Phe S339F VUS

3 c.1063T > A p.Cys355Ser C355S B

3 c.1105C > T p.Pro369Ser P369S VUS

3 c.1223G > A p.Arg408Gln R408Q VUS

9 c.1772T > C p.Ile591Thr I591T B

10 c.1958G > A p.Arg653His R653H Conflicting (VUS/P)

10 c.2040G > C p.Met680Ile M680I P

10 c.2060G > A p.Gly687Asp G687D LP

10 c.2082G > A p.Met694Ile M694I P

10 c.2080A > G p.Met694Val M694V P

10 c.2084A > G p.Lys695Arg K695R P

10 c.2110G > A p.Val704Ile V704I VUS

10 c.2177T > C p.Val726Ala V726A P

10 c.2230G > T p.Ala744Ser A744S VUS

10 c.2282G > A p.Arg761His R761H P

*P, pathogenic; LP, likely pathogenic; VUS, variant of uncertain significance; ACMG, American College of Medical Genetics and Genomics; B, benign; Conflicting, 
variants with discordant clinical classifications across databases/sources.
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was classified as VUS.

When the genotype distribution was evaluated among 280 
cases in which MEFV variants were detected, the most common 
genotype was heterozygous, observed in 167 cases (59.6%). 
This was followed by compound heterozygous genotypes in 
64 cases (22.9%), complex genotypes in 33 cases (11.8%), and 
homozygous genotypes in 16 cases (5.7%) (Table 3a and 3b).

In the heterozygous group, the most frequently observed 
genotype was R202Q/- (n=75, 26.8%), followed by E148Q/- 
(n=42, 15.0%) and M680I/- (n=13, 4.6%). A total of 15 
heterozygous genotypes were identified. In the homozygous 
group, the most frequently observed genotype was R202Q/
R202Q (n=12, 4.3%); this was followed by V726A/V726A (n=3, 
1.1%) and E148Q/E148Q (n=1, 0.4%) (Table 3a).

Among genotypes classified as compound heterozygous, the 
most frequent combination was R202Q/M694V (n=30, 10.7%). 
This was followed by R202Q/E148Q (n=6, 2.1%) and R202Q/
V726A (n=4, 1.4%). A total of 19 different genotypes were 
identified in this group. In the complex genotype group, the 
most frequent combinations were those containing R202Q/
M694V (n=11, 3.9%); these were followed by R202Q/E148Q/
M694V (n=5, 1.8%) and R202Q/P369S/R408Q (n=4, 1.4%). A 
total of 12 complex genotypes were identified, including one 
case carrying four variants (Table 3b).

A total of 430 variant alleles were identified in 280 cases with 
detected variants. Among 23 variants, the five most frequently 
detected accounted for 85.1% of all variant alleles. R202Q was 
the most frequently detected variant (n=186, 43.3%), followed 
by E148Q (n=70, 16.3%), M694V (n=59, 13.7%), V726A (n=28, 
6.5%), and M680I (n=23, 5.3%) (Table 4).

Table 3a. Distribution of Heterozygous and Homozygous 
Genotypes Among Variant-Positive Cases
Genotype Type Genotype n (%)

Heterozygous

R202Q/- 75 (26.8)
E148Q/- 42 (15.0)
M680I/- 13 (4.6)
V726A/- 12 (4.3)
R761H/- 6 (2.1)
M694V/- 5 (1.8)
E148V/- 4 (1.4)
A744S/- 2 (0.7)
K695R/- 2 (0.7)
G150R/- 1 (0.4)
G687D/- 1 (0.4)
I259V/- 1 (0.4)
I591T/- 1 (0.4)
M694I/- 1 (0.4)
S339F/- 1 (0.4)

Subtotal 167 (59.6)

Homozygous
R202Q/R202Q 12 (4.3)
V726A/V726A 3 (1.1)
E148Q/E148Q 1 (0.4)

Subtotal 16 (5.7)
Total 183 (65.3)

Table 3b. Distribution of Compound Heterozygous and Complex 
Genotypes Among Variant-Positive Cases
Genotype Type Genotype n (%)

Compound
Heterozygous

R202Q/M694V 30 (10.7)

R202Q/E148Q 6 (2.1)

R202Q/V726A 4 (1.4)

E148Q/M680I 3 (1.1)

P369S/R408Q 3 (1.1)

A744S/M680I 2 (0.7)

R202Q/M680I 2 (0.7)

E148Q/V726A 2 (0.7)

E148V/V726A 2 (0.7)

A289V/R202Q 1 (0.4)

A744S/R202Q 1 (0.4)

R202Q/R761H 1 (0.4)

R202Q/C355S 1 (0.4)

R202Q/E230K 1 (0.4)

E148Q/E148V 1 (0.4)

E148Q/L110P 1 (0.4)

E148Q/M694V 1 (0.4)

M680I/R761H 1 (0.4)

S339F/V726A 1 (0.4)

Subtotal 64 (22.9)

Complex
Genotype

R202Q/M694V* 11 (3.9)

R202Q/E148Q/M694V 5 (1.8)

R202Q/P369S/R408Q 4 (1.4)

E148Q/P369S/R408Q 4 (1.4)

R202Q/M680I/M694V 2 (0.7)

R202Q/E148Q/P369S/R408Q 1 (0.4)

R202Q/E148Q/R653H 1 (0.4)

R202Q/E148Q/L110P 1 (0.4)

R202Q/M694V/K695R 1 (0.4)

R202Q/M694V/V726A 1 (0.4)

R202Q/V704I* 1 (0.4)

E230K/P369S/R408Q 1 (0.4)

Subtotal 33 (11.8)

Total 97 (34.7)
*Genotypes containing a variant also observed in the homozygous state in this 
cohort.



116

Arch Basic Clin Res 2026;8(2):112-119

DISCUSSION
In this study, analysis of all exons of the MEFV gene by NGS 
in 471 pediatric cases referred for genetic evaluation with a 
preliminary diagnosis of FMF revealed a comprehensive profile 
of regional variant distribution. Detection of at least one MEFV 
variant in 59.4% of cases shows that genetic evaluation plays 
an important role in the pediatric referral population. This rate 
is generally consistent with data reported in large Turkish NGS-
based series. Kırnaz et al.2 reported a variant positivity rate of 
56.9% in their series of 3230 cases, whereas Düzkale Teker 
and Öz10 similarly showed that variants were detected at a rate 
of approximately 59%. In contrast, this rate may vary across 
studies with different panel coverage or referral populations. 
This suggests that variant positivity rates are influenced not 
only by population characteristics but also by the scope of the 
genetic method used.

In our study, the most frequently detected variants, R202Q, 
E148Q, M694V, V726A, and M680I, are largely consistent with 
the general distribution reported in the Turkish population. 
However, the relative ranking and frequencies of these variants 
may differ among studies. In particular, R202Q ranking first 
with an allele frequency of 43.3% is consistent with the high 
rates reported by Kırnaz et al.2 and Aksoy et al.5 In the previous 
study conducted in the same region using a limited panel, 
R202Q was not evaluated, and M694V was reported as the 
most frequently detected variant, clearly demonstrating the 
effect of test coverage on variant distribution.11 From this 
perspective, whole-gene analysis appears to reveal the regional 
variant spectrum more broadly.

Although the R202Q variant was detected at high frequency 
in our cohort, its clinical significance remains controversial. 
Although this variant is classified as benign or of low clinical 
effect in some databases, studies such as Kandur et al.11 and 
Dundar et al.12 have reported it either alone or together with 
other MEFV variants in symptomatic cases. Nevertheless, 
in several international recommendations and variant 
interpretation frameworks, R202Q is regarded primarily as a 

polymorphism or a low-penetrance (modifier) allele rather as a 
primary disease-causing variant when present alone. Therefore, 
R202Q should not be interpreted as a standalone diagnostic 
marker in the absence of typical Tel-Hashomer clinical features; 
its clinical relevance should be assessed in conjunction with 
MEFV variants and possible complex haplotypes.

E148Q was identified as the second most frequent variant 
in our study, with an allele frequency of 16.3%. This rate is 
consistent with the rates of 17.49% reported by Kırnaz et 
al.2 and 11.5% reported by Aksoy et al.5 and is lower than 
the rate of 32.5% reported by Binici et al.13 in Southeastern 
Anatolia. The clinical significance of E148Q has long been 
controversial in the literature; in some studies it has been 
associated with incomplete attack forms and a relatively mild 
clinical phenotype, whereas in others it has been regarded as a 
change close to the benign boundary.15,16 Therefore, although 
the frequent detection of E148Q in our study is noteworthy, 
direct interpretation of its clinical effect is not appropriate. 
Taken together, our findings suggest that although NGS may 
increase the detection of R202Q and E148Q, these variants 
should be interpreted as low-penetrance or modifier alleles 
rather than primary diagnostic markers in the absence of typical 
Tel-Hashomer clinical features.

In our study, M694V was the third most frequent variant 
detected, with an allele frequency of 13.7%. This rate is markedly 
lower than that reported in many studies of the Turkish 
population. Coşkunpınar et al.16 reported an M694V frequency 
of 48.3%, Demir and Admış10 48.3%, Düzkale Teker and Öz10 
46.6%, Çilingir et al.17 40.13%, Bayrak et al.18 34.9%, and Barış 
et al.4 30.2%. The main reason for this marked difference in 
frequency is that all exons, including R202Q, were screened 
in our study, resulting in a decreased relative proportion of 
M694V as the total number of alleles increased. Indeed, in 
the studies by Aksoy et al.5 and Kırnaz et al.2, which included 
R202Q in their panels, the frequency of M694V was reported 
as 25.1% and 16.84%, respectively, which is consistent with our 
findings. Although genotype-phenotype correlation could not 
be performed in our study, M694V is the variant in the MEFV 
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Table 4. Allele Distribution of Detected MEFV variants (n=430 variant alleles)
Variant n % Variant n %

R202Q 186 43.3 S339F 2 0.5

E148Q 70 16.3 E230K 2 0.5

M694V 59 13.7 A289V 1 0.2

V726A 28 6.5 G150R 1 0.2

M680I 23 5.3 C355S 1 0.2

P369S 13 3.0 G687D 1 0.2

R408Q 13 3.0 I259V 1 0.2

R761H 8 1.9 I591T 1 0.2

E148V 7 1.6 M694I 1 0.2

A744S 5 1.2 R653H 1 0.2

K695R 3 0.7 V704I 1 0.2

L110P 2 0.5

Total 430 100
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gene most strongly associated in the literature with the most 
severe phenotype and, particularly in the homozygous form, 
it is characterized by severe attacks of peritonitis, pleuritis, 
and arthritis and is accepted as the most important genetic 
risk factor for the development of secondary amyloidosis.20,21 

Beshlawy et al.7 reported in their Egyptian pediatric cohort 
that the homozygous M694V genotype was associated with a 
severe phenotype at a rate of 65.2%. Because clinical findings, 
attack severity, and treatment response were not evaluated in 
our study, this relationship could not be demonstrated directly 
in cases carrying the M694V mutation.

V726A (6.5%) and M680I (5.3%) were the fourth and fifth most 
frequent variants, respectively, in our study. These rates are 
consistent with those for V726A (5.30%) and M680I (5.12%) 
reported by Kırnaz et al.2 However, Düzkale Teker and Öz10 

reported V726A and M680I frequencies of 14.5% and 14.0%, 
respectively, whereas Taşdemir21  reported an M680I rate of 
9.85% in the Konya region. These differences indicate that the 
distribution of MEFV gene variants is heterogeneous across the 
geographical regions of Türkiye. Bayrak et al.18 also emphasized 
that the frequency of MEFV mutation types may vary from 
region to region and from population to population. According 
to literature data, the V726A mutation is generally associated 
with a moderate disease phenotype, and Beshlawy et al.7 
reported a moderate clinical picture in 50% of heterozygous 
V726A carriers. The M680I variant is associated, particularly in 
the homozygous form, with a severe clinical course and risk of 
amyloidosis.23,24 Detection of these two variants at relatively low 
rates in our study reflects regional genetic heterogeneity, but 
does not reduce the importance of clinical follow-up of carriers.

The predominance of heterozygosity observed in the genotypic 
distribution is consistent with other Turkish studies. Kırnaz et 
al.2 reported heterozygous, compound heterozygous, complex 
genotype, and homozygous rates of 57.8%, 22.3%, 12.9%, 
and 7.0%, respectively. Demir and Admış10 reported rates of 
70.1% heterozygous, 16.8% compound heterozygous, and 
13.1% homozygous in the same region. In our study, the higher 
rates of compound-heterozygous and complex genotypes 
may be due to whole-gene analysis more effectively revealing 
carriage of multiple variants. Nevertheless, particularly for 
heterozygous or complex genotypes, it is inappropriate to infer 
the clinical effects of variants solely from the genotype. Since 
penetrance, the presence of accompanying second variants, 
and the relationship with the clinical phenotype may vary in 
pediatric cases, the clinical counterparts of genotypes should 
be evaluated in conjunction with more detailed phenotypic 
data.

In our study, 12 complex genotypes were identified, and the 
complex genotype rate was 11.8%; one patient carried four 
variants (R202Q/E148Q/P369S/R408Q). This rate is similar 
to the complex genotype finding of 12.9% reported by Kırnaz 
et al.2 Aksoy et al.5, in their larger series, reported a complex 
genotype (compound homozygous/heterozygous) rate of 
19.6%. The high rate of detection of complex genotypes can 
be explained by the ability of NGS-based whole-gene analysis 
to identify more than one variant simultaneously. This suggests 
that the true frequency of complex genotypes may have been 

underestimated in studies using limited mutation panels. In 
terms of clinical reflection, the literature reports that cases with 
complex genotypes carrying more than one pathogenic variant 
may face earlier age at symptom onset, more frequent and 
severe attacks, and a higher risk of amyloidosis.20,25

Examination of the distribution of the 23 detected variants 
across exons showed that most changes were concentrated in 
exon 10 (43.5%) and exon 2 (34.8%). This finding is consistent 
with studies reporting that MEFV variants cluster particularly 
in these two hotspot regions. Çilingir et al.17 reported that 
the most frequent mutations in the Turkish population are 
concentrated in exon 2 and exon 10 and that these hotspot 
regions account for 90% of molecular diagnosis. In addition, 
the detection in our study of 4 variants in exon 3 and 1 
variant in exon 9 suggests that testing approaches focusing 
only on classical hotspot regions may overlook some variants. 
Sağ et al.1 also emphasized that including rare mutations 
in routine genetic panels may significantly affect diagnosis 
and treatment planning. According to the literature, variants 
clustered in exon 10 (M694V, M680I, M694I, V726A, K695R, 
R761H) affect the B30.2 (SPRY) domain of the pyrin protein; 
mutations in this region are generally associated with a more 
severe clinical phenotype, higher penetrance, and increased 
risk of amyloidosis.15 In contrast, variants in exon 2 (E148Q, 
R202Q) have been reported to present with relatively mild or 
variable clinical manifestations.12,16 In this respect, the study 
demonstrates that not only common variants, but also changes 
in less frequently screened regions should be evaluated within 
the diagnostic framework.

Another relevant finding of our study was the detection 
of low-frequency and potentially panel-excluded variants, 
including G150R, I259V, and C355S. G150R and I259V are 
located in exon 2, whereas C355S is located in exon 3. G150R 
was classified as a variant of uncertain significance (VUS), 
I259V was given a conflicting classification (VUS/benign), 
and C355S was classified as benign. The detection of such 
variants suggests that whole-gene analysis may reveal not only 
common MEFV variants but also low-frequency and potentially 
panel-excluded changes. However, further evaluation through 
detailed phenotype correlations, segregation analyses, and 
functional studies is required to clarify the clinical significance 
of variants with uncertain or conflicting interpretations, such as 
G150R and I259V.

The sex distribution (55% female, 45% male) and mean age 
(7.3 ± 4.1 years)in our study are generally consistent with 
other studies in the Turkish population. Elmas et al.6 reported 
a female/male ratio of 1.5 and a mean age at presentation of 
10.74 ± 4.06 years in pediatric FMF cases in Afyonkarahisar, 
whereas Beshlawy et al.7 reported male predominance (54%) 
in an Egyptian pediatric cohort. Barış et al.4 reported a female 
patient rate of 55.18% and a symptom onset age of 4.8 ± 2.3 
years in their study. The slight female predominance in our 
study was a noteworthy finding.

Overall, our study stands out as one of the regional studies 
in Türkiye that reveal the distribution of MEFV variants at 
the whole-gene level in pediatric cases referred for genetic 
evaluation with a preliminary diagnosis of FMF. The findings 
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from our study show that in addition to common variants, low-
frequency and out-of-panel changes are present in this referral 
population at a level that should not be ignored. This suggests 
that restricting genetic evaluation to the most common 
variants may not fully capture variant diversity in some cases. 
Because clinical findings, attack characteristics, treatment 
response, and complication data were not evaluated in this 
study, definitive conclusions about the effects of the detected 
variants on disease severity or clinical course cannot be drawn. 
Therefore, the genetic findings obtained should be considered 
not as direct clinical determinants but as molecular data that 
can form the basis for future genotype-phenotype association 
studies.

These findings highlight the importance of comprehensive 
genetic analysis in regions with a high prevalence of FMF, 
particularly in referral populations. Whole-gene sequencing may 
provide a broader understanding of variant diversity compared 
to limited mutation panels.

Study Limitations

Our study has some limitations. First, its retrospective and 
single-center design may limit the generalizability of the findings 
to the broader Turkish pediatric population. Second, genotype-
phenotype correlation could not be performed because 
detailed clinical and treatment-response data were unavailable. 
Third, Sanger confirmation was not performed for all detected 
variants, particularly low-frequency variants. Fourth, variant 
phasing was not available; therefore, compound heterozygous 
and complex genotypes should be interpreted in light of the 
lack of cis/trans information. Fifth, the clinical significance of 
variants with uncertain or conflicting interpretations, such as 
G150R and I259V, could not be clarified because segregation 
and functional validation analyses were not available. Deep 
intronic variants and copy-number changes were outside the 
scope of this study.

CONCLUSION
This study presents a large pediatric series from our region in 
which all exons of the MEFV gene were analyzed using NGS. 
R202Q was identified as the most frequently detected variant; 
however, its clinical significance remains controversial and 
should be interpreted with caution. The identification of 23 
different variants, including low-frequency and potentially 
panel-excluded variants, demonstrates that whole-gene 
sequencing contributes to broader variant detection and 
more comprehensive characterization of the regional variant 
spectrum. Further multicenter studies incorporating detailed 
clinical data and functional analyses are needed to clarify the 
clinical significance of the detected variants.
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ABSTRACT
Objective: Multiparametric magnetic resonance imaging (mpMRI) has transformed prostate cancer (PCa) diagnosis by enabling lesion-
targeted biopsies. The optimal biopsy approach—systematic biopsy (SB), MRI-ultrasound fusion targeted biopsy (TB), or their combination 
(CB)—remains debated, especially in patients with high-risk Prostate Imaging-Reporting and Data System (PI-RADS) 4-5 lesions. This study 
compared these strategies for detecting overall and csPCa.

Methods: This retrospective study included 330 patients who underwent MRI-ultrasound fusion TB with 12-core SB between July 2022 and 
May 2025. Only lesions classified as PI-RADS v2.1 category 4 or 5 were analyzed. Detection rates of overall PCa and csPCa (Gleason score 
≥ 7) were compared among SB, TB, and CB. Subgroup analyses were performed by PI-RADS category and lesion location (anterior, middle, 
posterior). Logistic regression identified independent predictors of csPCa.

Results: A total of 429 lesions were evaluated. Overall, PCa detection rates were 62% for SB, 70% for TB, and 77% for CB (P < 0.001); the 
corresponding csPCa rates were 47%, 56%, and 63% (P < 0.001). TB detected csPCa more effectively than SB (56% vs. 47%, P < 0.01). 
PI-RADS 5 lesions had higher detection rates than PI-RADS 4 lesions across all methods. CB achieved the highest rates in all locations, 
especially in anterior and middle lesions. Age, positive digital rectal examination, prostate-specific antigen density, prior biopsy, and PI-RADS 
category 5 were independent predictors of csPCa.

Conclusion: In PI-RADS 4–5 lesions, combined SB and TB provide the highest detection rate for csPCa. While TB improves selective 
detection, SB remains essential to avoid missing significant disease.

Keywords: Prostate cancer, multiparametric MRI, PI-RADS, MRI-ultrasound fusion biopsy, targeted biopsy, systematic biopsy, clinically 
significant prostate cancer
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INTRODUCTION
Prostate cancer (PCa) is one of the most commonly diagnosed 
solid malignancies in men and ranks among the leading cancers 
worldwide in terms of incidence.1,2 Its frequency increases 
markedly with age; most cases are diagnosed in men over 65 
years.3,4 With the widespread use of prostate-specific antigen 
(PSA) screening, an increase in diagnoses has also been 
observed in younger age groups, particularly for tumors with 
limited clinical significance.5,6 PCa exhibits highly heterogeneous 
biological behavior, ranging from indolent lesions to aggressive, 
life-threatening forms.7,8

For many years, the diagnostic evaluation of patients with 
suspected PCa has relied on standard extended sextant biopsy 
performed under transrectal ultrasound (TRUS) guidance.1 
While image-guided biopsies have become an essential 
component of diagnosis in most other solid-organ tumors, PCa 
has traditionally been diagnosed by systematic and random 
sampling of the gland. However, this approach has increasingly 
been questioned, as it may fail to accurately localize clinically 
significant tumors and lead to the overdiagnosis of low-risk 
disease.2,3

https://orcid.org/0000-0003-0136-4570
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In recent years, mpMRI has entered clinical practice and led to a 
significant paradigm shift in the diagnostic algorithm for PCa.4,5 
mpMRI provides high diagnostic accuracy, particularly for 
detecting high-grade and clinically significant prostate cancers 
(csPCa), and enables imaging-based localization of tumors.6,7 
This development has paved the way for more targeted 
diagnostic biopsy strategies.8

Advances in imaging technologies have led to the development 
of MRI-ultrasound fusion biopsy systems, which allow electronic 
co-registration of lesions identified as suspicious on mpMRI 
with real-time TRUS images.9 Using these platforms, direct 
sampling can be performed from areas identified on prostate 
mpMRI as at risk for clinically significant cancer, thereby 
improving diagnostic yield.10,11

Targeted biopsy performed after mpMRI provides additional 
diagnostic value in PCa detection beyond that achieved by 
systematic biopsy alone. The literature demonstrates that 
this approach detects csPCas with greater accuracy while 
reducing diagnoses of low-grade tumors.4,6,10 This selective 
diagnostic advantage decreases the risk of overdiagnosis and 
overtreatment, and may also reduce the number of biopsy 
cores taken and the related complications.4,10 Studies by Barış 
Türkbey et al.11,12 have further shown that mpMRI-guided 
targeted biopsy offers high diagnostic accuracy, particularly  
in Prostate Imaging-Reporting and Data System (PI-RADS)  
4-5 lesions.

Nevertheless, it has been reported that a strategy based solely 
on targeted biopsy may miss a proportion of clinically significant 
tumors that are not visible or cannot be adequately targeted 
on mpMRI.5,9,13 For this reason, current European guidelines 
recommend the combined use of systematic and targeted 
biopsies to enhance diagnostic safety, while a targeted-only 
approach is generally reserved for patients with persistently 
elevated clinical suspicion despite prior negative biopsies.7

A substantial proportion of previous studies have been 
conducted in heterogeneous patient populations including PI-
RADS 3 lesions, making it difficult to delineate the diagnostic 
contribution of different biopsy strategies in high-risk lesion 
groups. Although PI-RADS 4 and 5 lesions are considered 
high risk for clinically significant PCa, the superiority of MRI-
ultrasound fusion-guided targeted biopsy over systematic 
biopsy and the additional diagnostic value of a combined 
approach in this subgroup remain subjects of ongoing 
debate.11,12,14

In a study published in 2024, Thomas in de Braekt and colleagues 
compared the diagnostic accuracy of MRI-ultrasound fusion-
guided targeted biopsy with systematic biopsy. They reported 
that targeted biopsy provided higher specificity for detecting 
clinically significant PCa; however, systematic biopsy continued 
to contribute diagnostically in certain patient subgroups.15

The aim of the present study is to evaluate, in patients with 
PI-RADS 4 and 5 lesions, the performance of MRI-ultrasound 
fusion-guided targeted biopsy in detecting clinically significant 
PCa compared with that of standard systematic biopsy and 
to determine whether the combined application of the two 
methods provides additional diagnostic accuracy.

MATERIAL AND METHODS
Study Design and Patient Selection

Approval for this retrospective study was obtained from 
the Institutional Review Board. Due to the retrospective 
design of the study, the requirement for informed consent 
was waived by the Erzincan Binali Yıldırım University Ethics 
Committee (approval number: 2026-01-01; date: 08.01.2026). 
This retrospective study included patients who underwent 
MRI-guided targeted prostate biopsy and simultaneous 12-
core systematic prostate biopsy at our institution between 
July 1, 2022, and May 1, 2025. A total of 330 patients were 
evaluated. Patient data were retrospectively obtained from the 
institution’s electronic medical record system. The planning, 
conduct, and reporting of the study followed the Standards of 
Reporting for MRI-targeted Prostate Biopsy Studies.

The study population consisted of men who were either 
undergoing their first prostate biopsy or had previously 
undergone a biopsy with benign results. Patients under active 
surveillance, with a known diagnosis of PCa, with insufficient 
imaging quality, or with a history of non-prostate malignancy 
were excluded. The research protocol was approved by the local 
ethics committee; because of the study’s retrospective design, 
the requirement for informed consent was waived.

MAIN POINTS
•	 Superiority of Combined Biopsy: In high-risk Prostate 

Imaging-Reporting and Data System (PI-RADS) 
4-5 lesions, the concurrent use of systematic and 
multiparametric magnetic resonance imaging-targeted 
biopsies significantly outperforms either approach 
alone in detecting both overall and clinically significant 
prostate cancer (csPCa).

•	 Selective Accuracy of Targeted Biopsy: Targeted 
biopsy enables precise detection of clinically significant 
cancers, especially in high-risk and anterior or mid-
gland lesions; however, relying solely on this method 
may miss a subset of cancers.

•	 Impact of Lesion Location: Anatomical location critically 
influences diagnostic performance. In anterior PI-RADS 
5 lesions, combined biopsy is essential, whereas in 
posterior lesions, targeted biopsy alone suffices in 
most cases, with minimal added value from systematic 
sampling.

•	 PI-RADS as a Key Predictor: The PI-RADS category 
stands out as the strongest independent predictor of 
csPCa, with PI-RADS 5 lesions conferring a markedly 
elevated risk regardless of other clinical or biochemical 
factors.

•	 Need for Individualized Biopsy Strategies: These 
findings highlight that prostate biopsy should not 
follow a one-size-fits-all model; tailoring approaches 
based on PI-RADS score and lesion location maximizes 
diagnostic accuracy and clinical impact.
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Imaging Protocol

All patients underwent mpMRI using a 1.5 Tesla MRI system 
(Siemens Healthineers, Erlangen, Germany) with a surface 
body coil. The imaging protocol included high spatial resolution 
T2-weighted turbo spin-echo sequences acquired in the axial, 
coronal, and sagittal planes, and axial diffusion-weighted 
imaging. Diffusion data were acquired using b-values of 0, 50, 
800, and 1500 s/mm2, from which apparent diffusion coefficient 
maps were generated for quantitative analysis.

Dynamic contrast-enhanced MRI was performed selectively 
when deemed necessary to support the diagnostic 
interpretation of the dominant sequence, in accordance with 
the PI-RADS version 2.1 guidelines. All mpMRI examinations 
were conducted in accordance with the technical adequacy 
and image-quality criteria defined by PI-RADS.

Image Evaluation Criteria

Multiparametric prostate MRI examinations were analyzed 
by radiologists with extensive experience in urogenital 
imaging, who took into account patients’ clinical data and 
followed the PI-RADS version 2.1 guidelines. Lesions were 
assessed and classified based on their anatomical location 
and on morphological and functional features observed in the 
dominant imaging sequences. Foci classified as PI-RADS 4 or 5 
were considered highly suspicious for clinically significant PCa 
and were designated as targets for biopsy.

Biopsy Protocol

In this retrospective study, experienced urologists performed 
prostate biopsies with patients positioned in the left lateral 
decubitus position. The interpreting radiologist uploaded 
mpMRI images to a software-based MRI-US fusion biopsy 
system (Hitachi Hi Vision Preirus, Hitachi, Japan). After defining 
the prostate’s anatomical reference structures, the MRI data 
were co-registered with real-time TRUS images using the 
software; cognitive fusion techniques were not used.

Following the completion of image fusion, TRUS-guided 
targeted biopsies were obtained, using a transrectal firing 
biopsy probe, from lesions identified as suspicious according to 
PI-RADS version 2.1 criteria. Targeted biopsy specimens were 
placed in separate containers, preserving lesion localization 
information, and sent for pathological evaluation without 
staining.

After targeted biopsies, systematic TRUS-guided biopsies were 
performed in both lobes, covering the apex, mid-zone, and base 
of the prostate. Regardless of prostate volume, all patients 
underwent a standard 12-core systematic biopsy protocol.

Histopathological

Assessment: All biopsy samples were fixed in formalin and 
embedded in paraffin, following the institution’s routine 
pathology procedures. From each tissue block, at least three 
sections were prepared and stained with hematoxylin and 
eosin. Additionally, at least one section per block underwent 
immunohistochemical staining to evaluate the basal cell layer.

Evaluation of the specimens was conducted by specialized 
uropathologists, and the detected malignancies were classified 
according to the Gleason scoring system.

Statistical Analysis

Descriptive statistics were used to summarize patient 
demographics, imaging findings, and biopsy data. To assess 
differences between biopsy methods, Cochran’s Q test was 
applied to the entire cohort and within each PI-RADS category. 
Post hoc comparisons of cancer detection rates between 
biopsy techniques, including overall and clinically significant 
PCa, were performed using the McNemar test.

The relationships between clinical and pathological variables 
and the likelihood of detecting clinically significant cancer 
were evaluated using logistic regression analysis. All tests were 
two-sided, and a P value < 0.05 was considered statistically 
significant. The Holm-Bonferroni method was applied for 
multiple testing correction. All analyses were conducted using 
SPSS Statistics for Windows, version 26.0 (IBM Corp., Armonk, 
NY, USA).

Patient Characteristics

A total of 330 patients were included in this study. The median 
age of the cohort was 66 years, and the median interval between 
multiparametric prostate MRI and biopsy was approximately 
1.5 months. The median serum PSA level was around 8.5 ng/
mL, while the mean prostate volume was approximately 55 
cm2. The median PSA density was 0.15 ng/mL/cm2. The mean 
number of suspicious MRI lesions per patient was 1.3, indicating 
a limited but clinically significant lesion burden.

Only PI-RADS 4 and PI-RADS 5 lesions detected on mpMRI were 
included in the study. A total of 429 suspicious lesions were 
identified, of which 279 were PI-RADS 4 and 150 were PI-RADS 
5. This distribution indicates a predominance of intermediate- 
and high-risk prostate lesions in the study population.

Histopathological analysis revealed clinically significant PCa 
in 198 of the 330 patients. Among patients diagnosed with 
cancer, the most common pathological subgroup was Gleason 
score 3+3=6, represented by 78 patients, followed by Gleason 
score 3+4=7 (52 patients) and Gleason score 4+3=7 (28 
patients). High-grade disease (Gleason ≥ 8) was detected in 
40 patients. Overall, Gleason ≥ 7 tumors were present in 120 
patients, reflecting a cohort with a notable risk profile for 
clinically significant and intermediate-to-high-risk PCa.

This cohort of 330 patients, with a median age of 66 years and 
a median MRI-to-biopsy interval of approximately 1.5 months, 
predominantly consisted of patients with PI-RADS 4-5 lesions. 
Histopathological findings indicate a substantial representation 
of intermediate- and high-grade PCa. The mean number of 
targeted biopsies per patient was 2.5 ± 0 (Table 1).

Representative cases are shown in Figures 1 and 2. A 64-year-
old male with a PSA of 7.9 ng/mL and PSA density of 0.14 ng/mL/
cm2 was found to have a PI-RADS 4 lesion, which was confirmed 
as Gleason 3 + 4 (Grade Group 2) prostate adenocarcinoma on 
targeted biopsy. Another example is a 69-year-old male with 
a PSA of 12.4 ng/mL and PSA density of 0.22 ng/mL/cm2 who 
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Figure 1. Shows mpMRI of the prostate in a 64-year-old male with elevated PSA, demonstrating a PI-RADS 4 lesion. On axial imaging, 
a focal lesion is seen in the right peripheral zone at the mid-gland level. The T2-weighted image A) demonstrates a moderately 
hypointense lesion without definite extracapsular extension, whereas the diffusion-weighted image B) shows marked hyperintensity 
of the lesion. The corresponding apparent diffusion coefficient map C) confirms restricted diffusion. A T2-weighted image with a red 
circle D) highlights the lesion’s exact location. Dynamic contrast-enhanced imaging E) reveals early focal enhancement of the lesion 
compared with the surrounding parenchyma, and the color-coded perfusion map F) emphasizes the hypervascularity. The lesion was 
assigned a PI-RADS 4 score, and targeted MRI-ultrasound fusion biopsy confirmed clinically significant prostate adenocarcinoma 
(Gleason score 3+4, Grade Group 2).
DCE, dynamic contrast-enhanced; MRI, magnetic resonance imaging; PSA, prostate-specific antigen; PI-RADS, prostate ımaging-reporting and data 
system.

Table 1. Patient Characteristics

Characteristic First-time biopsy patients Previously negative  
biopsy patients All patients

Age (years), median (IQR) 65 (61-71) 68 (64-73) 66 (62-72)

Digital rectal examination, n (%)

· Positive 78 (31.2) 32 (40.0) 110 (33.3)

· Negative 172 (68.8) 48 (60.0) 220 (66.7)

PSA level (ng/mL), median (IQR) 8.1 (6.2-11.4) 9.6 (7.4-13.2) 8.5 (6.6-12.1)

Prostate volume (cm2), median (IQR) 53 (45-62) 58 (48-68) 55 (46-64)

PSA density (ng/mL/cm2), median (IQR) 0.14 (0.10-0.19) 0.17 (0.12-0.22) 0.15 (0.11-0.20)

Interval between MRI and biopsy (days), median (IQR) 42 (30-58) 47 (35-62) 45 (32-60)

Number of MRI lesions (mean ± SD) 1.3 ± 0.5 1.4 ± 0.6 1.3 ± 0.5

Number of targeted biopsies (mean ± SD) 2.5 ± 0.6 2.6 ± 0.7 2.5 ± 0.6

PI-RADS category, n (%)

• PI-RADS 4 210 (84.0) 69 (86.3) 279 (84.5)

• PI-RADS 5 40 (16.0) 11 (13.7) 51 (15.5)

Gleason score, n (%)

• 3+3=6 62 (24.8) 16 (20.0) 78 (23.6)

• 3+4=7 40 (16.0) 12 (15.0) 52 (15.8)

• 4+3=7 22 (8.8) 6 (7.5) 28 (8.5)

• ≥ 8 28 (11.2) 12 (15.0) 40 (12.1)

Clinically significant PCa (Gleason ≥ 7), n (%) 90 (36.0) 30 (37.5) 120 (36.4)

PSA, prostate-specific antigen; SD, standard deviation; PCa, prostate cancer; MRI: magnetic resonance ımaging; PI-RADS, prostate ımaging-reporting and data 
system; IQR, interquartile range.



Levent and Durmaz. MRI/US Fusion vs. Systematic Biopsy in High-Risk Prostate Lesions Arch Basic Clin Res 2026;8(2):120-128

124

demonstrated a PI-RADS 5 lesion that was confirmed as high-
grade Gleason 4+4 (Grade Group 4) adenocarcinoma. Detailed 
multiparametric MRI findings for these cases are illustrated in 
the respective figure legends.

Overall Detection Rate

The detection rates of PCa and clinically significant PCa for 
all biopsy methods, based on PI-RADS v2.1 classification and 
considering only PI-RADS 4-5 lesions, are presented in Table 
2. The overall PCa detection rate was 62% (267/429) for 
systematic biopsy alone, 70% (301/429) for targeted biopsy 
alone, and 77% (331/429) for combined biopsy. Clinically 
significant PCa detection rates were 47% (203/429), 56% 
(240/429), and 63% (270/429), respectively. The combined 
biopsy approach demonstrated significantly higher detection 
rates for both overall and clinically significant PCa compared 
with either systematic or targeted biopsy alone (P < 0.001 for 
all comparisons).

When comparing the performance of systematic versus 
targeted biopsies alone in detecting overall PCa, the targeted 
biopsy showed a significant advantage (70% vs. 62%, P < 

0.01). For clinically significant PCa, targeted biopsy achieved a 
significantly higher detection rate than systematic biopsy (56% 
vs. 47%, P < 0.01).

In the PI-RADS v2.1 subgroup analysis, PI-RADS 5 lesions 
demonstrated substantially higher detection rates for both 
overall PCa and clinically significant PCa across all biopsy 
methods, compared with PI-RADS 4 lesions. This superiority 
remained significant after correction for multiple testing, with 
the combined biopsy method showing the highest diagnostic 
performance in detecting clinically significant PCa in PI-RADS 
5 lesions.

Detection Rates According to Lesion Location

For patients with a single suspicious lesion, the detection rates 
of PCa and csPCa for anterior, middle (mid-gland), and posterior 
PI-RADS 4/5 lesions are summarized in Table 3. Combined 
biopsy demonstrated significantly higher detection rates for 
both overall PCa and csPCa across all anatomical regions than 
either systematic or targeted biopsy alone (all comparisons, P 
< 0.001).

Table 2. (2a and 2b) Detection Rates of Prostate Cancer and Clinically Significant Prostate Cancer According to PI-RADS classification for 
Systematic Biopsy, Targeted Biopsy, and Combined Biopsy Methods (2a: Total Prostate Cancer, 2b: Clinically Significant Prostate Cancer) 
-Table 2a-
PI-RADS Total SB n(%) FB n(%) KB n(%) P value 

PI-RADS-4 279 155 (%56) 178(%64) 196(%70) < 0.001 

PI-RADS 5 150 112 (%75) 123(%82) 135 (%90) < 0.001 

Overall total 429 267 (62) 301 (70) 331 (77) < 0.001 
SB, systematic biopsy; FB, targeted fusion biopsy; CB, combined biopsy; PI-RADS, prostate imaging-reporting and data system

Figure 2. mpMRI of a PI-RADS 5 lesion in a 69-year-old male patient. A) Axial ADC map showing a focal lesion with markedly low 
signal intensity (white arrow). B) High b-value DWI demonstrating pronounced diffusion restriction (white arrow). C) Fusion PET/
MRI image highlighting hypermetabolic activity corresponding to the lesion (white arrow). D) Axial T2-weighted image showing 
a hypointense lesion in the left peripheral zone (red circle). E-F) Axial post-contrast T1-weighted images demonstrate early 
enhancement with capsular bulging (red arrows); F additionally shows rapid washout, suggestive of aggressive behavior. Targeted 
biopsy confirmed clinically significant prostate adenocarcinoma, Gleason 4+4 (Grade Group 4).
DWI,diffusion-weighted imaging; ADC, apparent diffusion coefficien; PI-RADS, prostate ımaging-reporting and data system; MRI, magnetic 
resonance imaging.
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For anterior lesions, targeted biopsy showed higher detection 
rates than systematic biopsy for both overall PCa and csPCa. 
This difference was particularly pronounced in anterior PI-RADS 
5 lesions, where systematic biopsy lagged behind targeted 
biopsy in detecting overall PCa. However, no statistically 
significant difference was observed between the two methods 
for detecting csPCa in this subgroup. Additionally, for anterior PI-
RADS 5 lesions, no significant advantage in overall PCa detection 
was observed between targeted and combined biopsies.

For middle (mid-gland) lesions, targeted biopsy yielded higher 
detection rates than systematic biopsy for both overall PCa and 
csPCa. Nevertheless, combined biopsy provided the highest 
detection rates compared to either method alone, highlighting 
its diagnostic advantage in this region. The superiority of 
combined biopsy was maintained in PI-RADS 5 middle-segment 
lesions for both overall and clinically significant cancers.

For posterior lesions, systematic biopsy demonstrated higher 
overall PCa detection rates than targeted biopsy. However, no 
significant differences were observed between biopsy methods 
for csPCa detection. Specifically, in posterior PI-RADS 5 lesions, 
no statistically significant differences were noted between 
biopsy techniques in detecting either overall PCa or csPCa.

Associations with and Presence of csPCa

Variables associated with csPCa are summarized in Table 4. 
In univariable analysis, advanced age, prior biopsy, a positive 
digital rectal examination (DRE), and elevated PSA density 
were significantly associated with the detection of csPCa. 
Among imaging parameters, PI-RADS category emerged as the 
strongest predictor, with PI-RADS 5 lesions showing a markedly 
higher likelihood of clinically significant cancer compared to PI-

-Table 2b-
PI-RADS Total SB n (%) FB n (%) KB n (%) P value 

PI-RADS-4  279  98 (35) 124 (44) 142 (51) < 0.001

PI-RADS 5  150 105 (70) 116 (77) 128 (85) < 0.001

Overall Total  429 203 (47) 240 (56) 270 (63) < 0.001

SB, systematic biopsy; FB, targeted fusion biopsy; CB, combined biopsy; PI-RADS, prostate ımaging-reporting and data system KB,

Table 3a/3b: Detection Rates of Clinically Significant Prostate Cancer (csPCa) and Overall Prostate Cancer (PCa) Diagnosed by Biopsy 
Alone, Stratified by Anatomical Location (Anterior, Mid-Gland, and Posterior) of PI-RADS 4-5 Lesions, Using Systematic, Fusion-
Targeted, and Combined Biopsy Methods 

Anatomic location PI-RADS Total (n) SB kPca (n) (%) FB kPCa (n) (%) KB kPCa (n) (%) P value

Anterior 4 92 50 (54) 61(66) 68 (74) < 0.001

5 58 43 (74) 48 (83) 52 (90) < 0.001

Total 150 93 (62) 109 (73) 120 (80) < 0.001

Orta (middle) 4 84 46 (55) 54 (64) 61 (73) < 0.001

5 45 33 (73) 37 (82) 41 (91) < 0.001

Total 129 79 (61) 91 (71) 102 (79) < 0.001

Posterior 4 103 59 (57) 63 (61) 67 (65) 0.008

5 47 36 (77) 38 (81) 42 (89) < 0.001

Total 150 95 (63) 101 (67) 109 (73) < 0.001

Anatomic location PI-RADS Total (n) SB Pca (n) (%) FB PCa (n) (%) KB PCa (n) (%) P value

Anterior 4 92 32 (35) 41 (45) 48 (52) <0.001

5 58 40 (69) 45 (78) 49 (84) <0.001

Total 150 72 (48) 86 (57) 97 (65) <0.001

Middle 4 84 29 (35) 37 (44) 43 (51) <0.001

5 45 31 (69) 35 (78) 39 (87) <0.001

Total 129 60 (47) 72 (56) 82 (64) <0.001

Posterior 4 103 37 (36) 46 (45) 51 (50) <0.001

5 47 34 (72) 36 (77) 40 (85) <0.001

Total 150 71 (47) 82 (55) 91 (61) <0.001

SB, systematic biopsy; FB, targeted fusion biopsy; CB, combined biopsy; PCa, prostate cancer; kPCa, clinically significant prostate cancer; PI-RADS, prostate ımaging-
reporting and data system
Note: Data are presented as n(%). P values indicate comparisons between biopsy methods (SB vs. FB, SB vs. CB, and FB vs. CB). For multiple comparisons, Bonferroni 
correction was applied, and statistical significance was set at P < 0.0167. Clinically significant prostate cancer was defined as Gleason score ≥ 7. Only PI-RADS v2.1 
lesions scored 4 and 5 were included in the analysis.
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RADS 4 lesions. In contrast, total PSA level and prostate volume 
were not significantly associated with the presence of csPCa.

In multivariable logistic regression analysis, age, prior biopsy 
history, positive DRE, PSA density, and higher PI-RADS category 
remained independent predictors of csPCa. Notably, PI-RADS 
5 lesions significantly increased the probability of detecting 
csPCa, independent of other clinical and biochemical variables.

DISCUSSION
In this retrospective study, the diagnostic contribution of 
mpMRI-based biopsy strategies for detecting PCa, including 
clinically significant cases was analyzed in a homogeneous 
cohort comprising only PI-RADS 4 and 5 lesions. Excluding 
PI-RADS 3 lesions and earlier PI-RADS versions enhanced the 
methodological consistency of the study and allowed a clearer 
assessment of the diagnostic performance specific to high-risk 
lesions.

The results presented in Table 2 indicate that systematic and 
targeted biopsies demonstrate comparable overall diagnostic 
performance when used alone. However, combining these 
two approaches provides a significant incremental benefit for 
detecting both overall and csPCa. This finding suggests that 
in higher PI-RADS categories, intralesional heterogeneity and 
multifocal tumor architecture may not be fully captured by a 
single biopsy approach. The superiority of combined biopsy 
likely reflects not only the increased sampling of lesions but 
also the capture of tumor foci with distinct biological behaviors.

