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ABSTRACT
Objective: This study aimed to evaluate the effectiveness of Basic Life Support (BLS) training provided to muhtars (community leaders) in Ankara using a
pre-test/post-test design.

Materials and Methods: This descriptive cross-sectional study was conducted between May and October 2025 with 673 volunteer muhtars from 16 districts
of Ankara. Participants received a standardized 16-hour training program (8 hours theoretical, 8 hours practical) based on the American Heart Association
2020 guidelines. Knowledge levels were assessed using a 20-item test administered before and after the training. Statistical analyses were performed using
the Kruskal—Wallis test and Spearman's correlation analysis.

Results: The mean test score increased significantly from 63.7+12.7 before training to 90.8+8.8 after training (p=0.001). The overall success rate was 90.3%.
A significant positive correlation was observed between educational level and examination performance, with participants having higher education levels
achieving better scores.

Conclusion: The 16-hour BLS program significantly improved community leaders' theoretical knowledge and practical skills. Given the low bystander CPR
rates in Tirkiye, training community leaders is a strategic intervention to improve OHCA survival. Periodic refresher training and nationwide adoption of this
model are recommended to strengthen community emergency response capacity.

Keywords: Basic life support, cardiopulmonary resuscitation, community education, community leaders, out-of-hospital cardiac arrest

How to cite this article: Akkan Oz M, Bulut B, Giir A, Geng M, Mutlu H, Yazici R. Training Community Leaders as First Responders in Cardiac Arrest: A Novel Basic Life
Support Education Model for Muhtars in Tirkiye. Compreh Med 2026;18(3):227-234.

proach in the early 2000s in order to improve OHCA survival
rates by combining scientific literature and community-based
interventions.” However, with the AHA approach, the applica-
tion of current strategies is not sufficient, and it is essential to

INTRODUCTION

Out-of-hospital cardiac arrest (OHCA), reported to be experi-
enced by 55in 100,000 people per year globally, is a major pub-
lic health issue and is one of the leading causes of morbidity

and mortality worldwide.” Spontaneous return of circulation
in OHCA cases is between 0.3% and 20.7%, and the discharge/
survival rate is between 0.2% and 8.8%. The “survival chain”
defined by the American Heart Association (AHA) was devel-
oped as a systematic and organized community-based ap-

deliver training to a wider range of participants.

In OHCA cases, one of the critical factors determining survival
is basic life support administered by bystanders.?# It has been
reported that bystander resuscitation improves 1-year surviv-
al and significantly reduces brain damage.” Meta-analysis
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studies have shown that bystander cardiopulmonary resus-
citation (CPR) doubles the chance of survival.®! Additional-
ly, a 4-5-minute delay in the administration of CPR reduces
survival by 27%, and the initiation of bystander CPR in the
first 5 minutes increases survival 2.3 times.>® These findings
highlight the importance of the first Link in the survival chain,
which is early recognition and early CPR initiation.

According to the AHA, promoting basic life support (BLS) train-
ing at the community level is one of the most effective ways to
improve bystander CPR rates and, consequently, survival rates.
48l |t has been demonstrated in Denmark that, as a result of
national BLS training, bystander CPR rates increased from
21.1% to 44.9% and survival rates tripled.” In Japan, it has
been reported that 168,053 people (41.9% of the population)
were trained in BLS.® These studies prove that when commu-
nity-based training programs are administered at the national
level, they can significantly improve survival outcomes. It has
also been highlighted that providing an annual CPR training
of a minimum of 2 hours to schoolchildren can improve sur-
vival outcomes.” The TROHCA study conducted in Turkiye has
reported that bystander CPR rates are only 2.9% and survival
rates are 4.4% in OHCA cases.™ This finding clearly demon-
strates that community-level CPR training is an urgent need.

In Tarkiye, community leaders are chosen public leaders at
the village and district levels and are in constant contact with
the community. Particularly in rural areas, where ambulance
arrival times are long, community leaders are in a strategic
position to assume the role of first responder. The AHA has
highlighted the importance of providing theoretical and prac-
tical CPR training to the public for improved survival rates.
00 |n Sweden, it was demonstrated that bystander BLS lev-
els went from 48% up to 62% by guiding trained volunteers
through mobile phone calls." Combined training programs
with both theoretical and practical components were sug-
gested in the 2021 Resuscitation Council training guidelines,
and the need for refresher training in 6-12 month periods was
emphasized.™ In line with these guidelines, structured train-
ing programs based on the 2020 AHA guidelines can optimize
knowledge and skill acquisition at the community level.

The aim of this study is to assess the effectiveness of the
Basic Life Support training provided to community leaders
in the province of Ankara using a pre-test/post-test design
and analyze the changes in knowledge and skill levels after
training. We believe that, as this is the first comprehensive
study conducted on the BLS training of community leaders
in Tdrkiye, it can contribute significantly to developing com-
munity-based education strategies.

228

MATERIALS and METHODS

Study Design and Participants

Our study was designed as a pre-test/post-test descriptive
cross-sectional study involving the community leaders in the
province of Ankara. It was facilitated by a regional develop-
ment agency following the approval of the Ankara Provin-
cial Health Directorate Non-interventional Ethics Commit-
tee (Ethics approval No: 2025-09-2, Official document No:
E-95674917-108.99-124030). The study population consisted
of 1,250 community leaders in the Ankara province, and our
study was conducted with 673 volunteer community leaders
who agreed to take a Basic Life Support training between
01.05.2025 and 31.10.2025. Informed consent was obtained
from all participants prior to the study, and all participants
were asked to fill out an information form.

Participants who agreed to partake in the study were divided
into groups of 21 people, and a 20-question theoretical test
was administered to all participants before the Basic Life
Support (BLS) training. Participants were given 16 hours of
BLS training by trainers who are experts in the field of BLS: 8
hours of theoretical training using a computer and projector,
and 8 hours of practical training using first-aid mannequins.
Both theoretical and practical sessions were based on the
2020 AHA guidelines. After the training, a post-test was ad-
ministered to all participants in order to measure knowledge
acquisition. Participants were separated into five groups ac-
cording to their educational level, into three groups according
to their years of experience, and according to their test scores.

Statistical Analysis

Data analysis was performed using the SPSS 25.0 (IBM Corp.,
Armonk, NY, USA) software package. Descriptive statistics for
categorical variables were presented as numbers and percent-
ages, and quantitative variables as mean, median, minimum,
and maximum values. The Kolmogorov—Smirnov test statistic
was used to test for normality. For continuous variables show-
ing a non-normal distribution, the Kruskal-Wallis test was
used to test for differences between more than two groups.
Dunnett's multiple comparison analysis was performed to
identify the differing groups. To determine the relationship
between continuous variables, Spearman'’s correlation coef-
ficient was calculated. P<0.05 was accepted as the statistical
significance level in all statistics. Written informed consent
was obtained from all participants prior to participation.

Ethical Approval and Declaration of Helsinki

Approval for this study was obtained from the relevant ethics
committee (Ethics approval No: 2025-09-2, Official document
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Table 1. Demographic of the participants

Gender
Male 660 98.1
Female 13 1.9
Age
Min-Max (Median) 3270 (55)
Mean+SD 51.6+9.8
Age groups
32-40 years of age 134 19.9
41-49 years of age 144 214
50-58 years of age 195 29.0
59 years and older 200 29.7
Educational status
Primary school 282 41.9
Secondary school 150 22.3
Middle school 207 30.8
College 11 1.6
University 23 3.4
Success
Successful 608 90.3
Failed 65 9.7
Month of training administration
July 31 4.6
August 129 19.2
September 206 30.6
October 307 45.6

Year of experience

0-5 years 226 33.6
5-10 years 172 25.6
10 years or more 179 26.6
District of training administration
Akyurt 6 0.9
Ayas 26 3.9
Bala 45 6.7
Beypazari 75 11.1
Camlidere 47 7.0
Cubuk 65 9.7
Elmadag 30 45
Evren 12 1.8
Golbas! 48 71
Gudat 25 37
Haymana 56 8.3
Kalecik 36 5.3
Kazan 14 21
Kizilcahamam 58 8.6
Nallihan 71 10.5
Polatli 45 6.7
Sereflikochisar 14 21
Total 673 100

SD: Standard deviation

No: E-95674917-108.99-124030). The study was conducted in
accordance with the principles of the Declaration of Helsinki.

RESULTS

Of the 1,250 community leaders in the province of Ankara,
673 attended the training. The mean age of the participants
was 51.6+9.8 years, and 1.9% of the participants were wom-
en. Looking at the educational background of the community
leaders who participated in the training, 41.9% were primary
school graduates, 30.8% were secondary school graduates,
22.3% were middle school graduates, 3.4% were university
graduates, and 1.6% were college graduates. Most of the
participants were successful in the post-test (90.3%). Most of
the participants were male (n=660, 98.1%), while the number
of female community leaders was low (n=13, 1.9%). The ages
of the community leaders ranged from 32 to 70 years, with

a median age of 55. The mean age of the participants was
51.6+9.8 years. The largest proportion of participants was in
the >=59-year age group (n=200, 29.7%), followed by those
aged 50-58 years (n=195, 29.0%). These were followed by
the 41-49 age group (n=144, 21.4%) and the 32-40 age group
(n=134, 19.9%). Demographics and success rates of the par-
ticipants are shown in Table 1.

The mean pre-test score was 63.7+12.7 (min: 0, max: 95,
median: 63.5), while the mean post-test score significantly
increased to 90.8+8.8 (min: 0, max: 100, median: 90) (p <
0.001). In addition, the mean score of the practical examina-
tion was high, at 91.7+17.2 (Table 2).

The mean pre-test score of male participants was 63.5+12.8
(median: 63.5), compared with 66.3+10.8 (median: 67.5)
among female participants. There was no statistically signifi-
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Table 2. Pre-test, post-test and practical exam scores and mean year of experience

Min-max (Median) MeantSD p Statistical analysis
Pre-test 0-95 (63.50) 63.7412.7 <0.001* 7--21.845
Post-test 0-100 (90) 90.8+8.8 <0.001* p<0.001*
Practical exam 0-100 (96) 01.7£7.2 <0.001*
Year of experience 0-30 (6) 7.07+6.3 <0.001*

*: Kolmogorov-Smirnov normality test; **: Wilcoxon signed-rank test, p<0.05 statistically significant. SD: Standard deviation.

Table 3. Comparison of pre-test, post-test and practical exam scores based on gender

Pre-test
Min-max (Median)

Practical exam
Min-max (Median)

Post-test
Min-max (Median)

Gender
Male 63.5+12.8 (63.5)
Female 66.3+10.8 (67.5)
P 0.578

90.7+8.5 (90) 01.6+17.01 (96)
89.8+5.2 (88) 95.3+1.6 (96)
0.250 0.880

Table 4. Comparison of pre-test, post-test and practical exam scores based on age groups

Pre-test
Min-max (Median)

Practical exam
Min-max (Median)

Post-test
Min-max (Median)

Age groups

62.6+14.3 (63)
64.15+11.7 (63)
64.3+12.2 (65)
59 years and older 62.9+13.2 (63)
p 0.865

32-40 years of age
41-49 years of age
50-58 years of age

90.1+11.5 (93)
90.5+7.2 (90)

91.02+18.9 (96)
90.06+20.3 (96)
91.1+6.2 (91.5) 91.6+17.4 (96)
90.7+8.9 (90) 93.5£10.1 (96)
0.691 0.812

cant difference in pre-test scores between genders (p=0.578).
The mean post-test score of male participants was 90.7+8.5
(median: 90), while that of female participants was 89.8+5.2
(median: 88). No statistically significant difference was found
between genders in post-test scores (p=0.250). For the prac-
tical examination, the mean score was 91.6+17.01 (median:
96) among male participants and 95.3+1.6 (median: 96)
among female participants. Similarly, no statistically signif-
icant difference was observed between genders in practical
exam scores (p=0.880). Overall, no statistically significant
gender-based differences were found in pre-test, post-test,
or practical exam results (p>0.05) (Table 3).

AUl age groups had similar mean pre-test scores. The 32-40
age group had the lowest with 62.6+14.3, and the 50-58 age
group had the highest with 64.3+12.2. There was no statis-
tically significant difference between age groups in terms of
pre-test scores (p=0.865). Mean post-test scores across age
groups were also similar. The lowest mean score of 90.5+7.2
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belonged to the 41-49 age group, while the highest score of
91.1+6.2 belonged to the 50-58 age group. There was no sta-
tistically significant difference between age groups in terms of
post-test scores (p=0.691). Practical exam results were also
similar across all age groups. The lowest was 90.06+20.3 in the
41-49 age group, and the highest was 93.5+10.1 in the group
aged 59 years and older. There was no statistically significant
difference in terms of practical exam results either (p=0.812).
Analysis demonstrated that there was no statistically signifi-
cant difference between age groups in terms of pre-test, post-
test, and practical exam scores (p>0.05) (Table 4).

A positive and statistically significant correlation was ob-
served between the pre-test and post-test scores, indicat-
ing that participants with higher baseline knowledge levels
tended to achieve higher post-training scores.

Participants' pre-test, post-test, and practical exam re-
sults showed significant differences based on their educa-
tional level (p<0.001). For the pre-test scores, the lowest
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Table 5. Pre-test, post-test and practical exam comparison according to educational Level

Pre-test
MeanxSD (median)

Post-test Practical exam
MeanzSD (median) MeanxSD (median)

Educational Level

Primary school(a) 59.7+12.3 (60)

88.3+11.03 (90) 88.7+22.3 (96)

Secondary school (b)
Middle school (c)

62.4+11.9 (63)
67.6+11.9 (68)

91.1+£5.9 (90)

91.7+16.2 (96)

College (d) 73.4+5.06 (75)
University (e) 72.9+16.7 (74)
p <0.001%
d>c>b, c>a
d>a, e>a

92.545.5 (93) 94.9+7.5 (96)
97.1+3.5 (98) 95.8+3.2 (96)
94.1+4.3 (94) 94.9+2.9 (96)
<0.001* <0.001*
d>c>a, b>a d>a, c>a, e>a
d>b, e>b, e>a

Dunnet's multiple comparison analysis. *: Kruskal-Wallis test, p<0.05 statistically significant. SD: Standard deviation.

Table 6. Pre-test, post- test and practical exam results compared according to year of experience

Year of experience Pre-test
MeanSD (median)

Post-test Practical exam
MeanzSD (median) MeanzSD (median)

63.08+13.6 (63)
65.03+10.9 (65)
63.1+12.9 (63)
p 0.717

0-5 years
5-10 years

10 years and above

89.9+10.3 (90) 89.8+21.5 (96)

91.4£5.5 (92) 92.3+13.7 (96)
91.3+£9.2 (93) 93.6+13.4 (96)
0.503 0.007*

Dunnet's multiple comparison analysis. *: Kruskal-Wallis test, p<0.05 statistically significant.

mean score was in the primary school graduate group with
59.7+12.3 (median: 60), and the highest was in the college
graduate group with 73.4+5.06 (median: 75). A similar ten-
dency was observed in post-test results (p<0.001). The low-
est mean score was 88.3+11.03 (median: 90) in the primary
school graduate group, and the highest was 97.1+3.5 (medi-
an: 98) in the college graduate group. The educational level
and pre- and post-test comparisons are shown in Table 5.

There was no significant difference in pre-test and post-
test scores between groups based on years of experience
(p=0.717, p=0.503). However, there was a significant differ-
ence in the practical exam results (p=0.007). Although the
median score was similar in all groups, the mean scores
were significantly different. However, post-hoc analysis
showed no significant differences. ALl groups were success-
ful in the practical exam. These findings suggest that years
of experience do not have a significant effect on theoretical
test or practical exam results (Table 6).

DISCUSSION

One of the most critical factors determining survival rates in
out-of-hospital cardiac arrest cases is the capability of by-

standers to administer basic life support. Wissenberg et al.”
showed that training in Denmark increased bystander rates
from 21.1% to 44.9% and that this increase tripled survival
rates. Jensen et al.™ have also shown that a 5% increase
in BLS courses is related to a 1.14-fold increase in survival
outcomes. These data demonstrate that widespread com-
munity-level training improves both personal and public
survival outcomes. In this study, we analyzed the effective-
ness of Basic Life Support training provided to community
leaders in the province of Ankara using a pre-test/post-test
design and found a significant increase in knowledge and
skill levels after the training. Training community leaders in
this field can form a life-saving intervention chain in areas
where emergency healthcare services are not available or
response times are prolonged.

In Zia Ziabari et al."'s study on BLS, scores increased from
11.44 before training to 14.88 after training, and this increase
was found to be significant. In the study conducted by Muneze-
ro et al."¥ regarding BLS training in nurses, knowledge scores
went from 53.8% before training to 82.5% after training. In
another study conducted on nursing students from Turkiye
by Kose et al.,” knowledge scores went from 14.12 to 27.82,
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proving the efficacy of the training. Similar to these studies,
while the mean score of the pre-test was 63.66+12.65 in our
study, this number increased to 90.78+8.82 after the training,
and this difference was found to be statistically significant
(p<0.001). This finding supports the positive effect of struc-
tured training on knowledge acquisition. The approximately
27-point increase found in our study is consistent with other
studies in the literature and demonstrates that community
leaders are a target audience for BLS training.

