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Diagnostic Effectiveness of Ischiofemoral Space 
and Quadratus Femoris Distance Measurements in 
Ischiofemoral Impingement Syndrome

 Merve Kolak1,  Volkan Kızılgöz2,  Mehmet Burak Gökgöz3,  Mukadder Sunar1
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INTRODUCTION
The posterior hip is a crucial area where pain can arise from 
conditions such as osteoarthritis, sacroiliac joint disorders 
and piriformis syndrome. Ischiofemoral impingement (IFI) 
syndrome, caused by narrowing of the space between the 
medial aspect of the lesser trochanter and the lateral aspect of 
the ischial tuberosity, is a neglected cause of posterior hip pain.1 

The ischiofemoral space (IFS) is bounded medially by the ischial 
tuberosity and laterally by the lesser trochanter of the femur.2 

The posteromedial surface of the iliopsoas tendon or the lesser 
trochanter and the superolateral surface of the hamstring 
tendons define the quadratus femoris space (QFS), which is the 
narrowest space through which the quadratus femoris muscle 
(QFM) passes.3 Originating from the inferolateral margin of the 

Cite this article as: Kolak M, Kızılgöz V, Gökgöz MB, Sunar M. Diagnostic effectiveness of ischiofemoral space and quadratus femoris distance 
measurements in ischiofemoral impingement syndrome. Arch Basic Clin Res. 2026;8(1):1-6.

Corresponding author: Merve Kolak, E-mail: mervekolak@hotmail.com

Received: November 20, 2025 Accepted: December 9, 2025 Publication Date: January 26, 2026

ABSTRACT
Objective: To ascertain whether measurements of the quadratus femoris and ischiofemoral intervals obtained on pelvic magnetic resonance 
imaging (MRI) examinations are useful for diagnosing ischiofemoral impingement (IFI) syndrome.

Methods: MRIs of 178 patients (104 females and 74 males) were reinterpreted bilaterally for signal changes on T2-weighted sequences in the 
ischiofemoral space (IFS) and quadratus femoris space (QFS), indicating IFI. Receiver operating characteristic (ROC) curves were plotted 
for each measurement parameter, and the corresponding area under the curve (AUC) values were reported. A P value of less than 0.05 was 
considered to indicate a significant difference, and the results were assessed at the 95% confidence level.

Results: There was no significant difference in age between females and males (P = 0.064). Radiologically, 17.7% of all participants were 
diagnosed with IFI. Significant differences were observed between IFS and obturator femoris space values by gender, with both values being 
significantly lower in women. A higher percentage of patients testing positive for IFI was observed in women compared with men. In the ROC 
analysis conducted according to IFS, the AUC was 0.840. The highest value of sensitivity × specificity was 21.29 mm. The sensitivity at this 
value was 0.676. The specificity at this value was 0.857. In the ROC analysis using QFS, the AUC was 0.856. The highest value of (sensitivity 
× specificity) was 16.17 mm. The sensitivity at this value was 0.765. The specificity at this value was 0.794.

Conclusion: The results of the current study indicated a significant relationship between the IFS and QFS measurements and IFI. These 
intervals showed a significant negative correlation with age. This study also identified important cut-off values for IFS and QFS intervals that 
indicate IFI, with relatively high sensitivity and specificity.

Keywords: Pelvic anatomy, ischiofemoral impingement, ischiofemoral space, quadratus femoris space, magnetic resonance imaging 
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ischium, the QFM inserts onto the posteromedial aspect of 
the proximal femur at the quadrate tubercle on the posterior 
intertrochanteric ridge. It stabilizes the femoral head in the 
acetabulum and acts as a strong external rotator and adductor 
of the thigh4 within the acetabulum and functions as a strong 
external rotator and adductor of the thigh.

Magnetic resonance imaging (MRI) is an important diagnostic 
tool, most frequently used in the evaluation of IFI, because 
of its multiplanar imaging, high resolution, lack of ionizing 
radiation, and superiority over other radiological methods in 
demonstrating soft tissues and soft-tissue edema.5 Utilizing 
MRI of the hip allows us to identify a reduced distance between 
the lesser trochanter and the ischial tuberosity, as well as 
abnormal signal intensity of the QFM.3

This study aims to determine the diagnostic effectiveness 
of ischiofemoral interval and quadratus femoris interval 
measurements obtained from pelvic MRI examinations for IFI.

To the best of our knowledge, few studies have investigated 
IFI syndrome. Therefore, this study aimed to determine the 
effectiveness of IFS and QFS measurements obtained from 
pelvic MRI for the diagnosis of IFI. We hypothesize that patients 
with IFI will have significantly lower IFS and QFS values than 
patients without IFI, and that these measurements will provide 
significant diagnostic discrimination for IFI in receiver operating 
characteristic (ROC) analysis.

MATERIALS AND METHODS
This retrospective cross-sectional study was approved by 
the Institutional Ethics Committee of Erzincan Binali Yıldırım 
University Institutional Ethics Committee (decision no.: 
2025-09/01, session: 09, date: 15.05.2025). After approval, 
all patients who had undergone pelvic MRI at our institution 
between November 1, 2024, and June 18, 2025 (n=202) 
reassessed for the IFS intervals. After obtaining approval, all 
patients who underwent pelvic MRI at our hospital between 
November 1, 2024, and June 18, 2025 (n=202) were reassessed 
for IFS intervals. All pelvic measurements were performed 
using the institutional hospital’s picture archiving and 
communication system. To examine patients with complete 
bone maturation, those younger than 18 years (n=5) were 
excluded from the study. In order to examine patients with 
complete bone maturation, both male and female patients 
over 18 years of age were included. Patients younger than 18 
years of age (n=5) were excluded from the study. Additionally, 

the patients whose orthopaedic examination results could not 
be obtained or whose images were unsuitable for evaluation 
because of technical flaws or artifacts were excluded (n=19). 
Additionally, patients whose orthopedic examination results 
were unavailable or whose images were unsuitable for 
evaluation due to technical flaws or artifacts (n=19) were 
excluded. After exclusions, 104 women and 74 men, a total of 
178 patients, were reinterpreted bilaterally for measurements 
and signal changes indicating IFI.

MRI 

Technical Parameters of Pelvic MRI 

A 1.5-Tesla MR scanner (Magnetom Aera; Siemens 
Healthineers, Erlangen, Germany) was used to perform pelvic 
MRI. All patients were examined in the supine position, and the 
imaging procedure was performed using standard (15-channel) 
abdominal coils. The turbo spin echo MR sequences for the 
pelvic imaging with relevant technical parameters [Time of 
repetition (TR), time of echo (TE), number of excitations (NEX), 
field of view, slice thickness (ST), voxel size (VS)] were listed for 
all sequences as follows: Coronal plane T2-weighted imaging 
(TR: 3660 ms, TE: 66 ms, NEX: 1, ST: 4 mm, VS: 0.7 x 0.7 x 4 
mm), coronal plane T1-weighted imaging (TR: 504 ms, TE: 21 
ms, NEX: 2, ST: 4 mm, VS: 1.4 x 1.4 x 4 mm), axial plane fat 
saturated proton density (TR: 2920 ms, TE: 34 ms, NEX: 2, ST: 5 
mm VS: 1.3 x 1.3 x 5 mm), axial plane T1-weighted imaging (TR: 
714 ms, TE: 11 ms, NEX: 2, ST: 5 mm, VS: 5 mm), fat saturated 
axial plane T1-weighted imaging (TR: 677 ms, TE: 11 ms, NEX: 2 
mm, ST: 5 mm, VS: 0.6 x 0.6 x 5 mm).

Measurement Technique

The ischiofemoral bone-to-bone distance and the distance 
between the lesser trochanter of the femur and the lateral 
borders of the hamstring tendons can be readily measured on 
axial images. Therefore, the axial planes were used to perform 
the measurements. The IFS is defined as the shortest distance 
between the lateral cortex of the ischial tuberosity and the 
medial cortex of the lesser trochanter. The QFS was measured as 
the shortest distance through which the QFM passes, bounded 
by the superolateral surface of the hamstring tendons and the 
lesser trochanter. The IFS is defined as the shortest distance 
between the lateral cortex of the ischial tuberosity and the 
medial cortex of the lesser trochanter. The QFS was measured 
as the shortest distance through which the QFM could pass 
and was bounded by the superolateral surface of the hamstring 
tendons and the lesser trochanter. The ischiofemoral (bone-
to-bone) space and the bone-to-quadriceps femoris tendon 
space can be readily estimated on axial images. Therefore, 
axial planes were used for measurements. T1 sequences were 
used for these measurements because of their superiority in 
defining regional anatomy and delineating cortical borders 
(Figure 1). Proton-weighted T2 sequences were used to assess 
signal changes in the QFM (Figure 2).3 After measuring the IFS 
and QFS distances, the presence of a signal increase in the QFS 
muscle on the T2 sequence was assessed. IFI was considered 
positive in those with a signal increase and negative in those 
without a signal increase.

MAIN POINTS
•	 Ischiofemoral space (IFS) and quadratus femoris space 

(QFS) measurements using pelvic magnetic resonance 
imaging showed significant indicator for the diagnosis 
of Ischiofemoral impingement (IFI) syndrome.

•	 Women exhibited lower IFS and QFS measurements 
and a higher IFI rate; the overall incidence of IFI within 
the study population was 17.7%.

•	 Sensitivity/specificity were 0.676/0.857 for IFS and 
0.765/0.794 for QFS at the optimal thresholds.



Kolak et al. Measurements for Ischiofemoral Impingement Arch Basic Clin Res 2026;8(1):1-6

3

Statistical Analysis

All statistical analyses were performed using IBM SPSS Statistics 
for Windows, version 22.0 (IBM Corp., Armonk, NY, USA).
Descriptive statistics are presented as frequency, percentage, 
mean, standard deviation, median, and minimum-maximum 
values. In the normality analysis, Kolmogorov-Smirnov tests 
were performed. An Independent Samples t-test was used 
to compare female and male groups with respect to IFS and 
QFS values. This test was also used to analyze the statistical 
significance of differences between the patient and normal 
groups in the IFS and QFS measurements. The correlations 
of these two measurements with age were analyzed using 
Spearman’s rho. IFS and QFS values were also analyzed using 
chi-square tests to calculate sensitivity and specificity to 
indicate the presence of IFI. The chi-square test was used for 
binary analyses of categorical data. ROC curves were used to 
estimate the area under the curve (AUC) for each measured 
parameter. Results were evaluated at a 95% confidence level, 
and a P value of < 0.05 was considered to indicate statistical 
significance.

RESULTS
Among the participants, 58.4% were female and 41.6% male, 
with a mean age of 48.51 (16.10). There was no significant 
age difference between females and males (P = 0.064). 
Radiologically, 17.7% of the total participants were diagnosed as 
IFI. Significant differences in IFS and OFS values were observed 
between genders, with both values lower in women (Table 1).

A higher percentage of positive patients was observed in 
women compared to men for IFI. (P < 0.05, Table 2).

A significant but very weak negative correlation was found 
between age and the IFS value (r = -0.146, P = 0.006). A weak, 
negative, and statistically significant correlation was found 
between age and the QFS value (r = -0.255, P < 0.0001). A very 
weak negative correlation between age and the IFS value (r = 
-0.146, P = 0.006) and a weak negative correlation between age 
and the QFS value (r = -0.255, P < 0.0001) were observed.

In the ROC analysis conducted using IFS, the AUC was 0.840. 
(Figure 3). The highest cut-off value of (sensitivity x specificity) 
was 21.285 21,29 mm. The sensitivity at this value was 0.676. 
The specificity at this value was 0.857.

In the ROC analysis conducted according to QFS, the AUC 
was 0.856 (Figure 4). The highest cut-off value of (sensitivity 
× specificity) was 16.17 mm. The sensitivity at this value was 
0.765. The specificity at this value was 0.794 (Table 3).

DISCUSSION
Hip discomfort following hip surgery or trauma may be caused 
by IFI; however, this condition is relatively rare. Nevertheless, 
only one documented instance of IFI without a history of lower 
extremity trauma or surgery has been reported.6 Although 
the exact origin of IFI is unknown, there are both congenital 
and acquired causes. Osteoarthritis resulting in superior and 
medial migration of the femur, valgus deformity requiring 
intertrochanteric osteotomy, and intertrochanteric fractures 
involving the lesser trochanter are some acquired causes. 

Table 1. The IFS and QFS Measurement Results Regarding to the 
Genders and the Presence of IFI

Group 

IFS QFS

Gender

F (n=208) 21.52 (7.0806)a 18.81 (7.36)a

M (n=148) 25.68(7.6933)b 22.76 (8.12)b

IFI 

N (n=293) 24.86(6.99)a 22.1213 (7.44)a

P (n=63) 15.7786 (5.75)b 12.6846 (4.90)b

a,b: Different letters in the same column indicate statistically different (P < 
0.05).

F, female; M, male; N, negative; P, positive; IFI, ischiofemoral impingement; IFS, 
ischiofemoral space; QFS, quadratus femoris space.

Figure 1. IFS and QFS intervals measuremet on T1 sequence. 
A) Ischiofemoral space (IFS), B) quadratus femoris space (QFS).

Figure 2. On the PDW (proton density-weighted) sequence, 
increased signal intensity was observed in the quadratus 
femoris muscle compared with the contralateral side. Note the 
narrow QFS interval. 
QFS, quadratus femoris space.



Kolak et al. Measurements for Ischiofemoral Impingement Arch Basic Clin Res 2026;8(1):1-6

4

Ischiofemoral narrowing can have a congenital or positional 
origin, independent of any acquired bone abnormalities.6 

According to reports, IFI can be identified on hip MRI by 
constriction of the quadratus femoris and IFS.7 This paper aims 
to evaluate the accuracy of IFI diagnosis from pelvic MRI exams 
utilizing the quadratus femoris and ischiofemoral interval 
measures. The purpose of this article is to assess how well pelvic 
MRI examinations that use the ischiofemoral and quadratus 
femoris interval measurements diagnose IFI syndrome.

Our findings support this hypothesis. Patients diagnosed 
with IFI syndrome showed significantly smaller IFS and QFS 
measurements on pelvic MRI compared with those without IFI. 
Moreover, ROC curve analysis demonstrated that both intervals 
provided meaningful diagnostic discrimination, indicating that 
reduced IFS and QFS values are useful imaging markers for 
identifying IFI in routine pelvic MRI evaluations.

Our study was designed as a retrospective, cross-sectional 
analysis of images from patients who underwent hip and 
pelvic MRI for various reasons, particularly hip pain, and these 
images were re-evaluated according to radiological IFI criteria. 
The degree of hip flexion and rotation during the MRI may 
substantially affect these measurements. Additionally, the 
QF space should be assessed, even though the majority of 
IFI literature focuses on narrowing of the (bony) IF space. 
Functionally, impingement of the QF muscle against the lesser 
trochanter may result from a lateralized and widened hamstring 
origin, particularly during hip external rotation and extension.8,9 
We also evaluated both spaces.

In practical terms, a meta-analysis of 27 studies in individuals 
with IFI provides useful cutoff points for detecting space 
narrowing on standard hip MRI. A total of six articles, including 
their respective institutional series but excluding case reports 
and reviews were evaluated for QFS and IFS. A. Singer et 
al.’s10 meta-analysis reports that the T1W axial sequence cut-
off value for the QFS is < 10 mm (sensitivity 79%, specificity 
74%, accuracy 77%), and for the IFS ≤ 15 mm (sensitivity 77%, 
specificity 81%, accuracy 74%). In our study the T1W axial 
sequence cut-off value for the IFS is 21,285 mm (sensitivity 

Table 2. The percentages of Positive and Negative Patients for Each Gender Group and for the Total Population of the Study

Gender

IFI Female Male Total P value 

Negative 163 (78.4%) 130 (87.8%) 293 (82.3%)
0.021*

Positive 45 (21.6%) 18 (12.2%) 63 (17.7%)

Total 208 (100%) 148 (100%) 356 (100%)  

* Pearson’s chi-square test indicated that gender was significantly associated with IFI (ischiofemoral impingement). The P value indicated that the proportion of 
positive patients among females was significantly higher than that among males.
IFI, Ischiofemoral impingement.

Table 3. Results of ROC analysis based on IFS and QFS mesurements (Asymptotic 95% Confidence Interval)

Model Name Sensitivity Specificity Sensitivity × Specificity AUC

IFS 0.676 0.857 21.285 0.840

QFS 0.765 0.794 16.17 0.856

[(IFS, Lower bound: 0,788; Upper bound: 0,891) and QFS Lower bound: 0,809; Upper bound: 0,904].
IFS, ischiofemoral space; QFS, quadratus femoris space; AUC, area under the curve; ROC, receiver operating characteristic.

Figure 3. ROC curve analysis of raw data from available hip 
IFS measurements (n=178) yielded an AUC of 0.840 (95% 
confidence interval: 0.788-0.891).
ROC, receiver operating characteristic; IFS, ischiofemoral space; AUC, 
area under the curve.

Figure 4. ROC curve analysis from raw data of available hip QFS 
measurements; n=178, AUC=0.856 (95% confidence interval 
0.809-0.904).
ROC, receiver operating characteristic; QFS, quadratus femoris space; 
AUC, area under the curve.
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67,6%, specificity 85.7%) and for the QFS is 16,17 (sensitivity 
76,5%, specificity 79,4%). In our study, the T1W axial sequence 
cut-off values were 21.29 mm for the IFS (sensitivity 67.6%, 
specificity 85.7%) and 16.17 mm for the QFS (sensitivity 76.5%, 
specificity 79.4%).3,6,10-13

It has been proposed that IFI syndrome is gender-related 
because females’ ischial tuberosities are farther apart, which 
reduces the ischiofemoral distance.7,11,13,14 Sussman et al.15 
found that female cadavers exhibited altered ischial angulation 
and increased intertuberous diameter, which may explain the 
greater prevalence of IFI syndrome in females. In our study, 
we observed that the incidence of IFI was higher in women.16 
According to the majority of studies, IFI is more prevalent in 
adults. However, we observed a low but significant negative 
correlation between age and the IFS and QFS values.8

Study Limitations

This study has several limitations that should be discussed 
before analyzing the results. First, our study was retrospective. 
Since IFI findings were not prospectively evaluated clinically or 
radiologically in these studies, some cases of IFI may have been 
missed during the period examined. Second, the definition of 
pain characteristics for IFI is unclear. Specificity would likely 
be increased if this type of pain were clinically significant 
and accompanied by an abnormal QF MRI appearance and 
narrowing of the IFI and/or QFS. More specific definitions of hip 
pain associated with IFI have recently been presented; however, 
larger studies are needed to confirm their sensitivity and 
specificity profiles.13,17 Considering the various hip positioning 
protocols that can be used during MRI, researchers have 
suggested imaging through the arc of femoral rotation to locate 
the point where the IFS and QFS are narrowest. To provide a 
constant hip posture, internal rotation was used. Considering 
the various hip positioning protocols during MRI, researchers 
have suggested imaging throughout the arc of femoral rotation 
to identify the point where the IFS and QFS are narrowest. In our 
study, internal rotation was applied to maintain a consistent hip 
posture.3,7,11,14 However, recent research has revealed notable 
alterations in the IF gap brought on by hip flexion or rotation,18-20 
with the shortening between the ischium and lesser trochanter 
becoming particularly noticeable during hip external rotation.8 
We obtained MRIs of our patients in the neutral, supine position. 
Further studies are needed to determine the effect of position 
on IFI diagnosis. Because the measurements were made by 
consensus between a radiologist and an anatomist, double-
blinding was not feasible. This may have increased the risk of 
bias in the measurement results due to interaction between 
observers. 

CONCLUSION
IFI syndrome is an extra-articular compressive phenomenon 
caused by a narrowing between the ischium and the 
proximal femur in native hips. The results of the current 
study indicated the significant relationship between the IFS 
and QFS measurements and IFI syndrome. These intervals 
showed a significant and negative correlation regarding age. 

This study also revealed important cut-off values for IFS and 
QFS intervals indicating IFI with relatively high sensitivity and 
specificity values. Including these study results, a meticulous 
meta-analysis that gathers other research focusing on the same 
interval measurements would be useful to better understand 
and specify the threshold values that indicate IFI. 
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INTRODUCTION
Chronic lymphocytic leukemia (CLL) is the most common 
adult leukemia in Western countries, characterized by the 
accumulation of mature clonal B cells in the peripheral blood 
(PB), bone marrow, and lymphoid tissues. Although the 
disease course is heterogeneous, many patients eventually 
require therapy, and historically, chemoimmunotherapy 
with fludarabine, cyclophosphamide, and rituximab or 

bendamustine-based regimens represented standard first-line 
approaches.1 

CLL treatment has shifted from chemoimmunotherapy to 
targeted agents that disrupt key pathogenic pathways.2 Among 
these, the Bruton’s tyrosine kinase inhibitor ibrutinib and the 
B-cell lymphoma-2 (BCL-2) inhibitor venetoclax have each 
demonstrated durable remissions as monotherapy in CLL. 
The combination of ibrutinib and venetoclax is supported by a 
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ABSTRACT
Objective: Chronic lymphocytic leukemia (CLL) treatment has shifted from chemoimmunotherapy to targeted agents. Venetoclax and 
ibrutinib, which act through complementary mechanisms, have shown promise in achieving deep remissions. Their combination may 
enhance efficacy, but pooled evidence from randomized trials is lacking.

Methods: We systematically searched CENTRAL, MEDLINE, PubMed, Web of Science, and Scopus through April 1, 2025, for phase II/III 
randomized controlled trials (RCTs) comparing venetoclax-ibrutinib based combinations to standard regimens in treatment-naive CLL. 
Outcomes included progression-free survival (PFS) at predefined time points, overall survival (OS), undetectable measurable residual disease 
(uMRD) in blood and bone marrow, and safety. Risk ratios (RRs) were synthesized using inverse-variance weighted random-effects models.

Results: Four RCTs (n=1.343; CAPTIVATE, GLOW, GAIA-CLL13, and FLAIR were eligible. Venetoclax-ibrutinib combinations significantly 
prolonged PFS at 12 months [RR 1.10; 95% confidence interval (CI) 1.05-1.15], 24 months (RR 1.21; 95% CI 1.15-1.28), 36 months (RR 
1.27; 95% CI 1.14-1.42), and 48 months (RR 1.47; 95% CI 1.18-1.84), with attenuation at 60 months (RR 1.74; 95% CI 0.88-3.43), when 
the effect was no longer statistically significant. Rates of uMRD were higher in peripheral blood (RR 1.55, 95% CI 1.35-1.79) and in bone 
marrow (RR 2.15, 95% CI 1.37-3.38). OS at 36 months was similar between groups (RR, 1.05; 95% CI, 0.93-1.17). Safety outcomes were 
broadly comparable, though diarrhea (RR 2.10) and hypertension (RR 2.86) were more frequent with venetoclax-ibrutinib. Subgroup analysis 
revealed a transient 24-month PFS benefit in patients with unmutated immunoglobulin heavy chain variable. 

Conclusion: Venetoclax-ibrutinib combinations significantly improve disease control in first-line CLL, achieving higher uMRD and sustained 
PFS benefits without compromising safety. 
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strong biological rationale. The lymph node microenvironment 
provides CLL cells with protective signals from T cells, natural 
killer cells, macrophages, endothelial cells, and stromal cells, 
which collectively promote CLL cell survival and suppress 
immune responses.3,4 B-cell receptor (BCR) activation and 
cluster of differentiation 40 (CD40)-CD40 ligand interactions 
upregulate antiapoptotic proteins such as B-cell lymphoma-
extra large (BCL-XL) and myeloid cell leukemia-1 (MCL-1),5 
while Toll-like receptor stimulation and CD40 overexpression 
reduce sensitivity to venetoclax.6,7 Furthermore, loss of the 
tumor-suppressor microRNAs miR-15a/miR-16-1 leads to 
aberrant upregulation of BCL-2 and impaired apoptosis.8

Preclinical studies also reinforce this synergy. Ex vivo drug 
profiling showed that ibrutinib-treated CLL cells became 
more venetoclax-sensitive through reductions in MCL-1 
and BCL-XL.9,10 BH3 profiling confirmed increased BCL-2 
dependence, and in vivo models demonstrated cooperative 
activity with distinct effects on proliferative versus quiescent 
CLL subpopulations.11 Together, these findings highlight 
that combining these agents, as suggested by National 
Comprehensive Cancer Network guideline v3.2024,12 exploits 
complementary mechanisms: ibrutinib inhibits tumor cell 
proliferation, mobilizes malignant cells from their protective 
niches in the lymphoid organs into the circulation, and impairs 
BCR signaling, while venetoclax induces apoptosis by inhibiting 
BCL-2.1 This strategy promises minimal residual disease (MRD) 
negativity and improved progression-free survival (PFS).12

We conducted a meta-analysis to evaluate the efficacy, safety, 
and tolerability of venetoclax-ibrutinib combinations (VIC) in 
treatment-naive CLL patients.

MATERIAL AND METHODS
This study was a systematic review and meta-analysis of 
previously published studies and did not involve human 
participants directly; therefore, ethics committee approval and 
informed consent were not required.

Eligibility criteria

We included randomized controlled trials (RCTs) (parallel-
group, phase II or III) enrolling adults with previously untreated 
CLL that compared venetoclax-ibrutinib-based combinations 
against chemoimmunotherapy or other targeted regimens. 

Information Sources

We searched Cochrane CENTRAL, Ovid MEDLINE, PubMed, 
Web of Science, and Scopus from database inception through 
April 1, 2025. No language restrictions were applied.

Search Strategy

The search combined controlled vocabulary and free-text 
terms for “venetoclax-,” “ibrutinib-,” and “CLL-,” adapted to 
each database. 

Study Selection

Two reviewers independently screened titles and abstracts, 
and then the full texts of potentially eligible records, using 
prespecified criteria. Discrepancies were resolved by consensus. 
Reasons for exclusion at full-text review were documented and 
summarized in the PRISMA flow diagram (Figure 1). 

Data Collection Process

Two reviewers independently extracted data using a piloted 
form. Extracted items included trial characteristics (design, 
phase, setting, sample size), patient features (age, comorbidity 
status, genomic risk including immunoglobulin heavy chain 
variable (IGHV), del(17p)/tumor protein 53 (TP53) when 

MAIN POINTS
•	 Venetoclax-ibrutinib combinations (VIC) significantly 

improved progression-free survival (PFS) versus 
standard regimens across multiple time points—12 
months [Risk ratio (RR) 1.10; 95% confidence interval 
(CI) 1.05-1.15], 24 months (RR 1.21; 95% CI 1.15-1.28), 
36 months (RR 1.27; 95% CI 1.14-1.42), 48 months 
(RR 1.47; 95% CI 1.18-1.84)—with attenuation at 60 
months (RR 1.74; 95% CI 0.88-3.43).

•	 Undetectable minimal residual disease was achieved 
more frequently with VIC, both in peripheral blood (RR 
1.55; 95% CI 1.35-1.79) and in bone marrow (RR 2.15; 
95% CI 1.37-3.38).

•	 Safety profiles were comparable, with no significant 
differences in serious adverse events (RR 1.10; 95% CI 
0.74-1.62) or deaths (RR 0.70; 95% CI 0.22-2.29).

•	 Both the doublet (venetoclax + ibrutinib) and the triplet 
(venetoclax + ibrutinib + obinutuzumab) regimens 
yielded comparable efficacy for 36-month PFS [RR 
1.28 (1.12-1.46) versus 1.26 (1.05-1.51)]. Figure 1. Flow diagram of literature search.

RCT, randomized controlled trial.
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reported), intervention details (drug(s), dosing, treatment 
duration, MRD-guided versus fixed-duration strategy), 
comparator regimens, outcome definitions and assessment 
schedules, follow-up duration, and effect estimates for 
all outcomes. Any disagreements were resolved through 
discussion.

Study Outcomes

The primary efficacy outcome was PFS at 36 months; secondary 
outcomes included landmark PFS at additional time points 
(12, 24, 48, and 60 months, as available), overall survival (OS), 
undetectable minimal residual disease (uMRD) in PB and/or 
bone marrow, treatment discontinuation due to adverse events 
(AEs), serious AEs, infection outcomes, and selected AEs of 
special interest (e.g., diarrhea, hypertension). Trials of relapsed/
refractory disease, non-randomized trials, single-arm trials, and 
trials in pediatric populations were excluded.

Definitions and Outcome Measures

PFS and OS were used as defined by each trial. When time-to-
event hazard ratios (HRs) were unavailable at a given landmark 
time, we abstracted aggregate data at prespecified time points 
for binary outcomes and calculated risk ratios (RRs). uMRD 
was accepted as defined in each trial (typically < 10-4 by flow 
cytometry or next-generation sequencing) and was abstracted 
separately for PB and bone marrow, when available. Safety 
outcomes followed trial-reported grading (e.g., Common 
Terminology criteria for Adverse Events version used in each 
study). 

Statistical Analysis

For dichotomous outcomes (e.g., landmark PFS, uMRD, AEs), 
we calculated RRs with 95% confidence intervals (CIs). For 
rare events, the Mantel-Haenszel method, with a continuity 
correction when required.13 For time-to-event outcomes 
with available HRs, we planned to synthesize log HRs and 
their standard errors. Primary analyses used inverse-variance-
weighted random-effects models. Between-study variance (τ2) 
was estimated with the Paule-Mandel method14, and statistical 
heterogeneity was quantified using I2. Planned sensitivity 
analyses included fixed-effect models; exclusion of studies at 
high risk of bias (RoB); and leave-one-out analyses. When ≥ 10 
studies were available for an outcome, we planned to explore 
small-study effects via funnel plots and Egger’s test; with fewer 
studies, we did not formally assess publication bias and instead 
interpreted pooled results with caution. All analyses were 
conducted in R (version 4.5.1; www.r-project.org; R Foundation 
for Statistical Computing, Vienna, Austria), using the validated 
meta and metafor packages.http://www.r-project.org/

RoB Assessment

The RoB for each included randomized controlled trial was 
independently assessed by two reviewers using the Cochrane 
RoB 2 tool15, evaluating five domains: (1) randomization 
process, (2) deviations from intended interventions, (3) 
missing outcome data, (4) measurement of the outcome, and 
(5) selection of the reported result. Any disagreements were 
resolved through discussion. The overall RoB judgment for 

each trial was determined in accordance with the Cochrane 
Handbook for Systematic Reviews of Interventions, version 6.5.

Assessing of Certainty of Evidence

The certainty of the evidence for the primary outcome 
(PFS at 36 months) was evaluated using the Grading of 
Recommendations, Assessment, Development, and Evaluation 
approach, considering RoB, inconsistency, indirectness, 
imprecision, and publication bias as described in our prior 
study.16 Evidence was rated as high, moderate, low, or very low.

Subgroup Analysis

A priori subgroups, contingent on data availability, included IGHV 
mutational status (mutated versus unmutated) and regimen 
composition (venetoclax + ibrutinib doublet versus venetoclax + 
ibrutinib + anti-CD20 triplet). Additional exploratory subgroups 
(age- or comorbidity-defined populations, MRD-guided vs 
fixed-duration strategies, and comparator category) were also 
considered.

Assessment of Reporting Bias and Study Registration

Because this was a synthesis of published randomized trials 
with ≤ 10 studies per outcome, formal statistical tests for 
small-study effects were generally not applicable. 

RESULTS
Four RCTs (n=1343) met eligibility criteria: CAPTIVATE17, global 
study of venetoclax and obinutuzumab in previously untreated 
CLL (GLOW)18, global assessment of ibrutinib and venetoclax in 
previously untreated CLL (GAIA-CLL13)19, and frontline therapy 
with ibrutinib, venetoclax and rituximab (FLAIR)20; three of 
which explored venetoclax + ibrutinib17,18,20, while one explored 
venetoclax + ibrutinib + obinutuzumab (Table 1).19

Study Characteristics

CAPTIVATE evaluated fixed-duration venetoclax-ibrutinib 
in patients age < 70 years (median age 58). After a 3-cycle 
ibrutinib lead-in followed by 12 cycles of combination therapy, 
75% of patients achieved undetectable MRD in PB, and 68% of 
patients achieved undetectable MRD in bone marrow. One-year 
disease-free survival in the confirmed uMRD group was 95% 
with placebo and 100% with ibrutinib; PFS rates were ≥ 95% at 
approximately 30 months’ follow-up compared with placebo.17

GLOW compared fixed-duration venetoclax-ibrutinib with 
chlorambucil–obinutuzumab in older and/or comorbid patients 
(median age 71 years). At 27.7 months, PFS favored venetoclax-
ibrutinib (HR 0.216; 95% CI, 0.13-0.36; P < 0.001). The estimated 
30-month PFS rates were ~80% with venetoclax-ibrutinib 
versus ~36% with chlorambucil-obinutuzumab, consistent 
across subgroups. Sustained uMRD in blood was achieved in 
84.5% versus 29.3%.18

GAIA-CLL13 enrolled 926 fit patients without TP53 aberrations 
and randomized them to chemoimmunotherapy, venetoclax–
rituximab, venetoclax–obinutuzumab, or venetoclax-
obinutuzumab-ibrutinib. At three years, PFS was 90.5% with 
venetoclax-obinutuzumab-ibrutinib (HR for disease progression 



Tanrıverdi and Sarıcı. First-line Venetoclax-Ibrutinib for CLL Arch Basic Clin Res 2026;8(1):7-19

10

or death, 0.32; 97.5% CI, 0.19-0.54; P < 0.001) and 87.7% with 
venetoclax-obinutuzumab (HR for disease progression or 
death, 0.42; 97.5% CI, 0.26-0.68; P < 0.001), compared with 
chemoimmunotherapy. The venetoclax-rituximab arm (80.8%) 
did not significantly outperform chemoimmunotherapy. The 
triple regimen venetoclax-ibrutinib-obinutuzumab yielded the 
highest uMRD rate (92.2%).19

FLAIR randomized 523 previously untreated patients eligible 
for fludarabine, cyclophosphamide, rituximab (FCR) to MRD-

guided venetoclax-ibrutinib or FCR. At a median follow-up of 
43.7 months, venetoclax-ibrutinib strongly reduced the risk 
of disease progression or death (HR, 0.13; 95% CI, 0.07-0.24; 
P < 0.001). By five years, 65.9% of patients had bone marrow 
uMRD, and 92.7% had PB uMRD.20

RoB

The overall RoB was low for Kater et al.,18 of some concern for 
Wierda et al.17 and Eichhorst et al.,19, and high for Munir et al.20 

(Figure 2).

Figure 2. Risk of bias assessment of the included trials per each primary outcome.