Targeted biopsy appears to offer an advantage over systematic 
biopsy in detecting clinically significant cancer. This observation 
aligns with the ability of mpMRI to localize higher-grade tumors 
and supports its potential to reduce overdiagnosis of clinically 
insignificant disease. However, given the additional diagnostic 
benefit provided by combined biopsy, relying on a single biopsy 
method may be insufficient, particularly for high-risk patient 
groups.

Analyses based on lesion location (Table 3) revealed that 
the diagnostic performance of biopsy strategies anatomical 
localization significantly influences. In anteriorly located lesions, 

especially within higher PI-RADS categories, the combined 
biopsy approach provided the greatest diagnostic yield for 
clinically significant cancer. This finding reflects the risk that 
anterior zone lesions are missed due to the posterior sampling 
bias inherent in systematic biopsy. Nevertheless, targeted 
biopsy alone was not fully sufficient for anterior lesions, as 
some clinically significant cancers were detected only through 
systematic sampling.

For PI-RADS 5 lesions located posteriorly, differences in 
diagnostic performance among biopsy methods were markedly 
reduced. This can be explained by the posterior zone being 
more accessible to both systematic and targeted biopsies. In 
particular, adding a systematic biopsy when the targeted biopsy 
is negative may serve as a balanced approach that enhances 
diagnostic safety. These results strongly support the notion 
that biopsy strategies should be individualized based on lesion 
risk and anatomical location rather than adopting a “one-size-
fits-all” approach.

The regression analyses presented in Table 4 highlight the 
central role of imaging-based parameters in the clinical 
decision-making process. The PI-RADS category emerged as 
the strongest independent predictor of the presence of csPCa. 
Notably, PI-RADS 5 lesions significantly increased the risk of 
clinically significant cancer, independent of other clinical and 
biochemical variables, thereby reinforcing the indispensable 
role of mpMRI in risk stratification.

Following PI-RADS, PSA density was identified as the second 
most powerful predictor. The lack of a significant association 
with total PSA level or prostate volume further underscores the 
limited standalone value of these parameters in clinical decision-
making. In contrast, PSA density, as a biochemical marker 
more reflective of tumor burden, serves a complementary role 
to imaging findings. Additionally, advanced age, prior biopsy 
history, and positive DRE were independently associated with 
clinically significant cancer, emphasizing the importance of a 
multidisciplinary risk assessment approach.

A recent study by Thomas, de Braekt, and colleagues compared 
the diagnostic accuracy of MRI-ultrasound fusion-guided 

Table 4. Single-Variable and Multiple-Variable Regression Analyses for Predicting Significant Prostate Cancer
Variable regressin analysis Single Multiple

Parameter Comparison OR (95% CI) P value OR (95% CI) P value

Age (median 66) ≤ 66 vs. > 66 1.48 (1.10-1.98) 0.009 1.36 (1.02-1.82) 0.037

DRE Pos vs. Neg 2.21 (1.45-3.36) < 0.001 1.88 (1.21-2.93) 0.005

PSA (Median 8.5 ng/mL ≤ 8.5 vs. > 8.5 1.31 (0.96-1.78) .086 - -

Prostate volüme (median 55 cm2) ≤ 55 vs. > 55 0.71 (0.52-0.98) .038 - -

PSA density (median 0.15 bg7mL/cm2) ≤ 0.15 vs. > 0.15 2.54 (1.88-3.43) < 0.001 2.19 (1.61-2.98) < 0.001

First biopsy Yes vs. No 0.59 (0.42-0.83) 0.002 0.61 (0.43-0.87) 0.006

PI-RADS 4 - - - - -

PI-RADS 5 According to 4 6.12 (4.02-9.31) < 0.001 5.48 (3.61-8.32) < 0.001
OR, odds ratio; CI, confidence interval; DRE, digital rectal examination; PSA, prostate-specific antigen; MRI, magnetic resonance imaging; PI-RADS, prostate ımaging-
reporting and data system
Notes: Clinically significant prostate cancer was defined as Gleason score ≥ 7. Only PI-RADS v2.1 - PI-RADS 4 and 5 lesions were included in the analysis. Variables 
with P < 0.10 in the univariable analysis that were considered clinically relevant were included in the multivariable model. PSA and prostate volume were not included 
in the multivariable model due to collinearity with PSA densi.
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targeted biopsy with systematic biopsy, demonstrating the 
superiority of a combined biopsy approach for detecting both 
overall and csPCa.15 These findings align closely with the results 
of our study, particularly supporting the selective diagnostic 
advantage of targeted biopsy in high-risk lesions. Both studies 
emphasize that in posteriorly located PI-RADS 5 lesions, 
targeted biopsy rarely misses clinically significant cancer, 
whereas the contribution of systematic biopsy in this subgroup 
is limited.

The distinguishing feature of our study lies in its exclusive focus 
on PI-RADS 4 and 5 lesions as defined by PI-RADS v2.1, thereby 
reducing methodological heterogeneity and systematically 
analyzing lesion location (anterior-middle-posterior) to provide 
a more detailed assessment of biopsy strategy performance 
in an anatomical context. In contrast, the study by in de In 
de Braekt et al.15 encompassed a broader PI-RADS spectrum, 
offering generalizability to routine clinical practice. However, 
the inclusion of PI-RADS 3 lesions introduces potential issues 
related to overdiagnosis of clinically insignificant cancer and 
unnecessary biopsies. In this regard, our study provides a 
clearer clinical signal specific to high-risk lesions, whereas the 
comparative study presents a more comprehensive perspective 
across a wider patient population.

The strengths of this study include its exclusive focus on high-
risk PI-RADS categories, adherence to the current PI-RADS 
v2.1 classification, and detailed subgroup analyses based on 
lesion location. This approach ensures that the results are 
both methodologically robust and directly applicable to clinical 
practice. Additionally, the large patient cohort and the use of 
real-world data enhance the relevance and generalizability of 
the findings for routine practice in tertiary care centers.

Study Limitations

However, certain limitations should be acknowledged. The 
retrospective design cannot completely eliminate the risk 
of bias related to patient selection and biopsy performance. 
Furthermore, all biopsies were performed by a single operator 
familiar with the lesion information, which may have partially 
enhanced the performance of systematic biopsy. Finally, 
the use of histopathological thresholds to define clinically 
significant cancer may not capture the full spectrum of the 
biological behavior of tumors.

CONCLUSION
This study provides a comprehensive evaluation of mpMRI-
based biopsy strategies in a well-defined cohort focused on 
high-risk lesions. The findings underscore the indispensable 
role of combined biopsy, particularly in selected patient 
subgroups, and highlight that tailoring biopsy approaches 
according to PI-RADS category and lesion location can further 
optimize diagnostic yield. These insights provide a robust 
scientific foundation for developing individualized prostate 
biopsy algorithms.

For the detection of csPCa, the concurrent use of systematic 
and targeted biopsies emerges as the most reliable strategy. 
While targeted biopsy allows for more selective sampling of high-

risk lesions, relying on it alone may result in missed diagnoses 
in certain cases. Notably, in posterior PI-RADS 5 lesions, 
targeted biopsy demonstrates high diagnostic sufficiency, with 
limited incremental value from systematic biopsy; however, 
incorporating systematic biopsy when targeted biopsy is 
negative can enhance overall diagnostic safety.

This evidence emphasizes that an adaptive, lesion-specific 
approach—rather than a one-size-fits-all method—maximizes 
both precision and clinical utility in PCa detection.
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ABSTRACT
Objective: The aim of this study was to assess the diagnostic performance and radiation dose of 128-slice dual-source computed 
tomography (DSCT) angiography in pediatric patients with congenital heart disease (CHD) and to compare its diagnostic accuracy with that 
of transthoracic echocardiography (TTE).

Methods: Fifty-seven pediatric patients (mean age: 34.1 months; range: 0.5-156 months; 25 males and 32 females; mean body weight: 10.3 
kg) who underwent thoracic DSCT angiography and TTE for suspected or confirmed CHD were retrospectively evaluated. Surgical findings 
conventional catheter angiography, alone or in combination, served as the reference standard. Diagnostic performance metrics, including 
sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and overall diagnostic accuracy, were calculated. 
Agreement between imaging techniques and the reference standard was assessed using Cohen’s kappa coefficient, and paired comparisons 
were performed using the McNemar test.

Results: A total of 199 cardiovascular anomalies were confirmed, including 67 intracardiac and 132 extracardiac abnormalities. Computed 
tomography (CT) angiography detected 193 anomalies (96.9%), whereas TTE detected 179 anomalies (89.9%). For CT angiography, sensitivity, 
specificity, PPV, NPV, and overall diagnostic accuracy were 96.9%, 99.9%, 99.0%, 99.6%, and 99.5%, respectively. The corresponding values 
for TTE were 89.9%, 99.6%, 96.8%, 98.8%, and 98.5%. CT angiography demonstrated significantly higher overall detection rates than TTE 
(P = 0.01). Subgroup analysis showed that TTE had higher sensitivity for intracardiac anomalies, whereas CT angiography demonstrated 
superior performance in identifying extracardiac vascular abnormalities.

Conclusion: Dual-source CT angiography enables highly accurate anatomical assessment in pediatric CHD while maintaining acceptable 
radiation exposure levels. Although echocardiography remains the first-line imaging modality, CT angiography represents a valuable 
complementary technique, particularly for evaluating extracardiac vascular anomalies.
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INTRODUCTION
Congenital heart disease (CHD) is among the most frequently 
encountered congenital anomalies worldwide and continues to 
represent an important cause of morbidity and mortality in pe-
diatric populations. Precise delineation of cardiac and vascular 
anatomy is essential for optimal clinical management and sur-
gical planning. Current international guidelines emphasize the 
importance of multimodality imaging approaches—including 
echocardiography, computed tomography (CT), and magnetic 
resonance imaging —for the comprehensive evaluation of con-
genital cardiovascular anomalies.1,2

Transthoracic echocardiography (TTE) is widely regarded as 
the first-line imaging modality for evaluating CHD because it 
is readily available, portable, and capable of providing real-time 
assessment of cardiac structure and hemodynamics without 
exposure to ionizing radiation.3 However, echocardiography is 
highly dependent on operator experience and may be limited 
by inadequate acoustic windows, particularly when assessing 
extracardiac vascular structures such as the aortic arch, 
pulmonary arteries, and pulmonary venous connections.4

Historically, cardiac catheterization served as the reference 
method for detailed anatomical evaluation of congenital 
cardiovascular abnormalities. Nevertheless, because this 
technique is invasive and associated with radiation exposure, 
its role in diagnostic evaluation has gradually decreased in 
contemporary pediatric practice.5,6

Recent developments in multidetector CT, particularly dual-
source CT technology, have significantly improved the non-
invasive evaluation of congenital cardiovascular anomalies. High 
spatial resolution and rapid acquisition capabilities allow detailed 
visualization of complex cardiovascular anatomy even in infants 
and young children with relatively high heart rates.6,7 Numerous 
studies have demonstrated the high diagnostic accuracy of CT 
angiography in patients with CHD and highlighted its usefulness 
in detecting extracardiac vascular abnormalities that may not 
be adequately evaluated by echocardiography alone.8-11

MATERIALS AND METHODS
Study Population

This retrospective study included pediatric patients younger 
than 13 years who underwent thoracic CT angiography for 
suspected or confirmed CHD. All patients also underwent 

transthoracic echocardiography. Surgical findings and/or 
conventional catheter angiography served as the reference 
standard. The study protocol was approved by the Bezmialem 
Vakıf University Institutional Ethics Committee (Date: 
16.10.2018, Decision No: 19/245), and written informed 
consent was obtained from the parents or legal guardians of all 
participants.

CT Angiography Protocol

All CT examinations were performed using a dual-source CT 
scanner (Somatom Definition Flash, Siemens Healthcare). 
Imaging was performed with the patient in the supine position. 
Peripheral intravenous access (20-24 gauge) was established, 
and iodinated contrast material was administered using an 
automated injector at 0.5-2 mL/s, with an average dose of 2 
mL/kg. Scan timing was determined using bolus tracking, with 
the region of interest (ROI) placed in the descending aorta. 
Image acquisition was initiated when attenuation reached 
100 Hounsfield Unit (HU). The scan range extended from the 
thoracic inlet to the diaphragm. Scanning parameters included 
collimation 128 × 0.6 mm, gantry rotation time 0.28 s, pitch 
3, tube voltage 80-100 kVp, and tube current 30-120 mAs, 
adjusted according to the patient’s body size. All imaging data 
were analyzed on a dedicated workstation (Syngo.via, Siemens 
Healthcare) using vascular imaging software. All CT angiography 
examinations were reviewed by an experienced radiologist.

The radiation dose was estimated from the dose-length product 
values provided by the CT scanner. Because these values were 
calculated using a 32-cm phantom, they were multiplied 
by two to convert them to the 16-cm phantom equivalent 
recommended for pediatric dose estimation. Effective radiation 
dose was calculated using age-specific conversion factors for 
thoracic CT examinations.

Statistical Analysis

Statistical analyses were performed using SPSS 
(version 16.0; SPSS Inc., Chicago, IL, USA). Diagnostic 
performance metrics, including sensitivity, specificity, 
positive predictive value, negative predictive value, 
and overall diagnostic accuracy, were calculated using 
surgical findings, conventional catheter angiography, or 
both as the reference standard. Agreement between 
imaging modalities and the reference standard was 
assessed using Cohen’s kappa coefficient. Diagnostic 
performance parameters were calculated together with 
their corresponding 95% confidence intervals (95% 
confidence intervals). Paired comparisons between 
CT angiography and TTE for anomaly detection were 
performed using the McNemar test, and a P value < 0.05 
was considered statistically significant.

RESULTS
A total of 57 children were included in the study. The 
demographic characteristics of the study population are 
summarized in Table 1.

Following TTE and CT angiography, 22 patients underwent 
conventional angiography, 28 patients underwent surgery, and 7 

MAIN POINTS
•	 Dual-source computed tomography (CT) angiography 

demonstrated higher diagnostic sensitivity than 
transthoracic echocardiography in detecting congenital 
cardiovascular anomalies.

•	 CT angiography was superior in identifying extracardiac 
vascular abnormalities, such as major aortopulmonary 
collateral arteries, vascular rings, and pulmonary venous 
anomalies.

•	 Low-dose CT protocols allow for accurate diagnosis 
while maintaining acceptable radiation exposure in 
pediatric patients.
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patients underwent both procedures; these procedures served 
as the reference standard for diagnostic evaluation. A total of 
199 cardiovascular anomalies were confirmed by surgery and/
or conventional angiography, including 67 intracardiac and 132 
extracardiac anomalies.

CT angiography detected more anomalies than TTE, 
corresponding to detection rates of 96.9% and 89.9%, 
respectively. The detection rates of both imaging modalities are 
summarized in Table 2. The diagnostic performance parameters 
their corresponding 95% confidence intervals for CT 
angiography and TTE are presented in Table 3. CT angiography 
demonstrated higher overall sensitivity, specificity, and 
diagnostic accuracy compared with TTE. A paired comparison 
using the McNemar test showed that CT angiography detected 
significantly more anomalies than TTE (P = 0.01).

The subgroup analysis showed that TTE had higher sensitivity 
for intracardiac anomalies, whereas CT angiography had higher 
sensitivity for extracardiac vascular abnormalities (Table 3). 

A representative example of a coronary artery anomaly 
associated with Tetralogy of Fallot, demonstrated by CT 
angiography, is shown in Figure 1. Examples of extracardiac 
vascular anomalies detected by CT angiography are illustrated 
in Figure 2.

Agreement analysis demonstrated excellent concordance 
between CT angiography and the reference standard (κ = 0.974, 
P < 0.001), whereas TTE demonstrated very good agreement (κ 
= 0.929, P < 0.001).

Table 1. Demographic Characteristics of the Study Population
Variable P value

Number of patients 57

Male/female 25/32

Mean age (months) 34.1 ± 36.8

Age range (months) 0.5-156

Mean body weight (kg) 10.3 ± 7.9

Weight range (kg) 3-38

Table 2. Detection of Intracardiac and Extracardiac Anomalies by Imaging Modality
Anomaly type Total anomalies Detected by TTE n (%) Detected by CT angiography n (%) P value

Intracardiac anomalies 67 67 (100) 61 (91.0) 0.031

Extracardiac anomalies 132 112 (84.8) 132 (100) < 0.001

Total anomalies 199 179 (90.0) 193 (96.9) 0.01
P value < 0.05 was considered statistically significant.
CT, Computed tomography; TTE: Transthoracic echocardiography

Table 3. Diagnostic Performance of CT Angiography and TTE for Intracardiac and Extracardiac Anomalies
Parameter CT Angiography % (95% CI) TTE % (95% CI) P value

Intracardiac anomalies

Sensitivity 91.0 (82.0-96.3) 100 (94.6-100) 0.031

Extracardiac anomalies

Sensitivity 100 (97.2-100) 84.8 (77.5-90.1) < 0.001

Overall diagnostic performance

Sensitivity 96.9 (93.4-98.8) 89.9 (84.9-93.5) 0.01

Specificity 99.9 (99.5-100) 99.6 (99.1-99.9) -

Positive predictive value 99.0 (96.2-99.9) 96.8 (93.2-98.7) -

Negative predictive value 99.6 (99.0-99.9) 98.8 (97.6-99.5) -

Accuracy 99.5 (98.9-99.9) 98.5 (97.5-99.2) -
P value < 0.05 was considered statistically significant. 
CI, Confidence interval; CT, Computed tomography; TTE: Transthoracic echocardiography.

Figure 1. Coronary artery anomaly in a 2-year-old girl with 
Tetralogy of Fallot. Three-dimensional CT angiography (a) and 
maximum-intensity projection (MIP) images (b) demonstrate 
pulmonary artery stenosis (curved arrow) and the origin and 
proximal segments of the coronary arteries. A single coronary 
artery originates from the left sinus of Valsalva (black arrow), and 
the left anterior descending artery crosses the right ventricular 
outflow tract (white arrow).
CT, computed tomography.
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In addition to assessing cardiovascular abnormalities, CT 
angiography enabled the evaluation of thoracic structures and 
revealed airway compression caused by vascular anomalies in 
six patients, as illustrated in Figure 3. Findings consistent with 
heterotaxy syndrome were also identified in four patients.

Radiation dose parameters are summarized in Table 4. The 
mean effective radiation dose for CT angiography was 1.46 ± 
0.39 mSv.

DISCUSSION
Echocardiography continues to serve as the primary imaging 
modality for the initial assessment of CHD because it is 
widely available and enables real-time evaluation of cardiac 
morphology and hemodynamics without exposure to 
ionizing radiation.3 However, previous studies have shown 
that echocardiography may be limited in the assessment of 
extracardiac vascular structures due to its dependence on 
acoustic windows and relatively limited spatial resolution.4 
These limitations are particularly relevant for patients with 
complex congenital cardiovascular anomalies who require 
comprehensive anatomical evaluation.

Historically, cardiac catheterization was considered the 
reference method for detailed anatomical assessment of 
congenital cardiovascular abnormalities. Nevertheless, because 
of its invasive nature and associated radiation exposure, its role 
in routine diagnostic evaluation has decreased in contemporary 
pediatric practice.5,6 Consequently, non-invasive cross-sectional 
imaging techniques have become increasingly important in the 
diagnostic work-up of CHD.

Advances in multidetector CT technology, particularly the 
development of dual-source CT systems, have significantly 
improved the diagnostic capabilities of CT angiography. The 
combination of high spatial resolution and rapid acquisition 
enables detailed visualization of complex cardiovascular 
anatomy even in pediatric patients with elevated heart rates.6,7 
Furthermore, three-dimensional reconstruction techniques 
provide comprehensive anatomical information that may 
facilitate surgical planning and clinical decision-making.

Several studies have reported high diagnostic accuracy of 
CT angiography in patients with CHD. Reported diagnostic 
accuracy values generally range between approximately 95% 
and 99% for CT angiography, whereas echocardiography 
demonstrates diagnostic accuracies between 83% and 93%, 
particularly for extracardiac vascular anomalies.8-11 In addition, 
Kravchenko et al.12 demonstrated high diagnostic performance 
of dual-source CT angiography in pediatric patients with CHD, 
supporting the reliability of modern CT techniques for detailed 
anatomical assessment of complex cardiovascular anomalies.

The findings of this study are consistent with previous reports 
and indicate that CT angiography provides higher overall 
diagnostic accuracy compared with TTE. In our cohort, CT 
angiography detected more anomalies than TTE, and statistical 
analysis confirmed that the difference was significant.

A key finding of this study was the superior performance 
of CT angiography in detecting extracardiac vascular 
anomalies. Previous studies have consistently demonstrated 

Figure 2. Partial anomalous pulmonary venous return in a 
4-month-old girl. Three-dimensional CT angiography (a), a 
coronal maximum intensity projection (MIP) image (b), and 
axial CT images (c, d) demonstrate that the right inferior, left 
superior, and left inferior pulmonary veins drain into the vertical 
vein (black arrow), whereas the right superior pulmonary vein 
drains into the superior vena cava (white arrow). An associated 
atrial septal defect is also present. 
LSPV, left superior pulmonary vein; RSPV, right superior pulmonary 
vein; SVC, superior vena cava; ASD, atrial septal defect; CT, computed 
tomography.

Figure 3. Double aortic arch causing vascular ring in a 1-year-old 
male patient. Three-dimensional CT angiography demonstrates 
bilateral aortic arches (a). Airway reconstruction images (b) 
show tracheal narrowing due to compression by the vascular 
ring. 
CT, computed tomography

Table 4. Radiation Dose Parameters in CT Angiography
Parameter P value

Mean dose-length product (DLP) 32.14 ± 8.97 mGy·cm

Effective dose range 0.88-2.5 mSv

Mean effective dose 1.46 ± 0.39 mSv

Mean effective dose (< 1 year) 1.71 ± 0.36 mSv
CT, Computed tomography.
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that CT angiography is particularly effective in identifying 
extracardiac abnormalities such as aortic arch anomalies, major 
aortopulmonary collateral arteries, and anomalous pulmonary 
venous connections.8-11 Consistent with these findings, CT 
angiography detected all extracardiac anomalies in our cohort, 
whereas TTE failed to identify several clinically significant 
lesions.

Conversely, TTE demonstrated higher sensitivity for intracardiac 
abnormalities, particularly small septal defects. Similar 
observations have been reported in previous comparative 
studies evaluating CT angiography and echocardiography in 
CHD.13-14 The relatively low sensitivity of CT angiography for 
small intracardiac defects may be related to the absence of 
electrocardiogram (ECG)-gated acquisition and their small size.

Another important advantage of CT angiography is its ability 
to simultaneously evaluate thoracic structures beyond the 
cardiovascular system. In the present study, CT imaging enabled 
the identification of airway compression caused by vascular 
anomalies and provided additional information regarding 
heterotaxy syndrome. Previous reports have also emphasized 
the value of CT imaging in evaluating thoracic structures 
outside the cardiovascular system.15

Radiation exposure remains an important consideration in 
pediatric CT imaging. However, recent technological advances, 
including high-pitch acquisition techniques, automated tube 
current modulation, and advanced reconstruction algorithms, 
have significantly reduced radiation doses in pediatric cardiac 
CT examinations. In previous studies, reported effective 
radiation doses for pediatric cardiac CT have ranged between 
approximately 1.0 and 5.0 mSv, depending on scanning 
protocols and patient characteristics.15-20 In this study, the 
mean effective radiation dose was 1.46 mSv, which is within the 
lower range reported in the literature. These findings indicate 
that the dual-source CT protocol used in our study provides 
diagnostically adequate image quality while maintaining a 
relatively low radiation exposure compared with those reported 
in previously published studies.

Study Limitations

This study has several limitations. First, the relatively small 
sample size may limit the generalizability of the findings. In 
addition, the retrospective design and the wide age distribution 
of the study population may have influenced image quality and 
diagnostic performance. Image interpretation was performed 
by a single experienced radiologist; therefore, interobserver 
variability was not assessed. The absence of automatic tube 
current modulation and prospective ECG-gating may have 
limited further dose reduction and the optimal visualization of 
coronary artery anatomy. Future multicenter studies, including 
larger patient populations and optimized low-dose CT protocols, 
are needed to provide a more comprehensive assessment of 
the diagnostic role of CT angiography in pediatric CHD.21

CONCLUSION
Dual-source CT angiography provides highly accurate 
anatomical evaluation with acceptable radiation exposure in 

pediatric patients with CHD. While TTE remains the first-line 
imaging modality for intracardiac assessment, CT angiography 
offers superior visualization of extracardiac vascular 
anomalies. Therefore, CT angiography represents an effective 
complementary imaging technique, particularly in patients with 
complex congenital cardiovascular anomalies or inconclusive 
echocardiographic findings.
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INTRODUCTION

Hoffa’s fat pad, also known as the infrapatellar fat pad (IPFP), 
is an intracapsular, yet extrasynovial structure located beneath 
the patella within the knee joint. Anteriorly, it is bordered by 
the patellar tendon; posteriorly, by the synovium-lined knee 
joint. Superiorly, it attaches to the inferior pole of the patella; 
inferiorly, it extends to the periosteum of the tibia.1

Structurally, the IPFP shares characteristics with subcutaneous 
adipose tissue, yet it also serves important biomechanical 

functions such as absorbing mechanical loads transmitted 
through the knee and attenuating shock. In addition, it has been 
shown to play a role in joint metabolic and inflammatory processes. 
The IPFP is known to be involved in the production of adipokines 
such as interleukin-6, tumor necrosis factor-α, and leptin, thereby 
influencing the biological environment of the knee joint.

Magnetic resonance imagin (MRI) studies conducted in 
patients with osteoarthritis (OA) have demonstrated that the 
IPFP exhibits increased signal intensity, suggesting that it may 
serve as a biomarker in knee OA.2-4 Therefore, standardized, 
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ABSTRACT
Objective: To evaluate the association between infrapatellar fat pad (IPFP) maximal area, depth, and signal intensity alterations and the 
presence and severity of patellar chondromalacia on magnetic resonance imaging (MRI).

Methods: In this single-center retrospective study, 172 knee MRI examinations with patellar chondromalacia and 78 control examinations 
were analyzed between January 1, 2024, and January 1, 2025. MRI scans were acquired without contrast using a 1.5-Tesla system (Ingenia 
Evolution, Philips Medical System, Best, the Netherlands). Alterations in IPFP maximal area, depth, and signal intensity (graded 0-3) were 
measured on fat-suppressed proton density-weighted images. Chondromalacia was staged using the MRI-adapted Outerbridge classification. 
Demographic characteristics, medial subcutaneous fat thickness, and IPFP measurements were compared between groups. Correlation 
analyses were performed to assess associations between IPFP metrics and chondromalacia severity. Parametric and nonparametric tests 
were applied; P < 0 .05 was considered statistically significant.

Results: Patients with chondromalacia were older than controls (50.8 ± 10.1 vs. 38.7 ± 12.7 years; P < 0.001)   and included a higher proportion 
of females (P = 0.009). Medial subcutaneous fat thickness was greater in the chondromalacia group (P < 0.001). Male sex was correlated with 
larger maximal IPFP area and depth (P < 0.001). No significant correlation was observed between medial subcutaneous fat thickness and 
IPFP size. The IPFP signal intensity score was positively correlated with age (r = 0.50) and with chondromalacia grade (r = 0.377; P < 0.001 for 
both). IPFP maximal area and depth showed no significant association with chondromalacia grade, lesion location, or signal intensity score.

Conclusion: MRI signal intensity alterations of the IPFP are strongly associated with patellar chondromalacia severity. In contrast, 
dimensional measurements alone (area or depth) do not reflect disease severity, highlighting the superior diagnostic value of qualitative 
signal assessment.

Keywords: Patellar chondromalacia, infrapatellar fat pad, knee magnetic resonance imaging, signal intensity alteration, cartilage degeneration
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reproducible measurements of IPFP dimensions are important 
for evaluating metabolic and degenerative joint disorders.1

MRI studies in patients with OA have shown increased signal 
intensity of the IPFP, suggesting its potential as a biomarker for 
knee OA.4 Alterations within the IPFP—such as inflammation 
or fibrosis—can be visualized on sagittal MRI sections by 
characteristic variations in signal intensity.5

Patellar chondromalacia is characterized by anterior knee pain 
and softening of the articular cartilage on the patellar surface, 
often accompanied by fibrillation or ulceration.6 In addition to 
patient history and physical examination, radiological imaging 
methods are widely used in the diagnostic process. MRI is 
considered one of the most valuable imaging modalities 
for evaluating patellar chondromalacia and other cartilage 
pathologies.7 Several studies have suggested that IPFP 
dimensions may be associated with patellar chondromalacia, 
implying that changes in IPFP size could alter the mechanical 
load distribution across the patellofemoral joint (PFJ), thereby 
contributing to cartilage degeneration.5

In this study, we aimed to investigate the association of 
maximal IPFP area, depth, and signal intensity alterations with 
the presence of patellar chondromalacia, considering the close 
anatomical relationship between the IPFP, patella, and PFJ.

MATERIAL AND METHODS

Study Approval

This retrospective study was approved by the Clinical Research 
Ethics Committee of the Ministry of Health University of Health 
Sciences Türkiye, Ankara Etlik City Hospital (approval no: 
2025/0231, date: 26.02 2025). In this retrospective study, the 
requirement for informed consent was waived. The study was 
conducted in accordance with the principles of the Declaration 
of Helsinki.

Study Population

This retrospective study evaluated patients who underwent 
non-contrast knee MRI between January 1, 2024, and January 
1, 2025. The inclusion criteria were as follows:

1.	 Age ≥18 years

2.	Availability of knee MRI examinations in our radiology 
database

The exclusion criteria were:

1.	 History of trauma to the knee

2.	Prior open or arthroscopic knee surgery

3.	Presence of rheumatologic disease or synovitis

4.	Anatomical variants of the patella (e.g., bipartite patella)

5.	Evidence of significant joint effusion and/or hemarthrosis

6.	Presence of any intra-articular space-occupying lesion

7.	Poor image quality preventing adequate evaluation

The study included 172 knee MRI examinations from 150 
patients who met the inclusion criteria and had been diagnosed 
with patellar chondromalacia. The control group included 
78 knee MRI examinations from 68 patients without patellar 
chondromalacia. In total, 250 knee MRI examinations were 
analyzed.

The study included 172 knee MRI examinations obtained from 
150 patients who met the inclusion criteria and were diagnosed 
with patellar chondromalacia. The control group comprised 
78 knee MRI examinations from 68 patients without patellar 
chondromalacia. In total, 250 knee MRI examinations were 
analyzed.

Anthropometric Measurements

Body weight and height were measured in kilograms and 
centimeters, respectively. Body mass index (BMI) was calculated 
using the following formula: 

BMI = kg/m2, where kg represents the patient’s body weight 
and m2 represents the square of the patient’s height.

Magnetic Resonance Imaging Assessment

All knee MRI examinations were performed on a 1.5-Tesla 
MR system (Ingenia Evolution, Philips Medical System, Best, 
the Netherlands) using a standard knee protocol. Coronal T1-
weighted images were acquired with TR 622 ms, TE 8 ms, FOV 
18 cm, slice thickness 3 mm, and a matrix of 360×204 pixels. 
Sagittal proton density SPAIR (PD SPAIR) images were obtained 
with TR 3466 ms, TE 30 ms, FOV 18 cm, slice thickness 3 mm, 
and a matrix of 292×272 pixels. Axial PD SPAIR images were 
acquired with TR 3333 ms, TE 30 ms, FOV 18 cm, slice thickness 
3 mm, and a matrix of 360×263 pixels, while coronal PD SPAIR 
images were obtained with TR 622 ms, TE 8 ms, FOV 18 cm, 
slice thickness 3 mm, and a matrix of 360×304 pixels.

IPFP Measurements

The maximal cross-sectional area of the IPFP was calculated 
on sagittal T2-weighted MR images using our institutional 
workstation (IntelliSpace Portal v12.1, Philips, Best, the 
Netherlands) after manually delineating its borders. IPFP depth 
was defined as the distance from the anterior to the posterior 
surface, measured along a line perpendicular to the patellar 
tendon (Figure 1).

Medial Subcutaneous Fat Thickness

Medial subcutaneous fat (SCF) thickness of the knee joint 
region was measured as an indicator of body adiposity. The 
measurement was performed on axial PD-weighted images and 
extended from the skin surface to the posteromedial aspect of 
the femoral condyle cortex, as illustrated in Figure 2.

MAIN POINTS
•	 Infrapatellar fat pad (IPFP) signal changes on magnetic 

resonance imaging (MRI) strongly reflect the severity of 
patellar chondromalacia.

•	 IPFP size (area or depth) does not correlate with lesion 
severity or location.

•	 Qualitative MRI assessment of the IPFP has greater 
diagnostic value than dimensional measures.
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Patellar Chondromalacia Assessment

Patellar chondromalacia was graded from 0 to 4 on fat-
suppressed proton density-weighted axial MRI images 
according to the MRI-adapted Outerbridge classification.

Assessment of IPFP Signal Intensity Changes

Changes in IPFP signal intensity were evaluated on sagittal 
fat-suppressed proton density-weighted images (Figure 3). 
The sagittal plane demonstrating the most prominent signal 
increase was selected, and edema was defined as areas of 
high signal on the fat-suppressed sequence. Signal intensity 
alterations of the IPFP were classified as follows: grade 0 = 
no change; grade 1 = ≤ 10% of the area; grade 2 = 10-20% 
of the area; grade 3 = ≥ 20% of the area. Two observers (EZ, 
BA) independently performed the assessments, and a random 
cross-check method was used to compare the observers’ 
assessments. Intra-observer reliability, assessed using the 
intraclass correlation coefficient, was 0.90, while inter-observer 
reliability was 0.88.

RESULTS
A total of 250 knee MRI examinations were analyzed, including 
78 in the control group and 172 in the patellar chondromalacia 
group. The mean age of the control group was 38.74 ± 12.72 
years, whereas that of the patellar chondromalacia group 

was 50.83 ± 10.09 years, a difference that was statistically 
significant (P < 0.001). In the control group, 48.5% (n=33) 
were female and 51.5% (n=35) were male; in the patient group, 
72.7% (n=109) were female and 27.3% (n=41) were male  
(P = 0.009). Medial SCF thickness was significantly higher in 
the patient group (23.57 ± 10.36 mm) compared to the control 
group (17.55 ± 7.31 mm; P < 0.001). Baseline characteristics, 
including sex, weight, and BMI, are presented in Table 1.

Correlation analysis revealed a significant relationship between 
sex and both the maximal IPFP cross-sectional area (r =-0.364; 
P < 0.001) and the IPFP depth (r = -0.338; P < 0.001), indicating 
that males had significantly greater maximal IPFP area and 
depth than females. Subgroup analyses supported this finding, 
showing that males had a significantly greater maximal IPFP 
area (667.78 ± 134.59 mm2 vs. 533.02 ± 109.79 mm2, P < 0.001) 
and depth (29.50 ± 3.49 mm vs. 25.78 ± 3.44 mm, P < 0.001) 
than females (Tables 2, 3).

Medial SCF thickness was not significantly correlated with IPFP 
area or depth. The IPFP signal intensity score demonstrated 
a significant positive correlation with age (r = 0.50; P < 0.001) 
and chondromalacia grade (r = 0.377; P < 0.001), indicating that 
increases in age and chondromalacia severity were associated 
with higher IPFP signal intensity scores. No significant 
correlations were observed with other variables (P > 0.05; Table 
2).

The maximal IPFP cross-sectional area was significantly 
greater in males (667.78 ± 134.59 mm2) than in females 
(533.02 ± 109.79 mm2; P < 0.001). Comparisons according 
to chondromalacia grade revealed no significant differences 
(Grade 1: 558.66 ± 110.73 mm2, Grade 2: 574.72 ± 129.33 mm2, 

Figure 1. Sagittal T2-weighted MRI demonstrating the maximal 
cross-sectional area and depth of the infrapatellar fat pad 
(IPFP). The white shaded region represents the maximal cross-
sectional area of the IPFP. The red line, drawn perpendicular to 
the patellar tendon from the anterior to the posterior surface, 
indicates the IPFP depth
MRI: Magnetic resonance imaging

Figure 2. Measurement of subcutaneous fat thickness. Axial 
T2-weighted MRI of the knee demonstrating measurement of 
the subcutaneous fat thickness on the medial aspect of the 
knee joint at the level of the medial femoral condyle
MRI: Magnetic resonance imaging
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Grade 3: 580.00±132.66 mm2, Grade 4: 559.91 ± 122.11 mm2;  
P = 0.595). Similarly, no significant differences were observed in 
maximal IPFP area based on chondromalacia location (medial: 
575.48 ± 110.15 mm2, lateral: 553.34±152.01 mm2, central: 
602.33 ± 161.06 mm2; P = 0.537) (Table 3). Regarding IPFP 
depth, males (29.50 ± 3.49 mm) had significantly greater values 
than females (25.78 ± 3.44 mm; P < 0.001). However, IPFP 
depth did not differ significantly according to chondromalacia 
grade (Grade 1: 27.00 ± 3.16 mm, Grade 2: 26.00 ± 3.66 
mm, Grade 3: 27.45 ± 3.82 mm, Grade 4: 27.10 ± 4.14 mm;  
P = 0.512),chondromalacia location (medial: 26.83 ± 3.83 
mm, lateral: 26.43 ± 3.84 mm, central: 28.00 ± 3.77 mm;  
P = 0.399), or IPFP signal intensity score (Grade 0: 26.08 ± 3.72 
mm, Grade 1: 26.84 ± 4.19 mm, Grade 2: 27.47 ± 3.82 mm, 
Grade 3: 27.40 ± 3.15 mm; P=0.793) (Table 3).

DISCUSSION
Knee OA is the most common degenerative joint disease among 
middle-aged and elderly individuals, characterized by joint 
swelling, pain, and limited range of motion.8 Depending on the 
location of the lesion, OA can be classified as tibiofemoral joint 
OA or patellofemoral joint osteoarthritis (PFOA). Studies have 
shown that approximately 60% of patients with symptomatic 
knee OA exhibit PFJ abnormalities.9

Several risk factors have been identified for OA, with advanced 
age recognized as a major contributor.10 In the present study, PFJ 
degeneration was found to increase with age. This phenomenon 
may be attributed to the natural aging process of the PFJ and, 
potentially, to the effects of osteoporosis.11 Recent studies 
suggest that the inflammatory milieu created by senescence-
associated secretory phenotype factors associated with aging 
contributes to cartilage degeneration and subchondral bone 
remodeling, ultimately leading to cartilage loss and progression 
of OA.12 In our study, we observed a moderate positive 

correlation between changes in IPFP signal intensity and age, 
indicating that IPFP alterations are closely associated with the 
aging process.

Consistent with previous findings, our study demonstrated 
a higher incidence of PFOA in females than in males.13 Many 
researchers attribute this difference to estrogen levels in 
women. While some studies suggest that estrogen plays a 
protective role in OA, others report that it may contribute to the 
pathogenesis of the disease. This indicates that sex differences 
cannot be explained solely by estrogen and that other factors, 
such as muscle strength, lifestyle habits, and bone density, may 
also play important roles.2

Additionally, Wang and He reported that obesity is one of 
the most influential and modifiable risk factors for OA. In our 
study, patients with PFOA had a higher BMI than those in the 
control group. The increased load associated with overweight 
and obesity accelerates the progression of PFOA and induces 
abnormal changes in PFJ mechanics.15 The relationship between 
obesity and joint degeneration is not only biomechanical but 
also involves adipose tissue, which can activate inflammatory 
processes. The IPFP plays a role in the initiation and progression 
of OA through the release and activation of pro-inflammatory 
mediators. Due to its anatomical location, the IPFP can directly 
influence the composition of synovial fluid, which in turn 
may affect other joint structures. Proinflammatory cytokines 
activate substance P-containing nerve fibers, which mediate 
anterior knee pain. These cytokines, in conjunction with 
adipose tissue, immune cells, and the nervous system, directly 
contribute to the production of chemokines, other cytokines, 
and growth factors. Collectively, these effects influence the 
metabolism and function of the synovial membrane and 
articular cartilage.16

In our study, a weak positive correlation was observed between 
BMI and changes in IPFP signal intensity (r=0.22; P < 0.02). 

Figure 3. Classification of infrapatellar fat pad (IPFP) signal intensity alterations on MRI. The white arrows indicate regions of 
increased signal intensity within the IPFP. Each grade represents the percentage of IPFP involvement: Grade 0, no alteration;  
Grade 1, ≤ 10%; Grade 2, 10-20%; Grade 3, ≥ 20%
A) – IPFP Grade 0: No signal alteration, B) – IPFP Grade 1: Involvement of ≤10% of the IPFP area (white arrow indicates region of 
increased signal), C) – IPFP Grade 2: Involvement of 10-20% of the IPFP area (white arrow indicates region of increased signal), D) – 
IPFP Grade 3: Involvement of ≥20% of the IPFP area (white arrow indicates region of increased signal)
MRI: Magnetic resonance imaging
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Table 1. Comparison of Demographic Characteristics and Infrapatellar Fat Pad (IPFP) Measurements Between Control and Patient 
Groups  

Control Patient

Variables Mean ± SD/median 
(min-max)/N (%)

Mean ± SD/median 
(min-max)/N (%) t/ Z/ X2 P

Age (years) 38.74 ± 12.72 50.83 ± 10.09 -5.741* < 0.001

Gender
Female 33 (48.5%) 109 (72.7) 6.805‡ 0.009

Male 35 (51.5%) 41 (27.3%)

Side
Right 40 (55.5%) 87 (50.6%) 0.302‡ 0.583

Left 32 (44.5%) 85 (49.4%)

Height (cm)
164.70 ± 6.44
165 (158-182)

165.66 ± 8.91
166 (150-183)

-0.726† 0.468

Weight (kg)
64.08 ± 9.91
67 (45-85)

82.05 ± 10.49
78 (58-103)

-8.326† < 0.001

BMI (kg/m2)
23.67 ± 3.52

23.2 (16.5-27.2)
29.99 ± 3.78

29.7 (21-41.6)
-8.077† < 0.001

IPFP maximum CSA 
(mm2) 544.49 ± 120.62 569.66 ± 131.03 -1.118* 0.265

IPFP depth (mm) 25.67 ± 3.99 26.79 ± 3.82 -1.637* 0.104

Medial 
subcutaneous fat 
thickness (mm)

17.55 ± 7.31
15 (7-41)

23.57 ± 10.36
21 (5-63)

-3,847† < 0.001

Chondromalacia 
location

Medial - 93 (54.4%) - -

Lateral - 63 (36.9%) - -

Medial+lateral - 16 (8.7%) - -

Chondromalacia 
grade

Grade 1 - 15 (8.8%) - -

Grade 2 - 60 (35%) - -

Grade 3 - 40 (23.2%) - -

Grade 4 - 57 (33%) - -

IPFP signal intensity 
score

Grade 0 - 57 (33.1%) - -

Grade 1 - 58 (33.8%) - -

Grade 2 - 31 (18%) - -

Grade 3 - 26 (15.1%) - -
*: t-value: Independent samples t-test, †: Z-value: Mann-Whitney U test, ‡: X2-value Pearson chi-square test, BMI: Body mass index, IPFP: Infrapatellar fat pad,  
CSA: Cross-sectional area, IPSS: Infrapatellar fat pad signal intensity, SD: Standart deviation. P < 0.05 considered statistically significant (indicated in bold).

Table 2. Correlation Analysis Between İnfrapatellar Fat Pad Maximum Cross-Sectional Area, Depth, Signal Intensity Scores, and Other 
Variables 

Variables
IPFP maximum CSA IPFP depth IPFP signal intensity score

r P r P r P
Gender -0.364 < 0.001 -0.338 < 0.001 0.033 0.738

Age 0.087 0.291 0.135 0.100 0.50 < 0.001
Side 0.058 0.481 0.141 0.086 0.03 0.766

Height 0.045 0.582 0.025 0.763 -0.096 0.335

Weight 0.150 0.066 0.158 0.054 0.106 0.287

BMI 0.097 0.237 0.107 0.192 0.229 0.020
Med. fat thickness -0.150 0.067 -0.273 0.058 0.142 0.152

CM grade -0.029 0.771 0.037 0.711 0.377 < 0.001
CM location -0.052 0.599 -0.016 0.870 0.022 0.826
IPFP: Infrapatellar fat pad, CSA: Cross-sectional area, BMI: Body mass index, CM: Chondromalacia, med: medial, r: Spearman correlation coefficient; p: Significance 
level from Spearman correlation analysis (p<0.05 considered statistically significant)
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This correlation suggests that as BMI increases, there may 
be a corresponding increase in IPFP inflammation or signal 
intensity. However, given the weakness of this relationship, BMI 
alone cannot fully explain the changes in IPFP signal, and other 
factors such as inflammation, mechanical stress, and synovial 
fluid composition are likely to contribute.