The general success rate was 90.3% in our study. This rate is
quite high when compared to the success rates reported in
other community-based BLS training programs. Ko et al.l®
have reported a 79.7% BLS administration rate by trained
first responders in South Korea. The community expansion
study in Japan by Nishiyama et al.® involving 168,053 people
showed that even with a 45-minute training session, 41.9%
of the population can be reached and bystander CPR rates
improve. The 90.3% success rate found in our study suggests
that community leaders are highly motivated and that, as
community leaders, they should be considered a primary
target audience for BLS training.

The mean score of the practical exam was 91.68+17.24 in this
study, and this score demonstrates that participants gained
practical skills at a high level. Fagihi et al." conducted a com-
parative study with firefighters and saw a significant 1.93-point
increase in the group receiving simulation-based training,
demonstrating the critical role of practice in skill acquisition.

A comparison of participants based on their educational level
showed significant differences in pre-test, post-test, and prac-
tical exam results (p<0.001). While the lowest mean pre-test
score was in the primary school graduate group (59.68+12.28),
the highest mean post-test score was in the college graduate
group (73.36+5.06). The study by Jung et al.?? showed a 1.39-
fold increase in CPR capabilities following CPR training provid-
ed to university students in South Korea. Our study also showed
that as educational levels increase, both initial knowledge lev-
els and post-training gains increase. However, the remarkable
point is that post-test scores reached acceptable levels in all
educational groups; this finding suggests that structured train-
ing programs can reduce educational differences.

In terms of years of experience, there was no significant dif-
ference in pre- and post-test scores between groups (p=0.717
and p=0.503). This finding suggests that BLS knowledge and
skill acquisition are independent of professional seniority.
The observational study by Lund-Kordahl et al.?? analyzing
the relationship between CPR training level and real-world
application found that although a high CPR training level
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is associated with good performance, professional experi-
ence is not a direct determinant. Mpotos et al.?? studied CPR
training in children and demonstrated that although age and
physical characteristics affected compression quality, the de-
termining factor was experience. These findings demonstrate
that independent of their years of experience, all community
leaders can benefit equally from BLS training.

The World Health Organization emphasizes that a minimum
of 2 hours of community-level CPR training annually can
improve survival rates.” In their study analyzing the safe-
ty of Turkish BLS videos, Elicabuk et al.”® determined that
24.7% of the videos were not compliant with current guide-
lines and highlighted the importance of structured training.
These findings support the notion that face-to-face training
based on a standard curriculum is safer and more effective
than online resources. The 16-hour training administered in
our study provided enough time for the acquisition of both
theoretical knowledge and practical skills.

The systematic review by Ringh et al.'? evaluated the rela-
tionship between CPR knowledge, competency, and educa-
tional history and emphasized that acquired skills start to
deteriorate after 3 to 6 months. Partiprajak and Thongpo
conducted a study on nurses, comparing knowledge retention
using a pre-test administered before training, a post-test ad-
ministered immediately after training, and a re-test 3 months
later, and highlighted the importance of periodic refresher
training.”¥ Additionally, Béttiger and Vanaken showed that a
minimum of 2 hours of CPR training can improve communi-
ty-level survival rates.” These findings suggest that commu-
nity leaders should receive regular refresher training.

The strengths of our study are the large sample size (673
community leaders), the participation from 16 different dis-
tricts, a standardized training program based on 2020 AHA
guidelines, and both theoretical and practical assessments.
However, our study has some limitations. First, people with
prior BLS training were excluded. Second, long-term fol-
low-up of knowledge and skills after the BLS training was not
performed, and real-life application of CPR was not assessed.

As leaders of the communities they serve, community lead-
ers are a strategic target audience that can assume the role
of first responder in out-of-hospital cardiac arrest cases.
Given the low bystander CPR levels in Turkiye, the expansion
of training programs such as this is of critical importance.

CONCLUSION

In this study, we assessed the effectiveness of a 16-hour Ba-
sic Life Support training provided to 673 community leaders



Akkan Oz et al. Community Leader Basic Life Support Education

in the province of Ankara and determined that the training
program was successful in the acquisition of both theoretical
knowledge and practical skills. Considering the low bystand-
er CPR rates in Tlrkiye, training community leaders should
be considered a strategic intervention that can improve sur-
vival rates in out-of-hospital cardiac arrest cases. Commu-
nity leaders are in a critical position to assume the role of
first responder in rural areas, particularly in locations where
ambulance arrival times are prolonged. The assessment of
long-term follow-up of knowledge and skill retention, the
planning of periodic refresher training, and the monitoring
of the rate of real-life CPR application by community leaders
are recommended for future studies. Furthermore, the wide-
spread adoption of this training model throughout Turkiye
and its application to other community leaders could make
significant contributions to public health.
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ABSTRACT
Objective: This study aimed to assess the knowledge and use of complementary and alternative medicine (CAM) among parents visiting a pediatric outpatient
clinic at a state hospital in Tirkiye.

Materials and Methods: A descriptive cross-sectional study was conducted using a 20-question survey developed by the researchers. The participants were
parents who brought their children to the clinic for any reason and consented to participate. Data were analyzed using SPSS 26. Descriptive statistics, frequen-
¢y, percentage, and chi-square tests were used.

Results: A total of 348 parents participated, with 85.6% (n=298) female and 14.4% (n=50) male. The most commonly known CAM methods were massage,
cupping, herbal treatments, and leech therapy. The main source of CAM information was family and friends (47.1%), while healthcare professionals were the
least common source (11.5%). CAM methods had been used by 80.5% of the participants on their children, mostly for issues such as constipation, coughing,
and sore throat. The primary reason for CAM use was ease of access. Most parents reported using CAM rarely, observed partial benefits, and were Likely to
recommend it to others.

Conclusion: CAM practices like massage, cupping, and herbal remedies are widely known and used by parents, typically alongside conventional treatment.
This use is influenced mainly by informal sources. CAM methods are perceived as partially beneficial and are mostly used occasionally. Proper evaluation and
integration of CAM into medical treatment can enhance safety and effectiveness, promoting a more holistic approach to child healthcare.

Keywords: Complementary and alternative medicine, health behavior, parents, pediatrics
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INTRODUCTION parents seek to improve their child's quality of life and treat-
ment outcomes.”? Reported reasons for using CAM include
protecting health, boosting immunity, reducing disease
symptoms,® ease of access, and the perception of it being a
natural treatment.” It is most commonly used for symptoms
such as pain, fever, and constipation in children.®

The use of complementary and alternative medicine (CAM)
in pediatric populations has received considerable attention.
Parents frequently seek CAM to manage their children's
health, particularly for chronic diseases and developmental
disorders. For example, research indicates that between 31%
and 84% of children with cancer use CAM to alleviate symp- Parental decisions to use CAM are multidimensional. Many
toms associated with conventional treatments.! This trend parents perceive these treatments as natural and safer, de-
is also evident in conditions Llike autism and ADHD, where spite limited evidence for their efficacy and safety.® Emotional
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distress often drives parents to explore all available options.
W Furthermore, a lack of healthcare professional training on
CAM Lleads parents to seek information from online platforms
and peer networks,” resulting in the use of treatments with
unestablished efficacy and potential side effects.®!

Communication between parents and healthcare providers
is critical. Parents often feel uncomfortable discussing CAM
use, fearing judgment, which hinders a collaborative care
approach.® When professionals are aware of CAM use, they
can better assess interactions with conventional treatments.
09 However, parental non-disclosure, often due to a belief
that CAM is harmless, can lead to unmonitored side effects.
B Ethical concerns are significant when parents prefer
CAM over evidence-based treatments, potentially leading to
health risks from delayed care.!?

The types of CAM used vary widely, including herbal rem-
edies, dietary supplements, and mind-body practices.' In
pediatric oncology, parents often use herbal supplements
and dietary changes,*™ while music therapy is popular for
reducing hospital anxiety.!

In summary, parental use of CAM is a complex phenome-
non influenced by perceived safety, emotional distress, and
communication barriers. This highlights the need for rigor-
ous research into the safety and efficacy of CAM in pediat-
rics.!® Therefore, this study aimed to determine the use of
CAM by parents attending a pediatric outpatient clinic in a
state hospital.

MATERIALS and METHODS

This study is a descriptive cross-sectional study. The pop-
ulation of the study was determined to be 2,000 people,
which is the number of pediatric patients who applied to
the Sinop Atatlirk State Hospital Pediatric Outpatient Clinic
2 in the last 6 months. While determining the sample size
of the study, the sample size was established as 348 people
with a 5% margin of error, 95% confidence interval, and
G-Power power analysis. For this study, 348 parents were
included in the scope of the research without any probabil-
ity. A convenience sampling method was used due to prac-
ticality and time constraints.

The questionnaire was administered by the researcher to all
parents present in the pediatric outpatient waiting room who
consented to participate in the study. After obtaining ethical
approval from the Sinop University Social and Humanities
Scientific Research and Publication Ethics Committee (Date:
03/11/2023, Decision No: 197), the parents of the patients ap-
plying to the outpatient clinic were provided with both ver-
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bal and written information about the purpose and content
of the study by the researcher in the waiting room prior to
examination. Written informed consent was obtained from
participants by having them sign an informed consent form.
The questionnaire was then administered via face-to-face
interviews to parents who provided consent.

Data Collection Tools

The data for the study were obtained from a questionnaire
form developed by the researchers based on a literature re-
view.”18 To ensure content validity, opinions were obtained
from two expert nurses and one child health specialist work-
ing in the relevant field. The developed questionnaire form
was piloted on 20 parents who were not included in the study
sample; its comprehensibility and application time were
evaluated, and necessary minor revisions were made based
on this test. The questionnaire consists of two parts and 20
questions in total. The first part consists of the "Personal
Characteristics Information Form" and the second part con-
sists of the "Complementary Alternative Treatment Methods
(CAM) Information Form."

Personal Characteristics Information Form

It consists of 9 questions on age, gender, marital status, ed-
ucational status, place of residence, income level, number of
children, age of the child/children, and whether the child/
children have any chronic diseases.

Complementary Alternative Treatment Methods (CAM)
Information Form

It consists of a total of 10 questions about whether the
parent has knowledge about Complementary Alternative
Treatment (CAM) methods, where he/she learned about
CAM if he/she has knowledge, whether he/she uses CAM
methods, whether he/she tells health professionals about
the CAM method he/she applies, in which situations he/she
uses CAM methods on his/her child/children, the reason
for applying the CAM method to his/her child/children, the
frequency of CAM use for his/her child/children, whether
he/she recommends it to his/her environment, and wheth-
er he/she sees any benefit while using CAM.

Statistical Analysis

Data were analyzed using SPSS Statistics, Version 26.0 (Ar-
monk, NY: IBM Corp.). A total of 348 people participated in the
research, and some participants did not answer certain ques-
tions. Answered questions were taken into consideration in
the data analysis. Descriptive data were presented as mean,
standard deviation, median, minimum, and maximum values.
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Frequency and percentage techniques were used to analyze
the demographic information of the research group and de-
scriptive data related to the research topic. To examine the
relationships between categorical variables (e.g., gender, ed-
ucation status, frequency of CAM use), the Chi-square (x?)
test was used. A p-value of Lless than 0.05 (p<0.05) was taken
as the threshold for statistical significance.

RESULTS

A total of 348 parents participated in the study. The demo-
graphic characteristics of the participants are summarized in
Table 1. The vast majority of participants were female (85.6%),
married (94.3%), and resided in the city center (77.3%). A to-
tal of 80.5% of the parents reported having used at least one
CAM method for their child. The most widely known meth-
ods were massage (93%), cupping therapy (91%), and herb-
al treatments (89%), while the least known methods were
Ayurveda (3%), homeopathy (7%), and acupressure (9%).
The most common source of CAM information was family/
friends (47.1%), while healthcare professionals were the least
consulted source (11.5%).

The average age of the parent participants was 37.7 years.
Most of the parents were high school graduates. Nine per-
cent of the participants reported that their children had at
least one of the following chronic diseases: asthma, allergy,
thyroid gland disorders, epilepsy, kidney stones, or diabetes.
It was determined that 57% of the parents preferred to use
CAM rarely, while 24% used it frequently.

When Table 1 is analyzed, the rate of parents using the in-
formation obtained from different learning sources for
treatment purposes is 80.5%. As complementary treatment
methods, the massage method (93%) is the most widely
known. Cupping (91%), herbal remedies (89%), and leech
application (86%) follow the massage method. Acupressure
(9%), homeopathy (7%), and Ayurveda (3%) are the least
known complementary treatment methods.

When the sources of learning about complementary treat-
ment methods are analyzed, learning from friends and fam-
ily (47%) is the most common path. Learning from health
personnel ranks last with 12%. Among the parents who use
CAM methods in the treatment of their children, 55% inform
healthcare professionals about the method or methods they
use. Conversely, 26% of the parents do not disclose these
practices to healthcare professionals, and 19% of the partic-
ipants did not answer this question.

When the reasons for using CAM were analyzed, easy access
to alternative methods (23%), feeling psychologically com-

Table 1. Distribution of findings regarding parents' CAM

practices in their children

Status of parents applying CAM to their children

Implemented by 281 80.5
Not implemented 67 195
CAM Methods Parents Know
Massage 322 93
Hacamat 316 91
Plants 310 89
Leech application 300 86
Religious methods (praying) 270 78
Acupuncture 265 76
Ozone application 168 48
Music therapy 161 46
Bioenergy 139 40
Aromatherapy 83 24
Acupressure 31
Homeopathy 23
Ayurveda 12
Total 281 807
TAT Ways of obtaining information
Family, circle of friends 164 471
Online 99 28.4
TV-radio-newspaper 45 12.9
Health personnel 40 115
Total 348  100.0
Providing Information to Health Workers
Informant 192 55.2
No information provided 89 25.6
Total 281 807
Reason for TAT Application
Reluctance to use medical treatment 61 175
Inadequate medical treatment 38 10.9
Easy access to CAM methods 80 23.0
Psychological relief 67 19.3
Other 35 10.1
Total 281 807
Beneficiaries of TAT Application
Fully benefited 94 270
Partially benefited 185 53.2
Unhelpful 2 0.6
Total 281 807

CAM: Complementary and alternative medicine; TAT: Thematic apperception test
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Table 2. Comparison of the purpose of CAM use and the

frequency of CAM use for the child of the participants

Table 3. Use of complementary alternative treatment
methods

Purpose of Frequency of TAT use Total Importance
using TAT

Rarely  Frequently

n % n % n X2
Agri
Yes 89 645 49 355 138 0.04
Allergy
Yes 20 588 14 412 34 0.13
Itching
Yes 27 551 22 449 49 0.01
Fire
Yes 135 678 64 322 199 0.20
Constipation
Yes 144 679 68 321 212 0.16
Diarrhea
Yes 131 658 68 342 199 0.02
Cough. sore throat
Yes 144 682 67 318 211 0.24
Increase weight/
Loss of appetite
Yes 42 712 17 288 59 0.84
Burn
Yes 39 565 30 435 69 0.01
Wound
Yes 29 509 28 491 57 0.00
Nausea/vomiting
Yes 100 649 54 351 154 0.04
Providing support/
reinforcement
Yes 111 649 60 351 171 0.02

TAT: Thematic apperception test

fortable (19%), and a reluctance to use medical treatment
(18%) were the top three reasons. Those who used alterna-
tive methods due to the perception that medical treatment
was inadequate constituted 11% of the study group. Among
other reasons (10%), these methods are used to support
conventional medical treatment. When the opinions of the
parents who used alternative treatment methods on the use-
fulness of the treatment were analyzed, 53.2% stated that the
treatment was partially useful, 27% stated it was completely
useful, and 0.6% stated it was not useful. The remaining par-
ticipants did not answer this question.
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How to use TAT n %
With medical treatment 251 72.1
By discontinuing medical treatment 30 8.6
Unanswered 67 19.3
Total 348 100.0

When the frequency of CAM use summarized in Table 2 is
examined, it is seen that participants prefer to use CAM in
cases of pain, itching, diarrhea, burns, wounds, and nausea/
vomiting, as well as to provide general support/supplemen-
tation at a statistically significant rate.

According to Table 3, when the use of these methods by par-
ents on their children is analyzed, it is seen that 72.1% of them
use these methods together with ongoing medical treatment,
while 8.6% use them by interrupting conventional treatment.

According to Table 4, when the frequency of CAM use was
analyzed in terms of different demographic variables, no
statistically significant difference was found. However, it is
observed that women (86%) use complementary and al-
ternative treatment methods more frequently than men
(14%), high school graduates (50%) more frequently than
other graduates, those living in the city center (73%) more
frequently than those living in other settlements, the 31-40
age group (48%) more frequently than other age groups, and
those whose income is equal to their expenses (63%) more
frequently than other income groups.