Table 1. Study Characteristics of the Included Trials
Study 
(year) Trial / registration Design Setting Population n Intervention Comparator Primary end 

point(s)

Wierda 
et al.17

CAPTIVATE; 
NCT02910583

Phase II 
RCT

46 sites 
across 6 

countries

Age ≥ 18 to 
< 70 y with 
previously 
untreated 
CLL/SLL

149
Leadin ibrutinib × 3 

cycles, then 12 cycles 
ibrutinib + venetoclax

Placebo or Ibrutinib

1year 
diseasefree 
survival in 
confirmed 
uMRD 
population

Kater et 
al.18

GLOW; 
NCT03462719

Phase 3, 
open-label 

RCT

67 sites 
across 14 
countries

Previously 
untreated 

CLL, older or 
18 to 64 years 

of age with 
comorbidities

211

Ibrutinib 420 mg qd 
×3 lead-in cycles, 
then 12 cycles of 

ibrutinib + venetoclax 

Obinutuzumab + 
chlorambucil

IRC assessed 
PFS (time 
from 
randomization 
to progression 
or death from 
any-cause)

Eichhorst 
et al.19

GAIA-CLL13; 
NCT02950051; 
EudraCT 2015-

004936-36

Phase 3, 
open-label 

RCT 

159 sites in 
9 European 
countries 
and Israel

Previously 
untreated, fit 
CLL; ECOG 

0-2

460

Venetoclax 400 
mg qd for 10 cycles 
after 5 wk ramp-up; 

Ibrutinib 420 mg 
qd starting C1D1; 

Obinutuzumab per 
label; 12 cycles total 

with MRD guided

Chemoimmunotherapy 
(FCR for ≤ 65 y or 

bendamustine-
rituximab for > 65 y);  

6 × 28 day cycles

uMRD in 
peripheral 
blood at 
month 15 
and PFS 
(time from 
randomization 
to progression 
or death)

Munir et 
al.20

FLAIR; 
ISRCTN01844152; 

EudraCT 2013-
001944-76

Phase 3, 
open-label 

RCT

96 sites 
in United 
Kingdom

Previously 
untreated 
CLL/SLL; 

considered fit 
for FCR

523

Ibrutinib 420 mg qd 
for 8 weeks, then add 
venetoclax (ramp up 

to 400 mg qd)

FCR every 28 days × 6 
cycles

PFS (time 
from 
randomization 
to progression 
or all-cause 
death)

CLL, chronic lymphocytic leukemia; SLL, small lymphocytic lymphoma; uMRD, undetectable minimal residual disease; RCT, randomized controlled trial; FCR, fludarabine-
cyclophosphamide-rituximab; ECOG, Eastern Cooperative Oncology Group; IRC, independent review committee; PFS, progression-free survival; qd, once daily; C1D1, cycle 1 
day 1; wk, week; MRD, minimal residual disease; GLOW, global study of venetoclax and obinutuzumab in previously untreated CLL; GAIA-CLL, global assessment of ibrutinib 
and venetoclax in previously untreated CLL; FLAIR, frontline therapy with ibrutinib, venetoclax and rituximab.
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Primary and Secondary Efficacy Outcomes

VIC significantly prolonged PFS compared to controls at early 
timepoints: month 12 (RR 1.10; 95% CI, 1.05-1.15), month 24 
(RR 1.21; 95% CI, 1.15-1.28), month 36 (RR 1.27; 95% CI, 1.14-
1.42; moderate certainty of evidence), and month 48 (RR 1.47; 
95% CI, 1.18-1.84) (Table 2), but not at month 60 (RR 1.74; 
95% CI, 0.88-3.43) (Figure 3). 

MRD negativity was more frequent with VIC in peripheral blood 
(RR 1.55; 95% CI, 1.35-1.79) and in bone marrow (RR 2.15; 95% 
CI, 1.37-3.38) (Figure 4). OS at 36 months was similar between 
groups (RR 1.05; 95% CI, 0.93-1.17).

Safety and Tolerability Outcomes

Compliance and safety outcomes were generally comparable 
(Table 3). Rates of withdrawal due to AEs (RR 1.29; 95% CI, 
0.43-3.87), of any serious AEs (RR 1.10; 95% CI, 0.74-1.62), of 
pneumonia (RR 0.86; 95% CI, 0.22-3.30), of upper respiratory 
tract infection (RR 0.75; 95% CI, 0.24-2.33), and of death (RR 
0.70; 95% CI, 0.22-2.29) did not differ significantly. However, 
VIC was associated with an increased risk of diarrhea (RR 2.10; 
95% CI, 1.00-4.40) and hypertension (RR 2.86; 95% CI, 1.26-
6.49). 

Subgroup Analysis

Subgroup analyses by IGHV mutational status are presented 
in Supplementary Figures S1-S5. At most time points (12, 36, 
48, and 60 months), no statistically significant interaction was 
detected between IGHV mutational status and the effect of 
regimens containing venetoclax and ibrutinib on PFS. However, 
at 24 months, there was evidence of a differential treatment 
effect, with patients harboring unmutated IGHV deriving a 
greater relative benefit than those with mutated IGHV (P for 
interaction < 0.1). 

In an additional subgroup analysis stratified by VIC regimen 
composition, venetoclax plus ibrutinib (RR, 1.28; 95% CI, 1.12-
1.46) and venetoclax plus ibrutinib plus obinutuzumab (RR, 
1.26; 95% CI, 1.05-1.51) yielded comparable relative benefits 
for the primary outcome. This indicates that the addition of 
obinutuzumab to venetoclax-ibrutinib did not substantially 
alter efficacy in terms of PFS at 36 months, consistent with the 
absence of significant subgroup interaction.

Furthermore, we performed additional subgroup analyses for 
the primary outcome of PFS at 36 months by management 

strategy (specifically, fixed-duration versus MRD-guided 
venetoclax–ibrutinib regimens; Figure S6) and by overall RoB 
classification of the included RCTs (Figure S7). The pooled 
estimates demonstrated similar effect sizes between the 
two management strategies. The RRs for both analyses were 
consistent with the main analysis, and the test for subgroup 
differences yielded P = 0.9074, indicating no statistically 
significant interaction for management type or RoB 
classification.

DISCUSSION
No previous meta-analysis had been published on this topic. 
However, Wen et al.21 conducted a network meta-analysis 
(NMA) evaluating first-line treatment strategies for CLL using 
a frequentist approach and incorporating 30 RCTs (n=12,818) 
across chemotherapy, chemoimmunotherapy, and targeted 
regimens. Inclusion criteria encompassed treatment-naive 
adults with CLL or small lymphocytic lymphoma requiring 
therapy per the International Workshop on CLL guidelines; 
eligible trials were phase II/III RCTs reporting PFS, OS, 
objective response, uMRD, or AEs. The authors conducted 
comprehensive database searches, applied Cochrane risk-of-
bias assessments, and used frequentist NMA with P-scores 
to rank regimens, complemented by subgroup analyses 
stratified by age, comorbidities, IGHV status, and cytogenetic 
features. PFS of acalabrutinib-obinutuzumab in the overall 
population was found to be statistically superior to that of all 
chemotherapy-free regimens and chemoimmunotherapies, 
except for ibrutinib-venetoclax and MRD-guided ibrutinib-
venetoclax regimens. Specifically, acalabrutinib-obinutuzumab 
demonstrated significant benefit compared with ibrutinib (HR 
= 0.19; 95% CI, 0.12-0.32), zanubrutinib (HR = 0.23; 95% CI, 
0.13-0.43), obinutuzumab-venetoclax (HR = 0.34; 95% CI, 
0.22-0.53), and ibrutinib-obinutuzumab (HR = 0.56; 95% CI, 
0.32-0.98). Both ibrutinib-venetoclax (HR = 0.53; 95% CI, 0.32-
0.87) and MRD-guided ibrutinib-venetoclax (HR = 0.43; 95% CI, 
0.22-0.85) yielded superior PFS compared with obinutuzumab-
venetoclax.21 Furthermore, they reported that zanubrutinib 
consistently exhibited the most favorable safety profile, 
with significantly fewer grade ≥ 3 AEs than were observed 
with acalabrutinib, acalabrutinib-obinutuzumab, ibrutinib-
obinutuzumab, ibrutinib-venetoclax, and obinutuzumab-
venetoclax. Acalabrutinib also demonstrated lower rates 
of severe toxicity compared with ibrutinib-obinutuzumab, 
ibrutinib-venetoclax, and obinutuzumab-venetoclax. The triplet 
regimen obinutuzumab-ibrutinib-venetoclax was associated 

Table 2. Summary of Findings on Progression-free Survival at 36 Months for VIC Compared to Control Regimens

Outcome no of participants 
(studies)

Relative effect 
(95% CI)

Anticipated absolute effects (95% CI)
Certainty

Control VIC Difference

Progression-free survival at 36 months 
assessed with: as defined by each trial 
follow-up: range 38.8 months to 43.7 months
no of participants: 970 
(2 RCTs)

RR 1.27 
(1.14 to 1.42) 50.7% 64.4% 

(57.8 to 72)

13.7% more 
(7,1 more to 21,3 

more)

⨁⨁⨁◯ 
Moderatea

a.Risk of bias: Downgraded one levels as Munir20 were at high RoB due to randomization process and Eichhorst19 was at some concerns of RoB in the randomisation 
process and selection of the reported results. 
CI, confidence interval; RR, risk ratio; RoB, risk of bias; RCT, randomized controlled trial; VIC, venetoclax-ibrutinib combinations.
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Figure 3. Forest plots of progression-free survival (PFS) during follow-up. 
VIC, venetoclax-ibrutinib combinations; RR, risk ratio; CI, confidence interval.
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with increased dose reductions (> 20%) and treatment 
discontinuations, whereas ibrutinib-venetoclax carried a 
higher risk of grade ≥ 3 diarrhea than acalabrutinib, ibrutinib, 
acalabrutinib-obinutuzumab, and obinutuzumab-venetoclax. 
Neutropenia rates, both overall and grade ≥ 3, were lowest 
with zanubrutinib and highest with obinutuzumab-venetoclax. 
Notably, they found that ibrutinib-venetoclax showed a 
significantly lower incidence of neutropenia compared with 
obinutuzumab-venetoclax (any grade: odds ratios (OR) 0.50; 
95% CI, 0.26-0.98; grade ≥ 3: OR 0.50; 95% CI, 0.26-0.97).21

While the NMA by Wen et al.21 provides valuable network-
level insights by incorporating 30 RCTs and enabling indirect 
comparisons across diverse regimens, its findings must 
be interpreted with caution. Notably, the exclusion of the 

CAPTIVATE trial17, a pivotal study of venetoclax-ibrutinib 
with MRD-guided discontinuation, may have introduced bias 
by underrepresenting key data on time-limited VIC therapy. 
Moreover, the reliance on indirect comparisons can amplify 
heterogeneity from varying trial populations and designs. In 
contrast, our meta-analysis synthesized direct, head-to-head 
evidence. Additionally, we assessed detailed landmark PFS 
outcomes at 12, 24, 36, and 48 months that the NMA did not 
address.

A recently published Bayesian NMA22 restricted to physically 
fit, untreated CLL patients synthesized RCTs of first-line 
targeted regimens (venetoclax, obinutuzumab, ibrutinib, and 
their combinations) and analyzed PFS and uMRD negativity 
in PB [MRD(-)PB]. Searches spanned MEDLINE, Embase, 

Table 3. Effects of Venetoclax-ibrutinib Combinations on Safety and Tolerability Outcomes

Outcomes Number of 
studies

Number of 
participants

Pooled effect size  
RR (95% CI) P value 

I-square
(%)

Overall survival at 36 months 2 970 1.05 (0.93; 1.17) 0.44 71

Death 4 1212 0.70 (0.22; 2.29) 0.56 51

Diarrhea 4 1212 2.10 (1.00; 4.40) 0.49 94

Hypertension 4 1212 2.86 (1.26; 6.49) 0.01 77

Pneumonia 3 1149 0.86 (0.22; 3.30) 0.83 48

Upper respiratory infections 3 1149 0.75 (0.24; 2.33) 0.61 91

Serious or severe AEs 3 1149 1.10 (0.74; 1.62) 0.64 89

Withdrawal due to AEs 3 1162 1.29 (0.43; 3.87) 0.64 67

AEs, adverse events; RR, risk ratio; CI, confidence interval.				 

Figure 4. Forest plots of undetected minimal residual disease rates in peripheral blood and bone marrow. 
VIC, venetoclax-ibrutinib combinations; uMRD, undetectable minimal residual disease; RR, risk ratio; CI, confidence interval.
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and CENTRAL. The authors found no statistically significant 
differences between regimens in PFS; however, ibrutinib-
rituximab and venetoclax-obinutuzumab-ibrutinib ranked 
highest according to the surface under the cumulative 
ranking curves (PFS: 91% and 83% at matched follow-
up; 75% and 74% at the longest follow-up). For uMRD in 
peripheral blood, venetoclax-obinutuzumab-ibrutinib was 
significantly superior to other targeted options, with large OR; 
for example, in comparisons with the most similar follow-up: 
vs. venetoclax-rituximab, OR 10.58 (95% CI 5.46-22.38); vs. 
venetoclax-obinutuzumab, OR 2.21 (95% CI 1.04-4.94); vs. 
ibrutinib-rituximab, OR 127.8 (95% CI 59.24-295.77); and vs. 
ibrutinib-venetoclax, OR 9.43 (95% CI 3.43-27.06).22 

Our meta-analysis synthesizes direct head-to-head evidence 
exclusively from RCTs of VIC (with or without obinutuzumab) 
in untreated patients and quantifies landmark PFS at 12, 24, 
36, 48, and 60 months, rather than relying solely on the longest 
follow-up or on indirect comparisons. We found that VIC 
significantly prolonged PFS at 12-48 months (RRs 1.10-1.47), 
with attenuation at 60 months; increased uMRD rates in blood 
and bone marrow; and revealed no meaningful difference in 
PFS at 36 months between venetoclax-ibrutinib [RR 1.28 (1.12-
1.46)] and venetoclax-obinutuzumab-ibrutinib [RR 1.26 (1.05-
1.51)]. In IGHV-defined subgroups, only the 24-month signal 
favored unmutated IGHV (pinteraction < 0.1). Although all 
trials applied the standard 10-4 threshold, minor methodological 
differences—such as the use of next-generation sequencing 
versus flow cytometry, and varying sampling schedules (fixed 
versus MRD-guided)—may introduce subtle heterogeneity. 
However, because the sensitivity thresholds were harmonized 
and concordance between blood and marrow uMRD has 
been shown to be high, these differences are unlikely to have 
meaningfully impacted the pooled uMRD estimates in this 
meta-analysis. 

That the study22 concludes that venetoclax-ibrutinib 
and venetoclax-obinutuzumab-ibrutinib are among the 
most effective therapies for prolonging PFS aligns with 
our observation that triplet therapy is highly efficacious. 
Importantly, our results extend the literature by demonstrating, 
with direct evidence, that the doublet (venetoclax-ibrutinib) 
also achieves robust PFS benefits in untreated CLL, and that 
adding obinutuzumab did not materially change 36-month PFS 
in our pooled RCT data. Moreover, to our knowledge, our study 
is the first meta-analysis built solely on direct randomized 
evidence on VIC in the frontline setting and the first to provide 
granular, time-anchored PFS estimates at 12, 24, 36, 48, and 60 
months, which can inform shared decision-making regarding 
time-limited strategies. 

Study Limitations

Limitations include heterogeneity in comparator arms 
(chemoimmunotherapy vs. targeted combinations) and 
variability in outcomes due to differing definitions and timelines 
of efficacy endpoints across trials. Nevertheless, the consistent 
PFS benefit and favorable safety profile support incorporating 
VIC as a standard frontline option. Although the included 
RCTs differed in comparator regimens (chemoimmunotherapy 

vs. targeted agents), subgroup analysis by comparator type 
could not be performed due to the limited number of studies 
reporting the primary outcome. This variability should therefore 
be considered when interpreting the pooled results. Finally, 
because there is a lack of published systematic reviews and 
meta-analyses on this subject, we were unable to compare our 
findings with other studies.

CONCLUSION
Our analysis showed that VIC provides superior disease control 
compared with established regimens in first-line treatment 
of CLL, particularly by achieving prolonged PFS and sustained 
MRD negativity. The inclusion of both fit and older patients 
across trials strengthens the generalizability of these results. 

Ethics 

Ethics Committee Approval: This study was a systematic 
review and meta-analysis of previously published studies and 
did not involve human participants directly; therefore, ethics 
committee approval and informed consent were not required.

Acknowledgment

Preliminary results of this study were presented at 11th Society 
of Hematologic Oncology Türkiye Meeting, April 27-28, 
2024, İstanbul and the abstract was published at the Clinical 
Lymphoma Myeloma and Leukemia.

Footnotes

Author Contributions

Concept Design – L.H.T., A.S.; Data Collection or Processing – 
L.H.T., A.S.; Analysis or Interpretation – L.H.T., A.S.; Literature 
Review – L.H.T., A.S.; Writing, Reviewing and Editing – L.H.T., A.S. 

Declaration of Interests: The authors declare no conflict of 
interest regarding the publication of this paper. 

Funding: The authors declare no financial support or funding.

REFERENCES
1.	 Hallek M. Chronic lymphocytic leukemia: 2025 update on the 

epidemiology, pathogenesis, diagnosis, and therapy. Am J Hematol. 
2025;100(3):450-480. [CrossRef]

2.	 Fresa A, Innocenti I, Tomasso A, et al. Treatment sequencing in 
chronic lymphocytic leukemia in 2024: where we are and where we 
are headed. Cancers (Basel). 2024;16(11):2011. [CrossRef]

3.	 Herishanu Y, Katz BZ, Lipsky A, Wiestner A. Biology of chronic 
lymphocytic leukemia in different microenvironments: clinical 
and therapeutic implications. Hematol Oncol Clin North Am. 
2013;27(2):173-206. [CrossRef]

4.	 Haselager MV, Kater AP, Eldering E. Proliferative signals in 
chronic lymphocytic leukemia; what are we missing? Front Oncol. 
2020;10:592205. [CrossRef]

5.	 Timofeeva N, Jain N, Gandhi V. Ibrutinib and venetoclax in 
combination for chronic lymphocytic leukemia: synergy in practice. 
Blood Neoplasia. 2024;1(3):100034. [CrossRef]

https://doi.org/10.1002/ajh.27546
https://doi.org/10.3390/cancers16112011
https://doi.org/10.1016/j.hoc.2013.01.002
https://doi.org/10.3389/fonc.2020.592205
https://doi.org/10.1016/j.bneo.2024.100034


Tanrıverdi and Sarıcı. First-line Venetoclax-Ibrutinib for CLL Arch Basic Clin Res 2026;8(1):7-19

15

6.	 Kielbassa K, Haselager MV, Bax DJC, et al. Ibrutinib sensitizes 
CLL cells to venetoclax by interrupting TLR9-induced CD40 
upregulation and protein translation. Leukemia. 2023;37(1):1268-
1276. [CrossRef]

7.	 Thijssen R, Slinger E, Weller K, et al. Resistance to ABT-199 induced 
by microenvironmental signals in chronic lymphocytic leukemia 
can be counteracted by CD20 antibodies or kinase inhibitors. 
Haematologica. 2015;100(8):e302-e306. [CrossRef]

8.	 Pekarsky Y, Balatti V, Croce CM. BCL2 and miR-15/16: from gene 
discovery to treatment. Cell Death Differ. 2018;25(1):21-26. 
[CrossRef]

9.	 Deng J, Isik E, Fernandes SM, Brown JR, Letai A, Davids MS. Bruton’s 
tyrosine kinase inhibition increases BCL-2 dependence and 
enhances sensitivity to venetoclax in chronic lymphocytic leukemia. 
Leukemia. 2017;31(10):2075-2084. [CrossRef]

10.	 Cervantes-Gomez F, Lamothe B, Woyach JA, et al. Pharmacological 
and protein profiling suggests venetoclax (ABT-199) as optimal 
partner with ibrutinib in chronic lymphocytic leukemia. Clin Cancer 
Res. 2015;21(16):3705-3715. [CrossRef]

11.	 Lu P, Wang S, Franzen CA, et al. Ibrutinib and venetoclax target 
distinct subpopulations of CLL cells: implication for residual disease 
eradication. Blood Cancer J. 2021;11(2):39. [CrossRef]

12.	 Wierda WG, Brown J, Abramson JS, et al. Chronic lymphocytic 
leukemia/small lymphocytic lymphoma, version 2.2024, NCCN 
Clinical Practice Guidelines in Oncology. J Natl Compr Canc Netw. 
2024;22(3):175-204. [CrossRef]

13.	 Higgins JP, Thompson SG, Spiegelhalter DJ. A re-evaluation 
of random-effects meta-analysis. J R Stat Soc Ser A Stat Soc. 
2009;172(1):137-159. [CrossRef]

14.	 Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-
analysis. Stat Med. 2002;21(11):1539-1558. [CrossRef]

15.	 Sterne JAC, Savović J, Page MJ, et al. RoB 2: a revised tool for 
assessing risk of bias in randomised trials. BMJ. 2019;366:l4898. 
[CrossRef]

16.	 Tanriverdi LH, Aksan F, Aroniadis O, Monzur F. S1P Receptor 
modulators improve clinical outcomes in ulcerative colitis: a 
stratified meta-analysis by prior biological use, corticosteroid 
exposure, and disease characteristics. J Clin Gastroenterol. 2025. 
[CrossRef]

17.	 Wierda WG, Allan JN, Siddiqi T, et al. Ibrutinib plus venetoclax 
for first-line treatment of chronic lymphocytic leukemia: 
primary analysis results from the minimal residual disease cohort 
of the randomized phase II CAPTIVATE study. J Clin Oncol. 
2021;39(34):3853-3865. [CrossRef]

18.	 Kater AP, Owen C, Moreno C, et al. Fixed-duration ibrutinib-
venetoclax in patients with chronic lymphocytic leukemia and 
comorbidities. NEJM Evid. 2022;1(7):EVIDoa2200006. [CrossRef]

19.	 Eichhorst B, Niemann CU, Kater AP, et al. First-line venetoclax 
combinations in chronic lymphocytic leukemia. N Engl J Med. 
2023;388(19):1739-1754. [CrossRef]

20.	 Munir T, Cairns DA, Bloor A, et al. Chronic lymphocytic leukemia 
therapy guided by measurable residual disease. N Engl J Med. 
2024;390(4):326-337. [CrossRef]

21.	 Wen T, Sun G, Jiang W, Steiner K, Bridge S, Liu P. Comparing 
the efficacy and safety of first-line treatments for chronic 
lymphocytic leukemia: a network meta-analysis. J Natl Cancer Inst. 
2025;117(2):322-334. [CrossRef]

22.	 Stożek-Tutro A, Reczek M, Kawalec P. Efficacy and safety of 
first-line targeted therapies in physically fit patients with chronic 
lymphocytic leukemia: a systematic review and network meta-
analysis. Clin Ther. 2025;47:e12-e20. [CrossRef]

https://doi.org/10.1038/s41375-023-01898-w
https://doi.org/10.3324/haematol.2015.124560
https://pubmed.ncbi.nlm.nih.gov/28984869/
https://doi.org/10.1038/leu.2017.32
https://doi.org/10.1158/1078-0432.CCR-14-2809
https://doi.org/10.1038/s41408-021-00429-z
https://doi.org/10.6004/jnccn.2024.0018
https://doi.org/10.1111/j.1467-985X.2008.00552.x
https://doi.org/10.1002/sim.1186
https://doi.org/10.1136/bmj.l4898
https://doi.org/10.1097/MCG.0000000000002250
https://doi.org/10.1200/JCO.21.00807
https://doi.org/10.1056/EVIDoa2200006
https://doi.org/10.1056/NEJMoa2213093
https://doi.org/10.1056/NEJMoa2310063
https://doi.org/10.1093/jnci/djae245
https://doi.org/10.1016/j.clinthera.2025.01.009


Tanrıverdi and Sarıcı. First-line Venetoclax-Ibrutinib for CLL Arch Basic Clin Res 2026;8(1):7-19

16

Figure S1. Subgroup analyses of progression-free survival at 12 months by IGHV mutation status.
RR, risk ratio; PFS, progression-free survival; CI, confidence interval; IGHV: immunoglobulin heavy chain variable.

Figure S2. Subgroup analyses of progression-free survival at 24 months by IGHV mutation status.
RR, risk ratio; PFS, progression-free survival; CI, confidence interval; IGHV: immunoglobulin heavy chain variable.

Supplementary Figures
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Figure S3. Subgroup analyses of progression-free survival at 36 months by IGHV mutation status. 
RR, risk ratio; PFS, progression-free survival; CI, confidence interval; IGHV: immunoglobulin heavy chain variable.

Figure S4. Subgroup analyses of progression-free survival at 48 months by IGHV mutation status. 
RR, risk ratio; PFS, progression-free survival; CI, confidence interval; IGHV: immunoglobulin heavy chain variable.
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Figure S5. Subgroup analyses of progression-free survival at 60 months by IGHV mutation status.
RR, risk ratio; PFS, progression-free survival; CI, confidence interval.

Figure S6. Subgroup analyses of progression-free survival at 36 months by type of management.
RR, risk ratio; PFS, progression-free survival; VIC, venetoclax-ibrutinib combinations.
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Figure S7. Subgroup analyses of progression-free survival at 36 months by type of risk of bias.
RR, risk ratio; PFS, progression-free survival; VIC, venetoclax-ibrutinib combinations.
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ABSTRACT
Objective: There remains a significant need for precise biomarkers to diagnose cardiac contusion. The objective of this study is to examine 
the diagnostic significance of cardiac myosin-binding protein-C (cMyBP-C) in thoracic injuries, including cardiac contusion. 

Methods: The inclusion criteria were patients who consented to take part, were over 18 years of age, had sustained severe blunt chest 
injuries, were admitted within 24 hours post-injury, had their blood samples taken within the first 2 hours of admission, and had at least 
one of the following injuries: sternal, rib, or left scapular fractures; hemothorax, pneumothorax, pulmonary contusion, traumatic asphyxia, or 
pneumomediastinum. Troponin I levels ≥ 0.04 ng/mL, measured within 2 hours of admission, are considered the gold standard for diagnosing 
cardiac contusion. Serum troponin-I concentrations were assessed using an immunochemical technique. Serum cMyBP-C concentrations 
were measured using an enzyme-linked immunosorbent assay.

Results: Participants included 85 patients, with 59 men (69.4%) and a mean age of 48.6 ± 20.8 years (range: 18-84 years). Among them, 18 
individuals (21.2%) experienced cardiac contusion. No significant difference was observed in cMyBP-C levels between the cardiac contusion 
group and the other group (17.7 ± 18.6 vs. 14 ± 15.3, P = 0.328). Receiver operating characteristic analysis revealed that the discriminative 
performance of cMyBP-C in distinguishing contusion was not statistically significant. In this analysis, the area under the curve for cMyBP-C 
was 0.575 ± 0.077 (95% confidence interval, 0.425-0.726; P = 0.328), indicating poor discriminative ability and a lack of statistically 
significant diagnostic value for contusion.

Conclusion: While cMyBP-C holds theoretical promise as a cardiomyocyte-specific biomarker, our findings suggest that its current diagnostic 
performance may be limited in the context of blunt cardiac contusion. Further studies with larger cohorts and refined detection methods 
are warranted to clarify its clinical utility.
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INTRODUCTION 
Blunt thoracic trauma and its complications are important 
causes of trauma-related mortality.1 Blunt cardiac injuries 
that develop after blunt thoracic trauma are associated with 
higher mortality than other organ and system injuries.2 Forceful 
impact, rapid deceleration, and crush injuries, when they 
do not penetrate the chest or heart, are common causes of 
blunt cardiac trauma. Blunt cardiac injuries can lead to various 
complications, including myocardial contusion; rupture of 
the cardiac chambers; dissection, thrombosis, or both of the 
coronary arteries; and disruption of heart valves.3 Myocardial 
contusion is the most common type of blunt cardiac injury 
(BCI); its incidence is primarily reported in autopsy series 
because the location and mechanism of injury influence 
survival.4 The prevalence of myocardial contusion in individuals 
with blunt thoracic trauma ranges from 0% to 76%, depending 
on the diagnostic criteria utilized.5 Myocardial contusion is 
an emergency condition requiring prompt recognition and 
diagnosis. However, the variable nature of the symptoms 
and the anxiety experienced by the patient after trauma 
make diagnosis difficult. Although direct chest radiography, 
multidetector computed tomography (CT), electrocardiography 
(ECG), cardiac biomarkers, transthoracic or transesophageal 
echocardiography (TEE), magnetic resonance imaging, focused 
assessment with sonography in trauma, and nuclear imaging 
are all used for diagnosis, definitive diagnosis can only be made 
by direct inspection of the damaged myocardium.3,6

ECG is the initial approach for identifying myocardial contusion 
because it is rapid, simple, inexpensive, and non-invasive. 
Studies report varying rates of ECG findings such as ST-
segment elevation or depression, T-wave inversion, arrhythmias 
(atrial fibrillation, atrial flutter, supraventricular tachycardia, 
and premature ventricular complexes), and intraventricular 
conduction abnormalities, in patients with myocardial 
contusion.5 However, its value in diagnosing contusion is 
controversial. ECG alone has low sensitivity and specificity; 

both measures improve when findings are supported by cardiac 
biomarkers.7,8

Monitoring cardiac biomarkers—creatine kinase (CK), CK- 
myocardial band (MB) (CK-MB), troponin I (Tn-I), and troponin 
T is the most widely used method for diagnosing cardiac 
contusion in emergency services.9,10 Following trauma, overall 
CK levels are often high, and CK-MB levels may also be 
increased. However, these markers are also elevated in severe 
damage to skeletal muscle, the diaphragm, the liver, or the 
intestine, in addition to cardiac injury, limiting their utility and 
reliability. Troponin-I, which is more specific to the myocardium, 
is a better indicator of myocardial damage11 than CK-MB and 
troponin-T. Additionally, high-sensitivity cardiac troponin (hs-
cTn) tests are used for the early diagnosis of acute myocardial 
injury.11,12 However, its application in the identification of BCI 
is not definitive, and it provides no additional information 
compared with the ECG.3 The usability of methods such as TEE, 
nuclear imaging, and dual CT is limited due to difficult access, 
operator dependence, and trauma-related complications. 
Additionally, insufficient data exist regarding the safety of their 
use in cardiac contusions.13,14

Following cardiac contusion, pathological findings such 
as intramyocardial hemorrhage, edema, and necrosis of 
myocardial cells are observed. Because cardiomyocyte damage 
can be examined histopathologically only in postmortem 
cases, the need for biomarkers with high sensitivity and 
specificity persists. While the degradation of thin filament 
proteins found in cardiac sarcomeres, including cardiac Tn-I 
and cardiac troponin T, has been used as a marker of cardiac 
damage, the degradation patterns of thick filament proteins 
such as titin, myosin, and cardiac myosin-binding protein 
C (cMyBP-C) and the consequent contractile dysfunction 
have not been thoroughly examined.15 The cardiac-specific 
sarcomere-binding protein cMyBP-C regulates heart structure 
and function, and has been shown to increase after tissue 
damage due to myocardial infarction.16 Additionally, cMyBP-C 
has been suggested as a cardiomyocyte-specific biomarker 
and may measure cardiomyocyte damage more accurately 
than hs-cTn.17,18 It is recognized for its potential diagnostic and 
prognostic significance for the treatment of acute coronary 
syndromes.16,19 This protein may be a biochemical marker of 
damage in myocardial contusion.

This study was designed to examine the use of cMyBP-C as 
an adjunct or alternative to Tn-I in the detection of cardiac 
contusion.

MATERIAL AND METHODS
Population of the Study

This study was conducted prospectively in the Emergency 
Department of Atatürk University Faculty of Medicine between 
September 2015 and June 2016. Eighty-five consecutive 
patients aged 18 years or older who presented to the emergency 
department with blunt chest trauma were included in the 
study. Patients with blunt chest trauma and their relatives 
who met the study criteria were included in the study group 
after obtaining their consent. This study was deemed ethically 

MAIN POINTS
•	 Electrocardiography (ECG) and a single troponin-I test 

are insufficient to diagnose blunt cardiac contusion 
(BCI); neither test alone provides diagnostic accuracy, 
particularly in the early stages of trauma assessment.

•	 Serial measurements of cardiac enzymes combined 
with ECG monitoring improve diagnostic reliability: 
Repeated troponin-I testing over time, alongside ECG 
follow-up, enhances diagnostic sensitivity and supports 
more accurate identification of BCI.

•	 Troponin-I remains the primary biomarker for BCI, but 
benefits from serial protocolized testing: Although 
troponin-I is essential, its diagnostic power increases 
when it is incorporated into structured testing intervals.

•	 There is a need for more sensitive biomarkers like 
cardiac myosin-binding protein-C, until such markers 
are validated, a multimodal approach is preferable. 
Emerging markers show promise, but current best 
practice involves using multiple diagnostic tools over 
time for optimal management.
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appropriate by the Atatürk University Non-Interventional 
Clinical Research Ethics Committee (session number 6, dated 
17.09.2015; decision number 03). It was deemed compliant 
with the ethical rules by the Atatürk University.

Patients were deemed eligible to participate in the study if 
they met all of the following criteria: were over the age of 18; 
were admitted to our emergency department within the first 
24 hours after the trauma; had high-energy blunt chest trauma 
(e.g., assault, falls from heights, motor vehicle accidents in- or 
outside the vehicle, animal attacks, crushing, or being struck by 
objects); had at least one of the following findings: rib fracture, 
sternal fracture, hemothorax, pneumothorax, traumatic 
asphyxia, pulmonary contusion, pneumomediastinum, or left 
scapular fracture; and had blood drawn for examination within 
the first 2 hours after presenting to our emergency department.

The study exclusion criteria were as follows: patients who did 
not agree to participate in the study (n=13); who were under 
the age of 18; who reported chest pain that started at least 6 
hours before the trauma (n=5); who were suspected of having 
acute coronary syndrome (n=4); who had a history of rhythm 
disturbance, congestive heart failure, cardiac surgery, chronic 
renal failure, or cancer (n=7); and who did not have any of the 
following findings after thoracic trauma: rib fracture, sternum 
fracture, hemothorax, pneumothorax, traumatic asphyxia, 
pulmonary contusion, pneumomediastinum, or left scapula 
fracture (n=92).

Marker Accepted in the Study for Cardiac Contusion 
Diagnosis

A Tn-I level of 0.04 ngmL or higher at initial presentation to 
the emergency department (within the first 2 hours) was 
considered indicative of cardiac contusion. Serum Tn-I levels 
were measured by the immunochemical method (Beckman 
Coulter UniCel DxI 600, USA). The measurement (reference) 
range of the Tn-I kit used was 0.01-40 ng/mL. 

Data Collection

After clinical evaluation and stabilization, patients who met 
the above criteria underwent assessment for cardiac contusion 
using ECG and troponin measurement. In addition to the ECG 
and troponin I levels measured in patients with suspected 
cardiac contusion as part of the routine trauma protocol in the 
emergency department, and after obtaining consent from the 
patients or their relatives, blood was drawn from these patients 
into biochemistry tubes to measure their cMyBP-C levels. The 
samples were centrifuged at 4000 rpm for 15 minutes at +4°C 
within 1 hour of collection and stored at -80°C in a deep freezer. 
The storage periods in the deep freezer varied between 10 days 
and 24 months.

Data on patients’ demographic characteristics (such as age 
and gender), cause and time of trauma, time of hospital 
admission, known diseases, vital signs, ECG findings on arrival, 
cardiac troponin levels, and accompanying traumas were 
recorded. Serum cMyBP-C levels were measured using the 
enzyme-linked immune sorbent assay (ELISA) method using 
the ‘’Human CMyBP-C Binding Protein (MYCBP) ELISA Kit’’ 
(Bioassay Technology Laboratory, lot no:20151123, China) 

according to the manufacturer’s instructions. Concentrations 
were calculated using the ELISA reader’s KC Junior software 
(Bio-Tek Inc.). The intra-assay coefficient of variation (CV) of 
the MYCBP kit is below 8% and the inter-assay CV is below 
10%.

Statistical Analysis

Statistical analyses were performed using the SPSS software 
package (Version 22.0; IBM Corp., Armonk, NY, USA). Continuous 
variables were presented as median (min-max) and/or mean ± 
standard deviation (SD), whereas categorical variables were 
expressed as frequencies and percentages. The normality of 
the data distribution was evaluated using the Shapiro-Wilk test, 
and the homogeneity of variances was assessed using Levene’s 
test.

For comparisons between two independent groups, the 
Student’s t-test was applied to normally distributed variables, 
whereas the Mann-Whitney U test was used for non-normally 
distributed variables. Categorical variables were compared 
using the chi-square (χ2) test.