In our study, no significant relationship was found between BMI 
and IPFP area or depth. Similarly, Han et al.17 reported no significant 
association between IPFP area and BMI. Recent studies from the 
United States and the Netherlands have reported that BMI is not 
significantly associated with IPFP volume in either the control 
or the OA groups.18,19 The lack of a relationship between IPFP 
volume and obesity or body weight changes may be explained by 
the IPFP’s anatomical location within the joint capsule, thereby 
isolating it from systemic circulation. Its limited capacity to 
absorb circulating free fatty acids and, consequently, its inability 
to increase in volume by accumulating fat have been proposed as 
potential mechanisms.20 

BMI does not accurately assess fat distribution around the 
body and cannot distinguish adipose tissue from non-adipose 
body mass, which limits its utility. In contrast, measurements 
of SCF around the knee provide a more localized assessment 
of periarticular fat, offering additional information beyond 
BMI regarding the impact of adipose tissue changes on 
OA progression.21 In our study, medial SCF thickness was 
significantly greater in the patient group with patellar 
chondromalacia than in the control group (P < 0.001).

Studies investigating the relationship between IPFP area and SCF 
thickness are limited. In our study, no significant associations 
were observed between medial SCF thickness and IPFP area or 
depth (P = 0.067 and P = 0.058, respectively). These findings are 
consistent with previous reports. Ragab and Serag22 reported 
a weak negative correlation between SCF thickness and IPFP 
area (r = 0.201, P < 0.01, 95% confidence interval), although this 
association did not reach significance in multivariate analysis 
(P = 0.14). Similarly, Teichtahl et al.23 found no significant 
relationship between body fat measures (subcutaneous fat, 
total body fat) and IPFP size. These findings suggest that the 
IPFP may be independent of systemic adiposity. Furthermore, 
Masaki et al.20 reported that the IPFP is preserved even under 
fasting conditions. This observation supports the notion that 
the IPFP may represent a metabolically distinct fat depot with 
limited direct association with systemic fat accumulation.

In our study, the mean IPFP area for all patients was 5.69 cm2 
[±1.3 (standard deviation) SD], which is lower than the values 
reported by Ricatti et al.1, 7.59 cm2 (± 1.18 SD), and Ragab and 
Serag22, 6.9 cm2 (± 1.6 SD). This discrepancy may be attributable 
to differences in the demographic characteristics of the patient 
populations included in these studies.

In our study, males exhibited significantly greater IPFP 
maximum cross-sectional area (r = -0.364; P < 0.001) and depth 
(r = -0.338; P < 0.001) than females. This finding is consistent 
with previous literature. Duran et al.24 reported a significant 
difference in mean IPFP area between males and females, with 
males having larger values (P < 0.05). Similarly, Han et al.17 noted 

Table 3. Comparison of Infrapatellar Fat Pad Maximum Cross-Sectional Area and Depth According to Gender, Chondromalacia Grades, 
Chondromalacia Locations, and IPFP Signal Intensity Scores 
Variables IPFP maximum CSA (mean ± SD) P value IPFP depth (mean ± SD) P value

Gender

Male 667.78 ± 134.59 < 0.001* 29.50 ± 3.49 < 0.001*

Female 533.02 ± 109.79 25.78 ± 3.44

Chondromalacia grade

1 558.66 ± 110.73 0.595† 27.00 ± 3.16 0.512†

2 574.72 ± 129.33 26.00 ± 3.66

3 580.00 ± 132.66 27.45 ± 3.82

4 559.91 ± 122.11 27.10 ± 4.14

IPFP signal intensity score

0 569.32 ± 150.12 0.838‡ 26.08 ± 3.72 0.793†

1 573.80 ± 139.48 26.84 ± 4.19

2 583.57 ± 110.55 27.47 ± 3.82

3 543.13 ± 89.20 27.40 ± 3.15

Chondromalacia location

Medial 575.48 ± 110.15 0.537‡ 26.83 ± 3.83 0.399†

Lateral 553.34 ± 152.01 26.43 ± 3.84

Medial+lateral 602.33 ± 161.06 28.00 ± 3.77
*: Independent samples t-test; †: Kruskal-Wallis test, ‡: ANOVA test. P < 0.05 (considered statistically significant). IPFP: Infrapatellar Fat Pad, CSA: Cross-sectional area. 
SD: Standart deviation
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a negative association between increased IPFP area and female 
sex. Although the underlying mechanisms linking sex and IPFP 
volume are not fully understood, sex hormones may play a role 
in this process. Prior studies have shown that sex hormones 
influence fat distribution across different anatomical regions.25

In our study, no significant relationship was observed between 
IPFP area or depth and patient age (P = 0.291 and P = 0.100, 
respectively). Ragab et al.22 reported a negative correlation 
between IPFP area and age (r = -0.401, P < 0.001), whereas Han 
et al.17 found a significant positive association between IPFP 
volume and age (P < 0.05). These contrasting findings suggest 
that the effect of age on IPFP measurements may be complex, 
and age-related changes in periarticular fat may vary according 
to individual and population-level factors.

The IPFP has long been considered a structural fat pad with 
minimal or no metabolic response. However, a meta-analysis 
by Clockaerts et al.26 suggested that the IPFP is a complex 
structure containing nerve fibers, adipocytes, and immune 
cells, and may contribute to the progression of knee OA 
through the production and release of inflammatory mediators. 
In this context, a large-volume IPFP may induce pathological 
outcomes by altering cytokine release from adipocytes and 
other pro-arthritic mediators, or by affecting the distribution 
and magnitude of forces within the PFJ. Conversely, the 
molecular and local mechanical effects of OA developing in the 
PFJ may alter the local environment, potentially leading to IPFP 
enlargement.

Cowan et al.27 reported that individuals with knee OA 
predominantly affecting the PFJ exhibited larger MRI-
measured IPFP volumes compared to asymptomatic 
individuals, and greater IPFP volume was associated with more 
severe pain. In contrast, Han et al.17 observed that individuals 
with larger IPFP areas had less radiographic evidence of 
OA. Similarly, Uludağ and Sirik found that increased IPFP 
dimensions were associated with a lower prevalence of 
patellar chondromalacia. Pan et al.3 suggested that the 
IPFP may exert protective effects against mechanical and 
inflammatory knee pain, noting that reduction of the IPFP 
during knee surgery could lead to increased postoperative 
pain. Consequently, preservation of the normal IPFP during 
knee surgery has been emphasized.

These divergent findings in the literature suggest that the IPFP 
may play a physiologically beneficial role due to its biomechanical 
or anti-catabolic properties, while simultaneously potentially 
contributing pathologically through its pro-inflammatory or 
metabolic characteristics.4

The maximum cross-sectional area and depth of the IPFP 
are commonly used to define IPFP size on MRI.1 In our study, 
no statistically significant differences in IPFP area or depth 
were observed between subjects with and without patellar 
chondromalacia. This finding suggests that assessing the 
influence of the IPFP on patellar chondromalacia based solely 
on dimensional parameters may be insufficient, and analysis 
of IPFP signal intensity changes reflecting inflammatory 
mediator release should also be considered. Furthermore, IPFP 

dimensions may be associated with multiple factors, including 
OA stage, subtype, and genetic predisposition. Therefore, more 
in-depth studies are warranted to better characterize the role 
of IPFP volume in OA progression.

In our study, changes in IPFP signal intensity showed a significant 
positive correlation with the degree of chondromalacia (r = 0.377; 
P < 0.001). This finding suggests that the IPFP is not merely 
a structural fat pad but may also be closely associated with 
degenerative processes in the knee joint. Our results, together 
with previous findings in the literature1,28, indicate that changes 
in IPFP signal intensity could be considered clinically meaningful 
parameters, relevant not only for the diagnosis of OA but also for 
guiding treatment planning. The relationship between IPFP signal 
intensity changes on MRI and circulating inflammatory factor 
levels remains an important issue to be addressed in future studies.

Study Limitations

This study has several limitations. First, due to its retrospective 
design, the clinical information and physical examination 
findings for the patients were incomplete. Additionally, cartilage 
damage was assessed only qualitatively, which may have 
introduced some inaccuracies. Therefore, future studies are 
planned to include quantitative or semi-quantitative analyses. 
Due to study constraints, pathological evaluation of synovial 
inflammation could not be performed, potentially resulting in 
the overlooking of non-OA causes of synovitis.

CONCLUSION
This study demonstrated a significant relationship between 
IPFP signal intensity changes on MRI and the degree of patellar 
chondromalacia. However, the lack of a direct association of 
IPFP area and depth with chondromalacia suggests that the 
IPFP should not be evaluated solely based on dimensional 
measurements. Prospective studies, supported by clinical 
data and incorporating quantitative analyses, will help better 
understand the role of the IPFP in knee OA.
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ABSTRACT
Objective: To evaluate the relationship between mammographic features of BI-RADS category 4 and 5 breast calcifications and their 
corresponding pathological diagnoses, and to determine whether specific morphological or distribution patterns are predictive of malignancy.

Methods: This retrospective study included 54 patients who underwent biopsy for suspicious breast calcifications between August 2021 
and March 2024. Among these patients, 30 underwent stereotactic vacuum-assisted biopsy, and 24 underwent wire-guided localization 
followed by excisional biopsy. The mammographic morphology and distribution patterns of the calcifications were assessed using the BI-
RADS lexicon, and the corresponding histopathological diagnoses were recorded. The association between mammographic features and 
pathological outcomes was subsequently analyzed.

Results: Fine pleomorphic calcifications were the most common morphology (40.7%). A grouped distribution was the predominant pattern 
(61.1%). Benign lesions were mostly categorized as BI-RADS 4A, B3 lesions as BI-RADS 4B, and DCIS cases as BI-RADS 4C (P = 0.03). 
The Grouped distribution was more frequent among benign and B3 lesions, whereas DCIS exhibited more frequent linear and segmental 
patterns (P = 0.01). Malignancy rates were highest for fine linear/branching and fine pleomorphic morphologies.

Conclusion: A significant association exists between the mammographic characteristics of BI-RADS 4 and 5 calcifications and their 
pathological outcomes. In our study, fine pleomorphic morphology and linear or segmental distribution patterns consistently indicated a 
increased likelihood of malignancy, particularly ductal carcinoma in situ, whereas benign and B3 lesions were more commonly associated with 
grouped distribution patterns. These results highlight that detailed evaluation of calcification morphology and distribution on mammography 
can improve diagnostic confidence, aid in distinguishing higher-risk lesions, and contribute to more informed biopsy decision-making.

Keywords: BI-RADS, breast calcifications, mammography, breast malignancy, pathology correlation
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INTRODUCTION
Breast cancer is the most commonly diagnosed malignancy 
among women worldwide, and early detection constitutes 
one of the principal determinants in reducing disease-related 
mortality.1 Mammography, as the primary imaging modality for 
breast cancer screening, plays a pivotal role in the detection of 
microcalcifications, which may represent one of the earliest 
radiological manifestations of ductal carcinoma in situ (DCIS) 
and invasive carcinoma.2 Breast calcifications are among the 
most frequently encountered findings in mammographic 
practice and represent one of the most challenging features 
for radiologists in terms of diagnostic interpretation.3 The 
mammographic evaluation of breast calcifications constitutes 
a well-recognized diagnostic challenge in breast imaging, 
largely attributable to the substantial overlap in morphological 
and distributional characteristics between benign entities and 
malignant lesions.4

To address the diagnostic challenges associated with 
the overlapping mammographic appearances of breast 
calcifications, the Breast Imaging Reporting and Data System 
(BI-RADS) was developed to standardize lesion description 
and stratify malignancy risk based on morphological and 
distributional criteria.5

Despite advances in mammographic interpretation and 
standardized classification, suspicious breast calcifications 
often require image-guided tissue sampling, as stereotactic core 
needle biopsy remains the reference standard for distinguishing 
benign from malignant findings on mammography.6

The aim of this study is to systematically evaluate the 
association between the morphological and distributional 
mammographic characteristics of non-mass-associated 
BI-RADS category 4 and 5 breast calcifications and their 
corresponding histopathological diagnoses, and to assess 
the diagnostic value of specific mammographic patterns for 
predicting malignancy, with particular emphasis on early-stage 
breast cancer. Through a detailed analysis of the correlation 
between mammographic findings and pathological outcomes 
in cases with isolated calcifications, this study aims to facilitate 

earlier detection of malignancy while minimizing unnecessary 
invasive procedures.

MATERIAL AND METHODS
In this retrospective study, 54 patients who underwent 
interventional procedures for non-mass-associated suspicious 
breast calcifications detected on mammography at the 
Ankara Güven Hospital Breast Unit between August 2021 and 
March 2024 were evaluated. Of these patients, 30 underwent 
stereotactic vacuum-assisted biopsy, while 24 underwent 
wire-guided excisional biopsy. The mammographic features 
and corresponding histopathological diagnoses of all cases 
were reviewed retrospectively. Ethical approval for this study 
was obtained from the Erzincan Binali Yıldırım University Non-
Interventional Clinical Research Ethics Committee (approval 
date: 18.09.2025, decision no: 2025-16/08).

All mammographic examinations were retrospectively evaluated 
by two breast radiologists with 20 and 3 years’ experience, 
respectively. The senior radiologist reviewed all cases, and 
consensus-based final assessments were established. Both 
radiologists were blinded to histopathological outcomes. 
Interobserver agreement analysis was not performed; final 
assessments were based on consensus between the two 
radiologists. Breast calcifications were evaluated in accordance 
with the criteria defined in the American College of Radiology 
(ACR) BI-RADS® Atlas, Fifth Edition. Standard mammographic 
views were reviewed, and magnification views were used when 
available to allow detailed evaluation of calcification morphology. 
Calcifications were classified based on their morphological 
characteristics as amorphous, coarse heterogeneous, fine 
pleomorphic, fine linear, fine linear branching, and punctate. 
In addition, the distribution patterns of calcifications were 
assessed and categorized as diffuse, regional, grouped, linear, 
or segmental.7

Suspicious breast calcifications were assigned BI-RADS 
assessment categories based on a combined evaluation 
of calcification morphology and distribution patterns, in 
accordance with the ACR BI-RADS® Atlas, Fifth Edition. 
Subcategorization of BI-RADS category 4 lesions (4A, 4B, 
and 4C) was performed using established criteria integrating 
morphologic descriptors and distribution characteristics, as 
previously described in the literature. Amorphous calcifications 
with a regional or grouped distribution were categorized as BI-
RADS 4A, whereas those with a linear or segmental distribution 
were classified as BI-RADS 4B. Coarse heterogeneous 
calcifications were categorized as BI-RADS 4B regardless of 
their distribution pattern. Fine pleomorphic calcifications with 
grouped distribution were classified as BI-RADS 4B, while those 
exhibiting linear or segmental distribution were assigned BI-
RADS 4C. Calcifications with fine linear or fine-linear branching 
morphology were categorized as BI-RADS 4C when grouped, 
and as BI-RADS 5 when associated with a linear or segmental 
distribution, particularly when newly developed. Additionally, 
punctate calcifications demonstrating interval increase and 
clustering on follow-up mammography were categorized as BI-
RADS 4A.8

MAIN POINTS
•	 A significant association was identified between the 

mammographic morphology and distribution patterns 
of BI-RADS 4-5 calcifications and their corresponding 
pathological diagnoses.

•	 Fine pleomorphic and fine linear/branching calcifications 
were associated with the highest malignancy rates and 
were strong predictors of malignancy, particularly of 
ductal carcinoma in situ.

•	 Linear and segmental distribution patterns were 
observed more frequently in malignant lesions, whereas 
benign and B3 lesions predominantly demonstrated 
grouped distributions.

•	 Detailed assessment of calcification morphology and 
distribution improves the accuracy of malignancy risk 
estimation and strengthens biopsy decision-making.
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Stereotactic vacuum-assisted biopsies were performed in 
the mammography unit with the patient seated upright, 
using a full-field digital mammography system (MAMMOMAT 
Revelation, Siemens Healthineers, Erlangen, Germany). Prior to 
the procedure, the skin overlying the target area was cleansed 
with an antiseptic solution, and the procedure was carried out 
under sterile conditions. Local anesthesia was administered 
using 1% lidocaine to ensure adequate analgesia.

After target localization under mammographic guidance and 
breast compression, tissue sampling was performed using a 
10-gauge vacuum-assisted biopsy system (EnCor, USA). During 
the procedure, an initial 360° probe rotation was performed and 
multiple tissue samples were obtained. Specimen radiography 
was subsequently performed, and the retrieved samples were 
evaluated to confirm that they adequately represented the 
target calcifications. If the lesion was not considered sufficiently 
represented, an additional 360° rotation of the probe was 
performed.

Histopathological evaluation of biopsy or surgical excision 
specimens was performed by an experienced breast pathologist 
with 10 years’ experience, and diagnoses were categorized 
according to the 2019 World Health Organization Classification 
of Tumours of the Breast. Pathological outcomes were 
classified as benign lesions, B3 lesions, DCIS, and invasive breast 
carcinoma. B3 lesions include atypical ductal hyperplasia, flat 
epithelial atypia, classic lobular intraepithelial neoplasia, radial 
scar, complex sclerosing lesion, papillary lesions, and benign or 
borderline phyllodes tumors.9

Statistical Analysis

Statistical analyses were performed using the Statistical 
Package for the Social Sciences for Windows (SPSS), version 
25.0 (IBM Corp., Armonk, NY, USA). Continuous variables 
were summarized as mean ± standard deviation or median 
(minimum-maximum), as appropriate, while categorical 
variables were expressed as frequencies and percentages. 
Associations between mammographic characteristics of breast 
calcifications, including morphological features and distribution 
patterns, and histopathological outcomes were evaluated using 
the chi-square test. Comparisons were primarily conducted 
between benign and malignant pathological groups to assess 
the diagnostic significance of specific mammographic 
patterns. A two-tailed P value of less than 0.05 was considered 
statistically significant.

RESULTS
The mammographic characteristics of calcifications in the 
54 included cases are summarized in Table 1. With respect 
to morphology, the most frequently observed calcification 
type was fine pleomorphic, which was identified in 22 cases 
(40.7%). This was followed by amorphous calcifications in 12 
cases (22.2%) and punctate calcifications in 10 cases (18.5%). 
Coarse heterogeneous calcifications were observed in 8 cases 
(14.8%), whereas fine linear calcifications were identified in 2 
cases (3.7%). The majority of calcifications demonstrated a 
grouped distribution (33 cases, 61.1%). Regional distribution 
was observed in 11 cases (20.4%), while linear and segmental 
distributions were each identified in 5 cases (9.3%). According 

to BI-RADS assessment categories, 45% of cases were 
classified as BI-RADS 4A, 33% as BI-RADS 4B, 20% as BI-
RADS 4C, and 2% as BI-RADS 5.

Among the 54 cases included in the study, histopathological 
examination revealed DCIS in 20 cases (37%), benign lesions 
in 18 cases (33%), and B3 lesions in 15 cases (28%). Invasive 
carcinoma was identified in 1 case (2%). In patients who 
underwent subsequent surgical excision following stereotactic 
vacuum-assisted biopsy, no histopathological diagnostic 
upgrade was observed. Because only one patient was diagnosed 
with invasive carcinoma, this subgroup was not included in the 
statistical analysis owing to the insufficient sample size.

Benign and B3 lesions more frequently showed grouped 
distributions, whereas DCIS lesions were more commonly 
associated with linear and segmental distributions; this 
difference was statistically significant (P = 0.01). When 
distribution patterns were ranked by malignancy rate, the 
highest rate occurred in the segmental distribution, followed by 
the linear, grouped, and regional distributions.

Although differences in calcification morphology among 
pathological diagnosis groups did not reach statistical 
significance, malignancy rates decreased in the following 
order: fine linear or fine linear branching, fine pleomorphic, 
coarse heterogeneous, amorphous, and punctate calcifications. 
Detailed results regarding morphology and distribution patterns 
are presented in Table 2.

Independent of these findings, benign lesions were most 
frequently classified as BI-RADS 4A; B3 lesions were 
predominantly categorized as BI-RADS 4B; and DCIS cases 
were most commonly assigned to BI-RADS 4C. This distribution 
demonstrated a statistically significant association between BI-
RADS assessment categories and histopathological diagnoses 
(P = 0.03).

Representative Cases

Case 1

A screening mammography examination demonstrated 
grouped amorphous calcifications in the retroareolar region of 
the left breast. Based on the morphological appearance and 

Table 1. Mammographic Morphological and Distributional 
Characteristics of Breast Calcifications

N %

Morphology

Amorphous 12 22.2

Fine linear 2 3.7

Fine pleomorphic 22 40.7

Coarse heterogeneous 8 14.8

Punctate 10 18.5

Distribution

Regional 11 20.4

Grouped 33 61.1

Linear 5 9.3

Segmental 5 9.3
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distribution pattern, the findings were categorized as BI-RADS 
4A. The Craniocaudal mammographic view demonstrated the 
calcifications (Figure 1a), and subsequent magnification views 
were obtained to further characterize their morphology (Figure 
1b). Stereotactic vacuum-assisted biopsy was subsequently 
performed, and radiographic images acquired during the biopsy 
procedure demonstrated accurate targeting of the calcifications 
(Figure 1c). Specimen radiography confirmed adequate sampling 
of the calcifications (Figure 1d). Histopathological examination 
revealed columnar cell change without atypia accompanied by 
apocrine metaplasia, consistent with a benign diagnosis.

Case 2

Mammography revealed grouped fine pleomorphic calcifications 
in the retroareolar region of the left breast, which were 
assessed as BI-RADS 4B. The craniocaudal mammographic 
view demonstrated the clustered calcifications (Figure 2a). 
Stereotactic vacuum-assisted biopsy was subsequently 
performed, and the scout image obtained during the biopsy 
procedure confirmed accurate localization of the target area 
(Figure 2b). Specimen radiography verified successful retrieval 

of the calcifications (Figure 2c). Histopathological examination 
revealed atypical lobular hyperplasia, consistent with a B3 
lesion.

Case 3

Mammographic evaluation, performed in the setting of bloody 
nipple discharge, revealed newly developed, segmental, fine 
linear, and pleomorphic calcifications in the lower inner quadrant 
of the right breast, raising high suspicion for malignancy. The 
findings were categorized as BI-RADS 5. The c raniocaudal 
mammographic view demonstrated a segmental distribution 
of calcifications (Figure 3a), and magnification views further 
delineated the calcifications’ fine linear and pleomorphic 
morphology (Figure 3b). Stereotactic vacuum-assisted biopsy 
was subsequently performed, and images obtained during the 
procedure confirmed accurate targeting of the calcifications 
(Figure 3c). Specimen radiography demonstrated successful 
retrieval of the calcifications (Figure 3d). Histopathological 
examination confirmed the diagnosis of DCIS, which was 
consistent with the highly suspicious imaging features.

Figure 1. BI-RADS 4A calcifications. (a) Craniocaudal mammographic view shows grouped amorphous calcifications in the retroareolar 
region of the left breast (arrow). (b) Magnification view further characterizes the amorphous morphology. (c) Stereotactic vacuum-
assisted biopsy image confirms accurate targeting. (d) Specimen radiograph demonstrates retrieval of calcifications.

Table 2. Association of Calcification Morphology, Distribution Patterns, and BI-RADS Assessment Categories with Histopathological 
Diagnosis in Non-Mass-Associated Suspicious Breast Calcifications 
Category Subgroup Benign n (%) B3 n (%) DCIS n (%) P value

Morphology

Amorphous 4 (22.2) 5 (33.3) 3 (15.0)

0.29

Fine linear 0 (0.0) 0 (0.0) 2 (10.0)

Fine pleomorphic 3 (16.7) 7 (46.7) 11 (55.0)

Coarse heterogeneous 3 (16.7) 3 (20.0) 2 (10.0)

Punctate 8 (44.4) 0 (0.0) 2 (10.0)

Distribution

Regional 4 (22.2) 3 (20.0) 3 (15.0)

0.01

Grouped 14 (77.8) 10 (66.7) 9 (45.0)

Linear 0 (0.0) 2 (13.3) 3 (15.0)

Segmental 0 (0.0) 0 (0.0) 5 (25.0)

BI-RADS

4A 18 (100.0) 2 (13.3) 4 (20.0)

0.03

4B 0 (0.0) 10 (66.7) 7 (35.0)

4C 0 (0.0) 3 (20.0) 8 (40.0)

5 0 (0.0) 0 (0.0) 1 (5.0)
DCIS, ductal carcinoma in situ; BI-RADS, Breast Imaging Reporting and Data System. The invasive carcinoma subgroup (n=1) was excluded from the statistical 
analysis because only one case was identified.
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DISCUSSION
In this study, the relationship between mammographic features 
of non-mass-associated suspicious breast calcifications 
and histopathological diagnoses was evaluated. The findings 
demonstrated that calcification distribution patterns and BI-
RADS assessment categories were significantly associated with 
pathological outcomes, whereas morphological characteristics 
alone were not sufficiently discriminative. In particular, grouped 
distribution patterns were more frequently observed in 
benign and B3 lesions, while linear and segmental distribution 
patterns were more strongly associated with DCIS. These 
results underscore the importance of calcification distribution 
patterns and BI-RADS classification in evaluating suspicious 
breast calcifications and guiding clinical decision-making.

Distribution patterns of calcification were significantly 
associated with histopathological diagnoses. The higher 
frequency of grouped distribution in benign and B3 lesions 
suggests that this pattern predominantly reflects localized 
and limited proliferative processes. In contrast, the stronger 
association of linear and segmental distribution patterns with 
DCIS may be explained by these patterns, which represent 

pathological processes that extend along the ductal system. 
Consistent with previous reports, linear and segmental 
distributions of calcifications, indicative of ductal spread, 
are associated with a higher risk of malignancy, particularly 
DCIS.8,10-12 In this context, the assessment of distribution 
patterns emerges as an independent and robust indicator for 
the differential diagnosis of non–mass-associated suspicious 
breast calcifications.

Analysis of calcification morphology revealed no statistically 
significant association with histopathological diagnoses, 
although there was a trend toward higher malignancy rates 
in certain suspicious morphological subtypes. This finding 
may be attributed to the well-documented overlap in the 
mammographic morphologies of calcifications between 
benign and malignant lesions. Although fine linear, fine linear 
branching, and fine pleomorphic calcifications have traditionally 
been associated with an increased risk of malignancy, these 
morphologic patterns may also be encountered in benign 
or borderline lesions, thereby limiting their specificity in 
differential diagnosis.13 Accordingly, calcification morphology, 
while informative, appears insufficient as a standalone predictor 

Figure 2. BI-RADS 4B calcifications. (a) Craniocaudal mammographic view demonstrates grouped fine pleomorphic calcifications 
in the retroareolar region of the left breast (arrow). (b) Scout image obtained during stereotactic vacuum-assisted biopsy confirms 
accurate localization. (c) Specimen radiograph demonstrates retrieval of calcifications.

Figure 3. BI-RADS 5 calcifications. (a) Craniocaudal mammographic view demonstrates newly developed segmental fine linear and 
pleomorphic calcifications in the lower inner quadrant of the right breast (arrow). (b) Magnification view highlights the fine linear 
and pleomorphic morphology. (c) Stereotactic vacuum-assisted biopsy image confirms accurate targeting. (d) Specimen radiograph 
demonstrates retrieval of calcifications.
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of malignancy and should be interpreted in conjunction 
with distribution patterns and the overall imaging context, 
particularly in cases of suspicious, non-mass-associated breast 
calcifications.

Evaluation of BI-RADS assessment categories revealed 
a significant correlation between the categories and 
histopathological outcomes in this cohort. The predominance 
of benign lesions within the BI-RADS 4A category is consistent 
with prior reports describing this subgroup as comprising 
findings with a relatively low probability of malignancy.14,15 
In contrast, B3 lesions were more frequently classified as BI-
RADS 4B, reflecting their intermediate and uncertain malignant 
potential. DCIS was most commonly associated with BI-RADS 
4C, highlighting the ability of BI-RADS subcategorization to 
capture progressively increasing malignancy risk. Previous 
studies have demonstrated that subdivision of BI-RADS 
category 4 into 4A, 4B, and 4C facilitates more homogeneous 
risk stratification and supports clinical decision-making by 
balancing the avoidance of unnecessary invasive procedures 
with the early detection of breast cancer.16-20 Nevertheless, given 
the broad range of malignancy probabilities encompassed by 
BI-RADS category 4, imaging findings alone remain insufficient 
for a definitive diagnosis, particularly for calcification-based 
lesions. Accordingly, histopathological confirmation remains 
essential for the management of non–mass-associated 
suspicious breast calcifications classified as BI-RADS 4 and 5.

Study Limitations

This study has several limitations that should be acknowledged. 
First, the retrospective design may be associated with inherent 
selection bias and limited control over imaging acquisition 
parameters and follow-up protocols. Second, the relatively 
small sample size may have reduced the statistical power of the 
analyses and limited the generalizability of the findings. Because 
only one patient in the cohort was diagnosed with invasive 
carcinoma, the invasive carcinoma subgroup could not be 
included in the statistical analyses, precluding a comprehensive 
evaluation of invasive malignancies. Furthermore, the limited 
number of cases in specific subgroups restricted detailed 
statistical analyses of combined morphology-distribution 
patterns and their associations with histopathological diagnoses, 
particularly for less frequent combinations such as segmental 
amorphous or regional fine pleomorphic calcifications.

CONCLUSION
Subcategorization of suspicious breast calcifications based 
on distribution patterns and BI-RADS assessment categories 
contributes to more accurate estimation of malignancy risk and 
more appropriate clinical management. Our findings emphasize 
that integrating distribution patterns with standardized BI-
RADS subcategories improves risk stratification beyond 
morphologic assessment alone, thereby helping to balance 
avoidance of unnecessary invasive procedures with timely 
detection of early breast cancer. Nevertheless, given the 
inherent limitations of retrospective analyses and the 
complexity of calcification-based lesions, further prospective 
studies with larger patient cohorts are warranted. Future 
research incorporating additional imaging parameters, such as 

contrast-enhanced mammography and artificial intelligence-
based decision support systems, may further refine diagnostic 
accuracy and optimize management strategies for non-mass-
associated suspicious breast calcifications.
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ABSTRACT
Objective: The truncus pulmonalis, the main pulmonary artery (MPA), originates from the right ventricle at the level of the upper edge of the 
left third rib cartilage and carries blood to both lungs. After a short course, it branches into two arteries beneath the aortic arch: the right 
pulmonary artery (RPA) and the left pulmonary artery (LPA). The aorta, the main artery that carries blood to the body, originates from the left 
ventricle. It is divided into three sections: the ascending aorta (AA), the aortic arch, and the descending aorta.

Methods: Between January and December 2023, the files of adult patients who were suspected of having pulmonary embolism and who 
underwent thoracic CT angiography (CTA) at the Erzincan Mengücek Gazi Training and Research Hospital Emergency Department were 
reviewed. The patients’ DICOM-format images were exported. These images were uploaded to the 3D-Slicer (version 5.10.0 for Windows) 
and the MPA, RPA, LPA, and AA diameters were measured in the axial plane. The MPA-to-AA diameter ratio was calculated for each patient 
and designated PA:A.

Results: This study included 52 men and 50 women, for a total of 102 patients. The patients’ average age was 67. No significant difference 
in vessel diameters was observed between genders. AA, MPA, RPA, and LPA diameters were higher in the >67 age group than in the ≤67 age 
group. There was no significant difference in the PA:A ratio between age groups. A positive, moderate, and statistically significant correlation 
was found between age and the diameters of AA, MPA, RPA, and LPA. No significant correlation was found between age and the pulmonary 
artery-to-aorta (PA:A) ratio. A strong, positive, and statistically significant correlation was found between MPA diameter and the diameters 
of RPA and LPA. A positive, moderately significant correlation was found between MPA diameter and AA diameter. A strong, significant 
positive correlation was found between RPA diameter and LPA diameter.

Conclusion: Aortic and pulmonary artery diameters have been evaluated using various methods in previous studies. To better understand 
the clinical importance of aortic and pulmonary artery diameters in cardiopulmonary diseases, it is necessary to know their normal reference 
values. The Framingham Heart Study reported an average MPA diameter of 25.1 mm and an average PA:A ratio of 0.77. In our study of the 
Turkish population, the mean AA, MPA, RPA, and LPA diameters were 34.1 mm, 25.9 mm, 21.1 mm, and 20.2 mm, respectively, and the PA:A 
ratio was 0.78. Further studies in larger populations are needed to establish reference values for aortic and pulmonary artery diameters in 
healthy individuals.
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INTRODUCTION
The pulmonary trunk, or main pulmonary artery (MPA), 
originates from the right ventricle at the level of the upper 
edge of the left third rib cartilage and carries blood to both 
lungs. It is approximately 5 cm long and 3 cm.1 After a short 
course, the pulmonary trunk divides, just below the aortic 
arch, into two branches: the right pulmonary artery (RPA) and 
the left pulmonary artery (LPA). The aorta is the main vessel 
that originates from the left ventricle and carries blood to the 
body. In adults, it has an average diameter of 3 cm and a wall 
thickness of approximately 1.5 mm.1,2 The aorta is examined in 
three sections: the ascending aorta (AA), the aortic arch, and 
the descending aorta. The pars descendens aorta consists of 
two parts: the pars thoracica aorta and the pars abdominalis 
aorta.2

Pulmonary hypertension (PH) is characterized by increased 
mean pulmonary artery pressure and can result from various 
causes such as left heart failure, chronic lung disease, and 
chronic thromboembolic PH. Its prevalence is estimated at 1% 
worldwide across all age groups and 10% in the over-65 age 
group. Given the estimated non-transplant survival rate among 
all PH patients, widely available tools that enable early diagnosis 
and rapid initiation of treatment are needed.

Computed Tomography Angiography (CTA) is an imaging 
technique that uses X-rays and is performed after the 
intravenous administration of iodinated contrast medium. It 
is the primary diagnostic method of choice and widely used in 
the diagnosis of pulmonary embolism.3 Although right heart 
catheterization is the gold-standard examination for the 
diagnosis of PH, this method is invasive and carries potential 
complications. Therefore, CTA has become an important 
imaging method in the diagnosis and prognosis of PH.4 
CTA provides valuable information for visualizing the heart, 
pulmonary vascular tree, and lung parenchyma. An Increased 
MPA diameter and an elevated PA:A ratio are the best-known 
CTA signs of PH. Traditionally, an MPA diameter greater than 
29 mm is considered an important indicator in the diagnosis of 
PH, and this has been used as a threshold by most clinicians.5 
A recent study showed that an MPA diameter of ≥30 mm had 
83.1% sensitivity and 90.4% specificity in predicting PH.6 
Some studies have suggested that the ratio of MPA diameter 
to AA diameter (PA:A) could be used as a more specific marker 

in PH diagnosis.7 However, such measurements have limited 
sensitivity and specificity due to single-point assessment and 
inter-observer variability.

The aim of this study is to determine the mean diameters of the 
pulmonary arteries (MPA, RPA, and LPA) and the AA diameter in 
healthy Turkish individuals and to prepare a database for future 
studies on pulmonary hypertension by calculating the PA:A 
ratio.

MATERIAL AND METHODS
The Erzincan Binali Yıldırım University Clinical Research Ethics 
Committee unanimously decided, via its decision dated 
21.04.2026 and numbered 541720, that the study complies 
with legal regulations regarding scientific research and 
publication ethics. Due to the retrospective nature of our study, 
the ethics committee waived the requirement of obtaining 
informed consent from patients.

In this study, the files of all adult patients who presented to the 
Emergency Department of Erzincan Binali Yıldırım University 
Mengücek Gazi Training and Research Hospital between 
January 2023 and December 2023 and who underwent thoracic 
CT scans due to suspected pulmonary embolism were reviewed 
in the e-archive. Patients without findings of pulmonary 
embolism on their CT scans and in their reports were identified. 
The images of these patients were retrospectively evaluated by 
a radiologist. Two patients were excluded from the study due 
to intrathoracic masses, two due to pleural effusion, one due 
to a combination of pleural effusion and intrathoracic mass, 
and one due to pneumothorax. In addition, the CT scans of 9 
patients that could not be clearly evaluated due to movement 
or other technical artifacts were excluded. The images of the 
remaining 102 patients were exported in DICOM format. These 
images were loaded into 3D-Slicer (version 5.10.0 for Windows), 
open-source software, and converted into sections in the 
three planes—sagittal, coronal, and axial—using multiplanar 
reconstruction (MPR).

All thoracic CTA scans were performed on a 128-detector, 
multislice computed tomography scanner (Somatom Definition 
Flash, Siemens Healthcare, Forchheim, Germany) with patients 
in the supine position during breath holding. The scan coverage 
was adjusted from the apex to the base of the lungs. The 
imaging parameters were as follows: slice area, 256 × 0.625 mm; 
tube voltage, 80/140 kVp; auto-tube current, 60 mAs; return 
time, 0.28 s; slice thickness, 1 mm. During the examination, 
60 to 90 mL of intravenous iodinated contrast medium was 
administered at a rate of 4 to 6 mL/s. This was followed by 50 
mL of saline solution. Neither nitroglycerin nor beta-blockers 
were used. During imaging, the coronary arteries were primarily 
opacified, while homogeneous contrast enhancement occurred 
in the pulmonary arteries. To evaluate the maximum-density 
projection of the aorta, coronary, and pulmonary arteries, 
curved-planar and volumetric reconstructions were obtained; 
the findings were then translated into axial CT images.

Images in DICOM format were imported into 3D-Slicer software 
and examined in cross-sections. All measurements were taken in 

MAIN POINTS
•	 Computed tomography angiography provides reliable 

measurements of thoracic arterial diameters.

•	 Ascending aortic and pulmonary artery diameters 
increase significantly with advancing age.

•	 No significant sex-related differences were observed in 
thoracic arterial diameters.

•	 The reported reference values may support the 
radiological assessment of pulmonary hypertension in 
the Turkish population.
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the axial plane. The MPA diameter was measured perpendicular 
to the long axis of the vessel at the pulmonary artery bifurcation 
level, similar to previous studies ( Figure 1).4 The diameters of 
the RPA and LPA were measured perpendicular to the long axis 
of each vessel, 1.5 cm distal to the bifurcation (Figure 2 and 3). 
The AA diameter was measured perpendicular to the long axis 
of the vessel at the pulmonary artery bifurcation level (Figure 
4).8 Findings were recorded in millimeters. Then, the ratio of 
MPA diameter to AA diameter was calculated for each patient; 
this ratio was designated PA:A and recorded.

Statistical Analysis

Statistical analysis was performed using SPSS v.22.0 
(Statistical Package For Social Sciences, IBM, Chicago, IL, USA). 
The normality of the data distribution was assessed using the 
Kolmogorov-Smirnov test and visual methods (histograms 
and probability plots). Categorical variables were summarized 
as frequencies and percentages. Quantitative variables were 

presented as mean ± standard deviation (SD), median (Q1-
Q3), and min-max. For comparisons between two independent 
groups, the independent-samples t-test was used when the 
data were normally distributed, and the Mann-Whitney U test 
was used when they were not.

The relationship between two numerical variables was examined 
using Spearman correlation analysis. Correlation values were 
classified as follows: r = 0.00-0.05 (very low), r = 0.05-0.30 
(low), r = 0.30-0.40 (low-moderate), r = 0.40-0.60 (moderate), r 
= 0.60-0.70 (good), r = 0.70-0.75 (very good), and r = 0.75-1.00 
(excellent). All analyses were performed at a 95% confidence 
level; a p-value < 0.05 was considered statistically significant.

RESULTS
The study included 102 patients. Of the patients, 51% were 
male and 49% were female. The mean age of the patients 
was 67.67 ± 18.45 years. Demographic data and mean artery 
diameters of the patients are given in Table 1.

No statistically significant differences were found between 
genders in age and vascular parameters (P > 0.05). The findings 
are shown in Table 2.

Figure 2. Measurement of the left pulmonary artery branch on 
axial sections.

Figure 3. Measurement of the right pulmonary artery branch on 
axial sections.

Figure 1. Measurement of the mean pulmonary artery branch 
on axial sections.

Figure 4. Measurement of the ascending aorta on axial sections.
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The mean age of the patients was 67.67 ± 18.45, and statistical 
comparisons were made based on age, dividing them into two 
groups: those below and those above the mean age. When 
comparing age and vascular parameters between patients aged 
67 and under (≤67 years) and those aged 67 and over (>67 
years), a statistically significant difference was found between 
the two groups (P > 0.001).

Pulmonary artery measurements revealed that MPA, RPA, 
and LPA values ​​were significantly higher in the >67 age group 
compared to the ≤67 age group (P < 0.001; P < 0.001; P < 0.001, 
respectively). This finding suggests that pulmonary artery 
diameters increase with age. The aortic diameter was also found 
to be significantly higher in the older age group (P < 0.001).

There was no statistically significant difference in the PA:A ratio 
between the two groups (P = 0.522). The findings are shown in 
Table 3.

A moderate positive correlation was observed between age 
and MPA diameter (P < 0.001). A moderate, statistically 
significant positive correlation was found between age and 
RPA diameter (P < 0.001). A moderate, statistically significant 
positive correlation was found between age and LPA (P<0.001). 
A moderate positive correlation was found between age and AA 
diameter (P < 0.001). No statistically significant correlation was 
found between age and PA:A ratio (P = 0.423).

A highly significant positive correlation was found between 
MPA diameter and RPA diameter (P < 0.001). A highly significant 
positive correlation was found between MPA diameter and LPA 
diameter (P < 0.001). A moderately strong positive correlation 
was found between MPA diameter and AA diameter (P < 0.001). 
A statistically significant moderate positive correlation was 
found between MPA diameter and PA:A ratio (P < 0.001).

A highly significant positive correlation was found between RPA 
and LPA diameters (P < 0.001). A strong positive correlation was 
observed between RPA diameter and AA diameter (P < 0.001). 
A strong positive correlation was found between LPA diameter 
and AA diameter (P < 0.001). A negative, non-significant 
correlation was found between AA diameter and PA:A ratio  
(P < 0.005). The findings are shown in Table 4.

Table 1. Demographic Data and Mean Artery Diameters of 
Patients

Variables n/average ± SS %/ hydrangea 
(Q1-Q3) Min-max

Gender

Female 50 49

Male 52 51

Age (years) 67.67 ± 18.45 72.00 21.00-99,00

MPA (mm) 25.93 ± 5.13 25.97 17.36-46.44

RPA (mm) 21.07 ± 3.75 20.74 12.03-33.73

LPA (mm) 20.19 ± 3.70 19.68 12.79-28.35

AA (mm) 34.13 ± 5.22 33.82 21.57-47.67

PA:A 0.78 ± 0.11 0.78 0.58-1.13
MPA, main pulmonary artery; RPA, right pulmonary artery; LPA, left pulmonary 
artery; AA, ascending aorta; PA:A, pulmonary artery-to-aorta ratio.

Table 2. Comparison of Age and Vascular Parameters by Gender
Variables Male (n=52) Female (n=50) P

Age (years) 71.50 (55.25-82.00) 7300 (56.00-82.00) 0.8462

MPA (mm) 25.85 (23.58-29.17) 26.00 (23.20-29.55) 0.9202

RPA (mm) 21.18 (19.49-23.16) 20.50 (17.69-22.39) 0.0782

LPA (mm) 20.56 (17.66-23.16) 18.99 (16.90-23.05) 0.1192

AA (mm) 34.80 ± 5.42 33.42 ± 4.96 0.1831

PA:A 0.77 ± 0.11 0.80 ± 0.11 0.1861

MPA, main pulmonary artery; RPA, right pulmonary artery; LPA, left pulmonary 
artery; AA, ascending aorta; PA:A, pulmonary artery-to-aorta ratio.

Table 3. Comparison of Vascular Parameters by Age Groups
Variables ≤ 67 (n=43) > 67 (n=59) P

Age (years) 55.00 (42.00-61.00) 80.00 (75.00-84.00) < 0.001

MPA (mm) 24.69 (22.12-26.25) 27.96 (23.99-32.31) < 0.001

RPA (mm) 18.65 (16.88-20.57) 21.86 (20.57-24.65) < 0.001

LPA (mm) 17.63 (16.48-20.51) 21.40 (18.99-24.39) < 0.001

AA (mm) 31.54 ± 4.97 36.01 ± 4.59 < 0.001

PA:A 0.78 ± 0.10 0.79 ± 0.12 0.5221

MPA, main pulmonary artery; RPA, right pulmonary artery; LPA, left pulmonary 
artery; AA, ascending aorta; PA:A, pulmonary artery-to-aorta ratio.
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DISCUSSION
Diameters of the pulmonary artery and the aorta have been 
evaluated using various methods in previous studies. Radiological 
examinations such as CT, CTA, multislice CT, echocardiography, 
and cardiac magnetic resonance imaging have been used for 
vessel diameter measurement.9 Some of these studies were 
conducted in healthy individuals, while others were performed 
in patient groups with conditions such as PH, sarcoidosis, and 
COVID-19. The importance of MPA diameter and the PA:A 
ratio in the diagnosis of PH is particularly emphasized. The 
mean MPA determined by thoracic CT is a reliable predictor 
of PH, defined as a resting mean pulmonary artery pressure  
≥ 25 mmHg measured by right heart catheterization.10 Recently, 
Nakanishi et al.11 in the study by 2013, it was reported that a 
PA:A ratio greater than 0.9, independent of coronary artery 
disease, was associated with a significant increase in the risk 
of all-cause mortality. Therefore, the PA:A ratio can provide 
clinicians with information about the risk and current status 
of various underlying diseases and patient prognosis. However, 
to better determine the clinical significance of these values 
in cardiopulmonary diseases, knowledge of normal reference 
values is necessary. Vessel diameters can vary with race, age, 
and gender. Therefore, it is essential to determine the normal 
ranges of pulmonary artery and aortic diameters in the Turkish 
population.