DISCUSSION

Complementary and alternative medicine (CAM) has evolved
as a pursuit of natural remedies, shaped by cultural norms,
customs, and traditions, thereby reflecting society-specific
characteristics.' This study aimed to determine the knowl-
edge, awareness, and preferences regarding CAM among
parents attending a pediatric outpatient clinic in a Turkish
state hospital. The findings revealed that nearly all parents
had used at least one CAM method.

Parents demonstrated the highest familiarity with massage,
cupping, herbal medicine, leech therapy, and religious prac-
tices (praying), while Ayurveda was the least known method,
a finding consistent with other literature.”® As a tradition-
al medical system originating in India over 3,000 years ago,
Ayurveda employs a holistic approach to health.? Its low
recognition may be attributed to its limited contemporary
use and public unfamiliarity with its principles in this region.
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Table 4. Comparison of descriptive characteristics and frequency of CAM use

Variables Frequency of use Total X2 p
Rarely Frequently
n % n % n %
Gender
Female 171 86.8 72 85.7 243 86.5 0.06 0.81
Male 26 13.2 12 143 38 135
Total 197 100.0 84 100.0 281 100.0
Education status
Primary School 29 147 8 9.5 37 13.2 6.977 0.07
Middle School 32 16.2 14 16.7 46 16.4
High School 68 345 42 50.0 110 391
University 68 345 20 238 88 313
Total 197 100.0 84 100.0 281 100.0
Place of residence
City center 158 80.2 61 72.6 219 77.9 2.586 0.275
District 31 15.7 20 23.8 51 18.1
Village 8 41 3 3.6 11 3.9
Total 197 100.0 84 100.0 281 100.0
Age
20-30 30 15.2 14 16.7 44 15.7 2.406 0.492
31-40 100 50.8 40 476 140 49.8
41-50 55 279 28 333 83 295
51-70 12 6.1 2 2.4 14 5.0
Total 197 100.0 84 100.0 281 100.0
Income Level
Income less than expenditure 31 15.7 11 13.1 42 149 0.325 0.85
Income matches expenditure 121 61.4 53 63.1 174 61.9
Income more than expenditure 45 22.8 20 23.8 65 23.1
Total 197 100.0 84 100.0 281 100.0

CAM: Complementary and alternative medicine

The application of such methods is also known to be heavily
influenced by individual beliefs and local culture.!®

Participants primarily learned about CAM from family and
friends, followed by the internet, television/radio/newspa-
pers, and lastly, from healthcare professionals. This aligns
with research indicating that social networks are predomi-
nant information sources for CAM. For instance, a study by
Dadgari et al.”? found that mothers of children with cancer
frequently consulted friends, family, and the internet. Simi-
larly, Abbassian's national survey in Iran.?® showed a signif-

icant majority cited family and friends as primary sources,
with only a small proportion consulting medical profession-
als. Oztiirk et al.” also reported that patients often adopted
CAM based on influences from their immediate environment
or the internet without consulting health personnel. This
suggests that social circles and digital media are perceived
as more accessible than consulting healthcare providers.

This communication gap poses health risks due to potential
therapy-drug interactions.” Non-disclosure often stems from
a fear of judgment,® creating a barrier to effective, integrated
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care. Fostering an open, non-judgmental clinical environment
is therefore crucial. Easy access to CAM was the most common
reason for use, followed by the desire for psychological relief
and a reluctance to use standard medical treatments. The
emotional vulnerability following a serious diagnosis, such as
cancer, can drive families toward integrative supportive care.?

In this study, the majority of parents reported full (27.0%) or par-
tial (53.2%) benefit from CAM. In another study, 95.1% of par-
ents reported a benefit, with prior use increasing the likelihood
of reuse by a factor of 1.938. While CAM may not cure a disease,
it is reported to reduce symptoms, fear, and anxiety, thereby im-
proving patient motivation and quality of Life.?”? The high rate of
partial benefit reported here may indicate unmet expectations.

CAM use was statistically significant for symptoms Like pain,
itching, diarrhea, burns, wounds, and nausea/vomiting, as
well as for general support/supplementation. The literature
indicates that CAM is often used for support, relaxation, and
health protection rather than disease treatment.® It is most
commonly employed for symptoms such as pain, fever, and
constipation in pediatric populations.” The statistically sig-
nificant preference for CAM in specific symptoms such as
pain, itching, and diarrhea suggests that parents generally
perceive these methods as a "first intervention" or support-
ive option for mild-to-moderate, everyday health problems.
This finding highlights the importance of healthcare pro-
fessionals providing reliable information and safety advice
about CAM use to families presenting with such complaints.

Most parents used CAM concurrently with conventional
treatment. Shyu et al.? found that parents of children with
autism frequently combined therapies like sensory integra-
tion and acupuncture with standard care. Tomlinson et al.3”
observed that parents of pediatric cancer patients in palli-
ative care often explored CAM when conventional options
were inadequate. This contrasts with cases where parents
choose CAM exclusively, which can risk negative health out-
comes by delaying evidence-based care.!

Mothers showed a greater interest in CAM than fathers, a
result mirrored in a study where female university students
had higher CAM awareness than males.?’? Other literature
supports the notion that women use or recommend these
practices more frequently,®¥ possibly due to their primary
role as family health managers.?¥

Educational status influenced awareness; high school gradu-
ates were significantly more familiar with massage, cupping,
and acupuncture, whereas university graduates knew more
about ozone therapy, music therapy, bioenergy, and aroma-
therapy. Koo et al.?® found that higher education correlated
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with proactive health information seeking. This trend suggests
that higher educational attainment is associated not only with
greater access to information but also with a more proactive
orientation toward health management, which includes the
consideration of alternative treatment options. Conversely, in-
dividuals with lower levels of education may demonstrate a
stronger reliance on traditional conventional treatments, po-
tentially due to more limited awareness or understanding of
the wider spectrum of available complementary therapies.®®

A disparity in CAM knowledge is evident based on education-
al background and place of residence. High school graduates
typically demonstrate familiarity with traditional, accessible
methods prevalent in their local environment. In contrast,
university graduates show greater awareness of less con-
ventional therapies like ozone or music therapy, likely due
to heightened informational access and intellectual curiosity
fostered by higher education.

Furthermore, urban residents possessed significantly more
knowledge of modalities like acupuncture than rural inhab-
itants. This aligns with a 2020 American Association of Acu-
puncture and Oriental Medicine (AAAOM) survey where 65%
of urban respondents, versus 40% from rural areas, were fa-
miliar with acupuncture.®” The knowledge disparity between
urban and rural populations is multifactorial. Urban centers
typically feature a higher density of healthcare providers, in-
cluding CAM practitioners, facilitating greater exposure. Cul-
tural diversity and the prevalence of health education events
in cities further promote the awareness and acceptance of
therapies like acupuncture. Rural areas, often lacking these
resources, exhibit more limited awareness.

CONCLUSION

This study demonstrates that complementary and alternative
medicine is widely recognized and used among parents ap-
plying to pediatric outpatient clinics, with traditional methods
like massage, cupping, and herbal therapies being the most
prevalent. A significant portion of parents utilize these meth-
ods as supportive or concurrent measures alongside conven-
tional medical treatments. However, the reliance on informal
information sources, such as family, friends, and social circles,
combined with non-disclosure barriers with healthcare pro-
fessionals, underscores potential safety risks, including un-
monitored side effects and therapy-drug interactions. Foster-
ing open communication between pediatricians and parents
is essential to safely integrate beneficial practices while miti-
gating risks. Educational and structural interventions should
be developed to bridge knowledge gaps, particularly across
differing educational backgrounds and regional sectors.
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ABSTRACT

Objective: Chronic nonbacterial osteomyelitis (CNO) is a rare autoinflammatory bone disorder characterized by sterile osteitis. This study aimed to evaluate
the clinical, radiological, and therapeutic characteristics of pediatric patients with CNO and to analyze the evolving diagnostic and management strategies in
a tertiary referral center.

Materials and Methods: This retrospective single-center cohort study included 33 children diagnosed with CNO between 2018 and 2024. Demographic charac-
teristics, clinical presentation, laboratory markers, magnetic resonance imaging (MRI) findings, treatment modalities, and outcomes were analyzed.

Results: The cohort showed a slight male predominance (54.5%). The median age at symptom onset was 9 years (IQR 5.5-11.5), with a median diagnostic delay
of 24 months. Multifocal involvement was observed in 81.3% of patients, with the femur (51.6%) and vertebrae (29.0%) being the most frequently affected sites.
Whole-body MRI was used in 69.6% of cases, facilitating a relatively low bone biopsy rate (21.2%). Regarding treatment, although nonsteroidal anti-inflamma-
tory drugs were used as initial therapy, 93.5% of patients required conventional disease-modifying antirheumatic drugs. Notably, 48.5% required escalation to
anti-tumor necrosis factor agents due to disease recalcitrance or relapse. The relapse rate was 36.3% during a median follow-up of 37 months.

Conclusion: Pediatric CNQ presents with a heterogeneous phenotype. Our findings highlight a regional male predominance and a paradigm shift toward MRI-
based diagnosis, reducing the need for invasive biopsies. The high utilization of biologic therapies underscores the refractory nature of the disease in tertiary
care settings and supports a proactive, stepwise therapeutic approach to achieve sustained remission.

Keywords: Chronic nonbacterial osteomyelitis, chronic recurrent multifocal osteomyelitis, magnetic resonance imaging, pediatrics; tumor necrosis factor inhibitors
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INTRODUCTION

Chronic nonbacterial osteomyelitis (CNO) is a rare auto-
inflammatory disorder first described by Giedion and col-
leagues in 1972. It is characterized by persistent, sterile,
noninfectious inflammation affecting one or more skeletal
sites, leading to chronic, recurrent bone lesions.™ Although
CNO may occur in various skeletal locations, the metaph-
yseal regions of long bones, clavicles, and vertebrae are

The pathogenesis of CNO is thought to involve dysregulation
of innate immune responses, characterized by the overpro-
duction of proinflammatory cytokines, such as IL-1f, IL-6,
and TNF-a, and a relative deficiency of anti-inflammatory
cytokines, including IL-10 and IL-18.7# This proinflammatory
state enhances osteoclast activity, contributing to the devel-
opment of characteristic bone lesions. Familial clustering
observed in a subset of patients further suggests a potential

most commonly involved, leading to a characteristic pre-
sentation of chronic or relapsing bone pain. CNO pre-
dominantly occurs in childhood, with a peak onset around
10 years of age, and has been reported to show a female
predominance in most cohorts.®!

genetic contribution to disease susceptibility.

Due to its nonspecific clinical presentation, CNO remains fre-
quently underdiagnosed, particularly in the early stages of
the disease. The insidious onset of symptoms, such as chron-
ic bone pain, morning stiffness, and fatigue, often mimics
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other musculoskeletal disorders. Magnetic resonance im-
aging (MRI), particularly whole-body MRI, has become a
cornerstone in diagnosis by enabling the detection of both
clinically apparent and silent Llesions. The diagnosis of CNO
is primarily based on clinical history, physical examination,
and characteristic imaging findings. Nevertheless, in atyp-
ical or unifocal cases, bone biopsy may still be required to
exclude infection or malignancy.24

Nonsteroidal anti-inflammatory drugs (NSAIDs) are the pri-
mary treatment approach and have shown efficacy, particu-
larly in peripheral CNO.P112 However, sustained remission
is achieved in only approximately 50% of cases, and relapse
remains a common challenge. In refractory cases, or if bone
pain or systemic inflammation persists despite NSAID ther-
apy, transition to conventional disease-modifying antirheu-
matic drugs (cDMARDs) such as leflunomide and methotrex-
ate, biologic disease-modifying antirheumatic drugs such
as TNF-alpha, IL-6, and IL-1 blockers, and bisphosphonate
therapy may be considered.®™ These agents target persistent
osteoinflammatory activity and systemic cytokine dysregu-
lation to prevent disease progression.

Although CNO is increasingly recognized as an autoinflam-
matory bone disorder, it remains frequently underdiagnosed
due to its nonspecific clinical presentation and the complex-
ity of its underlying immunopathogenesis. The present study
aims to address these diagnostic and therapeutic challenges
by analyzing the clinical, radiological, and laboratory fea-
tures of pediatric patients with CNO from a single-center
cohort. Examination of disease characteristics in a Turkish
pediatric population may provide valuable insights into fa-
cilitating earlier diagnosis and guiding more effective man-
agement strategies.

MATERIALS and METHODS

Study Design and Patient Selection

This single-center, retrospective cohort study was conduct-
ed at a tertiary care pediatric rheumatology clinic and in-
cluded pediatric patients diagnosed with CNO between Jan-
uary 2018 and December 2024. Patients diagnosed based
on clinical, radiological, and histopathological findings
were included in the study.

The inclusion criteria were as follows: (1) diagnosis of CNO
confirmed by a pediatric rheumatologist, (2) availability of
complete medical records and regular follow-up, and (3) a
minimum follow-up duration of 6 months. Patients with ev-
idence of infectious osteomyelitis, malignancy, or other in-
flammatory or metabolic bone diseases were excluded.
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Data Collection

The collected data included demographic characteristics,
age and sex, current symptoms and their duration, the num-
ber and location of bone lesions, the presence of systemic
symptoms, family history, and concomitant rheumatologic
or nonrheumatic conditions.

Laboratory parameters recorded at diagnosis and during
follow-up included complete blood count, erythrocyte sedi-
mentation rate (ESR, mm/h), C-reactive protein (CRP, mg/L),
and relevant immunologic tests when available.

Imaging and Histopathology

Radiological assessments included regional or whole-body
magnetic resonance imaging (MRI) and, when performed,
bone scintigraphy or PET/CT. Imaging studies were reviewed
to evaluate the extent, distribution, and characteristics of
bone involvement. Histopathological findings from bone bi-
opsies performed in selected cases with atypical or unifocal
presentations were recorded when available.

Treatment and Outcome Assessment

Treatment modalities, including NSAIDs, corticosteroids, cD-
MARDs, and biologic disease-modifying antirheumatic drugs
(bDMARDs), were recorded, along with treatment response
and the overall disease course. NSAID failure was defined as
persistent bone pain, ongoing MRI activity, or elevated inflam-
matory markers despite at least 4 weeks of adequate NSAID
therapy, or earlier escalation in cases with high disease sever-
ity, such as vertebral involvement or multifocal disease.

Given the lack of universally accepted outcome measures in
CNO, disease activity and treatment outcomes were assessed
clinically. Complete remission was defined as the absence of
both subjective symptoms, such as bone pain, and objective
findings, such as local swelling, warmth, or limited motion, ac-
companied by normalization of inflammatory markers, includ-
ing CRP and ESR, and, when available, radiological resolution
of previous bone lesions, maintained for at least 6 months.

Remission on medication referred to a state in which remis-
sion was achieved while the patient continued treatment,
whereas remission off medication indicated that remission
was maintained for at least 6 months after discontinuation
of all CNO-related medications.

Partial remission referred to a state of partial improvement
characterized by reduced symptoms and normalization or
improvement of inflammatory parameters, although some
residual clinical or imaging findings persisted. Relapse was
defined as the recurrence of clinical symptoms and/or the
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appearance of new or previously resolved bone lesions on
imaging after a documented period of remission. Treatment
nonresponse was defined as the absence of meaningful clin-
ical, laboratory, or radiological improvement, or as disease
progression requiring modification or escalation of therapy.!

Statistical Analysis

All statistical analyses were performed using IBM Statisti-
cal Package for the Social Sciences (SPSS) Statistics version
26.0 (IBM Corp., Armonk, NY, USA). Descriptive statistics
were used to summarize demographic, clinical, laboratory,
and imaging data. Continuous variables were expressed as
meanzstandard deviation (SD) for normally distributed data
or median with interquartile range (IQR) for non-normally
distributed data. Categorical variables were presented as
frequencies and percentages. Comparisons between groups,
such as remission versus nonremission, were performed us-
ing the chi-square test or Fisher's exact test for categorical
variables and the independent-samples t-test or Mann-
Whitney U test for continuous variables, depending on data
distribution. Spearman's correlation analysis was used to
assess relationships between continuous variables, such as
inflammatory markers and disease activity parameters. A
p-value<0.05 was considered statistically significant.

Ethical Considerations

This study was conducted in accordance with the principles
stated in the Declaration of Helsinki and was approved by
the local ethics committee (Date: 10.11.2025/No: 3707020).
Before participation, written informed consent was obtained
from all patients and their parents or legal guardians. The
confidentiality of all participants' personal information was
maintained throughout the study.

RESULTS

A total of 33 patients with CNO were included in the study,
of whom 18 (54.5%) were male. The median age at the last
follow-up was 14 years (IQR 11-15.5), the median age at
symptom onset was 9 years (IQR 5.5-11.5), and the median
age at diagnosis was 11 years (IQR 8-14) (Table 1). Two pa-
tients (6.1%) had concomitant rheumatologic disorders: one
patient had juvenile idiopathic arthritis, and one had familial
Mediterranean fever.