A receiver operating characteristic (ROC) curve analysis was 
performed to assess the diagnostic performance of cMyBP-C 
for predicting the presence of a contusion. The area under the 
ROC curve (AUC) was calculated, together with its standard 
error and 95% confidence interval (CI). A P value < 0.05 was 
considered statistically significant.

RESULTS
A total of 85 patients, 59 (69.4%) of whom were male, were 
included in the study. As the gold standard, a troponin I level 
of 0.04 ng/mL or higher at initial admission to the emergency 
department (within the first 2 hours) was considered diagnostic 
of cardiac contusion. According to this gold standard, 18 patients 
(21.2%) had cardiac contusion. Patient characteristics, vital 
signs, and Glasgow Coma Scale (GCS) are summarized in Table 1. 

The mean age was 48.1 ± 21.4 years in the cardiac contusion 
(-) group and 50.6 ± 18.7 years in the cardiac contusion (+) 
group. However, this difference was not statistically significant 
(P = 0.649). The proportion of males was 71.6% in the cardiac 
contusion (-) group and 61.1% in the cardiac contusion (+) 
group. There was also no significant difference in gender 
distribution (P = 0.389). The median (min-max) of systolic blood 
pressure in the contusion (+) group was 117 (64-180), and the 
mean (Mean ± SD) was 116.3 ± 25.4, which was lower than the 
mean in the contusion (-) group. However, this difference was 
not statistically significant (P =0.070). Nevertheless, a tendency 
toward decreased blood pressure was observed in the presence 
of cardiac contusion.

Diastolic blood pressure was also lower in the contusion (+) 
group (69.1 ± 20.4), but this difference was not statistically 
significant (P = 0.138). The mean pulse in the contusion (+) 
group was 93.6 ± 24.6, and in the (-) group was 86.9 ± 15.1. 
However, this difference was also not statistically significant (P 
= 0.285). No significant differences were observed between the 
two groups for respiratory rate, fever, and oxygen saturation (P 
= 0.833, 0.396, and 0.935, respectively). The mean ± SD and 
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median (min-max) of GCS in the contusion (+) group were 11.7 
± 5.5 and 15 (3-15), respectively; in the contusion (-) group, 
they were 14.2 ± 2.7 and 15 (3-15), respectively. This indicates 
that cardiac contusion reduces GCS, although this reduction 
was not statistically significant (P = 0.058). 

ECG Findings

When the ECGs collected in our study were examined, normal 
sinus rhythm was detected in 50 of the 85 patients (58.8%). 
The most common pathological finding was sinus tachycardia, 
observed in 18 patients (21.2%). Table 2 lists the ECG changes 
observed in the patients, ordered by frequency. 

Analysis of cMyBP-C According to Troponin-I

The median (min–max) and mean cMyBP-C values in cardiac 
contusion (+) patients are higher than those in cardiac contusion 
(-) patients. However, no statistically significant difference was 
detected (Table 3).

Diagnostic Value of cMyBP-C in Detecting Cardiac Contusion

According to the ROC analysis, the discriminatory power 
of CMyBP-C levels for the diagnosis of contusion was not 
statistically significant (AUC = 0.575; SE = 0.077; 95% CI: 
0.425-0.726; P = 0.328). The obtained AUC was close to 0.5, 
indicating that the CMyBP-C had limited diagnostic value for 
detecting contusion (Figure 1).

Table 1. The Characteristics of the Population
Characteristics Total

n=85
Cardiac contusion (-)

n=67
Cardiac contusion (+)

n=18
P

Age* 48.6 ± 20.8 48.1 ± 21.4 50.6 ± 18.7 0.649

Male* 59 (69.4%) 48 (71,6%) 11 (61.1%) 0.389

Systolic blood pressure**
Median (min-max) 
Mean ± SD

122 (64-191)
126.1 ± 23.7

123 (80-191)
128.7 ± 22.7

117 (64-180)
116,3 ± 25,4

0.070

Diastolic blood pressure* 75.2 ± 14.6 76.9 ± 12.3 69.1 ± 20.4 0.138

Pulse* 88.4 ± 17.6 86.9 ± 15.1 93.6 ± 24.6 0.285

Respiratory rate**
Median (min-max) 
Mean ± SD

17 (10-38)
16.9 ± 3.8

17 (10-34)
16.8 ± 3.2

17 (12-38)
17.4 ± 5.8

0.833

Fever* 36.2 ± 0.52 36.2 ± 0.53 36.1 ± 0.52 0.396

Oxygen saturation**
Median (min-max)
Mean ± SD

93 (68-100)
92 ± 5.5

93 (70-99)
92.1 ± 5.2

93.5 (68-100)
91.5 ± 6.9

0.935

GCS**
Median (min-max) 
Mean ± SD

15 (3-15)
13.6 ± 3.6

15 (3-15)
14.2 ± 2.7 

15 (3-15)
11.7 ± 5.5

0.058

P value of < 0.05 was considered statistically significant. *According to the Student’s t-test, **according to the Mann-Whitney U test was used. 
GSC, Glasgow Coma Scale; SD, standard deviation.

Table 2. ECG Changes of the Patients

ECG findings n (85) %

Normal sinus rhythm 50 58.8

Sinus tachycardia 17 20

T (-) in the anterior 5 5.9

Early repolarization 3 3.5

Ventricular extra beat 3 3.5

Sinus bradycardia 2 2.4

Sinus arrhythmia 2 2.4

Right bundle branch block 2 2.4

Atrial fibrillation 1 1.2

ECG, electrocardiography.
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DISCUSSION
Cardiac contusion is an important and insidious injury that is 
often overlooked in trauma patients, is difficult to diagnose, 
and can affect morbidity and mortality. Despite numerous 
studies on cardiac contusions, are no universally accepted 
diagnostic criteria for trauma patients admitted to emergency 
departments. The cMyBP-C protein is crucial for cardiac 
contraction. It is thought that the concentration of this protein 
may increase in the blood early after cardiac contusion due 
to cellular damage. Therefore, in this study investigating the 
sensitivity and specificity of biochemical markers in cardiac 
contusion caused by blunt chest trauma, cMyBP-C levels were 
examined in patients who had troponin (+) and were considered 
to have cardiac contusion.

Troponin and CK-MB are initial screening tools used to detect 
cardiac injury. The increased sensitivity and specificity relative to 
creatine phosphokinase-MB are due to the presence of serum 
cardiac troponins, which are regulatory contractile proteins 
exclusive to heart muscle cells and absent from skeletal muscle. 

When the cardiac muscle is damaged, membrane integrity is 
disrupted, leading to the release of cardiac troponins into the 
bloodstream. Troponin is considered invaluable in the diagnosis 
of heart damage; positive serum cardiac troponins accurately 
diagnose cardiac contusion, whereas negative serum troponins 
strongly indicate the absence of disease.14 Among the markers 
used to detect myocardial damage to date, Tn-I is a more 
specific marker for detecting cardiac contusion.5

Nonetheless, it is important to acknowledge that considerable 
cardiac damage may occur without significant troponin 
elevation. Studies have also reported that patients with initially 
normal Tn-I who showed increases after 24 hours were positive 
for BCI, and it has been suggested that troponin release may 
reflect secondary ischemic insults—hemorrhage or shock—
rather than direct myocardial contusion in severely injured 
patients.7 Another study demonstrated that patients receiving 
pre-hospital norepinephrine treatment had notably higher 
troponin levels, and that these levels are significantly associated 
with mortality in patients with BCI.20 The study, which evaluated 
the precision of diagnostic assessments for identifying BCI 
and reviewed the literature over an extended period, reported 
that Tn-I had a sensitivity of 64.4% and a specificity of 84.1%. 
Also, ECG demonstrated a sensitivity of 55.1% and a specificity 
of 84.5% in the same study. However, when both ECG and 
Tn-I are positive, the diagnostic sensitivity for BCI is reduced. 
Conversely, when only one test is positive, sensitivity increases 
while specificity decreases. A normal ECG combined with a 
normal Tn-I level is highly effective in excluding BCI.14

In our study of 85 patients with blunt chest trauma, Tn-I values 
measured at initial presentation (< 2 hours) were elevated in 
18 (21.2%). In light of all this literature, we accepted it as the 
gold-standard diagnostic test and considered Tn-I (+) patients 
to have cardiac contusion. 

The ECG is a simple, rapid, non-invasive, and crucial diagnostic 
tool for detecting BCI in patients with recent chest trauma. 
However, the value of ECG changes in diagnosing cardiac 
contusion remains highly controversial. The ECG after a BCI may 
be normal or exhibit abnormalities.9 ECG abnormalities may 
result from catecholamine release provoked by traumatic stress. 
However, lung pathologies, existing coronary artery disease, 
hypovolemia, abnormal arterial blood gases, serum electrolyte 
and pH disturbances, and changes in vagal tone may also cause 
changes on the ECG. The type of disturbance in BCI depends 
on the injured portion of the heart.21 Because the left ventricle 
has greater myocardial mass, ECG findings primarily reflect its 
electrical activity, making the test relatively insensitive to right 
ventricular involvement. Mild right ventricular contusions may 
produce only nonspecific ECG changes, whereas more severe 

Table 3. Mean Levels of cMyBP-C in Cardiac Contusion Negative and Positive Patients

Feature
Cardiac contusion (-)

n=(67)
Cardiac contusion (+)

n=(18)
P* Total 

cMyBP-C Median (min-max) Mean ± SD
7.2 (1.6-56.1)

14 ± 15.3
9 (3.6-55.9)
17.7 ± 18.6

0,328
7.3 (1.6-56.1)

14.8 ± 16
*P value of < 0.05 was considered statistically significant according to Mann-Whitney U test.
cMyBP-C, cardiac myosin-binding protein-C; SD, standard deviation.

Figure 1. ROC value of cMyBP-C in determining cardiac 
contusion.
ROC, receiver operating characteristic; cMyBP-C, cardiac myosin-
binding protein-C.
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injury may lead to a transient right bundle branch block.22 For 
these reasons, the reliability of the ECG alone for the diagnosis of 
cardiac contusion is debatable. In this study, ECG abnormalities 
were detected in 35 (41.2%) of 85 patients. In many studies, 
the most common ECG abnormalities were ST-segment and 
T-wave changes, and supraventricular tachycardias.5,23 In our 
study, we detected sinus tachycardia as the most common 
ECG abnormality. 

During tachycardia, stimulation of β-adrenergic receptors 
activates intracellular signaling pathways that enhance 
myocardial contractility. In this context, phosphorylation of 
cMyBP-C, a cardiac-specific sarcomeric regulatory protein, 
enhances contractile efficiency by modulating the structural and 
functional dynamics of the myocardium. Importantly, cMyBP-C 
is released into the circulation when cardiomyocytes are 
injured; studies in both rats and humans with acute myocardial 
infarction (MI) have demonstrated that plasma cMyBP-C levels 
rise significantly within the first hour post-infarction—before 
any detectable increase in Tn-I—supporting its role as a rapid, 
cardiomyocyte-specific biomarker.16,18,24 Moreover, cMyBP-C 
has been shown to correlate closely with infarct size and is 
highly specific for cardiac injury, potentially outperforming 
high-sensitivity troponins in early MI detection.17,19

In contrast, when we examined patients with blunt myocardial 
injury, we found that—despite its mechanistic plausibility—
plasma cMyBP-C levels did not increase significantly in Tn-I–
positive cases. In this context, cMyBP-C phosphorylation under 
adrenergic stress may facilitate contractility; however, its release 
kinetics and the sensitivity of current assays limit its diagnostic 
utility in the setting of blunt trauma. Possible explanations include 
(1) degradation fragments that are rapidly cleared or present 
at concentrations below assay detection thresholds, (2) non-
infarct-mediated mechanisms (e.g., increased proteolysis without 
full cardiomyocyte necrosis), and (3) confounding hemodynamic 
factors that alter cMyBP-C release independently of direct 
myocyte injury. Although cMyBP-C is a promising early biomarker 
in ischemic MI—where its plasma rise precedes detection by 
conventional troponin assays—its role in blunt cardiac contusion 
remains uncertain. Future research involving larger cohorts, serial 
time-point sampling, and more sensitive immunoassays may yet 
reveal a complementary role for cMyBP-C within a multimodal 
biomarker panel alongside troponin and ECG. 

Study Limitations

Limitations of our study include its single-center design, 
modest sample size, and the exclusion of 12 patients who 
succumbed acutely to severe trauma, which may have skewed 
the true incidence and spectrum of BCI. Moreover, the absence 
of a universally agreed biomarker cut-off for cMyBP-C and the 
heterogeneity of our ECG and enzyme measurement intervals 
may have attenuated our ability to detect subtle patterns.

CONCLUSION
Neither an ECG nor a single troponin-I measurement provides 
a definitive diagnosis of blunt cardiac contusion. Rather, a 
combination of serial cardiac enzyme sampling and ECG 
monitoring enhances diagnostic accuracy. Troponin-I remains 

the cornerstone biomarker for BCI; its diagnostic sensitivity 
can be improved by protocolized serial testing. The search 
for additional, more sensitive markers, such as cMyBP-C, 
continues, but until a consensus emerges, a multimodal, 
time-dependent diagnostic approach offers the best strategy 
for identifying and managing cardiac contusions in trauma 
patients.
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ABSTRACT
Objective: Hemothorax is a serious complication of blunt thoracic trauma requiring early recognition. While computed tomography (CT) is 
the diagnostic gold standard, imaging delays in unstable patients necessitate alternative early markers. This study evaluated the predictive 
value of initial laboratory parameters in adult patients with isolated blunt thoracic trauma.

Methods: This retrospective study included adults with isolated blunt thoracic trauma presenting to a tertiary emergency department 
between March 1, 2023, and March 1, 2024. Based on CT findings, patients were categorized as hemothorax-positive or hemothorax-
negative. Demographic data, admission laboratory results, and outcomes were extracted from the hospital information system. Laboratory 
variables included complete blood count, platelet indices, venous blood gas analysis, lactate, and coagulation parameters. Group comparisons 
were conducted to assess the associations between these variables and the presence of hemothorax.

Results: A total of 414 patients were evaluated (median age: 55 years; 69.8% male). Hemothorax was identified in 171 patients (41.3%) 
based on chest CT. Compared with the non-hemothorax group, the hemothorax group had significantly higher median white blood cell 
counts (P = 0.027), lymphocyte counts (P = 0.032), and serum lactate levels (P < 0.001), whereas venous pH values were significantly lower 
(P < 0.001).

Conclusion: Elevated white blood cell, lymphocyte count, lactate levels, and decreased venous pH at admission may help predict hemothorax 
in isolated blunt chest trauma, especially when imaging is delayed. Platelet indices showed no diagnostic utility.
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INTRODUCTION
Thoracic trauma is a significant contributor to trauma-related 
morbidity and mortality worldwide, accounting for roughly 10-
15% of trauma cases presenting to emergency departments 
(EDs).1,2 Blunt thoracic trauma commonly results from 
mechanisms such as motor vehicle collisions, falls from a height, 
and physical assault, with mortality rates ranging from 10% to 
as high as 60%.3 Hemothorax, which occurs as a consequence 
of blunt thoracic trauma, is characterized by the accumulation 
of blood in the pleural cavity and, if not promptly diagnosed, 
may lead to severe impairments in respiratory mechanics, gas 
exchange, and hemodynamic stability.4,5

The diagnosis of hemothorax should involve an integrated 
assessment of clinical findings, radiologic imaging, and 
laboratory parameters.6 Although chest computed tomography 
(CT), a routinely used imaging modality, can accurately identify 
the presence and extent of hemothorax, the need for early 
clinical decision-making before imaging highlights the potential 
role of laboratory markers.7,8 In particular, complete blood 
count (CBC) parameters, lactate levels, blood gas findings, and 
coagulation tests may assist in predicting both hemodynamic 
status and possible pleural pathologies in trauma patients.9

In trauma populations, lactate levels are widely recognized as 
markers of tissue hypoperfusion and have been associated with 
increased mortality.10 Moreover, growing evidence suggests 
that hematologic markers such as platelet indices [mean 
platelet volume (MPV), platelet distribution width (PDW), 
platelet large cell ratio (P-LCR)] may reflect the inflammatory 
response and thrombotic tendency following trauma.11 
However, the predictive value of these parameters in identifying 
hemothorax remains unclear. Within this framework, assessing 
the relationship between initial ED laboratory findings and the 
occurrence of hemothorax is crucial for early risk stratification 
and for guiding optimal treatment decisions.

This study sought to determine the diagnostic utility of initial 
laboratory parameters for predicting hemothorax in adult 
patients with isolated blunt thoracic trauma presenting to the 
ED.

MATERIAL AND METHODS
Study Design and Setting

This retrospective observational study, conducted at a single 
center, was reported in accordance with the Strengthening the 
Reporting of Observational Studies in Epidemiology guidelines 
to ensure methodological transparency and completeness. 
It incorporated both descriptive and analytical components. 
Ethical approval was granted by the Clinical Research Ethics 
Committee of University of Health Scienes Türkiye, Ankara Etlik 
City Hospital (approval no.: AEŞH-BADEK-2024-307, date: 
03.04.2024), and the study adhered to the principles outlined 
in the Declaration of Helsinki. As all data were anonymized, the 
requirement for informed consent was waived.

Participants

Adults aged 18 years or older who presented to the ED with 
isolated blunt thoracic trauma between March 1, 2023, and 
March 1, 2024, were enrolled. Based on chest CT results, relevant 
specialist consultations, and clinical assessments, patients were 
classified as hemothorax-positive or hemothorax-negative.

Exclusion criteria

•	 Pregnant patients,
•	 Active external bleeding,
•	 Cases with documented liver or splenic laceration,
•	 Penetrating thoracic trauma,
•	 Receiving anticoagulant therapy,
•	 Concomitant bleeding from other organ systems,
•	 A known pre-existing hematologic disorder (e.g., 

thrombocytopenia, myelodysplastic syndrome, leukemia),
•	 Underwent major surgery within the past month,
•	 Missing laboratory or imaging data,

•	 Patients whose medical records could not be accessed or 
whose diagnoses were uncertain.

Data Collection Process

All study data were retrospectively retrieved from the Hospital 
Information Management System. Medical records of all eligible 
patients were reviewed individually using protocol numbers 
matched to patient identifiers; however, no personal identifying 
information was recorded in the study file. The data collection 
process was conducted in the following order:

1. Patient Selection:

All adult patients aged over 18 years who presented to the ED 
trauma unit during the study period were screened. Among 
these, patients with thoracic trauma were identified. Only those 
with a confirmed diagnosis of isolated blunt thoracic trauma, 
based on discharge summaries, consultation notes, CT reports, 
and final diagnoses, were included.

2. Imaging Evaluation:

CT reports of all thoracic trauma patients were reviewed, 
and those with a documented diagnosis of hemothorax were 
identified. The diagnosis was based on radiology reports that 

MAIN POINTS
•	 Higher admission white blood cell and lymphocyte 

counts are significantly associated with the presence 
of hemothorax in adults with isolated blunt thoracic 
trauma. Increased serum lactate levels and decreased 
venous pH values may serve as early biochemical 
indicators for diagnosing hemothorax.

•	 Platelet indices (mean platelet volume, platelet 
distribution width, platelet–large cell ratio) showed no 
significant diagnostic value in predicting the presence 
of hemothorax.

•	 In situations where imaging may be delayed, 
these laboratory parameters can provide early risk 
stratification and support clinical decision-making.
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explicitly stated “hemothorax.” Patients without hemothorax 
constituted the comparison group.

3. Clinical Data Collection:

The following demographic and clinical variables were recorded 
for each patient using a standardized data collection form:
•	 Age and sex
•	 Comorbidities (hypertension, diabetes mellitus, chronic 

obstructive pulmonary disease, chronic kidney disease)
•	 Trauma-related clinical findings and injuries (rib fracture, 

sternal fracture, pneumothorax, need for blood transfusion)
•	 Requirement for tube thoracostomy
•	 Disposition from the ED [discharge, ward admission, intensive 

care unit (ICU) admission] 
•	 Mortality data based on 24-hour and 30-day outcomes

4. Collection of Laboratory Parameters:

For all patients, initial laboratory results obtained at ED 
admission were documented. These parameters were grouped 
as follows:

•	 CBC:

	- White blood cell (WBC) count, red blood cell count, and 
hemoglobin (Hb) level, hematocrit, neutrophils, lymphocytes, 
monocytes

	- Mean corpuscular volume, mean corpuscular Hb
	- Platelet count (PLT), MPV
	- PDW,
	- P-LCR

•	 Blood Gas and Coagulation Tests:
	- pH, base excess, lactate level
	- International normalized ratio

5. Data Entry and Quality Control:

All data were entered by two independent researchers. A 10% 
random sample was selected for cross-checking to ensure 
accuracy. Cases with incomplete or inconsistent data were 
excluded from the analysis.

6. Data Classification:

Patients were classified into two primary groups according to 
the presence of hemothorax confirmed by chest CT imaging:
•	 Hemothorax-positive group
•	 Hemothorax-negative group

Statistical Analysis

Statistical analyses were conducted using Jamovi software 
(version 2.5.7). Categorical variables were presented as 
frequencies and percentages. Continuous variables with a 

normal distribution were presented as mean ± SD, while those 
without a normal distribution were presented as medians 
with interquartile ranges [(IQR); 25th-75th percentiles]. The 
distribution of continuous variables was assessed using the 
Kolmogorov-Smirnov test and histogram evaluation. Group 
comparisons for categorical data were performed using the chi-
square test or Fisher’s exact test. For continuous variables with 
a normal distribution, the either Student’s t-test or Welch’s 
t-test was applied, depending on variance homogeneity 
as assessed by Levene’s test. Non-normally distributed 
continuous variables were compared using the Mann-Whitney 
U test. In subgroup analyses, Bonferroni correction was applied 
to adjust P values. A P value < 0.05 was considered statistically 
significant.

RESULTS
During the study period, 12.561 adult patients presented to 
the ED trauma unit. Of these, 11,764 were excluded for not 
meeting the criteria for isolated thoracic trauma. As a result, 
797 patients were evaluated for eligibility. Following application 
of the exclusion criteria, 383 additional patients were excluded 
for the following reasons: pregnancy (n=16), active external 
bleeding (n=41), penetrating thoracic trauma (n=37), bleeding 
involving other organ systems (n=157), ongoing anticoagulant 
therapy (n=11), missing laboratory or imaging data (n=113), and 
known pre-existing hematologic disorders (n=8). After applying 
all exclusion criteria, 414 patients were eligible and included in 
the final analysis (Figure 1).

The study cohort comprised 414 adult patients with isolated 
blunt thoracic trauma. The mean age was 54.2 ± 19.5 years 
and males accounted for 69.8% of the population. The most 
common comorbidities were hypertension (13.5%) and 
diabetes mellitus (4.1%) (Table 1).

Laboratory analyses at the time of ED admission revealed a 
median WBC count of 12.0 × 109/L (IQR: 8.8-15.7), a Hb level of 
13.2 g/dL (IQR: 11.8-14.9), and a mean PLT of 246 ± 82 × 109/L. 
The median venous lactate level was 2.1 mmol/L (IQR: 1.4-3.1), 
and venous pH was 7.39 (IQR: 7.34-7.42). The base deficit was 
-0.4 mmol/L (IQR: -0.5 to -0.3), suggesting a mild metabolic 
disturbance in a subset of the cohort (Table 1).

Regarding traumatic thoracic findings, hemothorax was 
observed in 171 patients (41.3%), rib fractures in 171 patients 
(41.3%), and pneumothorax in 65 patients (15.7%). Chest 
tube placement was performed in 51 patients (12.3%), and 28 
(6.8%) received blood transfusions (Table 1). 

Regarding clinical outcomes, 57.2% of patients (n=237) 
required admission to the ICU, while 28.5% were admitted to 
general wards and 14.3% were discharged from the ED. The 
30-day mortality rate was 2.4% (n=10) (Table 1).
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Table 1. Distribution of Patients’ Demographic Characteristics, 
Comorbidities, Laboratory Parameters, and Clinical Findings

n=414

Age, years, mean ± SD 54.2 ± 19.5

Sex, n (%)
 Male 
 Female

289 (69.8 %)
125 (30.2 %)

Comorbidities, n (%)
 Hypertension
 Diabetes mellitus 
 Chronic kidney disease 
 Chronic kidney disease

56 (13.5 %)
17 (4.1 %)
2 (0.5 %)
1 (0.2 %)

Laboratuar parametreleri, median (IQR 25-75) /
mean ± SD
 WBC, 109/L
 RBC, 1012/L
 Hemoglobin, g/dL
 Hematokrit, %
 MCV, fL
 MCH, pg
 Platelet, 109/L
 MPV, fL
 Neutrophil, 109/L
 Lymphocyte, 109/L
 Monocyte, 109/L 
 PDW, %
 RDW, %
 PLCR, %

12.0 (8.8-15.7)
4.5 (4.1-5.0)

13.2 (11.8-14.9)
41 (37-45)
90 (87-93)
29 (28-31)
246 ± 82
10.5 ± 0.9

8.7 (5.9-12.8)
1.8 (1.1-2.9)

0.74 (0.55-0.98)
12.0 ± 2.0

13.2 (12.7-14.3)
28.5 ± 7.4

Table 1. Continued
n=414

 Venous blood pH, -
 Base excess, mmol/L
 Lactate, mmol/L
 INR, -

7.39 (7.34-7.42)
0.4 (0.3-0.5)
2.1 (1.4-3.1)

1.05 (0.99-1.14)

Thoracic injuries, n (%)
 Hemothorax
 Pneumothorax
 Rib fracture
 Sternal fracture
 Chest tube requirement 
 Blood transfusion requirement 

171 (41.3 %)
65 (15.7 %)
171 (41.3 %)

8 (1.9 %)
51 (12.3 %)
28 (6.8 %)

Emergency department disposition, n (%)
 Discharged from the emergency department 
 Admitted to the ward
 Admitted to the ICU

59 (14.3 %)
118 (28.5 %)
237 (57.2 %)

30-day mortality, n (%) 10 (2.4 %)
WBC, white blood cell; RBC, red blood cell; MCV, mean corpuscular volume; 
MCH, mean corpuscular hemoglobin; MPV, mean platelet volume; PDW, 
platelet distribution width; RDW, red cell distribution width; PLCR, platelet 
large cell ratio; INR, international normalized ratio; ICU, intensive care unit; SD, 
standard deviation. 

Figure 1. Patient flow diagram
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Comparative Analysis Based on Hemothorax Status

When patients were grouped according to the presence of 
hemothorax, statistically significant differences were observed 
in several clinical and laboratory variables (Table 2).

Hypertension was significantly more prevalent among patients 
with hemothorax than in those without (P < 0.001). Among 
laboratory parameters, WBC was elevated in the hemothorax 

group [(12.5 (IQR: 9.2-17.2) ×109/L vs. 11.7 (IQR: 8.6-14.6) 
×109/L; P = 0.027] and lymphocyte count was also higher [2.1 
(IQR: 1.2-3.0) ×109/L vs. 1.6 (IQR: 1.1-2.2) ×109/L; P = 0.032]. 
In contrast, venous blood pH was significantly lower in the 
hemothorax group [7.37 (IQR: 7.33-7.41) vs. 7.40 (IQR: 7.36- 
7.43), P < 0.001]. Lactate levels were significantly elevated in 
patients with hemothorax [2.3 mmol/L (IQR 1.6-3.4) vs. 1.8 
mmol/L (IQR 1.3-2.8); P < 0.001] (Table 2).

Table 2. Association Between Patients’ Demographic Characteristics, Comorbidities, Laboratory Parameters, and Clinical Findings and 
the Presence of Hemothorax

Hemothorax
P value

Present (n=171) Absent (n=243)

Age, years, mean ± SD 53.8 ± 18.8 54.5 ± 19.9 0.7521

Sex, n (%)
 Male 
 Female

127 (74.3%)
44 (25.7%)

162 (66.7%)
81 (33.3%)

0.0972

Comorbidities, n (%)
 Hypertension
 Diabetes mellitus

40 (23.4%)
9 (5.3%)

16 (6.6%)
8 (3.3%)

< 0.0012

0.3202

Laboratory, median (IQR 25-75) / mean ± SD
 WBC, 109/L
 RBC, 1012/L
 Hemoglobin, g/dL
 Hematokrit, %
 MCV, fL
 MCH, pg
 Platelet, 109/L
 MPV, fL
 Neutrophil, 109/L
 Lymphocyte, 109/L
 Monocyte, 109/L 
 PDW, %
 RDW, %
 PLCR, %
 Venous blood pH, 
 Base excess, mmol/L
 Lactate, mmol/L
 INR, -

12.5 (9.2-17.2)
4.5 (4.0-4.9)

13.4 (11.8-15.0)
41 (37-45)
91 (88-93)
30 (29-31)
240 ± 67
10.5 ± 0.8

9.4 (6.1-15.0)
2.1 (1.2-3.0)

0.74 (0.57-1.04)
12.1 ± 1.9

13.2 (12.7-14.0)
28.9 ± 6.9

7.37 (7.33-7.41)
0.4 (0.3-0.6)
2.3 (1.6-3.4)

1.05 (1.00-1.14)

11.7 (8.6-14.6)
4.5 (4.1- 5.0)

13.1 (11.8-14.9)
41 (37-45)
90 (87-93)
29 (28-30)

251 ± 91
10.4 ± 1.0

8.3 (5.8-11.3)
1.6 (1.1-2.2)

0.74 (0.54-0.95)
12.0 ± 2.1

13.2 (12.8-14.6)
28.2 ± 7.8

7.40 (7.36-7.43)
0.3 (0.3-0.5)
1.8 (1.3-2.8)

1.05 (0.98-1.13)

0.0273

0.7533

0.6953

0.7933

0.1093

0.1373

0.1941

0.3711

0.0623

0.0323

0.2213

0.5731

0.2253

0.2891

< 0.0013

0.1883

< 0.0013

0.7623

Thoracic injuries, n (%)
 Pneumothorax
 Rib fracture
 Sternal fracture
 Chest tube requirement 
 Blood transfusion requirement 

54 (31.6%)
134 (78.4%)

4 (2.3%)
47 (27.5 %) 
28 (6.8 %) 

11 (4.5%)
37 (21.6%)

4 (1.6%)
4 (1,6%)

0

< 0.0012

< 0.0012

0.7234

< 0.0012

Emergency department disposition, n (%)
 Discharged from the emergency department
 Admitted to the ward
 Admitted to the ICU

7 (4.1%) 
19 (11.1%) 

145 (84.8%) 

5 (21.4%) 
99 (40.7%) 
92 (37.9%)

< 0.0012

30-day mortality, n (%) 9 (5.3%) 1 (0.4%) 0.0024

1Independent Samples t-test, , 2chi-square test, 3Mann-Whitney U test, 4Fisher’s Exact test. WBC, white blood cell; RBC, red blood cell; MCV, mean corpuscular 
volume; MCH, mean corpuscular hemoglobin; MPV, mean platelet volume; PDW, platelet distribution width; RDW, red cell distribution Width, PLCR, platelet large cell 
ratio; INR, international normalized ratio; ICU, intensive care unit; SD, standard deviation. 
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Regarding thoracic injuries, pneumothorax (31.6% vs. 4.5%, P 
< 0.001), rib fractures (78.4% vs. 21.6%, P < 0.001), chest tube 
placement (27.5% vs. 1.6%, P < 0.001), and blood transfusion 
(16.4% vs. 0%, P < 0.001) occurred significantly more often in 
the hemothorax group (Table 2).

A significant association was found between ED disposition and 
hemothorax status (P < 0.001 by chi-square test). Subgroup 
analysis showed that patients admitted to the ICU differed 
significantly from both discharged patients and those admitted 
to the general ward (both P < 0.001), whereas no significant 
difference was observed between the discharged and general 

ward groups (P > 0.005). Furthermore, 30-day mortality was 
markedly higher in the hemothorax group than in the non-
hemothorax group (5.3% vs. 0.4%, P = 0.002) (Table 2).

Additionally, in the subgroup analysis of patients with 
hemothorax (Table 3), non-survivors (n=9) had higher WBC 
and lymphocyte counts, higher lactate levels, and lower venous 
pH compared with survivors. Pneumothorax, sternal fracture, 
and the need for blood transfusion were also observed more 
frequently in this group. These findings indicate that both 
laboratory parameters and specific clinical injury characteristics 
are associated with 30-day mortality.

Table 3. The Relationship Between Demographic Characteristics, Comorbidities, Laboratory Parameters, and Clinical Findings of 
Patients with Hemothorax and the Presence of Mortality

Mortality
P value

Yes (n=9) No (n=162)

Age, years, mean ± SD 62.0 ± 18.2 53.4 ± 18.8 0.1831

Sex, n (%)
 Male 
 Female

5 (55.6%)
4 (44.4%)

122 (75.3%)
40 (24.7%)

0.2382

Comorbidities, n (%)
 Hypertension
 Diabetes mellitus

1 (11.1%)
1 (11.1%)

39 (24.1%)
8 (4.9%)

0.6872

0.3932

Laboratory, median (IQR 25-75) / mean ± SD
 WBC, 109/L
 RBC, 1012/L
 Hemoglobin, g/dL
 Hematokrit, %
 MCV, fL
 MCH, pg
 Platelet, 109/L
 MPV, fL
 Neutrophil, 109/L
 Lymphocyte, 109/L
 Monocyte, 109/L 
 PDW, %
 RDW, %
 PLCR, %
 Venous blood pH, 
 Base excess, mmol/L
 Lactate, mmol/L
 INR, -

18.2 (17.6-24.4)
4.0 (3.8-4.5)

11.4 (9.9-12.6)
37 (34-40)
89 (88-91)
28 (27-29)
251 ± 53
10.4 ± 0.8

15.5 (14.3-18.1)
3.7 (2.5-5.2)

0.83 (0.55-1.07)
12.2 ± 1.8

14.1 (13.2-17.2)
28.6 ± 6.6

7.26 (6.82-7.33)
0.5 (0.3-0.8)
7.5 (4.1-8.2)

1.24 (1.18-1.55)

12.1 (8.8-16.4)
4.6 (4.1-5.0)

13.6 (11.8-15.0)
41 (37- 45)
91 (87-94)
30 (29-31)
240 ± 68
10.5 ± 0.9

9.0 (6.0-13.8)
2.1 (1.2-2.8)

0.74 (0.57-1.03)
12.1 ± 1.9

13.1 (12.7-13.9)
29.0 ± 7.0

7.38 (7.34-7.41)
0.4 (0.3-0.6)
2.2 (1.6-3.3)

1.05 (0.99-1.14)

0.0273

0.7533

0.6953

0.7933

0.1093

0.1373

0.1941

0.3711

0.0623

0.0323

0.2213

0.5731

0.2253

0.2891

< 0.0013

0.1883

< 0.0013

0.7623

Thoracic injuries, n (%)
 Pneumothorax
 Rib fracture
 Sternal fracture
 Chest tube requirement 
 Blood transfusion requirement 

6 (66.7%)
8 (88.9%)
2 (22.2%)
5 (55.6%)
6 (66.7%)

48 (29.6%)
126 (77.8%)

2 (1.2%)
42 (25.9%)
22 (13.6%)

0.0292

0.6862

0.0142

0.1172

< 0.0012

Emergency department disposition, n (%)
 Discharged from the emergency department
 Admitted to the ward
 Admitted to the ICU

0
1 (11.1%)
8 (88.9%)

7 (4.3%)
18 (11.1%)

137 (84.6%)
1Independent Samples t-test, 2Fisher’s exact test, 3Mann-Whitney U test; WBC, white blood cell; RBC, red blood cell; MCV, mean corpuscular volume; MCH, 
mean corpuscular hemoglobin; MPV, mean platelet volume; PDW, platelet distribution width; RDW, red cell distribution width; PLCR, platelet large cell ratio, INR, 
international normalized ratio; ICU, intensive care unit; SD, standard deviation.
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DISCUSSION
This study assessed the ability of initial laboratory parameters to 
predict hemothorax in adult patients presenting to the ED with 
isolated blunt thoracic trauma. The findings demonstrated that 
WBC count, lactate level, venous pH, and lymphocyte count 
were significantly associated with the presence of hemothorax. 
In contrast, traditional platelet indices such as MPV, PDW, and 
P-LCR did not demonstrate significant diagnostic value.