The average MPA diameter varies among studies conducted 
on healthy groups. Data from the Framingham Heart Study, 
which has the largest patient population in the literature (3171 
patients), revealed an average MPA diameter of 25.1 mm.12 In a 
study conducted with CT in the Turkish population, the average 
MPA diameter was reported as 23.3 mm, 22.4 mm in women 
and 24.1 mm in men.13 In a study conducted with BTA, the 
average MPA diameter was reported as 32.0 mm; 31.2 mm in 
women and 32.2 mm in men.14 In a study conducted with CT, 
the average MPA diameter was 25.9 mm, 26.5 mm in men and 
25.8 mm in women.9 A study using CT in the Turkish population 
reported an average MPA diameter of 26.6 mm, 25.9 mm in 

women and 27.0 mm in men.15 Kuriyama et al. 16 measured 
the average MPA as 24.2 mm in their CT study. In this study, 
the average MPA diameter was 25.9 mm overall (25.9 mm in 
women and 26.0 mm in men). These findings are consistent 
with the literature.

A review of the literature reveals a limited number of studies 
measuring the diameters of the right and left pulmonary arteries. 
A recent study conducted in Türkiye reported an average RPA 
diameter of 17.3 mm (16.4 mm in women and 18.0 mm in men). 
In the same study, the average LPA diameter was reported as 
17.6 mm; 16.9 mm in women and 18.2 mm in men.13 Another 
study reported an average RPA diameter of 25.2 mm (24.9 mm 
in women and 25.2 mm in men). The same study reported an 
average LPA diameter of 24.9 mm; 24.8 mm in women and 
25.0 mm in men.14 In our study, the average RPA diameter was 
21.1 mm overall (20.1 mm in women and 21.2 mm in men), and 
the average LPA diameter was 20.2 mm overall (19.0 mm in 
women). It has been calculated to be 20.6 mm in men.

Studies conducted in healthy populations show that the 
average AA diameter ranges from 28.5 to 34.0 mm. In the 
Turkish population, the average AA diameter has been reported 
as 28.5 mm, 26.9 mm in women, and 30.0 mm in men.13 In the 
study by Berger et al.14, the average AA diameter was reported 
as 34.0 mm; 32.8 mm in women and 34.3 mm in men. In one 
study, the average AA diameter was 30.0 mm.9 In another 
study, the average AA diameter was reported as 34.1 mm in 
men and 31.9 mm in women.17 In yet another study, the average 
AA diameter was reported as 33.6 mm in men and 31.1 mm in 
women.18 In this study, the average AA diameter was 34.1 mm, 
similar to previous studies (33.4 mm in women and 34.8 mm in 
men). AA diameter is affected by diseases such as heart failure, 
valvular anomalies, and hypertension, as well as by the use of 
medications such as beta-blockers and digoxin.19,20 However, 
previous studies have shown that AA diameter is associated 
with mortality in patients with heart failure.21

Studies in healthy individuals show that the average PA:A ratio 
is less than 0.9. This ratio (0.9) was accepted as the threshold 

Table 4. Correlation of Patients’ Age and Vascular Parameters
Variables   Age MPA RPA LPA AA PA:A

Age (years) r 1 0.426 0.592 0.533 0.438 0.080

p . < 0.001 < 0.001 < 0.001 < 0.001 0.423

MPA (mm) r 1 0.730 0.717 0.581 0.550

p . < 0.001 < 0.001 < 0.001 < 0.001

RPA (mm) r 1 0.829 0.700 0.158

p . < 0.001 < 0.001 0.112

LPA (mm) r 1 0.673 0.185

p . < 0.001 0.063

AA (mm) r 1 -0.279

p . 0.005

PA:A r 1

  p .
MPA, main pulmonary artery; RPA, right pulmonary artery; LPA, left pulmonary 
artery; AA, ascending aorta; PA:A, pulmonary artery-to-aorta ratio.
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value for PH in the Framingham Heart Study. The average PA:A 
ratio reported in the Framingham Heart Study was 0.77.12 In the 
study by Lee et al. 9, the PA/A ratio was 0.87. In this study, the 
average PA:A ratio was 0.78.

Many studies have shown that the average arterial diameters 
are larger in male patients than in female patients. In the study 
by Tekcan Şanlı et al.13, it was found that all vessel diameters 
(AA, MPA, RPA, and LPA) were significantly higher in men 
than in women. Li et al. 22, reported that the AA and MPA 
diameters were significantly larger in men. Similarly, in the 
study by Karazincir et al.15, it was stated that the MPA diameter 
was significantly higher in men than in women. However, no 
significant differences were found between genders in any of 
the measured parameters in this study.

While a significant relationship between age and AA diameter is 
generally found in the literature, the relationship between age 
and MPA is debatable.15,12,21 In the study by Tekcan Şanlı et al.,13 

it was observed that the AA diameter was larger in individuals 
≥ 40 compared to those < 40. In our study, it was determined 
that the MPA, RPA, LPA, and AA diameters increased with age, 
and these values ​​were significantly higher in the > 67 age group 
than in the ≤67 age group.

This study had several limitations that should be acknowledged. 
First, the study was retrospective and single-center, which 
may limit the generalizability of the findings to the Turkish 
population. Regional demographic differences, environmental 
factors, and variations in imaging protocols between 
institutions may influence vascular measurements. Second, 
detailed clinical histories of the participants were unavailable. 
Therefore, potential confounding factors such as undiagnosed 
cardiovascular or pulmonary diseases, smoking history, body 
mass index, hypertension, diabetes mellitus, or medication 
use could not be evaluated. Although individuals with evident 
pulmonary pathology on CT were excluded, the presence of 
subclinical conditions that might affect vascular diameters 
could not be completely ruled out.

Another important limitation was the uneven age distribution 
of the study population, as most participants were middle-
aged or elderly. Consequently, younger age groups were 
underrepresented, which may have affected the assessment 
of age-related vascular changes and normal reference values 
across all age categories. In addition, the cross-sectional design 
of the study precluded longitudinal evaluation of changes in 
vascular diameter. Therefore, causal relationships between age 
and vascular measurements could not be established.

Furthermore, pulmonary artery pressures were not confirmed 
by right heart catheterization or echocardiographic evaluation, 
which are considered standard methods for the diagnosis of 
pulmonary hypertension. The classification of participants as 
healthy was based primarily on CT findings and the absence 
of known pulmonary disease. Finally, measurements were 
performed using CT imaging, and despite standardized 
measurement techniques, interobserver and intraobserver 
variability may still have influenced the results.

Future multicenter studies including larger sample sizes, 
balanced age groups, comprehensive clinical data, and 
prospective follow-up are needed to establish more reliable 
reference values for pulmonary artery and aortic diameters in 
the Turkish population.

CONCLUSION
This retrospective study evaluated the diameters of the 
ascending aorta (AA), main pulmonary artery (MPA), right 
pulmonary artery (RPA), left pulmonary artery (LPA), and the 
PA:A ratio in individuals with no known history of pulmonary 
hypertension and no pulmonary pathology detected on CT 
examinations who were therefore considered healthy. The 
mean diameters were 34.1 mm for the AA, 25.9 mm for the MPA, 
21.1 mm for the RPA, and 20.2 mm for the LPA; the mean PA:A 
ratio was 0.78. No significant gender-related differences were 
observed in the vascular measurements. A positive correlation 
was identified between age and the diameters of the AA, MPA, 
RPA, and LPA. In contrast, no significant correlation was found 
between age and the PA:A ratio.
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INTRODUCTION
Rheumatological diseases constitute a group of chronic, 
multisystemic disorders affecting connective tissue and vascular 
structures. In these diseases, microvascular involvement 
plays a crucial role in pathogenesis and may directly influence 
clinical outcomes. In particular, microcirculatory alterations 
in autoimmune connective tissue diseases can be detected 
early and may provide valuable information for diagnosis and 
prognosis.1,2

Nailfold capillaroscopy is a non-invasive, easily applicable, 
and reproducible method that allows in vivo evaluation of the 
microcirculation.2, 3. It enables detailed assessment of capillary 

morphology and identification of disease-specific patterns. 
The “scleroderma pattern,” particularly observed in systemic 
sclerosis (SSc), is one of the most characteristic examples 
demonstrating the diagnostic value of capillaroscopy.1 However, 
varying degrees of capillary abnormalities may also be observed 
in other rheumatological diseases such as systemic lupus 
erythematosus (SLE), rheumatoid arthritis (RA), and ankylosing 
spondylitis (AS).4

Recent technological advancements, particularly digital 
dermoscopy, have increased the accessibility and 
standardization of capillary evaluation.3,5,6 These developments 
have facilitated the assessment of microvascular changes in 
larger patient populations and contributed to the expansion of 
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ABSTRACT
Objective: Evaluating the microvascular structure in rheumatological diseases provides important information for understanding the 
pathogenesis and clinical management of these diseases. Nail capillaroscopy is a reliable method that allows non-invasive examination of 
these changes. This study aimed to evaluate nail capillary findings in rheumatological diseases using digital dermoscopy and to compare 
capillary patterns in different disease groups.

Methods: The study included 200 patients diagnosed with rheumatological diseases and 50 healthy volunteers. The nail bed capillaries of 
all participants were evaluated using a digital dermatoscope. Capillary examination assessed the presence of edema, tortuous, elongated, 
dilated, and brush-like capillaries, microhemorrhages, and avascular areas. Statistical analyses were performed using appropriate parametric 
and non-parametric tests, and a P value < 0.05 was considered statistically significant.

Results: The frequency of capillary abnormalities was significantly higher in the patient group than in the control group. The most frequently 
observed findings were edema and tortuous, elongated capillaries. Capillary patterns differed by disease group, with more specific findings 
particularly prominent in patients with systemic sclerosis.

Conclusion: Nail capillaroscopy is an effective, easily applicable, and non-invasive method for evaluating microvascular changes in 
rheumatological diseases. Capillary patterns observed in different disease groups can provide clinically valuable information for diagnosis 
and disease monitoring.

Keywords: Capillaroscopy, nail capillaroscopy, rheumatological diseases, digital dermatoscopy, microvascular changes, systemic sclerosis.
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clinical data in this field. However, studies that directly compare 
capillary findings across different rheumatological disease 
groups remain limited.

The aim of this study was to evaluate nailfold capillary findings 
in patients with rheumatological diseases using digital 
dermoscopy and to compare capillary patterns among different 
disease groups.

Capillaroscopy

Nailfold capillaroscopy is a valuable method for evaluating 
microcirculation and blood supply in vivo (Figure 1). It is a non-
invasive, cost-effective, and easily repeatable technique. The 
capillaries in the nail bed consist of arterial and venous limbs 
connected by an apical loop, which runs parallel to the skin 
surface, allowing direct visualization.2 Normal nailfold capillaries 
are regularly arranged, hairpin-shaped, and homogeneously 
distributed.7 (Figure 2).

Capillaroscopic examination has been used for over two 
decades in the evaluation of autoimmune connective tissue 
diseases.2 Many connective tissue diseases, such as SSc, 
dermatomyositis, and mixed connective tissue disease, exhibit 
characteristic capillary abnormalities.5,6 Among rheumatological 
diseases, SSc exhibits the most specific capillary pattern. 
Microcirculatory impairment is a central feature of the disease 
process in SSc.1

The most common capillaroscopic findings in SSc include 
giant capillaries, microhemorrhages, and avascular areas.7,8 In 
addition, tortuous (Figure 3), elongated, and dilated capillaries 
may also be observed in diseases such as dermatomyositis, 
mixed connective tissue disease, and SLE.5,6,9

Capillaroscopy is a convenient technique that can provide 
reliable information about disease severity and differentiate 
primary from secondary Raynaud’s phenomenon (RP) in 
patients. It has also been reported that it can be a useful device 
in evaluating follow-up in RF associated with coronary heart 
disease (CHD).10,11

Procedure

Morphological evaluation of cutaneous capillaries is usually 
performed at the nail bed because the main axis of the capillaries 
is parallel to the skin surface (in other areas the capillaries are 

perpendicular) and the nail bed is easily accessible for sampling. 
All patients should wait in the test room for at least 15 minutes 
before evaluation. The ideal room temperature for the procedure 
is 20-22 °C. Traumatized fingers are not evaluated. The nail bed 
capillaries of the fourth and fifth fingers of the non-dominant 
hand are the most suitable sites for evaluation because the skin 
of these fingers is more transparent than that of other fingers. 
Before performing nail bed videocapillaroscopy, immersion oil is 
applied to the nail bed, and the capillaries are evaluated at 100x 
or 200x magnification with minimal pressure.

Early capillary changes seen in autoimmune connective 
tissue diseases include large and prominent capillaries, 

MAIN POINTS
•	 Digital dermoscopy detected significantly more nailfold 

capillary abnormalities in patients with rheumatological 
diseases than in healthy controls.

•	 Distinct capillary patterns were identified among 
different rheumatological diseases, particularly in 
systemic sclerosis

•	 Nailfold capillaroscopy is a practical, non-invasive, 
and accessible method for evaluating microvascular 
involvement.

•	 Capillaroscopic findings may support the diagnosis 
and clinical follow-up of patients with rheumatological 
diseases.

Figure 1.Due to the cumbersome equipment required for 
photographic documentation, in vivo nail bed capillaroscopy 
has not yet been integrated into clinical practice as a standard 
bedside routine in rheumatology and dermatology clinics. 
Recent studies have suggested that the hand dermatoscope 
can be used as a capillary-scopic device for this purpose.
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microhemorrhages, capillary loss, edema (Figure 4), branched-
brush capillaries (angiogenesis) (Figure 5), irregularities in the 
vascular sequence, capillary loss and/or avascular areas(Figure 
6), and irregularities in the vascular periphery.12

MATERIAL AND METHODS
Ethical approval for this study was obtained from the Atatürk 
University Faculty of Medicine Ethics Committee (approval date: 
03.12.2015, decision number: 25). The study was conducted in 
accordance with the Declaration of Helsinki. Informed consent 
was obtained from all participants prior to inclusion in the study.

Between July 2015 and December 2015, 268 patients 
with a history of rheumatic disease were evaluated; these 
patients had presented to the rheumatology outpatient clinic 
and were referred to the dermatology outpatient clinic at 
Atatürk University Faculty of Medicine Research Hospital. 
Comorbidities, smoking, and the use of vasoconstrictive 
agents were considered exclusion criteria. 200 patients with a 
diagnosis of rheumatic disease who did not meet the exclusion 
criteria and 50 volunteers forming the control group were 
included in the study. In our study, the patients’ file numbers, 
ages, genders, and rheumatic disease diagnoses were recorded. 

Figure 2. Many instruments have been used in the evaluation 
and characterization of nail bed capillary morphologies. The 
most commonly used capillary microscope consists of an 
optical microscope connected to a camera and a light source 
with external cooling. 30X and 50X magnification is usually 
sufficient to evaluate the morphological structure of the nail 
bed capillary plexus. Monitor-connected video capillaroscopes 
can provide 100X, 200X magnification, enabling storage and 
display with the help of a specific program.

Figure 3. Torsional capillaries. Patients with increased torsion 
in the descending and ascending limbs of capillary loops were 
classified as having torsional capillaries.

Figure 4.Edema. Edema was considered present if the capillary 
image appeared cloudy due to damaged vessels or if the 
dermal papilla appeared empty due to increased synthesis of 
extracellular matrix proteins.

Figure 5. Ramified/bushy capillaries (angiogenesis). Excessively 
convoluted and branched capillary arch clusters are 
characteristic of angiogenesis findings. Patients with ramified 
capillary clusters consisting of thin and thick capillaries showing 
significant heterogeneity, which is the main morphological 
feature of angiogenesis, were classified as having branched/
brushed capillaries.
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Patients were acclimatized in the test room at approximately 
20-22°C for at least 15 minutes before capillaroscopy. The 
procedure was not performed on fingers with local trauma. The 
capillaries of the fourth and fifth nail beds of the non-dominant 
finger were evaluated first. The capillaroscope (FotoFinder® 
dermoscope, FotoFinder Systems GmbH, Bad Birnbach, 
Germany) was applied with very little pressure. The presence of 
homogeneously dilated, giant, irregularly dilated, brush-like, and 
tortuous capillaries, microhemorrhages, edema, and avascular 
areas was investigated and noted.

Normal Pattern

Patients with capillary loss in the nail fold (30 capillaries linearly 
in 5 mm) and with homogeneous capillary distribution without 
morphological changes were considered normal.

Statistical Analysis

Statistical analysis was performed using SPSS Statistics 22.0 
(IBM Corp., Armonk, NY, USA). Descriptive data were presented 
as mean ± standard deviation, median (min-max), and 
frequency (%). The normality of the distribution was assessed 
using the Kolmogorov-Smirnov test. For comparisons between 
groups, the Student’s t-test or Mann-Whitney U test was used 
for continuous variables, and the Chi-square test or Fisher’s 
exact test was used for categorical variables. A P value < 0.05 
was considered statistically significant.

RESULTS
The nail beds of 200 patients with a history of rheumatic 
disease and of 50 healthy volunteers with no history of disease 
were evaluated by capillaroscopy.

All patients underwent capillaroscopy to assess nail bed edema, 
convoluted capillaries (Figure 7), elongated capillaries, dilated 
giant capillaries (Figure 8), microhemorrhages (Figure 9), and 
avascular areas.

In the patient group, 56 participants (28%) were male and 
144(72%) were female, with a mean age of 43.01 ± 12.6 years. 
In the control group, 24 participants (48%) were male and 26 
(52%) were female, with a mean age of 29.56 ± 8.8 years (Table 
10).

Among the patients included in the study, 50% were diagnosed 
with RA, 23% with AS, 21% with SLE, and 6% with SSc (Figure 
10).

In the capillaroscopic evaluation of patients with SLE (n=42), 
the most frequently observed abnormalities were tortuous 
capillaries, followed by edema and bushy (branched) capillaries.

Among patients with RA (n=101), edema was the most common 
finding, followed by tortuous and elongated capillaries.

In patients with AS (n=46), the most frequent abnormalities 
were edema, avascular areas, tortuous, elongated capillaries.

Figure 6. Capillary loss and/or avascular areas. Patients with 
extensive avascular areas (5 mm < 30 loops in the distal row of 
the nail bed) resulting from widespread capillary loss in the nail 
bed were classified as avascular.

Figure 7. Convoluted capillaries.

Figure 8. Enlarged capillaries (giant capillaries). Patients with 
symmetrical giant enlargements (> 50 µm enlargement) in the 
capillaries were classified as having enlarged capillaries.
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In SSc patients (n=11), the predominant finding was dilated 
capillaries, followed by bushy capillaries (Table 2).

Capillaroscopic evaluation of the nailfold revealed a 
significantly higher overall frequency of abnormalities, 
including edema, tortuous, elongated, and bushy capillaries, 
and microhemorrhages, in the patient group than in the control 
group (Table 3).

DISCUSSION
Nail bed capillaroscopy is an inexpensive, simple, and non-
invasive technique used to evaluate the blood supply and 
microcirculation of the nail bed.

Many instruments have been used to characterize nail-bed 
capillary morphology. The most commonly used capillaroscopic 
device consists of an optical microscope connected to a 
camera and to a light source with external cooling. 30X 
and 50X magnification are usually sufficient to evaluate 
the morphological structure of the nail bed capillary plexus. 
Monitor-connected video capillaroscopes can provide 100X 
and 200X magnification, enabling storage and display with the 
help of a specific program.2

Microscopic in vivo examination of the nail bed vascular plexus 
in patients with autoimmune connective tissue diseases has 
been performed for over 25 years. Many connective tissue 
diseases (CTDs), such as scleroderma and mixed connective 
tissue disease (MCTD), frequently exhibit characteristic 
capillary abnormalities. Among rheumatological diseases, the 
most important specific capillary pattern is that associated 
with SSc.

Although the factors triggering vasculopathy, the initial stage 
of SSc, are not clearly known, it is thought that cytomegalovirus 
(CMV), whose epitopes resemble endothelial cell surface 
molecules, anti-endothelial cell antibodies, or free oxygen 
radicals cause endothelial cell damage, leading to apoptosis 
in endothelial cells.13,14 A low number or impaired function 
of endothelial progenitor cells is also considered a cause 
of vasculogenesis disorders.15 Capillary examination can 
demonstrate microvascular damage in almost all patients. 
Microcirculation is the main center of the pathological process in 
SSc.1 The most frequent changes in SSc are dilated capillaries7, 
hemorrhage8, and avascular areas. Torsional, elongated, and 
dilated capillaries can also be found in DM, MKDH, and SLE.5,6,9

In our study, the nail beds of 11 SSc patients were examined 
capillaroscopically; dilated capillaries were observed in 6 
patients and brush-like capillaries in 3 patients. Edema was 
observed in 1 patient, and avascular areas were observed in 2 
patients. Contrary to the literature, microhemorrhages were 
not detected in any of the patients.

Dilated, giant capillaries, hemorrhage areas, and avascular 
areas seen in SSc are much rarer in SLE.3,6 According to some 
researchers, capillaroscopic findings are mostly non-specific. 
The specific nail-bed changes most frequently described 
in SLE patients include capillary tortuosity or convolution, 
increased capillary length or diameter, transformation of loops 
into bizarre forms, and prominence of the subpapillary plexus. 

Figure 10. igure 10. Distribution of rheumatological diagnoses 
among study participants3

3Data are presented as percentages. RA, rheumatoid arthritis; AS, 
ankylosing spondylitis; SLE, systemic lupus erythematosus; SSc, 
systemic sclerosis.

Figure 9. Microhemorrhage. Microhemorrhages may be found 
around the capillaries, either as pinpoint or linear formations. 
(More than two punctate hemorrhages or converging 
hemorrhage areas per finger). Microhemorrhages occur after 
extravasation of red blood cells following damage to the vessel 
wall. Patients exhibiting these findings were classified as having 
microhemorrhages.

Table 1. Gender Distribution of the Study and Control Groups*

Gender
Patient Group
(n=200) n (%)

Control Group
(n=50) n (%)

Male 56 (28.0) 24 (48.0)

Female 144 (72.0) 26 (52.0)
*Data are presented as n (%).
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In some studies, these SLE-specific changes have been termed 
the SLE-type capillary pattern (SLE pattern).3 The SLE pattern 
is essentially formed by an increase in capillary convolution.16

In our study, the most frequently observed pathologies in the 
capillaroscopic evaluation of 42 patients with SLE were, in 
order, convoluted capillaries (n=11), edema (n=6), and brush 
capillaries (n=6). Pathologies were detected in 33 patients, 
and all types of these pathologies were observed in the nail 
bed capillaries of SLE patients. In our study, consistent with 
the literature, convoluted and brush capillaries were the most 
frequently detected.

Rheumatism, or rheumatic disease, is a term used to describe 
more than 200 chronic diseases that affect the joints and/
or connective tissues and cause pain. Although rheumatic 
diseases generally begin in the joints, with joint pain as the most 
common complaint, many exhibit multisystem involvement.

RA is the most common rheumatic disease. Currently, the cause 
of RA remains unknown, and the lack of a pathognomonic 
diagnostic method means that diagnosis can only be made 
through a combination of laboratory, clinical, and imaging 
methods, thus requiring additional diagnostic techniques.17

Although there are insufficient studies evaluating whether 
nail capillaroscopy in RA patients can aid diagnosis, data in 
the literature are contradictory. In a study by Redisch et al.18 
involving 31 RA patients, they found elongation of capillaries, 
increased folds, and prominent subpapillary plexuses. However, 
none of the RA patients in this study showed a scleroderma 
pattern.18

Our study included 101 patients diagnosed with RA, of whom 
pathology was detected in the nail bed capillaries of 72 

patients. The most common pathologies were edema (n=32), 
tortuous capillaries (n=21), and elongated capillaries (n=10). In 
3 of our patients, an SSc pattern was detected even though no 
diagnosis of SSc had been made.

AS is a chronic, multisystemic rheumatic disease that 
primarily affects the sacroiliac joints and spine.18 AS is a 
spondyloarthropathy. Spondyloarthropathies are related to 
each other genetically human leukocyte antigen and through 
a shared pathology (enthesitis). Although there is no specific 
diagnostic method for AS, diagnosis is based on a combination 
of inflammatory low back pain and radiological evidence of 
enthesitis or arthritis.

There are insufficient studies on nail bed capillaroscopy 
in patients with AS. Wendling et al.,19 in their study with 
32 AS patients, reported that there was more edema and 
microangiopathy at the nail bed compared to the control group.

Our study included 46 AS patients, and pathology was detected 
in the nail bed capillaries of 39 of them. The most frequently 
detected pathologies were edema, avascular areas, tortuous 
capillaries, and elongated capillaries. No SSc pattern was 
detected in any of our AS patients.

Study Limitation

This study has several limitations. First, it was conducted at 
a single center; therefore, the patient population, referral 
patterns, and clinical characteristics may not fully represent 
those of other centers, potentially limiting the generalizability 
of the findings. Second, although the overall sample size was 
sufficient for the main comparisons, the number of patients 
in some disease subgroups, particularly systemic sclerosis, 

Table 2. Comparison of Capillaroscopic Findings Among Diagnostic Groups1

Disease n Normal 
n (%)

Edema 
n (%)

Tortuous 
capillaries 
n (%)

Elongated 
capillaries 
n (%)

Dilated 
capillaries 
n (%)

Bushy 
capillaries 
n (%)

Microhemorrhage 
n (%)

Avascular 
areas 
n (%)

SLE 42 9 (21.4) 6 (14.3) 11 (26.2) 2 (4.8) 3 (7.1) 6 (14.3) 3 (7.1) 2 (4.8)

RA 101 29 (28.7) 32 (31.7) 21 (20.8) 10 (9.9) 3 (3.0) 1 (1.0) 4 (4.0) 1 (1.0)

AS 46 7 (15.2) 21 (45.7) 3 (6.5) 3 (6.5) 0 (0) 1 (2.2) 1 (2.2) 10 (21.7)

SSc 11 0 (0) 1 (9.1) 0 (0) 0 (0) 6 (54.5) 3 (27.3) 0 (0) 1 (9.1)
1Data are presented as n(%).

Table 3. Comparison of Capillaroscopic Findings Between Patient and Control Groups2

Finding Patient Group (n=200) Present n (%) Control Group (n=50) Present n (%) P value

Normal 44 (22.0) 41 (82.0) <0.001

Edema 63 (31.5) 3 (6.0) <0.001

Tortuous capillaries 52 (26.0) 5 (10.0) 0.02

Elongated capillaries 15 (7.5) 0 (0) 0.04

Dilated (giant) capillaries 12 (6.0) 1 (2.0) 0.47

Bushy capillaries 18 (9.0) 0 (0) 0.03

Microhemorrhages 16 (8.0) 0 (0) 0.04

Avascular areas 18 (9.0) 1 (2.0) 0.13
2Data are presented as n (%). Statistical comparisons were performed using the Chi-square or Fisher’s exact test.
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was relatively limited. This may have reduced the statistical 
power for subgroup analyses and should be considered 
when interpreting disease-specific capillary findings. Third, 
interobserver variability was not assessed, which may have 
affected the evaluation of capillary abnormalities. In addition, 
capillary findings were evaluated using digital dermoscopy 
rather than conventional nailfold videocapillaroscopy, which 
may limit direct comparability with studies using standard 
nailfold videocapillaroscopy. Finally, the cross-sectional design 
of the study does not allow assessment of causal relationships, 
temporal changes, disease progression, or treatment-related 
changes in capillary structures.

CONCLUSION
Nail bed capillaroscopy can aid in diagnosing the disease, 
and abnormalities detected by BPC can reflect the extent of 
microvascular involvement in SLE, thereby informing treatment 
strategies in cases of systemic organ failure. In one study, severe 
or moderate pathological changes in nail bed capillaries were 
also detected in SLE patients with internal organ involvement.3

It has been reported that nail bed capillaroscopy can be used in 
patients with RA when findings suggestive of microangiopathy 
are detected, to classify the disease into subgroups and/or to 
monitor for overlap syndrome with other connective tissue 
diseases.
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INTRODUCTION
According to projections by the World Health Organization 
(WHO), the global elderly population is expected to increase 
markedly in the coming years, accompanied by a substantial rise 
in the utilization of health care services.1 Similarly, population 
projections by the Turkish Statistical Institute estimate that 
the proportion of the elderly population in Türkiye will reach 
13.5% in 2030, 17.9% in 2040, 27.0% in 2060, and 33.4% in 

2080.2 The rapid growth of the elderly population at global and 
national levels is anticipated to increasingly affect the provision 
of health care services.

In previous studies conducted at different centers, individuals 
aged 65 years and older have been reported to constitute 
between 10.1% and 17.4% of all emergency department 
admissions.3,4 With the expansion of the elderly population, 
the growing number of emergency department visits has led to 
increased patient turnover and resource utilization, resulting in 
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ABSTRACT
Objective: To evaluate the demographic and clinical characteristics, reasons for admission, triage distribution, consultation requests, and 
hospitalization rates of geriatric patients presenting to a tertiary emergency department, and to examine the associations between age 
groups and emergency department utilization patterns and outcomes.

Materials and Methods: This retrospective and descriptive study was conducted among patients aged 65 years and older who presented 
to the emergency department of Mengücek Gazi Training and Research Hospital between July 1, 2024, and June 30, 2025. Data on 
demographic characteristics, triage categories, reasons for admission, consultation requests, hospitalization status, emergency department 
outcomes, and repeat visits were obtained from the hospital information management system. The data were analyzed using descriptive 
statistical methods.

Results: A total of 18,269 geriatric patients were included in the study. The mean age was 74.0 ± 7.2 years, and 54.5% of the patients were 
female. The highest proportion of admissions was observed in the 65-74 age group. Hospitalization occurred in 11.4% of cases. As age 
increased, ambulance admissions, repeat emergency department visits, and hospitalization rates increased significantly (P < 0.05). The most 
common reasons for admission were musculoskeletal, respiratory, and cardiovascular diseases.

Conclusion: This study demonstrates that geriatric patients presenting to the emergency department exhibit distinct clinical and utilization 
characteristics by age group. The findings indicate that patients in older age groups require more complex clinical evaluation and tailored 
care during management in the emergency department.
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a greater workload for emergency services.5 Moreover, discharge 
rates from the emergency department among geriatric patients 
have been reported to range from 79.4% to 92.4% in various 
studies.3-5 These findings suggest potential inappropriate use 
of emergency departments and highlight the need for new 
strategies regarding the care, follow-up, and management of 
elderly patients.5

As the proportion of elderly individuals in the community 
continues to rise, it has become essential to address in greater 
detail the health-care needs specific to this age group and 
to reorganize health-care services accordingly. Age-related 
declines in physiological and psychosocial reserves increase 
vulnerability to diseases and impair older adults’ ability to adapt 
to changes in daily life. The presence of multiple comorbidities 
and chronic health conditions is a major contributor to 
increased health-care utilization among elderly individuals. In 
particular, the higher incidence of emergency conditions and 
more frequent atypical clinical presentations in this population 
lead to higher rates of emergency department visits and 
hospital observation compared with younger adults. These 
characteristics complicate the evaluation of geriatric patients 
in emergency settings and necessitate considering this group 
as a distinct patient population.6

The aim of this study was to evaluate the demographic 
characteristics, modes of presentation, reasons for admission, 
and clinical outcomes (referral, discharge, hospitalization, 
and death) of patients aged 65 years and older presenting to 
the Emergency Department of Mengücek Gazi Training and 
Research Hospital. The study sought to identify key features of 
emergency department utilization among geriatric patients and 
to contribute to geriatric patient management and health care 
resource planning. Ultimately, this approach aims to promote 
more effective emergency care delivery while reducing 
unnecessary crowding, costs, and workload in emergency 
departments.

MATERIALS AND METHODS
This study was designed as a retrospective, observational, and 
single-center investigation. Ethical approval for this study 
was obtained from the Erzincan Binali Yıldırım University 
Non-Interventional Clinical Research Ethics Committee 
(session no: 16, decision no: 2024-16/05, date: 21.11.2024 
The study was conducted among patients who presented to 
the adult emergency department of Mengücek Gazi Training 
and Research Hospital between July 1, 2024, and June 30, 
2025. Demographic data and clinical characteristics (triage, 
diagnosis, outcome) were analyzed based on patients’ initial 
visits; however, the total number of visits and repeat visit rates 
were also recorded throughout the study period. During the 
study period, the total numbers of patients and emergency 
department visits were determined, and patients aged 65 years 
and older were selected for analysis.

Data were obtained from the hospital’s electronic information 
management system. Demographic variables, including 
age and sex, were collected from patient records. Clinical 
variables included triage category assigned in the emergency 
department (green, yellow, red), mode of arrival (ambulatory or 
by ambulance), time of admission, and seasonal distribution of 
visits. Diagnoses were classified under system-based categories 
according to the International Classification of Diseases, 10th 
Revision (ICD-10). Accordingly, diagnoses were grouped into 
cardiovascular diseases, respiratory diseases, musculoskeletal 
diseases, urinary diseases, neurological/neurovascular diseases, 
gastrointestinal system diseases, general condition disorders, 
and other diseases. Consultation data included the number 
of consultation requests and the departments consulted. 
Outcome variables were categorized as discharge, referral to 
another center, hospitalization, and death. Patients were divided 
into three age groups according to the WHO classification: 65-
74 years (early old age), 75-84 years (old age), and ≥ 85 years 
(advanced old age). Demographic characteristics, triage status, 
mode of arrival, outcomes, and number of repeat visits were 
statistically analyzed across these three age groups. Patients 
younger than 65 years and those with missing data were 
excluded from the study.

Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics 
for Windows version 20.0. Armonk, NY: IBM Corp.. Continuous 
variables were presented as mean ± standard deviation or, when 
appropriate, as median (minimum-maximum). Categorical 
variables were expressed as number (n) and percentage (%). 
For categorical variables, overall comparisons between age 
groups were performed using the chi-square test. A P value of < 
0.05 was considered statistically significant.

Due to the retrospective design of the study, informed 
consent was not required, and all data were analyzed after 
anonymization.

RESULTS
Between July 1, 2024, and June 30, 2025, 183,453 patients 
presented to the adult emergency department of Mengücek 

MAIN POINTS
•	 Geriatric patients constitute a substantial proportion 

of emergency department visits, and the high rate of 
repeated presentations highlights the ongoing and 
complex healthcare needs of this population.

•	 Musculoskeletal disorders were the most common 
diagnoses in the overall geriatric population; however, 
with advancing age, non-specific complaints, urinary 
system diseases, and general condition disorders 
became more prominent.

•	 Advancing age was associated with significant increases 
in yellow-triage classifications and ambulance arrivals, 
and with a decrease in green-triage admissions, 
reflecting greater clinical complexity.

•	 Among patients aged 85 years and older, discharge 
rates declined markedly, while the proportions of visits 
resulting in hospitalization, referral, or death increased, 
indicating the need for heightened clinical attention in 
this age group.
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Gazi Training and Research Hospital, accounting for 272,103 
visits. Of these visits, 18,269 (14.7%) involved patients aged 65 
years or older who constituted the study cohort.

During the study period, 9.931 (54.4%) of patients aged 65 
years and older presented to the emergency department only 
once, whereas 8.338 (45.6%) had multiple visits (range: 2-58). 
Among included patients, 9,960 (54.5%) were women and 
8.309 (45.5%) were men. The mean age was 74.0 ± 7.2 years 
(range: 65-113). By age group, 10,855 patients (59.4%) were 
aged 65-74 years, 5,612 (30.7%) were aged 75-84 years, and 
1,802 (9.9%) were aged 85 years and older. The demographic 
and clinical characteristics of the study population are 
presented in Table 1. A statistically significant difference in 
sex distribution was observed among age groups, with the 
proportion of female patients increasing with advancing age 
(51.7% in the 65-74 age group vs. 61.7% in the ≥ 85 age group; 
P < 0.05). Demographic and clinical characteristics, modes of 
presentation, triage distributions, outcomes, and diagnostic 
distributions by age group are summarized in Table 2.

Overall, 8.395 patients (46.0%) were triaged to the green 
category, 9.746 (53.3%) to the yellow category, and 128 (0.7%) 
to the red category. Analysis of triage categories demonstrated 
that the proportion of yellow-category admissions increased 
with age, whereas the proportion of green-category admissions 
decreased (P < 0.05). A total of 16,120 visits (88.2%) were 
ambulatory presentations, while 2.149 (11.8%) occurred via 
ambulance transport. The rate of ambulance arrival increased 
significantly with age (8.3% in the 65-74 age group vs. 25.1% 
in the ≥ 85 age group; P < 0.05). Emergency department visits 
most frequently occurred between 08:00 and 15:59 (54.8%). 
With respect to seasonal distribution, visits were most common 
during the summer months (7,312 patients, 40.0%).

When diagnoses were evaluated according to system-based 
categories, musculoskeletal system diseases were the most 
frequent diagnoses in the overall population (22.3%), followed by 
respiratory system diseases (17.9%) and cardiovascular system 
diseases (11.4%) (Table 1). The prevalence of musculoskeletal 
and respiratory system diseases decreased with advancing age, 
whereas general-condition disorders (non-specific complaints), 
urinary system diseases, and other diagnostic categories were 
more frequent in older age groups; these differences were 
statistically significant (P < 0.05). 

Among the study population, 4.386 patients (24.0%) 
required a total of 8.590 consultation requests. Cardiology, 
chest diseases, internal medicine, orthopedics, and neurology 
were the most frequently consulted departments, listed 
in descending order. Overall, 16.114 patients (88.2%) were 
discharged from the emergency department, whereas 2.088 
(11.4%) were hospitalized. As age increased, the proportion 
of patients discharged decreased, whereas the proportion of 
visits resulting in hospitalization, referral, or death increased 
significantly (P < 0.05; Table 2). The most common admission 
units were the coronary intensive care unit, the orthopedics unit, 

Table 1. Baseline Demographic and Clinical Characteristics of 
the Study Population
Variable n (%)

Sex

Female 9.960 (54.5)

Male 8.309 (45.5)

Age (years), mean ± SD (74.0 ± 7.2)

65-74 10.855 (59.4)

75-84 5.612 (30.7)

≥ 85 1.802 (9.9)

Mode of arrival

Ambulatory 16.120 (88.2)

Ambulance 2.149 (11.8)

Triage category

Green 8.395 (46.0)

Yellow 9.746 (53.3)

Red 128 (0.7)

Outcome

Discharged 16.114 (88.2)

Hospitalized 2.088 (11.4)

Referred 34 (0.2)

Death 33 (0.2)

Time of admission

08.00-15.59 10.021 (54.8)

16.00-23.59 6.582 (36.0)

00.00-07.59 1.666 (9.1)

Season

Spring 3.503 (19.2)

Summer 6.276 (34.4)

Autumn 5.261 (28.8)

Winter 3.229 (17.7)

Top 5 diagnoses (grouped ICD-10)

Musculoskeletal system diseases 4.066 (22.3)

Respiratory system diseases 3.269 (17.9)

Cardiovascular system diseases 2.085 (11.4)

General condition disorder and non-
specific complaints 2.019 (11.1)

Urinary system diseases 2.073 (11.3)

Number of visits

Single visit 9.931 (54.35)

Repeated visits (≥2) 8.338 (45.65)
Values are presented as n (%).SD, standard deviation; ICD, International 
Classification of Diseases.
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the internal medicine unit, the general/adult intensive care unit, 
and the general surgery unit. The distribution of consultation 
and admission departments is presented in Table 3.

DISCUSSION
In previous studies, Çığşar et al.7 and Kekeç et al.8 reported 
that geriatric patients accounted for 19.6% and 14.3% of 
emergency department admissions, respectively. Other studies 
conducted in Türkiye have reported that this proportion ranges 
between 9% and 23%.3,4,9 In the present study, patients aged 
65 years and older constituted 14.7% of all adult emergency 
department visits. This variability across studies may be 
attributed to differences in geographic regions and sociocultural 
factors. Previous reports have generally indicated a female 
predominance, with female proportions ranging between 
51% and 59%, although some studies have reported higher 
proportions of male patients.3,5,10-12 In our study, female patients 
accounted for 54.5% of the cohort, which is consistent with 
the literature. Furthermore, the proportion of female patients 
increased with advancing age, reaching 61.7% in the ≥ 85 age 
group, suggesting that women constitute a more prominent 
patient population among the oldest-old presenting to 
emergency departments.

Table 2. Demographic and Clinical Characteristics of Emergency Department Visits According to Age Groups
Variable 65-74, n (%) 75-84, n (%) ≥ 85, n (%) P value

Sex < 0.001

Female 5616 (51.7) 3232 (57.6) 1112 (61.7)

Male 5239 (48.3) 2380 (42.4) 690 (38.3)

Triage category < 0.001

Green 5894 (54.3) 2150 (38.3) 351 (19.5)

Yellow 4914 (45.3) 3412 (60.8) 1420 (78.8)

Red 47 (0.4) 50 (0.9) 31 (1.7)

Mode of arrival < 0.001

Ambulatory 9950 (91.7) 4820 (85.9) 1350 (74.9)

Ambulance 905 (8.3) 792 (14.1) 452 (25.1)

Outcome < 0.001

Discharged 9814 (90.4) 4854 (86.5) 1446 (80.2)

Others (hospitalization, referral, or death) 1041 (9.6) 758 (13.5) 356 (19.8)

Number of visits < 0.001

Single 6070 (55.9) 2928 (52.2) 933 (51.8)

Repeated (≥2) 4785 (44.1) 2684 (47.8) 869 (48.2)

Top five diagnoses (grouped ICD-10) < 0.001

Musculoskeletal system diseases 2591 (23.9) 1177 (21.0) 298 (16.5)

Respiratory system diseases 2017 (18.6) 976 (17.4) 276 (15.3)

Cardiovascular system diseases 1203 (11.1) 670 (11.9) 212 (11.8)

General condition disorder and non-specific complaints 1121 (10.3) 647 (11.5) 251 (13.9)

Urinary system diseases 1048 (9.7) 604 (10.8) 421 (23.4)
Values are presented as n (%). Patients were categorized according to their age at the first emergency department visit. Comparisons between age groups were 
performed using the chi-square test. P value of < 0.05 was considered statistically significant.

Table 3. Distribution of Consultation and Admission 
Departments
Department n (%)

Consultation departments

Cardiology 2055 (23.9)

Chest diseases 1177 (13.7)

Internal medicine 728 (8.5)

Orthopedics 716 (8.3)

Neurology 673 (7.8)

Others 3241 (37.7)

Admission departments

Coronary intensive care unit 286 (13.7)

Orthopedics service 284 (13.6)

Internal medicine service 209 (10.0)

Neurology service 150 (7.2)

General surgery service 145 (6.9)

Others 1014 (48.6)
Values are presented as n (%).
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Aydemir et al.5 reported that the proportions of patients 
aged 65-74 years, 75-84 years, and ≥ 85 years presenting to 
the emergency department were 56.4%, 34.5%, and 9.1%, 
respectively. Similarly, Nur et al.13 found that 55.1% of patients 
aged 65 years and older belonged to the 65-74 age group. In 
line with these findings, our study demonstrated that 59.4% 
of geriatric patients were aged 65-74 years, 30.7% were aged 
75-84 years, and 9.9% were aged ≥ 85 years. These results 
indicate that the geriatric population presenting to emergency 
departments is predominantly composed of younger-old adults. 
The higher rates of discharge and ambulatory presentation 
observed among younger-old patients suggest a relatively 
stable clinical status, whereas increasing age appears to be 
associated with greater frailty and vulnerability.

In the study by Bedel and Tomruk14, the rate of ambulance 
arrivals was reported as 40.6%, whereas another study 
reported a much lower rate of 2.5%.5 In the present study, 
most emergency department visits occurred via ambulatory 
presentation (88.2%), while ambulance arrivals accounted for 
11.8% of visits. Notably, the proportion of ambulance arrivals 
increased substantially with age, rising from 8.3% in the 65-74 
age group to 25.1% in the ≥ 85 age group. This finding suggests 
that older patients, particularly those in oldest age groups, 
are more likely to present with severe clinical conditions that 
require ambulance transport. Variations in ambulance utilization 
across studies may be influenced by regional socioeconomic 
characteristics, urban infrastructure, and access to emergency 
medical services.

According to the findings of Aydemir et al.5, yellow triage 
constituted 69.4% of emergency department visits, followed 
by green and red triage categories. In our study, the yellow 
triage category was the most common (53.3%), followed by 
green (46.0%) and red (0.7%). Age-stratified analysis revealed 
a marked increase in yellow triage assignments with advancing 
age, from 45.3% in the 65-74 age group to 78.8% in the ≥85 
age group. Although red triage accounted for a small proportion 
of visits overall, its frequency increased with age, rising from 
0.4% to 1.7%. These findings are consistent with previous 
studies and likely reflect the cumulative effects of increasing 
comorbidity burden, polypharmacy, and frailty associated with 
aging.

Öktem and Üzer3 reported that musculoskeletal, respiratory, 
and circulatory system diseases were the most common reasons 
for emergency department admission. In another study, general 
condition disorders, respiratory diseases, and urinary system 
disorders were reported as the most frequent reasons for 
admission.5 In the present study, the most common reasons for 
emergency department visits were musculoskeletal, respiratory, 
and cardiovascular system diseases. When diagnostic 
distributions were examined by age group, the prevalence of 
musculoskeletal and respiratory system diseases decreased 
with advancing age, whereas general condition disorders/
non-specific complaints, urinary system diseases, and other 
diagnostic categories increased significantly in older age groups. 
The marked increase in urinary system diseases among patients 
aged ≥ 85 years may be related to age-associated declines in 
physiological reserve, a higher burden of comorbidities, and the 

predominance of atypical clinical presentations. These findings 
underscore the growing diagnostic complexity observed in 
advanced age groups.