Clinical Characteristics

All patients reported bone pain at presentation. Morning
stiffness was present in 26 patients (78.8%), and fever was
observed in 1 patient (3%). Cutaneous manifestations were
observed in 6 patients (18.2%) (Table 1).

Table 1. Demographic, clinical, and laboratory

characteristics of patients with CNO
Sex (Male/Female), n (%)

Age at last visit (years), median (IQR 25-75)
Age at symptom onset (years),
median (IQR25-75)
Age at diagnosis (years),
median (IQR 25-75)
Family history of rheumatic disease, n (%)
Parental consanguinity, n (%)
Symptoms, n (%)
Bone pain
Morning stiffness
Fatigue
Swelling
Arthralgia
Arthritis, n (%)
Enthesitis, n (%)
Cutaneous manifestations

Laboratory parameters
ESR (mm/h), median (IQR 25-75)
CRP (mg/L), median (IQR 25-75)
WBC (x10%/uL), median (IQR 25-75)
Neutrophils (x103/uL), median (IQR 25-75)
Lymphocytes (x10%/uL), median (IQR 25-75)
Hemoglobin (g/dL), median (IQR 25-75)
Platelets (x10%/uL), median (IQR 25-75)
ANA positivity, n (%)
RF positivity, n (%)
HLA-B27 positivity, n (%)
Affected Bones., n (%)
Femur
Tarsal
Clavicle
Vertebrae
Ilium
Sacrum
Sacroiliac joint
Tibia
Mandible
Costa
Fibula
Ischium
Metacarpals / Phalanges
Humerus
Ulna
Scapula
Sternum
Cranial bones

18 (54.5)/
15 (45.5)
14 (11-15.5)
9 (5.5-11.5)

11 (8-14)

1Q3)
5 (15.2)

33 (100)

26 (78.8)

16 (48.5)

11 (33.3)

9 (27.3)
3(9.1)

6 (18.2)
Acne fulminans
(n=3)
Pustular Llesions
(n=3)

16 (9-40)
3.1(1-27.8)
9.17 (7.7-11.39)
6.5 (4.6-7.8)
2.16 (1.74-2.8)
12.3 (11.8-13.0)
367 (286-450)
4
2
2

16 (51.6)
10 (31.2)
9(27.3)

CNO: Chronic nonbacterial osteomyelitis; IQR: Interquartile range; ESR:
Erythrocyte sedimentation rate; CRP: C-reactive protein; WBC: White blood
count; ANA: Antinuclear antibodies; RF: Rheumatoid factor; HLA-B27: Human

leukocyte antigen B27
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Figure 1. Magnetic resonance imaging of chronic nonbacterial osteomyelitis patients. Hyperintense signal changes are observed
in T2-weighted sequences. (a) 15-year-old male demonstrates a marked hyperintense signal involving both femoral shafts and
the right greater trochanter. (b) 2-year-old girl demonstrates a marked hyperintense signal within the calcaneus, predominantly
involving its posterior and inferior aspects, consistent with bone marrow edema. (c) 11-year-old male patient demonstrates a
hyperintense signal within the clavicle, predominantly involving the mid-to-distal segment, accompanied by mild medullary
expansion, mild adjacent soft-tissue signal increase

Laboratory Findings

At diagnosis, the median ESR was 16 mm/h (IQR 9-40), and
the median CRP level was 3.1 mg/L (IQR 1-27.8). The median
white blood cell count was 9,170/uL (IQR 7,700-11,390), with
median neutrophil and lymphocyte counts of 6,500/uL (IQR
4,600-7,800) and 2,160/uL (IQR 1,740-2,800), respectively.
ANA positivity was detected in 4 patients, RF positivity in 2,
and HLA-B27 positivity in 2 (Table 1).

Radiological Characteristics

Whole-body MRI was performed in 69.6% of patients. The
median follow-up duration was 37 months. Imaging data, in-
cluding MRI, whole-body MRI, and PET/CT, were available for
33 patients. Bone lesions most frequently involved the long
bones of the lower extremities, with femoral involvement in
16 patients (51.6%), including 9 with bilateral lesions; tibial
involvement in 6 (19.4%), including 3 with bilateral lesions;
and fibular involvement in 2.

Upper extremity involvement included clavicular lesions in 9
patients (27.3%; 7 unilateral and 2 bilateral), while humeral
and ulnar lesions were each detected in 1 patient, and meta-
carpal or phalangeal involvement was present in 2 patients.
Tarsal involvement was identified in 10 patients (31.2%), af-
fecting the metatarsal, tarsal, and calcaneal bones. Axial
skeletal involvement included vertebral lesions in 9 patients
(29.0%), affecting the thoracic, lLumbar, and lumbosacral ver-
tebral bodies. Sacroiliac joint involvement was observed in 6
patients (18.1%), including 5 with bilateral and 1 with unilat-
eral involvement, while sacral and iliac lesions were identified
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in 7 (22.6%) and 8 (25.8%), respectively. Ischial involvement
occurred in 2 patients (6.5%), mandibular lesions in 4 (12.9%),
and costal involvement in 3 (9.7%). No cranial bone lesions
were identified. Among 32 patients with available data, 26
(81.3%) exhibited multifocal bone involvement. Asymmetric
lesion distribution was documented in 23 patients (69.7%).

MRI most commonly demonstrated bone marrow ede-
ma, identified in 31 patients (93.9%). Periosteal reaction
was present in 12 patients (36.4%), cortical expansion in 8
(24.2%), sclerotic changes in 7 (21.2%), osteitis in 9 (27.3%),
adjacent soft-tissue edema in 5 (15.2%), and enthesitis, bur-
sitis, or synovitis in 2 (6.1%) (Table 1) (Fig. 1). PET/CT imaging
was performed in 9 patients at the initial evaluation due to
atypical presentation or to exclude malignancy or infectious
osteomyelitis. Among the 9 patients who underwent PET/CT,
increased metabolic activity was observed in clinically and/
or MRI-identified bone lesions, without findings suggestive
of malignancy or infection.

Histopathological Findings

Bone biopsy was performed in 7 patients. In 1 patient, his-
topathology demonstrated fibrosis without inflammation,
whereas 6 patients exhibited both inflammatory cell infiltra-
tion and fibrosis, consistent with chronic osteomyelitis. De-
tailed biopsy findings are summarized in Appendix 1.

Treatment Characteristics

NSAIDs were used in 30 patients (96.8%), methotrexate in
29 (93.5%), sulfasalazine in 4 (12.9%), and corticosteroids in
12 (38.7%). Among 16 patients receiving anti-tumor necro-
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sis factor (anti-TNF) therapy, 15 received etanercept, and 1
received adalimumab. The median treatment duration was
1 month (IQR 1-2) for NSAIDs, 16 months (IQR 8-26) for
methotrexate, 4 months (IQR 2.5-5.5) for sulfasalazine, and
1 month (IQR 1-2) for corticosteroids. Among patients re-
ceiving biologics, the median duration of anti-TNF treatment
was 14.5 months (IQR 9.25-25.5).

Outcomes and Relapse

Relapse occurred in 12 patients (36.3%), each experiencing
a single relapse episode during follow-up. At the time of re-
lapse, all patients reported bone pain, whereas local swell-
ing accompanied symptoms in only 6. The median time from
diagnosis to relapse was 12 months (IQR 8.5-24). Laboratory
markers at relapse showed a median ESR of 21 mm/h (IQR
7-32) and CRP of 10 mg/L (IQR 3.15-32).

Regarding lesion distribution, 5 patients had unifocal disease,
and all relapsed in the same bone initially affected. Addition-
ally, 1 patient with multifocal involvement relapsed within
previously involved regions, whereas the remaining 3 pa-
tients experienced relapse in different anatomical Locations.

Therapeutic adjustments following relapse varied: 1 patient
continued the existing regimen; 1 patient receiving sulfasal-
azine plus anti-TNF therapy was switched to methotrexate
plus anti-TNF therapy; and the remaining 7 patients escalat-
ed from methotrexate to anti-TNF therapy (Table 2).

DISCUSSION

In this single-center cohort study, we characterized the clin-
ical, radiological, and therapeutic profile of 33 pediatric pa-
tients with CNO. Our findings corroborate the heterogeneous
nature of the disease while highlighting distinctive regional
demographics, a significant shift in diagnostic algorithms
toward MRI-based evaluation, and a proactive therapeutic
approach in a tertiary care setting.

Interestingly, our cohort showed a slight male predominance
(54.5%), a finding that contrasts with the female preponder-
ance, approximately 2:1, typically observed in large interna-
tional registries such as Eurofever.”? However, our data align
with other Turkish cohorts; Ulu et al.'™ reported a 56.3% male
ratio, and Acari et al.l® similarly noted a male predominance
(64.3%).Such differences in sex distribution across popula-
tions highlight the possibility that genetic background or
environmental exposures may modify disease susceptibility.

The age distribution in our cohort, with a median onset at
9 years (IQR 5.5-11.5) and diagnosis at 11 years (IQR 8-14),
is consistent with the preadolescent peak repeatedly docu-

Table 2. Clinical and laboratory characteristics of patients

with relapse

Variable n (%) / Median (IQR)
Number of patients 12 (36.3)
Number of relapse episodes per patient 1
Median time to relapse (months) 12 (8.5-24)
Bone pain 12
Local swelling 6
Lesion pattern at baseline
Unifocal 5 (41.7)
Multifocal 7(58.3)
ESR (mm/h) 21 (7-32)
CRP (mg/L) 10 (3.15-32)
WBC (x10%/pL) 9.2 (6.4-11.8)
Hb (g/dL) 11.9 (10.55-13.0)

Platelets (x10%/uL) 317 (279.5-449.5)

IQR: Interquartile range; ESR: Erythrocyte sedimentation rate; CRP: C-reactive
protein; WBC: White blood count.

mented.*5-18 However, diagnostic delay remains a persistent
challenge. The diagnostic delay observed in our cohort is
Likewise consistent with previously reported intervals of 6.5—
9.9 months (IQR 3-24)t! and with those reported in a larg-
er multicenter cohort.’™ Comparable delays have also been
noted in international studies, where the time from symptom
onset to diagnosis commonly spans 6-12 months, and nota-
bly longer delays have been observed, such as the median
of 23 months reported by Sag et al./”? This recurring pattern
across independent cohorts underscores CNO's inherent di-
agnostic difficulty, driven by its nonspecific musculoskeletal
complaints and frequent clinical overlap with infectious os-
teomyelitis or malignancy.

Clinically, bone pain was universal in our cohort, and high
rates of morning stiffness and fatigue were observed. This
aligns with numerous pediatric series in which pain is the
defining feature of the disease.'”*® Cutaneous manifesta-
tions were present in 18.2% of our patients, most common-
ly acne and pustular lesions, within the range reported in
other studies.?*" Similar dermatologic associations have
been noted internationally, supporting the increasingly rec-
ognized link between CNO and neutrophilic skin disorders.
This relationship is further supported by studies examining
the SAPHO spectrum, which propose shared immunologic
pathways between bone and skin inflammation.[202!

Laboratory abnormalities in our cohort were mild, with a
median ESR of 16 mm/h and CRP of 3.1 mg/L, consistent with
the limited sensitivity of inflammatory markers across co-
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horts. Previous studies have repeatedly emphasized this vari-
ability: ESR elevation in 60.9% and CRP elevation in 44.8%,"!
frequent normal markers,"® and heterogeneous results with-
out consistent correlation with severity."” International evi-
dence similarly highlights that inflammatory indices neither
confirm nor exclude CNO."21 The low rate of autoantibody
positivity in our cohort corroborates findings from multiple
pediatric studies, supporting the view that CNO reflects an
autoinflammatory rather than autoimmune pathology.

Radiological evaluation revealed multifocal involvement in
81.3% of cases, which closely aligns with the 86.2% reported
by Ulu et al." and is consistent with the multifocal predom-
inance observed in other pediatric cohorts. Femoral lesions
were frequent, paralleling the high rates reported by Acari
et al."¥ (67.9%) and Sag et al.t”! (66.7%) Vertebral involve-
ment occurred in 29% of our patients, a frequency interme-
diate between previously published values but firmly within
the established spectrum of spinal osteitis in CNO. Clavicu-
lar involvement (27.3%) similarly aligns with both regional
and international observations and reinforces the clavicle's
long-recognized diagnostic relevance.*> From an imaging
perspective, our findings align with the broader literature,
including the imaging-centered review by Schaal et al.,”
which consistently emphasizes the diagnostic superiority of
whole-body MRI for identifying clinically silent lesions and
improving diagnostic confidence.l

A defining characteristic of our study is the relatively
low rate of bone biopsy (21.2%) compared with historical
norms, which have ranged from 40% to 75% in earlier se-
ries.i®?! This reflects a modern paradigm shift facilitated
by the widespread availability of WB-MRI and increasing
confidence in clinical diagnostic criteria. As noted by Aden
et al.,"® biopsy rates have progressively declined from 75%
to 52% over the last decade due to improved imaging tech-
niques. Recent multicenter and imaging-focused studies
strongly advocate reserving biopsy for cases with unifocal,
atypical, or radiologically aggressive lesions, an approach
mirrored in our clinical practice.

Regarding management, our cohort demonstrated a distinct-
ly proactive therapeutic approach, driven mainly by the re-
fractory nature of cases typically referred to tertiary centers.
Although NSAIDs were used in almost all patients, mono-
therapy rarely achieved sustained remission, paralleling the
Low NSAID response rates previously reported, such as 13.3%
in the cohort by Ulu et al.t¥ Similar limitations of NSAID
monotherapy have also been demonstrated in international
studies, including the multicenter European cohort by Kaiser
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et al.,” which documented heterogeneous and often incom-
plete clinical responses. Consequently, 93.5% of our patients
required escalation to conventional DMARDs, most common-
ly methotrexate, reflecting a widespread shift toward early
initiation of steroid-sparing agents for persistent disease. The
short median duration of NSAID therapy reflects early refer-
ral of severe cases rather than premature escalation.

Notably, 48.5% of our cohort required escalation to anti-TNF
therapy. This relatively high percentage should be interpret-
ed within the context of our specific cohort dynamics. First,
escalation was clinically driven by disease recalcitrance;
specifically, most patients who experienced relapse under
cDMARD:s required a class switch to biologics to regain dis-
ease control. Second, given our cohort size of 33 patients,
treatment decisions for this subset of refractory cases natu-
rally resulted in a high proportion. This rate aligns with oth-
er tertiary center data on complex cases, such as the 46.6%
reported by Sag et al.”” and the 78.6% reported by Oksiiz
Aydin et al.?% in patients with comorbidities. Furthermore,
this stepwise pattern reflects the increasing recognition that
a significant subset of CNO exhibits a cytokine-driven in-
flammatory profile that responds more favorably to targeted
biologic blockade than to cDMARDs alone.

Relapse occurred in 36.3% of our cohort, a rate compara-
ble to previously published pediatric series, including the
33.3% reported by Ulu et al.t™ and the 26.6% described by
Sag et al.’ The median time to relapse in our study was
12 months (IQR 8.5-24), reflecting the fluctuating, episod-
ic course characteristic of CNO across cohorts. Although
our data did not identify specific predictors of recurrence,
previous studies have suggested that certain features, such
as vertebral involvement, mandibular lesions, or elevated
inflammatory markers, may be associated with a higher
relapse risk in some populations.’> Furthermore, recent
long-term imaging studies, including the work by Voit et
al.,”® demonstrate that MRI abnormalities may persist
even in clinically improved children, emphasizing the im-
portance of ongoing imaging-based surveillance to detect
subclinical activity and guide long-term management.?
Together, these findings highlight the need for structured
follow-up strategies and the integration of clinical and ra-
diological assessments to monitor disease activity.

This study has several limitations. Its retrospective design
may have led to incomplete clinical and imaging data, and the
modest sample size limits the generalizability of the findings.
MRI protocols were not fully standardized, potentially lead-
ing to the under-recognition of subclinical lesions. In addi-



Arik et al. Pediatric CNO: A Single-Center Experience

tion, variations in treatment approaches over time introduce
heterogeneity in therapeutic responses. Despite these con-
straints, the study offers meaningful insights into the clinical
characteristics and management patterns of pediatric CNO.