Blunt thoracic trauma can lead to various intrathoracic and 
extrathoracic complications, with hemothorax being among 
the most severe and life-threatening complications.12,13 In 
hemothorax, blood accumulation within the thoracic cavity 
can mechanically limit respiratory function, impair oxygenation, 
and reduce systemic perfusion, thereby accelerating clinical 
deterioration.6 Early diagnosis and intervention may reduce the 
need for invasive procedures and improve clinical outcomes. 
Although chest CT is considered the gold standard for 
diagnosing hemothorax, it may be delayed in hemodynamically 
unstable patients. Therefore, the contribution of laboratory 
parameters assessed prior to CT becomes particularly valuable 
in early clinical decision-making.14,15

In the present study, WBC levels and lymphocyte counts were 
significantly elevated in the hemothorax group (P = 0.027 
and P = 0.032, respectively). This may reflect the systemic 
inflammatory response and activation resulting from trauma-
induced tissue injury. Consistent with our results, previous 
studies have reported that elevated WBC and lymphocyte 
counts in the acute phase of trauma are associated with greater 
clinical severity and increased risk of complications.16,17 These 
results suggest that CBC parameters may assist in the early 
identification of traumatic hemothorax. The clinical relevance of 
these parameters becomes particularly evident in cases where 
imaging is delayed or patients are hemodynamically unstable. 
At admission to the ED, patients presenting with elevated WBC 
and lymphocyte counts, increased lactate levels, and decreased 
pH are more likely to have a hemothorax. Such patients should 
be prioritized for expedited imaging, closely monitored, and 
considered for early tube thoracostomy if necessary. In this way, 
laboratory findings may serve not only as diagnostic adjuncts 
but also as tools for clinical prioritization.

Increased intrathoracic pressure due to hemothorax can restrict 
lung expansion, disrupt the ventilation-perfusion balance, 
and consequently lead to impaired tissue oxygenation and 
lactate accumulation.18 Consistent with this pathophysiological 
mechanism, our study showed significantly higher lactate 
levels in the hemothorax group (median: 2.3 mmol/L vs. 1.8 
mmol/L; P < 0.001). This observation supports previous reports 
highlighting lactate as a prognostic marker of hypoperfusion 
and systemic inflammation in trauma patients.19,20

Venous pH levels were also significantly lower in the 
hemothorax group (P < 0.001). This decrease may reflect both 
respiratory acidosis due to ventilation-perfusion mismatch and 
metabolic acidosis resulting from hypoperfusion secondary to 
hemorrhage. Previous studies have demonstrated that the pH 
level serves as an early prognostic marker in trauma-induced 
hemorrhagic shock.21,22

However, no statistically significant differences in the platelet 
indices MPV, PDW, and P-LCR were observed between the 
hemothorax and control groups. Although these parameters 
have previously been shown to reflect hematologic dynamics 
and microcirculatory responses following trauma in various 
patient populations,23,24 our findings suggest that they did not 
demonstrate sufficient diagnostic performance to predict 
hemothorax among patients with isolated thoracic trauma. 
This discrepancy may be attributed to factors such as sample 
selection, timing of laboratory measurements, or coexisting 
systemic variables.

Study Limitations

This study has certain limitations. Primarily, its retrospective, 
single-center nature may have introduced selection bias and 
limited the ability to draw causal inferences. Additionally, 
potential confounding variables such as prehospital 
interventions, the mechanism and severity of the trauma, and 
patients’ baseline coagulation status were not included in the 
analysis. Moreover, time-dependent changes in laboratory 
parameters were not evaluated; this aspect may serve as a 
valuable focus for prospective studies.

CONCLUSION
This study demonstrates that WBC count, lactate level, pH, 
and lymphocyte count may serve as significant predictors of 
hemothorax in patients presenting with isolated blunt thoracic 
trauma. In contrast, platelet indices did not appear to have 
discriminative value in this patient population. These findings 
contribute to identifying supportive laboratory markers for early 
risk stratification and clinical decision-making in the ED setting.
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INTRODUCTION
Allergic reactions are common clinical presentations in 
emergency departments and often require prompt intervention. 
These reactions typically manifest in three major forms: urticaria, 
angioedema, and anaphylaxis. Urticaria is characterized by 
well-demarcated, erythematous, and often pruritic plaques 

on the skin, usually resolving spontaneously. Angioedema 
involves swelling of deeper tissues and is frequently observed 
in periorbital, perioral, or oropharyngeal regions. Anaphylaxis, on 
the other hand, is a rapidly developing hypersensitivity reaction 
following allergen exposure, potentially life-threatening and 
characterized by systemic inflammatory responses that may 
impair the respiratory, circulatory, or gastrointestinal systems.1,2
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ABSTRACT
Objective: This study aimed to compare serum erythropoietin (EPO) levels in patients admitted to the emergency department with allergic 
reactions who were clinically diagnosed with urticaria, angioedema, or anaphylaxis, and to evaluate the diagnostic value of EPO as a potential 
biomarker.

Methods: The study was conducted prospectively in the Emergency Department of Atatürk University between 2013 and 2016. A total of 
156 patients diagnosed with urticaria, angioedema, or anaphylaxis were included. Serum EPO levels from blood samples taken at admission 
were analyzed using the enzyme-linked immunosorbent assay method. Relationships between vital signs, clinical symptoms, and EPO levels 
were statistically evaluated.

Results: No significant difference in serum EPO levels was observed among the urticaria (41.7%), angioedema (35.9%), and anaphylaxis 
(24.4%) groups (P = 0.799). However, patients with uvular edema had significantly higher EPO levels (6.5 ± 1.6 vs. 6.0 ± 1.7 mIU/mL; P = 
0.027). In the anaphylaxis group, oxygen saturation and blood pressure were significantly lower, whereas pulse rate and respiratory rate were 
significantly higher.

Conclusion: EPO levels alone are not sufficient for differential diagnosis of acute allergic reactions. However, when assessed alongside 
specific symptoms, such as uvular edema, EPO may reflect the severity of the inflammatory response and serve as a potential biomarker. 
Multicenter studies including tissue-level analyses are needed to better understand the role of EPO in allergic inflammation.
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Because of the symptomatic overlap among these clinical 
entities, differential diagnosis often relies solely on patient 
history and physical examination. However, this approach may 
lead to diagnostic uncertainty and delays, particularly in cases of 
mild anaphylaxis, adversely affecting treatment and prognosis.3 
Indeed, a retrospective study reported that only one in four 
patients who met the diagnostic criteria for anaphylaxis were 
correctly identified.4 This underscores the need for objective 
biomarkers to aid in diagnosis.

Erythropoietin (EPO) is a glycoprotein hormone secreted by the 
kidneys in response to hypoxia, stimulating the proliferation 
of erythroid progenitor cells and enhancing erythropoiesis. 
During hypoxemia, EPO levels may increase by up to 5- to 
8-fold, serving as a compensatory mechanism to improve 
oxygen delivery.5 Recent experimental and clinical studies, 
however, have demonstrated that EPO exerts effects beyond 
hematopoiesis, particularly on inflammatory processes.

EPO may exert anti-inflammatory effects in immune cells 
such as macrophages and monocytes by suppressing the 
release of proinflammatory cytokines, including tumor necrosis 
factor alpha (TNF-α) and interleukin-6 (IL-6), and by inhibiting 
nuclear factor-κB (NF-κB) activation, thereby exerting 
immunomodulatory effects.6,7 Through these mechanisms, 
EPO has been shown to reduce tissue damage in systemic 
inflammatory conditions such as sepsis, trauma, and myocardial 
ischemia.8 Moreover, elevated EPO levels have been observed in 
conditions associated with oropharyngeal edema and hypoxia, 
suggesting a potential role in the inflammatory process.

Nevertheless, the literature on how EPO levels change in acute 
allergic reactions and whether these changes carry diagnostic 
significance remains limited. Existing studies have mainly 
focused on mast cell activation and tryptase levels, often 
neglecting the potential role of EPO as a biomarker. Given 
the variable degrees of hypoxia and inflammatory burden 
across urticaria, angioedema, and anaphylaxis, investigating 
the potential utility of EPO for differential diagnosis appears 
warranted.

In this study, we aimed to compare serum EPO levels among 
patients presenting to the emergency department with 
clinically diagnosed allergic reactions (urticaria, angioedema, or 

anaphylaxis) to evaluate its diagnostic utility in distinguishing 
these conditions. Additionally, we sought to examine the 
relationship between specific symptom clusters (e.g., uvular 
edema, dyspnea) and EPO levels to assess the potential 
contribution of this biomarker to clinical decision-making.

Study Design and Population

This prospective study was conducted between June 2013 and 
January 2016 in the Department of Emergency Medicine at 
Atatürk University Faculty of Medicine. The study was approved 
by the Atatürk University Non-Interventional Clinical Research 
Ethics Committee prior to patient enrollment (decision no: 25, 
date: 02.05.2013). Subsequently, when the study was decided 
to be used as a thesis project, a second ethics committee 
approval was obtained in accordance with institutional 
regulations. Patients aged 18 years or older who presented to 
the emergency department with allergic reactions and were 
clinically diagnosed with urticaria, angioedema, or anaphylaxis 
were included. Written informed consent was obtained from all 
participants.

Exclusion criteria

The following patients were excluded:

•	 Those with known anemia, chronic renal failure, or liver 
disease

•	 Patients with a history of chronic obstructive pulmonary 
disease or asthma

•	 Patients with bone marrow disorders or active malignancy

•	 Those with other systemic diseases that could affect EPO 
levels

Diagnostic criteria and Patient Classification

•	 Patients were categorized into three groups based on clinical 
findings:

•	 Urticaria: Patients with skin lesions only

•	 Angioedema: Patients with skin and mucosal edema

•	 Anaphylaxis: Patients meeting the 2014 diagnostic criteria of 
the World Allergy Organization.9

Data Collection

Vital signs (blood pressure, heart rate, oxygen saturation, 
respiratory rate) and laboratory parameters [White blood cell, 
neutrophil, lymphocyte, eosinophil, basophil, red blood cell 
hemoglobin, hematocrit, mean corpuscular volume, mean 
corpuscular hemoglobin, mean corpuscular hemoglobin 
concentration, red cell distribution width, platelet, platelet 
distribution width, creatinine, and blood urea nitrogen] were 
recorded for each patient. Suspected allergens and clinical 
symptoms (such as pruritus, rash, uvular edema, and stridor) 
were documented using a standardized form.

MAIN POINTS
•	 This study evaluated the association between serum 

erythropoietin (EPO) levels and allergic reactions in 
emergency department patients.

•	 Serum EPO levels did not differ significantly among 
patients with urticaria, angioedema, or anaphylaxis.

•	 Patients with uvular edema had significantly higher 
EPO levels compared with those without uvular edema.

•	 These findings indicate that EPO may contribute to 
the pathophysiology of airway involvement in allergic 
reactions.
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Biochemical Analysis

Serum EPO levels were measured in blood samples collected 
on admission. After clotting, the samples were centrifuged and 
stored at -80 °C. Measurements were performed using the 
enzyme linked immune sorbent assay (ELISA) method (Human 
EPO Platinum ELISA Kit, eBioscience, Austria) in accordance 
with the manufacturer’s protocol.

Statistical Analysis

Data were analyzed using SPSS version 22.0 (IBM Corp., 
Armonk, NY, USA). Continuous variables were expressed as 
mean ± standard deviation when normally distributed, or as 
median (min-max) when non-normally distributed; categorical 
variables were presented as percentages (%). The Kolmogorov-
Smirnov test was used to assess normality. Comparisons 
among more than two groups were performed using one-way 
ANOVA for parametric variables and the Kruskal-Wallis test for 
non-parametric variables. Post-hoc analyses were conducted 
with the Bonferroni correction. Comparisons between two 
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. Logistic regression 
was used to identify independent predictors. A P value of < 
0.05 was considered statistically significant.

RESULTS
A total of 156 patients were included in the study. Of these, 
41.7% (n=62) were diagnosed with urticaria, 35.9% (n=56) with 
angioedema, and 24.4% (n=38) with anaphylaxis. Among the 
participants, 45.5% (n=71) were male and 54.5% (n=85) were 
female. The mean age was 40.9 ± 17.1 years, with no significant 
age difference between genders (P > 0.05). Drugs were the 
most common cause of allergic reactions (38.2%) and were 
the leading cause in both males (39.4%) and females (37.6%). 
The distribution of probable allergens by gender is presented in 
Table 1.

Vital signs were compared among the three clinical groups using 
one-way ANOVA. Post-hoc Bonferroni analysis revealed that 
the anaphylaxis group had significantly lower systolic (111.0 ± 
30.9 mmHg) and diastolic (67.2 ± 18.2 mmHg) blood pressure 
compared with both the urticaria and angioedema groups (P = 
0.004 and P < 0.001, respectively). Additionally, the anaphylaxis 
group exhibited significantly higher heart and respiratory rates 
(heart rate: 94.8 ± 18.9 bpm; respiratory rate: 18.5 ± 5.0/min) 
(P = 0.008 and P < 0.001, respectively). Oxygen saturation was 
also significantly lower in the anaphylaxis group (93.3 ± 4.0%; P 
= 0.003). Details of vital signs are shown in Table 2.

Serum EPO levels were compared among the groups: urticaria 
(6.2 ± 1.7 mIU/mL), angioedema (6.2 ± 1.7 mIU/mL), and 
anaphylaxis (6.4 ± 1.7 mIU/mL), with no significant differences 
observed (P = 0.799). The results are summarized in Table 3.

In subgroup analyses, EPO levels did not differ significantly by 
drug allergy, food allergy, rash, or pruritus (P > 0.05). However, 
patients with uvular edema had significantly higher EPO 
levels (6.5 ± 1.6 mIU/mL) than those without edema (6.0 ± 1.7 
mIU/mL; P = 0.027). The detailed subgroup comparisons are 
presented in Table 4.

Table 1. Probable Allergens by Gender
Etiology Male n (%) Female n (%)

Drugs 28 (39.4) 32 (37.6)

Idiopathic 26 (36.6) 25 (29.4)

Food 7 (9.9) 11 (12.9)

Insect bites 7 (9.9) 4 (4.7)

Cleaning products 1 (1.4) 1 (1.2)

Clothing 0 (0.0) 2 (2.4)

Infection 1 (1.4) 3 (3.5)

Other 0 (0.0) 5 (5.9)

Cold 1 (1.4) 0 (0.0)

Stress 0 (0.0) 2 (2.4)

Table 2. Vital Signs by Clinical Groups
Parameter Urticaria (n=62) Angioedema (n=56) Anaphylaxis (n=38) P value Total (n=156)

Systolic BP (mmHg) 125.8 ± 18.9 123.7 ± 15.9 111.0 ± 30.9* 0.004 121.5 ± 22.2

Diastolic BP (mmHg) 77.8 ± 12.4 77.9 ± 10.9 67.2 ± 18.2* < 0.001 75.3 ± 14.2

Heart rate (bpm) 87.8 ± 12.5 86.0 ± 10.4 94.8 ± 18.9* 0.008 88.9 ± 14.0

Oxygen saturation (%) 94.9 ± 2.4 95.1 ± 2.0 93.3 ± 4.0* 0.003 94.6 ± 2.8

Respiratory rate (/min) 16.3 ± 2.3 15.9 ± 1.5 18.5 ± 5.0* < 0.001 16.7 ± 3.2
Values are presented as mean ± standard deviation (SD). Comparisons between clinical groups were performed using one-way ANOVA. Post-hoc analysis was 
conducted using the Bonferroni correction.
*: Statistically significant compared to the urticaria and angioedema group with the anaphylaxis group (P < 0.05).

Table 3. Serum Erythropoietin Levels by Clinical Groups
Parameter Urticaria (n=62) Angioedema (n=56) Anaphylaxis (n=38) P value

Erythropoietin (mIU/mL) 6.2 ± 1.7 6.2 ± 1.7 6.4 ± 1.7 0.799
Data are expressed as mean ± SD. Comparisons among groups were performed using one-way ANOVA.
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DISCUSSION
In this study, serum EPO levels were examined in patients who 
presented to the emergency department with allergic reactions 
and were clinically diagnosed with urticaria, angioedema, or 
anaphylaxis. Our findings showed no significant differences 
in EPO levels among these three clinical conditions. However, 
the observation of significantly higher EPO levels in patients 
with uvular edema is noteworthy. This suggests that EPO may 
be involved not only in responses to hypoxic stimuli but also in 
inflammatory processes. 

Anaphylaxis is a rapidly developing systemic hypersensitivity 
reaction that often affects the respiratory or circulatory 
systems and is life-threatening. During anaphylaxis, mast cells 
and basophils are activated via FcεRI receptors, leading to the 
release of histamine, tryptase, prostaglandin D2, and various 
cytokines. The resulting bronchoconstriction, vascular leakage, 
and vasodilation cause hypoxia, tachycardia, and hypotension.9,10 
In our study, patients with anaphylaxis exhibited significantly 
lower oxygen saturation, systolic and diastolic blood pressure, 
whereas their heart rate and respiratory rate were significantly 
higher. These findings confirm the presence of hypoxia and 
hemodynamic compromise. 

EPO is a glycoprotein hormone secreted by the kidneys 
in response to hypoxia; it stimulates erythropoiesis. EPO 
production typically increases within several hours in response 
to low tissue oxygen tension. However, some studies have 
shown that EPO may also play a role in inflammatory processes. 
By exerting anti-inflammatory effects on macrophages and 
monocytes, EPO suppresses proinflammatory cytokines such 
as TNF-α and IL-6 and inhibits NF-κB activation, thereby 
providing immunomodulation.6,7 With these properties, EPO 
has been considered a tissue-protective agent in conditions 
such as sepsis, myocardial ischemia, and trauma.8 

Although no overall differences in EPO levels were found 
among clinical groups, the significantly higher levels observed in 
patients with uvular edema are noteworthy. The uvula, located 
in the upper airway, may be exposed to both mechanical and 
inflammatory stress. An experimental study demonstrated 
infiltration of cluster of differentiation 4 (CD4) and CD8+ T 
cells and macrophages into the uvular tissue, contributing to 
inflammation.11 Such cellular infiltration may enhance local 
cytokine release, thereby stimulating EPO production. 

The relationship between uvular edema and hypoxia may also 
trigger systemic EPO release. Reports in the literature indicate 
that EPO levels can increase five- to eightfold in hypoxic 
states.5 However, the timing of this increase is critical. Some 
studies have indicated that EPO does not rise significantly 
within hours of acute hypoxia, suggesting that early serum 
measurements may not fully capture this response.12 The 
absence of significant EPO elevation in the anaphylaxis group in 
our study may, therefore, be related to this physiological delay.

Interestingly, immune responses against EPO itself have been 
described, leading to allergic reactions. Cases of angioedema, 
urticaria, and even anaphylaxis associated with recombinant 
EPO and its derivatives have been reported.13,14 These findings 
suggest that EPO may interact bidirectionally with the immune 
system, functioning both as a stimulus and as a target.

Our findings indicate that EPO levels alone are insufficient for 
distinguishing among urticaria, angioedema, and anaphylaxis. 
However, when evaluated alongside specific findings, such as 
uvular edema, they may have clinical relevance. This suggests 
the potential role of EPO as an inflammatory biomarker, 
although further histopathological and immunological studies 
at the tissue level are warranted.

Finally, it has been suggested that the anti-inflammatory effects 
of EPO require plasma levels above a certain threshold, which 
may be higher than the threshold needed for hematopoietic 
effects.15 Thus, even if serum levels remain stable during acute 
inflammation, local tissue-level effects of EPO may persist.

Study Limitations

This study has several methodological and structural limitations. 
First, it was conducted at a single center with a relatively small 
sample size, which may limit the generalizability of the results. 
Additionally, molecular parameters, such as erythropoietin 
receptor (EPOR) expression and tissue-level EPO accumulation, 
could not be evaluated, leaving the tissue-level correlates of the 
observed serum differences unknown.

Furthermore, correlations with other inflammatory biomarkers, 
such as tryptase, histamine, and IL-6, were not examined, nor 
were mast cell density or IgE levels in urticarial lesions assessed. 
Finally, the study was conducted at a high-altitude center 
(1850 m), which may differ from other centers with respect to 
hypoxic stimuli.

Table 4. Comparison of Erythropoietin Levels in Subgroups
Parameter Absent (n) Mean ± SD (absent) Present (n) Mean ± SD (present) P value

Drug allergy 96 6.2 ± 1.5 60 6.2 ± 2.0  0.749

Food allergy 139 6.2 ± 1.7 17 6.4 ± 1.5  0.695

Rash 30 5.8 ± 1.3 126 6.3 ± 1.7 0.159

Pruritus 60 6.1 ± 1.6 96 6.3 ± 1.7 0.467

Uvular edema 89 6.0 ± 1.7 67 6.5 ± 1.6 0.027
Values are presented as mean ± SD. Comparisons were made using Student’s t-test.
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Recommendations:

Large-scale, multicenter studies are recommended to more 
reliably evaluate the diagnostic value of serum EPO levels in 
allergic conditions.

Molecular parameters, such as tissue-level EPO expression, 
EPOR presence, and local cytokine profiles, should be 
investigated to clarify the role of EPO in allergic inflammation.

Evaluating EPO levels when specific symptoms are present, 
particularly uvular edema, may help predict clinical severity.

The timing of the EPO response to acute hypoxia should be 
examined further in detailed time-course studies in the context 
of allergic reactions.

Developing a biomarker panel incorporating acute-phase 
reactants such as histamine, tryptase, and IL-6 alongside EPO 
may improve the accuracy of the diagnosis of anaphylaxis in 
emergency settings.

CONCLUSION
This study is a pioneering analysis of the diagnostic value of 
serum EPO levels in patients with acute allergic reactions, such 
as urticaria, angioedema, and anaphylaxis. Our results revealed 
no significant differences in EPO levels among these three 
clinical conditions. However, the significantly higher EPO levels 
in patients with uvular edema suggest that this finding may 
serve as an indicator of systemic inflammatory activity.

Overall, EPO levels appear insufficient as a standalone biomarker 
for the differential diagnosis of allergic reactions. However, 
when assessed in conjunction with specific symptoms such as 
uvular edema, EPO may contribute to clinical decision-making. 
This finding implies that EPO elevation may reflect not only 
hypoxic responses but also inflammation-related processes.

In this context, uvular edema emerges as a clinically significant 
sign with dual implications: a risk of local airway obstruction 
and an indicator of the severity of systemic inflammation. The 
observed association between uvular edema and increased 
EPO levels suggests that uvular edema should be considered 
an active finding requiring careful evaluation in emergency 
departments, rather than a passive clinical observation.
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INTRODUCTION 
Gabapentin was first approved by the United States Food and 
Drug Administration in 1993 for the treatment of postherpetic 
neuralgia and epilepsy. The European Medicines Agency later 
approved the drug for the treatment of neuropathic pain. 
Beyond its approved indications, gabapentin is frequently 
prescribed off-label for migraine, trigeminal neuralgia, acute 
or chronic postoperative pain, relief of fibromyalgia symptoms, 
psychiatric disorders (such as anxiety and bipolar disorder), 
alcohol and opioid withdrawal syndromes, insomnia, restless 
legs syndrome (RLS), and pruritus associated with certain 
dermatological conditions.1,2 Over the last decade, gabapentin 
prescriptions have quadrupled due to its broad indication 

profile and analgesic efficacy.3 Correspondingly, reports of 
adverse effects—including sedation, dizziness, somnolence, 
ataxia, nystagmus, nausea, and vomiting—have increased.4,5

In our clinical practice, gabapentin-treated patients have 
reported subjective complaints such as hypersalivation, 
constipation, and sexual dysfunction. These symptoms are 
not routinely assessed in clinical practice. Although the Non-
Motor Symptom Scale (NMSS) was originally developed for 
Parkinson’s disease, we considered it the most structured and 
multidimensional tool available for systematically evaluating 
non-motor effects potentially associated with gabapentin 
use. The NMSS has also been applied in conditions such as 
idiopathic or isolated rapid eye movement (REM) sleep behavior 
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ABSTRACT
Objective: Gabapentin is widely used for neuropathic pain, epilepsy, and other indications; however, its non-motor side effects remain 
understudied. This prospective, cross-sectional observational study aimed to evaluate non-motor symptoms in gabapentin users, assessed 
with the Non-Motor Symptom Scale (NMSS).

Methods: The Turkish version of the NMSS was administered once to 105 patients who had been receiving gabapentin for at least 120 days 
and to 107 demographically matched healthy controls at our Non-Motor Symptom Scale (NMSS) between January and December 2022. 
Exclusion criteria included neurodegenerative diseases, diabetes, psychiatric disorders, and thyroid dysfunction. Group comparisons were 
performed using independent samples t-tests for continuous variables and chi-square or Fisher’s exact tests for categorical data.

Results: Gabapentin users had significantly higher total NMSS scores than controls (11.6 ± 5.56 vs. 6.03 ± 4.28, P < 0.001). Symptoms such 
as salivation, constipation, urgency, nocturia, pain, memory impairment, depression, anxiety, sexual dysfunction, orthostatic hypotension, 
daytime sleepiness, and leg edema were reported more frequently in the gabapentin group (P < 0.05).

Conclusion: Gabapentin use was associated with a higher frequency of non-motor symptoms, as assessed by the NMSS. This study suggests 
that the NMSS may serve as a structured tool for the systematic screening of non-motor symptoms in patients receiving gabapentin. 
Prospective studies with indication-matched controls and validated assessment tools are warranted to confirm these associations.
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disorder and essential tremor to explore non-motor domains 
beyond idiopathic Parkinson’s disease.6,7 However, to our 
knowledge, this is the first study employing the NMSS to assess 
medication-related non-motor adverse effects.

The NMSS provides a comprehensive assessment across 
multiple non-motor domains but evaluates only the presence of 
symptoms, not their severity. Although the NMSS was originally 
developed and validated for Parkinson’s disease, we selected 
it for this study because gabapentin is known to affect several 
non-motor systems, including gastrointestinal, urinary, mood, 
and sleep functions. A structured tool capable of simultaneously 
screening a wide range of non-motor symptoms (NMS) was 
required; the NMSS was considered the most suitable instrument 
reported in the literature.

Gabapentin is widely used for neuropathic pain, epilepsy, and 
other indications, and is known to affect multiple non-motor 
domains, including gastrointestinal and urinary function, 
mood, and sleep. However, its non-motor side effects remain 
understudied and have not been systematically evaluated with 
structured instruments. Therefore, the aim of the present study 
was to assess NMS in patients using gabapentin, applying the 
NMSS as an exploratory screening tool.

MATERIAL AND METHODS
Patients aged 18-65 years who had been receiving gabapentin 
treatment for at least 120 consecutive days for various 
indications, including neuropathic pain, postherpetic neuralgia, 
and migraine prophylaxis, at the Mengücek Gazi Training and 
Research Hospital Neurology Outpatient Clinic between 
January 2022 and December 2022 were included in the study. 
Patients with incomplete clinical records, irregular medication 
use, or concurrent treatment with other anticonvulsants or 
antidepressants were excluded. Written informed consent 

was obtained from all participating patients, and the study 
protocol was approved by the Ethics Committee of Erzincan 
Binali Yıldırım University. Individuals with neurodegenerative 
or cardiovascular diseases, diabetes mellitus, primary 
gastrointestinal or genitourinary diseases, psychiatric 
conditions, or thyroid dysfunction were excluded. This was a 
prospective cross-sectional observational study. The NMSS 
was administered in person during routine outpatient visits by 
a trained neurologist. Demographic and clinical data, including 
medication use, gabapentin dosage, and comorbidities, were 
recorded contemporaneously using standardized forms and 
subsequently entered into the hospital database for analysis.

The Turkish-validated NMSS for Parkinson’s disease was 
administered to gabapentin users and healthy controls. The 
control group consisted of age- and sex-matched healthy 
individuals who were not using gabapentin or any other 
medications affecting the central nervous system. All control 
participants were recruited from the same outpatient clinic to 
minimize selection bias. Potential confounding factors, such as 
diabetes mellitus, thyroid dysfunction, cardiovascular diseases, 
psychiatric disorders, or systemic inflammatory diseases, 
were explicitly excluded from both groups. Comorbidities 
were reviewed using detailed medical histories and current 
medication records to ensure comparability between groups. 
The NMSS consists of 30 yes/no items covering gastrointestinal, 
genitourinary, cardiovascular, attention/memory, perception, 
mood, and sleep domains. The items are scored as 1 (yes or 
presence) or 0 (no or absence).8 

Patients with at least 120 days of gabapentin use were included 
because long-term adverse effects typically emerge after 3-4 
months .4,9

Data were retrieved from Mengücek Gazi Training and Research 
Hospital’s database. The study was approved by the Erzincan 
Binali Yıldırım University Clinical Research Ethics Committee 
(approval no.: 14/11, dated: 10.01.2022). The study was 
conducted in accordance with the ethical standards of the 
institutional research committee and with the Declaration of 
Helsinki (1964) and its later amendments.

Statistical Analysis

The sample size was determined based on a priori power analysis 
using G*Power version 3.1.9.7 (Heinrich Heine University 
Düsseldorf, Düsseldorf, Germany). The analysis indicated that a 
minimum sample size of 52 subjects was required. Additionally, 
a post-hoc power analysis indicated that the study had 99% 
power. Statistical analyses were performed using IBM SPSS 
Statistics for Windows, version 25.0 (IBM Corp., Armonk, NY, 
USA). The distributions of continuous variables were assessed 
for normality using the Shapiro-Wilk and Kolmogorov-Smirnov 
tests. Descriptive statistics were presented as mean ± standard 
deviation for continuous variables and as frequencies (n, 
%) for categorical variables. For comparisons of total NMSS 
scores between groups, the Independent samples t-test was 
applied. For categorical symptom data (yes/no responses), chi-
square tests were used, with Fisher’s exact test applied when 
expected cell counts were less than.5 Correlation analyses were 
performed using Spearman’s rho for non-normally distributed 

MAIN POINTS
•	 Patients receiving gabapentin reported significantly 

higher non-motor symptom scores compared with 
healthy controls, as assessed by the Non-Motor 
Symptom Scale (NMSS).

•	 Salivation, constipation, urinary urgency or nocturia, 
pain, memory impairment, depression, anxiety, 
sexual dysfunction, orthostatic hypotension, daytime 
sleepiness, leg edema, and sweating were significantly 
more frequent among gabapentin users.

•	 This study is the first to systematically assess non-
motor symptoms in gabapentin users with the 
NMSS, highlighting a broad range of underrecognized 
complaints.

•	 The NMSS may serve as a structured tool for the 
systematic screening of non-motor symptoms 
in patients receiving gabapentin in routine clinical 
practice.

•	 Findings are exploratory, but suggest the need for 
prospective, indication-matched studies to confirm 
and clarify the associations between gabapentin and 
non-motor symptoms.
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variables. Spearman’s rank correlation test was used to evaluate 
associations between daily gabapentin dose, age, and total 
NMSS scores within the gabapentin-treated group. A P value < 
0.05 was considered statistically significant.

RESULTS
The study included 105 patients receiving gabapentin and 107 
demographically matched healthy controls. The demographic 
characteristics of the groups are presented in Table 1. 
Statistical analysis revealed no significant differences between 
the groups in terms of sex or age (P > 0.05 for both). Indications 
for gabapentin use are listed in Table 2.

The NMSS was administered to patients receiving gabapentin 
treatment and to healthy controls. The total NMSS score was 
significantly higher in the gabapentin group than in the control 
group (11.6 ± 5.56 vs. 6.03 ± 4.28, P < 0.001). Item-based results 
are summarized in Table 3. Salivation, gastrointestinal, urinary, 
neuropsychiatric, and autonomic symptoms were significantly 
more frequent in the gabapentin group than in controls. Among 
gabapentin users, daily doses ranged from 200 to 1800 mg/day 
(median = 850 mg/day). No significant correlation was found 
between daily gabapentin dose and total NMSS score (P = 0.21). 
In contrast, age was positively correlated with the total NMSS 
score among gabapentin users (P = 0.006). No significant 
association between age and NMSS score was observed in the 
control group, likely due to minimal variability in non-motor 
symptom reporting.

DISCUSSION
In the present study, the total NMSS score was significantly 
higher in the gabapentin-user group than in the control group. 
To the best of our knowledge, this is the first study to evaluate 
NMS during gabapentin treatment using a structured screening 
tool. While many of the individual complaints observed in our 
cohort, such as constipation, salivation, and sexual dysfunction, 
have previously been reported as adverse effects of gabapentin, 
our study is novel in systematically assessing these symptoms 
with the NMSS in a relatively large sample of gabapentin-
treated patients.

The novelty of our findings does not lie in identifying 
previously unrecognized side effects, but rather in providing 
a systematic overview of non-motor domains potentially 
affected by gabapentin. By applying the NMSS as a structured 
screening tool, we captured a wide range of symptoms often 

underreported in routine clinical practice, thereby providing a 
more comprehensive profile of gabapentin’s tolerability. These 
results should be considered exploratory and hypothesis-
generating, underscoring the need for future studies using 
validated adverse events or quality-of-life instruments to 
confirm and extend our observations.

Items 1, 3, 4, 5, 6, and 7 of the NMSS pertain to gastrointestinal 
dysfunction. In our cohort, excessive salivation and constipation 
were significantly more common among gabapentin-treated 
patients than among controls. Hypersalivation has a reported 
prevalence of 6%-15% in healthy individuals.10, but no 
clinical studies have specifically investigated salivation during 
gabapentin treatment in humans. A feline study reported post-
gabapentin hypersalivation, although it was unclear whether 
this was a pharmacological effect or related to stress or oral 
irritation from administration.11

There were no statistically significant differences between the 
groups regarding dysphagia or nausea/vomiting. Gabapentin has 
been shown to improve swallowing function after radiotherapy 
and head and neck surgery, likely by reducing neuropathic pain 
rather than through a direct effect on swallowing mechanics.12 
Although nausea and vomiting are recognized adverse effects 
of gabapentin5, studies have also shown its effectiveness in 
the treatment of hyperemesis gravidarum. Conversely, one 
study reported no statistically significant effect of gabapentin 
on chemotherapy-related nausea and vomiting.13,14 These 
divergent outcomes likely reflect differences in patient 
populations and treatment indications.

In the present study, the prevalence of constipation was 
significantly higher in the gabapentin-user group than in the 
control group. Constipation is a known side effect of gabapentin, 
generally of mild to moderate severity.15 The mechanism remains 
unclear, but it may involve reduced neuronal excitability and 
decreased release of neurotransmitters such as glutamate and 
substance P. Paradoxically, gabapentin has been shown to alleviate 
symptoms in diarrhea-predominant irritable bowel syndrome by 
enhancing rectal compliance and reducing rectal sensitivity.16 

No statistically significant differences were observed for fecal 
incontinence or tenesmus between the groups. A case series 
of four patients reported that gabapentin and pregabalin 
alleviated cancer-related tenesmus, although the evidence 
remains limited.17 The differing results reported in the literature 
may reflect the use of gabapentin in diverse patient populations 
with varying indications.