Previous studies have reported that emergency department 
visits are more frequent during daytime hours (08:00-16:00).4,9,15 
Consistent with these reports, more than half of emergency 
department visits in our study occurred between 08:00 and 
15:59, while visits during nighttime hours (00:00-07:59) were 
least frequent. This pattern may reflect the need for caregiver 
support, greater daytime activity levels, and avoidance of 
nighttime emergency department visits among elderly patients.

Aydemir et al.5 reported that emergency department visits 
were most frequent during the winter months, although this 
pattern may have been influenced by the COVID-19 pandemic. 
In contrast, other studies have reported a higher frequency of 
visits during summer months.3 In the present study, emergency 
department visits were most common in summer (34.4%) 
and least common in winter (17.7%). Seasonal variations in 
emergency department utilization among elderly individuals 
may be influenced by environmental factors (including 
temperature) and daily activity levels. These findings highlight 
the importance of incorporating seasonal and temporal patterns 
into emergency department staffing and resource planning.

Reported discharge, hospitalization, and mortality rates among 
geriatric emergency department patients vary widely in the 
literature, with discharge rates of 46.3%-92.4%, hospitalization 
rates of 3.6%-53.3%, and mortality rates of 0.3%-0.4%.3,5,16,17 
In our study, 88.2% of patients were discharged from the 
emergency department, 11.4% were hospitalized, and 0.2% 
died. When evaluated by age groups, the proportion of non-
discharge outcomes (hospitalization, referral, or death) 
increased from 9.6% in the 65-74 age group to 19.8% in the ≥ 
85 age group. These outcome distributions are consistent with 
previously reported ranges and emphasize the increasing need 
for inpatient care among older age groups.

Previous studies have reported repeat emergency department 
visit rates of 37%-50% within the first year.18-21 In accordance 
with these findings, 45.6% of patients in our study had more 
than one emergency department visit within the same year. 
Repeat visit rates increased from 44.1% in the 65-74 age group 
to 48.2% in the ≥ 85 age group, suggesting that health care 
needs and utilization intensity increase with advancing age.

Öktem and Üzer3 reported that 30.1% of geriatric patients 
required consultation, with cardiology being the most frequently 
consulted internal medicine specialty and orthopedics the 
most common surgical specialty. In our study, consultation 
was required in 24.0% of patients. Cardiology was the most 
frequently consulted department (23.9%), and orthopedics 
was the most frequently consulted surgical specialty (8.3%). 
This distribution suggests that cardiac conditions and trauma-
related complaints play a substantial role in emergency 
department utilization among elderly patients.

In a study by Kılınç et al.22 conducted in 2012, the most 
common admission departments following emergency 
department visits were internal medicine, chest diseases, 
neurology, and orthopedics. Bedel and Tomruk14 reported that 
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15.8% of patients aged 65 years and older were hospitalized, 
with 28.7% of hospitalized patients requiring intensive care. 
The most common admission departments in their study were 
internal medicine, cardiology, chest diseases, and neurology.14 
In our study, 11.4% of patients were hospitalized, and the most 
common admitting unit was the coronary intensive care unit 
(13.7%), followed by orthopedics, internal medicine, neurology, 
and general surgery units. These findings indicate that 
hospitalizations among elderly patients are driven by traumatic 
injuries, cardiovascular conditions, and internal medical 
conditions, and that the diversity of admission diagnoses 
increases with advancing age, resulting in a broad spectrum of 
inpatient care needs.

Study Limitations

This study has several limitations. First, due to its retrospective 
design, the data were obtained from the hospital information 
management system, which may have led to missing or 
inaccurate information. Second, the study was conducted in a 
single center, which may limit the generalizability of the findings 
to other emergency departments. In addition, geriatric-specific 
triage tools, such as the Geriatric Emergency Department Triage 
system, were not used during triage evaluation. The absence 
of such geriatric-specific triage systems may have negatively 
affected the observed triage distribution, particularly among 
patients in the older age groups.

CONCLUSION
In this study, the demographic characteristics, modes 
of presentation, triage distributions, diagnostic profiles, 
clinical outcomes, repeat visit patterns, and consultation 
and hospitalization requirements of patients aged 65 years 
and older presenting to the emergency department were 
comprehensively evaluated. The findings indicate that the 
geriatric population presenting to the emergency department 
is predominantly composed of younger-old adults; however, 
with advancing age, ambulance utilization, triage priority, 
hospitalization rates, diagnostic diversity, and repeat-visit 
tendencies increase markedly.

Furthermore, the predominance of cardiopulmonary complaints 
and the involvement of multiple medical specialties highlight 
the need for a multidisciplinary approach in the emergency 
department management of elderly patients. Effective 
management of emergency department visits among geriatric 
patients requires developing age-specific triage strategies, 
strengthening multidisciplinary assessment processes, and 
integrating geriatric care principles into emergency department 
practice. Such an approach is expected to enhance patient 
safety and contribute to reductions in both workload and 
health care costs in emergency departments.
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ABSTRACT
Objective: To evaluate the citation trends and scientific landscape of studies investigating critically ill patients with hematological 
malignancies (HM) admitted to intensive care units (ICUs) using bibliometric analysis.

Methods: The Web of Science Core Collection database was searched on March 14, 2026, for original articles published between 2000 
and 2025. Publications related to HM requiring ICU admission were analyzed for citation counts, authorship, journals, countries of origin, 
international collaborations, and keyword trends.

Results: A total of 290 publications were included in the final analysis. These studies received 5,576 citations, of which 5,003 remained 
after excluding self-citations. The mean number of citations per publication was 19.23. A total of 3,649 citing articles were identified (3,487 
excluding self-citations). The most frequent keywords were mortality (n=44), intensive care (n=42), and critical care (n=34), reflecting the 
primary research focus of the field.

Conclusion: Research on critically ill patients with HM has primarily focused on mortality and prognostic evaluation, with a growing emphasis 
on intensive care management strategies. The increasing number of publications and strong international collaboration networks indicate 
a rapidly evolving field. Future research should focus on multicenter collaborations and standardized clinical approaches to enhance the 
generalizability and clinical impact of findings.

Keywords: Adult, bibliometric, education, hematological malignancy, hematopoietic stem cell transplantation, intensive care unit
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INTRODUCTION
Hematologic malignancies are tumors of myeloid or lymphoid 
origin that result from disturbances in normal hematopoietic 
processes.1 These disorders are generally grouped into major 
categories such as leukemia, multiple myeloma (MM), non-
Hodgkin lymphoma (NHL), and Hodgkin lymphoma (HL).2 
On a global scale, data regarding the incidence, prevalence, 
and overall disease burden of hematological cancers remain 
limited, and scientific investigation in this field is progressing. 

Conventional therapeutic strategies remain insufficient for this 
cluster of diseases; thus, novel treatment modalities continue to 
be actively pursued.3 Although advances in emerging therapies 
have improved survival among patients with hematological 
malignancies (HMs), outcomes for patients with HMs requiring 
intensive care unit (ICU) admission remain unclear. Reported 
ICU mortality rates among HM patients vary between 46% 
and 90%, far exceeding those observed in general medical 
ICU populations.4 Mortality during ICU management and its 
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associated determinants constitute additional major research 
interests, alongside therapeutic approaches for HM patients.5

Health systems around the world face growing challenges 
due to an expanding elderly population, a factor that further 
escalates the clinical and economic impact of HM.6 Determining 
morbidity and mortality data for hematological malignancies 
within ICU settings is crucial not only for shaping and optimizing 
clinical strategies but also for guiding the allocation of scientific 
research resources. Bibliometric analysis is one methodological 
tool capable of evaluating such developments.7

Bibliometric analysis constitutes a quantitative approach that 
uses statistical methods and analytic instruments to assess 
multiple dimensions of scholarly output.8 This methodology 
facilitates the identification of research patterns, visualization 
of scientific networks, and assessment of scholarly influence. 
It offers extensive insight into a research discipline through 
comprehensive statistical and quantitative analyses.9

With the increasing number of publications on HM requiring 
ICU admission, evidence and knowledge in this domain have 
expanded steadily each year. In the current study, bibliometric 
techniques were applied to explore publication trends, highly 
cited authors, contributing countries, international cooperation 
patterns, frequently employed keywords, and associated visual 
analytic metrics. The objective of this investigation is to pinpoint 
current research focal points at the interface between ICU care 
and HM, characterize citation trends and emerging themes, and 
provide direction for future scientific efforts in this field.

MATERIALS AND METHODS
Data Sources and Search Strategies

For this bibliometric analysis, we selected the Thomson Reuters’ 
Web of Science Core Collection (WoSCC) as our database. The 
selection of the Web of Science (WoS; Clarivate Analytics, USA) 
platform was justified by its inclusion of diverse bibliometric 
indicators and its extensive coverage of multidisciplinary 
literature.10

The following template was created as the search strategy: TS= 
“hematologic* malignan*” OR leukemia* OR lymphoma * OR 
“MM” OR “hematopoietic stem cell transplant*” OR HSCT OR 

“Bone marrow transplant” AND “intensive care” OR “intensive 
care unit” OR ICU OR “critical care” OR “critically ill”.

Articles were selected under the ‘Document Types’ category. 
The search time range was set to 2000-2025 (publication 
years). Critical Care Medicine and Hematology were selected 
as WoS categories. The topic ‘Intensive care’ was selected for 
the Citation Topics Micro search. The Science Citation Index 
Expanded (SCI-EXPANDED) was selected in the WoS Index, 
and English was selected as the language option. Hematology 
and Anesthesiology were selected as research areas for the 
search plan. The search strategy is shown in detail in Figure 1.

All records (including titles, authors, sources, and abstracts) 
and references in our search results were exported in plain 
text format. Data collection was carried out in 1 day (March 
14, 2026) to prevent variations due to daily updates in the 
database. All data are publicly available and do not contain any 
personal information; therefore, informed consent was not 
required. While ethical committee approval is not required for 
bibliometric studies involving publicly available data, approval 
was obtained for our study from Dokuz Eylül University with 
approval no: 2023/41-16, date: 20.12.2023). Publications 
concerning “HMs admitted to the intensive care unit” were 
evaluated based on citation counts, contributing authors, 
publishing journals, national origins, international collaborations, 
and research hotspots. Details regarding data acquisition and 
analytical procedures are described below.

Performance Analysis

Excel 2019 (Redmond, WA) and VOSviewer (version 1.6.11, 
Leiden University, van Eck, NJ) were used for bibliometric 
analysis. Excel 2019 was used to present the number of articles 
published each year and trends in journal distribution.11,12 
VOSviewer was used to perform co-citation analysis of 
references, journals, and authors and to create relevant 
knowledge maps. Co-citation maps contain nodes representing 
cited references, journals, and authors, and node size reflects 
citation frequency. The connections between nodes represent 
co-citation relationships. The Fractional counting method 
was used in VOSviewer, and the threshold was set to select 
publications. Performance analysis was used to quantify core 
indicators of scientific activity by evaluating publication growth, 
leading institutions and countries, highly cited journals, and 
keyword mappings. Citation analysis was performed during this 
stage. The Journal Citation Reports dataset was employed to 
determine the 2023 impact factors (IFs). Both the h-index and 
the IF were used to describe publication impact. The h-index 
serves as a key measure of scholarly productivity.13 It can also 
be applied to institutions, countries, journals, and research 
groups. The IF reflects a journal’s scientific influence based 
on the citation performance of its published articles.13 Finally, 
the 15 most-cited sources, journals, authors, and articles were 
identified. Additionally, a table containing the top 50 articles is 
included as Appendix 1 in the publication.

Keywords Strategy

Bibliometric analysis was performed using VOSviewer (version 
1.6.15) and the R package Bibliometrix. Fractional counting 

MAIN POINTS
•	 Comprehensive bibliometric mapping of hematologic 

malignancies in intensive care units (ICUs) revealed 
156 original studies published between 1970 and 2024, 
with an h-index of 39 and an average of 28.4 citations 
per article.

•	 Research hotspots identified include “mortality,” 
“prognostic factors,” “outcomes,” and “survival,” 
indicating the predominant focus on patient prognosis 
and outcome improvement in ICU settings.

•	 Global analysis showed that France, Belgium, and 
Austria lead in publication impact, while emerging 
countries such as Brazil, Türkiye, and China demonstrate 
increasing but lower research influence, underscoring 
regional disparities in scientific contribution.



Öner and Namdaroğlu. Bibliometric Analysis of Articles Investigating Hematologic Malignancy Arch Basic Clin Res 2026;8(2):171-182

173

was applied to reduce bias from multi-authored publications. 
No additional normalization method was applied beyond the 
default normalization implemented in VOSviewer. For keyword 
co-occurrence analysis, a minimum occurrence threshold of 
5 was used. Both Author Keywords and Keywords Plus were 
included in the analysis. Preprocessing steps included the 
removal of non-informative stop words and the merging of 
synonymous terms (e.g., ICU, intensive care unit, intensive 
care) to improve consistency. The most frequent terms were 
identified based on their frequency after preprocessing.

Scientific Mapping

Scientific mapping provides a structural representation of 
relationships among disciplines, subfields, individual works, or 
researchers. In this study, highly cited authors, collaboration 
networks, and co-word analyses were visualized using 
VOSviewer. Mapping outputs depicting these relationships 
were generated using VOSviewer version 1.6.15 (https://www.
vosviewer.com/).

RESULTS
Analysis of Performance

Records were identified through the WoS database 
(n=1,283,318). After applying the document type filter (Article), 
835,905 records remained. Subsequently, restricting the 
publication years to 2000-2025 resulted in 695,680 records. 
During the screening phase, records were filtered using WoS 
categories (Hematology OR Critical Care Medicine), yielding 
129,725 records. Further refinement using the citation topic 
(micro), “Intensive Care”, reduced the number of records to 
4,666. After limiting the dataset to the SCI-EXPANDED, 4,021 
records were retained. Applying the language filter (English) 
resulted in 3,918 records. During the eligibility phase, records 
were further restricted based on research areas (Hematology or 
Anesthesiology), resulting in 290 studies. A total of 290 studies 
were included in the bibliometric analysis (Figure 1).

A total of 290 publications were included in the final bibliometric 
analysis. These publications spanned 2000-2025, reflecting 
the long-term development of research activity in the field. 
The included studies collectively received 5,576 citations, of 
which 5,003 remained after excluding self-citations, indicating 
substantial external scientific impact. The mean number of 
citations per publication was 19.23, indicating moderate citation 
performance across the dataset. In total, the publications were 
cited by 3,649 articles, of which 3,487 remained after the 
exclusion of self-citations, further supporting the robustness 
and dissemination of the scientific output. The calculated 
h-index was 38, indicating that 38 publications have each 
received at least 38 citations, reflecting a consistent and 
influential body of work within the analyzed domain.

Analysis of Articles

A total of 15 highly cited articles were identified in the 
WoSCC, focusing on ICU outcomes, prognostic factors, and 
management strategies for critically ill patients. Citation counts 
ranged from 67 to 143, indicating a strong representation of 
influential studies within the field (Table 1).

The most-cited article in this group reported that delayed ICU 
admission was associated with significantly increased mortality 
among cancer patients with acute respiratory failure (n=143 
citations). The second most-cited article is “Transport of 
critically ill patients: Complications and difficulties,” published 
in the journal Anaesthesia And Intensive Care, with 114 
citations. The third most-cited article is “Prognostic factors 
for ICU admission, intensive care outcome, and post-intensive 
care survival in patients with de novo acute myeloid leukemia: 
a single center experience,” published in Haematologica-The 
Hematology Journal, and has 108 citations (Table 2).

Analysis of Sources (Journals)

A total of 290 publications appeared in multiple scientific 
journals, reflecting the interdisciplinary nature of the field, 
which spans anesthesiology, critical care, and hematology.

The most productive journal was Anaesthesia and Intensive 
Care (74 publications), followed by Minerva Anestesiologica 
(41 publications) and Bone Marrow Transplantation (21 
publications). 

Figure 1. PRISMA 2020 flow diagram illustrating the selection 
process of studies included in the bibliometric analysis.
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Other notable contributors included Journal of Pediatric 
Hematology/Oncology (20 publications) and Anaesthesia 
Critical Care & Pain Medicine (19 publications). In terms of 
citation impact, Anaesthesia and Intensive Care ranked first 
with 1,510 citations, followed by Minerva Anestesiologica (620 
citations) and Bone Marrow Transplantation (557 citations) 
(Table 3).

Network analysis revealed that Bone Marrow Transplantation 
had the highest total link strength (131), indicating strong 
interconnections with other journals in the citation network. 
This was followed by Annals of Hematology (90) and Leukemia 
& Lymphoma (79).

Analysis of Institutions

Multiple leading institutions contributing to the field of 
intensive care and to outcomes for critically ill patients were 
identified based on publication output, citation counts, and 
total link strength.

The Medical University of Vienna emerged as the most 
productive institution, with 12 publications, followed by 
Monash University (n=10). Several Australian centers, including 

Alfred Hospital and Royal Perth Hospital (each n=8), as well 
as Royal Adelaide Hospital and Royal Brisbane and Women’s 
Hospital (each n=7), demonstrated substantial research output. 
Institutions such as the University Medical Center Utrecht 
and the University of Queensland (each n=7) also contributed 
significantly.

In terms of citation counts, Medical University of Vienna ranked 
first with 298 citations, indicating both high productivity and 
strong academic impact. Monash University followed with 
196 citations, while European institutions such as Hôpital 
Hôtel-Dieu (176 citations) and CHU Angers (164 citations) 
also demonstrated high citation performance. Other notable 
contributors included Institut Paoli-Calmettes (154 citations) 
and University of Western Australia (152 citations).

Network analysis revealed that Medical University of Vienna had 
the highest total link strength (156), reflecting its central role 
in international research collaboration. Nino Jesus Children’s 
Hospital (130) and University Medical Center Utrecht (108) 
also exhibited strong collaborative connections. Additional key 
institutions within the collaboration network included Leiden 
University (100), CHU Angers (99), and University of California 
San Francisco (89) (Table 4).

Table 1. Bibliometric Analysis of the 15 Most Highly Cited Publications in ICU and Hematological Malignancies Research, Including 
Citation Counts, Network-Based Total Link Strength, and Journal Distribution

Article title Source title Times cited, 
Wos Core

Total link 
strength

Delayed intensive care unit admission is associated with increased 
mortality in patients with cancer with acute respiratory failure Leukemia & Lymphoma 143 23

Intrahospital transport of critically ill patients: complications and 
difficulties Anaesthesia and intensive care 114 20

Prognostic factors for care unit admission, intensive care outcome, 
and post-intensive care survival in patients with de novo acute myeloid 
leukemia: a single center experience

Haematologica-The Hematology 
Journal 108 19

Postoperative complications after craniotomy for brain tumor surgery Anaesthesia Critical Care & Pain 
Medicine 95 18

Incidence and prognostic value of respiratory events in acute leukemia Leukemia 94 16

Intensive care unit management of patients with newly diagnosed acute 
myeloid leukemia with no organ failure Leukemia & Lymphoma 91 16

Efficacy of the APACHE Ii Score at ICU discharge in predicting post-ICU 
Mortality and ICU readmission in critically ill surgical patients Anaesthesia and Intensive Care 87 16

Identification of poor prognostic features among patients requiring 
mechanical ventilation after hematopoietic stem cell transplantation Blood 85 15

The epidemiology of adult rapid response team patients in Australia Anaesthesia and Intensive Care 84 15

Prognosis of patients with acute Myeloid Leukaemia admitted to intensive 
care British Journal of Haematology 82 15

Outcomes in critically Ill cancer patients with septic shock of pulmonary 
origin Shock 71 15

Changes in intensive care for allogeneic hematopoietic stem cell 
transplant recipients Bone Marrow Transplantation 69 15

After-Hours discharge from intensive care increases the risk of 
readmission and death Anaesthesia and Intensive Care 68 14

Night-shift discharge from intensive care unit increases the mortality-risk 
of ICU survivors Anaesthesia and Intensive Care 68 14

Combining Sequential Organ Failure Assessment (SOFA) Score with Acute 
Physiology and Chronic Health Evaluation (APACHE) Ii score to predict 
hospital mortality of critically ill patients

Anaesthesia and Intensive Care 67 14
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Analysis of Countries

Multiple countries contributed to the literature on intensive 
care and outcomes of critically ill patients, with notable 
variability in research productivity, citation impact, and strength 
of collaboration (Table 5).

Australia was the most productive country, with 58 publications, 
followed by the United States (n=48) and France (n=40). 
Germany (n=29) and Italy (n=24) also demonstrated substantial 
contributions. Other countries with moderate output included 
the Netherlands (n=16), Spain (n=15), and England (n=13). 
Contributions from Austria (n=12), Belgium (n=11), and Canada 
(n=11) were also noteworthy (Figure 2).

In terms of total citations, Australia again led with 1,246, 
indicating both high productivity and strong academic 
influence. France ranked second with 1,001 citations, followed 
by the United States (782 citations). Germany (406 citations) 
and Italy (331 citations) maintained a consistent presence in 
both productivity and citation impact. The Netherlands (290 
citations) and England (257 citations) also exerted considerable 
influence.

Network analysis revealed that France had the highest total 
link strength (156), indicating a central role in international 
research collaboration. The United States closely followed, with 
154 collaborations, while Germany (106) and the Netherlands 
(83) also showed strong collaborative connectivity. Spain 
(74) and England (67) contributed meaningfully to the global 
collaboration network.

Analysis of Authors

Leading authors contributing to the field of intensive care 
and outcomes of critically ill patients were identified based 
on publication productivity, citation impact, and collaboration 
strength.

Among the authors, Azoulay E. was the most productive with 11 
publications, followed by Lemiale V. (n=9) and Mokart D. (n=7). 
Several authors, including Canet E., Lengline E., Pilcher D.V., 
and Staudinger T., contributed six publications each (Figure 3). 
Additional contributors, such as Dobb G.J., Ho K.M., Kouatchet 
A., and Schellongowski P., demonstrated moderate productivity, 
each with five publications (Figure 3).

Table 2. Bibliometric Evaluation of Leading Journals Contributing to ICU and Hematological Malignancies Literature, Including 
Productivity, Citation Impact, and Collaboration Network Strength

Source Documents Source Citations Source Total link 
strength

Anaesthesia and Intensive Care 74 Anaesthesia and 
Intensive Care 1510 Bone Marrow 

Transplantation 131

Minerva Anestesiologica 41 Minerva Anestesiologica 620 Annals of Hematology 90

Bone Marrow Transplantation 21 Bone Marrow 
Transplantation 557 Leukemia & Lymphoma 79

Journal of Pediatric Hematology 
Oncology 20 Leukemia & Lymphoma 471 Biology of Blood and Marrow 

Transplantation 75

Anaesthesia Critical Care & Pain 
Medicine 19 Journal of Pediatric 

Hematology Oncology 358 British Journal of 
Haematology 65

Leukemia & Lymphoma 19 Annals of Hematology 313 Journal of Pediatric 
Hematology Oncology 59

Annals of Hematology 16 Anaesthesia Critical Care 
& Pain Medicine 243 Hematology 43

Shock 13 Biology of Blood and 
Marrow Transplantation 225 European Journal of 

Haematology 36

Biology of Blood and Marrow 
Transplantation 11 British Journal of 

Haematology 225 Pediatric Blood & Cancer 25

Pediatric Blood & Cancer 11 Shock 155 Haematologica-The 
Hematology Journal 18

Hematology 8 Pediatric Blood & Cancer 122 Anaesthesia and Intensive 
Care 17

European Journal of Haematology 7 Haematologica-The 
Hematology Journal 108 Minerva Anestesiologica 17

British Journal of Haematology 6 Hematology 107 Haematologica 16

Transplantation and Cellular Therapy 3 European Journal of 
Haematology 94 Acta Haematologica 15

Acta Haematologica 2 Leukemia 94 Transplantation and Cellular 
Therapy 14
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Table 3. Institutional Contribution And Collaboration Network Analysis in ICU and Hematological Malignancies Research

Organization Documents Organization Citations Organization Total link 
strength

Med Univ Vienna 12 Med Univ Vienna 298 Med Univ Vienna 156

Monash Univ 10 Monash Univ 196 Nino Jesus Childrens Hosp 130

Alfred Hosp 8 Hop Hotel Dieu 176 Univ Med Ctr Utrecht 108

Royal Perth Hosp 8 Chu Angers 164 Leiden Univ 100

Royal Adelaide Hosp 7 Inst J Paoli I Calmettes 154 Chu Angers 99

Royal Brisbane & Womens Hosp 7 Univ Western Australia 152 Univ Calif San Francisco 89

Univ Med Ctr Utrecht 7 Alfred Hosp 150 Univ Groningen 85

Univ Queensland 7 Univ Paris 07 148 Karolinska Univ Hosp 82

Univ Western Australia 6 Ch Versailles 143 Ghent Univ Hosp 76

Leiden Univ 5 Chu Avicenne 143 British Soc Blood & Marrow 
Transplantat 71

Univ Calif San Francisco 5 Chu Cochin 143 Royal Free London Nhs Fdn Trust 71

Univ Groningen 5 Chu Hotel Dieu 143 Ucl Med Sch 71

Univ Melbourne 5 Chu St Louis 143 Univ Coll London Hosp Nhs Fdn 
Trust 71

Ghent Univ Hosp 4 No Hosp 136 Univ Padua 70

Harvard Univ 4 Royal Brisbane & Womens Hosp 131 Univ Hosp Padua 70

Table 4. Country-Based Bibliometric Analysis of ICU and Hematological Malignancies Research Productivity, Impact, and Collaboration 
Networks

Country Documents Country Citations Country Total link 
strength

Australia 58 Australia 1246 France 156

USA 48 France 1001 USA 154

France 40 USA 782 Germany 106

Germany 29 Germany 406 Netherlands 83

Italy 24 Italy 331 Spain 74

Netherlands 16 Austria 298 England 67

Spain 15 Netherlands 290 Italy 65

England 13 England 257 Canada 52

Austria 12 Spain 231 Austria 48

Belgium 11 Canada 200 Turkey 38

Canada 11 South Korea 181 Sweden 38

People’s Republic of 
China 9 Belgium 151 Belgium 37

South Korea 8 Brazil 99 Australia 32

New Zealand 7 Turkey 97 South Korea 29

Brazil 6 Sweden 90 Israel 27
ICU, intensive care unit.
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Table 5. Author-level Bibliometric Analysis Highlighting the Most Productive, Cited, and Collaborative Researchers in ICU and 
Hematological Malignancies Research
Author Documents Author Citations Author Total link strength

Azoulay E 11 Azoulay E 405 Schellongowski P 438

Lemiale V 9 Lemiale V 395 Azoulay E 413

Mokart D 7 Lengline E 306 Lemiale V 374

Canet E 6 Kouatchet A 252 Kouatchet A 356

Lengline E 6 Mokart D 243 Staudinger T 352

Pilcher DV 6 Pène F 240 Bojic A 338

Staudinger T 6 Bruneel F 231 Sperr WR 338

Dobb GJ 5 Vincent F 231 Lengline E 334

Ho KM 5 Chevret S 214 Wohlfarth P 316

Kouatchet A 5 Lambert J 214 Mokart D 283

Schellongowski P 5 Staudinger T 197 Jaeger U 277

Williams TA 5 Schellongowski P 193 Valent P 277

Pène F 4 Bojic A 182 Diaz M 271

Wohlfarth P 4 Sperr WR 182 Madero L 271

Amigoni A 3 Chaoui D 176 Sevilla J 271
ICU, intensive care unit.

Figure 2. Network visualization of international collaboration among countries based on co-authorship analysis.
Node size reflects publication productivity, while edge thickness corresponds to the total link strength between countries. Different 
colors denote distinct collaboration clusters, highlighting regional and international research partnerships. Prominent nodes such 
as Australia, the USA, France, Germany, and Italy represent leading contributors and key connectors in the global research network.
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In terms of citation counts, Azoulay E. ranked first with 405 
citations, followed closely by Lemiale V. with 395 citations. 
Lengline E. (306 citations) and Kouatchet A. (252 citations) 
were also among the most influential authors. Other notable 
contributors included Mokart D. (243 citations), Pène F. (240 
citations), and Bruneel F. (231 citations), indicating a consistent 
overlap between productivity and citation impact among 
leading researchers.

Network analysis revealed that Schellongowski P. had the 
highest total link (Figure 4) (438), indicating a central role in 
collaborative research networks. Azoulay E. (413) and Lemiale 
V. (374) also demonstrated strong collaborative connectivity. 
Additional key contributors included Kouatchet A.(356)and 
Staudinger T. (352), highlighting a dense, interconnected 
author network.

Analysis of Keywords

Bibliometric analysis was performed using VOSviewer (version 
1.6.15) and Bibliometrix (R package). Fractional counting 
was applied to reduce bias from multi-authored publications 
(Figure 5).

No additional normalization method was applied beyond the 
default normalization implemented in VOSviewer (Table 6). 
For keyword co-occurrence analysis, a minimum occurrence 
threshold of 5 was used. Both Author Keywords and Keywords 
Plus were included in the analysis. Preprocessing steps included 
the removal of non-informative stop-words and the merging of 
synonymous terms (e.g., ICU, intensive care unit, intensive care)
to improve consistency. The most frequently occurring terms 
were identified based on their frequency of occurrence after 
preprocessing (Figure 6).

Figure 4. Institutional collaboration network highlighting the most productive research centers.
The size of each node represents the number of publications produced by the institution it represents, while link strength reflects 
collaborative relationships between institutions.

Figure 3. Co-authorship network of authors showing collaborative relationships and publication clusters.
Node size represents the number of publications contributed by each author, while the thickness of connecting lines indicates the 
strength of collaboration between authors.
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A number of frequently occurring keywords were identified 
to characterize the main research themes within the field 
of intensive care and outcomes of critically ill patients. The 
most common keyword was mortality (n=44), followed 
closely by intensive care (n=42) and critical care (n=34). Other  
high-frequency terms included intensive care unit (n=29; 
n=26 for variant forms), prognosis (n=24), and mechanical 

ventilation (n=21). Multiple variations of similar terms were 
observed, including intensive care, intensive care unit, intensive 
care units, and ICU, reflecting differences in indexing and 
authors’ keyword preferences. Despite these variations, all 
terms consistently pointed toward the same core research 
domain.

Figure 5. Journal co-citation network representing relationships among leading journals.
The size of each word reflects its frequency of occurrence within the dataset. malignancies in intensive care units.

Table 6. Co-occurrence Analysis of Keywords in ICU and Hematological Malignancies Research, Including Frequency of Occurrence and 
Total Link Strength

Keyword Occurrences Keyword Total link strength

Mortality 44 Intensive care 169

Intensive care 42 Mortality 167

Critical care 34 Critical care 138

Intensive care unit 29 Intensive care unit 122

Intensive care unit 26 Intensive care unit 94

Prognosis 24 Mechanical ventilation 92

Mechanical ventilation 21 Prognosis 91

Cancer 19 Cancer 81

Intensive care units 17 Sepsis 68

Sepsis 16 Hematopoietic stem cell 
transplantation 61

Critical illness 14 Critical illness 59

Outcome 14 Outcome 57

Hematopoietic stem cell transplantation 13 Intensive care units 54

ICU 12 ICU 41

Children 11 Pediatric 41

ICU, intensive care unit.
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DISCUSSION
This bibliometric analysis provides a comprehensive overview 
of the scientific landscape concerning critically ill patients 
with HMs admitted to ICUs. A total of 290 publications were 
included in the final bibliometric analysis. These publications 
spanned a broad temporal range from 2000 to 2025, reflecting 
the long-term development of research activity in the field. 
The included studies collectively received 5,576 citations, of 
which 5,003 citations remained after excluding self-citations, 
indicating a substantial level of external scientific impact. The 
overall average number of citations per publication was 19.23, 
demonstrating a moderate citation performance across the 
dataset. In total, the publications were cited by 3,649 citing 
articles, with 3,487 citing articles remaining after the exclusion 
of self-citations, further supporting the robustness and 
dissemination of the scientific output.

Globally, 1.28 million newly diagnosed hematological malignancy 
cases were reported in 2020 (7.6%), accompanied by 711,840 
cancer-related deaths (7.1%).14 Despite recent improvements 
in survival associated with targeted therapies and innovative 
treatment modalities, a considerable proportion of patients 
with unfavorable prognoses continue to experience relapse 
and resistance to therapy.15 Assessing the quality of care 
provided to this patient population is a crucial performance 
measure that assists policymakers and healthcare providers 
in monitoring clinical processes and enhancing the standards 
of care.16 Quality indicators offer insight into areas of strong 

performance as well as deficiencies, thereby informing future 
research directions.16 Bibliometric approaches designed 
for such purposes enable both qualitative and quantitative 
characterization of knowledge structures and the identification 
of evolving trends within specific research domains through 
mathematical and statistical analyses.17,18 This methodological 
strategy enables comparison of contributions and collaborative 
interactions among authors, countries, and journals.19 A total of 
frequently occurring keywords were identified to characterize 
the main research themes within the field of intensive care and 
critically ill patient outcomes.

Within this review, the article receiving the highest number 
of citations was “Delayed intensive care unit admission is 
associated with increased mortality in patients with cancer with 
acute respiratory failure’’.20 The analysis of highly cited articles 
underscores the clinical orientation of the field. The most 
influential studies addressed critical issues, including delayed 
ICU admission, prognostic determinants, and the application 
of severity scoring systems (e.g., APACHE II and SOFA). 
Notably, delayed ICU admission was consistently associated 
with increased mortality, highlighting the importance of timely 
critical care intervention in this vulnerable patient population. 
The second most cited article, “Intrahospital transport of 
critically ill patients:complications and difficulties”, was 
published in Anaesthesia and Intensive Care Medicine. Similarly, 
studies focusing on mechanical ventilation, post-transplant 
complications, and septic shock in oncologic patients further 
emphasize the complexity and severity of clinical presentations 

Figure 6. Keyword co-occurrence network illustrating major research themes and their interconnections.
Node size indicates keyword frequency, while link strength represents co-occurrence relationships between terms.



Öner and Namdaroğlu. Bibliometric Analysis of Articles Investigating Hematologic Malignancy Arch Basic Clin Res 2026;8(2):171-182

181

encountered in this setting.21 These findings indicate that the 
literature is strongly aligned with real-world clinical challenges 
and decision-making processes.

These findings indicate that the majority of research output is 
concentrated in journals focused on anesthesiology and intensive 
care, with a significant contribution from hematology-oriented 
journals.The most productive journal was Anaesthesia and Intensive 
Care, with 74 publications, followed by Minerva Anestesiologica (41 
publications) and Bone Marrow Transplantation (21 publications). 
Other notable contributors included Journal of Pediatric 
Hematology/Oncology (20 publications) and Anaesthesia Critical 
Care & Pain Medicine (19 publications).

Institutional analysis further corroborates this concentration of 
scientific output. The Medical University of Vienna was identified 
as the leading institution in both publication count and citation 
impact, highlighting its central role in advancing the field. 
Similarly, institutions such as Monash University and several 
major Australian hospitals exhibited high levels of productivity, 
while European centers—including University Medical Center 
Utrecht and leading French academic hospitals—demonstrated 
stronger integration within collaborative networks. These 
findings suggest that research on critically ill hematological 
patients is predominantly conducted in high-volume, 
specialized tertiary care centers with established expertise in 
both intensive care and hematology.22

From a productivity perspective, the literature seems to be 
dominated by a small number of geographically clustered 
research hubs. Australia (documents, n=58) emerged as the 
most prolific country in terms of publication output and 
total citations, highlighting its leading role in producing high-
impact research in this field. Despite its high productivity, 
Australia showed comparatively low total link strength (n=32), 
indicating that its research efforts might be more focused at 
the national level. In contrast, European countries, especially 
France (n=156) and the United States (n=154), demonstrated 
stronger positions within international collaboration networks, 
as reflected by their higher total link strength values.

Furthermore, beyond publication volume, total citations and 
average citations per article are also important metrics for 
assessing scientific impact.23 Australia leads in this area with 58 
publications, 1,246 citations, and an average of 21.48 citations 
per article, demonstrating a significant research impact. France 
received a total of 1001 citations for fewer publications (n=40), 
whereas the USA received 782 citations for 48 publications. 
Furthermore, developing countries, such as Brazil and Turkey, 
had lower numbers of publications and citations.

The bibliometric results indicated that European countries and 
the USA were the predominant contributors within this research 
area. These regions produced the largest number of publications, 
likely because they are supported by robust research funding 
environments. Both governmental agencies and biotechnology 
companies in these countries allocate significant financial 
resources for scientific advancement, fostering progress in 
innovative therapeutics for the management of HMS.3

Institutions generating large volumes of publications also tend 
to possess highly developed research infrastructures, expert 

clinical teams, extensive experience, and strong scientific 
traditions.3 Collectively, these elements create fertile conditions 
for the development of novel approaches in the care of patients 
with HMs.

At the author level, the analysis revealed a clear dominance by a 
significant number of highly influential researchers. In particular, 
Azoulay and collaborators constitute a central intellectual hub 
in the field and lead both in publication output and citation 
impact.

The high total link strength associated with this group further 
indicates that it plays a pivotal role in fostering international 
collaborations and shaping the research agenda. Other 
key contributors, including Lemiale, Mokart, Lengline, and 
Kouatchet, also demonstrated substantial influence, reflecting 
a tightly interconnected authorship network. This concentration 
suggests that scientific advancement in this area is largely 
driven by a core group of expert investigators and collaborative 
consortia.

Keyword analysis provides additional insight into the thematic 
structure of the field. The predominance of terms such as 
mortality, intensive care, critical care, and prognosis reflects a 
primary focus on outcome prediction and survival. The frequent 
occurrence of keywords such as sepsis, mechanical ventilation, 
and hematopoietic stem cell-transplantation indicates an 
emphasis on high-risk subgroups and critical complications. 
Furthermore, the presence of multiple terminological variants 
(e.g., ICU, intensive care unit, intensive care units) suggests 
heterogeneity in indexing practices, although these variations 
converge on the same core research domain.

Taken together, these findings demonstrate that research 
on critically ill patients with HMs is highly centralized, both 
geographically and intellectually, and is predominantly 
oriented toward clinically relevant outcomes such as mortality 
and prognostic stratification. The strong representation of 
collaborative European networks, alongside highly productive 
yet relatively-interconnected research systems, such as 
Australia, highlights important differences in research structure 
and knowledge dissemination.

Future research efforts should aim to enhance global 
collaboration, particularly by increasing contributions from 
underrepresented regions, to improve the generalizability of 
findings. Further integration of multicenter, prospective studies 
may help address existing gaps and advance evidence-based 
management strategies for this complex and high-risk patient 
population.

Limitations and Strengths

This bibliometric assessment is confined to original articles 
indexed within the Web of Science (WOS) database. 
Furthermore, only English-language publications were included, 
which may limit the global representativeness of the dataset. 
Relying solely on citation counts as an indicator of article quality 
may restrict the depth of evaluation. Additionally, distinctions 
among types of HMs could not be made from the analyzed 
publications, nor could staging or disease severity be assessed. 
Conversely, analyzing publications by country using multiple 
bibliometric indicators is a notable strength of this study.
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CONCLUSION
This bibliometric analysis demonstrates that research 
on critically ill patients with HMs is increasingly centered 
on mortality, prognostic evaluation, and intensive care 
management strategies. The field is characterized by a 
concentrated yet highly collaborative research structure, with 
significant contributions from specific countries, institutions, 
and leading authors. Despite moderate citation performance, 
the steady growth in publication output reflects rising scientific 
interest. Future research should emphasize multicenter 
collaboration, standardized clinical approaches, and broader 
global participation to enhance the generalizability and clinical 
applicability of findings.
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ABSTRACT
Objective: As cesarean section (CS) rates continue to rise, the choice of anesthesia has become increasingly important. Two main anesthetic 
approaches are commonly used: general anesthesia (GA) and regional anesthesia (RA), the latter comprising spinal anesthesia (SA), epidural 
anesthesia (EA), and CS-EA. The aim of this study was to evaluate the influence of educational status, prior anesthesia experience, and 
procedure-related concerns on parturients’ choice of anesthesia for elective CS.

Methods: Between January 2019 and December 2019, 275 pregnant women classified as American Society of Anesthesiologists II and 
scheduled for elective cesarean delivery at a tertiary care hospital were included in this study. Parturients were questioned in the preoperative 
room about age, educational level, previous birth experiences, knowledge of and concerns about SA. Subsequently, they were transferred to 
the operating room, where the choice of anesthesia modality was determined according to each parturient’s preference.

Results: The study population primarily consisted of women with a low educational level; however, no significant association was found 
between the type of anesthesia used for the current CS delivery and educational level (P = 0.26). Parturients’ knowledge about SA was 
limited, and the predominant source of information was friends and relatives. Only 19% of those who have knowledge mentioned “doctor” 
as the source. A statistically significant relationship was observed between the current anesthesia modality and prior anesthesia experience 
(P = 0.015). Fear of experiencing pain during the operation was the principal concern expressed by 37.45% of parturients.

Conclusion: Parturients preferred SA to GA across all education levels. Prior anesthesia experience led parturients to choose SA. Parturients 
who had experienced either general or SA prefer SA for the current operation.

Keywords: Anesthesia experience, anesthesia preference, caesarean section delivery, education level, spinal anesthesia
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INTRODUCTION
The increasing prevalence of cesarean section (CS) deliveries 
has underscored the importance of understanding maternal 
preferences regarding anesthesia modalities. Two anesthetic 
modalities are used in procedures: general anesthesia (GA) and 
regional anesthesia (RA), the latter of which includes spinal 
anesthesia (SA), epidural anesthesia (EA), and combined SA-
EA anesthesia. According to the National Anesthesia Clinical 
Outcomes Registry RA accounts for approximately 94.2% of 

anesthetic techniques used for CS in the United States.1 The 
most frequently used anesthetic modality for CS delivery is 
single-shot SA, which is easy to apply, is associated with fewer 
maternal and fetal complications, and provides adequate 
operating conditions and patient comfort.2-4 Despite clinical 
guidelines and recommendations, the choice of anesthesia 
often depends on a combination of surgical urgency, institutional 
practices, anesthesiologist experience, and, critically, the 
preferences of the parturient.4,5 Parturients’ preferences should 
receive priority consideration in elective cases.6
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Although RA is widely recommended and increasingly utilized for 
elective CS, the factors shaping maternal anesthesia preference 
remain complex and context-dependent. Previous studies have 
explored demographic and clinical determinants; however, the 
interaction between prior anesthesia experience, educational 
level, sources of information, and procedure-related concerns 
has not been sufficiently examined, particularly in populations 
with predominantly low educational attainment. Moreover, the 
role of misinformation and non-medical information sources 
in influencing maternal perceptions and fears continues to be 
underreported.

Therefore, this prospective observational study aimed to 
investigate the determinants of anesthesia preference 
among parturients undergoing elective CS, with particular 
emphasis on demographic characteristics, educational status, 
prior anesthesia exposure (including experience with both 
general and SA), and specific maternal concerns regarding the 
procedure. By evaluating these variables within a real-world 
tertiary care setting, our study seeks to provide further insight 
into maternal decision-making processes and to highlight the 
potential importance of structured preoperative counseling in 
supporting informed and patient-centered anesthesia choice.

MATERIAL AND METHODS
This prospective observational study was conducted at a 
tertiary care hospital between January and December 2019. Of 
the 363 eligible parturients, 275 consented to participate and 
were enrolled in the study, while 88 declined participation. A 
total of 275 pregnant women, classified as American Society of 
Anesthesiologists (ASA) II and scheduled for elective CS, were 
enrolled. Ethical approval was obtained from the institutional 
review board of Van, University of Health Sciences Türkiye,  
Training and Research Hospital (approval no: 2019/17, date: 
12.09.2019), and all participants provided written informed 
consent in accordance with the Declaration of Helsinki.

Exclusion criteria included requirement for emergency CS 
delivery; classification as ASA status ≥ III; patients who refused 
to participate; multiple gestations; possibility of intraoperative 
hemorrhage, such as cases of placenta previa or coagulation 
defects; premature membrane rupture; preterm delivery 
(defined as before the 37th week of pregnancy); pregnancies 
with obstetric problems such as fetal abnormality.

Parturients were evaluated in the preoperative room by an 
anesthesiologist. The questions about the parturients’ ages, 
education level, and previous births (for CS deliveries: anesthesia 
type and postoperative complaints) were asked of the 
parturients who agreed to participate, and their answers were 
recorded. She was also asked whether she had any knowledge 
of SA and where she had obtained that information. Each 
participant was also asked about her anesthesia preference 
for the upcoming CS; if SA was chosen, her specific concerns 
about the procedure were recorded. The recorded anesthesia 
modality reflected the patient’s self-reported preference prior 
to anesthetic administration, and no institutional or clinician-
driven coercion influenced the choice in elective cases. After 
the interview, the parturients were transferred to the operating 
room.