CONCLUSION

This study provides a comprehensive characterization of
chronic nonbacterial osteomyelitis in a pediatric cohort,
highlighting key diagnostic, radiological, and therapeutic
features that align with the broader literature. The findings
reinforce the predominance of multifocal long-bone involve-
ment, the limited diagnostic utility of inflammatory markers,
and the essential role of MRI in detecting both symptomatic
and silent lesions. Despite initial management with NSAIDs,
most patients required escalation to disease-modifying or bi-
ologic therapies, illustrating the importance of a structured,
stepwise treatment approach. Relapse remained frequent,
particularly among patients with vertebral involvement or
elevated inflammatory markers, indicating the need for vig-
ilant long-term surveillance. Overall, the study emphasizes
the challenges of diagnosing and managing CNO and un-
derscores the importance of early recognition, standardized
imaging protocols, and individualized therapeutic strategies.
Continued prospective and multicenter research will be crit-
ical to refining risk stratification and improving long-term
outcomes for affected children.
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Appendix 1. Characteristics and histopathological findings of patients who underwent bone biopsy

Patient  Biopsy MRI findings Histopathological findings Fever Localize CRP ESR

no site swellin mg/L mm/h
Inflammation Fibrosis g (mg/L) (mm/h)

1 Mandible Unifocal mandibular lesion with - + - - 15 4
sclerosis and linear periosteal
enhancement; no abscess.

2 Fibula Multifocal expansile lesions in 3™ + + - - 16 0
metacarpal, 3™ metatarsal, and
distal fibula with cortical breach
and periosteal reaction

3 Femur Medial clavicle STIR hyperintensity + + - - 19 2
with medullary expansion; mini-
mal marrow edema in left femoral
neck metaphysis

4 Femur Bilateral distal femoral marrow + + - + 31 40
edema with periosteal reaction on
the left and surrounding soft-tis-
sue edema; features suggest
osteomyelitis vs. Ewing sarcoma

5 Sacrum Bilateral sacroiliitis compatible + + - - 14 1
with osteitis
6 Tibia Vertebral T1-hypointense lesions, + + - - 40 51

an expansile rib lesion with peri-
osteal reaction, and a tubular STIR
hyperintense signal in the tibial
metaphysis

7 Iliac Bilateral sacroiliitis compatible + + - - 4 1
with osteitis

CRP: C-reactive protein; ESR: Erythrocyte sedimentation rate.
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ABSTRACT

Objective: Juvenile idiopathic arthritis-related uveitis (JIA-U) is the leading cause of non-infectious chronic uveitis in children. Early detection and prevention
of vision-threatening complications remain the cornerstones of management. In this study, we aimed to evaluate the distribution and clinical characteristics
of uveitis across JIA subtypes, identify the predominant treatment modalities, and determine the risk factors for recurrence.

Materials and Methods: The medical records of patients with JIA-U followed at our center were retrospectively reviewed between January 2017 and March
2022. Demographic and clinical characteristics, JIA subtypes, treatments, frequency of recurrence, structural ocular complications related to uveitis, and
interventions were evaluated.

Results: A total of 81 eyes (29 bilateral, 14 left, and 9 right) of 52 patients (34 female, 65.4%) were assessed. Thirty-nine (75%) patients had oligoarticular JIA,
6 (11.5%) had enthesitis-related arthritis, 4 (7%) had polyarticular JIA, and 3 (5.7%) had psoriatic arthritis. Anterior uveitis was the most common anatomical
type (73 eyes; 90.1%). Conventional disease-modifying antirheumatic drugs (cDMARDs) were administered to 46 patients (88.5%), while biological DMARDs
(bDMARDs) were used in 37 (71.2%) of 52 patients. Eighteen (34.6%) patients had ocular complications. Recurrence was observed in 40 (76.9%) patients. Fe-
male sex was found to be a predictive factor for recurrence in multivariate regression analysis (OR 7.716, 95% Cl 1.667—35.712, p=0.009).

Conclusion: Chronic anterior uveitis is the most common anatomical presentation in JIA-U. Oligoarticular JIA, RF-negative polyarticular JIA, enthesitis-relat-
ed arthritis, and psoriatic arthritis are the JIA subtypes associated with JIA-U. Female sex is a risk factor for recurrence, and bDMARDSs play an important role
in the management of recurrent and refractory JIA-U.

Keywords: Biologic treatments, chronic anterior uveitis, juvenile idiopathic arthritis (JIA), ocular complications, recurrence

How to cite this article: Kasap Ciiceoglu M, Kapucu Y, Keskin A, Sadigh SL, Ozen S, Kadayifcilar S, Bilginer Y. Juvenile Idiopathic Arthritis Related Uveitis: Recurrence Risk
and Outcomes. Compreh Med 2026;18(3):251-258.

INTRODUCTION

Uveitis is inflammation of the uveal structures, including
the iris, ciliary body, and choroid. Anatomically, it is clas-
sified as anterior, intermediate, posterior, and panuveitis.”

Juvenile idiopathic arthritis is the most common rheuma-
tologic disease associated with uveitis. Non-infectious uve-
itis can be seen and usually has a chronic course. Behget's
disease and sarcoidosis are other common rheumatologic

Infections (viral agents, toxoplasma, tuberculosis, and cat-
scratch disease), immune/inflammation-mediated reac-
tions, trauma, and drugs play a role in the etiology of uveitis.
B3 Non-infectious uveitis in childhood is a cause of treatable
blindness and other complications.®

causes of pediatric uveitis. Juvenile idiopathic arthritis-re-
lated uveitis (JIA-U) is seen in 10-20% of JIA cases.”? Uve-
itis may not be diagnosed at an early age due to difficulties
in examining the patient and the asymptomatic and latent
course of JIA-U.®
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Local treatments, including topical corticosteroids, are the
first-line treatment options. Conventional DMARDs, on the
other hand, are usually used as second-line therapies after
topical corticosteroids.l®!

The incidence of refractory cases and associated complica-
tions in patients diagnosed with JIA-U is quite high.®*? Cur-
rently, various studies have shown that the use of biologic
drugs prevents refractory disease and complications. How-
ever, further studies are needed on the long-term follow-up
of patients treated with biological agents and the evaluation
of long-term outcomes.t34

In this study, we aimed to evaluate patients with JIA-U at
our center and determine the prominent treatment modali-
ties, ocular complications associated with uveitis, recurrence
rate, and predictive factors during follow-up.

MATERIALS and METHODS

Patient Selection

Between January 2017 and March 2022, 125 patients with uve-
itis (<18 years old) and 450 patients with JIA (<18 years old)
were retrospectively screened using electronic medical records
from the pediatric rheumatology and ophthalmology out-
patient clinics of Hacettepe University. Patients with Behcet's
uveitis, sarcoidosis, and idiopathic uveitis were excluded from
the study. A total of 52 patients with juvenile idiopathic arthri-
tis-related uveitis (JIA-U) were included. As no cases of uveitis
were observed in patients with systemic JIA or RF-positive poly-
articular JIA, these subtypes were excluded from the analysis.

Data Collection

The patients were diagnosed with juvenile idiopathic arthri-
tis according to the International League of Associations for
Rheumatology (ILAR) classification.’ The Standardization
of Uveitis Nomenclature (SUN) criteria were used to score
uveitis activity and disease course.? Demographic and clin-
ical characteristics of the patients, drug treatments, treat-
ment duration, follow-up duration, recurrence rate, and oc-
ular complications due to uveitis were evaluated.

Definitions

Chronic uveitis: This refers to persistent uveitis that relapses
in less than 3 months after discontinuation of treatment. In
other words, uveitis persists and quickly flares up again once
treatment is stopped.

Recurrence: This refers to repeated episodes of uveitis that
are separated by periods of inactivity without treatment last-
ing =3 months. In other words, inflammation recurs, but
there are clear periods of remission in between.?
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Remission: Inactive disease for =3 months after discontinua-
tion of all treatments for eye disease. This indicates a period
of remission or inactivity in the disease without the need for
ongoing therapy.

Statistical Analysis

SPSS for Windows, version 27.0 (SPSS Inc., Chicago, ILlinois,
USA), was used for statistical analysis. Median values were
used for data that were not normally distributed. The Mann—
Whitney U test was used for pairwise comparisons. Univari-
ate and multivariate logistic regression analyses were used
to determine predictive factors associated with recurrence
of JIA-associated uveitis. The study was conducted in accor-
dance with the principles of the Declaration of Helsinki and
was carried out after approval was obtained from the Hac-
ettepe University Ethics Committee (reference number: GO
22/291; approval date: March 15, 2022).

Use of Al-Assisted Tools

Al-assisted tools were used in a limited manner during man-
uscript preparation. DeepL was used for translation support,
and ChatGPT (large language model; version 5.1) was used
to refine language, improve readability, and assist with
grammar editing. These tools did not generate, analyze, or
interpret any scientific data. ALl methodological steps, anal-
yses, and conclusions were performed by the authors.

RESULTS

Evaluation of Data

A total of 52 patients, including 34 females (65.4%), had uve-
itis involving 81 eyes (29 bilateral, 14 left, and 9 right). The
median age at diagnosis of uveitis was 7.7 (1.5-17.5) years.
Anterior uveitis was the most common anatomical type
(n=73; 90.1%). Four eyes had intermediate uveitis, 2 eyes had
posterior uveitis, and 2 eyes had panuveitis (Table 1). Of the
52 patients, 39 (75%) had oligoarticular JIA, 6 (11.5%) had
enthesitis-related arthritis, 4 (7%) had RF-negative polyar-
ticular JIA, and 3 (5.7%) had psoriatic arthritis (Table 2).

In JIA-associated uveitis, the number of patients in whom
uveitis preceded joint involvement was 14, and the me-
dian time to joint involvement after uveitis was 8 (3-60)
months. The remaining 35 patients developed uveitis af-
ter joint involvement, with a median time from arthritis
to uveitis of 49 (3-168) months. At the time of diagnosis,
3 patients had concomitant involvement. The median du-
ration of JIA-U, defined as the time from uveitis diagnosis
to the last follow-up visit, was 48 months (range: 6-132
months) for all patients.
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Table 1. Demographics, clinical features of the patients with juvenile idiopathic arthritis-related uveitis (JIA-U)

JIA-U (n=52)
Sex, female, n (%) 34 (65.4)
Age at uveitis onset, median, years (min-max) 7.7 (1.5-17.5)
Age at JIA onset, median, years (min-max) 6.4 (1.5-11.5)
Duration uveitis in follow-up, month, median (min-max) 4 (1-11)
JADAS27, median at the uveitis onset, median (min-max) 0 (0-28)
Number of active arthritis during uveitis, median (min-max) 2 (0-5)
Classification according to JIA subtypes, n (%)
Oligoarthritis 39 (75)
Polyarthritis (RF negative) 4 (7.6)
Enthesis-Related Arthritis 6 (11.5)
Psoriatic Arthritis 3(5.7)
Uveitis, initial involvement 14 (26.9)
Time interval from uveitis to arthritis, months, median (min-max) 8 (3-60)
Arthritis, Initial involvement 35 (67.3)
Time interval from arthritis to uveitis, months, (min-max) 48 (3-168)
ANA positivity, presence, n (%) 37 (71.2)
Treatments
Systemic corticosteroid, n (%) 29 (44.2)
Duration of systemic corticosteroid use, months, median (min-max) 4 (0.5-116.7)
Conventional DMARDs, n (%) 46 (88.5)
MTX 42 (91.3)
AZA 7(13.4)
ScA 3(5.7)

Duration of cDMARDs use, months, median (min-max)
Follow-up time of cDMARDs after discontinuation, months, median (min-max)
Biological DMARDs, n (%)
TNF inhibitors, n (%)
ADA
ETN
INF
IL-6 inhibitors, n (%)
Duration of use of bDMARDs, months, median (min-max)
Follow-up time after discontinuation of bDMARDS, months, median (min-max)
Systemic medications, n (%)
One line
Two lines
> Three lines
Drug-free duration of remission, months, median (min-max)
Ocular Complications, n (%)
Permanent Loss of vision, n (%)
Ocular surgery, n, (%)
Recurrence, n (%)

46.8 (0.6-163.3)
25.5 (0.5-143.7)
37 (71.1)

31(59.6)
9(17.3)
8 (15.3)
10 (19.2)
48.4 (1.9-197.6)
3.0 (0-78)

20 (43.5)
15 (32.6)

11 (23.9)
60.9 (2.4-182.6)
18 (34.6)

4 (7.6)

6 (11.5)

34 (65.3)

AZA: Azathiopurine; cDMARDs: Conventional disease-modifying antirheumatic drugs; bDMARDs: Biological disease-modifying drugs; RF: Rheumatoid factor;

ScA: Ciclosporine
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Table 2. Evaluation of JIA subtypes in patients with juvenile idiopathic arthritis-related uveitis

Oligoarticular Enthesitis Related Polyarticular JIA Psoriatic Arthritis

JIA (n=39) Arthritis (n=6) (n=4) (n=3)
Age at uveitis onset, months, median (min-max) 6.4 (1.5-17.5) 11.8 (9-17.5) 13.4 (3.4-17.9) 7.4 (3.9-13)
Duration of uveitis, years, median (min-max) 4 (0.6-11) 4 (1-8) 4.3 (1-10) 3(1-4)
Time of uveitis, n (%)
Prior to the diagnosis of JIA 13(33.3) 1(16.7) - -
After the diagnosis of JIA 25 (64.1) 5 (83.3) 4 (100) 3(100)
Bilaterality
Bilateral, n (%) 21 (53.8) 3 (50) 2 (50) 3(100)
Right 9(23) - - -
Left 9 (23) 3 (50) 2 (50) -
Anatomically location, n (%)
Anterior 35 (89.7) 6 (100) 4 (100) 2 (66.7)
Intermediate 2(51) - - -
Posterior 1(2.6) - - -
Panuveitis - - - 1(33.3)
Recurrence, n (%) 34 (87.1) 1(16.7) 3(75) 2 (66.6)
Drug-free follow-up, n (%) 24 (61.5) 5(83.3) 2 (50) 1(33.3)
Conventional DMARD, n (%)
MTX 30 (76.9) 6 (100) 3 (75) 3(100)
AZA 5(12.8) - 2 (50) -
ScA 1(2.6) - 1(25) 1(33.3)
Biological DMARD, n (%) 28 (71.8) 5 (83.3) 3 (75) 1(33.3)
Anti-TNF treatments
ADA 24 (61.5) 4 (66.7) 2 (50) 1(33.3)
ETN 4(10.3) 2 (33.3) 2 (50) 1(33.3)
INF 7 (17.9) 1(16.7) - -
Anti-IL-6 therapy, n (%)
Tocilizumab 7(17.9) - 3(75) -
Complications, n (%) 14 (35.8) 1(16.7) 3(75) -
Cataract 8(20.5) 1(16.7) 2 (50) -
Posterior synechiae 5(12.8) 1(16.7) 2 (50) -
Glaucoma 4(10.3) - 2 (50) -
Band keratopathy 3(7.7) - - -
Macular edema 2 (5.1)
Ocular surgery, n (%) 4(10.2) 2 (50)

ADA: Adalimumab; AZA: Azathioprine; CsA: Cyclosporine A; DMARD: Disease-modifying antirheumatic drug; ERA: Enthesitis-related arthritis; ETN: Etanercept;
IL-6: Interleukin-6; INF: Infliximab; JIA: Juvenile idiopathic arthritis; MTX: Methotrexate; TNF: Tumor necrosis factor

The youngest median age at uveitis diagnosis was observed Bilateral involvement was more common in all patient
in the oligoarticular JIA group (median 6.4 years; range: groups. Among all patient groups, the rate of bilateral in-
1.5-17.5 years), whereas the oldest median age was observed volvement was highest in oligoarticular JIA (53.8%, n=21).
in the polyarticular JIA group (median 13.4 years; range: Anterior involvement was more common than other ana-
3.4-17.9 years) (Table 2). tomical involvements. In patients with oligoarticular JIA,
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uveitis was observed to precede joint involvement in 13 (27%)
patients. By contrast, uveitis usually developed after joint in-
volvement in other JIA subtypes.

Treatment Strategy

All patients received topical corticosteroid drops after diag-
nosis. Systemic corticosteroids were administered to 29 pa-
tients (55.8%), conventional DMARDs to 47 patients (metho-
trexate [MTX] in 42 patients, cyclosporine in 3 patients, and
azathioprine [AZA] in 7 patients), biological DMARDs to 37
patients (adalimumab [ADA] in 31 patients, etanercept [ETN]
in 9 patients, infliximab [INF] in 8 patients, and tocilizumab
[TCZ] in 10 patients), and periocular corticosteroid injections
to 2 patients. Previously, 8 patients had a refractory course
despite ADA use, and 2 patients had a refractory course de-
spite ongoing INF treatment. ETN was administered to 9 pa-
tients before the diagnosis of uveitis. The median duration
of use was 48.4 months (range: 1.9-197.4 months) for bD-
MARDs and 46.8 months (range: 0.6-163.3 months) for cD-
MARDs. All medications, except ETN in 9 patients, ADA in 4
patients, and INF in 1 patient, were prescribed specifically for
uveitis. Tocilizumab was prescribed as a third-line treatment
after failure of TNF inhibitors.

In terms of treatments preferred for uveitis, conventional
DMARDs were most commonly used with MTX, and bio-
Llogical DMARDs were mostly used in the oligoarticular JIA
group (n=28). Among the anti-TNF agents, adalimumab
(ADA) was the most preferred agent, while anti-IL-6 thera-
py (tocilizumab) was most common in the polyarticular JIA
(RF-negative) group.