Table 1. Comparison of Demographic Characteristics Between 
the Gabapentin and Control Groups

Characteristic Gabapentin group 
(n=105)

Control group 
(n=107)  P value

Sex, n (%) 0.919

Female 67 (63.8%) 67 (62.6%)

Male 38 (36.2%) 40 (37.4%)

Age (years) 0.164

Mean ± SD 57.7 ± 11.8 55.7 ± 9.8

SD, standard deviation.

Table 2. Indications for Gabapentin Use (n=105)

Indication Number of 
patients Percentage (%)

Lumbar disc herniation 25 23.8%

Polyneuropathy 19 18.1%

Restless leg syndrome 20 19.1%

Cervical disc herniation 18 17.1%

Trigeminal neuralgia 7 6.67%

Carpal tunnel syndrome 7 6.67%

Fibromyalgia 6 5.71%

Ulnar nerve lesion 3 2.86%
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Urinary dysfunction is assessed by questions 8 and 9 of the 
NMSS. In the present study, urinary urgency and nocturia were 
significantly more frequent among gabapentin users. Case 
reports describe gabapentin-associated urinary incontinence, 
thought to result from inhibitory effects on bladder C-fiber 
afferents and reduced detrusor contractility.18 In contrast, Chua 
et al.19 demonstrated that gabapentin was effective in the 
treatment of overactive bladder. In the same study, gabapentin 
was more effective than solifenacin in treating nocturia, an effect 
attributed to hypothalamic inhibition of bladder activity. These 
discrepancies may reflect differential effects of gabapentin in 
individuals with and without underlying urinary symptoms.

Questions 2, 10, and 29 of the NMSS pertain to the sensory 
domain. No statistically significant difference in olfactory 

function was observed between the groups. Published studies 
on gabapentin’s effect on olfaction are limited to cohorts with 
COVID-19: one study reported no change in olfaction, while 
another, with a very small sample size, reported subjective 
improvement.20,21 

To the best of our knowledge, there are no studies addressing 
gabapentin’s impact on gustatory function.

Despite gabapentin’s well-established efficacy in pain 
management, reported pain complaints were significantly 
higher in the gabapentin group than in controls. We attribute 
this finding to the underlying indications for gabapentin, rather 
than to a nociceptive side effect.

Table 3. NMSS Findings Across Study Groups

Symptom Gabapentin group (n=105)
Control group

(n=107)
 P value

Yes No Yes No

1.Increased salivation 13 (12.4%) 92 (87.6%) 3 (2.8%) 104 (97.2%) 0.009

2.Loss of taste/smell 13 (12.4%) 92 (87.6%) 9 (8.4%) 98 (91.6%) 0.343

3.Difficulty swallowing 14 (13.3%) 91 (86.7%) 7 (6.5%) 100 (93.5%) 0.098

4.Nausea/vomiting 18 (17.1%) 87 (82.9%) 9 (8.4%) 98 (91.6%) 0.057

5.Constipation 41 (39%) 64 (61%) 25 (23.4%) 82 (76.6%) 0.014

6.Fecal incontinence 14 (13.3%) 91 (86.7%) 7 (6.5%) 100 (93.5%) 0.098

7.Tenesmus 48 (45.7%) 57 (54.3%) 48 (44.9%) 59 (55.1%) 0.901

8.Urgency 61 (58.1%) 44 (41.9%) 76 (71%) 31 (29%) 0.049

9.Nocturia 84 (80%) 21 (20%) 50 (46.7%) 57 (53.3%) < 0.001

10.Pain 68 (64.8%) 37 (35.2%) 21 (19.6%) 86 (80.4%) < 0.001

11Weight change 20 (19%) 85 (81%) 2 (1.9%) 105 (98.1%) < 0.001

12.Memory impairment 57 (54.3%) 48 (45.7%) 36 (33.6%) 71 (66.4%) 0.003

13.Apathy 39 (37.1%) 66 (62.9%) 26 (24.3%) 81 (75.7%) 0.043

14.Hallucinations 21 (20%) 84 (80%) 2 (1.9%) 105 (98.1%) < 0.001

15.Attention deficits 43 (41%) 62 (59%) 25 (23.4%) 82 (76.6%) 0.006

16.Depression 69 (65.7%) 36 (34.3%) 30 (28%) 77 (72%) < 0.001

17.Anxiety 44 (41.9%) 61 (58.1%) 20 (18.7%) 87 (81.3%) < 0.001

18.Reduced libido 58 (55.2%) 47 (44.8%) 33 (30.8%) 74 (69.2%) < 0.001

19.Sexual dysfunction 57 (54.3%) 48 (45.7%) 24 (22.4%) 83 (77.6%) < 0.001

20.Orthostatic hypotension 60 (57.1%) 45 (42.9%) 27 (25.2%) 80 (74.8%) < 0.001

21.Falls 35 (33.3%) 70 (66.7%) 14 (13.1%) 93 (86.9%) < 0.001

22.Daytime sleepiness 21 (20%) 84 (80%) 9 (8.4%) 98 (91.6%) 0.016

23.Difficulty initiating/maintaining sleep 50 (47.6%) 55 (52.4%) 45 (42.1%) 62 (57.9%) 0.415

24.Vivid dreams 33 (31.4%) 72 (68.6%) 18 (16.8%) 89 (83.2%) 0.013

25.REM sleep behavior disorder 28 (26.7%) 77 (73.3%) 14 (13.1%) 93 (86.9%) 0.013

26.Restless leg syndrome 63 (60%) 42 (40%) 26 (24.3%) 81 (75.7%) < 0.001

27.Leg edema 48 (45.7%) 57 (54.3%) 9 (8.4%) 98 (91.6%) < 0.001

28.Sweating 52 (49.5%) 53 (50.5%) 19 (17.8%) 88 (82.2%) < 0.001

29.Diplopia 26 (24.8%) 79 (75.2%) 6 (5.6%) 101 (94.4%) < 0.001

30.Delusions 22 (21%) 83 (79%) 4 (3.7%) 103 (96.3%) < 0.001
REM, Rapid eye movement; NMSS, Non-Motor Symptom Scale.
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Diplopia was also reported significantly more often by 
gabapentin users. One study noted an 8% incidence of diplopia 
with 2,400 mg/day gabapentin treatment.22 The mechanism by 
which gabapentin causes diplopia is not known.

Items 12-17 and 30 of the NMSS capture neuropsychiatric 
and cognitive complaints. In our cohort, “yes” responses to 
these items were more frequent in the gabapentin group 
than in controls. Memory and attention disturbances were 
notably higher among gabapentin users. Forgetfulness has 
been reported in 20% of gabapentin users and may be related 
to reduced glutamate release or suppression of neuronal 
hyperactivity.23

Gabapentin’s psychiatric effects are inconsistent across 
studies. While some trials found no psychotropic effects, others 
demonstrated anxiolytic effects; gabapentin has shown benefit 
as an adjunct in bipolar disorder.24

In several cases where gabapentin was initiated in patients 
already receiving psychotropic medications, hallucinations 
and agitation were reported. Additionally, a single case report 
described a patient without prior psychiatric history who 
developed hallucinations, suicidal ideation, and agitation after 
gabapentin administration. Gabapentin-associated psychiatric 
side effects may be linked to elevated extracellular glutamate or 
downregulation of serotonin receptors.25 Variability in findings 
may reflect differences in psychiatric background across study 
populations.

Sexual dysfunction is assessed by questions 18 and 19 of 
the NMSS. Both low- and high-dose gabapentin have been 
implicated in sexual side effects, possibly due to its inhibitory 
effects on neurotransmission.26,27 In the present study, 
decreased libido and erectile or sexual dysfunction occurred 
significantly more frequently among gabapentin users. Libido is 
governed by limbic system pathways, while erectile function is 
regulated by autonomic circuits. Decreased libido is more often 
linked to hormonal and psychiatric factors, whereas erectile 
dysfunction is more commonly associated with vascular 
and neurogenic causes. Dopamine supports both libido and 
erection.28

Questions 20 and 21 of the NMSS relate to cardiovascular 
autonomic function and falls. In our cohort, orthostatic 
hypotension and falls were significantly more common among 
gabapentin users than controls. Chen et al.29 observed that 
microinjection of gabapentin into the nucleus tractus solitarii of 
hypertensive rats induced hypotension and bradycardia via the 
nitric oxide synthase pathway. Moreover, clinical studies have 
shown that gabapentin substantially increases the the risk of 
falls in older adults, independent of cognitive function.30,31

Weight loss is among the known side effects of gabapentin, 
although its mechanism remains unknown.32 In the present 
study, complaints of weight loss were significantly more 
frequent in the gabapentin group than in controls.

Questions 22-26 of the NMSS assess sleep complaints. In our 
cohort, with the exception of items related to sleep initiation, 
scores for sleep-related NMS were significantly higher in the 
gabapentin group. Somnolence is a known adverse effect 

of gabapentin.33 No studies have evaluated the association 
between gabapentin and REM sleep behavior disorder. 

RLS complaints were significantly more common in the 
gabapentin group than in the control group. We attribute this 
finding not to a side effect of gabapentin but to its use in 
patients with RLS.

Leg edema is assessed by questions 27 of the NMSS. This 
complaint was significantly more frequent in the gabapentin 
group. Gabapentin-induced peripheral edema is thought to 
result from reduced vascular autoregulation and increased 
vascular permeability.5,34

Excessive sweating is assessed by questions 28 of the NMSS. 
In our cohort, this complaint was more frequently reported 
by gabapentin users. Although no studies have directly 
examined excessive sweating as a side effect, gabapentin has 
shown efficacy in treating menopausal and cancer-related 
sweating and hot flashes.35,36 The discrepancy between our 
findings and previous reports may relate to the inclusion of 
hormonally unstable patients in those studies. Gabapentin’s 
effect on sweating may involve modulation of hypothalamic 
calcium channels. Gabapentin binds to α2-δ subunits of 
voltage-gated calcium channels, modulating the release of 
several neurotransmitters. These pharmacological effects may 
contribute to the broad range of NMS observed in clinical use.37

Although many adverse effects of gabapentin have been 
described as dose-dependent38, our findings did not 
demonstrate a significant association between daily dose and 
total NMSS score. Conversely, a positive correlation between 
age and non-motor symptom burden was observed among 
gabapentin users but not in the control group, suggesting that 
aging-related factors may play a more prominent role than 
dosage in the manifestation of non-motor adverse effects. 
These findings highlight the importance of considering patient 
age when evaluating non-motor side effects associated with 
gabapentin therapy.

These results should therefore be viewed as exploratory. While 
the NMSS is not a validated instrument in this population, its 
use enabled the detection of a broad range of complaints that 
are often underreported in daily clinical practice. Future studies 
with disease-specific adverse event or quality-of-life measures 
are required to confirm the clinical significance of these findings.

Study Limitations

There are several limitations to the present study. First, we applied 
the NMSS, originally developed and validated for Parkinson’s 
disease. Although the scale has not been formally validated in non-
Parkinson’s populations, its multidimensional structure enabled us 
to systematically assess a broad spectrum of non-motor domains 
relevant to gabapentin therapy, including gastrointestinal, urinary, 
neuropsychiatric, and sleep-related symptoms. For this reason, 
we considered the NMSS an appropriate exploratory tool. Second, 
the NMSS does not encompass all possible NMS and functions 
only as a screening instrument rather than providing a detailed 
quantitative assessment. For instance, behavioral aspects such 
as medication misuse or dependence are not captured within 
the NMSS domains, despite emerging evidence suggesting that 
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gabapentinoids may have potential for dependence.38 Third, as 
gabapentin dosage was neither tapered nor discontinued in this 
study, the reversibility of non-motor adverse effects could not be 
evaluated. Furthermore, serum iron and ferritin levels were not 
assessed; therefore, the potential contribution of iron deficiency 
to the higher frequency of RLS among gabapentin users could 
not be evaluated. Autonomic function tests were not performed; 
therefore, the possibility that some NMS (e.g., orthostatic 
hypotension, sweating abnormalities, constipation) may reflect 
autonomic involvement in patients with polyneuropathy cannot 
be excluded. Finally, the study’s cross-sectional observational 
design precludes causal inference; the associations observed 
should be interpreted as correlational rather than causal. 
Prospective studies with indication-matched controls are 
warranted to confirm and further elucidate these associations. 

CONCLUSION 
In this study, patients receiving gabapentin reported a higher 
frequency of NMS, as assessed by the NMSS, compared with 
healthy controls. These findings suggest a potential association 
between gabapentin use and NMS. However, they should be 
interpreted with caution due to the exploratory use of the 
NMSS, the heterogeneity of clinical indications, and the cross-
sectional design. Additionally, the NMSS may serve as a practical 
tool for the systematic screening of potential side effects in 
clinical settings.  Prospective studies with indication-matched 
control groups and validated assessment tools are warranted to 
confirm and clarify these associations.
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Predicting Breast Cancer Biomarker Expression with 
Diffusion-Weighted Magnetic Resonance Imaging
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INTRODUCTION 
Breast cancer is the most common malignancy among women 
worldwide and remains a leading cause of mortality. Accurate, 
non-invasive characterization of tumor biology is essential for 
early diagnosis and tailored treatment strategies. Magnetic 
resonance imaging (MRI), especially dynamic contrast-enhanced 
MRI, offers high sensitivity in lesion detection. However, due to 
the limitations associated with contrast agent use—such as 

nephrotoxicity and gadolinium retention—alternative, contrast-
free imaging techniques have gained prominence. Among these, 
diffusion-weighted imaging (DWI) and the derived apparent 
diffusion coefficient (ADC) have emerged as promising tools 
for functional lesion characterization.1,2

DWI reflects the mobility of water molecules within tissues 
and provides indirect information about cellular density, 
stromal composition, and membrane integrity. Moreover, 
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ABSTRACT
Objective: To evaluate the diagnostic performance of diffusion-weighted magnetic resonance imaging (DWI) and apparent diffusion 
coefficient (ADC) values in differentiating benign and malignant breast lesions, and to investigate correlations between ADC values and 
immunohistochemical (IHC) biomarkers (estrogen receptor, progesterone receptor, human epidermal growth factor receptor 2, Ki-67) as 
well as axillary lymph node status.

Methods: This retrospective study included 148 female patients (159 breast lesions) who underwent preoperative breast magnetic 
resonance imaging (MRI) between January 2022 and December 2024. DWI was performed using b values of 0 and 1000 s/mm2, and mean 
ADC values were calculated from regions of interest placed within solid tumor areas. Histopathological and IHC analyses were used to 
classify lesions and molecular subtypes. 

Results: Among the 159 lesions, 56 (35.2%) were malignant and 103 (64.8%) were benign. Malignant lesions exhibited significantly lower 
ADC values than benign ones (0.92 × 10-3 mm2/s vs. 1.66 × 10-3 mm2/s). The optimal ADC cut-off for malignancy was 1.24 × 10-3 mm2/s, 
yielding 95.2% sensitivity and 89.1% specificity. Hormone receptor-positive tumors and lesions with high Ki-67 index showed lower ADC 
values. No significant correlation was found between ADC and human epidermal growth factor receptor 2 status. Triple-negative breast 
cancers demonstrated the highest ADC values among subtypes. ADC values of metastatic axillary lymph nodes were significantly lower than 
those of contralateral benign nodes (0.78 × 10-3 vs. 1.82 × 10-3 mm2/s).

Conclusion: ADC values are effective in distinguishing malignant from benign breast lesions and provide non-invasive insights into tumor 
biology. Lower ADC values correlate with malignancy, hormone receptor positivity, proliferative activity, and metastatic nodal involvement. 
DWI is a reliable, non-contrast imaging biomarker that may enhance personalized evaluation of breast cancer.

Keywords: Apparent diffusion coefficient values, estrogen receptor, progesterone receptor, immunohistochemical biomarkers, lymph node 
metastasis
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the quantitative evaluation of water diffusion is performed 
using ADC values derived from DWI. The ADC is expressed in 
square millimeters per second (mm2/s) and is determined by 
quantifying signal attenuation on DWI acquired with at least 
two different b values. Malignant breast tumors typically 
demonstrate restricted diffusion and thus lower ADC values 
due to high cellularity, while benign lesions tend to exhibit 
higher ADC values.3-6 

In addition to lesion characterization, DWI is increasingly 
investigated for its potential to reflect tumor molecular 
characteristics.  Several studies suggest that ADC values may 
correlate with immunohistochemical (IHC) biomarkers such 
as estrogen receptor (ER), progesterone receptor (PR), human 
epidermal growth factor receptor 2 (HER2), and Ki-67, which 
are used to define tumor subtypes and aggressiveness.7,8 

Moreover, axillary lymph node involvement, a key component in 
breast cancer staging and management, is also evaluated using 
DWI. By assessing the diffusion properties of lymph nodes, DWI 
may help distinguish between benign and metastatic nodes 
non-invasively.9

This study aims to comprehensively evaluate the diagnostic 
value of DWI-derived ADC measurements in differentiating 
benign and malignant breast lesions, to delineate their 
associations with major IHC biomarkers (ER, PR, HER2, Ki-67), 
and to determine their added utility in axillary staging through 
comparison of ADC values between metastatic ipsilateral and 
benign contralateral lymph nodes.

MATERIAL AND METHODS 
Ethical Aspects

The study received ethical approval from the Clinical Research 
Ethics Committee at Erzincan Binali Yıldırım University (protocol 
number: EBYU-KAEK-2024-17-008-412224, date: 05.12.2024). 
All patients have provided written informed consent for their data 
to be included in the MRI studies database and used in scientific 
research.

Patient Selection

Patients who received breast MRI scans at our  center from 
January 2022 to December 2024 were analyzed retrospectively. 
The inclusion criteria for our study were patients with masses 
identified in breast MRI  for whom histological (obtained by 

needle biopsy and/or surgical intervention) sampling data were 
accessible, patients whose breast MRI reports were categorized 
as Breast Imaging Reporting and Data System (BI-RADS) 4/5/6, 
and patients with diagnostic-quality DWI and ADC images in 
breast MRI scans. Precautions were taken to ensure an interval 
of more than three weeks between the breast biopsy and the 
subsequent breast MRI scans.

Patients who did not have breast MRI before surgical excision 
were excluded from the study to avoid misinterpretations due 
to bleeding or postoperative changes. Patients for whom the 
results of the IHC biomarker and the histological examination 
could not be obtained were also excluded from the study. 
Furthermore, patients exhibiting only non-mass-like contrast 
enhancement on breast MRI and those for whom the lesion 
was undetectable on DWI images because of small lesion size 
or suboptimal image resolution were excluded from the study.

During the retrospective review of the targeted time frame, 
we identified 680 breast MRI scans performed at our center. 
Among these, 322 had breast lesions categorized as BI-RADS 
4, 5, or 6. Seven patients with a history of breast surgery, 71 
patients without histopathology and biomarker results, 67 
patients exhibiting non-mass contrast enhancement, and 29 
patients for whom quantitative analysis on DWI images was 
unfeasible were excluded from the  study. Finally, this study 
included 148 female patients (Figure 1).

MAIN POINTS
•	 Apparent diffusion coefficient (ADC) values serve as 

a reliable non-invasive biomarker capable of precisely 
differentiating between benign and malignant breast 
lesions.

•	 Lower ADC values are substantially correlated with 
malignancy, hormone receptor positivity, and a high 
Ki-67 proliferation index.

•	 Metastatic axillary lymph nodes exhibit significantly 
reduced ADC values compared to benign nodes, 
underscoring the utility of diffusion-weighted imaging 
in axillary staging.

Figure 1. A flow chart illustrating the designation of the study 
cohort.
MRI, magnetic resonance imaging; BI-RADS, Breast Imaging Reporting 
and Data System. DWI, diffusion-weighted imaging; ADC, apparent 
diffusion coefficient 
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MRI Acquisition Protocol

A 1.5-T MRI scanner (Siemens Magnetom Aera, Erlangen, 
Germany) equipped with a dedicated 16-channel bilateral 
breast coil was used for all breast MRI examinations. Patients 
were positioned prone during imaging. The standardized 
protocol included 3D T1-weighted gradient-recalled echo 
sequences [repetition time (TR)/echo time (TE) = 20/4.5 
ms; slice thickness = 3 mm] and T2-weighted fast spin-echo 
sequences (TR/TE = 4000/90 ms; slice thickness = 3 mm). 
For additional lesion characterization, an short tau inversion 
recovery sequence was acquired. DWI was performed using a 
single-shot echo-planar imaging technique with b-values of 
0 and 1000 s/mm2. The parameters for DWI included TR/TE = 
5600/70 ms, field of view = 340 mm, slice thickness = 4 mm, 
and a matrix size of 128 × 128. ADC maps were automatically 
generated by the workstation software. All examinations 
adhered to a standardized institutional protocol. 

Image Analysis 

Image analysis was performed on a dedicated workstation 
(Syngo.via, Siemens Healthineers, Erlangen, Germany). The 
breast MRI scans of the study participants were evaluated 
by two radiologists. Observer A, with 10 years of experience, 
and Observer B, with 3 years of experience, jointly evaluated 
the MRI data sets without knowledge of the clinical and 
histopathological findings. Any disagreements among them 
were resolved by consensus. The recorded parameters included 
lesion size, morphological features (shape, margin, and internal 
architecture) according to the BI-RADS MRI lexicon, and DWI- 
signal intensity and ADC values obtained by placing a region of 
interest (ROI) within the solid portions of the lesion, carefully 
avoiding necrotic or cystic areas. At least three ROIs were 
placed, and the average ADC value was recorded. Additionally, 
ADC values of the most suspicious axillary lymph node on the 
ipsilateral side were measured in its cortical region. In these 
patients, the ADC value of the largest lymph node on the 
contralateral side was also recorded.

Histopathological and IHC Analysis

Histopathological evaluation was performed on tissue 
specimens obtained after biopsy or surgical resection, and 
tumors were classified as benign or malignant according to 
the World Health Organization criteria. IHC data analysis 
included assessment of ER and PR, with positivity defined 
as ≥ 1% nuclear staining. HER2 status was scored on a scale 
of 0-3+ in accordance with the American Society of Clinical 
Oncology/College of American Pathologists guidelines. The 
Ki-67 proliferation index was determined by calculating the 
percentage of positively stained nuclei.

Based on these results, tumors were categorized into molecular 
subtypes as follows: Luminal A (ER-positive and/or PR-positive, 
HER2-negative, and Ki-67 < 14%), Luminal B (ER-positive 
and/or PR-positive, HER2-negative or HER2-positive with Ki-
67 ≥ 14%), HER2-enriched (ER-negative, PR-negative, and 
HER2-positive), and triple-negative breast cancer (TNBC); ER-
negative, PR-negative, and HER2-negative).

Statistical Analysis

All statistical analyses were performed using IBM SPSS 
Statistics for Windows (version 25.0; IBM Corp., Armonk, NY, 
USA). Data normality was assessed using the Kolmogorov-
Smirnov test. Continuous variables were expressed as mean 
± standard deviation or median (range), and categorical 
variables as frequencies and percentages. The Mann-Whitney 
U test was applied to compare ADC values between benign 
and malignant lesions. The Wilcoxon test was applied to 
evaluate the differences in mean ADC values among molecular 
subtypes. The Bonferroni test was used as a post-hoc analysis. 
Spearman correlation coefficients were calculated to assess 
the relationships between ADC values and IHC biomarkers 
(ER, PR, HER2, Ki-67). Differences in ADC values between 
metastatic and benign lymph nodes were analyzed using the 
Mann-Whitney U test. Receiver operating characteristic (ROC) 
curve analysis was performed to determine optimal ADC cut-
off values for differentiating malignancy, and the area under the 
curve, sensitivity, and specificity were calculated. A two-tailed P 
value < 0.05 was considered statistically significant.

RESULTS
A total of 159 breast lesions from 148 female patients were 
analyzed. The median age of our cohort was 48 years (range: 
25-75 years). The median age of patients with malignant
tumors was 52 years (range: 38-75), whereas that of patients
with benign lesions was 42 years (range: 25-62). The median
age of patients with malignant tumors was substantially greater 
than that of individuals with benign lesions (P = 0.035).

Among them, 56 lesions (35.2%) were malignant and 103 
lesions (64.8%) were benign. Eight patients with multiple 
lesions underwent needle biopsies, all of which showed benign 
cytology. The mean tumor diameter of all the 159 breast masses 
assessed in the study was 28 ± 8.3 mm (range 5-70 mm). All 56 
malignant breast tumors exhibited hyperintense signal features 
on DWI.

The histopathological distribution of malignant lesions included 
6 cases of ductal carcinoma in situ (10.7%), 41 cases of invasive 
ductal carcinoma (73.2%), and 9 cases of invasive lobular 
carcinoma (16.1%).

When comparing the median ADC values of malignant 
lesions (0.92 × 10-3 mm2/s) to those of benign lesions (1.66 × 10-3 
mm2/s), it was found that the malignant ones had significantly 
lower values (P < 0.001, Figure 2). ROC curve analysis indicated 
that the optimal ADC cut-off value for differentiating malignant 
from benign masses was 1.24 × 10-3 mm2/s (sensitivity 95.2%, 
specificity 89.1%). Figure 3 illustrates a specific case of a 
malignant tumor.

Upon classifying malignant tumors into molecular subtypes 
according to IHC  markers, we detected 6 (10.7%) luminal A 
tumors, 38 (67.9%) luminal B tumors, 4 (7.1%) HER2-enriched 
tumors, and 8 (14.3%) triple-negative tumors.

Hormone receptor-positive tumors exhibited a statistically 
significant reduction in median ADC value compared to 
hormone receptor-negative tumors (0.90×10-3 mm2/s versus 
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1.08×10-3 mm2/s, P = 0.03). No significant association was found 
between HER2 status and median ADC values. Furthermore, in 
the independent assessment, lower median ADC values were 
observed in patients with a high Ki-67 index (P = 0.015). The 
triple-negative breast cancer (TNBC) subtype had the highest 
median ADC value (1.13 × 10-3 mm2/s) compared with other 
molecular tumor subtypes.

An evaluation of the axillary lymph nodes was conducted 
in 26 patients with malignant tumors. Median ADC values 
of ipsilateral pathologically proven metastatic nodes were 
significantly lower than those in contralateral benign lymph 
nodes (0.78 versus 1.82×10-3 mm2/s; P < 0.001, Figure 4). Figure 
5 shows a metastatic axillary lymph node.

DISCUSSION 
In this retrospective study, we demonstrated that diffusion-
weighted MRI and quantitative ADC measurements can 
effectively distinguish between benign and malignant breast 
lesions, while also providing valuable information about tumour 
biology and axillary lymph node status.

Figure 4. Median ADC values for benign and malignant axillary 
lymph nodes.
ADC, apparent diffusion coefficient 

Figure 3. Invasive ductal carcinoma in a 48-year-old female patient. A) An irregularly contoured mass with significant contrast 
enhancement is noted in the upper outer quadrant of the left breast on post-contrast breast MR image (red arrow). B) The lesion 
exhibits hyperintensity on diffusion-weighted imaging (red arrow). C) The ADC value obtained from ROI measurement of the lesion 
on ADC maps is 1.02 ×10-3.mm2/s.
ADC, apparent diffusion coefficient; MR, magnetic resonance; ROI, region of interest, SD, standard deviation.

Figure 2. Median ADC values for benign and malignant breast tumors. 
ADC, apparent diffusion coefficient
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This study revealed that malignant breast tumors demonstrated 
markedly lower ADC values than benign lesions. The optimal ADC 
threshold value of 1.24 × 10-3 mm2/s demonstrated excellent 
diagnostic performance, with 95.2% sensitivity and 89.1% 
specificity, aligning with other meta-analyses that indicate the 
high accuracy of DWI in breast tumor characterization.6,10 This 
observation supports the established scientific rationale that 
increased cell density and reduced extracellular space restrict 
the movement of water molecules, thereby reducing ADC 
values.10 In an early study on breast cancer diagnosis, Marini 
et al.11 found a sensitivity of 80% and a specificity of 81% 
at a cut-off ADC  value of 1.1 × 10-3 mm2/s. In an alternative 
investigation, the ADC threshold value most similar to that in 
our study was determined for differentiating malignant from 
benign breast tumors, resulting in a proposed cut-off value of 
1.23 × 10-3 mm2/s.12

The main reason for selecting b values of 0 and 1000 in DWI is 
to increase the comparability of our results with those reported 
in the literature we cite on this subject.2,5

Beyond lesion characterisation, this study showed that ADC 
values can predict pathological biomarkers indicative of 
molecular features in malignant tumors. Hormone receptor-
positive tumors showed markedly lower ADC values compared 
with hormone receptor-negative lesions. This phenomenon can 
be attributed to the comparatively elevated histopathological 
grade and increased cellularity commonly observed in luminal 
B type tumors. The results suggest that quantitative ADC 
measurements of lesions in patients with breast cancer can 
serve as a non-invasive method for grading and prognostic 
assessment.8,13 

Moreover, our investigation found that malignancies with an 
elevated Ki-67 proliferation index had reduced ADC values, 
consistent with the biological mechanism whereby aggressive 
tumours with rapid cellular turnover exhibit increased diffusion 
restriction.14,15 Conversely, no significant association was 
detected between HER2 status and ADC values. These data 
align with prior reports suggesting that HER2 status is not a 
reliable predictor of diffusion.8,16

Interestingly, the highest median ADC levels were observed 
among TNBC subtypes. While the literature indicates that 

TNBCs  demonstrate an aggressive clinical course, it is 
highlighted that diffusion restriction diminishes due to the 
necrotic or heterogeneous microarchitecture of the tumors, 
leading to elevated ADC values. Aggressive tumors are expected 
to exhibit low ADC levels; nevertheless, the paradox seen in 
TNBCs is believed to stem from microarchitectural attributes. 
Areas of tumor necrosis signify a reduction in tumor cellularity, 
accompanied by enhanced diffusion, signal attenuation, and 
elevated ADC values on DWI.8,17

Another noteworthy finding concerns the evaluation of axillary 
lymph nodes and the proven benefit of DWI in axillary staging 
for breast cancer patients. The ADC values of pathologically 
proven metastatic lymph nodes were markedly lower than 
those of contralateral benign lymph nodes. This underscores 
the potential value of DWI in both the evaluation of the 
primary tumor and nodal staging. An increasing body of studies 
underscores that DWI is a non-invasive technique for evaluating 
lymph nodes, especially when the use of contrast agents is 
contraindicated or to guide targeted biopsies. Nevertheless, 
as highlighted in the literature, repeatability challenges in ADC 
measurements persist. Consequently, further comprehensive 
prospective research will be necessary to confirm the reliability 
of DWI in nodal staging.9,18

The strengths of the study include the use of a standardized 
imaging protocol, histological verification of all lesions, blinded 
evaluations by two observers with disagreements resolved by 
consensus, and the establishment of carefully defined, rigorous 
inclusion criteria. Moreover, a comprehensive evaluation of 
biomarker correlations and nodal analyses contributes to the 
existing literature. Nonetheless, there are numerous limitations. 
The retrospective design, modest single-center sample size, 
and manual ROI placement may limit the generalizability of our 
results. Additionally, only specific b-values were assessed, and 
advanced diffusion models, including intravoxel incoherent 
motion and diffusion kurtosis imaging, were not included. The 
lack of evaluation of inter-observer agreement is a limitation of 
our study. Another important limitation is the unequal numbers of 
patients across the IHC subgroups. Although most of our results 
are statistically significant, this situation may reduce statistical 
power. Ultimately, bias in lesion selection may arise from the 
exclusion of small lesions that are not detectable on DWI.

Figure 5. Metastatic left axillary lymphadenopathy in a 51-year-old female patient. A) The post-contrast breast MR image shows 
lymphadenopathy with a thickened and markedly enhanced cortex in the left axilla (red circle). B) The lesion exhibits hyperintensity 
on diffusion-weighted imaging (red circle). C) The ADC value obtained from ROI measurement of the cortex on ADC maps is 0.85 
×10−3 mm2/s.
ADC, apparent diffusion coefficient; MR, magnetic resonance; ROI, region of interest, SD, standard deviation.
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In clinical practice, we emphasize the significance of DWI as a 
biomarker for non-contrast imaging. The correlation between 
ADC and tumor aggressiveness supports the potential use of 
DWI in personalized oncology. Further investigations ought 
to encompass larger patient cohorts, integrate advanced 
diffusion models, and examine radiomics-based methodologies 
to enhance prognostic efficacy. Studies increasingly indicate 
that artificial intelligence technologies provide substantial for 
image construction and analysis in MRI.19 Therefore, artificial 
intelligence technologies should also be included in future 
studies.

The study found that DWI and ADC enhance the evaluation of 
breast cancer. Breast malignancy, hormone receptor positivity, 
and proliferative activity are associated with lower ADC values. 
Additionally, ADC values may indicate nodal metastases. 
Notwithstanding its limitations, our findings suggest that DWI 
could be used in clinical practice as a safe, reliable biomarker if 
supported by large, multicenter trials.
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INTRODUCTION 
The knee joint is one of the most frequently affected sites 
in musculoskeletal disorders presenting to primary care and 
orthopedic clinics.1 Knee pain is a common problem in clinical 
practice and one of the primary causes of activity limitation in 
daily life. Over the past 20 years, the prevalence of knee pain 

has increased by nearly 65% and has resulted in approximately 
4 million primary care visits each year.2,3

Anterior cruciate ligament (ACL) injuries are frequently 
observed in sports and may be caused by contact or non-
contact mechanisms.4 According to several studies, the annual 
incidence of ACL injuries has been reported as 25-78 per 
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100.000 person-years. About 70% of these injuries are reported 
to occur, and ACL rupture is among the most common knee 
injuries requiring treatment in younger patients.5,6 Meniscal 
tears have an average annual incidence of 60-70 per 100.000 
population, with a consistent male predominance observed 
across all age groups, as reflected in a male-to-female ratio 
ranging from 2.5:1 to 4:1.7,8 Furthermore, chondral lesions are 
relatively common among the pathologies observed during 
arthroscopy. While prevalence rates differ across studies, large 
series involving 25,124 arthroscopies documented chondral 
lesions in 60% of cases.9 

Diagnosis of intra-articular knee pathologies begins with a 
meticulous clinical assessment, including the patient’s history 
and a physical examination. When deemed necessary, these 
are followed by advanced imaging modalities to confirm and 
characterize the pathology. Magnetic resonance imaging 
(MRI) is a diagnostic imaging modality that provides high 
soft-tissue resolution, facilitating accurate visualization of 
intra-articular structures of the knee.10 MRI is most frequently 
indicated in patients with possible injuries to the cruciate 
ligaments, menisci, and soft tissues. Although MRI has been 
documented to exhibit high diagnostic sensitivity, specificity, 
and accuracy, the true sensitivity and specificity of the test 
remain challenging to ascertain.11 A considerable number of 
studies evaluating the accuracy of MRI are vulnerable to bias, 
possibly resulting in diagnostic tests showing inaccurately high 
sensitivity estimates.12-14 

The primary objective of the present study was to evaluate the 
correlation between MRI-based diagnoses and arthroscopic 
findings of intra-articular knee lesions, with a view to providing 
a more precise and reliable diagnostic outcome.

MATERIAL AND METHODS
Study Population and Data Collection

The present retrospective study included patients who 
underwent knee arthroscopy at our institution between 
January 2020 and May 2022 for suspected meniscal 
pathology, ACL injury, or chondral lesions, with approval from 
the institutional Ethics Committee of Ankara Bilkent City 

Hospital Clinical Research (decision no.: E1-22-3070, date: 
30.11.2022). All arthroscopies were performed at the same 
hospital by the same senior surgeon (Ö.D.), who had 15 years 
of experience in arthroscopic knee surgery, using standardized 
approaches and portals as described in the literature.15 As part 
of our clinic’s routine practice, the primary surgeon reviews 
all patients’ MRI images and reports following the physical 
examination. Preoperative planning and surgical indications are 
then determined based on these evaluations. The indication for 
surgery was determined based on MRI and physical examination 
findings. All preoperative MRI scans were performed within six 
weeks of arthroscopic surgery. 