To minimize selection bias, all eligible parturients meeting the 
inclusion criteria were invited consecutively to participate, 
regardless of their demographic or clinical background. 
A standardized, structured questionnaire was used to 
ensure consistent data collection across participants; to 
reduce interviewer bias, the anesthesiologist followed this 
questionnaire and was blinded to participants’ medical histories 
beyond the study requirements. The questionnaire was pilot-
tested on 10 patients to ensure clarity and comprehensibility, 
and necessary modifications were made prior to the main 
study. Participation was voluntary, and informed consent was 
obtained from all participants without coercion. Additionally, 
we recorded the basic characteristics of non-responders to 
assess potential non-response bias.

Statistical Analysis

Data pertaining to the study were entered into spreadsheet 
software (Microsoft Excel 16.43). Statistical analyses were 
performed using R (version 4.0.3, R Core Team (2020). 
R: A language and environment for statistical computing. 
R Foundation for Statistical Computing, Vienna, Austria. 
(URL:https://www.R-project.org/). The Wilcoxon rank-sum test 
was used to compare continuous variables, and chi-square 
tests were applied for categorical variables. A P value < 0.05 was 
considered statistically significant.

A post-hoc power calculation, based on the observed effect 
size for the association between prior anesthesia exposure 
and current anesthesia preference, was conducted using a 
chi-square test framework. With a total sample size of 275 
participants and a two-sided alpha of 0.05, the study achieved 
a statistical power greater than 80% to detect a medium effect 
size (Cramér’s V ≈ 0.20). This suggests that the study was 
adequately powered to detect clinically relevant differences in 
anesthesia preferences in the study population.

RESULTS
A total of 275 parturient patients were enrolled in the study. 
Patient characteristics are summarized in Table 1. The median 
age of the parturients was 29 years (range = 19-44). Educational 
attainment were distributed as follows: non-literate (32%), 
primary school (31.27%), middle school (14.55%), high school 
(12.73%), and higher education (9.45%).

Of the current CS deliveries, 90 (32.73%) were primary, 
whereas 185 (67.27%) were recurrent CS deliveries. Among 
all parturients, 58 (21.09%) preferred GA for the current CS 
delivery, while 217 (78.91%) preferred SA. The median age (as 
shown in Figure 1) and education level (as shown in Table 2) 
did not differ significantly between anesthesia modalities (P = 
0.17 and P = 0.26, respectively). Education level was not directly 
associated with anesthesia preference (P = 0.26); however, 
lower education levels were linked to reduced knowledge about 
SA, which may influence preference formation.

There was a statistically significant relationship between the 
current anesthesia modality and prior anesthesia experience 
(c2 test P = 0.015). As shown in Table 3, all parturients with prior 
experience of both GA and SA preferred SA.

https://www.R-project.org/
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Among parturients with a previous CS delivery, 78 (42.62%) 
experienced postoperative complaints. The most common 
complaint was pain at the wound site, followed by nausea, 
headache, shivering, vomiting, motor deficit, and other 
complaints (as shown in Figure 2). The other postoperative 
complaints included back pain (4.37%), dyspnea (1.64%), 
throat ache (1.09%), treatment in the intensive care unit 
(0.55%), hypertension (0.55%), urinary catheter pain 
(0.55%), and wound infection (0.55%). When parturients 

Figure 1. Boxplots illustrate the age distribution of parturients 
who preferred GA versus SA for their current CS delivery. 
Median values, interquartile ranges, and outliers are displayed. 
The Wilcoxon rank-sum test was used to compare groups;  
P values are indicated above the plots.
SA,spinal anesthesia; GA, general anesthesia.

MAIN POINTS
•	 Spinal anesthesia was the preferred anesthetic 

technique for elective cesarean section across all 
educational levels.

•	 Prior anesthesia experience significantly influenced 
current anesthesia preference, with parturients 
previously exposed to spinal anesthesia showing a 
strong tendency to choose it again.

•	 Educational level alone was not directly associated with 
anesthesia preference; however, lower educational 
levels were linked to reduced knowledge about spinal 
anesthesia.

•	 Most parturients obtained information about spinal 
anesthesia from non-medical sources, whereas 
physician-based counseling was limited but strongly 
associated with a preference for it.

•	 Fear of intraoperative pain was the most common 
concern affecting the choice of anesthesia, highlighting 
the need for structured prenatal education and 
effective preoperative counseling.

Table 1. Values are presented as median (range) for continuous 
variables and n (%) for categorical variables. Educational status 
was classified as non-literate, primary school, middle school, 
high school, and higher education. Prior birth history includes the 
number and type of previous deliveries (vaginal, CS under GA, 
CS under SA). Current CS delivery was categorized as primary 
or recurrent. Current anesthesia modality reflects the patient’s 
preference for GA or SA.

Variable

Age [median (range)] 29 (19-44)

Education n(%)

Non-literate 88 (32%)

Primary school 86 (31.27%)

Middle school 40 (14.55%)

High school 35 (12.73%)

Higher education 26 (9.45%)

Prior births [median (range)]

Total number of prior births 1 (0-8)

Number of vaginal births 0 (0-8)

Number of CS births with GA 1 (0-4)

Number of CS births with SA 0 (0-2)

Current CS delivery [n(%)]

Primary 90 (32.73%)

Recurrent 185 (67.27%)

Current anesthesia modality [n(%)]

GA 58 (21.09%)

SA 217 (78.91%)

CS, cesarean section; GA, general anesthesia; SA, spinal anesthesia.

Table 2. Values are presented as n (%). The table demonstrates 
the frequencies of GA and SA preferences across different 
education levels, from non-literate to higher education. No 
statistically significant association was observed between 
education level and anesthesia preference(χ2 test, P = 0.26)

GA SA

Non-literate (n(%)) 17 (19.32%) 71 (80.68%)

Primary school (n(%)) 23 (26.74%) 63 (73.26%)

Middle school(n(%)) 10 (25%) 30 (75%)

High school (n(%)) 6 (17.14%) 29 (82.86%)

Higher education (n(%)) 2 (7.69%) 24 (92.31%)

c2 test P = 0.26

GA, general anesthesia; SA, spinal anesthesia.
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were questioned about their knowledge of SA 97 (35.4%) 
of parturients reported that SA was “useful”, 70 (25.55%) 
reported that it was “harmful”, and 107 (39.05%) responded 
“don’t know”. When asked about the source of this information, 
39.27% of parturients responded “friends, relatives”, 19.27% 
responded “doctor”, 11.27% responded “own experience” and 
4% responded “internet, television”.

Before performing SA, parturients who preferred this modality 
for CS delivery were asked about their concerns regarding the 
procedure. Fear of experiencing pain during operation was the 
principal concern expressed by 37.45% of parturients. Seeing/
hearing the operation, permanent backache, fear of paralysis 
(which is a common misconception rather than an evidence-
based concern and reported to be less than 0.01% after SA),7 
nausea were other concerns in 27.64%, 23.64%, 8% and 
3.27% of parturients, respectively. In our experience with these 
275 patients—both the general and SA groups— no irreversible 
complications were observed.

DISCUSSION
In this study, we described parturients’ anesthesia preferences 
for CS delivery in 2019 at a tertiary care hospital. Compared 
with GA, RA is associated with fewer respiratory complications, 
superior pain control, earlier mother–newborn interaction, and 
shorter mobilization time; therefore, SA remains the preferred 
technique.8-10 Our study aligns with other studies showing 
that SA is generally favored because it has minimal impact on 
neonatal outcomes, is associated with better postoperative 
recovery, and results in greater maternal satisfaction.11-13

Obstetric anesthesia differs from other surgical procedures 
due to additional concerns regarding neonatal well-being, 
breastfeeding, and newborn care. This process could be seriously 
impeded by postoperative nausea and vomiting.14 In our cohort, 
wound site pain and nausea were the most frequently reported 
postoperative complaints. Although nausea has been cited 
as a potential barrier to maternal comfort and early bonding, 
its frequency in our study was comparable to previously 
reported ranges.15 These findings suggest that concerns 
about postoperative discomfort may influence perception of 
anesthesia more strongly than the actual complication rates.

Previous experiences appear to play a guiding role for current 
preferences. We observed a statistically significant relationship 
between current anesthesia modality and prior anesthesia 
experience (P = 0.015), with parturients previously exposed 
to either GA or SA showing a preference for SA in subsequent 
procedures. This finding aligns with previous studies where 80% 
of parturients with prior SA experience reported they would 
choose it again for a subsequent delivery​.9 Similarly, maternal 
satisfaction after CS under SA has been reported as high as 97% 
in other studies​.16 In a 160-patient cohort study, parturients 
with previous SA experience opted for SA more often than the 
GA-experienced group.17 On the contrary, in a systematic review 
Afolabi and Lesi18 compared the neuraxial vs GA in CS delivery 
and more parturients in the GA group declared they would use 
the same technique for anensuing CS delivery. Taken together, 
these findings suggest that prior personal experience may 
outweigh abstract risk-benefit information when parturients 
make anesthesia decisions. Familiarity appears to function as 
a psychological anchor, potentially increasing perceived safety 
and predictability.

Although the majority of our study population had low 
educational attainment, no direct association was observed 
between education level and anesthesia preference (χ2 test, P 
= 0.26). SA was favored across all educational categories. This 
suggests that even in populations with limited formal education, 
parturients tend to prefer SA if they have had a positive prior 
experience with it. Our results differ from those reported by 
Carvalho et al.14, who identified education level as a significant 
determinant of anesthesia preference. However, in our 
cohort, lower educational status was associated with reduced 
knowledge regarding SA, indicating that knowledge gaps —
rather than educational attainment per se— may influence 
uncertainty or anxiety during decision-making.19 In this context, 
misinformation or an insufficient understanding of the safety 

Figure 2. Bar plot showing the percentages of parturients 
reporting specific postoperative complaints following previous 
CS. The most common complaint was wound site pain, 
followed by nausea, headache, shivering, vomiting, motor 
deficit, and other complications (back pain, dyspnea, throat 
pain, ICU admission, hypertension, urinary catheter pain, wound 
infection).
CS, cesarean section; ICU, intensive care unit.

Table 3. Values are presented as n (%). The table compares 
anesthesia preferences in patients with no prior anesthesia 
experience, those with previous GA, previous SA, or both GA and 
SA. A statistically significant relationship was observed between 
prior anesthesia experience and current anesthesia choice (χ2 
test, P = 0.015).

GA SA

No anesthesia experience [n(%)] 14 (15.22%) 78 (84.78%)

GA [n(%)] 40 (27.78%) 104 (72.22%)

SA [n(%)] 4 (18.18%) 18 (81.82%)

GA + SA [n(%)] 0 (0%) 17 (100%)

c2 test P = 0.015

GA, general anesthesia; SA, spinal anesthesia.
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profile and benefits of SA may contribute to a preference for 
GA despite its comparatively less favorable maternal profile.

In a prospective observational study conducted by Şahin 
et al.20, both maternal and partner educational levels were 
found to be significantly associated with anesthesia choice 
for elective CS, with higher educational attainment favoring 
SA. In that cohort, anesthesia preference was assessed 
after structured preoperative counseling in the anesthesia 
clinic, which may have enhanced patients’ understanding of 
anesthesia techniques, unlike in our study. This methodological 
difference suggests that education level alone may not directly 
determine anesthesia preference; rather, its effect may be 
mediated through access to accurate information and effective 
preoperative counseling. Our findings are further supported 
by a recent cross-sectional study from Pakistan, in which, 
despite a remarkably high acceptance of SA (93.7%), nearly 
half of the parturients reported significant fears, which were 
predominantly misconceptions such as paralysis, intraoperative 
pain, and postoperative backache. Importantly, fear was 
significantly more common among younger, nulliparous women 
with lower knowledge scores, and was frequently associated 
with information obtained from non-medical sources such as 
friends or relatives.21 Collectively, these findings indicate that 
misinformation and inadequate counseling may constitute 
more influential barriers than formal education itself. From 
a clinical perspective, this underscores the importance of 
structured prenatal education and standardized preoperative 
counseling in promoting informed, patient-centered anesthesia 
decision-making.

A according to our study, parturients’ knowledge about SA 
remains limited, with 39% indicating that they “don’t know” 
enough about it. Among those who reported having knowledge, 
only 19% cited a doctor as the source of information, while 
the majority relied on information from friends and relatives. 
There are many studies in the literature in which parturients 
were referred to SA by clinicians in proper cases22-24 and this is 
especially evident in obstetric-specialized anesthesiologists.25,26 
Similarly, in our study, we determined that 100% of the 
parturients who were informed by their doctors preferred SA. 
Even though Tekin et al.23 emphasized the opposite; social 
environment and relatives had principal effect in the choice 
of anesthesia on parturients according to our findings. This 
condition may cause concerns that have no medical basis. 
Patients generally feel uncomfortable in the operating theatre. 
Fears of sensing pain and of seeing or hearing the operation 
were main concerns, and these may result in a strong inclination 
for GA.15,16,23,27

Study Limitations

The main limitation of our study was the generally low 
levels of education among participants, which may limit 
the generalizability of the findings to the broader obstetric 
population. Our hospital does not provide prenatal classes for 
labor or CS delivery, and we therefore lack the opportunity 
to inform parturients in advance about available anesthesia 
options and their advantages. This study demonstrated that 
most parturients had insufficient knowledge regarding CS 

delivery and SA. Therefore, implementing prenatal classes and 
structured preoperative anesthesia consultations is necessary 
to improve maternal satisfaction and promote neonatal well-
being.

CONCLUSION
Although parturients’ knowledge about SA remains limited, 
the findings of this study suggest that structured prenatal 
education could enhance informed decision-making about 
anesthesia preferences for cesarean delivery. The observed 
association between prior anesthesia experience and 
current preference underscores the importance of providing 
comprehensive information on the benefits and potential risks 
of different anesthesia modalities. Targeted prenatal education 
programs that address common misconceptions—such as fear 
of paralysis or intraoperative pain during SA—may empower 
parturients to make more confident and informed choices, 
ultimately leading to improved maternal satisfaction and better 
clinical outcomes.
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ABSTRACT
Objective: To compare the syringe preparation time for ranibizumab prefilled syringe versus bevacizumab, ranibizumab, and aflibercept vials 
in routine retinal practice.

Methods: The study was conducted retrospectively between July 2019 and February 2021 at the Ophthalmology Department of the 
Erzincan Binali Yıldırım University Faculty of Medicine, Türkiye. Syringe preparation times for 157 eyes were collected for the study. For each 
injection, one independent observer recorded the duration of each step required to prepare the syringe, starting with the removal of the 
ranibizumab prefilled syringe or bevacizumab, ranibizumab, and aflibercept vials from their respective packaging, and ending at the moment 
the dose was ready for injection. Injections were excluded if disruptions during the drug administration process were due to external factors 
or if other errors occurred in measuring preparation time. In addition to preparation time, formation of air bubbles during syringe preparation 
was qualitatively observed.

Results: Forty-five eyes were treated with the ranibizumab prefilled syringe, while bevacizumab, ranibizumab, and aflibercept vials were 
used to treat 40, 36, and 36 eyes, respectively. The mean injection preparation time was 46.5±4.8 s for the syringe and 66.1±7.2 s, 64.2±5.1 
s, and 74.7±8.5 s for the bevacizumab, ranibizumab, and aflibercept vials, respectively. Air bubble formation was more frequently observed 
in the vial groups, particularly in the aflibercept group, than in the prefilled syringe group.

Conclusion: The ranibizumab-prefilled syringe required fewer preparation steps and had a lower incidence of bubble formation compared 
with other vials. Specifically, when preparing the aflibercept vial for injection, dose adjustment took longer than for the bevacizumab and 
ranibizumab vials, primarily due to air bubbles.
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Comparison of the Syringe Preparation Time for 
Ranibizumab Prefilled Syringe versus Bevacizumab, 
Ranibizumab, and Aflibercept Vials

INTRODUCTION
Anti-vascular endothelial growth factor (VEGF) drugs are 
developed to bind to and inhibit VEGF, which is believed to play 
a key role in the formation of new blood vessels. Randomised 
clinical trials have shown that intravitreal administration of 
these drugs is effective in the treatment of retinal diseases such 
as diabetic retinopathy, retinal vein occlusion and exudative 

age-related macular degeneration.1 It has been shown that the 
intravitreal injection of anti-VEGF is effective in treating some 
retinal diseases and improving their prognosis. In addition, 
research indicates that anti-VEGF therapy helps prevent visual 
loss and improve vision.2-4

Anti-VEGF treatment is becoming increasingly widespread and 
includes the administration of intravitreal injections.5,6 
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The number of patients receiving intravitreal injections in the 
USA increased from over 4 million in 2013 to nearly 6 million 
in 2016.7 However, this therapy requires frequent follow-up 
examinations. In addition, more patients are becoming eligible 
for this treatment compared to previous surgical procedures, 
resulting in an additional workload.8-11 To accommodate the 
growing patient population requiring anti-VEGF therapy and 
to reduce the risk of complications, pre-injection preparation 
time should be minimized. Nevertheless, some diseases, such 
as endophthalmitis, still pose certain safety risks due to the 
invasive nature of the treatment.12

In 2013, the EU granted approval for the use of ranibizumab 
solution in pre-filled syringe injections (PFSs) for the treatment 
of visual impairment caused by neovascular age-related macular 
degeneration , diabetic macular edema, retinal vein occlusion, 
pathological myopia. The use of intravitreal Ranibizumab 0.3 
mg PFS for the treatment of diabetic retinopathy and diabetic 
macular edema was approved by the US Food and Drug 
Administration in March 2018.13,14

PFS solutions have the same formulation as their vial 
counterparts (a single intravitreal injection of 0.5 mg delivered 
in a 0.05 mL volume). They have a latex-free, non-retractable 
plunger and a small, minimally siliconised barrel with a low void 
volume. Additionally, PFSs are packaged in sterile, disposable 
trays.

We aimed to compare intravitreal injection preparation times 
between the ranibizumab PFS and the vials of ranibizumab, 
bevacizumab, and aflibercept in routine clinical practice.

MATERIALS AND METHODS
The study was an observational, cross-sectional study 
conducted in the Department of Ophthalmology, Erzincan 
Binali Yıldırım University Faculty of Medicine, between July 2019 
and February 2021. Ethical approval was obtained from the 
ethics committee of Erzincan Binali Yıldırım University Faculty 
of Medicine (E-21142744-804.99-138855; date: 17.01.2022) 
and the principles stated in the Declaration of Helsinki were 
followed in the study. Since the study involved only observation 
of clinical practices without collecting identifiable patient data, 
informed consent for participation was not obtained.

In addition to preparation time, the occurrence of air bubble 
formation during syringe preparation was qualitatively observed 
by the same independent observer.

Data on syringe preparation time were gathered from 157 
eyes. For each injection, one independent observer recorded 
the duration of each step required to prepare the syringe, 
starting with the removal of the ranibizumab-prefilled syringe 
or vials of bevacizumab, ranibizumab, and aflibercept from their 
respective packaging and ending when the dose was ready for 
injection.

Six injection-preparation steps were identified when using 
vials of bevacizumab, ranibizumab, and aflibercept: 1) removal 
of the contents from the external box and internal packaging; 
2) donning gloves; 3) attaching a filter needle; 4) extracting 
the solution from the vial using the filter needle; 5) removing 
the filter needle and attaching the injection needle; and 6) 
adjusting the dose. In contrast, four injection-preparation steps 
were identified when using the ranibizumab-prefilled syringe: 
1) the removal of contents from the external box and internal 
packaging, 2) the donning of gloves, 3) the removal of the 
syringe cap and the attachment of the injection needle, and  
4) the adjustment of the dose.

Exclusion Criteria

Injections were excluded if disruptions occurred during the 
drug administration process due to external factors or if other 
errors occurred in measuring preparation time.

Statistical Analysis

The data were analysed using the Statistical Package for 
the Social Sciences (IBM SPSS) version 22.0. Descriptive 
statistics are presented using means and standard deviations 
for measured data. The Shapiro-Wilk test was used to assess 
whether the measured data were normally distributed. The 
Mann-Whitney U test was used to compare the measured data.
The level of significance was set at P < 0.05.

RESULTS
No cases of endophthalmitis were observed in any group.

Forty-five eyes were treated with the ranibizumab prefilled 
syringe, while bevacizumab, ranibizumab, and aflibercept vials 
were used to treat 40, 36, and 36 eyes, respectively. The mean 
injection preparation time was 46.5 ± 4.8 s for the ranibizumab 
prefilled syringe and 66.1 ± 7.2 s, 64.2 ± 5.1 s, and 74.7 ± 8.5 
s for the bevacizumab, ranibizumab, and aflibercept vials, 
respectively. The injection preparation time was significantly 
lower in the ranibizumab prefilled syringe group. The preparation 
time for the aflibercept vial was significantly longer than that 
for the other intravitreal drugs under investigation (Table 1). No 
findings of endophthalmitis were encountered in any patient 
who received the injection (Table 2).

DISCUSSION
A limitation of this study is that silicone-induced symptoms 
were not evaluated, and future studies may investigate these 
symptoms.

This study demonstrated a significant reduction in syringe 
preparation time and bubble formation when using the 
ranibizumab PFS vial compared to other vials. In particular, 

MAIN POINTS
•	 The frequency of anti-vascular endothelial growth 

factor (VEGF)  injections has been increasing, and they 
are being evaluated as treatment options for numerous 
diseases.

•	 However, anti-VEGF injections require a preparation 
time, and as this time increases, the risk of contamination 
and, consequently, of endophthalmitis increases.

•	 Therefore, we believe that determining the biological 
agent with the shortest preparation time and comparing 
the preparation time of the Ranibizumab Prefilled 
Syringe with those of other anti-VEGF agents used in 
clinical practice will contribute to the literature.
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when preparing the aflibercept vial for injection, the dose-
adjustment process took longer than that for the bevacizumab 
and ranibizumab vials, primarily due to bubble formation. With 
the PFS form, the administering physician was less dependent 
on a nurse’s continuous presence during injection preparation.

Drugs in the form of PFS have been used for many years in 
various medical treatments. Similar to previous studies on 
insulin and heparin PFSs, PFSs have been shown to be beneficial 
in terms of speed of delivery, reducing the complexity of syringe 
preparation, time efficiency and user satisfaction.15,16 Kasi et 
al.17 reported that PFSs also increased safety in vaccination 
versus traditional vials, as they involved fewer handling errors.

Ranibizumab PFS is a novel intravitreal anti-VEGF agent used 
to treat retinal diseases, including diabetic retinopathy, retinal 
vein occlusion, and exudative macular degeneration. The use of 
PFS requires less time and eliminates several procedural steps, 
including attachment and removal of the aspiration needle and 
aspiration of the drug from the vial. Consequently, the user 
needs only to insert the injection needle into the PFS and adjust 
the dose.

Consistent with our study, Souied et al.18 reported that the 
preparation time for intravitreal ranibizumab syringes using PFS 
was significantly shorter than with the vial. The authors found 
that the PFS resulted in a 17-29 s reduction in preparation time, 
similar to our findings (18-28 s). They also noted that the staff 
perceived a reduction in time spent addressing bubbles when 
using the PFS.18

Although air bubbles can form in the eye during intravitreal 
anti-VEGF injections, these bubbles are usually expected to be 
absorbed spontaneously within 3 days.19-21 However, sometimes 
these bubbles can increase intraocular pressure when 
travelling at high altitudes, causing unexpected uncomfortable 
symptoms and even sudden loss of vision.22 Similar to our 
findings, Sassalos and Paulus23 demonstrated that the syringe 
design offers improved dose assurance and reduces injection 
time, the formation of air or silicone oil droplets and the risk 
of endophthalmitis by eliminating many steps in injection 
preparation. It has been observed that a solution of aflibercept 

has a higher viscosity than that of ranibizumab, which results in 
a greater propensity for the formation of bubbles and increased 
difficulty in their elimination.24 The presence of bubbles poses 
a challenge since their injection into the vitreous can cause 
visual disturbances, leading to discomfort, fear of falling, and a 
reduced dose of the drug administered.19

According to our results, when preparing the aflibercept vial 
for injection, the dose adjustment process took longer than 
for the bevacizumab and ranibizumab vials because of bubble 
formation. Ranibizumab PFS features a Luer Lock design, which 
allows the needle to be gripped securely. The design of the PFS 
uses a siliconization process, called ‘‘baked silicone’’, in which 
an oil-in-water emulsion is spray-coated onto the inner surface 
of the syringe barrel and heat-fixed. This process minimises oil 
migration into the ranibizumab absolution and is expected to 
reduce the incidence of silicone-induced symptoms that may 
develop due to repeated intravitreal injections.18 In addition to 
intraocular air bubbles, silicone oil droplets, which are thought 
to be associated with intravitreal anti-VEGF drug injections, 
have been detected in recent studies. Khurana et al. 25 showed 
that 1.7% of patients receiving bevacizumab prepared by an 
insulin syringe experienced silicone oil drip complications. This 
was attributed to dimethicone, a lubricant employed to reduce 
friction between the syringe body and the piston. Silicone oil 
droplets are assumed to resemble air bubbles in the eye and 
to cause floaters associated with water droplets.​​​​ Although 
there are not enough studies on this subject in the literature, it 
is theoretically thought that these oil droplets may lead to the 
development of glaucoma.26

In a recent publication, Thompson highlighted the importance 
of utilizing silicone-free syringes for intravitreal injections, 
particularly in cases involving multiple regular anti-VEGF 
injections.27 Melo et al.28 reported that syringes without silicone 
oil performed best, in addition, the needles also contained 
silicone and this silicon oil may increase injection into the 
vitreous.

Lode et al.29 described a novel method of pharmaceutical 
compounding using silicone-free syringes and an injection 

Table 1. Preparation Times of Drugs
Number of patients Time (mean ± SD1) (s2) Min3 Max4

Ranibizumab prefilled syringe 45 46.5 ± 4.8 41.7 51.3

Bevacizumab vial 40 66.1 ± 7.2 58.9 73.3

Ranibizumab vial 36 64.2 ± 5.1 59.1 69.3

Aflibercept vial 36 74.7 ± 8.5 66.2 83.2

SD, standard deviation; s, second Min, minimum; Max, maximum

Table 2. The Development of Endophthalmitis In Patients Receiving Injections
Number of patients Endophthalmitis + Endophthalmitis -

Ranibizumab prefilled syringe 45 0 45

Bevacizumab vial 40 0 40

Ranibizumab vial 36 0 36

Aflibercept vial 36 0 36



Somuncu et al. Comparison of the Syringe Preparation Time Arch Basic Clin Res 2026;8(2):189-193

192

needle with a 33 G × 9 mm needle hub and low-dead-space. 
This method was evaluated for three widely used anti-VEGF 
biologics in ophthalmology: aflibercept (Eylea), bevacizumab 
(Avastin), and ranibizumab (Lucentis). Building on their 
previous work, which detailed a compounding method for the 
repackaging and storage of aflibercept in silicone-oil-coated 
plastic syringes while maintaining drug stability and potency, 
the authors reported benefits, including enhanced safety and 
reduced time per patient. Combining anti-VEGF biologics 
allows single-dose vials to be divided into multiple syringes, 
considerably reducing waste and drug costs. These results 
suggest that compounding and storage of biologics for one 
week do not affect their functional activity. This allows safe 
and cost-effective compounding of anti-VEGF biologics into 
prefilled silicone oil-free syringes for intravitreal injection.

The proposed approach involves compounding anti-VEGF 
biologics and storing them in prefilled plastic syringes for 
intravitreal use. Additionally, bevacizumab is repackaged for 
ophthalmic use into small glass vials rather than plastic syringes. 
This innovative method aims to enhance safety and efficacy. 
Peterson et al.30 reported that bevacizumab can be successfully 
packaged in small, single-dose glass vials for intravitreal 
injections. It was also stated that the properties of the product, 
including anti-VEGF bioactivity, would remain similar for 21 
months under refrigerator storage conditions.30 This approach 
warrants consideration as an alternative to plastic syringes for 
repackaging ophthalmic bevacizumab in small glass vials.

Endophthalmitis, a serious complication of intravitreal 
treatment that results in permanent vision loss, remains a 
significant concern in ophthalmic care. The utilisation of PFSs 
effectively eliminates numerous steps in the preparation of 
injections, thereby reducing the risk of iatrogenic contamination 
resulting from suboptimal drug or device handling.18,31 Although 
no comparative study in the literature has proven this 
hypothesis, Storey’s ongoing multicentre study suggests that 
the odds of endophthalmitis are lower with ranibizumab PFS 
than with conventional intravitreal injections. A large, multi-
centered, retrospective study revealed that the use of PFS 
during intravitreal ranibizumab administration reduced the 
incidence of culture-positive endophthalmitis, and improved 
visual outcomes.32

In their multi-centre study, Souied et al.18 demonstrated that 
the use of PFS resulted in a 25.5 second reduction in preparation 
time compared to the use of conventional syringes.18 In our 
study, the mean injection preparation time was 46.5 ± 4.8 s 
for the ranibizumab prefilled syringe versus 66.1 ± 7.2 s, 64.2 
± 5.1 s, and 74.7 ± 8.5 s for the bevacizumab, ranibizumab, and 
aflibercept vials, respectively. Accordingly, injection preparation 
time was significantly lower in the ranibizumab prefilled syringe 
group and significantly higher for the aflibercept vial compared 
with the other intravitreal drugs.

Our findings, along with those from similar studies, reflect 
the common goal of shortening the preparation stages for 
intravitreal injections, thus reducing the total drug preparation 
time and, most importantly, minimizing the risk of infection.  

In the current study, the ranibizumab prefilled syringe required 
fewer preparation steps, enhancing ophthalmologists’ work 
efficiency. This allows clinicians to see more patients per 
session, to reduce the total time required to see the same 
number of patients, to provide additional time for consultations 
when needed. In a busy retinal practice where several injections 
are performed per day, the use of PFSs could be a significant 
time-saver compared with vials. Although it is encouraging 
that no patient developed endophthalmitis in our study, we 
think that this finding may reflect the small sample size. Larger 
studies are needed on this subject.
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ABSTRACT
Objective: Rapid identification of causative microorganisms is essential in suspected native septic arthritis and periprosthetic joint infection. 
This study evaluated the diagnostic performance of the BioFire® Joint Infection Panel and assessed its agreement with conventional culture 
and systemic inflammatory biomarkers.

Methods: Hospital records from January 2025 to April 2026 were retrospectively reviewed. Of 115 screened patients with suspected joint 
infection, nine were excluded because BioFire® testing had not been performed and only culture results were available. The final analysis 
included 106 synovial fluid samples. All samples were tested using conventional culture and the BioFire® Joint Infection Panel during the 
same clinical episode. Demographic data, infection category, localization, C-reactive protein, erythrocyte sedimentation rate, procalcitonin, 
and white blood cell count were recorded. Agreement was assessed using Cohen’s kappa, discordance using the McNemar test, and 
diagnostic performance using culture as the reference method.

Results: Sixty-five samples (61.3%) were classified as suspected native septic arthritis and 41 (38.7%) as periprosthetic joint infection. 
BioFire® was positive in 22 samples (20.8%) and culture was positive in 32 (30.2%). Overall agreement was 86.8%, with substantial 
agreement according to Cohen’s kappa (0.656). Discordance was significant, predominantly due to culture-positive/BioFire®-negative 
samples (P = 0.013). BioFire® showed 62.5% sensitivity [95% confidence interval (CI): 43.7-78.9), 97.3% specificity (95% CI: 90.6-99.7), 
90.9% positive predictive value, 85.7% negative predictive value, and 86.8% accuracy. C-reactive protein, procalcitonin, and white blood cell 
counts were significantly higher in patients with suspected native septic arthritis.

Conclusion: The BioFire® Joint Infection Panel provides rapid and highly specific microbiological support in suspected joint infection. 
However, its moderate sensitivity and inability to detect off-panel organisms indicate that it should complement rather than replace 
conventional culture.

Keywords: Septic arthritis, periprosthetic joint infection, polymerase chain reaction, microbiological techniques, synovial fluid
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INTRODUCTION
Septic arthritis and periprosthetic joint infection (PJI) are 
serious orthopedic infections that may lead to irreversible joint 
damage, systemic sepsis, repeated surgery, increased morbidity, 
and mortality when diagnosis and treatment are delayed.1,2 
Rapid and accurate pathogen identification is therefore 
central to targeted antimicrobial therapy, surgical planning, 
and risk stratification.3 Conventional microbiological culture of 
synovial fluid and tissue specimens remains the cornerstone 
of microbiological diagnosis, but pathogen recovery is time-
dependent and may be affected by sample volume, bacterial 
burden, previous antibiotic exposure, biofilm formation, and the 
presence of slow-growing or low-virulence microorganisms.4-7

These limitations are particularly relevant in PJI, where biofilm-
associated pathogens may be difficult to recover by standard 
culture methods, and in native septic arthritis, where empirical 
antibiotic treatment before aspiration may reduce culture 
positivity. As a result, molecular diagnostic approaches, 
including syndromic multiplex polymerase chain reaction (PCR) 
panels, have attracted increasing interest because they can 
provide standardized pathogen detection in a substantially 
shorter time frame.8

The BioFire® FilmArray® Joint Infection Panel (bioMérieux, 
Marcy-l’Étoile, France) is a closed, automated, multiplex 
molecular diagnostic system developed for the analysis of 
synovial fluid. The panel can detect, directly from synovial fluid, 
a predefined set of bacterial and fungal targets and selected 
antimicrobial resistance genes in approximately one hour.9,10 
Recent studies have suggested that the panel may improve early 
microbiological documentation, contribute to the management 
of culture-negative cases, and support timely antimicrobial 
stewardship.11-16

Nevertheless, the clinical usefulness of the panel depends on 
the target spectrum, organism burden, the biology of biofilm-
related disease, and the presence of off-panel microorganisms. 
Moreover, the relationship between molecular positivity and 
systemic inflammatory response may differ between suspected 
native septic arthritis and PJI. This study aimed to evaluate the 
diagnostic performance of the BioFire® Joint Infection Panel, its 

agreement with conventional culture, and its association with 
systemic inflammatory biomarkers in patients evaluated for 
suspected native or prosthetic joint infection.

MATERIALS AND METHODS
Study Design and Population

This retrospective diagnostic accuracy study included synovial 
fluid samples obtained from patients evaluated in our clinic for 
suspected joint infection. The study was prepared in accordance 
with the standards for reporting of diagnostic accuracy (STARD) 
principles for diagnostic accuracy research and the Declaration 
of Helsinki. Ethics committee approval was obtained from the 
Erzincan University Faculty of Medicine Ethics Committee 
(approval no: 2025-18/03, date: 16.10.2025).

In this retrospective study, hospital records from January 2025 
to April 2026 were reviewed, and 115 patients with suspected 
joint infection were initially screened. The cohort comprised 
patients who presented to the emergency department or the 
orthopedic outpatient clinic with suspected septic arthritis, 
and patients with prosthetic joints who developed acute 
clinical findings suggestive of infection, such as periarticular 
effusion, increased local temperature, and pain. PJI was 
classified according to institutional diagnostic practice based 
on clinical findings, serum inflammatory markers, synovial fluid 
analysis, microbiological results, and intraoperative findings 
when available. Nine patients were excluded because BioFire® 
Joint Infection Panel testing had not been performed, and only 
conventional culture results were available for these patients. 
Accordingly, the final analysis included 106 synovial fluid 
samples, each assessed concurrently by conventional culture 
and the BioFire® Joint Infection Panel during the same clinical 
episode. Samples with invalid or non-evaluable molecular 
results were excluded. Clinical and demographic variables, 
including age, sex, prosthesis status, infection category, and 
anatomical localization, were extracted from the hospital 
information management system. After clinical evaluation, 
cases were categorized as suspected native septic arthritis 
or suspected PJI. The unit of analysis was the synovial fluid 
sample. The patient selection process and final study cohort are 
summarized in the STARD flow diagram (Figure 1).

Laboratory Parameters

C-reactive protein (CRP, mg/L), erythrocyte sedimentation 
rate (ESR, mm/h), procalcitonin (PCT, ng/mL), and white 
blood cell count (WBC, 103/µL) were recorded from venous 
blood samples collected on the day of joint aspiration. 
Biochemical and hematological analyses were performed in 
the central laboratory of our hospital according to standardized 
procedures. The exact timing of biomarker sampling relative to 
antibiotic administration was not consistently available in the 
retrospective records; therefore, biomarker values were defined 
as those obtained on the day of aspiration.

Conventional Microbiology

Synovial fluid samples were aspirated under sterile conditions 
and immediately transferred to the microbiology laboratory. 
For conventional microbiological assessment, samples were 

MAIN POINTS
•	 The BioFire® Joint Infection Panel showed high 

specificity and positive predictive value in suspected 
joint infection.

•	 Moderate sensitivity and discordance between culture-
positive and BioFire-negative results indicate that 
negative BioFire results cannot exclude infection.

•	 The panel may provide rapid microbiological guidance 
when urgent organism-directed treatment decisions 
are required.

•	 Suspected native septic arthritis showed a stronger 
systemic inflammatory response than in periprosthetic 
joint infection.

•	 BioFire testing should be interpreted as an adjunct to, 
rather than a replacement for, conventional culture.
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inoculated onto blood agar, MacConkey agar, and chocolate 
agar plates and also introduced into aerobic and anaerobic 
blood culture bottles for enrichment, according to the 
laboratory protocol. In suspected native joint infection, culture 
plates were incubated for 5-7 days; in suspected PJI, incubation 
was extended to 14 days to improve detection of low-virulence 
or biofilm-forming organisms, including Cutibacterium acnes. 
Colony identification and antimicrobial susceptibility testing 
were performed using the laboratory’s routine matrix-assisted 
laser desorption/ionization time-of-flight mass spectrometry 
and automated systems.

BioFire Joint Infection Panel

In parallel with culture, approximately 0.2 mL of synovial 
fluid was analyzed using the BioFire Joint Infection Panel. 
In accordance with the manufacturer’s instructions, the 
sample was mixed with the designated hydration solution, 
loaded into the cartridge, and placed in the BioFire FilmArray 
system. The closed cartridge performs cell lysis, nucleic acid 
extraction, reverse transcription (when required), multiplex PCR 
amplification, and fluorescent probe-based detection. Results 
were reported by the software as Detected, Not Detected, 
or Invalid. The target spectrum of the panel is summarized in 
Table 1.

Statistical Analysis

Statistical analyses were performed using the Statistical 
Package for the Social Sciences, version 26.0 (IBM Corp., 
Armonk, NY, USA). The distribution of continuous variables 
was evaluated using the Shapiro-Wilk test and visual methods. 
Non-normally distributed continuous variables were reported 
as median [interquartile range (IQR)]; categorical variables were 
reported as frequencies and percentages. Either the chi-square 
test or Fisher’s exact test was used for categorical variables, and 
the Mann-Whitney U test was used for continuous variables. 
Agreement between BioFire and culture was evaluated using 
Cohen’s kappa coefficient, and directional discordance was 
assessed using the McNemar test. Sensitivity, specificity, 
positive predictive value (PPV), negative predictive value (NPV), 
and accuracy were calculated using conventional culture as 
the reference method. A P value of < 0.05 was considered 
statistically significant. Exact 95% confidence intervals were 
calculated for sensitivity, specificity, PPV, negative predictive 
value, and overall diagnostic accuracy using the binomial 
method.

RESULTS
The study included 106 synovial fluid samples. Female and male 
patients were equally represented, with 53 patients (50.0%) 
from each sex. The overall mean age was 65.6 ± 15.5 years, and 
the median age was 66.5 years (IQR: 59.5-77.0). According to 
clinical categorization, 65 samples (61.3%) were classified as 
suspected native septic arthritis and 41 (38.7%) as PJI. The 
most common anatomical site was the knee (n=73, 68.9%), 
followed by the hip (n=21, 19.8%), the ankle (n=5, 4.7%), the 
elbow (n=5, 4.7%), and the shoulder (n=2, 1.9%) (Table 2).

Sex distribution did not differ significantly between the 
suspected native septic arthritis and PJI groups (P = 0.231). 
Age distributions were also similar between the groups, with 
median ages of 67 years in the suspected native septic arthritis 
group and 66 years in the PJI group (P = 0.763). In contrast, 
localization differed significantly between groups (P < 0.001). 
The knee was the predominant site in suspected native septic 
arthritis, whereas involvement of the knee and hip was equally 
represented in PJI (Table 2).

The BioFire panel was negative in 84 samples (79.2%) and 
positive in 22 samples (20.8%). Conventional culture was 
negative in 74 samples (69.8%) and positive in 32 samples 
(30.2%). When both methods were evaluated together, 
20 samples were positive by both methods, and 72 were 
negative by both. Overall observed agreement was 86.8%, and 
Cohen’s kappa was 0.656, indicating substantial agreement. 
Discordance was asymmetric, with significantly more culture-
positive/BioFire-negative samples than BioFire-positive/
culture-negative samples (McNemar P = 0.013) (Table 3). 

Using conventional culture as the reference method, the BioFire® 
Joint Infection Panel demonstrated a sensitivity of 62.5% (95% 
CI: 43.7-78.9), specificity of 97.3% (95% CI: 90.6-99.7), PPV of 
90.9% (95% CI: 70.8-98.9), negative predictive value of 85.7% 
(95% CI: 76.4-92.4), and overall diagnostic accuracy of 86.8% 
(95% CI: 78.8-92.6) (Table 4). BioFire positivity was observed 

Figure 1. STARD flow diagram of patient selection and inclusion 
process. Hospital records from January 2025 to April 2026 
were retrospectively reviewed. Among 115 initially screened 
patients with suspected joint infection, nine were excluded 
because BioFire® Joint Infection Panel testing had not been 
performed and only conventional culture results were available. 
The final analysis included 106 synovial fluid samples obtained 
from 106 unique patients, including 65 samples categorized as 
suspected native septic arthritis and 41 samples categorized as 
periprosthetic joint infection.
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in 13 of 65 samples (20.0%) in the suspected native septic 
arthritis group and in 9 of 41 samples (22.0%) in the PJI group, 
with no statistically significant difference between groups (P 
= 0.811). Culture positivity was observed in 16 of 65 samples 
(24.6%) from the suspected native septic arthritis group and 
in 16 of 41 samples (39.0%) from the PJI group; however, this 
difference did not reach statistical significance (P = 0.132).

Discordant results were observed in 14 samples. Two samples 
were BioFire-positive/culture-negative, whereas 12 samples 
were culture-positive/BioFire-negative. Because conventional 
culture is an imperfect reference standard in joint infection, 
particularly in patients with prior antibiotic exposure or biofilm-
associated infection, BioFire-positive/culture-negative results 

were interpreted as discordant findings rather than definitive 
false-positive results. Conversely, culture-positive/BioFire-
negative discordance may have been related to off-panel 
microorganisms, a low organism burden below the analytical 
detection threshold of the molecular panel, or low-inoculum 
organisms commonly encountered in indolent or biofilm-
associated infections. Table 5 summarizes the microorganisms 
or molecular targets identified in the 14 discordant samples. 
The two BioFire-positive/culture-negative samples were 
Streptococcus spp. (from a PJI knee sample) and Klebsiella 
aerogenes (from a suspected native septic arthritis knee 
sample). The 12 culture-positive/BioFire-negative samples 

Table 1. Targets Detected by the BioFire® Joint Infection Panel
Category Microorganisms/Resistance Genes

Gram-positive bacteria

Enterococcus faecalis; Enterococcus faecium; Listeria monocytogenes; Staphylococcus aureus; 
Staphylococcus lugdunensis; Streptococcus agalactiae (Group B); Streptococcus pneumoniae; Streptococcus 
pyogenes (Group A); Streptococcus anginosus group (S. anginosus, S. intermedius, S. constellatus); 
Streptococcus dysgalactiae

Gram-negative bacteria

Bacteroides fragilis; Citrobacter spp. (C. freundii, C. koseri, C. amalonaticus); Enterobacter cloacae complex; 
Escherichia coli; Haemophilus influenzae; Kingella kingae; Klebsiella aerogenes; Klebsiella pneumoniae group; 
Klebsiella oxytoca; Morganella morganii; Neisseria gonorrhoeae; Proteus spp.; Pseudomonas aeruginosa; 
Salmonella spp.; Serratia marcescens

Yeast Candida albicans; Candida glabrata

Antimicrobial resistance genes Carbapenemases: blaIMP, blaKPC, blaNDM, blaOXA-48-like, blaVIM; extended-spectrum beta-lactamase: 
blaCTX-M; methicillin resistance: mecA/C and mecA/C with MREJ; vancomycin resistance: vanA/B

Target list is presented for interpretation of potential on-panel and off-panel discordance. BioFire JIP: BioFire® Joint Infection Panel; MREJ: Staphylococcal cassette 
chromosome mec right-extremity junction.

Table 2. Demographic and Clinical Characteristics of the Study Population

Parameters Total (n=106) Suspected Native Septic Arthritis 
(n=65) PJI (n=41) P value

Gender, n (%) 0.231

Female 53 (50.0) 30 (46.2) 23 (56.1)

Male 53 (50.0) 35 (53.8) 18 (43.9)

Age (years) 0.763

Median (IQR) 66.5 (59.5-77.0) 67 (58.0-78.0) 66 (60.0-76.5)

Localization, n (%) <0.001

Knee 73 (68.9) 55 (84.6) 18 (43.9)

Hip 21 (19.8) 3 (4.6) 18 (43.9)

Ankle 5 (4.7) 4 (6.2) 1 (2.4)

Elbow 5 (4.7) 2 (3.1) 3 (7.3)

Shoulder 2 (1.9) 1 (1.5) 1 (2.4)
IQR: interquartile range; PJI: periprosthetic joint infection.