Ocular Complications

Ocular complications were present in 18 (34.6%) patients
(n=32 eyes, 38.5%) with JIA-U either at diagnosis or during
follow-up. These included cataract in 11 patients (n=20
eyes, 24%), posterior synechiae in 6 patients (n=12 eyes,
14.4%), glaucoma in 6 patients (n=9 eyes, 10.8%), band ker-
atopathy in 5 patients (n=9 eyes, 10.8%), and macular ede-
ma in 2 patients (n=4 eyes, 4.8%). Intraocular surgery was
performed in 6 (11.5%) patients with ocular complications
due to uveitis. Uveitis recurrence was detected in 34 (65.3%)
patients (Table 3).

Complications associated with uveitis were most common
in the oligoarticular type of JIA. Cataract (n=8), posteri-
or synechiae (n=5), and glaucoma (n=4) were among the
most common complications. Ocular surgery was observed
at higher rates in the polyarticular JIA group; however, this
group included only 4 patients.

Follow-up and Recurrence

Recurrence rates were highest in the RF-negative polyartic-
ular JIA group (75%, n=3) and lowest in the enthesitis-re-
lated JIA group (16.7%, n=1). Uveitis went into remission
without a chronic course in patients with enthesitis-related
JIA, while the recurrence rate in patients with oligoarticular
JIA was 87.1% (n=34).

In terms of long-term follow-up, drug-free remission was
observed in 61.5% (n=24) of patients in the oligoarticular JIA
group, 83.3% (n=5) in the enthesitis-related JIA group, 50%
(n=2) in the polyarticular JIA group, and 33.3% (n=1) in the
psoriatic arthritis-related JIA group.

Among patients with recurrence, female sex and anterior
uveitis were more common than among those without recur-
rence, at 75% and 100%, respectively (p=0.008 and p=0.006).
Methotrexate and adalimumab use was more common in
patients with recurrence (Table 3).

Only sex (female) was statistically significant in predicting re-
currence in both univariate (OR 6.000, 95% CI 1.483-24.268,
p=0.012) and multivariate (OR 7.716, 95% Cl 1.667-35.712,
p=0.009) analyses. The effects of other factors, such as early
age at uveitis onset, uveitis prior to arthritis onset, and oli-
goarticular subtype, are given in Table 4.

DISCUSSION

JIA-U can occur with early onset and almost always presents
as anterior uveitis. The need for biological therapy and the
frequency of complications are quite high. In this study, we
evaluated patients with JIA-U. The majority of the patients
(77.1%, n=90) had anterior uveitis. Biologic DMARDs were
used in 37 (71.1%) patients. Uveitis-related ocular complica-
tions occurred in 18 (34.6%) patients. Recurrence was detect-
ed in 76.9% of patients.

In our study, 52 (11.5%) of all JIA patients (n=450) evaluated
had JIA with uveitis, which is similar to the literature.l'61 As
noted in many previous studies, most of our cohort consist-
ed of female patients.”6-2 Most patients with JIA-U had the
oligoarticular subtype. The oligoarticular type stands out in
many studies as a risk factor for the development of uveitis
in JIA. Another predictive parameter for the development of
uveitis is antinuclear antibody (ANA) positivity. In our study,
39 (71.7%) patients had ANA positivity.

According to JIA subtypes, the age at diagnosis of uveitis in
oligoarticular involvement was earlier than in other types.
The median duration of follow-up for uveitis was similar in
all groups. In some patients (n=13, 25%) with oligoarticular
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Table 3. Comparison between recurrence and non-recurrence group

Uveitis with non Uveitis with p
recurrence (n=12) recurrence (n=40)
Sex, female, n (%) 4 (33.3) 30 (75) 0.008
Age at uveitis onset, months, median (min-max) 8.4 (2.6-20.4) 7.7 (1.5-20.1) 0.302
Duration of uveitis, years, median (min-max) 3 (1-6) 4 (1-11) 0.116
Timing of uveitis, n (%)
Prior to the diagnosis of JIA 5 (41.7) 9 (22.5) 0.383
After the diagnosis of JIA 7 (58.3) 31(77.5)
Bilateral, n (%) 9 (75) 18 (45) 0.511
Right 1(8.3) 8 (20)
Left 2 (16.7) 14 (35)
Anatomically location, n (%)
Anterior 8 (66.7) 40 (100) 0.006
Intermediate 2(16.7) -
Posterior 1(8.3) -
Panuveitis 1(8.3) -
ANA positivity, n (%) 8 (66.7) 29 (72.5) 0.583
Drug-free follow-up, months, median (min-max) 63.5 (2.4-86.3) 60.9 (2.6-182.6) 0.880
Remission off -drug, n (%) 9 (75) 23 (57.5) 0.608
Conventional DMARD, n (%)
MTX 7 (58.3) 35 (87.5) 0.013
AZA 2(16.7) 5(12.5) 0.810
ScA - 3(7.5) 0.328
Biological DMARDSs, n (%) 6 (71.8) 31(83.3) 0.113
TNF inhibitors
ADA 3(25) 28 (70) 0.005
ETN 3(25) 6 (15) 0.724
INF 1(8.3) 7 (17.5) -
Anti-IL-6 therapy, n (%)
Tocilizumab 3(25) 7 (17.5) 0.563
Complications, n (%) 4 (33.3) 14 (35) 0.915
Cataract 2 (16.6) 9 (22.5) 0.812
Posterior synechiae 1(8.3) 5(12.5) 0.634
Glaucoma - 6 (15) -
Band keratopathy 1(8.3) 4(10) 0.596
Macular edema - 2(5)
Ocular surgery, n (%) 1(8.3) 5 (12.5) 0.608

ADA: Adalimumab; AZA: Azathioprine; CsA: Cyclosporine A; DMARD: Disease-modifying antirheumatic drug; ERA: Enthesitis-related arthritis; ETN: Etanercept;
IL-6: Interleukin-6; INF: Infliximab; JIA: Juvenile idiopathic arthritis; MTX: Methotrexate; TNF: Tumor necrosis factor

involvement, the disease presented with uveitis before joint In our study, all patients were administered topical cortico-
involvement, while uveitis developed during the follow-up steroid drops after diagnosis. Of the patients, 29 were treated
period after joint involvement/arthritis in other types. with systemic corticosteroids, 46 with conventional DMARDs,
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Table 4. Univariate and multivariate analyses regarding of recurrence in JIA-U

Univariate analyses OR 95% Confidence interval p
(Lower- Upper)
Sex (female) 6.000 1.483-24.268 0.012
Age at the diagnosis (<7 years old) 1.267 0.344-4.670 0.723
Uveitis prior to arthritis onset 2.460 0.627-9.650 0.197
Disease category (oligoarticular JIA) 1.897 0.357-10.068 0.452
Multivariate analyses* OR 95% Confidence interval p
(Lower- Upper)
Sex (female) 7716 1.667-35.712 0.009
Age at the diagnosis (<7 years old) 1375 0.310-6.108 0.675
Uveitis prior to arthritis onset 1.733 0.368-8.173 0.487
Disease category (oligoarticular JIA) 3.543 0.497-25.236 0.207

* Omnibus test—chi-square=9.766, p=0.045, Hosmer—Lemeshow test—chi-square=3.779 p=0.707, Nagelkerke R square=0.259. JIA: Juvenile idiopathic arthritis;

OR: Odds ratio.

37 with biological DMARDSs, and 2 with periocular corticoste-
roid injections. Of those who received bDMARDSs, 9 patients
received ETA. After diagnosis, adalimumab or infliximab
treatment was started instead of etanercept. Morelle et al.
@4 pointed out that there are insufficient data on whether
etanercept has an effect on uveitis. On the other hand, in line
with previous reports, uveitis developing under TNFi thera-
py, particularly etanercept, appears to represent a paradox-
ical inflammatory effect rather than uncontrolled disease
activity.® In patients with refractory or recurrent uveitis,
adalimumab is commonly administered in combination with
methotrexate rather than as monotherapy, as concomitant
use of a conventional DMARD reduces the risk of anti-drug
antibody development and helps maintain treatment effi-
cacy. Ten patients with JIA-U were successfully treated with
tocilizumab. Successful outcomes have been achieved with
TNF inhibitors such as adalimumab and infliximab, as well
as tocilizumab, an IL-6 inhibitor.

Female sex was identified as a significant predictor of re-
currence. In the literature, additional predictive factors have
been reported, including ANA positivity and the timing of bi-
ologic therapy initiation, with earlier initiation being associ-
ated with a lower recurrence rate./2+-2!

Undoubtedly, one of the challenges in the treatment of
JIA-associated uveitis is controlling inflammation while
minimizing complications associated with corticosteroid use.

In a study conducted by Kadayifcilar et al.?? 339 eyes of
216 pediatric patients were evaluated. Of these, 29 (13.24%)
were patients with JIA-related uveitis. Ocular complica-

tions were highest in this group, at 47.3%, compared with
other disease groups. Surgical intervention was performed
in 21.8% of the involved eyes.?

The retrospective nature of the study limits causal inferences
regarding treatment efficacy and predictors of recurrence. In
addition, the unequal number of patients in each JIA subtype
and the lower number of patients in subtypes other than
oligoarticular JIA may limit the data. However, due to the
nature of the disease, the frequency of uveitis is significantly
higher in the oligoarticular type.

Our study is a detailed analysis of uveitis cases across JIA
subtypes, also analyzes recurrence rates, and contributes to
the literature.

CONCLUSION

Chronic anterior uveitis is usually expected in JIA-U. Female
sex is a risk factor for recurrence in JIA-U. Oligoarticular JIA,
RF-negative polyarticular JIA, enthesitis-related arthritis,
and psoriatic arthritis are the JIA subtypes associated with
uveitis. In addition, our study highlights the significant bur-
den of uveitis in patients with JIA and the essential role of bi-
ologic DMARDs in disease management. The high rate of oc-
ular complications underscores the need for early diagnosis
and effective treatment strategies. TNF inhibitors, particu-
larly adalimumab and infliximab, and IL-6 inhibitors, such as
tocilizumab, have shown promising outcomes in controlling
inflammation and reducing complications. However, further
large-scale prospective studies are necessary to refine treat-
ment protocols and identify the most beneficial therapeutic
approaches for patients with different JIA subtypes.
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ABSTRACT

Objective: Spontaneous ecchymosis is a common yet diagnostically challenging reason for referral to hematology clinics, particularly when platelet counts and
routine coagulation tests are normal. In this setting, the diagnostic value of clinical phenotype, bleeding history, and bleeding assessment tools remains uncertain.

Materials and Methods: We conducted a single-center, real-world, observational cross-sectional study including adult patients presenting with spontaneous
or recurrent ecchymosis. All patients had normal platelet counts and normal screening coagulation tests and were not receiving antithrombotic therapy.
Bleeding severity was assessed using the International Society on Thrombosis and Haemostasis Bleeding Assessment Tool (ISTH-BAT). Laboratory evaluation
included von Willebrand factor (vWF) antigen and activity, factor VIII (FVIII), and factor XIII (FXIII) activity.

Results: A total of 143 patients were included (median age: 33 years; 97.2% female). A definitive hemostatic abnormality was identified in 58 patients (40.6%).
Abnormal VWF parameters were observed in 25.2% of patients, while reduced FVIII and FXIII levels were detected in 14.0% and 7.7%, respectively. Using con-
ventional sex-specific ISTH-BAT cutoffs, only one patient met the criteria for a pathological BAT score. In contrast, median ISTH-BAT scores were significantly
higher in patients with identifiable laboratory abnormalities compared with those without (p=0.047). Clinical features such as ecchymosis distribution and pain
were not associated with laboratory abnormalities.

Conclusion: In patients presenting with spontaneous ecchymosis, clinical phenotype and standard bleeding score cutoffs have limited diagnostic utility.
Interpreting the ISTH-BAT score as a continuous measure of bleeding burden provides clinically meaningful information and may better support diagnostic
decision-making in real-world practice.

Keywords: Bleeding assessment tool, ISTH-BAT, mild bleeding disorders, real-world study, spontaneous ecchymosis, von Willebrand factor
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INTRODUCTION

Spontaneous ecchymosis is a common yet diagnostically
challenging reason for referral to hematology clinics, re-
flected by the high prevalence of patients presenting with

the absence of these factors. For both clinicians and patients,
this presentation represents a diagnostic gray zone, often
leading to repeated consultations, extensive investigations,
and persistent uncertainty.3

easy bruising or bleeding of unknown cause in hematology
referral cohorts.! Although bruising is frequently attribut-
ed to trauma, antithrombotic therapy, thrombocytopenia, or
advanced systemic disease, a considerable proportion of pa-
tients present with recurrent or unexplained ecchymoses in

In routine clinical practice, the initial evaluation of bleed-
ing symptoms relies largely on basic laboratory tests,
including complete blood count, prothrombin time (PT),
and activated partial thromboplastin time (aPTT). While
these tests are essential for identifying quantitative plate-
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let abnormalities and major defects within the intrinsic or
extrinsic coagulation pathways, they fail to detect a wide
range of clinically relevant hemostatic disorders. Conse-
quently, patients with normal platelet counts and unre-
markable PT and aPTT values may still harbor significant
bleeding abnormalities, such as von Willebrand disease,
acquired coagulation factor deficiencies, or subtle defects
of primary hemostasis.?

This diagnostic challenge is particularly pronounced in pa-
tients whose predominant manifestation is spontaneous
ecchymosis. In such cases, bleeding symptoms may appear
clinically mild yet persistent, making it difficult to distinguish
benign bruising tendencies from underlying hemostatic dis-
orders.®! As a result, diagnostic approaches vary consider-
ably across centers, and standardized evaluation algorithms
for this patient population remain limited.

A structured assessment of bleeding history is a corner-
stone of hemostatic evaluation. Bleeding Assessment Tools
(BATs) have been developed to systematically document
bleeding symptoms and enhance clinical phenotyping.
The International Society on Thrombosis and Haemostasis
Bleeding Assessment Tool (International Society on Throm-
bosis and Haemostasis-BAT) provides a standardized and
reproducible framework for quantifying bleeding severity
by scoring a wide range of site-specific bleeding mani-
festations, including mucocutaneous bleeding, cutaneous
bruising, bleeding after minor wounds or surgical proce-
dures, musculoskeletal bleeding, and sex-specific bleeding
symptoms. The cumulative score reflects the overall bleed-
ing burden and is interpreted using validated age- and
sex-adjusted thresholds. Scores of =6 in adult women, =4
in adult men, and =3 in children are considered indicative
of a pathological bleeding tendency.”® However, existing
studies evaluating BATs have largely focused on selected
patient populations or specific inherited bleeding disorders.
Real-world data examining the integration of BAT scores
into the diagnostic work-up of patients presenting primari-
ly with spontaneous ecchymosis are scarce.

Moreover, advanced hemostatic investigations, particularly
platelet function testing, are not routinely available in many
centers and are often reserved for highly selected cases. This
reality underscores the importance of understanding the
diagnostic yield achievable with commonly accessible tools
and identifying patient subgroups in whom more specialized
testing should be prioritized.1?

Against this background, we conducted a l-year, sin-
gle-center, real-world cohort study to evaluate adults
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presenting with spontaneous ecchymosis, normal platelet
counts, and no exposure to antithrombotic therapy. By inte-
grating ISTH-BAT scores with routinely applied laboratory
assessments, this study aimed to characterize the clinical
spectrum of these patients, assess diagnostic yield in ev-
eryday practice, and highlight potential gaps in current di-
agnostic approaches.

MATERIALS and METHODS

Study Design and Setting

This study was designed as a single-center, real-world, ob-
servational cross-sectional study utilizing data obtained
during routine clinical practice. Adult patients presenting
with spontaneous or recurrent ecchymosis were evaluated
over 12 months, from December 2024 to December 2025, at
a tertiary care hematology clinic. This study was approved
by The Ethics Committee of University of Health Sciences
Istanbul Kanuni Sultan Suleyman Training and Research
Hospital (Approval No: KAEK/2025.11.275). Written in-
formed consents were obtained from patients who partici-
pated in this study.

Study Population

Patients were eligible for inclusion if they were aged 18 years
or older and presented with spontaneous ecchymosis not at-
tributable to significant trauma. Only patients who were not
receiving antiplatelet or anticoagulant therapy at the time of
presentation and who had no recent exposure to nonsteroi-
dal anti-inflammatory drugs (NSAIDs) or other medications
known to affect platelet function were included. To specifi-
cally focus on bleeding phenotypes independent of platelet
count abnormalities, patients were required to have a plate-
let count within the local laboratory reference range at pre-
sentation. In addition, all included patients were required to
have normal screening coagulation tests, with prothrombin
time (PT) and activated partial thromboplastin time (aPTT)
within the reference ranges at presentation.

This approach was chosen to enrich the cohort for diag-
nostically challenging cases in which common and readily
identifiable causes of bruising had already been excluded in
routine clinical practice.

Exclusion Criteria

Patients were excluded if they had thrombocytopenia or
thrombocytosis, were receiving antiplatelet or anticoagu-
lant therapy, or had an alternative explanation for bruising
identified at presentation. In addition, patients with known
rheumatologic diseases, chronic liver disease, chronic
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kidney disease, or previously diagnosed and clearly doc-
umented coagulation factor deficiencies were excluded.
These criteria were applied to minimize confounding and
ensure a more homogeneous cohort of patients with unex-
plained spontaneous ecchymosis.