The exclusion criteria were as follows:

• Patients diagnosed with oncological or infectious diseases,

• Patients who have previously undergone meniscus surgery,

• Patients who have previously suffered a fracture in the same 
knee,

• Patients for whom MRI data or intraoperative records were 
unavailable for any reason.

Initially, 220 patients were evaluated; 203 met the inclusion and 
exclusion criteria and were enrolled in the study. A retrospective 
review of the demographic, radiological, and intraoperative data 
of the included patients was conducted using the hospital’s 
digital archive system.

Radiological and Clinical Evaluation

The same standard protocol was applied to all knee MRI 
examinations performed on a 1.5-T MR system (Signa Pioneer, 
GE Healthcare, ABD). Coronal, sagittal, and axial images were 
assessed using T1- and T2-weighted sequences with a 3 mm 
slice thickness. MRI examinations were reported by radiologists 
specializing in musculoskeletal imaging in the study hospital’s 
Radiology Department; evaluations were performed based 
on these reports, which were recorded in the system. The 
radiologists responsible for reporting had no knowledge of the 
patients’ clinical symptoms or surgical outcomes.

The MRI evaluation encompassed the ACL, the medial and 
lateral menisci, the articular cartilage of the medial and lateral 
femoral condyles and of the medial and lateral tibial plateaus, the 
patellofemoral joint, and the synovial plicae. Chondral damage 
detected on the MRI was graded according to the International 
Cartilage Repair Society (ICRS) criteria, which have been 
validated for use in this context.16,17 The ICRS Grading System is 
a validated classification method used to evaluate the severity 
of cartilage damage. Cartilage of “Grade 0” is characterized by 
the absence of any discernible defects. The term “Grade 1” 
denotes superficial lesions, including cartilage softening and 
surface cracks and fissures. Grade 2 lesions involve cartilage 
loss of less than 50% of the total cartilage thickness. Grade 3 
lesions are characterized by defects that traverse more than 
50% of the cartilage thickness. However, these lesions do not 
extend to the subchondral bone. The presence of complete-
thickness cartilage loss that extends into the subchondral 
bone is indicative of “Grade 4” lesions. A meniscal tear was 

MAIN POINTS
•	 The reliability of magnetic resonance imaging (MRI) 

in detecting intra-articular knee pathologies varies 
significantly depending on the anatomical structure 
being evaluated.

•	 MRI demonstrates a moderate-to-strong correlation 
with arthroscopic findings for anterior cruciate ligament 
and medial meniscus injuries, but performs poorly in 
detecting damage to the lateral femoral condyle, lateral 
meniscus tears, and the medial plica.

•	 Although MRI remains a valuable non-invasive imaging 
modality, it should not be used in isolation; combining 
MRI results with thorough physical examination—and 
confirming uncertain cases via arthroscopy—ensures 
more accurate diagnosis.
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defined on sequential MRI slices as an abnormal signal reaching 
the articular surface, loss of meniscal tissue, or a displaced 
fragment.18,19 Accordingly, ACL injuries were classified as intact, 
partial, or complete. Medial meniscal status was categorized 
as intact, posterior root rupture, anterior root rupture, bucket-
handle tear, or combined bucket-handle and root lesions. 
Lateral meniscal status was classified as intact, posterior root 
rupture, anterior root rupture, or discoid meniscal lesion.

Intraoperative assessment was based on documentation 
recorded in the operative theatre and routinely reviewed and 
approved by the most senior surgeon involved in the procedure. 
The surgeon had access to the MRI scans before the operation. 
The ICRS Grading System was again used to evaluate the severity 
of cartilage damage. The documentation of meniscal injuries 
was conducted in accordance with their anatomical location 
and the tear pattern, as determined by direct visualization and 
probing. In a similar manner, the ACL integrity was evaluated 
using a probe and subsequently categorized as intact, partially 
torn, or completely ruptured.

Statistical Analysis

The statistical analyses were performed using IBM® Statistical 
Package for the Social Sciences (SPSS) for Windows, version 
26.0 (Armonk, NY: IBM Corp., USA). The Kolmogorov-Smirnov 
test was used to analyze whether the continuous data were 
normally distributed or skewed. Skewed continuous data were 
expressed as medians, interquartile ranges, and minimum-
maximum values, while categorical data were presented as 
frequencies and percentages. To evaluate the reliability of 
the MRI and arthroscopic findings, Cohen’s kappa coefficient 
was used. A P value less than 0.05 was considered statistically 
significant. The strength of the correlation coefficient (κ) was 
classified as follows: very weak (0.00-0.25), weak (0.26-0.49), 
moderate (0.50-0.69), strong (0.70-0.89), or very strong (0.90-
1.00). Negative correlations were indicated by r values (r < 0).

RESULTS
The mean age of the 203 patients (77 females, 126 males) was 
42 ± 12.87 years. The ACL was intact on MRI in 141 patients 
(69.5%); partial ACL rupture was predicted in 17 patients 
(8.4%) and complete ACL rupture was predicted in 45 patients 
(22.2%). Perioperatively, the ACL was found to be intact in 
141 patients (69.5%), while partial rupture was observed in 
15 patients (7.4%) and complete rupture was observed in 
47 patients (23.2%). The demographic data and radiological 
characteristics of the patients are set out in Table 1, while 
operative characteristics are presented in Table 2.

A reliability analysis was conducted to assess the agreement 
between MRI and intraoperative findings. The MRI operation 
reliability was strong for ACL ruptures (κ = 0.75, P < 0.001) 
and moderate for medial meniscopathy (κ = 0.60, P < 0.001). 
However, reliability was weak to very weak for lateral meniscal 
tears and chondral lesions (κ < 0.49, P < 0.05 for each). The 
reliability between MRI findings and operative findings regarding 
the presence of plica and lateral femoral condyle cartilage lesion 
was not statistically significant (κ = 0.01, P = 0.771 and κ = 0.03, 
P = 0.644, respectively) (Table 3).

Table 1. Demographic Data and Radiological Characteristics of 
the Patients

Number of 
patients (%)

Age 42 ± 12.87 (16-68)

Gender
Female 77 (37.9%)

Male 126 (62.1%)

Side
Right 106 (52.2%)

Left 97 (47.8%)

Anterior cruciate 
ligament

Intact 141 (69.5%)

Partial Rupture 17 (8.4%)

Complete Rupture 45 (22.2%)

Medial meniscus

Intact 65 (32%)

Posterior horn 
rupture 121 (59.6%)

Anterior horn rupture 7 (3.4%)

Bucket handle 
rupture 8 (3.9%)

Bucket handle + root 
lesion 2 (1%)

Lateral meniscus

Intact 162 (79.8%)

Posterior horn 
rupture 17 (8.4%)

Anterior horn rupture 9 (4.4%)

Bucket handle 
rupture 5 (2.5%)

Discoid 10 (4.9%)

Medial femoral 
condyle cartilage 
lesion

Intact 161 (79.3%)

Grade 1-2 2 (1%)

Grade 3-4 40 (19.7%)

Lateral condyle 
cartilage lesion

Intact 194 (95.6%)

Grade 1-2 1 (0.5%)

Grade 3-4 8 (3.9%)

Medial tibial plateau 
cartilage lesion

Intact 179 (88.2%)

Grade 1-2 0

Grade 3-4 24 (11.8%)

Lateral tibial plateau 
cartilage lesion

Intact 202 (99.5%)

Grade 1-2 0

Grade 3-4 1 (0.5%)

Patellar cartilage 
lesion

Intact 145 (71.4%)

Grade 1-2 22 (10.8%)

Grade 3-4 36 (17.7%)

Plica existence

None 123 (60.6%)

Notch 1 (0.5%)

Suprapatellar 47 (23.2%)

Medial 32 (15.8%)
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DISCUSSION
MRI is a non-invasive procedure; arthroscopy is an invasive 
technique. Consequently, radiological imaging, in conjunction 
with physical examination, is considered an integral component 
of preoperative evaluation. While other studies have highlighted 
the validity of MRI for diagnosing knee lesions, our analysis 
focused on its reliability compared with arthroscopy and found 
it to be limited for identifying specific clinically important 
findings. In the present study, it was also observed that certain 

critical findings may be overlooked on MRI. While MRI findings 
were inconsistent with arthroscopic findings in cases of 
lateral femoral condyle lesions and the presence of plica (both 
potential causes of chronic knee pain), there was a high level of 
concordance between MRI and arthroscopy in detecting medial 
meniscus pathologies and ACL injuries.

MRI showed a strong correlation with intraoperative findings for 
ACL rupture (κ = 0.75, P < 0.001) and a moderate correlation 
for medial meniscopathy (κ = 0.60, P < 0.001). The strong 
correlation between MRI and arthroscopic findings in ACL and 
medial meniscal pathologies may be explained by well-defined 
imaging criteria, high anatomical visibility and biomechanical 
vulnerability of these structures. Numerous studies in the 
literature have also emphasized the adequacy of MRI for 
diagnosing ACL ruptures and medial meniscus tears.18,20,21

In the present study, arthroscopic evaluation revealed lateral 
femoral condyle cartilage damage classified as grade 1-2 in 3 
patients (1.5%) and grade 3-4 in 14 patients (6.9%). However, 
MRI detected such lesions in only one patient (0.5%) with 
grades 1-2 and in eight patients (3.9%) with grades 3-4, 
suggesting a limitation in radiological detection. Consistent 
with our findings, Vaz et al. 21 reported that MRI is a satisfactory 
diagnostic tool for evaluating meniscal and ligamentous lesions 
of the knee; however, it does not clearly identify articular 
cartilage lesions. Von Engelhardt et al.22 furthermore highlighted 
that the positive predictive value was low for all grades of 
articular cartilage lesions. In a separate study, Figueroa et al.23 
demonstrated that a significant proportion of cartilage lesions 
remained undetected at arthroscopy. Porter and Shadbolt24 
demonstrated that MRI exhibited a relatively poor correlation 
with arthroscopic grading of cartilage damage. In the study by 
Schnaiter et al.25, the medial femoral joint surface was accurately 
evaluated in 81% of cases; 15% were overestimated and 4% 
were underestimated. With regard to the lateral cartilage, 

Table 2. Operative Characteristics of the Patients
Number of 

patients (%)

Anterior cruciate 
ligament

Intact 141 (69.5%)

Partial rupture 15 (7.4%)

Complete rupture 47 (23.2%)

Medial meniscus

Intact 70 (34.5%)

Posterior horn 
rupture 105 (51.7%)

Anterior horn rupture 11 (5.4%)

Bucket handle 
rupture 12 (5.9%)

Bucket handle + root 
lesion 5 (2.5%)

Lateral meniscus

Intact 143 (70.4%)

Posterior horn 
rupture 30 (14.8%)

Anterior horn rupture 12 (5.9%)

Bucket handle 
rupture 3 (1.5%)

Discoid 15 (7.4%)

Medial femoral 
condyle cartilage 
lesion

Intact 89 (43.8%)

Grade 1-2 27 (13.3%)

Grade 3-4 87 (42.9%)

Lateral condyle 
cartilage lesion

Intact 186 (91.6%)

Grade 1-2 3 (1.5%)

Grade 3-4 14 (6.9%)

Medial tibial plateau 
cartilage lesion

Intact 176 (86.7%)

Grade 1-2 10 (4.9%)

Grade 3-4 17 (8.4%)

Lateral tibial plateau 
cartilage lesion

Intact 194 (95.6%)

Grade 1-2 2 (1%)

Grade 3-4 7 (3.4%)

Patellar cartilage 
lesion

Intact 129 (63.5%)

Grade 1-2 30 (14.8%)

Grade 3-4 44 (21.7%)

Plica existence

None 146 (71.9%)

Notch 40 (19.7%)

Suprapatellar 7 (3.4%)

Medial 10 (4.9%)

Table 3. Comparison of the Reliability of Radiological and 
Perioperative Observation

Reliability

κ P Level of 
agreement

Anterior cruciate ligament 0.75 < 0.001 Strong

Medial meniscus 0.60 < 0.001 Moderate

Lateral meniscus 0.35 < 0.001 Weak

Medial femoral condyle cartilage 
lesion 0.32 < 0.001 Weak

Lateral femoral condyle cartilage 
lesion 0.03 0.644 None

Medial tibial plateau cartilage 
lesion 0.32 < 0.001 Weak

Lateral tibial plateau cartilage 
lesion 0.2 < 0.001 Very weak

Patellar cartilage lesion 0.27 < 0.001 Weak

Plica existence 0.01 0.771 None

κ, P, and level of agreement were calculated using Cohen’s Kappa Variable.
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classification was correct in 73% of cases, while 21% were 
overestimated and 6% were underestimated. An examination of 
the rationale underlying this relationship suggests that cartilage 
damage may have been exacerbated between the imaging 
procedure and the arthroscopy. Consequently, a lesion that is 
not visible on an initial MRI may become more apparent during 
arthroscopy. Furthermore, low-grade cartilage lesions are often 
superficial and may not produce significant signal changes on 
MRI, making them difficult to detect. Anatomically, the lateral 
femoral condyle exhibits a more convex and more inclined 
surface morphology than the medial condyle. This observation 
complicates full-thickness, perpendicular visualization of 
cartilage with conventional MRI sequences.

In our study, as shown in Tables 1 and 2, MRI demonstrated 
lower diagnostic reliability for lateral meniscal injuries compared 
with arthroscopic findings. Similarly, Esmaili Jah et al.26 reported 
that the correlation between MRI and arthroscopy for lateral 
meniscus pathology was the weakest. Ben-Galim et al.10 also 
reported similar findings, noting that the sensitivity of MRI 
differs between the medial and lateral menisci. As a result, 
lateral meniscal tears are often underdiagnosed, whereas 
medial tears tend to be overdiagnosed. Furthermore, Blake et 
al.27 reported that MRI evaluation of the lateral meniscus is less 
sensitive, which may lead to diagnostic errors, including false-
negative results. Therefore, the use of confirmatory arthroscopy 
may be beneficial. In our study, MRI findings did not correlate 
with arthroscopy findings regarding the presence of plicae. 
Plica findings were routinely evaluated in the initial MRI reports; 
no re-evaluation was performed as part of this study. 

Study Limitations

The major strength of this study is its systematic assessment 
of multiple intra-articular structures of the knee, including 
the often-overlooked medial plica, by correlating MRI and 
arthroscopic findings. However, this study has several limitations, 
including its retrospective design, limited sample size, the fact 
that not all MRIs were evaluated by a single radiologist within a 
similar time frame, and the lack of standardized MRI-to-injury 
time intervals. Moreover, the primary surgeon’s review of the 
preoperative MRI images for all patients may have introduced 
bias. However, preoperative evaluation of all imaging studies 
is an integral part of routine clinical practice, as it is essential 
for patient safety and successful surgical planning. Prospective 
randomized studies could help obtain results independent of 
this potential source of bias. 

CONCLUSION
In conclusion, this study demonstrated that, while MRI remains 
a non-invasive and valuable diagnostic tool for assessing intra-
articular knee lesions, its diagnostic reliability varies significantly 
depending on the structure being evaluated. Although MRI 
showed moderate-to-strong correlation with arthroscopic 
findings in ACL and medial meniscal injuries, MRI findings 
correlated poorly with arthroscopic findings in identifying 
lateral femoral condyle damage, lateral meniscal injuries, and 
medial plica. These findings emphasize that although MRI 
remains an essential non-invasive imaging tool, it should not 

be relied upon solely in cases of persistent or unexplained knee 
pain. Therefore, an integrated approach encompassing MRI 
evaluation alongside physical examination is recommended. 
Arthroscopy is considered the gold standard for definitive 
diagnosis of intra-articular knee lesions. 
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INTRODUCTION
Hip arthroplasty for osteoarthritis secondary to developmental 
dysplasia of the hip presents unique challenges compared 
with arthroplasty for primary hip osteoarthritis. The primary 
issue lies in the malpositioning of the femoral head away from 
its anatomical center.1 Because the femoral head is located 
superior to the native acetabulum, the surrounding anatomical 
structures adapt to this altered development. Consequently, 
hip arthroplasty with shortening presents a number of 

challenges. In patients with leg length discrepancies of ≥ 4 cm, 
increased sciatic nerve tension, rotational abnormalities, and 
difficulties achieving reduction after prosthesis implantation 
have highlighted the need for femoral shortening osteotomy.2-6

The literature contains numerous descriptions of techniques for 
performing shortening osteotomies. In 1990, Paavilainen et al.6 
introduced femoral shortening osteotomy in conjunction with 
greater trochanteric advancement, reporting improvements in 
patients’ gait patterns and reductions in pain scores.7 Currently, 
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ABSTRACT
Objective: Subtrochanteric transverse femoral shortening osteotomy is a frequently employed technique to avoid potential complications 
in total hip arthroplasty with a high hip center. However, when performed freehand, the osteotomy may be associated with complications 
such as non-union, instability, and rotational deformities. Additional assistance is often required during prosthesis insertion and reaming 
procedures. In this study, we developed a simple, non-patient-specific 3D incision guide to improve the quality and outcomes of shortening 
osteotomy procedures.

Methods: Following design development in SolidWorks 2023, the 3D cutting guide was printed using an FLSUN T1 Ultra 3D printer. The 
cutting guide was printed with polylactic acid + filament (layer height 0.2 mm, infill 40%, nozzle 0.4 mm, 210 °C). The designed device has 
only been tested on a Sawbone synthetic foam cortical shell femur model using Wagner cone stems.

Results: Use of the non-patient-specific 3D cutting guide during subtrochanteric femoral shortening osteotomy in total hip arthroplasty 
with a high hip center resulted in a more precise osteotomy line, facilitated rotational adjustment, and reduced the overall duration of the 
prosthesis implantation procedure.

Conclusion: The non-patient-specific 3D cutting guide used in subtrochanteric transverse shortening osteotomy can enhance the quality 
of the osteotomy and minimize complications. Furthermore, owing to its circumferential design enveloping the femur, it may serve as a 
prophylactic splint, thereby reducing the risk of fissure formation during prosthesis implantation. Future clinical trials and further refinements 
of the cutting guide are expected to yield more favorable outcomes.

Keywords: Subtrochanteric femoral shortening osteotomy, Crowe type IV hip, 3D printed cutting guide, total hip arthroplasty
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subtrochanteric osteotomy is the most commonly used 
shortening technique in high hip dislocations. This approach 
was initially described by Becker and Gustilo8, using a double-
chevron osteotomy. Subsequently, Reikeraas et al.9 reported 
the use of a transverse derotational subtrochanteric osteotomy 
for femoral shortening in a series of 25 patients. In cases where 
femoral shortening is achieved via subtrochanteric transverse 
osteotomy, the geometry of the osteotomy surfaces of the 
proximal and distal fragments is critical for stable fixation along 
the osteotomy line. Moreover, the configuration of the cut 
enhances bone-to-bone contact between fragments, thereby 
reducing complications such as malunion and non-union. The 
rotational alignment between the two segments is also pivotal 
in determining postoperative gait and hip stability.10-12

No previous study has demonstrated a method for performing 
a subtrochanteric transverse osteotomy that ensures complete 
and congruent bone contact after shortening. Moreover, reports 
addressing strategies to prevent potential complications 
resulting from an inadequate osteotomy are limited. In the 
present study, we aimed to facilitate and optimize the execution 
of subtrochanteric transverse femoral shortening osteotomy 
by employing the cutting guide we developed. We also aimed 
to streamline the surgical procedure to reduce operative time 
and thereby avoid complications associated with prolonged 
operations.

The primary hypothesis of the study was that the use of an 
appropriately designed cutting device would shorten the surgical 
duration in high hip arthroplasty and enhance the congruence 
of bony contact between the proximal and distal fragments 
following the osteotomy. The secondary hypothesis was that 
the reduction in surgical duration afforded by guide-assisted 
procedures would decrease the need for blood transfusions.

MATERIALS AND METHODS
Following the initial design stage in SolidWorks, iterative 
improvements were made using trial cutting guides produced 
using FLSUN T1 Ultra 3 dimensional (3D) printer. The cutting 
guide was printed with polylactic acid + filament (layer height 
0.2 mm, infill 40%, nozzle 0.4 mm, 210 °C). The designed device 
has only been tested on a Sawbone synthetic foam cortical shell 
femur model using Wagner cone stems. Since it is not used 
on living organisms, sterilization is not required. However, for 
use on living organisms, the device can be manufactured from 
titanium and sterilized in an autoclave. This allows the cutting 
guide to be reused. 

The cutting guide comprises two components that are secured 
together using a screw and bolt system. The upper and 
lower bone segments firmly stabilize the intermediate piece, 
analogous to a component enclosed between two opposing 
supports. The upper component features five cutting slots, 
each 1.27 mm thick and spaced 7.46 mm apart. The saw blade 
used for the osteotomy is 1.25 mm thick. This configuration is 
intended to prevent the saw blade from oscillating proximally 
or distally, thereby avoiding irregularities along the osteotomy 
line that could compromise the press-fit between the bone 
segments. In addition, the guide is equipped with holes—aligned 
in a straight line at the distal, proximal, and midline positions—
that allow for the insertion of 2-mm Kirschner wires (K-wires).

These holes serve two purposes: first, they facilitate fixation 
of the guide to the bone; second, following the osteotomy, 
they provide immediate information regarding the rotational 
alignment of the proximal and distal fragments without 
requiring additional markings. Furthermore, the holes adjacent 
to the midline openings at the most distal and proximal 
positions are angled at 15 °. Based on our preoperative planning, 
this approach enables us to determine the required amount 
of derotation by referencing this area in patients who need it 
(Figure 1).

The lower component of the guide has a simpler design. 
Although it mirrors the design of the upper part, it does not 
include any cutting slots or K-wire insertion holes. The bone, 
interposed between the upper and lower components (again 
resembling a hot dog in a bun), is secured to the assembly by 
a bolt system, with two bolts placed at the proximal and distal 
ends.

Two advantages of this design were observed during the 
Sawbone trials. First, the absence of cutting slots in the lower 
component prevents the saw blade from coming into contact 
with medial structures, effectively serving as a protective 
retractor. Second, once the osteotomized segment is resected, 
controlling the proximal and distal fragments can be challenging. 
This device allows the two segments to be approximated and, 
following rotational alignment, to be compressed together 
in a sandwich-like configuration, effectively reconstituting a 
single, continuous femur. Consequently, the separate reaming 
procedures for the proximal and distal fragments, as well as the 
reduction process following trial stem placement, are simplified, 
thereby eliminating intraoperative instability and rotational 
issues (Figures 2, 3, 4, and 5).

The presence of a cutting gap at different levels of the guide 
allows additional cuts in patients with insufficient shortening 
after testing, without removing the guide. When the rotational 
alignment of the proximal and distal fragments is deemed 
appropriate, the K-wires placed at the “0” position of the 
cutting guide can be used to establish rotational reference 
points for the osteotomy. In the Sawbone trials, the Wagner 
Cone Prosthesis (Zimmer Biomet) was used.

MAIN POINTS
•	 The newly developed cutting guide facilitates the 

application of femoral shortening osteotomy in Crowe 
Type 4 hip dysplasia surgery.

•	 The device may reduce the risk of intraoperative 
complications by shortening surgical time.

•	 Experimental tests demonstrate that it improves 
osteotomy accuracy.
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Figure 1. a, Upper part of the guide; b, Lower part of the guide

Figure 2. a, Anteroposterior view during positioning of the guide before the osteotomy; b, Lateral view of the guide during pre-
osteotomy positioning; c, Image of the guide on the bone after placement of the rotational wires; d, Axial view of the guide after 
placing the rotational wires (demonstrating a 15° interval between the wires). Note: All wires are shown to clearly illustrate the 
angles.

Figure 3. a, Proximal cut-of the fragment to be resected performed with the assistance of the guide; b, Distal cut-of the fragment to 
be resected performed with the assistance of the guide; c, Image showing the integrity of the resected fragment and the remaining 
bone following completion of the proximal and distal cuts.

a b
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RESULTS
The guide was designed using SolidWorks 2023 and 
manufactured using an FLSUN T1 Ultra 3D printer. The 
3D-printed osteotomy guide was positioned on a Sawbone 
so that it was aligned beneath the lesser trochanter and was 
secured with compression screws. For rotational orientation, 
K-wires were inserted through the designated holes in the 
guide, which demonstrated excellent stability when affixed 
to the bone. The saw used for the osteotomy was press-fit 
into the cutting slot of the guide, and no oscillation occurred 
during the cutting process. The bone segment produced after 
the osteotomy measured 2 cm, as planned, and the resulting 
surfaces were perfectly aligned.

Upon removal of the guide, the K-wire holes provided clear 
guidance regarding rotation. Following a 15° derotation, the 
proximal and distal segments were reassembled, the guide 
was repositioned, and no distraction was observed along the 
osteotomy line. Throughout the carving process, the guide 
remained well fixed to the bone; after prosthesis implantation 

and subsequent removal of the guide, no rotational instability 
was observed. The osteotomy line appeared to be perfectly 
aligned. Additionally, while the guide was in place, no fissure 
formation was detected during the carving and prosthesis 
implantation procedures Figure 6.

DISCUSSION
Currently, 3D cutting guides are used in many areas of 
orthopaedics.13-22 One of the primary reasons for their 
widespread adoption in surgical procedures compared with 
the past is their increased accessibility and the fact that they 
no longer require large industrial facilities for production. The 
3D-printed cutting guides can be produced specifically for 
individual patients or fabricated for one-time, general use.

Because the planned osteotomy is not complex, one of the 
most important features of the cutting guide we designed is 
that it can be produced as a single-use, non-patient-specific 
guide. In a study examining proximal femoral morphology in 51 
hips from 45 patients with Crowe type IV dysplasia, the average 
femoral canal width—calculated from the mediolateral and 

Figure 4. a, Image showing the congruity between the proximal and distal segments after the excised segment has been removed 
following the proximal and distal cuts; b–d, Demonstration of rotational adjustment on the Sawbone model using the K-wire 
insertion holes. In the neutral position, the first and second K-wires are aligned vertically; after internally rotating the distal fragment 
by 15°, the first and third K-wires come into opposition.
K-wires: Kirschner wires

Figure 5. a, After achieving the desired rotational alignment of the proximal and distal fragments, the second K-wire is removed. 
The guide is passed over the wires on the proximal and distal fragments to secure proper alignment between them; b, With the 
assistance of the guide, the femur is stabilized prior to reaming; c, Reaming is performed on the femur, which has been consolidated 
into a single unit with the aid of the guide.
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anteroposterior dimensions—was approximately 2 cm in the 
widest patient, measured at a level 1-2 cm below the lesser 
trochanter.1 Based on this information, the guide was oriented 
just distal to the lesser trochanter. The bone-contacting 
section of the guide was designed to be 3 cm wide with a 
slightly curved surface, ensuring that it is not patient-specific 
and is reusable. The ability to use a standardized guide without 
having to manufacture a separate one for each patient also 
provides a cost advantage. Numerous techniques have been 
described for subtrochanteric shortening osteotomy. One of 
the most common complications encountered with these 
procedures is inadequate union at the osteotomy site.23,24 When 
osteotomies are performed freehand in a 3D context, achieving 
complete cortical contact is extremely challenging. Limited 
contact between bone ends has been reported to adversely 
affect union.23,25 Huang et al.26 reported that to maximize 
bone contact between the proximal and distal segments after 
osteotomy, the osteotomy level should be set approximately 
1-1.5 cm below the lesser trochanter, which would promote 
union. Zadeh et al.11 reported that, for a stable osteotomy, the 
portion of the femoral stem distal to the osteotomy should be 
at least 6 cm. Furthermore, if rotational correction is required 
following osteotomy, performing a freehand cut in the same 
plane becomes challenging, thereby hindering complete 
cortical contact between the proximal and distal fragments. 
Readjusting the bone ends with a saw would prolong operative 
time, increase bleeding, and make limb-length adjustment 
difficult because of excessive shortening. In the present 
study, evaluation of postoperative radiographs revealed that 
in all cases complete cortical contact was achieved along the 
osteotomy line on both anteroposterior and lateral views with 
no detectable gaps.	

In hip arthroplasty performed on elevated hip surfaces, femoral 
anatomy differs from that of normal hips and includes rotational 
variations. In such hips, femoral anteversion is increased, and 

the greater trochanter is positioned more posteriorly.27,28 
Failure to adjust anteversion during surgery can cause recurrent 
anterior dislocations and result in the greater trochanter 
and abductor muscles remaining positioned posteriorly, 
thereby shortening the abductor lever arm and causing gait 
abnormalities and instability.10-12,29 One of the most significant 
advantages of subtrochanteric transverse osteotomy is that the 
congruence between the cylindrical bone surfaces allows the 
proximal fragment to be rotated, thereby bringing the greater 
trochanter—and consequently the abductor muscles—into the 
proper anatomical position.1,24,29 Under normal circumstances, 
various techniques exist for accurately adjusting the rotational 
alignment during a freehand osteotomy.28 For example, some 
methods involve drilling holes with K-wires at the proximal 
and distal ends of the osteotomy or marking the bone 
intraoperatively with a surgical pen. However, such markings can 
disappear when additional bone resection is required or when 
the osteotomy surfaces need to be revised with a second cut. In 
particular, pen markings may easily be erased by intraoperative 
bleeding and fluids. This can necessitate repeating these steps, 
thereby increasing operative time and blood loss. In contrast, 
the K-wire holes positioned at 15 ° intervals along the proximal 
and distal edges of our cutting guide indicate the degree of 
rotational correction required and permit direct marking on the 
guide if an additional cut is required. This design facilitates easy 
and precise rotational adjustment.

Krych et al.30 described the technique of total hip arthroplasty 
with subtrochanteric transverse shortening osteotomy in 
Crowe type IV hips and noted that, after resecting the femoral 
neck—and before proceeding with the shortening osteotomy—
reaming should be performed. This step is critical for achieving a 
tight press-fit prosthesis in the distal fragment and contributes 
to the rotational stability of the implant and the osteotomy 
site.30,31 Because our cutting guide securely approximates the 
distal and proximal femoral segments after the osteotomy—

Figure 6. After reaming, the prosthesis is securely and smoothly implanted without removing the guide, as if placing it into an intact 
femur. Image showing the congruity and fixation between the fragments after prosthesis implantation.
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effectively allowing them to function as a single continuous 
femur—it enables reaming to be performed post-osteotomy 
without requiring initial reaming. Consequently, this approach 
has the potential to reduce surgical duration and blood loss.

One of the most significant challenges encountered during 
femoral preparation in Crowe type IV hips is the occurrence of 
femoral fissures.32,33 In a series of 28 Crowe type IV hip cases 
reported by Krych et al.30, fissures developed in the distal region 
of the femoral osteotomy during prosthesis insertion in five of 
the patients. They stated that a prophylactic cable is routinely 
wrapped around the distal segment to prevent this from 
occurring.30 Although this study was conducted using Sawbone 
models—thus precluding definitive conclusions—we believe 
that the way the cutting guide conforms to bone mimics the 
effect of a prophylactically applied cable and thus prevents 
fissure formation in the distal fragment. However, prophylactic 
cerclage wiring is still recommended to minimize fissure risk.

Infection remains one of the most significant complications of 
total hip arthroplasty. Numerous studies have demonstrated 
that prolonged surgical duration increases the risk of 
postoperative infection.34-37 By employing the osteotomy 
cutting guide, the need for the pre-osteotomy reaming phase is 
eliminated, additional reaming of the distal segment is avoided, 
and the placement of trial stems and the reduction process are 
facilitated, resulting in a shorter surgical duration. This reduction 
in surgical duration may contribute to a lower infection rate.

Furthermore, a shorter surgical duration reduces the overall 
operating room usage, leading to decreased expenses related to 
electricity, materials, and personnel. In their study on high tibial 
osteotomy using a patient-specific 3D cutting guide, Pérez-
Mañanes et al.17 demonstrated that the reduction in surgical 
duration more than offset the cost of the guide, resulting in a 
net saving of €507 per procedure.21 Although we have not yet 
quantified the exact economic benefit of our non-patient-
specific, reusable cutting guide, it is evident that it offers 
substantial long-term cost savings.

Study Limitations

The main limitations of this study include that the device has not 
been tested in patients and that the biomechanical outcomes 
have not been evaluated using cadaveric specimens. Future 
multicenter, controlled studies with larger patient cohorts will 
be instrumental in elucidating these issues.

CONCLUSION
In Crowe type IV hip arthroplasty, the cutting guide that 
we developed for subtrochanteric transverse shortening 
osteotomy achieved complete cortical contact along the 
osteotomy surfaces during our Sawbone trials. We believe 
that the swift, practical execution of cutting and prosthesis-
implantation procedures facilitated by the guide will lead 
to reduced surgical duration and a reduced need for blood 
transfusions. Additionally, the cutting guide’s ability to act as 
a temporary cable to prevent fissure formation appears to be a 
key advantage.
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INTRODUCTION
Urolithiasis is a prevalent urological condition, affecting 
between 1% and 20% of the population, with prevalence varying 
according to geographic region.1 Over the past two decades, 
substantial advancements have been made in minimally 
invasive techniques for the management of this condition, 
including ureterorenoscopy (URS), shock wave lithotripsy 
(SWL), and percutaneous nephrolithotomy.2 In recent decades, 
advances in laser technology and URS have established URS as 
the standard treatment for ureteral stones.3 The utilization of 
URS has increased as the surgical management of upper urinary 
tract stone disease shifts from predominantly non-invasive 

methods, such as SWL, toward more invasive approaches, 
notably flexible URS.3 Despite its minimally invasive nature, 
URS can present significant technical challenges, particularly in 
cases involving ureteral strictures or narrow ureteral anatomy, 
which may hinder access to the calculi.4

When ureteral access cannot be achieved during the initial 
procedure, active balloon dilatation, or more commonly passive 
dilatation via placement of a double-J (DJ) stent followed by 
URS, is indicated. However, in cases of severe ureteral stenosis 
accompanied by stone obstruction, placement of a DJ stent 
may be infeasible. Consequently, this situation not only elevates 
patient morbidity and healthcare costs but also prolongs the 
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ABSTRACT
Objective: To evaluate predictive factors for ureteral stricture in patients undergoing ureterorenoscopy (URS) for ureteral stones and to 
identify radiological and demographic parameters that may influence surgical access.

Methods: This retrospective study analyzed data from 197 patients who underwent URS between 2023 and 2025. After applying inclusion 
and exclusion criteria, 141 patients with available abdomino-pelvic computed tomography (CT) scans were included. Group 1 comprised 30 
patients with ureteral strictures requiring passive dilatation with double-J stenting, whereas Group 2 included 111 patients with successful 
ureteral access and stone fragmentation. Demographic data [age, sex, body mass index (BMI)] and CT-based measurements renal pelvis 
anteroposterior (AP) diameter, proximal, mid, and distal ureteral AP diameters, distal coronal AP diameter, and stone size) were compared 
between groups.

Results: Distal ureteral transverse AP diameter (2.25 ± 0.28 mm vs 3.17 ± 0.55 mm, P < 0.001), distal coronal AP diameter (2.83 ± 0.43 mm 
vs 3.56 ± 0.42 mm, P < 0.001), and stone size (6.19 ± 2.48 mm vs 7.48 ± 2.06 mm, P = 0.031) were significantly lower in Group 1 than in 
Group 2. In addition, BMI was significantly higher in Group 1. Other CT parameters showed no significant differences.