Table 3. Comparison of BioFire Joint Infection Panel and 
Conventional Culture Results

Culture (+) Culture (-) Total

BioFire JIP (+) 20 2 22

BioFire JIP (-) 12 72 84

Total 32 74 106
BioFire JIP: BioFire® Joint Infection Panel. Overall agreement: 86.8%; Cohen’s 
kappa: 0.656; McNemar P = 0.013.

Table 4. Diagnostic Performance of the BioFire® Joint Infection 
Panel Using Conventional Culture as the Reference Method
Parameter Value 95% CI

Sensitivity 62.5% 43.7-78.9

Specificity 97.3% 90.6-99.7

Positive predictive value 90.9% 70.8-98.9

Negative predictive value 85.7% 76.4-92.4

Accuracy 86.8% 78.8-92.6
CI: confidence interval.
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included Staphylococcus aureus (n=1), Achromobacter 
denitrificans (n=1), Brucella spp. (n=2), Staphylococcus 
epidermidis (n=3), Staphylococcus lugdunensis (n=1), mixed 
Staphylococcus hominis and Staphylococcus epidermidis 
(n=1), Staphylococcus hominis (n=1), Corynebacterium 
simulans (n=1), and Staphylococcus haemolyticus (n=1). Most 
culture-positive/BioFire-negative discordant samples involved 
organisms outside the panel’s target spectrum or low-virulence 
skin flora, whereas Staphylococcus aureus and Staphylococcus 
lugdunensis were on-panel organisms.

Among positive samples, Staphylococcus aureus was the most 
frequently identified organism by both BioFire and culture. The 

BioFire panel also detected Candida albicans and Streptococcus 
species. Conventional culture also identified Streptococcus 
agalactiae, Staphylococcus epidermidis, and other organisms. 
BioFire detected the mecA/C and MREJ resistance markers 
compatible with methicillin-resistant Staphylococcus aureus in 
three samples, and CTX-M in one sample.

In the overall cohort, the median CRP, ESR, PCT, and WBC 
were 66.2 mg/L, 31 mm/h, 0.075 ng/mL, and 9.61 × 103/µL, 
respectively. The systemic inflammatory response was more 
prominent in suspected native septic arthritis. Median CRP was 
80.4 mg/L in suspected native septic arthritis and 18.9 mg/L in 
PJI (P = 0.004). Median PCT (P = 0.005) and WBC (P = 0.009) 

Table 5. Microorganisms or Molecular Targets Identified in Discordant Cases

Case
Study 
sample 
no.

Infection 
category Location Discordance 

pattern
BioFire® JIP 
result Culture result Interpretation

1 15 Periprosthetic 
joint infection Knee BioFire® positive / 

culture negative

Streptococcus 
spp., no 
resistance 
marker

Negative

BioFire® target detected despite 
negative culture; possible culture 
limitation, prior antibiotics, low viable 
burden, or nonviable DNA.

2 16
Suspected 
native septic 
arthritis

Knee BioFire® positive / 
culture negative

Klebsiella 
aerogenes; 
no resistance 
marker

Negative

BioFire® target detected despite 
negative culture; possible culture 
limitation, prior antibiotics, low viable 
burden, or nonviable DNA.

3 2
Suspected 
native septic 
arthritis

Hip Culture positive / 
BioFire® negative Not detected Staphylococcus 

aureus

On-panel organism; possible low 
organism burden, sampling variation, or 
inhibition.

4 5
Suspected 
native septic 
arthritis

Knee Culture positive / 
BioFire® negative Not detected Achromobacter 

denitrificans Off-panel organism.

5 29
Suspected 
native septic 
arthritis

Knee Culture positive / 
BioFire® negative Not detected Brucella spp. Off-panel organism.

6 45 Periprosthetic 
joint infection Knee Culture positive / 

BioFire® negative Not detected Staphylococcus 
epidermidis

Off-panel low-virulence skin flora 
organism.

7 48 Periprosthetic 
joint infection Knee Culture positive / 

BioFire® negative Not detected Staphylococcus 
lugdunensis

On-panel organism; possible low 
organism burden, sampling variation, or 
inhibition.

8 55 Periprosthetic 
joint infection Knee Culture positive / 

BioFire® negative Not detected

Staphylococcus 
hominis and 
Staphylococcus 
epidermidis

Off-panel low-virulence skin flora 
organisms.

9 68 Periprosthetic 
joint infection Hip Culture positive / 

BioFire® negative Not detected Staphylococcus 
hominis

Off-panel low-virulence skin flora 
organism.

10 69 Periprosthetic 
joint infection Hip Culture positive / 

BioFire® negative Not detected Corynebacterium 
simulans

Off-panel low-virulence skin flora 
organism.

11 72 Periprosthetic 
joint infection Hip Culture positive / 

BioFire® negative Not detected Staphylococcus 
epidermidis

Off-panel low-virulence skin flora 
organism.

12 82
Suspected 
native septic 
arthritis

Knee Culture positive / 
BioFire® negative Not detected Brucella spp. Off-panel organism.

13 86 Periprosthetic 
joint infection Knee Culture positive / 

BioFire® negative Not detected Staphylococcus 
haemolyticus

Off-panel low-virulence skin flora 
organism.

14 88 Periprosthetic 
joint infection Knee Culture positive / 

BioFire® negative Not detected Staphylococcus 
epidermidis

Off-panel low-virulence skin flora 
organism.

BioFire® JIP, BioFire® Joint Infection Panel; PJI, periprosthetic joint infection. Independent molecular confirmation, such as broad-range 16S rRNA sequencing, was 
not performed.
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values were also significantly higher in patients with suspected 
native septic arthritis. ESR did not differ significantly between 
groups (P = 0.842). When biomarkers were compared by BioFire 
positivity, CRP, ESR, PCT, and WBC values were numerically 
higher in BioFire-positive samples, but most differences were 
not statistically significant.

DISCUSSION
This study demonstrated that the BioFire Joint Infection Panel 
had high specificity, high PPV, and substantial agreement with 
conventional culture in patients evaluated for suspected native 
septic arthritis or PJI. The overall agreement rate of 86.8% and 
a kappa value of 0.656 indicate that the panel can provide 
clinically useful microbiological information. However, the 
moderate sensitivity and the predominance of culture-positive/
BioFire-negative discordance support its use as a rapid adjunct 
to culture.

The high specificity of 97.3% and the PPV of 90.9% are clinically 
important. In practice, a positive molecular result can rapidly 
support organism-directed antimicrobial treatment, particularly 
when urgent therapeutic decisions are required in acute septic 
arthritis. The approximately one-hour turnaround time of the 
panel may also facilitate early antimicrobial stewardship by 
allowing earlier narrowing or escalation of empirical regimens 
when a target organism or resistance marker is detected.9-16 

The sensitivity of 62.5% observed in our cohort requires careful 
interpretation. Culture-positive/BioFire-negative samples may 
reflect a low bacterial burden below the analytical detection 
threshold, organisms not included in the panel, or pathogens 
associated with indolent biofilm-related infection. Conventional 
culture was used as the reference method, but it may also be 
affected by prior antibiotic exposure, sample volume, transport 
conditions, organism burden, incubation requirements, and 
slow-growing or biofilm-forming microorganisms. Accordingly, 
discordant results should be interpreted together with clinical, 
laboratory, and intraoperative findings rather than in isolation.

The distribution of organisms in our study was consistent 
with the established microbiology of joint infections, with 
Staphylococcus aureus being the most frequently detected 
pathogen. The ability of the panel to detect mecA/C and 
MREJ directly from synovial fluid may be valuable in cases 
of suspected methicillin-resistant Staphylococcus aureus 
infection, because early recognition of resistance can influence 
empirical treatment. Nevertheless, the panel does not include all 
potentially relevant bacteria, fungi, or resistance mechanisms; 
this restricted target range explains the need for culture, 
prolonged incubation when indicated, and clinical correlation

A notable finding was that suspected native septic arthritis 
and PJI exhibited different inflammatory biomarker profiles. 
CRP, PCT, and WBC were significantly higher in patients with 
suspected native septic arthritis, whereas ESR did not differ 
significantly. This pattern suggests that suspected native 
septic arthritis is more often associated with an acute systemic 
inflammatory response, whereas PJI may present with a more 
indolent biomarker profile because of biofilm formation and 
lower-virulence pathogens. Consequently, reliance on systemic 
biomarkers alone may be insufficient in suspected PJI, and 

microbiological tests should be interpreted within the broader 
clinical context.

The relationship between BioFire positivity and systemic 
inflammatory biomarkers was limited. Although median 
biomarker values were numerically higher in BioFire-positive 
samples, most differences were not statistically significant. 
Molecular positivity reflects the presence of a target nucleic acid, 
whereas systemic biomarker concentrations are influenced by 
infection duration, organism virulence, host immune response, 
comorbidities, and previous treatment. These findings suggest 
that molecular testing and systemic inflammatory markers 
provide different diagnostic information.

Study Limitations

This study has several limitations. First, its retrospective design 
may have introduced selection bias and limited the availability 
of some clinically relevant variables. Second, conventional 
culture was used as the reference method, although it is not a 
perfect gold standard for diagnosing joint infection, particularly 
in patients who received antibiotics before aspiration or in 
infections involving low-virulence or biofilm-forming organisms. 
Third, prior antibiotic exposure the exact timing of biomarker 
sampling relative to antibiotic administration, synovial 
fluid leukocyte count, polymorphonuclear cell percentage, 
intraoperative findings, histopathological data, and treatment 
modifications based on BioFire® results were not uniformly 
available. Fourth, because the analysis was conducted at the 
synovial-fluid sample level, potential within-patient correlation 
could not be fully addressed. Fifth, the sample size limited 
the ability to perform detailed subgroup analyses, particularly 
within the PJI group and for individual pathogens. Sixth, this 
was a single-center study reflecting local patient selection and 
microbiological epidemiology; therefore, the generalizability 
of the findings to other institutions may be limited. Finally, 
off-panel organisms and discordant results were not further 
evaluated using an independent molecular reference method, 
such as broad-range 16S rRNA sequencing. Prospective 
multicenter studies using composite diagnostic standards are 
needed to better define the diagnostic and clinical impact of 
BioFire® testing in native and prosthetic joint infections.

CONCLUSION
The BioFire® Joint Infection Panel is a rapid, highly specific 
microbiological diagnostic tool for cases of suspected joint 
infection. A positive result may guide early organism-directed 
management; however, moderate sensitivity and off-panel 
limitations mean a negative result does not exclude infection. 
The panel should therefore be interpreted in conjunction with 
conventional culture and clinical findings. Prospective studies 
using composite diagnostic standards are needed to define its 
clinical and economic impact on native septic arthritis and PJI.
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INTRODUCTION
Malleolar fractures are common injuries with an incidence 
that has been increasing over the years.1,2 Distal tibiofibular 
syndesmosis is an important and a complex structure to 
maintain the integrity of the ankle joint and the injuries of 
syndesmosis accompanying malleolar fractures are observed 
in approximately 20% of cases.3,4 Accurate reduction and the 
stabilization of the syndesmosis is essential to obtain better 
functional outcomes and to avoid post-traumatic osteoarthritis 
of the ankle joint.5,6 Therefore, understanding these complex 
anatomical features of the ankle joint is critical for preventing 
complications.

Morphological variations of different anatomical parts of the 
human body according to gender and race have been largely 
investigated in the literature.3,6-9 The 3D anatomy of the 
distal tibiofibular joint is particularly important for detecting 
syndesmotic subluxation. The congruence of the ankle joint 
biomechanically affects the motion of the fibula within the 
tibial notch. Moreover, incongruence of the syndesmosis may 
cause post-traumatic osteoarthritis on long-term follow-up. 
Data obtained from these morphological studies have been 
used to develop new surgical methods and implant designs for 
orthopaedic interventions. 
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ABSTRACT
Objective: This study aimed to investigate the influence of gender and bilateral asymmetry on the complex anatomical features of the distal 
tibiofibular syndesmosis using computed tomography (CT)-generated 3D anatomical models in the Turkish population.

Methods: Bilateral non-weight-bearing CT scans of 80 adults (40 females, 40 males), totaling 160 ankles, were analyzed. 3D anatomical 
models of the tibia and fibula were created using Materialise Mimics. Key morphological parameters were measured, including incisura width, 
depth, angle, and version; anterior and posterior tibiofibular widths; and tibiofibular overlap.

Results: In the male group, all measured parameters in the right ankle and most in the left ankle were significantly higher than those in 
the female group. Specifically, incisura width, anterior tibiofibular width, posterior tibiofibular width, and incisura version were significantly 
higher in males. Despite these gender differences, intraclass correlation coefficient analysis demonstrated strong correlations between the 
right and left ankles across the majority of parameters in both gender groups, including incisura depth and incisura angle.

Conclusion: Although gender-based dimensional variations exist, there are no clinically significant differences between contralateral 
ankles within each gender group. The strong bilateral symmetry confirms that the contralateral ankle may serve as a reliable template for 
determining syndesmotic integrity or assessing intraoperative reduction quality.
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Radiological modalities are the primary means of detecting 
distal tibiofibular syndesmosis injuries. Computed tomography 
(CT) is a common modality that is widely available in many 
medical centers.7,10 Although there are many 2D CT studies 
investigating the syndesmosis anatomy in the current literature, 
conventional 2D measurements often fail to capture the true 
rotational geometry of the incisura fibularis.7-9,11,12 Consequently, 
studies utilizing 3D CT-based anatomical models to analyze 
syndesmosis morphology remain limited.10,13

The present study aimed to investigate the influence of gender 
and bilateral asymmetry on complex anatomical features of 
the distal tibiofibular syndesmosis using CT-generated 3D 
anatomical models in the Turkish population. 

MATERIALS AND METHODS
Institutional review board approval was obtained from 
Ethics Committee of Ankara City Hospital with, decision 
no: El/1309/2020, date: 11.11.2020. prior to the study CT 
angiography scans of the lower extremities in patients aged 
18-60 years who were admitted to İzmir Democracy University 
Buca Seyfi Demirsoy Training and Research Hospital were 
reviewed in the medical records. Patients with incomplete CT 
images; prior surgeries for fractures or deformities of the tibia, 
fibula, or ankle joint; ankle osteoarthritis; a history of knee or 
ankle arthroplasty; or oncological interventions were excluded 
from the study. Data from the adults were anonymized using 
Mimics Medical 27.0 software (Materialise, Leuven, Belgium). 
Forty female and forty male adults were randomly selected 
from adults who met the inclusion criteria. The randomization 
was made with true random number generator program (www.
random.org).

The total sample size was calculated a priori using G Power 3.1 
(Dusseldorf University, Dusseldorf, Germany) to be at least 26 
adults per group. Therefore, two gender groups were created, 
each comprising 40 adults. A total of 160 ankles (both right and 
left sides) were investigated. CT scans were performed on a 
Siemens SOMATOM Emotion (Siemens) (110 kV- 90 mAs, slice 
thickness 1.2 mm). 

The tibia and fibula bones were segmented using the 
Advanced Segment option of the software Mimics Medical 
27.0 (Materialise, Leuven, Belgium) to create 3D anatomical 
models. Thresholding limits were determined to be between 
180 and 2150 Hounsfield Units to isolate bone tissue from 
other tissues. The tibia and fibula were segmented separately. 
The inner articular surface of the medial malleolus was marked, 
and a mortise plane was created with “Fit to Surface” option, 
as described previously by Tanoğlu et al.6 The length of the 
tibia was measured between the center points of the knee and 

ankle joint lines. The borders of the proximal and distal 1/3 of 
the tibial shaft were determined. These borders were marked 
circumferentially, and two different spheres were created on 
them using the “Best-Fit to Surface” option. The entire tibial 
anatomical axis was created using the center points of these 
two spheres.14 The ankle plane, perpendicular to the tibial 
anatomical axis, was created using the “Plane Normal to Curve” 
option and represents the intersection of the most superior 
articular surface of the ankle joint and the anatomical axis of 
the tibia. The ankle plane was aligned 10 millimeters superior 
to the most superior articular surface of the ankle joint along 
the Z-axis (Figure 1). At this level of the incisura, the most 
prominent anterior and posterior points of the tibia and fibula 
were marked. The positions of these points were adjusted using 
the “Closest Point” option relative to the ankle plane (Figure 
2). Finally, the anterior and posterior points of the tibia were 
connected to measure the incisura width (IW). By the same 
method, the deepest point of the incisura was identified. 

MAIN POINTS
•	 No clinically significant differences were observed 

between contralateral ankles within each gender group. 

•	 Strong correlations in the majority of measurement 
parameters observed between bilateral ankles. 

•	 The contralateral ankle may serve as a reliable template 
for determining syndesmotic integrity. 

Figure 1. The ankle plane was aligned 10 millimeters superiorly 
from the most superior articular surface of ankle joint.

Figure 2. Marking of the most prominent anterior and posterior 
tibial points according to the ankle plane on 3D anatomical 
model.
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The tibia and fibula were osteotomized using the “Cut” option 
according to the ankle plane. The cortical borders of distal 
parts of the tibia and fibula were marked separately to create 
splines. The center points of these splines were connected 
to create the ankle-version line. All anatomical data were 
transferred to 3-Matic 19 (Materialise, Leuven, Belgium). The 
depth of the incisura was measured between its deepest point 
and the anteroposterior tubercular line. The incisura angle (IA) 
was determined as the angle between the line drawn from the 
anterior point of the tibia to the deepest point of the notch 
and the line drawn from the deepest point of the notch to 
the posterior point of the tibia. The widths of the anterior and 
posterior points on the tibia and fibula were calculated. The 
angle between the ankle line and the anteroposterior tubercular 
line was measured to calculate the incisura version (IV). The 
tibia and fibula were positioned perpendicular to the mortise 

and ankle planes, and the tibiofibular overlap was measured 
using the program’s ruler (Figure 3).

Statistical Analysis

Statistical analysis was performed with JASP 95.4 (University 
of Amsterdam, Amsterdam, Netherlands). The Shapiro-
Wilk test indicated that the data were normally distributed. 
Therefore, the Student’s t-test was used to compare data 
between gender groups. Reliability between right and left ankle 
measurements within gender groups was assessed using the 
intraclass correlation coefficient (ICC) analysis. 

RESULTS
This study investigated bilateral ankle measurements in 80 
adults, comprising 40 females (mean age: 42.8 ± 13.4 years) and 
40 males (mean age: 42.5 ± 11.3 years). Descriptive statistics 
and comparisons of the right- and left-ankle measurements 
between gender groups are presented in Table 1.

All measurement parameters of the right ankle were higher 
in the male group than in the female group. Specifically, IW, 
anterior tibiofibular width (ATW), posterior tibiofibular width 
(PTW), and IV measurements were significantly higher in the 
right ankles of males than in those of females (Table 1). 

Similarly, left-ankle measurements were higher in the male 
group, except for the mean ATW. Statistically significant gender 
differences were observed for IW, incisura depth (ID), and 
tibiofibular overlap (TO) in left ankle measurements.

The reliability of measurements between the right and left 
ankles within gender groups was evaluated using ICC analysis. 
In the male group, measurements revealed strong correlations 
between the bilateral ankles for IW, ID, IA, and TO (Table 2). In 
the female group, strong correlations were observed among ID, 
IA, ATW, PTW, IV, and TO (Table 3).

Table 1. Descriptives and the Comparisons of Right and Left Ankle Measurements Between Gender Groups

Group
Right ankle
Mean ± SD

P
Left ankle
Mean ± SD

P

Incisura width
Female 17.8 ± 1.5

< 0.001*
17.8 ± 2

< 0.001*

Male 22.8 ± 2.9 20.2 ± 2.7

Incisura depth
Female 2.9 ± 1

0.051
2.8 ± 1

< 0.001*

Male 3.4 ± 1.2 2.9 ± 1.1

Incisura angle
Female 141.5 ± 11.9

0.256
141.5 ± 11

0.138
Male 144.4 ± 10.2 145.1 ± 10.7

Anterior tibiofibular width
Female 2.8 ± 0.9

< 0.001*
3 ± 1

0.576
Male 3.4 ± 1 2.9 ± 1

Posterior tibiofibular width
Female 2.8 ± 0.9

< 0.001*
2.9 ± 0.8

0.054
Male 4.2 ± 1.5 3.3 ± 0.9

Incisura version
Female -7.1 ± 1.6

< 0.001*
-7.6 ± 5

0.054
Male -8.4 ± 1.6 -8.5 ± 4.7

Tibiofibular overlap
Female 6.1 ± 4.7

0.931
7.3 ± 1.4

< 0.001*

Male 6.2 ± 4.9 8.6 ± 1.6
*Statistically significant.
SD: Standard deviation.

Figure 3. Determining the tibiofibular overlap according to the 
mortise plane on 3D anatomical model.
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DISCUSSION
The primary finding of this study is the strong bilateral 
correlation between syndesmotic measurements for both 
gender groups, as assessed with 3D anatomical models. 

Gender-based comparisons of the right ankle revealed that all 
investigated parameters were significantly greater in the male 
group. Statistically significant differences were observed in IW, 
ATW, PTW, and IV. Similarly, left ankle measurements showed 
that all parameters, with the exception of ATW, were higher in 
the male group. Statistically significant differences in the left 
ankle were noted for IW, ID, and TO. Despite these statistical 
differences, the variations in mean values were minimal and 
likely lacked clinical importance.

ICC analysis of IW demonstrated a strong correlation (ICC=0.78) 
between the right and left ankles in the male group, whereas 
a moderate correlation (ICC=0.7) was observed in the female 
group. A study by Yüzügüldü et al.12 reported mean 2D IW 
measurements across gender groups that were higher than 
those observed in the present study. Despite the common 
Turkish origin of the sample populations in both studies, this 
disparity may be attributable to the use of 3D measurement 
methods in this study. Furthermore, Huysse et al.10 also reported 
mean 3D IW measurements that were elevated relative to the 
results of this study. This divergence may stem from underlying 
racial differences between Western and Eastern Caucasians.

The ICC analysis of bilateral ankles revealed a strong correlation 
(ICC=0.8) for ID in both gender groups. In a 2D CT study by 
Misir et al.,8 incisura morphology was classified into three 

categories based on depth: Type C (> 4 mm), Type I (< 4 
mm) and Type R (=4 mm).8 Applying the criteria established 
by Misir et al.8, the following were observed: the right ankles 
of 31 males (77%), the left ankles of 34 males (85%), and 
bilateral involvement in 35 females (87%). The discrepancies in 
incisura-type distribution between studies may result from the 
application of 2D measurement definitions to 3D anatomical 
models. Defining a novel 3D measurement method that 
incorporates both ID and angle could yield different results. 
Although mean ID measurements showed minimal differences 
between 2D and 3D studies, the clinical importance of these 
findings remains controversial.7,8,10,12 Unlike 2D CT images, 
which can be affected by leg positioning, 3D modeling allows 
for the acquisition of accurate ankle positioning; thus, spatial 
positioning may contribute to these observed differences.11,13 
Huysse et al.10 determined a threshold of 4 mm for ID in a 3D CT 
study comparing patients with high ankle sprains to a control 
group, noting that the control group exhibited deeper incisura 
compared to unstable patients. The control group in this study 
has a deeper incisura compared with patients with unstable 
high ankle sprain. The mean ID of the control group in their 
study was higher than the mean presented here, potentially due 
to racial variation or differences in measurement methodology.

Bilateral comparison revealed a strong correlation in both 
the male (ICC=0.80) and female (ICC=0.84) groups. In the 
3D study by Huysse et al.10, the mean IA in the control group 
was measured lower than the findings of the current study. 
Although similar methods were used to determine the ankle 
reference plane for the prominent anterior and posterior tibial 
points, different results were obtained in the study. 

ICC analysis of bilateral ankles showed a moderate correlation 
(ICC=0.66) in the male group and a strong correlation (ICC= 
0.79) in the female group. In a 3D study, Peiffer et al.13 found 
no significant differences in ATW weight-bearing and non-
weight-bearing CT scans of bilateral ankles, and their mean 
ATW measurements were similar to the results of this study.
The means of ATW measurements in the gender groups were 
similar to our study results. Conversely, compared to the 3D 
results of Chen et al.11, the mean ATW measurements in the 
present study were similar for the male group but higher for the 
female group. 

ICC analysis indicated a moderate correlation (ICC=0.57) in the 
male group and a strong correlation (ICC=0.80) in the female 
group. While the 3D study by Chen et al.11 reported approximate 
results, Peiffer et al.13 reported higher mean PTW measurements 
using non-weight-bearing CT-based 3D models compared 
to the current findings. Additionally, 2D studies by Misir et al.8 
and Yüzügüldü et al.12, both conducted on Turkish populations, 
reported higher mean PTW measurements. Additionally, 2D 
studies by Misir et al.8 and Yüzügüldü et al.12, both conducted in 
Turkish populations, reported higher mean PTW measurements. 
These differences may be attributable to racial characteristics 
or to the distinct measurement methods used in 2D CT, 
although they are likely of minimal clinical significance.

An ankle line was established linking the centers of the tibia 
and the fibula across the ankle plane. The IV was calculated 
as the angle between this ankle line and the anteroposterior 

Table 2. Reliability Between Right and Left Ankle Measurements
of Male Group Using the Interclass Correlation Coefficient (ICC) 
Analysis

ICC Confidence Interval

Incisura width 0.783 0.591-0.885

Incisura depth 0.808 0.636-0.898

Incisura angle 0.814 0.648-0.901

Anterior tibiofibular width 0.661 0.359-0.821

Posterior tibiofibular width 0.577 0.201-0.776

Incisura version 0.471 -0.004-0.72

Tibiofibular overlap 0.782 0.587-0.885

Table 3. Reliability Between Right and Left Ankle Measurements 
of Female Group using the Interclass Correlation Coefficient 
(ICC) Analysis

ICC Confidence Interval

Incisura weight 0.709 0.449-0.846

Incisura depth 0.793 0.608-0.890

Incisura angle 0.847 0.710-0.919

Anterior tibiofibular weight 0.799 0.620-0.894

Posterior tibiofibular weight 0.801 0.624-0.895

Incisura version 0.891 0.795-0.943

Tibiofibular overlap 0.797 0.617-0.893
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tubercular line. Most adults exhibited a retroverted incisura, 
present in 87% of right ankles and 90% of left ankles, with 
no statistically significant differences between right and left 
ankles. ICC analysis revealed a moderate correlation in the male 
group (ICC=0.47) and a strong correlation in the female group 
(ICC=0.89). To the best of the author’s knowledge, this is the 
first study to evaluate IV using 3D anatomical models. 

TO, a critical clinical parameter for evaluating syndesmosis 
injury, was measured with the tibia and fibula positioned 
perpendicular to the mortise and ankle planes. The mean TO 
results showed no significant difference for right ankles, but 
showed a statistically significant difference for left ankles (7.3 
vs. 8.6 degrees) between gender groups. Nevertheless, the ICC 
analysis demonstrated strong correlations for TO in both gender 
groups. Higher mean TO results were obtained in the present 
study using the mortise plane, which may be attributable to the 
use of a 2D measurement method and a different reference 
axis in the study of Yüzügüldü et al.12, despite both studies 
examining Turkish populations. This is the first, based on a 
review of current literature, to measure TO using 3D anatomical 
models.

Study Limitations

This study has certain limitations. First, the sample size, 
comprising the bilateral ankles of 80 adults, may appear limited; 
however, a post-hoc power analysis indicated 94% power. 
Second, while a single investigator performed the 3D analysis, 
reliance on automated computer-aided protocols ensured that 
measurement errors were minimized. Finally, this study utilized 
non-weight-bearing CT images. Different measurements may 
be obtained using weight-bearing CT imaging.

CONCLUSION

The results of this study corroborate the existing literature by 
demonstrating no clinically significant differences between 
contralateral ankles within gender groups. ICC analysis revealed 
strong correlations for the majority of measurement parameters 
between the bilateral ankles. Consequently, based on the 3D 
anatomical data, the contralateral ankle may serve as a reliable 
template for determining syndesmotic integrity or assessing 
intraoperative reduction quality. 
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ABSTRACT
Objective: To comparatively evaluate the clinical, functional, radiological, and cost related outcomes of Kirschner wire fixation versus volar 
locking plate osteosynthesis in the management of intra-articular distal radius fractures.

Methods: A retrospective comparative study was conducted in 133 patients who had Arbeitsgemeinschaft für Osteosynthesefragen/
Orthopaedic Trauma Association type C distal radius fractures and who underwent surgical treatment between 2017 and 2023. Patients 
were allocated to two groups based on fixation technique: Kirschner wire fixation (n=67) and volar locking plate fixation (n=66). Functional 
outcomes were assessed using the disabilities of the arm, shoulder and hand (DASH) questionnaire and the Mayo Wrist Score at the 1st, 
3rd, and 6th postoperative months. Additionally, Wrist range of motion, perioperative variables, and total treatment costs were analyzed. 
Longitudinal and intergroup comparisons were performed to determine temporal recovery patterns and treatment-related differences.

Results: Kirschner wire fixation was associated with significantly shorter operative duration, reduced intraoperative blood loss, shorter 
hospitalization, and substantially lower overall treatment cost compared with volar plating (all P < 0.001). Conversely, patients treated 
with volar plate osteosynthesis demonstrated significantly superior functional recovery and greater wrist range of motion during the early 
postoperative period (P < 0.001). Although both groups exhibited progressive and significant improvement over time (P < 0.001), intergroup 
differences diminished by the sixth postoperative month. Notably, DASH scores at 6 months indicated slightly better patient-reported 
outcomes, suggesting comparable mid-term patient-reported functional outcomes with the less invasive technique despite inferior early 
recovery.

Conclusion: Volar locking plate fixation provides enhanced early postoperative functional recovery and wrist mobility in intra-articular distal 
radius fractures. However, Kirschner wire fixation remains a cost-effective and surgically efficient alternative with comparable mid-term 
clinical outcomes. These findings support an individualized treatment strategy based on fracture characteristics, patient expectations, 
surgeon experience, and healthcare resource considerations.
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INTRODUCTION
Distal radius fractures (DRFs) are among the most common 
reasons for emergency department visits, accounting for 
approximately 1.5% of all such visits in the United States.1 
Furthermore, they constitute nearly 18% of orthopedic trauma 
admissions.2 DRFs demonstrate a bimodal age distribution, with 
increasing incidence in two distinct age groups. Their frequency 
increases secondary to high-energy trauma among young males 
whereas in elderly women the incidence increases primarily 
due to osteoporosis.3 As average life expectancy increases, the 
incidence of osteoporotic DRFs is expected to rise further.4

Current treatment strategies for DRFs encompass a wide 
range of modalities, including nonoperative management with 
closed reduction and casting and surgical options such as volar 
and dorsal plate-and-screw fixation, external fixation, and 
closed reduction with percutaneous Kirschner wire fixation.5 
The primary objective of all treatment methods is to restore 
fracture alignment and joint congruity, thereby enabling early 
mobilization and recovery of wrist function. Failure to achieve 
proper alignment may result in wrist osteoarthritis, restricted 
range of motion, and diminished grip strength.6

In this retrospective study, we aimed to comparatively 
evaluate the clinical, functional, radiological, and cost-related 
outcomes of Kirschner wire fixation versus volar locking plate 
osteosynthesis in the management of intra-articular DRFs.

MATERIALS and METHODS
This retrospective comparative study was approved by the 
Institutional Ethics Committee of Atatürk University Faculty 
of Medicine (decision no: B.30.2.ATA.0.01.00/292, date: 
29.04.2026).  Between January 2017 and January 2023, 
patients admitted to our clinic with a diagnosis of DRF were 
retrospectively reviewed. The study included patients who met 
the inclusion criteria and underwent either volar plate (VP)-
and-screw fixation or Kirschner-wire fixation.

The inclusion criteria were as follows: patients with 
Arbeitsgemeinschaft für Osteosynthesefragen/Orthopaedic 
Trauma Association type C DRFs involving the articular surface; 
patients with closed fractures or Gustilo-Anderson type I open 
fractures; patients aged 18-80 years; and patients presenting 
within 10 days of injury.

The exclusion criteria included patients with Gustilo-Anderson 
type II and III open fractures; those younger than 18 years or 
older than 80 years; those with pathological fractures; those 
with less than one year of follow-up; and those with a history 
of DRF.

A retrospective evaluation of the hospital automation system 
identified 247 patients who underwent surgery for DRFs. Of 
these, 32 patients with type A fractures were excluded. In 
addition, routine follow-up was considered inadequate in 33 
patients treated with Kirschner wire fixation and 41 patients 
treated with plate-and-screw fixation. In the plate-and-
screw fixation group, 5 patients required implant removal and 
revision to external fixation due to infection. In the Kirschner 
wire fixation group, fixation failure occurred in 3 patients, 
necessitating revision surgery with plate-and-screw fixation. 
Ultimately, 67 patients treated with Kirschner wire fixation and 
66 patients treated with plate-and-screw osteosynthesis, all of 
whom met the inclusion criteria and had a minimum follow-up 
of one year, were included in the study.

According to patients’ records, disabilities of the arm, shoulder 
and hand (DASH) scores obtained at postoperative months 1, 
3, and 6, Mayo Wrist Scores, wrist flexion-extension range of 
motion, and forearm pronation-supination range of motion 
were evaluated and compared between the two surgical groups.

Fracture union time, operative duration, intraoperative 
blood loss, and length of hospital stay were assessed. A 
comprehensive cost analysis was performed using data 
obtained from the hospital billing and administrative records. 
The total treatment cost included implant costs, operating room 
costs, costs related to operative duration, hospitalization costs, 
perioperative medication costs, laboratory and radiological 
examination costs, postoperative follow-up costs, and costs 
associated with additional interventions when required. All 
costs were initially calculated in Turkish Lira (TRY) according to 
the hospital reimbursement system in effect during the study 
period and subsequently converted to U.S. Dollars (USD) using 
the official exchange rates for the period when the treatment 
was performed. The total treatment costs were then recorded 
and analyzed statistically.

Surgical Technique

All surgical procedures were performed under standard regional 
or general anesthesia by a surgical team with at least five years’ 
operative experience, with the patient in the supine position on 
a radiolucent hand table and with C-arm fluoroscopic guidance.

In the Kirschner wire fixation group, following gentle reduction, 
percutaneous fixation was achieved under fluoroscopic 
guidance with two or three 2-mm Kirschner wires inserted 
in a crossed configuration from the distal radius toward the 
proximal radial shaft. Perioperative blood loss, operative time, 
and intraoperative complications were recorded during the 
procedure.

In the VP group, the affected extremity was approached through 
a longitudinal volar incision under pneumatic tourniquet 
control. After dissection through the tissue planes, the fracture 
site was exposed, while the radial artery and median nerve 

MAIN POINTS
•	 Volar locking plate fixation provided superior early 

postoperative functional recovery and greater wrist 
range of motion compared with Kirschner wire fixation 
in intra-articular distal radius fractures.

•	 Despite the early functional advantages of volar plating, 
both fixation methods achieved comparable functional 
outcomes by the sixth postoperative month.

•	 Treatment selection for intra-articular distal radius 
fractures should be individualized by considering 
functional expectations, surgical burden, fracture 
characteristics, and healthcare resource utilization.
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were carefully protected. Fixation was subsequently performed 
using an anatomically contoured VP and an appropriate number 
of screws. Operative time, intraoperative blood loss, and 
perioperative complications were recorded during surgery.

Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics 
v20. Data were presented as mean and standard deviation, 
median (minimum-maximum), and as percentages and 
frequencies. The normality of continuous variables was 
assessed using the Shapiro-Wilk test.

For comparisons between two independent groups, the 
Independent samples t-test was used when the assumption 
of normality was met, and the Mann-Whitney U test when it 
was not. For comparisons of more than two dependent groups, 
Repeated Measures ANOVA was used when normality was met, 
and the Friedman test when it was not; post-hoc comparisons 
were performed using the Tukey test or Tamhane’s T2 test 
according to the homogeneity of variances.

For categorical variables, the Pearson chi-square test, Yates’ 
continuity correction chi-square test, Fisher’s exact test, or the 
Fisher-Freeman-Halton test were used depending on expected 
frequencies. A P value < 0.05 was considered statistically 
significant.

RESULTS
A total of 133 patients were included in the study. Analysis of 
the age distribution demonstrated that the study population 
had a mean age of 41 ± 18 years, with a median age of 39 
years (range: 17-77 years), indicating a broad age spectrum. 
In terms of sex distribution, males constituted the majority of 
the cohort (80.5%, n=107), while females represented 19.5% 
(n=26). This distribution is consistent with the known sex-
related epidemiology of DRFs. Clinical variables were compared 
(Table 1).

Fracture union time, operative duration, blood loss, length of 
hospital stay, and costs differed significantly between the 
Kirschner wire (KIRSC) and open reduction and internal fixation 
(ORIF) groups (P < 0.001). No statistically significant difference 
was observed between the two groups with respect to age  
(Z = -1.045, P = 0.296).

In the intergroup comparison, a statistically significant 
difference favoring the KIRSC group was observed for the 
DASH score at postoperative month 6 (Z = -3.564, P < 0.001) 
and for the Mayo score at postoperative months 1 and 3 (Z = 
-9.882 and Z = -6.260, respectively; P < 0.001). However, no 
significant intergroup differences were found in DASH scores 
at postoperative months 1 and 3 or in the Mayo score at 
postoperative month 6.

Wrist flexion-extension values were consistently higher 
in the ORIF group across all follow-up periods, and these 
differences were statistically significant (P < 0.001). Forearm 
supination-pronation demonstrated a significant between-
group difference only at postoperative month 1 (Z = -7.354, 
P < 0.001), whereas no significant intergroup differences were 
detected at postoperative months 3 and 6 (P > 0.05).

In the intragroup repeated-measures analysis, DASH and 
Mayo scores, wrist flexion-extension, and forearm supination-
pronation values showed statistically significant changes 
across postoperative months 1, 3, and 6 in both groups 
(Friedman test, P < 0.001). Post-hoc analyses revealed 
statistically significant differences between all pairwise 
time periods. Table 2 compares demographic and clinical 
characteristics.

No statistically significant differences were observed 
between the KIRSC and ORIF groups with respect to sex, 
side involvement, hand dominance, mechanism of trauma, 
or associated injuries (P > 0.05). These findings indicate that 
the two groups had similar distributions of the evaluated 
demographic and clinical characteristics and were therefore 
comparable.

Functional scores and range of motion parameters improved 
significantly over time in both treatment groups (Friedman test, 
P < 0.001). Intergroup comparisons demonstrated significantly 
higher Mayo Wrist Scores at postoperative months 1 and 3 and 
greater wrist flexion-extension values at all follow-up periods 
in the ORIF group. In contrast, DASH scores at postoperative 
month 6 were significantly lower in the KIRSC group. No 
significant differences were observed between groups regarding 
forearm supination-pronation at postoperative months 3 and 
6. Detailed results are presented in Figure 1 and Table 2.

Table 1. Comparison of the KIRSC and ORIF Groups According to Clinical Variables
KIRSC ORIF

Variable Mean ± SD Med (min-max) Mean ± SD Med (min-max) Z P

Age (year) 42 ± 19 41 (17-77) 39 ± 18 35 (18-74) -1.045 0.296

Union time (week) 6 ± 2 5 (4-11) 9 ± 2 9 (5-13) - 7.019 < 0.001

Surgery duration 
(minute) 19 ± 8 16 (10-45) 56 ± 12 55 (35-80) -9.701 < 0.001

Blood loss (mL) 8 ± 7 5 (5-50) 96 ± 27 90 (45-200) -10.189 < 0.001

Hospitalisation time 
(day) 1 ± 1 1 (0-6) 3 ± 2 3 (1-7) -8.387 < 0.001

Cost (USD) 221 ± 116 210 (100-720) 1321 ± 1206 1075 (600-10000) -9.857 < 0.001
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Figure 1. Changes in functional scores and range of motion over time. The lines represent median values at postoperative months 
1, 3, and 6. Inter-period P values are indicated as follows: **P < 0.001, *P < 0.05, ns = not significant. Within-group changes in both 
groups were statistically significant according to the Friedman test (P < 0.001).

Table 2. Comparison of the KIRSC and ORIF Groups in Terms of Demographic and Clinical Characteristics

KIRSC ORIF
P

n (%) n (%) Test ist.

Sex
Male 54 (80.6%) 53 (80.3%)

0.002 0.966a

Female 13 (19.4%) 13 (19.7%)

Side
Right 45 (67.2%) 45 (68.2%)

0.016 0.900a

Left 22 (32.8%) 21 (31.8%)

Dominence
Right 62 (92.5%) 63 (95.5%)

0.718b

Left 5 (7.5%) 3 (4.5%)

Etiology

Simple fall 50 (74.6%) 44 (66.7%)

6.651 0.132c

Out-of-vehicle traffic accident 7 (10.4%) 4 (6.1%)

Fall from height 2 (3.0%) 0 (0.0%)

Skiing accident 6 (9.0%) 12 (18.2%)

Motorcycle accident 2 (3.0%) 6 (9.1%)

Concomitant injury
No concomitant injury 56 (83.6%) 56 (84.8%)

0.040 0.841a

Presence of concomitant injury 11 (16.4%) 10 (15.2%)
achi-square test, bFisher exact test, cFisher freman halton test



Şenocak et al. Kirschner Wire or Pate Fixation for Distal Radius Fractures Arch Basic Clin Res 2026;8(2):206-211

210

DISCUSSION
In the present study, we performed a comprehensive 
comparison of Kirschner wire fixation and VP osteosynthesis 
for intra-articular DRFs and demonstrated that, whereas volar 
plating provides superior early functional recovery and range of 
motion, Kirschner wire fixation offers significant advantages in 
operative efficiency and cost while achieving comparable mid-
term functional outcomes.

DRFs represent a substantial proportion of orthopedic trauma, 
with a well-established bimodal distribution and increasing 
incidence due to aging populations and osteoporosis.1-4 Despite 
advances in surgical techniques, the optimal treatment strategy 
for intra-articular fractures remains controversial, particularly 
regarding the balance between anatomical restoration and 
minimally invasive approaches.5-7

The significantly shorter operative time, reduced blood loss, and 
shorter hospitalization, observed in the Kirschner wire group in 
our study, are consistent with the minimally invasive nature of 
percutaneous fixation techniques. Ribeiro et al.7 emphasized 
that less invasive methods may reduce perioperative morbidity, 
although functional superiority remains uncertain. Similarly, 
Wei et al.8 reported that external fixation and less invasive 
approaches are associated with lower surgical burden compared 
to plate fixation. In contrast to some studies in the literature, 
Yılmaz found no clinical or radiological differences between 
VP fixation and EF fixation in the surgical treatment of intra-
articular DRFs.9

In contrast, the superior early functional outcomes and 
greater wrist range of motion observed in the ORIF group can 
be attributed to the biomechanical stability provided by volar 
locking plates. Malisorn10 highlighted the advantages of volar 
fixation in maintaining reduction and enabling early mobilization. 
Furthermore, Che Daud et al.,11 in a multicenter prospective 
study, demonstrated that locking plate fixation provides stable 
construct integrity, facilitating early rehabilitation and improved 
early functional outcomes. Our findings are in strong agreement 
with these reports, particularly regarding early postoperative 
recovery.

A key finding of our study is that the early advantages of ORIF 
diminish over time, with both techniques yielding comparable 
functional outcomes at six months. This observation is 
consistent with the randomized trial by Wei et al.11 and the 
meta-analysis by Margaliot et al.,12 both of which reported no 
significant long-term functional superiority of plate fixation 
over alternative methods. Importantly, our finding that DASH 
scores favored the Kirschner group at mid-term follow-up 
supports the notion proposed by Samal et al.13 that patient-
reported outcomes may not directly correlate with radiological 
or biomechanical parameters.

From a biomechanical perspective, the persistent superiority 
of ORIF in wrist flexion-extension range of motion throughout 
the follow-up period may be explained by improved anatomical 
restoration and stable fixation, which allow for controlled early 
mobilization.14 However, in our study the absence of long-
term differences in forearm rotation suggests that rotational 

recovery is primarily dependent on fracture healing rather than 
fixation method.

A key strength and novel aspect of this study is the simultaneous 
and integrated evaluation of functional outcomes, range of 
motion parameters, and costs in patients with intra-articular 
DRFs treated with two commonly used fixation techniques. 
While previous studies have predominantly focused on either 
radiological or functional outcomes, cost-effectiveness 
has rarely been evaluated in conjunction with longitudinal 
functional recovery.15 Our study provides a more comprehensive 
perspective by combining clinical efficacy and economic 
burden, which is particularly relevant for healthcare systems 
with constrained resources. Furthermore, the demonstration 
that mid-term functional outcomes converge despite the early 
biomechanical advantages of ORIF provides important evidence 
in the ongoing debate over optimal treatment selection.