Clinical and Laboratory Assessment

Demographic characteristics, clinical features, comorbidi-
ties, and medication histories were recorded in a structured
manner at the time of patient presentation. Bleeding-relat-
ed characteristics were documented in detail, including the
duration and recurrence of ecchymoses, anatomical distri-
bution, presence of painful bruising, and associated muco-
cutaneous bleeding manifestations, such as epistaxis, gin-
gival bleeding, menorrhagia, gastrointestinal bleeding, and
hematuria. Personal and family histories of bleeding were
recorded when available.

Laboratory evaluations were performed as part of a prospec-
tively planned routine diagnostic work-up. This evaluation
included complete blood count, PT, aPTT, von Willebrand
factor antigen and activity levels, factor VIII (FVIII) levels,
and factor XIII (FXII) activity. ALL tests were requested as part
of standard patient care and according to clinical necessity,
reflecting real-world diagnostic practice. This standardized
approach resulted in a minimal rate of missing data across
the study cohort.

Bleeding Assessment Tool Evaluation

Bleeding severity and phenotype were assessed using the
International Society on Thrombosis and Haemostasis
Bleeding Assessment Tool (ISTH-BAT). A single physician
performed all BAT assessments to ensure consistency and
minimize interobserver variability. The total BAT score was
calculated at presentation and used as a standardized mea-
sure of bleeding burden in subsequent analyses.

Statistical Analysis

ALl statistical analyses were performed using IBM SPSS
Statistics for Windows, Version 26.0 (IBM Corp., Armonk,
NY, USA). Continuous variables were evaluated for distri-
butional characteristics through visual inspection of histo-
grams and assessment with the Shapiro-Wilk test. As most
variables did not follow a normal distribution, continuous
data are presented as medians with interquartile ranges.
Categorical variables are summarized as absolute numbers
and percentages.

Comparisons between patients with and without identifiable
hemostatic abnormalities were conducted using the Mann-

Table 1. Baseline demographic and clinical characteristics of

the study cohort (n=143)

Characteristic Value
Age, years, median (IQR) 33 (25-42)
Female sex, n (%) 139 (97.2)
Duration of ecchymosis, months, median (IQR) 12 (5-36)
Painful ecchymosis, n (%) 22 (15.4)
Ecchymosis distribution — localized 107 (74.8)
Ecchymosis distribution — widespread 22 (15.4)
Menorrhagia 59 (41.3)
Epistaxis 17 (11.9)
Gingival bleeding 58 (40.6)
Gastrointestinal bleeding 2(L.4)
Family history of bleeding 17 (11.9)

Values are presented as median (interquartile range, IQR) or number (per-
centage).

Whitney U test for continuous variables. Associations be-
tween categorical variables, including clinical features such
as ecchymosis distribution and the presence of painful bruis-
ing, were assessed using the chi-square test or Fisher's exact
test, as appropriate.

ISTH-BAT scores were analyzed descriptively and primarily
evaluated as a continuous variable. Given the very low pro-
portion of patients meeting conventional sex-specific ISTH-
BAT cutoff values, dichotomous analyses based on these
thresholds were not emphasized. A two-sided p value below
0.05 was considered statistically significant.

RESULTS

Patient Characteristics

A total of 143 patients were included in the final analysis.
The median duration of spontaneous ecchymosis before
presentation was 12 months (IQR, 5-36), indicating a pre-
dominantly chronic clinical course.

Ecchymoses were most frequently localized to the extrem-
ities or were widespread. Painful bruising was reported by
15.4% of patients. Mucocutaneous bleeding manifestations
were common, with menorrhagia being the most frequently
reported symptom, followed by epistaxis, gingival bleeding,
gastrointestinal bleeding, and hematuria. A positive family
history of bleeding was reported in 11.9% of patients. Base-
line demographic and clinical characteristics of the study
population are summarized in Table 1.
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Table 2. Laboratory findings of the study cohort

Parameter (reference range)

Median (IQR) or n (%)

PT (s) (10.5-14.5)
aPTT (s) (21-35)
vWF:Ag (%) (50-160)
vWF:RCo (%) (58-172)

VWF:Ag / vWF:RCo ratio

FVIII (%) (70-140)
FXIII (%) (70-140)

11.4 (10.9-12.0)
25.1 (23.6-26.4)
108.8 (82.4-134.0)
77.8 (57.7-108.9)
1.41 (1.12-1.76)
107.0 (82.1-136.7)
103.5 (89.3-119.6)

Table 3. Diagnostic yield in patients with spontaneous

ecchymosis

Diagnostic category n (%)
vWF abnormality (+ FVIII reduction) 36 (25.2)
— vWF-associated FVIII deficiency 11(7.7)
Isolated FVIII deficiency 9(6.3)
FXIII deficiency 11 (7.7)
Any identifiable hemostatic abnormality 58 (40.6)
Unexplained spontaneous ecchymosis 85 (59.4)

vWF abnormality* 36 (25.2)
FVIIl <70% 20 (14.0)
- vWF-associated FVIII deficiency 11 (55.0%)
— Isolated FVIII deficiency 9 (45.0%)
FXIIl <70% 11(7.7)

* vWF abnormality was defined as vVWF:Ag <50% and/or vVWF:RCo <58%
according to institutional reference ranges. PT: Prothrombin time; aPTT: Ac-
tivated partial thromboplastin time; vVWF: Von Willebrand factor; vWF:Ag: Von
Willebrand factor antigen; vVWF:RCo: Von Willebrand factor ristocetin cofactor
activity; FVIII: Factor VIII; FXII: Factor XIII; 1QR: Interquartile range

Laboratory Findings

Consistent with the study design, all patients had plate-
let counts within the local laboratory reference range, and
routine coagulation screening tests, including PT and aPTT,
were within normal limits in all patients.

Abnormal von Willebrand factor (VWF) parameters were
identified in 36 patients (25.2%), defined by reduced vVWF an-
tigen and/or activity levels. Evaluation of the von Willebrand
factor antigen-to-ristocetin cofactor activity ratio (VWF:Ag/
vWF:RCo) showed that a reduced ratio was uncommon in
this cohort; among 141 patients with available data, only
one had a ratio below 0.7, and none had a ratio below 0.6.
Reduced factor VIII (FVIII) levels below the reference range
were observed in 20 patients (14.0%). Among these patients,
11 exhibited concomitant vVWF abnormalities, consistent with
vWF-associated FVIII deficiency, while 8 demonstrated iso-
lated FVIII deficiency in the presence of normal vWF param-
eters. In one patient with reduced FVIII levels, vWF parame-
ters were unavailable, precluding further classification.

Reduced factor XIII (FXIII) activity below the reference range
was detected in 11 patients (7.7%). A detailed summary of
laboratory findings is provided in Table 2.
Bleeding Phenotype and ISTH-BAT Scores

The median ISTH-BAT score in the overall cohort was 2 (IQR,
1-3). Patients presenting with mucocutaneous bleeding
manifestations had higher BAT scores compared with those
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vWF: Von Willebrand factor; FVIII: Factor VIII; FXIII: Factor XIll. Diagnostic
categories are not mutually exclusive.

presenting with isolated ecchymosis. Higher BAT scores were
also observed among patients with recurrent or long-stand-
ing ecchymosis.

Using sex-specific ISTH-BAT thresholds (=6 for women and
>4 for men), only one patient (0.7%) met the criteria for an
elevated BAT score. Due to the extremely low prevalence of
elevated BAT scores, no meaningful association could be es-
tablished between elevated BAT status and the presence of
identifiable hemostatic abnormalities.

Diagnostic Yield

Following comprehensive clinical and laboratory evaluation, a
definitive hemostatic abnormality was identified in 58 patients
(40.6%), while the remaining 85 patients (59.4%) were clas-
sified as having unexplained spontaneous ecchymosis. The
distribution of diagnostic categories is summarized in Table 3.

Association Between Clinical Features, ISTH-BAT Scores, and
Laboratory Abnormalities

The anatomical distribution of ecchymoses, whether Limit-
ed to the legs, involving all extremities, or widespread, was
not associated with the presence of identifiable hemostatic
abnormalities (p=0.71). Similarly, the presence of painful ec-
chymosis was not associated with an increased prevalence of
laboratory abnormalities (p=0.73).

In contrast, median ISTH-BAT scores were significantly
higher in patients with identifiable hemostatic abnormalities
compared with those without abnormal findings (2.5 [IQR,
2.0-3.0] vs. 2.0 [IQR, 1.0-3.0]; p=0.047). The distribution of
ISTH-BAT scores according to the presence of identifiable
hemostatic abnormalities is illustrated in Figure 1.

DISCUSSION

This study represents a comprehensive real-world analy-
sis systematically evaluating the diagnostic value of clin-
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Distribution of ISTH-BAT scores by laboratory abnormality
5.0 4 o

4.5
4.0 4
3.51

3.0 4

ISTH-BAT score

2.04
1.519
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Any abnor'maiity (+) Any abnor'mality {—})
Figure 1. Distribution of ISTH-BAT scores according to the
presence of identifiable hemostatic abnormalities

Boxplots represent the median and interquartile range of
ISTH-BAT scores in patients with and without identifiable
laboratory abnormalities, including von Willebrand factor,
factor VIII, or factor XllI deficiencies. ISTH-BAT scores
were significantly higher in patients with laboratory
abnormalities compared with those without (p=0.047,
Mann-Whitney U test)

ical phenotype, bleeding history, and routine hemostatic
testing in adult patients presenting with spontaneous
ecchymosis and normal platelet counts. Our findings
indicate that commonly relied-upon clinical descriptors
and standard bleeding score cutoffs provide Llimited diag-
nostic discrimination in this patient population, as also
suggested by previous BAT validation studies.® In con-
trast, @ more nuanced assessment of the overall bleeding
burden appears to provide meaningful support for the
diagnostic approach.

Clinical features frequently considered in daily practice,
such as the anatomical distribution of ecchymoses (limited
to the legs, involving all extremities, or widespread) and the
presence or absence of pain, were analyzed in detail. How-
ever, none of these phenotypic characteristics were signifi-
cantly associated with identifiable hemostatic abnormali-
ties, including vWF and FXIII abnormalities, consistent with
the limited predictive value of clinical phenotype reported
in rare bleeding disorder cohorts. Notably, reduced factor
Xl activity was observed in a subset of patients. Although
factor XIIl deficiency is not detected by routine coagulation
screening tests, even mild reductions in factor XIII activity
may contribute to bleeding tendency, particularly in pa-
tients with otherwise unremarkable standard hemostatic
profiles. This finding highlights the potential diagnostic

value of considering factor Xlll assessment in selected pa-
tients presenting with unexplained spontaneous ecchymo-
sis and underscores the importance of extending the he-
mostatic evaluation beyond conventional screening assays
in carefully chosen cases.!™™ This observation suggests that
clinical intuition based on the visual pattern or subjective
characteristics of ecchymoses may be unreliable in predict-
ing underlying hemostatic pathology.!

Similarly, when conventional sex-specific cutoff values of
the ISTH Bleeding Assessment Tool were applied, patho-
Llogical BAT scores were exceedingly rare. Using thresholds
of =6 for women and =4 for men, only a single patient in
the cohort met the criteria for a pathological BAT score.
U431 This finding implies that standard BAT cutoffs may
have low sensitivity in patients presenting with isolated or
recurrent spontaneous ecchymosis and may not be equal-
ly applicable across all bleeding phenotypes, particularly
those characterized by mild but persistent symptoms, as
reported in cohorts of bleeders of unknown cause and mild
bleeding disorders.l1617]

In contrast, analyses treating the ISTH-BAT score as a con-
tinuous variable demonstrated significantly higher BAT
scores among patients with identifiable laboratory abnor-
malities. Although absolute differences in BAT scores were
modest, this finding remains clinically relevant, as it indi-
cates that the BAT may be more informative in this clinical
context when interpreted as a graded measure of bleeding
burden rather than as a dichotomous screening tool. From a
clinical perspective, even small incremental increases in BAT
scores may serve as a useful signal prompting consideration
of more detailed hemostatic evaluation.®

Taken together, these findings demonstrate that the diag-
nostic approach in patients with spontaneous ecchymosis
cannot be reduced to a single clinical marker or score. While
the anatomical location of ecchymoses, the presence of pain,
and standard BAT cutoffs alone lack sufficient discrimina-
tory value, a structured bleeding history combined with in-
terpretation of the BAT score as a continuous measure may
better support diagnostic decision-making. This strategy is
particularly relevant in real-world settings where access to
advanced platelet function testing is limited.

An additional noteworthy observation in this cohort is the
marked predominance of female patients and the typical-
ly chronic, recurrent nature of symptoms, often evolving
over several months or even years. This predominance
may partly reflect referral patterns and differences in
symptom perception and healthcare-seeking behavior,
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as women may be more Likely to seek medical attention
for mucocutaneous bleeding symptoms. This clinical pat-
tern aligns with previous reports describing spontaneous
ecchymosis as a condition that disproportionately affects
women and frequently follows a mild but persistent or
fluctuating course. In daily practice, such patients often
present with subtle yet distressing symptoms, while rou-
tine hemostatic tests remain unremarkable, contributing
to diagnostic uncertainty.

Within this context, the potential contribution of psycho-
social factors has been discussed in the literature, par-
ticularly in rare entities such as psychogenic purpura, in
which emotional stress and autonomic mechanisms have
been proposed to influence microvascular integrity.l%2)
Importantly, these mechanisms should not be interpreted
as primary diagnostic explanations but rather as exclu-
sion-based considerations in carefully selected cases. Our
findings underscore that, regardless of such hypotheses,
objective hemostatic evaluation remains essential and
that a structured bleeding history combined with a nu-
anced interpretation of bleeding burden may better cap-
ture clinically relevant abnormalities in this diagnostically
challenging population.

Several limitations should be acknowledged. Platelet func-
tion testing and advanced hemostatic investigations were
not routinely performed; therefore, subtle disorders of pri-
mary hemostasis may have gone undetected. In addition,
the single-center design may limit the generalizability of
the findings. Nevertheless, the relatively large cohort size,
standardized data collection, and comprehensive phenotypic
characterization represent important strengths of the study.
Importantly, this work reflects a real-world population of di-
agnostically challenging patients commonly encountered in
everyday hematology practice.

CONCLUSION

In conclusion, our findings indicate that, in patients present-
ing with spontaneous ecchymosis, commonly used clinical
indicators and standard bleeding score thresholds are in-
sufficient to guide diagnostic decisions when used in isola-
tion. In contrast, interpretation of the ISTH-BAT score as a
continuous measure of bleeding burden provides clinically
meaningful information for anticipating underlying hemo-
static abnormalities. This approach may offer a pragmatic
foundation for the future development of phenotype-specific
diagnostic algorithms that better integrate clinical assess-
ment with routinely available laboratory data.
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Incremental Prognostic Value of Echocardiographic
Systolic Pulmonary Artery Pressure Beyond the GAP
Index in Idiopathic Pulmonary Fibrosis

® Aysegiil Ering, @ Ali Kirag, ® Sule Giil, ® Erdogan Cetinkaya

Department of Pulmonology, University of Health Sciences, Yedikule Chest Diseases and Thoracic Surgery Training and Research Hospital, istanbul, Turkiye

ABSTRACT

Objective: Idiopathic pulmonary fibrosis (IPF) is a progressive interstitial lung disease associated with substantial morbidity and mortality. The GAP (Gender—
Age—Physiology) index is widely used for prognostic stratification; however, it does not incorporate cardiovascular parameters. The incremental prognostic
value of echocardiographic systolic pulmonary artery pressure (SPAP) beyond the GAP index remains unclear.

Materials and Methods: This retrospective, single-center cohort study included 114 patients diagnosed with IPF. The GAP index was calculated for all
patients, and systolic pulmonary artery pressure was estimated using transthoracic echocardiography. Overall survival was analyzed using Cox propor-
tional hazards regression models. The prognostic performance of the GAP index was compared with models incorporating echocardiographic systolic
pulmonary artery pressure.

Results: A total of 114 patients with [PF were included (median age: 63 years; 73.3% male). During follow-up, 66 patients (57.9%) died. The GAP index was sig-
nificantly associated with mortality in both univariate (HR: 1.29, 95% Cl: 1.02-1.64, p=0.034) and multivariate analyses (HR: 1.29, 95% Cl: 1.02-1.64, p=0.038).
Echocardiographically estimated SPAP was not independently associated with survival, and the addition of SPAP to the GAP model did not significantly improve
prognostic discrimination.

Conclusion: The GAP index remains a robust predictor of mortality in patients with idiopathic pulmonary fibrosis. Echocardiographic systolic pulmonary
artery pressure was not independently associated with survival and did not provide incremental prognostic value beyond established physiological in-
dices. These findings suggest that single-time-point echocardiographic assessment of pulmonary artery pressure may have limited utility for mortality

prediction in IPF.