Conclusion: Narrow distal ureteral diameters and smaller stone sizes measured on preoperative CT, along with higher BMI, were associated 
with failure of ureteral access at the initial URS session. Identifying these predictors preoperatively may guide patient counseling and surgical 
planningand reduce intraoperative complications.
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duration of stone-related symptoms.5 Moreover, in obstructive 
pyelonephritis, urgent urinary drainage is critical to prevent 
renal deterioration. If endoscopic DJ stent placement cannot 
be achieved, percutaneous nephrostomy remains the only 
viable alternative.6 Taken together, these factors underscore 
the importance of identifying reliable predictors of difficult 
ureteral access, as early recognition can enhance clinical 
decision-making and optimize patient outcomes. Furthermore, 
it can facilitate the timely preparation of both patients and 
surgeons for potential percutaneous nephrostomy placement. 
Interestingly, smaller stones have also been associated with 
ureteral stricture, which may be explained by their tendency to 
lodge in already narrowed or fibrotic segments, where chronic 
irritation and limited luminal expansion promote further fibrosis 
and stricture formation.

Several studies have reported that factors such as young 
age, female sex, small ureteral diameter, and high body mass 
index (BMI) may predispose patients to ureteral stenosis and 
increase the risk of ureteral injury.7 In recent years, preoperative 
measurement of ureteral and renal pelvic diameters using 
non-contrast computed tomography (NCCT) has gained 
popularity for predicting ureteral stenosis and potential 
surgical complications.8 Nevertheless, evidence remains 
limited regarding which specific radiological and demographic 
parameters constitute the most significant risk factors for 
ureteral stenosis requiring stent placement.

The present study aims to evaluate the risk of ureteral stenosis 
by assessing preoperative CT-based ureteral measurements 
alongside other clinical and demographic factors in patients 
undergoing URS. Identifying these risk factors may facilitate 
better preoperative counseling and surgical planning. 
Moreover, primary nephrostomy placement instead of URS 
in high-risk patients—particularly those with infection or 
renal obstruction—may reduce morbidity and improve clinical 
outcomes.

MATERIAL AND METHODS
This study was approved by the Mudanya University Health 
Sciences Ethics Committee (reference no: E-40839601-
50.04-62, date: 03.12.2024) and conducted in accordance 
with the Declaration of Helsinki (1975, revised 2008). Patient 
data were recorded and analyzed retrospectively.

Patient Selection

A total of 197 patients who underwent URS between January 
2023 and January 2025 were evaluated. Of these, 141 patients 
with available abdomino-pelvic NCCT were included. Exclusion 
criteria were:

•	 Age < 18 years (n=1),

•	 Absence of preoperative CT data (n=51),

•	 URS performed for diagnostic purposes (n=4).

Group Classification

•	 Group 1 (n=30): Patients in whom the distal ureter could not 
be accessed because of a stricture and who underwent passive 
dilatation with DJ stent placement.

•	 Group 2 (n=111): Patients with successful ureteral access and 
stone fragmentation during the first URS session.

Data Collection

Demographic parameters: age, sex, BMI.

Radiological measurements on NCCT (1 mm slice interval):

•	 Renal pelvis anteroposterior (AP) diameter (mm)

•	 Proximal, mid, distal ureteral AP diameters (mm)

•	 Distal ureteral coronal AP diameter (mm)

•	 Stone diameter (mm)

Measurement Method

Transverse measurements of the renal pelvis, proximal ureter, 
mid-ureter, and distal ureter were obtained in all patients 
using NCCT with a slice thickness of 1 mm. Additionally, 
measurements were taken at the level of the distal ureter in 
the coronal plane. For consistency, the ureter was defined at 
the same anatomical level in each case, and measurements 
were performed on the corresponding section images. All 
radiological measurements were independently performed by 
an experienced urologist (S.Y.).

Surgical Technique

All procedures were performed by a single experienced 
surgeon (SY) using a 7.5 Fr Storz semirigid ureteroscope. A 
guidewire was advanced through the ureteral orifice. In cases 
without strictures, stones were accessed and fragmented 
using laser lithotripsy. When a distal ureteral stricture was 
present, a DJ stent was placed and URS was postponed for 
one month to allow passive dilatation before definitive stone 
treatment.

Statistical Analysis

Statistical analyses were performed using MedCalc statistical 
software (Mariakerke, Belgium). The results were expressed as 
mean ± standard deviation. The normality of data distribution 
was evaluated using the Kolmogorov-Smirnov test. Since the 
data were normally distributed, comparisons between groups 
were performed using the Student’s t-test. P values were 
considered statistically significant.

MAIN POINTS
•	 Preoperative computed tomography findings, 

specifically narrow distal ureteral diameters, are 
strong predictors of difficult ureteral access during 
ureterorenoscopy.

•	 Higher body mass index is associated with an increased 
risk of requiring passive dilatation with double-J stent 
placement before definitive stone treatment.

•	 Smaller ureteral stones are paradoxically associated 
with higher rates of ureteral strictures, possibly due to 
inadequate luminal dilation.
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RESULTS
A total of 141 patients were included. Thirty patients (21.3%) 
required DJ stenting for ureteral stricture (Group 1), while 111 
patients (78.7%) underwent successful primary URS (Group 
2) (Table 1). No significant differences were observed between 
the groups in terms of age and gender. However, BMI was 
significantly higher in Group 1 patients than in those Group 2 
(P = 0.049; Table 1).

•	 Distal ureteral AP diameter was significantly lower in Group 1 
(2.25 ± 0.28 mm) than in Group 2 (3.17 ± 0.55 mm; P < 0.001) 
(Table 2).

•	 Distal coronal AP diameter was also lower in Group 1 (2.83 ± 
0.43 mm) than in Group 2 (3.56 ± 0.42 mm; P < 0.001) (Table 2).

•	 Stone size was smaller in Group 1 (6.19 ± 2.48 mm) than in 
Group 2 (7.48 ± 2.06 mm; P = 0.031).

•	 BMI was significantly higher in Group 1 (P < 0.05).

•	 Other parameters (renal pelvis AP, proximal-mid ureter AP, 
stone proximal location) showed no significant differences.

DISCUSSION 
To date, no studies have addressed the measurement of 
ureteral diameters in patients undergoing prestenting for 
ureteral stenosis. Our findings suggest that narrower distal 
ureteral diameters on preoperative CT scans and higher BMI 
are associated with failure to obtain ureteral access during 
initial URS, necessitating DJ stenting. Additionally, small 
stones were associated with ureteral stenosis, suggesting that 
failure of these stones to pass may indicate ureteral stenosis. 
Interestingly, in our study, smaller stones were paradoxically 

associated with ureteral stenosis and failure of initial URS. This 
may be explained by the inability of even small stones to pass 
through a pre-existing narrow distal ureter. While some studies 
report that larger stones are more likely to cause obstruction 
and stricture formation, others have observed paradoxical 
findings, suggesting that stone size alone may not fully 
predict ureteral patency.9,10 These discrepancies highlight the 
importance of considering ureteral anatomy and preexisting 
narrowing in addition to stone characteristics when planning 
an intervention. Furthermore, recent evidence indicates that 
increased ureteral wall thickness is associated with both 
decreased spontaneous passage of ureteral stones and a higher 
risk of ureteral stricture after URS.11 These findings support 
our observation that ureteral anatomy, including distal ureteral 
narrowing, plays a critical role in predicting procedural success 
and long-term outcomes.

These findings are consistent with previous literature 
emphasizing the role of ureteral anatomy in determining 
URS outcomes. Narrow distal ureters have been consistently 
associated with an increased risk of stricture formation and 
technical difficulties during URS.12,13 Similarly, higher BMI 
has been associated with more complex surgical rerouting 
and anatomic reorientation, potentially complicating surgical 
access.13 This association may be explained by increased 
retroperitoneal fat and altered ureteral angulation, which can 
complicate endoscopic navigation. Additionally, obesity may 
affect patient positioning and limit the working space for 
instrumentation, potentially increasing operative difficulty. 
A meta-analysis has shown that older age and obesity are 
associated with a higher risk of ureteral stricture.7 Our study 
expands on these observations by quantitatively linking the 
distal ureteral diameter to failure of initial URS, providing 
objective, imaging-based parameters that may predict 
procedural difficulty.

In this study, no significant differences were observed between 
the two groups in the diameters of the renal pelvis, proximal 
ureter, and mid-ureter as measured on CT scans. However, 
both AP and coronal measurements showed that distal ureteral 
diameters were significantly smaller in patients in Group 1 
than in patients in Group 2. This suggests that distal ureteral 
narrowing plays a central role in determining initial ureteral 
accessibility. Distal ureteral stricture present in the majority of 
unsuccessful or non-accessible URS procedures. Our findings 
highlight the potential clinical utility of standardizing these 
measurements to provide patients with clearer preoperative 
information regarding the likelihood of ureteral stricture.

As the diameter of ureteral stones decreases, the incidence 
of ureteral stenosis and of failed URS increases.9 The present 
results reinforce this observation, indicating that even small 
calculi may fail to pass through a narrowed ureter. Clinically, 
2-4-mm stones causing significant obstructive uropathy often 
fail to pass despite 2-4 weeks of conservative management 
and medical expulsive therapy.10 The decision to proceed with 
surgical intervention is based on a comprehensive evaluation of 
the stone’s size, location, degree of hydronephrosis, as well as 
the patient’s clinical symptoms. Our data suggest that in such 
cases the ureter is often too narrow to be accessed during the 

Table 1. Comparison of Demographic Characteristics Between 
Groups

Group 1 (n=30) Group 2 (n=111) P value

Age 42.2 ± 6.2 39.9 ± 7.4 0.578

Male
Female

29 (96.6%)
1 (3.4%)

93 (83.9%)
18 (16.1%)

0.145
0.217

BMI 27.6±3.4 26.0±2.5 0.049*
A Student’s t-test was used. *P values < 0.05 > are considered statistically 
significant and are shown in bold.
BMI, body mass index.

Table 2. Comparison of Tomographic Measurement Data 
Between the Two Groups

Group 1 (n=30) Group 2 (n=111) P value

Renal Pelvis AP 14.41 ± 5.54 14.90 ± 8.46 0.788

Proximal ureter AP 6.35 ± 2.34 6.70 ± 2.20 0.551

Mid ureter AP 3.99 ± 1.51 4.47 ± 1.79 0.260

Distal ureter AP 2.25 ± 0.28 3.17 ± 0.55 < 0.001*

Distal ureter (Cor) 2.83 ± 0.43 3.56 ± 0.42 < 0.001*

Stone size 6.19 ± 2.48 7.48 ± 2.06 0.031*
Student’s t-test was used. *P value 0.05 is considered statistically significant 
and is bolded.
AP, anteroposterior; Cor, coronal.
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initial URS attempt, requiring prior ureteral stenting to facilitate 
access.14 Incorporating ureteral diameter measurements into 
the preoperative assessment may therefore enable earlier 
surgical planning, avoiding unnecessary delays in stone passage, 
relieving obstruction, and improving patient outcomes.

The standard treatment for ureteral obstruction caused by 
stones is URS combined with laser lithotripsy.15 However, 
in patients presenting with infection secondary to renal 
obstruction, timely renal drainage is imperative due to 
the elevated risk of urosepsis.16 In such cases, the most 
commonly employed interventions are DJ stent placement 
or percutaneous nephrostomy.17 Based on our results, when 
managing patients with stone-related hydronephrosis and 
urosepsis, particularly those with a narrow ureteral diameter on 
CT, proceeding with percutaneous nephrostomy may be more 
appropriate to optimize both clinical outcomes and patient 
safety. This consideration is underscored by the increased 
technical challenges associated with DJ stent placement in the 
presence of ureteral obstruction and stenosis, factors that may 
elevate the risk of intraoperative complications.

From a clinical standpoint, our study emphasizes that 
preoperative identification of patients at higher risk of stricture 
allows for improved surgical planning. Surgeons may anticipate 
the need for staged procedures, prepare for DJ stenting, 
and provide patients with realistic expectations regarding 
outcomes.18 Additionally, careful manipulation in patients 
predicted to have narrow ureters may reduce the risk of 
iatrogenic ureteral injury.19

Study Limitations

Limitations of this study include its retrospective design, 
single-center setting, and a relatively small number of stricture 
cases. Nonetheless, the prospective data collection and the 
standardized surgical approach by a single surgeon strengthen 
its validity. Our findings should therefore be interpreted as 
hypothesis-generating and should encourage larger multicenter 
studies to validate these predictors and to incorporate them 
into preoperative risk stratification models.

CONCLUSION
Preoperative CT parameters, specifically distal ureteral 
AP and coronal diameters, along with BMI and stone size, 
significantly predict the likelihood of failed ureteral access 
during URS. Surgeons should consider these factors in 
preoperative planning to minimize complications, improve 
patient counseling, and optimize treatment strategies. 
However, prospective multicenter validation studies are 
warranted to confirm these findings and enhance their 
generalizability.
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INTRODUCTION
Periodic Fever, Aphthous Stomatitis, Pharyngitis, Adenitis (PFAPA) 
syndrome, characterized by periodic fever, aphthous stomatitis, 
pharyngitis, and cervical adenitis is an autoinflammatory disease 
first described by Marshall et al.1 in 1987.2 PFAPA is the most 
widespread cause of periodic fever in childhood, although the 
true incidence is unknown.3 There is no specific laboratory 
finding or diagnostic test for the syndrome.2 Although the clinical 
manifestations have been well described, the lack of a disease-
specific laboratory finding makes diagnosis difficult. Diagnosis 
is therefore based on clinical criteria, with the modified Marshall 

criteria most frequently employed. According to these criteria, 
periodic fever attacks commencing before five years of age, 
aphthous stomatitis without upper respiratory tract infection, 
pharyngitis or cervical lymphadenitis, being asymptomatic 
between attacks, exclusion of cyclic neutropenia, and normal 
growth and development are regarded as diagnostic.4

Zinc, iron, magnesium, and selenium are elements with 
important functions. Zinc is an essential trace element for 
biological processes and serves as a cofactor for more than 
300 enzymes involved in protein synthesis and repair systems. 
It is also involved in cellular signaling at all levels and plays an 
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ABSTRACT
Objective: To investigate the potential role of zinc, iron, magnesium, and selenium in the pathogenesis of Periodic Fever, Aphthous 
Stomatitis, Pharyngitis, Adenitis (PFAPA) syndrome.

Methods: A retrospective analysis was conducted of 26 children diagnosed with PFAPA and 31 age- and sex-matched healthy controls. 
Serum levels of zinc, iron, magnesium, and selenium were retrieved from hospital records and compared between the groups.

Results: Magnesium levels were 2.03 ± 0.14 mg/dL in the PFAPA group and 1.99 ± 0.13 mg/dL in the control group. The difference was 
not statistically significant (P = 0.308). Median iron levels (25th-75th percentiles) were 52.5 µg/dL (22.0-81.5) in the PFAPA group and 61.1 
µg/dL (42.5-89.0) in the control group; the difference was not significant (P = 0.226). Zinc levels were similar: 86.24 ± 11.18 mcg/L in the 
PFAPA group and 87.26 ± 10.06 mcg/L in the control group (P = 0.720). However, median selenium levels differed significantly: 38.9 mcg/L 
(34.2-50.0) in the PFAPA group versus 48.0 mcg/L (43.0-55.5) in the control group (P = 0.002). Each one-unit increase in selenium levels 
increased the odds of disease by approximately 8.6%, and this association was statistically significant (odds ratio = 1.086, 95% confidence 
interval: 1.019-1.157, P = 0.011).

Conclusion: In conclusion, this study demonstrates that low selenium levels are associated with PFAPA syndrome in children. No significant 
relationships were observed between zinc, iron, or magnesium levels and the disease. Given the effects of selenium on the immune system 
and inflammation, we hypothesize that selenium deficiency may contribute to the pathogenesis of PFAPA.
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important role in immune system regulation.5 Although the 
principal function of iron is the transport of O2 by hemoglobin, 
it is also an important cofactor for several enzymes and plays 
a critical role in the immune system and in defense against 
infection.6 Selenium is an important micronutrient for human 
health, particularly through its effects on thyroid metabolism, 
the cardiovascular system, and the immune system. It is 
involved in the activation, proliferation, and differentiation of 
cells that direct immune responses and contributes to immune 
regulation by preventing excessive responses that could lead 
to autoimmunity or chronic inflammation.7 Finally, magnesium 
is an important element in the regulation of metabolism and 
homeostasis in all tissues. It regulates ion channel activity, acts 
as a second messenger in signal transmission, contributes to 
the production of adenosine triphosphate, and influences 
immunological functions by affecting immune cells.8

PFAPA syndrome has long been recognized. Several potential 
etiological factors have been investigated, including infectious 
agents, immunological mechanisms, and genetic predisposition; 
however, the disease’s etiopathogenesis and genetic basis 
remain unclear.9 The purpose of this study was to investigate 
the potential role of zinc, iron, magnesium, and selenium, all of 
which are involved in immune function, in the pathogenesis of 
PFAPA.

MATERIAL AND METHODS
Approval for the study was obtained from the Kastamonu 
University Clinical Research Ethics Committee prior to 
commencement (decision no.: 2023-KAEK-106, date: 
13.09.2023). All procedures in studies involving human 
participants are carried out in accordance with institutional 
ethical standards (Kastamonu Ethical Committee) and with 
the 1964 Declaration of Helsinki. Informed consent was not 
obtained because the study was conducted retrospectively.

This retrospective study included 26 patients diagnosed with 
PFAPA who were under follow-up at the Kastamonu Training 
and Research Hospital Ear, Nose, and Throat Clinic (Türkiye) 
between 01.09.2021 and 01.09.2023, and 31 age- and sex-

matched healthy controls. Test results obtained during the 
follow-up periods were retrieved retrospectively from the 
hospital records, and zinc (70-115 mcg/L), iron (16-129 µg/
dL), magnesium (1.7-2.3 mg/dL), and selenium (46-143 mcg/L) 
levels were recorded. The obtained data were then compared 
with data from the healthy control group. Patients with acute 
bacterial infection, autoimmune diseases, or anemia were 
excluded.

Statistical Analysis 

Normality of the study data distribution was assessed using 
histograms, Q-Q plots, and the Shapiro-Wilk test. Quantitative 
variables were compared between the groups using the Mann-
Whitney U test and paired samples t-test, while relationships 
between categorical variables were evaluated using the chi-
square test. Univariate logistic regression analysis was applied 
to evaluate potential risk factors affecting the disease. The 
analysis results were reported as odds ratios (ORs) with 95% 
confidence interval (CI). P values < 0.05 were considered 
statistically significant. Statistical analyses were performed 
using IBM SPSS Statistics for Windows, version 22.0 (IBM Corp., 
Armonk, NY, USA).

RESULTS
The mean ages of the PFAPA and control groups were 7.12 
± 2.25 and 6.97 ± 2.34 years, respectively; no significant 
difference was observed between them (P = 0.810). In terms 
of gender distribution, girls comprised 46.2% and boys 53.8% 
of the PFAPA group, compared with 45.2% and 54.8% in the 
control group. No significant difference in gender distribution 
was observed between groups (P = 0.999).

Regarding biochemical parameters, magnesium levels were 
2.03 ± 0.14 mg/dL in the PFAPA group and 1.99 ± 0.13 mg/
dL in the control group. The difference was not statistically 
significant (P = 0.308). Median iron levels (25th-75th percentile) 
were 52.5 µg/dL (22.0-81.5) in the PFAPA group and 61.1 µg/
dL (42.5-89.0) in the control group, the difference also being 
insignificant (P = 0.226). Zinc levels were also similar, at 86.24 
± 11.18 mcg/L in the PFAPA group and 87.26 ± 10.06 mcg/L in 
the control group (P = 0.720). However, median selenium levels 
differed significantly, at 38.9 mcg/L (34.2-50.0) in the PFAPA 
group and 48.0 mcg/L (43.0-55.5) in the control group (P = 
0.002) (Figure 1). The groups’ demographic characteristics and 
biochemical parameters are summarized in Table 1. 

In univariate regression analysis, magnesium levels exhibited a 
protective effect against the disease; however, this association 
was not statistically significant (OR = 0.119, 95% CI: 0.002-
6.966, P = 0.305). Similarly, no significant association was 
observed between iron levels and the disease (OR = 1.007, 
95% CI: 0.992-1.022, P = 0.360). Zinc levels also exhibited 
no significant association (OR = 1.009, 95% CI: 0.960-1.062, 
P = 0.714). However, a significant relationship was observed 
between selenium levels and the disease. Each one-unit 
increase in selenium levels increased the odds of disease by 
approximately 8.6%, and this association was statistically 
significant (OR = 1.086, 95% CI: 1.019-1.157, P = 0.011)  
(Table 2).

MAIN POINTS
•	 Serum selenium levels were significantly lower in 

children with Periodic Fever, Aphthous Stomatitis, 
Pharyngitis, Adenitis (PFAPA) syndrome compared to 
healthy controls.

•	 Each unit increase in selenium concentration was 
associated with an 8.6% lower risk of PFAPA, suggesting 
a potential protective role for selenium.

•	 No significant differences were observed in serum zinc, 
iron, and magnesium levels between PFAPA patients 
and controls.

•	 Low selenium levels may contribute to immune 
dysregulation and excessive inflammatory responses in 
the pathogenesis of PFAPA.

•	 Selenium supplementation may represent a therapeutic 
approach, but further prospective studies are required.
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Table 1. The Groups’ Demographic Characteristics and Biochemical Parameters

Variables
Group

PPFAPA 
(n=26)

Control 
(n=31)

Age 7.12 ± 2.25 6.97 ± 2.34 0.810

Gender 

Female 12 (46.2) 14 (45.2) 0.999

Male 14 (53.8) 17 (54.8)

Magnesium 2.03 ± 0.14 1.99 ± 0.13 0.308

Iron 52.5 (22.0-81.5) 61.1 (42.5-89.0) 0.226

Zinc 86.24 ± 11.18 87.26 ± 10.06 0.720

Selenium 38.9 (34.2-50.0) 48.0 (43.0-55.5) 0.002
Data expressed as n (%), mean ± standard deviation, and median (25th-75th percentile) values.
PFAPA, periodic fever, aphthous stomatitis, pharyngitis, adenitis.

Figure 1. Box plot of selenium levels in the PFAPA and control groups.
PFAPA, periodic fever, aphthous stomatitis, pharyngitis, adenitis.

Table 2. Analysis of Risk Factors Affecting the Disease

Variables
Univariate

OR (95% CI) P

Magnesium 0.119 (0.002-6.966) 0.305

Iron 1.007 (0.992-1.022) 0.360

Zinc 1.009 (0.960-1.062) 0.714

Selenium 1.086 (1.019-1.157) 0.011

OR, odds ratio; CI, confidence interval.
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DISCUSSION
Serum selenium levels in this study were significantly lower in 
children with PFAPA syndrome than in the control group, and 
an increase in selenium levels was associated with a reduced 
risk of the disease. This finding is consistent with the known 
anti-inflammatory and regulatory effects of selenium on 
the immune system and suggests that it may play a role in 
the etiopathogenesis of PFAPA syndrome.7,10-12 Huang et al. 7 
examined the role of selenium in inflammation and immunity 
and reported that selenium levels were important for initiating 
immunity and also played a role in regulating excessive 
immune responses and chronic inflammation. Similarly, 
Hariharan and Dharmaraj10 emphasized the antioxidant and 
anti-inflammatory effects of selenoproteins and concluded 
that glutathione peroxidase assisted in controlling excessive 
free-radical production at the site of inflammation. Navarro 
Garcia et al.11 emphasized selenium’s neuroprotective and 
anti-inflammatory properties and showed that it may be 
beneficial in various inflammatory states. Osuna-Padilla et al.12 
also reported that selenium supplementation reduced immune 
activation and inflammation in individuals infected with human 
immunodeficiency virus.

PFAPA syndrome is an autoinflammatory disease of uncertain 
etiology.13-15 Overactivation of the innate immune system 
and of proinflammatory cytokines has been implicated in the 
pathogenesis.13 The low selenium levels observed in the present 
study suggest that either selenium requirements may have 
increased to counteract the heightened inflammatory response 
and oxidative stress in patients with PFAPA syndrome or that 
selenium deficiency may contribute to these inflammatory 
processes. Considering the role of selenium in immune 
regulation, low selenium levels may be either a cause or a result of 
the excessive immune response observed in PFAPA syndrome. 
This, in turn, suggests that selenium supplementation may 
represent a potential therapeutic approach for the management 
of the syndrome. However, more extensive prospective studies 
are now needed to confirm that hypothesis.

No significant associations were determined between zinc, 
iron, or magnesium levels and PFAPA syndrome in this study. 
However, in light of the general effects of these elements on 
the immune system and inflammation, their potential roles in 
the pathogenesis of PFAPA still merit investigation. Sanna et 
al.5 examined the relationship between zinc and autoimmunity 
and reported that zinc deficiency can impair the function of 
immune cells and affect inflammatory responses. Although 
the principal function of iron is oxygen transport, it also plays a 
critical role in immune function and defense against infection.6 
Brock and Mulero6 examined the cellular and molecular aspects 
of iron and reported that iron deficiency or excess can affect 
immune responses. No significant difference in iron levels 
between the two groups was detected in the present study. 
This suggests that iron plays no direct role in the pathogenesis 
of PFAPA. However, inflammatory conditions can affect iron 
metabolism. 

Magnesium is an important element involved in the regulation 
of homeostasis and metabolism of all tissues. It also affects 
immune cells by regulating immune functions.16 Maier et al. 8 

reported that magnesium deficiency activated phagocytes and 
triggered inflammation by increasing cytokine production. Low 
magnesium levels have therefore been linked to various chronic 
inflammatory diseases. Although no significant difference in 
magnesium levels was observed in the present study, its role 
in PFAPA requires more detailed examination in light of the 
potent effects of magnesium on inflammation. In particular, 
vitamin D deficiency has been shown to be associated with 
PFAPA, and magnesium is an important cofactor in vitamin 
D metabolism.17,18 Future studies should therefore assess 
the interaction between magnesium and vitamin D in the 
pathogenesis of PFAPA.

Study Limitations

The principal limitations of this study are its retrospective 
design and relatively small sample size. Although the low 
selenium levels represent an important finding, further 
prospective, randomized controlled studies are needed to 
establish whether this relationship is causal or consequential. 
Future studies should evaluate the effects of selenium 
supplementation on the frequency, severity, and duration 
of PFAPA syndrome and establish the safety and efficacy of 
such supplementation. In addition, the effects of other trace 
elements such as zinc, iron, and magnesium on inflammatory 
markers and cytokine profiles might be investigated. Further, 
more extensive studies investigating the role of genetic and 
immunological parameters and environmental factors are 
needed to better understand the etiopathogenesis of PFAPA 
syndrome.

CONCLUSION
In conclusion, this study shows that low selenium levels in 
children with PFAPA syndrome are related to the disease. No 
significant relationships were determined between zinc, iron, 
or magnesium levels and the disease. Considering the effects 
of selenium on the immune system and inflammation, we think 
that selenium deficiency may play a role in the pathogenesis of 
PFAPA.
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INTRODUCTION
Gastritis is the term given to the inflammatory process that 
extends from the mucosa, the innermost of the histological 
layers of the stomach wall, to the serosa, the outermost layer. 
In this process, if neutrophils predominate, it is defined as 
acute gastritis; if mononuclear cells (lymphocytes, plasma cells, 
macrophages) are present together, it is defined as chronic 
gastritis. Another classification describes these processes 
as acute erosive gastritis and chronic atrophic gastritis, a 
terminology that is more commonly used in clinical practice.

In addition to improper nutrition, various chemical factors—such 
as the consumption of salicylate-containing medications—as 

well as certain bacterial infections or the toxins released during 
these infections, viral agents and their effects, and allergic 
reactions may lead to the development of gastritis. Another 
important factor is Helicobacter pylori (H. pylori) infection. In 
order to describe the histopathological reactions caused by H. 
pylori in the gastric mucosa and establish a common scientific 
language, the Sydney criteria were developed by pathology 
experts in 1990 and still remain significant today. In the updated 
1994 version of the criteria, chronic inflammation, neutrophil 
activity, glandular atrophy (GA), intestinal metaplasia (IM), and 
H. pylori density are evaluated in a graded manner.

Cases of gastritis, which may occur together with many other 
diseases, have continued to be observed during the Coronavirus 
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ABSTRACT
Objective: This study aimed to evaluate whether the coronavirus disease-2019 (COVID-19) pandemic caused changes in the severity of 
gastritis, as assessed by the Sydney criteria, through a retrospective comparison of patients in the pre- and post-pandemic periods.

Methods: Pathology reports of 107 pre-pandemic patients until March 2019 and 96 post-pandemic patients until May 2023, who underwent 
upper gastrointestinal endoscopy for dyspeptic complaints and were diagnosed with gastritis were retrospectively analyzed. Gastritis 
severity was assessed according to the Sydney criteria. Percentages were calculated and compared.

Results: The pre-pandemic group included 62 women and 45 men (mean age 58.6 years). The post-pandemic group included 50 women 
and 46 men (mean age 57.6 years). No significant demographic differences were observed. According to the Sydney criteria, no permanent 
effect of COVID-19 on gastritis severity was identified.

Conclusion: Our study found no significant differences in gastritis severity between the periods before and after the COVID-19 pandemic. 
Larger prospective studies are required to further explore potential long-term effects.
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disease-2019 (COVID-19) pandemic as well. Gastritis is an 
inflammatory process of the gastric wall.1-3 The Sydney criteria, 
developed in 1990 and updated in 1994, provide standardized 
assessment of gastritis histopathology.4 The COVID-19 
pandemic affected millions worldwide5 and had physiological and 
emotional impacts, potentially influencing gastric pathology.6 
This study investigated whether there were changes in gastritis 
severity before and after the COVID-19 pandemic.7,8

MATERIAL AND METHODS
Our study is a retrospective observational study. Patients 
included in the study were those who presented to the General 
Surgery Department of Erzincan Binali Yıldırım University 
Mengücek Gazi Training and Research Hospital with complaints 
suggestive of gastric diseases in their anamnesis, and who were 
diagnosed with gastritis during upper gastrointestinal (GI) 
endoscopies performed by the General Surgery Department. 
The study included 107 patients from the pre-pandemic period 
up to March 2019 and 96 patients from the post-pandemic 
period up to May 2023 who underwent upper GI endoscopy 
due to dyspeptic complaints. Inclusion criteria for the study 
were patients who underwent endoscopy and biopsy and were 
diagnosed with gastritis histopathologically. The exclusion 
criterion was incomplete pathology data.

Biopsy results evaluated by the same pathologist were 
consistent with gastritis. Patients whose biopsy results differed 
from gastritis, particularly those indicating malignancy, were 
excluded from the study. Another criterion used in patient 
selection was timing. Patients who presented during the 
pandemic period were not included in the study. Based on the 
pandemic start date, patients who presented within the last year 
constitute the pre-pandemic group. Based on the pandemic end 
date, patients who presented within the last year constitute the 
post-pandemic group. Both groups were separately subjected 
to the Sydney Criteria. Developed by pathologists in 1990, the 
Sydney Criteria still retain their importance today. The criteria, 
updated in 1994, attempt to define the severity of gastritis by 
considering chronic inflammation, neutrophil activity, GA, IM, 
and Helicocacter pylori (H. Pylori) density in gastric biopsies. 
Accordingly, each parameter is expressed in four grades, 
numbered 0, 1, 2, and 3, representing increasing severity 
from 0 (no severity) to 3 (most severe), as determined by the 
pathologist. For this reason, another criterion applied in patient 
selection was that only patients whose biopsies were evaluated 
by the same pathologist were included in the study.

Ethical Approval

The study received ethical approval from the Non-
Interventional Clinical Research Ethics Committee of Erzincan 
Binali Yıldırım University with decision number: 470098, dated 
31.07.2025.

Statistical Analysis

Percentages were calculated for each Sydney criteria parameter. 
Group comparisons were performed using descriptive statistics.

The percentage method was used because it is easy and 
understandable. Patients in two main groups, pre-pandemic 
and post-pandemic, were classified.

And each group classified according to the Sydney criteria, 
with each parameter evaluated separately and gastritis severity 
increasing from 0 to 3. Percentage ratios were then calculated 
and compared.

RESULTS
Pre-pandemic group: 62 female, 45 male, mean age 58.6 years. 
Post-pandemic group: 50 females and 46 males (mean age 57.6 
years). No significant demographic differences were noted.

The distribution of pre-COVID-19 gastritis patients, according 
to the Sydney criteria, is shown in Table 1.

Table 2 shows the distribution of patients with post-COVID-19 
gastritis according to the Sydney criteria.

According to the Sydney criteria, in the Activation Criterion, 
52.3% showed no cases before COVID-19, while the group with 
3 positive cases (3.7%) was observed to be the least frequent 
group. Similarly, according to the Sydney criteria, in the post-
COVID-19 period, 55.2% showed no cases, while the group with 
3 positive cases (0%) was observed to be the least frequent 
group. Our study observed that the COVID-19 pandemic did 
not affect the Activation Criterion.

According to the Sydney criteria, in the Chronic Inflammation 
Criterion, in the pre-COVID-19 period, 49.5% showed the 
most cases in the group with 2 positive cases (53 patients), 
while the group with 0 positive cases (0.9%) was observed to 
be the least frequent group. According to the Sydney criteria 
for Chronic Inflammation, in the post-COVID-19 period, the 
highest percentage (39.6%) was found in the 2-positive group, 
while the 0-positive patient group had no patients, as in the 
pre-COVID-19 period. Our study observed that the COVID-19 
pandemic did not affect the Chronic Inflammation Criterion.

According to the Sydney criteria for H. pylori, in the pre-
COVID-19 period, the highest percentage (57.9%) was found 
in the 0-positive group, comprising 62 patients, while the 
4-positive patient group had the lowest percentage (3.7%). 
According to the Sydney criteria for H. pylori, in the post-
COVID-19 period, the highest percentage (70.8%) was found 
in the 0-positive group, comprising 68 patients, while the 
5-positive patient group had the lowest percentage (5.2%). Our 
study observed that the COVID-19 pandemic did not affect the 
H. pylori Criterion.

MAIN POINTS
•	 One of the most common stomach diseases is gastritis, 

and most studies in the literature related to the 
Coronavirus disease-2019 (COVID-19) pandemic focus 
on the pandemic period.

•	 This study was planned to investigate the post-
pandemic effects.

•	 Our study observed that the COVID-19 pandemic did 
not affect the severity of gastritis according to the 
Sydney Criteria.
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According to the Sydney criteria for metaplasia, in the pre-
COVID-19 period, the highest percentage (80.3%) was found 
in the 0-positive group, comprising 62 patients, while the 
lowest percentage (2 patients) was observed in the 3-positive 
group.

According to the Sydney criteria for metaplasia, in the pre-
COVID-19 period, the highest percentage (80.4%) was found in 
the 0-positive group, comprising 86 patients, while the lowest 
percentage (2 patients) was observed in the 3-positive group. 
According to the Sydney criteria for metaplasia, in the post-
COVID-19 period, the highest percentage (79.2%) was found in 
the 0-positive group, comprising 76 patients, while no positive 
patients were observed in the 3-positive group.

Our study observed that the COVID-19 pandemic did not affect 
the metaplasia criterion.

According to the Sydney criteria, in the pre-COVID-19 period, 
the Atrophy Criterion was observed to be most prevalent in the 
0-positive group (99%), with only 1 patient in the 2-positive 
group, and no patients in the 1-positive and 3-positive patient 
groups. Similarly, in the post-COVID-19 period, the Atrophy 
Criterion was observed to be most prevalent in the 0-positive 
group (99%), with only 1 patient in the 1-positive group, and 
no patients in the 2-positive and 3-positive patient groups. Our 
study observed that the COVID-19 pandemic did not affect the 
Atrophy Criterion.