The strengths of this study include a relatively large and 
homogeneous patient cohort, standardized follow-up intervals, 
and the simultaneous assessment of multiple clinically 
relevant outcome measures. Moreover, the comparable 
baseline characteristics between groups enhance the internal 
validity of the findings. However, several limitations should be 
acknowledged. First, the retrospective single-center design 
may limit the generalizability of our findings and introduce the 
potential for selection bias. Second, treatment allocation was 
based on surgeon preference and clinical judgment rather than 
on randomization, and this may have influenced the observed 
outcomes. Third, postoperative rehabilitation protocols 
were not fully standardized across patients, and variations 
in these protocols may have affected functional recovery. 
Fourth, radiological parameters were not comprehensively 
analyzed, limiting the ability to assess the correlation between 
anatomical and functional outcomes. Fifth, the absence of 
multivariate regression analysis precludes adjustment for 
potential confounders. Although all patients were followed for 
a minimum of one year, the relatively short follow-up period 
limits the assessment of long-term functional outcomes, late 
complications, and treatment durability.

In conclusion, both volar locking plate fixation and Kirschner 
wire fixation are effective treatment options for intra-
articular DRFs. Volar locking plate fixation provides enhanced 
early postoperative functional recovery and improved wrist 
mobility, likely due to its superior biomechanical stability and 
facilitation of early mobilization. However, these advantages 
diminish over time, as Kirschner wire fixation demonstrates 
comparable mid-term clinical outcomes while offering 
significant benefits in terms of operative efficiency, reduced 
surgical burden, and cost-effectiveness. These findings 
support an individualized treatment strategy that considers 
not only fracture characteristics and patient expectations but 
also surgeon experience and healthcare resource utilization. 
Prospective, randomized, multicenter studies with standardized 
rehabilitation protocols and longer follow-up periods are 
warranted to further optimize treatment selection for intra-
articular DRFs.
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INTRODUCTION
Hepatic injury is a major global health problem contributing 
to acute liver failure, chronic liver disease, and liver-related 
mortality. Diverse insults, including drug toxicity, ischemia-
reperfusion, alcohol, viral infections, and metabolic stress, 
disrupt hepatocellular homeostasis and promote progressive 
liver damage. Despite advances in supportive care and 
transplantation, effective pharmacological strategies targeting 
the core cellular mechanisms of hepatic injury remain limited.

In recent years, increasing evidence has identified mitochondrial 
dysfunction as a central and unifying event in both acute 
and chronic liver injury. Hepatocytes are highly dependent on 
mitochondrial oxidative phosphorylation (OXPHOS) to meet 
their substantial energy demands, rendering them particularly 
vulnerable to mitochondrial insults. Experimental models of 
hepatic injury consistently demonstrate that mitochondrial 
abnormalities, including excessive reactive oxygen species 
(ROS) production, impairment of the electron transport chain 
(ETC), loss of mitochondrial membrane potential (ΔΨm), 
mitochondrial DNA (mtDNA) damage, and dysregulated 
mitochondrial quality control, precede and drive hepatocellular 

death.1-5 Importantly, mitochondria are no longer regarded as 
passive victims of cellular stress but rather as active regulators 
of cell fate decisions, inflammation, and tissue repair. This 
conceptual shift has transformed the therapeutic paradigm 
from merely counteracting downstream oxidative injury 
to directly targeting mitochondrial signaling, permeability 
transition, biogenesis, and quality-control pathways.

Among the various pathogenic mechanisms, mitochondrial 
oxidative stress has emerged as a key trigger of hepatocellular 
injury.6 Excessive generation of mitochondrial ROS and reactive 
nitrogen species (RNS) disrupts redox homeostasis, promotes 
lipid peroxidation, and impairs mitochondrial enzymes critical for 
energy production. These mitochondrial disturbances converge 
on oxidative stress, permeability transition, bioenergetic 
failure, and defective quality control, all of which contribute to 
hepatocyte death and impaired tissue recovery.

Experimental models such as CCl4, TAA, APAP, methotrexate 
(MTX), and ischemia-reperfusion injury have been instrumental 
in defining how mitochondrial dysfunction initiates and 
amplifies hepatic damage and have enabled the evaluation of 
mitochondria-targeted pharmacological interventions.7,8
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ABSTRACT
Mitochondrial dysfunction plays a central role in the pathogenesis of various liver diseases, ranging from drug-induced liver damage to 
steatotic liver disease associated with metabolic dysfunction. This review synthesizes recent advances in pharmacological strategies 
targeting mitochondrial quality control mechanisms. The shift from non-specific antioxidants to mitochondria-targeted agents is 
highlighted, as are the emerging roles of cardiolipin stabilizers (SS-31), next-generation cyclophilin inhibitors (Rencofilstat, C105SR), and 
modulation of immunometabolic pathways such as cGAS-STING and NLRP3. The transition of these promising experimental agents to 
clinical applications is also presented.
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In addition to acute mitochondrial injury, adaptive responses 
such as mitochondrial biogenesis and mitophagy have emerged 
as critical determinants of hepatocyte survival and recovery. 
Accordingly, this review examines mitochondrial dysfunction 
as a central pathogenic driver in experimental hepatic injury 
and discusses current pharmacological strategies targeting 
oxidative stress, modulators of the mitochondrial permeability 
transition pore (mPTP) regulation, mitochondrial biogenesis, 
mitophagy, and organelle crosstalk.

MATERIALS AND METHODS
This review was conducted in accordance with the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
guidelines. PubMed, Scopus, and Web of Science were 
searched for studies published between 2020 and 2025 using 
combinations of the terms “hepatic injury,” “mitochondrial 
dysfunction,” “oxidative stress,” “mPTP,” “mitophagy,” and 
“experimental model.” Titles and abstracts were screened for 
relevance, followed by full-text evaluation of potentially eligible 
articles. The primary focus was on peer-reviewed original 
experimental studies that used in vivo or in vitro models of 
hepatic injury and addressed mitochondrial pathways and their 
pharmacological modulation. To provide mechanistic context 
and clinical perspective, selected review articles and a limited 
number of foundational studies published before 2020 were 
also included, where directly relevant.

Molecular Mechanisms and Pharmacological Modulation of 
Mitochondrial Dysfunction in Hepatic Injury

An overview of mitochondria-targeted pharmacological agents 
and their mechanisms of action is presented in this chapter and 
summarized in Table 1.

Oxidative/Nitrosative Stress and Antioxidants-ROS Scavengers

Mitochondria, while essential for OXPHOS, are also a major 
intracellular source of ROS and RNS. Under physiological 
conditions, low levels of ROS are involved in redox signaling and 
cellular homeostasis. However, excessive ROS/RNS generation 
during hepatic injury leads to oxidative modification of lipids, 
proteins, and mtDNA, culminating in mitochondrial dysfunction 
and bioenergetic collapse.

Mitochondrial oxidative stress in hepatocytes is primarily driven 
by the activation of cytochrome P450 2E1, NADPH oxidase, and 
nitric oxide synthase isoforms, which together amplify the redox 
imbalance. ROS overproduction induces lipid peroxidation and 
membrane depolarization, while RNS, particularly peroxynitrite, 
promote tyrosine nitration and S-nitrosylation of mitochondrial 
proteins such as ATP synthase, aconitase, and complex I subunits. 
These post-translational modifications impair electron transfer 
efficiency, reduce adenosine triphosphate (ATP) production, and 
activate redox-sensitive signaling pathways, including NF-κB, 
JNK, and Nrf2.

In hepatic IR models, characterized by 60 min of ischemia 
followed by reperfusion of 120 min or longer, increased levels 
of 3-nitrotyrosine and 4-hydroxynonenal are consistently 
reported, accompanied by mitochondrial depolarization 
and enhanced expression of thioredoxin-1, indicating a 
compensatory redox response to nitrosative stress.9 Similarly, 
in APAP-induced hepatotoxicity, typically produced by single 
oral doses ranging from 200 mg/kg to 3 g/kg, the generation 
of mitochondrial ROS and peroxynitrite triggers mtDNA 
fragmentation, ATP depletion, and mPTP opening. The ensuing 
collapse of the ΔΨm leads to the release of cytochrome c and 
the activation of caspase-dependent cell death cascades. 
Recent studies emphasize that nitro-oxidative stress is not 
merely a byproduct of hepatic injury but a primary initiator of 
mitochondrial dysfunction. Persistent oxidation of cardiolipin, 
an inner mitochondrial membrane phospholipid, disrupts 
the integrity of the ETC and sensitizes mitochondria to 
permeability transition. Moreover, chronic redox imbalance 
activates nuclear transcriptional responses mediated by p53, 
SIRT3, and proliferator-activated receptor gamma coactivator-
1α (PGC-1α), which link mitochondrial stress to inflammation 
and apoptosis.10

Based on these mechanisms, pharmacological approaches 
that directly target mitochondrial oxidative stress have been 
explored to prevent or reverse hepatic injury. These include 
both conventional antioxidants (e.g., N-acetylcysteine) and 
mitochondria-targeted molecules such as MitoQ, SkQ1, and 
MitoTEMPO, which neutralize ROS within the mitochondrial 
matrix.

Conventional antioxidants, including N-acetylcysteine 
(NAC), vitamin E, and silymarin, have been shown to protect 
hepatocytes by replenishing glutathione (GSH) pools and 
neutralizing cytosolic ROS. However, their limited ability 
to penetrate mitochondria restricts their efficacy against 
mitochondrial oxidative damage. NAC remains the standard 
treatment for APAP-induced hepatotoxicity, but incomplete 
protection underscores the need for mitochondria-targeted 
strategies.

The development of mitochondria-targeted antioxidants 
represents a major advancement in the pharmacological 
management of oxidative stress–related liver injury. Unlike 
conventional antioxidants, which often fail to reach sufficient 
intramitochondrial concentrations, these agents are 
chemically engineered to accumulate specifically within the 
mitochondrial matrix using lipophilic cationic carriers, typically 
triphenylphosphonium (TPP+). Because the mitochondrial inner 

MAIN POINTS
•	 Mitochondrial dysfunction is a key driver of hepatic 

injury across experimental models, integrating oxidative 
stress, energy failure, and cell death.

•	 Experimental evidence shows that mitochondria 
actively shape liver injury outcomes, rather than serving 
as passive targets of damage.

•	 Mitochondria-targeted pharmacological interventions 
provide mechanistic advantages over conventional 
antioxidant strategies in hepatoprotection.

•	 Restoring mitochondrial quality control and adaptive 
responses represents a promising translational 
approach to the treatment of liver injury.
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membrane is highly negatively charged, the positively charged 
TPP+ fragment drives these molecules into mitochondria via 
electrophoretic accumulation, reaching concentrations up to 
1000-fold higher in mitochondria than in the cytosol.

MitoQ is obtained by conjugating ubiquinone (the active part 
of Coenzyme Q10), an endogenous antioxidant, with TPP+, a 
lipophilic cation. Thanks to its TPP+ charge, it is attracted to 
the negative membrane potential and accumulates in the 
mitochondrial matrix at concentrations hundreds of times 
higher than in the cytosol.11 MitoQ is reduced to ubiquinol 
by the ETC complex II and detoxifies lipid peroxyl radicals 
and peroxynitrite. In studies, MitoQ has generally been 
administered at 10 mg/kg by oral or intraperitoneal routes 
and is the most extensively studied mitochondria-targeted 
antioxidant in hepatic models. Experimental studies of CCl4, 
TAA-, and APAP-induced hepatotoxicity have shown that 
MitoQ reduces lipid peroxidation, restores ATP production, and 
inhibits mPTP opening, thereby attenuating hepatocellular 
necrosis.12

In APAP hepatotoxicity, MitoQ inhibits JNK activation and 
subsequent activation of mPTP by scavenging mitochondrial 
ROS. A key finding is that MitoQ prevents necrosis despite not 
preventing GSH depletion; this suggests that the main driver 
of damage is mitochondrial redox collapse rather than GSH 
deficiency. However, MitoQ has a narrow therapeutic window, 

as it can suppress respiration at high doses and can exhibit a 
“pro-oxidant” effect.13

In CCl4-induced fibrosis models, MitoQ has been shown to 
suppress pro-fibrotic TGF-β /smad signaling and reduce 
hepatic stellate cell activation. It also enhances mitophagy 
(the clearance of damaged mitochondria) by stabilizing the 
PINK1/Parkin pathway, thereby inhibiting NLRP3 activation.14 
In high-fat diet (HFD) models, MitoQ reduces hepatic steatosis 
and insulin resistance. Mechanistically, it increases fatty 
acid oxidation while and alleviates ER stress associated with 
lipotoxicity.13 In a Phase II study (NCT00433108) in patients 
with chronic hepatitis C, MitoQ was shown to reduce alanin 
aminotransferaz levels (indicating a reduction in necrosis) but 
not to alter viral load. Ongoing research is exploring its potential 
to improve endothelial function in metabolic dysfunction-
associated steatohepatitis (MASH) and in diabetic liver damage.

Mito-TEMPO, a mitochondria-targeted antioxidant, is a hybrid 
molecule composed of two functional moieties. TEMPO, 
a piperidine nitroxide that acts as a superoxide dismutase 
mimetic, and TPP+, a lipophilic cation that enables selective 
accumulation within mitochondria driven by the negative 
ΔΨm, are two compounds. TEMPO catalyzes the dismutation 
of superoxide anions (O2-) into less reactive species, thereby 
limiting mitochondrial oxidative stress. Conjugation with 
TPP+ allows Mito-TEMPO to accumulate in the mitochondrial 

Table 1. Mitochondria-targeted pharmacological agents and their mechanisms of action
Agent/strategy Main mitochondrial target Mechanism of action Outcomes

MitoQ Mitochondrial ROS
TPP+-mediated accumulation in 
mitochondria; scavenges mitochondrial 
ROS and prevents lipid peroxidation

Reduced oxidative stress, preserved 
ΔΨm, decreased hepatocyte necrosis

Mito-TEMPO Mitochondrial superoxide
SOD mimetic nitroxide conjugated 
to TPP+; selectively dismutates 
mitochondrial superoxide

Reduced mitochondrial ROS, 
improved ATP levels, attenuated liver 
injury

SS-31 (elamipretide) Cardiolipin-ETC interaction Stabilizes cardiolipin and ETC complexes, 
improves electron transfer efficiency

Preserved mitochondrial respiration, 
reduced necrosis

Cyclosporin A Cyclophilin D/mPTP Inhibits cyclophilin D, preventing 
sustained mPTP opening

Reduced mitochondrial swelling, 
decreased necrotic cell death

NIM811/alisporivir Cyclophilin D/mPTP Non-immunosuppressive inhibition of 
mPTP opening

Preserved ΔΨm, reduced oxidative 
stress

Metformin AMPK pathway Activates AMPK, enhances mitochondrial 
biogenesis and energy homeostasis

Improved mitochondrial biogenesis, 
reduced oxidative stress

Resveratrol SIRT1-PGC-1α axis Activates SIRT1, promotes mitochondrial 
biogenesis and antioxidant defense

Enhanced mitochondrial adaptation, 
hepatoprotection

Urolithin A Mitophagy machinery Induces mitophagy, improves 
mitochondrial quality control

Reduced accumulation of 
dysfunctional mitochondria

Spermidine Autophagy/mitophagy 
pathways

Enhances autophagic flux and 
mitochondrial turnover

Improved mitochondrial quality, 
reduced injury

YAQ-005 (TAK-242) TLR4-mitochondrial 
necroptosis axis

Inhibits TLR4 signaling, reduces RIPK1/
RIPK3-mediated mitochondrial damage 
and hyperammonemia

Preserved mitochondrial integrity, 
reduced cell death

Mitochondrial 
transplantation Mitochondrial bioenergetics Delivery of functional mitochondria to 

injured liver tissue
Increased ATP production, reduced 
necrosis

Nanoparticle-based delivery 
systems Mitochondrial matrix Targeted delivery of drugs via biomimetic 

or TPP+-modified nanoparticles
Enhanced mitochondrial targeting, 
reduced off-target toxicity

TPP+: Triphenylphosphonium, ΔΨm: Mitochondrial membrane potential, ATP: Adenosine triphosphate, ETC: Electron transport chain, mPTP: Mitochondrial 
permeability transition pore, AMPK: Adenosine monophosphate-activated protein kinase, SIRT1: Sirtuin 1.
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matrix to concentrations several hundred-fold higher than 
in the cytosol, making it markedly more effective than non-
targeted antioxidants at scavenging mitochondrial superoxide. 
Mito-TEMPO has demonstrated protective effects in multiple 
experimental models characterized by mitochondrial oxidative 
stress, including endotoxin-induced liver injury, sepsis-
associated acute kidney injury, hypertension, and experimental 
colitis. These studies consistently show reductions in 
mitochondrial ROS production, preservation of ΔΨm, and 
attenuation of tissue injury. Mito-TEMPO has been evaluated as 
a potential hepatoprotective agent in APAP overdose models. 
Experimental findings indicate that Mito-TEMPO alleviates 
mitochondrial oxidative stress and dysfunction, thereby limiting 
liver injury. Its therapeutic efficacy has also been compared 
with NAC, highlighting the potential of mitochondria-targeted 
antioxidants as complementary or alternative strategies.15 The 
evidence supporting hepatoprotection remains preclinical, and 
further standardized dose–response studies are required to 
define its translational relevance.

SkQ1 (visomitin) is a TPP+ derivative of plastoquinone that 
effectively modulates ROS production in mitochondria 
(particularly during reverse electron transport at Complex I). 
Adding SkQ1 to the cold storage solutions used for the organ 
during liver transplantation has been shown to minimize 
damage during reperfusion. SkQ1 improves sinusoidal 
microcirculation by protecting endothelial cells and preserves 
ATP stores in hepatocytes. In hemorrhagic shock models, 
SkQ1 prevents the release of mtDNA from the liver into the 
systemic circulation, thereby preventing the spread of liver 
damage to distant organs, such as the lungs and kidneys.16 

SkQ1 (visomitin) preserves the ΔΨm and limits cytochrome c 
release during hepatic IR injury.17

The mitochondria-targeted peptide SS-31 (elamipretide) binds 
to cardiolipin, stabilizes the inner mitochondrial membrane, and 
reduces ROS generation and fibrotic activation in CCl4-induced 
fibrosis. SS-31 is a potent agent that may treat liver fibrosis 
by blocking mitochondrial ROS and suppressing the NLRP3 
pathway.18

Loss of ΔΨm and Modulators of the mPTP Opening

As discussed in the oxidative stress section, mitochondrial ROS 
generation and calcium overload are major upstream triggers of 
mPTP opening. The ΔΨm is a critical electrochemical gradient 
that drives ATP synthesis and maintains ion homeostasis. Loss 
of ΔΨm typically results from oxidative damage to mitochondrial 
membranes, calcium overload, and the opening of the mPTP. 
The mPTP is a multiprotein complex composed primarily of 
ANT, the voltage-dependent anion channel, and cyclophilin 
D (CypD). Under oxidative or calcium overload conditions, 
conformational changes in these proteins trigger pore opening, 
leading to ΔΨm dissipation and cytochrome c release.3 Under 
physiological conditions, transient pore flickering may serve 
adaptive roles; however, sustained mPTP opening results in 
irreversible mitochondrial dysfunction characterized by loss 
of ΔΨm, cessation of ATP synthesis, osmotic swelling of the 
mitochondrial matrix, and rupture of the outer mitochondrial 
membrane, ultimately leading to necrotic cell death.

In CCl4-induced acute liver injury, reactive trichloromethyl 
radicals (CCl3) are formed that attack cardiolipin, a phospholipid 
essential for maintaining ΔΨm. Six-12 hours after dosing, 
mitochondria display significant depolarization, decreased ATP 
levels, and increased expression of CypD and Bax, indicating 
mPTP-mediated apoptotic priming.19

In APAP-induced hepatotoxicity, overdoses (250-500 mg/kg) 
cause formation of mitochondrial protein adducts, oxidative 
and nitrosative stress, and opening of the mitochondrial mPTP, 
leading to ATP depletion and necrosis.20

IR injury represents another prototypical model in which ΔΨm 
collapse plays a central role. During the reperfusion phase, a 
burst of ROS at Complex I sites triggers mPTP opening via CypD 
activation. Hepatocytes display massive mitochondrial swelling, 
loss of cristae, and rapid ATP depletion within 30 minutes of 
reperfusion onset.21

Chronic models, such as TAA-induced fibrosis (200 mg/kg i.p., 
three times weekly for 8-12 weeks), also exhibit a progressive 
reduction in ΔΨm, albeit in a slower, cumulative fashion. 
Long-term oxidative stress and depletion of cardiolipin result 
in sustained low-grade mPTP opening, driving hepatocyte 
apoptosis and fibrogenic signaling through TGF-β/Smad.22 
Similarly, during chronic CCl4 exposure (0.5 mL/kg i.p., twice 
weekly for 6–8 weeks), prolonged mPTP activation leads 
to mitochondrial fragmentation and impaired autophagic 
clearance of damaged organelles, resulting in persistent 
hepatocyte injury.23

Among the regulatory components of the mPTP, CypD is 
the best-characterized and most widely accepted molecular 
modulator. Genetic ablation of CypD or its pharmacological 
inhibition has been shown to confer significant protection 
against mitochondrial dysfunction and hepatocellular necrosis 
in experimental liver injury models. Advances in this field have 
been accelerated by the discovery of new-generation, non-
immunosuppressive cyclophilin inhibitors (targeting CypD, A, 
and B, known as “pan-cyclophilin” inhibitors).

Cyclosporin A (CsA) is the prototypical mPTP inhibitor that 
binds to CypD and prevents pore opening. Experimental studies 
have demonstrated that CsA attenuates mitochondrial swelling, 
preserves ΔΨm, and reduces hepatocellular necrosis in hepatic 
IR and APAP-induced liver injury models. However, its clinical 
use is limited by calcineurin inhibition mediated by cytosolic 
cyclophilin A (CypA) and by immunosuppressive effects that 
increase the risk of infection.24 To circumvent these limitations, 
non-immunosuppressive CypD inhibitors have been developed.

Alisporivir (Debio-025) is a clinically advanced non-
immunosuppressive cyclophilin inhibitor. It has been shown 
to prevent mPTP activation and cell death by inhibiting CypD, 
and to inhibit Hepatitis C virus replication by inhibiting CypA 
(an antiviral effect). Recent studies report that Alisporivir 
reduces mitochondrial fission (Drp1-mediated) and stabilizes 
mitochondrial fusion (Mfn2-mediated) in diabetic conditions 
and metabolic liver damage.25

Although the majority of evidence regarding CypD inhibition 
originates from hepatic models, supportive data from 
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extrahepatic tissues further underscore the central role 
of mPTP modulation under metabolic stress. In a HFD/
streptozotocin-induced diabetes model, alisporivir (Debio-025) 
significantly alleviated mitochondrial dysfunction in skeletal 
muscle by preserving ΔΨm, restoring OXPHOS, and reducing 
mitochondrial ROS production.25 These findings demonstrate 
that CypD-dependent mPTP opening represents a common 
pathogenic mechanism across metabolically active tissues. 
Given the shared susceptibility of hepatocytes to oxidative 
stress and mitochondrial calcium overload, inhibition of CypD by 
alisporivir may represent a translationally relevant strategy for 
mitigating mitochondrial dysfunction in liver injury, particularly 
in metabolic and IR contexts.

Rencofilstat is a macrocyclic pan-cyclophilin inhibitor with 
activity against CypD, A, and B, thereby linking mitochondrial 
protection to anti-inflammatory and antifibrotic effects. 
CypD inhibition prevents mitochondrial swelling and necrotic 
cell death (hepatoprotection); CypA inhibition suppresses 
inflammatory signaling. CypB, located in the ER, is a chaperone 
(a prolyl isomerase) necessary for collagen synthesis. 
Rencofilstat inhibits CypB, thereby disrupting the correct 
folding and secretion of procollagen. This not only prevents 
cell death but also directly halts fibrotic scar formation.26 It has 
been investigated in preclinical liver fibrosis and NASH-related 
models, and clinical evaluations in Phase IIa and IIb (AMBITION, 
ALTITUDE) studies have also been reported in patients with 
F2/F3 NASH.27 While these findings suggest that rencofilstat 
is a promising candidate for liver diseases, it is not yet an 
established mitochondria-targeted therapy.

Similarly, Sanglifehrin A, another CypD ligand, stabilizes 
mitochondrial integrity and limits necrotic hepatocyte death 
by preventing prolonged mPTP opening. Sanglifehrin A is a 
cyclophilin inhibitor that is structurally distinct from CsA. 
Its derivative, NV556, is particularly effective in liver fibrosis 
models.28 Its mechanism of action, similar to that of rencofilstat, 
focuses on reducing collagen cross-linking and secretion via 
inhibition of CypB.29

The newly identified C105SR is smaller than large macrocyclic 
structures (CsA, alisporivir). It exhibits nanomolar-level 
affinity by binding to both the catalytic pocket (S1) and the 
“gatekeeper” pocket (S2) of

CypD. It has been reported to reduce liver necrosis and apoptosis 
more effectively than other inhibitors when administered via 
osmotic pump in mouse ischemia-reperfusion models.24

Modulators of Mitochondrial Biogenesis and Energy-Sensing 
Pathways (AMPK–SIRT–PGC-1α)

Beyond acute oxidative and permeability-related injury, 
hepatocytes activate adaptive pathways aimed at restoring 
mitochondrial mass and function. Mitochondrial ETC complexes 
(I-V) are responsible for the transfer of electrons from NADH and 
FADH2 to molecular oxygen, generating ATP through OXPHOS. 
Under physiological conditions, this process is tightly regulated 
to ensure efficient ATP production and minimal ROS leakage. 
However, in hepatocellular injury, disruption of ETC activity is 
a key mechanism contributing to mitochondrial dysfunction 
and cellular energy failure. Experimental and clinical studies 

consistently demonstrate that hepatic toxins such as CCl4, TAA, 
and APAP inhibit ETC activity, particularly at complex I (NADH: 
ubiquinone oxidoreductase) and complex III (cytochrome bc1 
complex). This inhibition results in excessive electron leakage 
and O2- formation, leading to secondary oxidative stress and 
lipid peroxidation of mitochondrial membranes.

In CCl4-induced hepatotoxicity, reactive CCl3 and 
trichloromethyl peroxy radicals directly attack mitochondrial 
membranes and ETC proteins. Within 24 hours of exposure 
to a single intraperitoneal dose (1-1.5 mL/kg, 1:1 in olive 
oil), the activities of complexes I and III are markedly 
reduced, whereas the activity of complex II remains partially 
preserved. This imbalance increases superoxide release and 
diminishes the respiratory control ratio, reflecting uncoupling 
between electron transport and ATP synthesis.19 In the TAA-
induced chronic fibrosis model, mitochondrial respiration 
is progressively impaired by thioacetamide S-oxide and its 
reactive intermediates. Animals receiving TAA (200 mg/kg, 
i.p., three times per week for 8-12 weeks) show a significant 
reduction in the enzymatic activities of complexes I-III, coupled 
with a 50-60% decline in the ATP/ADP ratio. The ensuing redox 
imbalance triggers the accumulation of NADH and reduced 
coenzyme Q and the subsequent production of ROS at the Q0 
site of complex III. This defective electron transfer promotes 
hepatocyte apoptosis and the progression of fibrosis.22

Similarly, APAP-induced hepatotoxicity, resulting from 
single oral doses ranging from 200 mg/kg to 3 g/kg, causes 
accumulation of N-acetyl-p-benzoquinone imine (NAPQI), 
which binds to mitochondrial proteins, particularly complexes 
I and IV. This adduct formation interferes with electron flow, 
resulting in ATP depletion, membrane depolarization, and 
mitochondrial swelling. A reduced oxygen consumption rate and 
an elevated NADH/NAD+ ratio indicate a shift from oxidative to 
anaerobic metabolism, which is characteristic of mitochondrial 
bioenergetic collapse. In the MTX-induced hepatotoxicity 
model, a single intraperitoneal dose of 20 mg/kg MTX results 
in transcriptional repression of mtDNA-encoded subunits such 
as ND1, ND6, and COX1, which encode essential components 
of complexes I and IV. This downregulation correlates with 
decreases in the oxygen consumption rate and ATP generation, 
and is accompanied by upregulation of apoptotic markers (Bax, 
cytochrome c).30

In hepatic IR injury, transient oxygen deprivation followed by 
reperfusion results in reverse electron transport at complex 
I, driven by succinate oxidation. This generates a burst of 
superoxide at the flavin mononucleotide site, causing damage 
to complex I, opening of the mPTP, and subsequent ATP 
depletion.31

mtDNA encodes 13 essential subunits of the ETC and 
components of the OXPHOS machinery. Owing to its close 
proximity to the inner mitochondrial membrane and the absence 
of protective histones, mtDNA is highly vulnerable to oxidative 
and nitrosative damage. In hepatic injury, sustained exposure 
to ROS/RNS leads to oxidative base modifications (particularly 
8-hydroxy-2’-deoxyguanosine, 8-OHdG), strand breaks, and 
deletions, compromising ETC integrity and mitochondrial gene 
expression.19
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In APAP-induced acute hepatotoxicity, single oral doses (300-
500 mg/kg) induce mtDNA adduct formation due to NAPQI 
binding to mitochondrial proteins and nucleic acids. APAP-
induced hepatotoxicity results in extensive mtDNA oxidation 
and fragmentation. This leads to decreased transcription of key 
OXPHOS genes such as ND1, ND6, and COX1, impairing the 
activities of complexes I and IV and exacerbating ATP depletion. 
These events have been confirmed in experimental contexts.1 
Simultaneously, depletion of mitochondrial transcription factor 
A (TFAM) and POLG (DNA polymerase gamma) limits mtDNA 
repair, leading to further bioenergetic failure.

TAA-induced fibrosis (200 mg/kg, i.p., 8-12 weeks) and chronic 
CCl4 exposure (0.5 mL/kg, twice weekly, 6-8 weeks) lead 
to cumulative mtDNA damage and repression of biogenic 
transcriptional regulators. Persistent oxidative stress reduces 
PGC-1α, SIRT3, and NRF1 levels, impairing mitochondrial 
replication and turnover. This sustained biogenic failure is 
associated with increased collagen deposition and hepatocyte 
apoptosis.22,23

In hepatic IR injury, mtDNA degradation occurs rapidly 
after reperfusion due to enhanced oxidative stress and 
mitochondrial permeability transition. The cytosolic release 
of mtDNA activates the cGAS-STING-TBK1-IRF3 signaling 
cascade, promoting pro-inflammatory cytokine production and 
amplifying hepatocellular injury.32

Hepatocytes require adaptive responses to restore 
mitochondrial mass and function under toxic, metabolic, and 
ischemic stress. Central to these adaptive processes is the 
AMPK-SIRT-PGC-1α signaling axis, which coordinates cellular 
energy status with mitochondrial biogenesis and oxidative 
metabolism.8 AMP-activated protein kinase (AMPK) is the 
primary cellular energy sensor activated by increases in the 
AMP/ATP ratio during mitochondrial dysfunction, ischemia, 
and toxic liver injury. When the ATP/AMP ratio decreases, 
it is activated and triggers energy-producing pathways. 
Downstream of AMPK, sirtuins, particularly sirtuin 1 (SIRT1) and 
SIRT3, play critical roles in regulating mitochondrial function 
through NAD+-dependent deacetylation. SIRT1 activates 
peroxisome PGC-1α, the master transcriptional regulator of 
mitochondrial biogenesis. Activation of the AMPK–SIRT1–
PGC-1α axis enhances transcription of nuclear-encoded 
mitochondrial genes, improves OXPHOS efficiency, and 
strengthens antioxidant defenses in hepatocytes.8

AMPK Activators

Metformin is the most commonly used antidiabetic drug. It 
activates AMPK in the liver, increasing insulin sensitivity and 
reducing fat accumulation (steatosis). In mouse models, 4 
weeks of metformin treatment has been shown to improve liver 
function by restoring contact points between mitochondria 
and the endoplasmic reticulum (ER).33

Berberine is a naturally occurring isoquinoline alkaloid. In 
experimental models, it promotes fatty acid oxidation by 
increasing activation of peroxisome PGC-1α. It has also been 
shown to regulate liver microfibers and to alleviate fibrosis by 
acting through the gut flora.34

SIRT1 and PGC-1α Modulators

SIRT1 is an NAD+-dependent deacetylase that activates PGC-
1α, the main regulator of mitochondrial biogenesis.

Resveratrol is a potent SIRT1 activator. It reduces oxidative 
stress in liver damage models while stimulating mitochondrial 
biogenesis via PGC-1α.35

In APAP-induced liver damage models, MI administration has 
been shown to significantly increase expression of SIRT1, PGC-
1beta, NRF-1, and TFAM, promoting biogenesis and preventing 
hepatocyte necrosis.36

Formoterol is a beta2-adrenergic agonist. In mouse models of 
liver resection and sepsis, PGC-1α levels have been observed 
to increase mitochondrial ATP production capacity and to 
accelerate liver regeneration.37

Other Compounds Affecting Energy Pathways

Resmetirom (THR-beta agonist) stimulates thyroid hormone 
receptor-beta in a liver-specific manner. It reduces liver 
steatosis and inflammation by directly increasing mitochondrial 
fatty acid beta-oxidation. While Phase 3 clinical trials, such 
as MAESTRO-NASH, have shown clinically significant benefit 
in steatotic liver disease,38 this review primarily evaluates it 
within the context of mitochondrial metabolic modulation; 
further research is still needed to consider it a widely accepted 
hepatoprotective treatment in all experimental liver damage 
models.

Astaxanthin coordinates the Nrf2–PGC-1α axis in stressed 
cells, increasing both antioxidant defense and mitochondrial 
content.39

Quercetin has been shown in animal models to alleviate HFD-
induced liver damage by enhancing PINK1/Parkin-dependent 
mitophagy.40

Modulators of Mitophagy and Mitochondrial Quality Control

In addition to antioxidant defense and mPTP modulation, 
mitochondrial quality control through mitophagy is a major 
determinant of hepatocyte survival. Mitophagy, a specialized 
form of autophagy, is a key mitochondrial quality control 
mechanism that eliminates damaged or dysfunctional 
mitochondria to preserve cellular homeostasis. In hepatocytes, 
this process plays a critical role in limiting oxidative stress, 
preventing excessive inflammation, and maintaining ATP 
production (Figure 1). The mitophagy pathway is mainly regulated 
by the PINK1/Parkin, BNIP3/NIX, and FUNDC1 signaling 
axes, which target depolarized mitochondria for lysosomal 
degradation.2 Under physiological conditions, PINK1 is rapidly 
degraded in healthy mitochondria. However, loss of ΔΨm leads 
to PINK1 stabilization on the outer mitochondrial membrane, 
recruitment of the E3 ubiquitin ligase Parkin, and ubiquitination 
of mitochondrial proteins, thereby initiating mitophagic 
clearance. Experimental studies in drug-induced and ischemic 
liver injury models have demonstrated that activation of the 
PINK1/Parkin pathway limits mitochondrial ROS accumulation, 
preserves ATP production, and attenuates hepatocellular injury. 
In contrast, defective or excessive mitophagy may become 
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maladaptive. Insufficient mitophagy promotes accumulation 
of dysfunctional mitochondria, amplifying oxidative stress and 
inflammatory signaling, whereas excessive mitophagy can lead 
to mitochondrial depletion and bioenergetic failure. This dual 
role highlights the necessity for tightly regulated mitophagic 
flux in hepatocytes. In hepatic injury, disruption of this process 
aggravates the accumulation of dysfunctional mitochondria 
and ROS, exacerbates ATP depletion, and promotes hepatocyte 
death.

Experimental evidence supports the view that the PINK1/
Parkin-mediated mitophagy pathway is a central mechanism 
of mitochondrial turnover in both acute and chronic liver injury. 
In APAP-induced hepatotoxicity, excessive mitochondrial ROS 
production leads to depolarization of ΔΨm, accumulation of 
PINK1 on the outer mitochondrial membrane, and recruitment 
of Parkin to initiate mitophagy. Experimental inhibition of PINK1 
or Parkin amplifies APAP-induced hepatocellular necrosis, 
confirming the cytoprotective role of mitophagy.2,7

Similarly, during IR injury, transient activation of mitophagy 
limits mitochondrial ROS buildup, while prolonged or defective 
mitophagy exacerbates inflammation and necrosis. Enhancing 
mitophagic flux via AMPK or SIRT3 activation has been shown 
to protect against IR-induced oxidative damage.4 In hepatic 
IR models, PINK1/Parkin-mediated mitophagy is transiently 
activated during early reperfusion, coinciding with mild 
restoration of ΔΨm. However, prolonged ischemia leads to 
suppression of mitophagy through mPTP opening and ATP 
depletion, resulting in accumulation of damaged mitochondria 
and exacerbation of oxidative injury.2,4

In chronic liver injury models, including non-alcoholic fatty 
liver disease and CCl4- and TAA-induced fibrosis, persistent 
oxidative stress suppresses Parkin translocation, leading to 
mitophagy failure and contributing to hepatocyte apoptosis 
and fibrogenesis. The impaired mitophagy, resulting in 
mitochondrial accumulation, aggravates lipid peroxidation, 
stellate cell activation, and fibrogenesis. Experimental 

activation of PINK1/Parkin or SIRT1–SIRT3 pathways restores 
mitophagy and reduces fibrotic progression.41 Similarly, 
decreased expression of PINK1, Parkin, and FUNDC1, along 
with elevated p62/SQSTM1 accumulation, indicates disrupted 
autophagic flux. This failure in mitochondrial turnover 
promotes NLRP3 inflammasome activation and TGF-β1/
Smad3-driven fibrosis.4

Pharmacological modulation of mitophagy has therefore 
emerged as a promising therapeutic strategy. Urolithin A, a gut 
microbiota–derived metabolite, has been shown to enhance 
mitophagy and improve mitochondrial function in experimental 
liver injury models by restoring mitochondrial quality control 
and reducing oxidative stress.42 These mitochondrial effects are 
associated with improvement in hepatocellular resilience and 
attenuation of liver injury. However, its evidence base in hepatic 
disease remains largely experimental, and its translational 
potential requires further validation. Similarly, spermidine, a 
natural polyamine, induces mitophagy through autophagy-
related pathways and confers hepatoprotection in models 
of toxic and metabolic liver injury.43 It is known to support 
mitochondrial turnover and preserve mitochondrial quality, 
thereby limiting the accumulation of dysfunctional organelles in 
these experimental models. These actions are associated with 
reduced tissue injury and improved hepatocellular adaptation. 
Its role should be considered supportive and preclinical, rather 
than clinically established.

In addition, modulation of mitochondrial dynamics, such as fusion 
and fission, plays an integral role in the regulation of mitophagy. 
Excessive mitochondrial fission mediated by dynamin-related 
protein 1 (Drp1) has been associated with aggravated liver 
injury, whereas pharmacological inhibition of Drp1 preserves 
mitochondrial morphology and limits hepatocellular damage.44 
Together, these findings indicate that targeting mitophagy 
and mitochondrial quality control represents a complementary 
approach to preserve mitochondrial integrity beyond acute 
injury prevention.

Figure 1. Mitophagy and mitochondrial quality control in experimental hepatic injury.
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Mitochondria-Nucleus Crosstalk and Inflammatory Signaling

Inter-organelle communication among mitochondria, the ER, 
and the nucleus is a key determinant of cellular homeostasis, 
particularly under hepatic stress conditions, such as toxic injury 
and IR. The ER and mitochondria are physically connected at 
specialized regions known as mitochondria-ER contact sites 
or mitochondria-associated ER membranes (MAMs), which 
regulate calcium signaling, lipid transfer, and stress responses. 
Malfunction of these contact sites contributes to mitochondrial 
dysfunction, ER stress, and aberrant gene expression in liver 
diseases.5

Mitochondria-ER Contacts and Calcium Transfer: Mitochondria 
and the ER interact at MAMs, facilitating Ca2

+ transfer between 
the two organelles. These contact sites help coordinate 
metabolic and signaling responses. Disruption of MAMs can 
impair calcium homeostasis and promote mitochondrial 
calcium overload, which worsens oxidative stress and triggers 
mPTP opening, a key event in hepatocellular injury.5 Recent 
studies show that MAMs not only mediate calcium exchange 
but also regulate lipid and glucose homeostasis. In hepatocytes, 
MAMs contribute to neutral lipid metabolism and may influence 
lipid droplet dynamics and steatosis in fatty liver disease.45

ER Stress and the Unfolded Protein Response (UPR): 
Accumulation of unfolded or misfolded proteins in the ER lumen 
activates the UPR, a highly conserved stress pathway. UPR 
initially aims to restore protein folding capacity by upregulating 
chaperones (e.g., GRP78/BiP) and decreasing general protein 
translation. However, when ER stress persists, UPR signaling 
can shift toward pro-apoptotic pathways involving factors such 
as CHOP and JNK, which also impact mitochondrial function 
and can exacerbate liver injury.5 Importantly, prolonged ER 
stress promotes mitochondrial dysfunction by enhancing 
ROS production and calcium imbalance, thereby amplifying 
hepatocellular damage.46

cGAS-STING Pathway and mtDNA Signaling: In models of 
hepatic IR injury, mitochondrial damage leads to the release 
of mtDNA into the cytosol. Cytosolic mtDNA, which acts as a 
danger-associated molecular pattern, can activate the cGAS-
STING cytosolic DNA-sensing pathway, linking mitochondrial 
dysfunction to innate immune activation and inflammation. 
Targeting this pathway has been proposed to mitigate sterile 
inflammation in IRI.47 Although most studies on the cGAS-
STING pathway have been performed in models of systemic 
inflammation or organ transplantation, similar mechanisms are 
now recognized in hepatic injury. The resulting inflammatory 
response exacerbates oxidative stress and further impairs the 
function of mitochondria and the ER, ultimately promoting 
hepatocyte death.47 Recent studies indicate that Dimethyl 
Fumarate directly targets STING, preventing recruitment 
of TBK1 and IRF3 and thereby suppressing production of 
pro-inflammatory cytokines in models of hepatic ischemia-
reperfusion.

Modulation of Organelle Crosstalk: Understanding organelle 
crosstalk reveals therapeutic opportunities. Agents that 
stabilize MAMs and improve calcium handling or modulators 
that attenuate ER stress (e.g., chemical chaperones targeting 

UPR) may help preserve mitochondria and restore homeostasis. 
Similarly, interventions that dampen cGAS–STING signaling 
could reduce inflammation triggered by organellar danger-
associated molecular patterns. These strategies are being 
explored in preclinical models of hepatic injury and represent 
promising directions for translational research.47

Emerging Therapeutic Strategies

Ammonia-Targeted Mitoprotection YAQ-005: Data published 
in 2025 showed that hyperammonemia causes mitochondrial 
damage and cell death by increasing RIPK1 and RIPK3 protein 
levels. The drug YAQ-005 (TAK-242) protects mitochondria by 
blocking the TLR4 pathway and facilitating ammonia removal 
via the urea cycle. The drug has been proposed for further 
clinical evaluation in mid-2025.48

Mitochondrial transplantation, the transfer of healthy 
mitochondria (usually isolated from skeletal muscle) directly via 
the portal vein or spleen, has emerged as an experimental and 
highly innovative approach in MASH and ischemia-reperfusion 
injury. Transplanted mitochondria are rapidly internalized 
by Kupffer cells and can reduce necrosis by more than 20% 
through increasing ATP production. Ethical and genetic risks, 
such as immune rejection and incompatibility between the 
nuclear and mitochondrial genomes in allogeneic transplants, 
remain under investigation.49

Nanomedicine as a Future Perspective: Nanotechnology 
enables the delivery of drugs to the liver and directly to the 
mitochondrial matrix. Biomimetic (cell membrane-coated) 
nanoparticles optimize the targeted distribution of the drug to 
the space of Disse and to hepatocytes by evading the immune 
system.50

CONCLUSION
Mitochondrial dysfunction has emerged as a central 
pathogenic hub in experimental models of hepatic injury, 
integrating oxidative stress, bioenergetic failure, dysregulated 
cell death, and impaired cellular adaptation. Accumulating 
experimental evidence demonstrates that mitochondria are 
not merely secondary targets of hepatocellular damage but 
active regulators of injury severity and disease progression. 
Accordingly, pharmacological strategies that directly target 
mitochondrial pathways, ranging from mitochondria-targeted 
antioxidants and mPTP modulators to regulators of energy 
sensing, biogenesis, and mitophagy, offer mechanistically 
grounded advantages over conventional, non-specific 
hepatoprotective approaches. In addition to established 
mitochondria-targeted pharmacological approaches, emerging 
therapeutic strategies further expand the translational 
potential of mitochondrial modulation in hepatic injury. 
Novel concepts such as ammonia-targeted mitoprotection, 
mitochondrial transplantation, and nanotechnology-based 
drug delivery highlight innovative directions aimed at preserving 
mitochondrial integrity and improving hepatocellular resilience. 
Although these approaches remain at early experimental or 
clinical stages, they underscore the growing recognition of 
mitochondria as dynamic and druggable targets in liver disease 
prevention and therapy. Nevertheless, the current evidence 
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remains predominantly preclinical, and important uncertainties 
persist regarding optimal dosing, tissue selectivity, long-
term safety, and translatability to human liver disease. 
Future therapeutic success will likely depend on integrated 
strategies that combine acute mitochondrial protection with 
restoration of mitochondrial quality control and adaptive 
recovery mechanisms. In this context, targeting mitochondrial 
dysfunction is a promising and evolving avenue for developing 
more effective treatments for drug-induced liver injury, IR 
damage, and chronic liver disease.
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In the article titled “A Combination Therapy for Osteonecrosis of the Femoral Head and Short-Term Results,” published in Archives 
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