DISCUSSION
The development of gastritis is multifactorial and includes diet, 
medications, infections, and emotional stress.1-3 COVID-19 
was suspected to affect the GI system.8-10 Some studies 
reported that patients with GI symptoms had worse respiratory 
outcomes.10,11 Others emphasized that COVID-19 may progress 
asymptomatically.12,13 

It is noteworthy that a considerable portion of the existing 
literature was conducted exclusively during the pandemic 
period and, therefore, did not encompass both the pre- and 
post-pandemic intervals. In several of these studies, the most 
frequently reported GI symptoms were abdominal pain, nausea, 
and diarrhea.

In the present study, inclusion criteria were restricted to 
patients who underwent upper GI endoscopy specifically 
due to upper GI symptoms, from whom biopsy samples were 
obtained, and who subsequently received a histopathological 
diagnosis of gastritis. In this way, individuals who may have 
experienced the disease but had not yet received a formal 
diagnosis were inadvertently incorporated into the sample. 
The intention was to capture a broader population-level effect 
rather than an isolated individual impact. We consider that one 
potential explanation for the absence of significant differences 
between the pre-pandemic and post-pandemic groups 
according to the Sydney criteria may be the inclusion of such 
potentially undiagnosed individuals. Unlike previous studies.8,9 
our retrospective analysis comparing pre- and post-pandemic 
patients showed no significant changes in gastritis severity 
according to the Sydney criteria.4

Study Limitations 

This study has several limitations. First, because the research 
was retrospective, data were obtained from archived endoscopy 
reports and pathology records. This carries the risk of incomplete 
documentation, measurement inconsistencies, and potential 
information bias. Although the Sydney classification was used 
to standardize gastritis assessment, interobserver variability 
could not be completely eliminated.

Second, due to restrictions applied during the COVID-19 
pandemic, indications for endoscopy changed, with priority 
given to symptomatic or urgent cases. This may have caused 
selection bias within the sample and led to uncontrolled 

Table 1. Distribution of Pre-COVID-19 Gastritis Patients According to the Sydney criteria (n=107)
Parameter 0 1 2 3 Total (%)

Activation 56 (52.3%) 35 (32.7%) 12 (11.2%) 4 (3.7%) 107 (100%)

Chronic inflammation 1 (0.9%) 33 (30.8%) 53 (49.5%) 20 (18.7%) 107 (100%)

H. pylori 62 (57.9%) 15 (14.0%) 26 (24.4%) 4 (3.7%) 107 (100%)

Metaplasia 86 (80.4%) 11 (10.3%) 8 (7.5%) 2 (1.9%) 107 (100%)

Atrophy 106 (99.1%) 0 (0.0%) 1 (0.9%) 0 (0.0%) 107 (100%)
H. pylori, Helicobacter pylori.

Table 2. Distribution of Post-COVID-19 Gastritis Patients According to the Sydney criteria (n=96)
Parameter 0 1 2 3 Total (%)

Activation 53 (55.2%) 33 (34.4%) 10 (10.4%) 0 (0.0%) 96 (100%)

Chronic inflammation 0 (0.0%) 28 (29.2%) 38 (39.6%) 30 (31.2%) 96 (100%)

H. pylori 68 (70.8%) 9 (9.4%) 14 (14.6%) 5 (5.2%) 96 (100%)

Metaplasia 76 (79.2%) 16 (16.7%) 4 (4.2%) 0 (0.0%) 96 (100%)

Atrophy 95 (99.0%) 1 (1.0%) 0 (0.0%) 0 (0.0%) 96 (100%)
H. pylori, Helicobacter pylori.
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differences in clinical characteristics between the pre-
pandemic and post-pandemic groups.

Third, the study was conducted at a single center with a 
limited sample size. Therefore, the generalizability of the 
findings to other regions or diverse patient populations is 
restricted. Additionally, factors known to influence the severity 
of gastritis—such as H. pylori infection, non-steroidal anti-
inflammatory drug use, proton pump inhibitor therapy, smoking, 
stress level, dietary habits, and comorbid conditions—could not 
be fully controlled.

Fourth, the pre-pandemic and post-pandemic periods were 
restricted to specific intervals. Thus, the dynamic and phase-
dependent effects of the pandemic on gastritis could not be 
comprehensively evaluated. Furthermore, the relatively short 
observation period prevented the assessment of long-term 
morphological changes in the gastric mucosa.

Finally, due to the observational and retrospective design of the 
study, causal inferences regarding the impact of the COVID-19 
pandemic on gastritis severity cannot be made. The results 
reflect associations and trends between the two periods rather 
than direct causality.

Future multicenter, prospective studies with larger sample sizes 
and more detailed control of lifestyle and infection-related 
variables will contribute to a clearer and more generalizable 
understanding of the pandemic’s effect on gastritis.

CONCLUSION
According to the Sydney criteria, COVID-19 did not cause 
persistent changes in gastritis severity. Larger series are needed 
to confirm these findings.
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INTRODUCTION
The maxillary sinus epithelium is ciliated and captures foreign 
materials, carrying them to the ostium via spiral movements. 
The drainage ostium of the maxillary sinus is located in the 
anterior one-third of the ethmoid infundibulum, between 
the processus uncinatus and the lamina papyracea. When 
pathology is present, ciliary wave motion is disrupted, and 
foreign substances cannot be expelled from the ostium. 

For mucociliary drainage to function normally, ostia and 
mucociliary transport pathways must remain patent.1

Implant placement in the posterior atrophic maxilla can be a 
challenging surgical procedure because of insufficient bone 
height due to maxillary sinus expansion. Maxillary sinus floor 
elevation procedures are often necessary for implant treatment 
planning in the presence of insufficient bone height.2 During 
these procedures, two distinct complications may arise from 
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ABSTRACT
Objective: To determine the frequency of anatomic variations, pathologies, and physiological alterations in the maxillary sinus, and to identify 
the most common combinations in which these risk factors coexist and may predispose to perforation of the maxillary sinus membrane. The 
relationship between the most common potential risk factor and patients’ age, gender, and dental status was also evaluated. 

Methods: Radiographic examinations of the anatomic variations, pathologies, and physiological alterations in 500 maxillary sinuses from 
376 patients were classified under 16 headings using cone beam computed tomography images, and their coexistence was evaluated. For 
each evaluated sinus, every pathology, physiological alteration, and anatomic variation observed was recorded. A Mann-Whitney U test was 
conducted to assess the effect of age, sex, and dental status on the most common potential risk factor. 

Results: The average mucosal thickening was 3.64 mm. Pathological mucosal thickenning was the most common pathology in the maxillary 
sinus (67.2%). The rates of mucosal thickening, septa-mucosal thickening, interruption of the medial sinus wall, and pneumatization-septa-
mucosal thickening were 30.8%, 29.2%, 7.6%, 6.2%, respectively. Pathological mucosal thickenning was the most common in partially 
edentulous, males, aged 36-53 years (P < 0.05). 

Conclusion: The most common anatomic variations, physiological alterations, and pathologies in the maxillary sinus were pathological 
mucosal thickening, septa, interruption of the medial sinus wall, and pneumatization. The most coexisting combinations were mucosal 
thickening-septa and pneumatization-septa-mucosal thickening. In addition to these combinations, partially edentulous patients of 36-53 
age group may be considered as sinus membrane perforation risk.
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anatomical variations, physiological alterations, or pathologies. 
The most common of these is maxillary sinus membrane 
perforation, which occurs in 20-60% of cases; the second most 
common is bleeding.3 Generally, inadequate surgical planning 
or maneuvers are the major cause of membrane perforation.4 
Although maxillary sinus floor elevation procedures cause 
these complications, the high survival rates of implants placed 
in grafted sinuses make this method advantageous.5 Therefore, 
a thorough knowledge of the anatomy, physiology and possible 
variations of the maxillary sinus to minimize the risk of potential 
complications associated with the surgical procedure is 
important to improve success of the procedures.6 

Numerous studies have investigated risk factors for maxillary 
sinus pathologies and sinus membrane perforation. It has 
been reported that the membrane perforation rate is inversely 
proportional to maxillary sinus mucosal thickness. In addition, 
the cortical thickness of the lower border of the maxillary sinus 
has been inversely associated with membrane perforation. 
Odontogenic and periodontal infections affect the cortical 
border. The principal factors related to the maxillary sinus 
are the presence and height of septa, residual ridge height, 
thickness of the lateral sinus wall, antrum width, and the 
extent and condition of mucosal thickening.7-9 The parameters 
determined in this study such as pneumatization, septa, 
exostosis, pathological mucosal thickening, polypoid lesion, 
interruption of the sinus floor, interruption of the medial 
sinus, lateral wall bone thickening, antroliths, fluid retention, 
foreign bodies, interruption of the lateral sinus wall, ectopic 
tooth in the sinus, root in the sinus may directly or indirectly 
cause perforation of the sinus membrane or spread of existing 
infection during or after sinus surgery.

However, no study has evaluated the distribution of multiple 
pathologies, variations, and physiological alterations in the 
sinus in relation to their coexistence. Also to our knowledge 
relationship between the most common potential risk factor 
and patients’s age, gender, and dental status has not been 
evaluated yet. The hypothesis of our study was that the risk of 
sinus membrane perforation would increase as the prevalence 
of coexisting anatomic variations, physiological alterations, and 
pathologies in a single sinus increased. Morover the importance 
of maxillofacial surgeons’ and radiologists’ knowledge on the 
most common potential risk factor and subsequent coexistence 
combinations is emphasized. 

MATERIAL AND METHODS
Study Samples

This retrospective study included cone-beam computed 
tomography (CBCT) images of the maxillary posterior regions 
of 2,500 patients, retrieved from the archives of the Faculty 
of Dentistry of Ege University, for whom data on sex, age, and 
indications for scanning were available. The Clinical Research 
Ethics Committee of the Medical Faculty of Ege University 
approved this study (approval no: 14-7.1/6, date: 08.09.2014), 
and informed consent was obtained from all participants. 
Images with artefacts (e.g., beam hardening, noise, metal 
artefacts, and ring artefacts), images of individuals younger 
than 18 years (because the maxillary sinus continues to develop 
until age 18)10, images with prosthetic restorations on the teeth, 
and unclear, low-quality, or incomplete images were excluded. 
A total of 500 images were included in the study.

To evaluate the age distribution of maxillary sinus pathologies, 
anatomic variations, and physiological alterations, patients were 
divided into four age groups: 18-35, 36-53, 54-71, and ≥ 72 
years. The patients were further subdivided into three groups 
according to their dental status: dentate, partially edentulous, 
and totally edentulous.

CBCT Image Analysis

The CBCT images of all the patients were obtained using 
a Kodak 9000 3D device (Carestream Health, Rochester, 
NY, USA), with total filtration > 2.5 mm Al, a 5 × 3.7 cm 
field of view (FOV), a 76 µm isotropic voxel size, and 14-bit 
contrast resolution. The CBCT images were taken at 70 kVp 
(maximum of 10 mA) by positioning the patient perpendicular 
to the sagittal plane and parallel to the Frankfort horizontal 
plane. All CBCT images were retrospectively evaluated by 
a dentomaxillofacial radiologist with 5 years’ experience, 
using Care stream 3D Imaging Software 3.1.9 (Carestream 
Health, Inc., Rochester, NY, USA). The anatomic variations, 
physiological alterations and maxillary sinus pathologies were 
evaluated on the axial, sagittal, and coronal sections of all the 
CBCT images, and the amounts of mucosal thickening were 
measured on the sagittal and coronal sections. Measurements 
were made along a straight line from the deepest point of 
curvature of the maxillary sinus floor to the point of greatest 
mucosal thickening (Figures 1 and 2). Measurements of this 
parameter were made separately in the right and left maxillary 
sinuses. All data were recorded and correlations between this 
variable were evaluated. To ensure consistency, the first author 
selected all images and measured maxillary sinus mucosal 
thickening. Fifty percent of these images (250 images) were 
randomly selected, re-marked, and re-measured. Coefficient 
of variation (CV) analysis was performed to determine the 
accuracy and reproducibility of the measurements. For this 
purpose, the first author re-measured the images two weeks 
after the initial measurements, and the first and second 
measurements were analyzed for 250 randomly selected 
dental CT images.

MAIN POINTS
•	 Pathological mucosal thickening alone was a strong risk 

factor for maxillary sinus membrane perforation.

•	 The presence of multiple coexisting risk factors may 
further increase the likelihood of maxillary sinus 
membrane perforation.

•	 Cone beam computed tomography examination is 
essential for major surgical procedures.
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Study Variables

Assessment of Maxillary Sinus Anatomic Variations, 
Physiological Alterations and Pathologies 

Anatomic variations identified were septa, exostoses, and 
lateral wall bone thickening. Physiological alterations were 
categorized as pneumatization and normal mucosal thickening. 
Pathologies identified included pathological mucosal 
thickening; polypoid lesions; interruption of the sinus floor and 
of the medial and lateral sinus walls; antroliths; fluid retention; 
foreign bodies; ectopic tooth in the sinus; and tooth root in the 
sinus. 

The pathologies, physiological alterations, and anatomic 
variations in the maxillary sinus found on the coronal, sagittal, 
and axial sections of the CBCT images were classified as 
follows: 1) pneumatization (a), 2) septa (b), 3) exostoses (c), 
and 4) mucosal thickening > 0 mm; the presence of mucosal 
thickening greater than 0 mm was evaluated as a physiological 
alteration and a pathology. The presence or absence of mucosal 
thickening was evaluated.), normal mucosal thickenning (d) 5) 

pathological mucosal thickenning (e), 6) polypoid lesion (f) 7) 
interruption of the sinus floor (g), 8) interruption of the medial 
sinus wall (h-ı), 9) lateral wall bone thickening (i), 10) antroliths 
(j), 11) fluid retention (k), 12) foreign bodies (greft.etc) (l),13) 
interruption of the lateral sinus wall (m), 14) ectopic tooth in the 
sinus (n), 15) root in the sinus (o), (Figure 3). Since the presence 
of multiple pathologies, physiological alterations, and variations 
was thought to increase the risk of surgical complications, every 
pathology, physiological alteration, and variation observed in 
the sinus was recorded. Thus, only the presence or absence of 
the specified parameters was evaluated, and measurements 
were limited to pathological and normal mucosal thickening.

Evaluation of the Images

Measurements of Mucosal Thickenning

Maximum mucosal thickness was measured as the greatest 
distance from the sinus floor on the coronal and sagittal 
sections, and values greater than 0 mm were defined as 
mucosal thickening. Figures 2a, 2b, and 3d show the normal 
mucosal thickening measurements of the patients. In the 

Figure 1. Detailed radiographic demonstration of mucosal thickening measurements. a) Coronal sections b) Sagittal sections.

Figure 2. Radiographic demonstration of mucosal thickening measurements. a) Normal mucosal thickenning coronal sections, 
b) normal mucosal thickenning sagittal sections, c) pathologic mucosal thickenning coronal sections, d) pathologic mucosal 
thickenning coronal sections.
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current study, mucosal thickening of more than 2 mm was 
considered pathological (Figures 1a, 1b, 2c, 2d, 3e). Thus, the 
range of 0-2 mm represents physiological variation in mucosal 
thickness. Also, when a point in mucosal thickenning was 
measured more than 2 mm, it was evaluated as pathological 
mucosal thickenning.7,11-12 

Types of Mucosal Thickenning

In all the patients, the types of mucosal thickenning were 
determined on the sagittal sections of CBCT images according 
to the classification criteria of Kocak et al.13: 1) normal (less 
than < 2 mm), 2) flat (flat, limited), 3) semipheric (polypoid), 
4) mucocele-like (filling the sinus) or 5) mixed (both flat and 
polypoid). All types of mucosal thickening ≥ 2 mm were defined 
as pathological mucosal thickening.11,12

Mucosal Thickenning-Related Factors

Among the patients evaluated, mucosal-thickening-related 
factors were determined on sagittal CBCT sections according 
to Maillet et al.’s14 classification criteria: 0) total edentulism; 
1) stable, healthy mucosal thickening < 2 mm; 2) odontogenic 
sinusitis (i.e., mucosal thickening or polypoid pathology limited 
to a tooth); 3) non-odontogenic sinusitis (i.e., sinusitis occurring 
in the absence of an odontogenic origin; mucosal thickening 
not restricted to any one tooth); and 4) unknown origin  
(i.e., sinusitis for which the origin cannot be determined when 

more than one odontogenic factor is present; mucosal thickening 
not limited to any one tooth in the presence of a tooth with a 
defective restoration, a periapical lesion, any carious tooth, or a 
disrupted socket). Because mucosal thickening was evaluated 
with respect to odontogenic factors, totally edentulous 
patients were excluded from this analysis. Therefore, mucosal 
thickening in edentulous patients was evaluated to distinguish 
pathological from normal mucosal thickening.

Statistical Analysis

Descriptive statistics were used to summarize the distribution 
of maxillary sinus pathologies and anatomical variations. The 
Mann-Whitney U test was performed to evaluate the effects of 
age, sex, and dental status on the most common potential risk 
factor. A value of P < 0.05 was considered significant.

RESULTS
Demographic Data

Of the 2,500 CBCT images of the maxillary posterior region, 
500 maxillary sinus images from 376 patients met the inclusion 
criterion. In the population analyzed, of the 376 patients, 177 
were women (47%) and 199 were men (53%) with a mean 
age of 45.24 years (range: 18 to 90 years). Figure 4 presents 
the CBCT scanning indications among the 500 maxillary sinus 
cases: 256 (51.2%) sinuses in males and 244 (48.8%) sinuses 
in females. 

Figure 3. Radiographic demonstration of identified anatomical variations in the maxillary sinuses. a) Pneumatization, b) septa, c) 
exostoses, d) normal mucosal thickenning, e) pathological mucosal thickenning, f) polypoid lesion, g) interruption of the floor, h-ı) 
interruption of the medial wall, i) lateral bone wall thickening, j) antrolith, k) fluid retention, l) foreign body, m) interruption of the 
lateral wall, n) ectopic tooth, o) root.
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The age distribution of the participants was as follows: 18-35 
years (34.2%), 36-53 years (30.6%), 54-71 years (33.0%), and 
≥ 72 years (2.2%). In the patient population, 45.6%, 33.6%, and 
20.8% of cases were partially edentulous, dentate, and totally 
edentulous, respectively. 

Study Variables

Assessment of Maxillary Sinus Anatomic Variations, 
Physiological Alterations and Pathologies 

Interruption of the sinus floor, fluid retention, and both bony 
thickening and interruption of the lateral wall were conditions 
observed in association with other pathologies.

The most common potential risk factor was pathological 
mucosal thickening, with a rate of 67.2%. Then, frequently 
observed maxillary sinus pathologies, physiological alterations 
and anatomic variations were found as, mucosal thickenning 
(30.8%); septa and mucosal thickenning (29.2%); interruption 
of the medial sinus wall (7.6%); pneumatization, septa and 
mucosal thickenning (6.2%); sinus opacifying lesions (4.4%); 
and septa (3%) (Table 1). The CV for measurements of maxillary 
sinus mucosal thickening was found to be 0.91%.

Evaluation of the Images

Types of Mucosal Thickenning

The most common mucosal thickening type was flat (34.8%), 
followed by normal (32.8%), semipheric (11.6%), mixed (11.4%), 
and mucocele-like (9.4%) (Figure 5). The average mucosal 
thickenning was 3.64 mm.

Mucosal Thickenning-Related Factors

The percentages of normal mucosal thickening (< 2 mm), non-
odontogenic sinusitis, mucosal thickening of unknown origin, 
and odontogenic sinusitis were 29%, 19.4%, 18.6%, and 12%, 
respectively; 21% of the total edentulism cases were excluded 
from mucosal thickening-related factors. Pathological mucosal 
thickening was most common in partially edentulous individuals 
(P = 0.001), in males (P = 0.005), and in those aged 36-53 years 
(P = 0.05) (Table 2).

Figure 4. Distributions of the CBCT indications of the participants.
CBCT, cone-beam computed tomography.

Table 1. Pathologies and AVs With Distributions Above 1% in MS
AVs and pathological formations Distribution %

No pathology and/or variation 3.6%

Septa 3%

Mucosal thickening 30.8%

Sinus opacifying lesion (retention cyst, polyp, etc.) 4.4%

Interruptionof the medial sinus wall 7.6%

Mucosal thickening and septa 29.2%

Septa and sinus opacifying lesion 1.8%

Pneumatization, septa, and mucosal thickening 6.2%

Septa, mucosal thickening, and antrolith 1%

Septa, mucosal thickening, and interruption of the 
medial sinus wall 1%

AVs, anatomic variations; MS, maxillary sinus
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Table 2. Distributions of Normal and Pathological MT According to Age, Sex and Dental Status
Normal MT PMT Total

Age

18-35
74

14.8%

97
19.4%

P > 0.05

171
34.2%

36-53
33

6.6%

120
24%

P = 0.05

153
30.6%

54-71
50

10%

115
23%

P > 0.05

165
33%

72-90
7

1.4%

4
0.8%

P > 0.05

11
2.2%

Sex

Female
95

19%

149
29.8%

P > 0.05

243
48.7%

Male
69

13.8%

187
37.4%

P = 0.005

257
51.3%

Dental Status

Dentate
73

14.6%

95
19%

P > 0.05

168
33.6%

Partially 
edentulous

64
12.8%

164
32.8%

P = 0.001

228
45.6%

Total edentulous
27

5.4%

77
15.4%

P > 0.05

104
20.8%

MT, mucosal thickening; PMT, pathological mucosal thickening.

Figure 5. Distribution of the types of mucosal thickening in the maxillary sinuses of participants.
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DISCUSSION
In the current study, the most frequently encountered maxillary 
sinus pathologies, physiological alterations, and anatomic 
variations are: pathological mucosal thickening, followed by 
mucosal thickening, septa, interruption of the medial sinus 
wall, pneumatization, and sinus opacifying lesions. When 
the maxillary sinus pathologies, physiological alterations 
and anatomic variations are analysed with respect to their 
coexistence; mucosal thickening and septa binary combination; 
interruption of medial wall and a combination of mucosal 
thickenning, septa and pneumatization was found to be most 
frequent respectively. Vogiatzi et al.15 concluded that the most 
common maxillary sinus pathologies and anatomic variations 
were mucosal thickenning, septa and pneumatization in their 
systematic review. However Ata-Ali et al.16 determined that, 
the most common pathologies and anatomic variations were 
mucosal thickening, sinusitis and sinus opacification in their 
systematic review.

The present study differs from that of previous studies due 
to the use of CBCT with a limited FOV, the use of different 
classification criteria based on the coexistence of anatomic 
variations and maxillary sinus pathologies, and the inclusion 
of a general population without specific indications (e.g. 
orthodontic, implant surgery or trauma patients).17,18

In the current study, the rate of pathological mucosal thickening 
was 67.2%, which is consistent with the result reported by 
Lana et al.19 Differences in age groups, target populations, 
sample sizes, and classification probably explain the variation in 
reported incidence rates of pathological mucosal thickening in 
the literature (12%-67.2%).7,17,19,20-23 In our study, the most up-
to-date, commonly accepted classification system, pathological 
mucosal thickening > 2 mm, was used.7,11,12,14,20,23

Previous studies that evaluated the maxillary sinus reported 
mean mucosal thickening values ranging from 2.69 to 3.38 
mm.3,24 The average mucosal thickening was 3.64 mm 
(maximum: 6.24 mm, minimum: 1.04 mm) in our study. 
Investigators reported that mucosal thickenning may vary 
according to age and sex with increased mucosal thickenning 
found among those older than 40 years, with a male 
preponderance.17,21 In the current study, pathological mucosal 
thickening was significantly higher in men (P = 0.005) and in 
participants aged 36-53 years (P = 0.05) than in females and 
other age groups, which is consistent with the literature.17,21 The 
preponderance of pathological mucosal thickening in men may 
be explained by poorer oral hygiene and higher smoking rates 
compared with women. 

A previous study demonstrated that the presence of chronic 
bacterial inflammation can lead to mucosal thickening of 
the maxillary sinus.23 Although some studies have evaluated 
the relationship between periodontal bone loss and mucosal 
thickening23,24, none have examined the relationship between 
dental status and mucosal thickening. In the current study, 
pathological mucosal thickening was most common among 
partially edentulous patients (P = 0.001), demonstrating a 
correlation between dentition and mucosal thickening.

The maxillary sinus is at risk of bacterial, fungal, viral, or 
odontogenic infections because of its anatomic position. 
Untreated odontogenic inflammation may cause sinusitis 
by extending into the maxillary sinus.20 Therefore, imaging of 
the maxillary sinus is important for preventing inflammation-
related complications, as well as for diagnosis and treatment 
planning.3 A previous study reported that implant therapy and 
tooth extraction were potential causes of mucosal thickening.25 
Studies on the effects of mucosal thickenning emphasized 
that mucosal thickenning caused by dental factors contributed 
to the development of odontogenic sinusitis and that mucosal 
thickenning was associated with periodontal destruction.14,23,24 
Radiological images alone are not sufficient to confirm maxillary 
sinus pathology and anatomic variations, and clinical and 
radiological findings should be evaluated together, especially in 
the sinusitis diagnosis.7

CBCT is considered as an radiologic gold standard for implant 
planning, prior to implant procedures to determine the 
coexistence of maxillary sinus pathologies and anatomic 
variations and to prevent potential complications.26 In the 
current study, implant planning (55.6%) was the primary reason 
for CBCT scanning, similar to the findings of Rege et al.21. 
Various imaging methods, including panoramic radiography, 
combined with CT and magnetic resonance imaging have 
been used to evaluate maxillary sinus pathologies.17,18,27 Studies 
comparing the effectiveness of various radiographic methods 
for evaluating anatomic variations and pathologies of the 
maxillary sinus found that CBCT was the superior method.17 In 
a previous study comparing panoramic radiography with CBCT, 
panoramic radiography failed to detect mucosal thickening < 
3 mm.18 CBCT allows detection of anatomic and pathological 
structures because it provides high spatial resolution and 
employs isotropic voxels.2,17 Decreasing FOV and voxel size, the 
sensitivity and accuracy of CBCT images increases. Therefore, a 
smaller FOV provides higher diagnostic accuracy.28 

Sayar and Aydın29 conducted their study on a smaller sample 
comprising approximately 230 sinuses and used a CBCT device 
with an imaging field of 23 × 17 cm. Contrary to the findings of 
our study, they reported septal deviation as the most common 
pathology (13.9%), whereas mucosal thickening was the least 
common (2.6%). In contrast, Yalcin and Akyol30 evaluated 650 
maxillary sinuses in 2019 using CBCT devices with FOV of 
16 × 5 cm, 16 × 9 cm, and 16 × 16 cm and identified mucosal 
thickening as the most prevalent pathology (53.5%). Similarly, 
Dogan et al.31, in a 2024 study analyzing 1.000 maxillary 
sinuses with a 13 × 16-mm FOV, found a 45.8% prevalence 
of pathological mucosal thickening. Kawai et al.32 reported 
incidental radiodensities in 56.3% of 338 maxillary sinuses 
examined in 2019 using FOVs of 20 × 10 mm and 20 × 17 mm. 
In our study, pathological mucosal thickening was observed in 
67.2% of cases when a CBCT device with a significantly smaller 
FOV of 5 × 3.7 cm was used. The variation in findings across 
these studies may be attributed to differences in pathology-
defining criteria, methodological approaches, and, particularly, 
the size of the FOV used during imaging.
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Bone volume/height in the posterior maxilla is affected by a 
number of different factors; many factors such as age, gender, 
race, sinus pneumatization, trauma history and extraction of 
adjacent teeth, periodontitis, osteoporosis, edentulous period, 
multiple tooth extraction are the causes of atrophic alveolar 
ridge.12,33 Risk assessment for maxillary sinus perforation 
includes factors such as sinus membrane thickness, septal 
presence and orientation, residual bone height, smoking status, 
sinusitis, and gingival biotype.34,35

Maxillary sinus membrane perforation is the most common 
complication encountered during lateral maxillary sinus floor 
elevation procedures and is associated with multiple factors. 
Prospective clinical studies reported in the literature identify 
age, presence of edentulous areas, lateral wall thickness, 
residual bone height, membrane thickness, smoking, presence 
of septa, and presence of mucous retention cysts as the most 
commonly reported factors associated with increased risk. 
Strategies to reduce risk in implant surgery vary depending on 
the physician’s knowledge and skills, the technique applied, the 
surgical instruments and devices used, and treatment planning. 
Schneiderian membrane perforation, which is closely related 
to the anatomical variations of the maxillary sinus, can occur 
when local stress exceeds the membrane’s stretch potential. 
The choice of surgical approach and the clinical outcomes 
are affected by the tensile properties of the Schneiderian 
membrane. In addition to residual bone height, clinicians should 
consider the stress potential, which is affected by membrane 
health status, maxillary sinus contours, and the presence of 
antral septa, when evaluating the choice of surgical approach 
and clinical outcomes.36

The risk of sinus pathologies can be reduced through 
therapeutic interventions by ear, nose, and throat specialists. 
A thick Schneiderian membrane is required for a safe sinus-
lift procedure; pathology weakens the membrane, making it 
vulnerable to perforation.34-39 Although not all of these criteria 
were included in our study, they were included as predictive 
factors. The limitations of our study include the small FOV of 
our CBCT device, its archival design, and the inability to evaluate 
multiple factors simultaneously. In addition to age, gender, 
and dental status, factors such as smoking, systemic disease 
status, and previous sinus surgery should also be included in the 
sample.

The study design is retrospective, and archival radiographic 
records were analyzed to derive conclusions and insights.40 
Prospective studies may be considered to confirm the findings 
and further investigate potential risk factors.41 Using our study 
methodology as the basis for clinical prospective studies of 
membrane-perforation risk, and observing changes in maxillary 
sinus mucosa thickness and sinusitis risk over time, will provide 
a more comprehensive understanding of the study. 

CONCLUSION
In this study, potential risk factors were identified as 
pathological mucosal thickening (67.2%), mucosal thickening 
(30.8%), septa-mucosal thickening (29.2%), non-odontogenic 

sinusitis (19.4%), mucosal thickening of unknown origin (18.6%), 
odontogenic sinusitis (12%), interruption of the medial sinus 
wall (7.6%), pneumatisation–septa–mucosal thickening (6.2). 
Particular attention should be paid to the presence of these 
factors. Membrane perforation, which is closely associated with 
anatomical variations of the maxillary sinus, can occur when 
local tension exceeds the membrane’s stretch potential. In this 
regard, the presence of more than one pathology during sinus 
lift procedures may further increase the risk of local, tension-
related perforations and susceptibility to infection. Patient-
specific factors should be carefully evaluated before surgical 
procedures, and detailed imaging should be performed using 
CBCT to minimize potential complications. 
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INTRODUCTION
Ischemia-reperfusion (I/R) injury refers to secondary organ 
and tissue damage that occurs following the restoration of 
blood flow (reperfusion) to ischemic tissue.1 Ischemia, in 
contrast, refers to a state in which issue blood flow is partially 
diminished or entirely halted by various underlying factors, 
leading to an inadequate delivery of molecular oxygen (O2) or 
a complete absence of oxygen within the affected tissues.2 
As is well known, I/R injury can occur in nearly all organs and 
tissues.3 The sequence of ischemia followed by reperfusion 
can occur during numerous surgical interventions, such as lung 
transplantation.4 Notably, pulmonary I/R injury is regarded as a 
leading factor in the development of primary graft dysfunction 
after lung transplantation and remains a significant contributor 
to perioperative morbidity and mortality in thoracic surgical 
practice.5 It is well established that reperfusion causes more 
severe tissue damage than ischemia alone.6 Matrix remodeling, 
angiogenesis, and fibrosis.7

Neutrophil-mediated inflammatory amplification further 
accelerates epithelial and microvascular injury, influencing 
postoperative respiratory outcomes. The primary mechanism 
underlying reperfusion injury is related to the reoxygenation 
that occurs during reperfusion. During this process, the 

xanthine oxidase accumulated throughout ischemia converts 
hypoxanthine to xanthine in the presence of an excessive 
supply of O2, leading to the generation of abundant reactive 
oxygen species (ROS).6,8 ROS, which act as key mediators 
during reperfusion, attack membrane lipids and promote the 
generation of harmful lipid peroxidation products, including 
aldehydes and malondialdehyde.6 Among the most extensively 
studied ROS are the superoxide anion (O2), hydroxyl radical, 
hydrogen peroxide, hypochlorous acid, and peroxynitrite, 
which is derived from nitric oxide.2 In lung tissue, excessive 
ROS generation occurs both during ischemia and following 
reperfusion.9 Endothelial cells and type II pneumocytes play 
a major role in the generation of ROS in the lungs. Moreover, 
the mechanisms of oxidative injury induced by ischemia and 
hypoxia in the lungs are known to differ from each other.3 It 
has been proposed that oxidative stress during pulmonary 
ischemia can occur independently of adenosine triphosphate 
depletion.3,10 

Another mechanism of I/R injury involves the increase in 
intracellular calcium levels during ischemia, which activates 
phospholipase A2. This activation enhances the production of 
arachidonic acid from membrane phospholipids, leading to the 
activation of cyclooxygenase-2 (COX-2) and the subsequent 
release of proinflammatory prostaglandins and reactive oxygen 
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ABSTRACT
Pulmonary ischemia-reperfusion (I/R) injury is recognized as a key factor in the development of primary graft dysfunction and remains 
a major cause of perioperative morbidity and mortality in both lung transplantation and thoracic surgical procedures. This type of injury 
encompasses several pathological mechanisms, including oxidative stress, inflammation, and fibrosis. Literature indicates that I/R injury 
begins with tissue hypoxia, reperfusion-induced oxidative stress is closely linked to disruption of the endothelial barrier, contributing to 
early edema formation and impaired pulmonary compliance. Followed by the excessive generation of reactive oxygen species, and further 
progresses through an amplified inflammatory response. These observations highlight the essential role of antioxidants in both preventing 
and managing I/R injury across various tissues and organs.
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species (ROS). Pharmacologic strategies, including antioxidant 
therapy and modulation of inflammatory signaling pathways, are 
increasingly being explored to mitigate pulmonary dysfunction.

As evidenced by the literature, I/R injury is a pathological 
condition initiated by a lack of oxygen in the tissue, progresses 
with the generation of ROS, and expands through inflammatory 
responses.6 Therefore, the treatment of pulmonary I/R 
injury requires an integrated and multidisciplinary approach 
encompassing surgical, anesthetic, and pharmacological 
strategies.5 It has been suggested that antioxidant therapy may 
be beneficial in preventing tissue damage caused by increased 
oxidant production. Protective ventilation approaches and 
controlled reperfusion techniques have demonstrated promise 
in reducing perioperative lung injury.

Antioxidants not only inhibit the formation of free radicals but 
also contribute to the recovery of tissues affected by oxidative 
damage, neutralize reactive intermediates, and promote the 
reduction of oxidized biomolecules.11 Consequently, while 
oxidant parameters increase during I/R injury in various tissues 
and organs, antioxidant parameters tend to decrease. This 
indicates that antioxidants play a very important role in the 
prevention and treatment of tissue and organ I/R injury.
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MAIN POINTS
•	 Pulmonary ischemia-reperfusion injury represents 

a major pathophysiological mechanism underlying 
primary graft dysfunction in lung transplantation and 
remains a critical determinant of perioperative clinical 
outcomes. 

•	 Excessive generation of reactive oxygen species 
during reperfusion initiates a cascade of oxidative 
and inflammatory events, leading to structural and 
functional deterioration of pulmonary tissue. 

•	 A coordinated approach integrating surgical refinement, 
anesthetic optimization, and targeted antioxidant 
strategies is essential for mitigating pulmonary 
ischemia-reperfusion-associated tissue injury.
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