Keywords: Echocardiography, GAP index, idiopathic pulmonary fibrosis, mortality, prognosis, pulmonary hypertension
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INTRODUCTION

Idiopathic pulmonary fibrosis (IPF) is a chronic, progres-
sive, and eventually fatal form of fibrosing interstitial pneu-
monia of unknown etiology. It is characterized by a relent-
less decline in lung function and a median survival of only
3to 5 years following diagnosis.! Given the heterogeneous
clinical course of the disease, accurate prognostic stratifi-
cation is essential to guide therapeutic decisions, including

the initiation of antifibrotic therapy, timing for lung trans-
plantation referral, and palliative care planning.”?

To address the need for a standardized clinical tool, the GAP
index (Gender.[G], Age.[A], and Physiology.[P]—specifically
forced vital capacity.[FVC] and diffusing capacity of the lung
for carbon monoxide.[DLCO]) was developed and has become
the most widely utilized system for predicting mortality in
IPF patients.®! While the GAP index provides a simple and
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validated framework for risk assessment, it relies exclusively
on demographic and pulmonary function parameters. Con-
sequently, it may fail to capture the multidimensional nature
of IPF progression, particularly the cardiovascular compli-
cations that frequently arise as the disease advances.”

Pulmonary hypertension (PH) and subsequent right heart
dysfunction are well-recognized complications of IPF, re-
sulting from vascular remodeling and chronic hypoxia.® The
presence of elevated pulmonary artery pressure (PAP) in IPF
is strongly associated with increased exertional dyspnea, re-
duced exercise capacity, and, most importantly, significantly
higher mortality rates.”! Despite its clear prognostic impact,
right ventricular afterload and echocardiographic markers
of right heart strain are not currently incorporated into the
standard GAP scoring system.

Previous studies have suggested that individualized risk
assessment can be improved by integrating biomarkers or
radiological features into existing models.”” However, the
incremental value of adding echocardiographic PAP—a
non-invasive and widely available clinical tool—to the GAP
index remains to be fully elucidated in real-world cohorts.

This study aimed to investigate the prognostic utility of
echocardiographic indices, specifically SPAP, and to evaluate
whether the integration of these hemodynamic parameters
into the conventional GAP index enhances its discriminatory
performance for mortality prediction in patients with IPF.

MATERIALS and METHODS

Study Design and Setting

This study was designed as a retrospective, single-center,
observational cohort study. The research was conducted at
the Yedikule Chest Diseases and Thoracic Surgery Training
and Research Hospital, a tertiary referral center for thoracic
diseases. The study protocol was approved by the Istanbul
Yedikule Chest Diseases and Thoracic Surgery Training and
Research Hospital Ethics Committee (Date: 13.01.2022, Ap-
proval No: 2022/187) and conducted in accordance with the
principles of the Declaration of Helsinki.

Study Population

The study included consecutive patients diagnosed with IPF
between January 1, 2018, and January 1, 2022. The diagnosis
of IPF was established based on the official American Tho-
racic Society/European Respiratory Society (ATS/ERS) guide-
lines, using a multidisciplinary evaluation involving clinical,
radiological (high-resolution computed tomography), and,
when available, histopathological findings.”

Patients were included if they had complete data for GAP
index calculation and transthoracic echocardiography (TTE)
records. Exclusion criteria included patients with interstitial
lung diseases other than IPF, the presence of significant Left
heart failure (ejection fraction <40%), and incomplete fol-
low-up or missing primary data. The study flowchart is pre-
sented in Figure 1.

Data Collection

Clinical, demographic, and functional data were retrospec-
tively retrieved from the hospital's electronic medical re-
cord system. Collected variables included age, sex, smoking
history, and comorbidities (diabetes mellitus, hypertension,
coronary artery disease, and chronic obstructive pulmonary
disease). Laboratory findings and pulmonary function test
(PFT) parameters, including FVC and DLCO, were recorded.
Treatment history, specifically the use of antifibrotic agents
(pirfenidone or nintedanib), was documented.

Definitions

The traditional GAP index was calculated for each patient
based on gender (G), age (A), and physiological variables (P),
including percent predicted FVC% and DLCO%, according to
the staging system originally proposed by Ley et al.®! PFT
parameters were recorded at the time of diagnosis or during
the nearest clinically stable period.

Patients with fibrotic lung disease

(Based on multidisciplinary evalwation: clinical,
radiological, and histopathological findings)

(n = 440)

Excluded:

- Patients with fibrotic lung disease other than IPF
(n=190)

- Missing or incomplete primary data (n = 75)
- Significant heart failure (n=24)
- Missing echocardiography records (n = 37)

(Some patients met more than one exclusion
criterion)

Patients included in the final analysis
(n=114)

Figure 1. Flowchart of the study population
IPF: Idiopathic pulmonary fibrosis
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Systolic pulmonary artery pressure (sPAP) was estimated
using transthoracic echocardiography performed during
the index hospitalization or, when unavailable, during the
nearest clinically stable period. Patients evaluated during
an acute exacerbation were excluded, and echocardio-
graphic data obtained during clinically stable conditions
were used for analysis.

Systolic pulmonary artery pressure was estimated using
the tricuspid regurgitant jet velocity according to the mod-
ified Bernoulli equation. Right atrial pressure was estimat-
ed based on the inferior vena cava diameter and its respi-
ratory variation.® An sPAP threshold of >=40 mmHg was
used in accordance with previous echocardiography-based
studies and guideline recommendations for non-invasive
PH screening.®

Outcomes

The primary outcome of the study was the predictive accu-
racy of the traditional GAP index compared with a modified
model incorporating echocardiographic sPAP. Secondary
outcomes included the correlation between vascular param-
eters (sPAP) and physiological parameters (FVC, DLCO) and
the assessment of independent risk factors for mortality in
IPF patients.

Statistical Analysis

Statistical analyses were performed using IBM Statistical
Package for the Social Sciences (SPSS) version 22 (IBM Corp.,
Armonk, NY, USA). As most variables were not normally dis-
tributed, continuous data were expressed as median and
interquartile range (IQR: 25-75), while categorical variables
were presented as counts and percentages. Comparisons
between survivors and non-survivors were conducted using
the Mann—-Whitney U test for continuous variables and the
chi-square test or Fisher's exact test, as appropriate, for cat-
egorical variables.

Overall survival was defined as the time from the date of
diagnosis to death or the last follow-up. Factors associ-
ated with mortality were evaluated using univariate Cox
proportional hazards regression analysis. Variables with a
p-value of less than 0.10 (p<0.10) in the univariate anal-
ysis or those considered clinically relevant were included
in the multivariate Cox regression model to identify inde-
pendent predictors of mortality. Hazard ratios (HRs) with
95% confidence intervals (Cls) were reported. A two-sided
p-value of less than 0.05 (p<0.05) was considered statisti-
cally significant.
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RESULTS

A total of 114 patients diagnosed with IPF were included in
the study. The median age of the cohort was 63 years, and
73.3% of the patients were male. Baseline demographic and
clinical characteristics of the study population according
to survival status are summarized in Table 1. The median
follow-up duration for the overall study population was 45
months (IQR: 35-60). The follow-up time was significantly
longer in survivors compared with non-survivors.[48 (IQR:
36-60) vs. 36 (IQR: 26-48) months, p<0.001] (Table 1).

During follow-up, 48 patients (42.1%) were alive and 66 pa-
tients (57.9%) had died. The median age was higher in the
non-survivors group compared with survivors, although the
difference did not reach statistical significance (65 vs. 61
years, p=0.100, respectively). Sex distribution, smoking sta-
tus, and cumulative smoking exposure were similar between
groups. The prevalence of comorbidities, including diabetes
mellitus, hypertension, coronary artery disease, heart fail-
ure, malignancy, and COPD, did not differ significantly be-
tween survivors and non-survivors.

Pulmonary function test parameters, inflammatory mark-
ers, echocardiographic findings, thoracic imaging measure-
ments, and pathological UIP patterns were also comparable
between groups. The GAP index score was significantly high-
er in non-survivors than in survivors (p=0.039); however, the
distribution of GAP stages did not differ significantly between
the groups (p=0.202).

AlL patients received antifibrotic therapy during the study
period. Overall, 63 patients (55.3%) were treated with pir-
fenidone and 51 patients (44.7%) with nintedanib. Pirfeni-
done use was more frequent among non-survivors com-
pared with survivors (62.1% vs. 45.8%), whereas nintedanib
use was more common among survivors (54.2% vs. 37.9%);
however, this difference did not reach statistical signifi-
cance (p=0.084) (Table 1).

In the univariate Cox regression analysis, age, sex, smoking
status, pulmonary function parameters, echocardiographic
findings, and comorbidities were not found to be significantly
associated with mortality. Compared with nintedanib, pirfeni-
done use was associated with a non-significant trend toward
increased mortality (HR: 1.93, 95% Cl: 0.91-4.12, p=0.086).

The GAP index was significantly associated with mortali-
ty (HR: 1.29, 95% CI: 1.02-1.64, p=0.034), with higher GAP
stages showing a stepwise increase in risk, and stage Il
displaying a borderline association compared to stage I. In
the multivariate analysis, the GAP index remained an inde-
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Table 1. Baseline demographic and clinical characteristics of the patients

Total Alive Non-survivors p
(n=114) (n=48) (n=66)
Age (years) 63 (57-72) 61 (55-71) 65 (60-73) 0.100
Male gender, n (%) 84 (73.3) 33(68.8) 51 (77.3) 0.308
Smoking, n (%)
Smoker 19 (16.7) 5 (10.4) 14 (21.2)
Ever-smoker 41 (36) 19 (39.6) 22 (33.3) 0.306
Nonsmoker 54 (47.4) 24 (50) 30 (45.5)
Comorbidities, n (%)
DM 26 (22.8) 10 (20.8) 16 (24.2) 0.668
HT 30 (26.3) 13 (27.1) 17 (25.8) 0.874
CAD 34 (29.8) 14 (29.2) 20 (30.3) 0.896
CHF 6 (5.3) 2(4.2) 4(6.1) 0.655
Malignancy 7(6.1) 3(6.2) 4(6.1) 0.967
COPD 15 (13.2) 5 (10.4) 10 (15.2) 0.460
PFT
FEV, (lt) 2.04 (1.57-2.44) 2.05 (1.64-2.53) 1.92 (1.49-2.39) 0.391
FEV, (%) 74 (62-87) 71 (63-88) 76 (62-83) 0.635
FVC (L) 2.32(1.73-2.96) 2.38(1.80-3.09) 2.29 (1.71-2.82) 0.479
FVC (%) 68 (57.5-81.5) 71 (56-85) 67 (58-78) 0.455
FEV /FVC 90 (82-107) 90.50 (80-106) 90 (85-109) 0.300
DLCO (%) 41 (32-55) 45 (32-61) 39 (32.5-51.5) 0.115
C-reactive protein (mg/L) 15 (6-39) 10.5 (5-30.5) 17 (8-42) 0.160
Echocardiography
RV dilatation, n (%) 23(20.2) 8 (16.7) 15 (22.7) 0.426
PAB (mmHg) 32 (20-150) 30 (20-68) 33 (20-150) 0.346
PAB category, n (%)
PAB<40 (mmHg) 73 (68.9) 32 (69.6) 41 (68.3) 0.892
PAB=40 (mmHg) 33 (31.1) 14 (30.4) 19 (31.7)
PA diameter, mm 30 (27-33) 30 (26-32) 30 (28-33) 0.370
AO diameter, mm 38 (35-40) 36 (34-39) 38 (35-40) 0.106
PA/AQ 0.80 (0.74-0.87) 0.81 (0.75-0.89) 0.79 (0.74-0.86) 0.569
Pathology
UIP, n (%) 45 (39.5) 20 (41.7) 25 (37.9) 0.683
GAP index 4 (3-5) 4 (2-5) 4 (3-6) 0.039
GAP index stage, n (%)
Stage 1 43 (37.7) 22 (45.8) 21 (31.8)
Stage 2 44 (38.6) 18 (37.5) 26 (39.4) 0.202
Stage 3 27 (23.7) 8 (16.7) 19 (28.8)
Antifibrotic treatment, n (%)
Pirfenidone 63 (55.3) 22 (45.8) 41 (62.1) 0.084
Nintedanib 51 (44.7) 26 (54.2) 25 (37.9)
Follow-up time (month) 45 (35-60) 48 (36-60) 36 (26-48) <0.001

Continuous variables are expressed as median (interquartile range-IQR25-75). Categorical variables are expressed as n (%). DM: Diabetes mellitus; HT: Hyperten-
sion; CAD: Coronary artery disease; CHF: Chronic heart failure; COPD: Chronic obstructive pulmonary disease; PFT: Pulmonary function test; FEV1: Forced expiratory
volume in 1 second; FVC: Forced vital capacity; DLCO: Diffusing capacity of the lung for carbon monoxide; RV: Right ventricle; PAB: Pulmonary artery pressure; PA:
Pulmonary artery; AO: Aorta; UIP: Usual interstitial pneumonia, GAP: Gender—-Age—Physiology index.
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Table 2. Univariate and multivariate cox regression analyses for mortality in patients with idiopathic pulmonary fibrosis

Univariate Cox regression

Multivariate Cox regression

HR 95% ClI p HR 95% ClI p

Age 1.02 0.984-1.073 0.221
Male Gender 1.54 0.668-3.57 0.309
Antifibrotic, pirfenidone 1.93 0.911-4.123 0.086 1.923 0.890-4.155 0.096
Smoking, current 2.24 0.707-7.100 0.171
Comorbidities

DM 1.216 0.497-2.978 0.669

HT 0.934 0.402-2.169 0.874

CHF 1.484 0.261-8.452 0.657

CAD 1.056 0.468-2.384 0.896

COPD 1.536 0.489-4.825 0.463
PFT

FvC 0.863 0.525-1.419 0.561

DLCO (%) 0.983 0.960-1.006 0.153
ECHO

PAB 1.015 0.989-1.042 0.259

RV dilatation 1.471 0.567-3.813 0.428
PA 1.021 0.936-1.113 0.645
AO 1.074 0.977-1.181 0.140
GAP index 1.292 1.019-1.637 0.034 1.290 1.015-1.639 0.038
GAP index stage

Stage | (reference)

Stage Il 1.513 0.648-3.533 0.338

Stage Ill 2.488 0.897-6.898 0.080

HR: Hazard ratio; Cl: Confidence interval; GAP: Gender-Age—Physiology index; DM: Diabetes mellitus; HT: Hypertension; CHF: Chronic heart failure; CAD: Coronary
artery disease; COPD: Chronic obstructive pulmonary disease; PFT: Pulmonary function test; FVC: Forced vital capacity; DLCO: Diffusing capacity of the lung for
carbon monoxide; ECHO: Echocardiography; RV: Right ventricle; PAB: Pulmonary artery pressure; PA: Pulmonary artery; AO: Aorta.

pendent predictor of mortality (HR: 1.29, 95% Cl: 1.02-1.64,
p=0.038), whereas antifibrotic therapy type did not retain
statistical significance (Table 2).

DISCUSSION

In this retrospective cohort study, we investigated the prog-
nostic value of echocardiographic systolic pulmonary artery
pressure in patients with idiopathic pulmonary fibrosis and
evaluated whether the integration of this parameter into the
conventional GAP index could improve mortality prediction.
The main finding of our study is that the GAP index remained
an independent predictor of mortality, whereas echocardio-
graphic indices of pulmonary hypertension, including sPAP
and right ventricular parameters, were not significantly as-
sociated with survival. Furthermore, the incorporation of
SPAP into the GAP model did not result in a meaningful im-
provement in prognostic discrimination.
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The GAP index has been extensively validated as a practical
and reliable tool for risk stratification in IPF.B Consistent
with previous studies, higher GAP scores in our cohort were
associated with an increased mortality risk, and the GAP
index retained its prognostic significance after adjustment
for potential confounders.'® Although the distribution of
GAP stages did not differ significantly between survivors
and non-swimmers, the continuous GAP score demon-
strated a clear association with outcomes, suggesting that
incremental changes within the index may convey clinically
relevant prognostic information beyond categorical staging
alone.™ The continuous GAP score may therefore capture
subtle risk gradients that are not fully reflected by broad
categorical stage classifications.

Pulmonary hypertension is a common complication of IPF
and is traditionally considered a marker of advanced disease
and poor prognosis.*? Elevated pulmonary artery pres-
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sures have been associated with reduced exercise capacity,
increased dyspnea severity, and shorter survival, particular-
ly when confirmed by right heart catheterization.®¥ However,
in the present study, neither echocardiographically estimat-
ed sPAP values nor the presence of pulmonary hypertension
defined by an sPAP threshold of 40 mmHg were associated
with mortality. Similarly, right ventricular dilatation did not
predict adverse outcomes.

Several factors may explain the absence of a significant
prognostic association between echocardiographic sPAP and
mortality in our cohort. Pulmonary hypertension in IPF is
often mild to moderate and may fluctuate during the disease
course.™ A single echocardiographic measurement may
therefore inadequately reflect the cumulative hemodynam-
ic burden experienced by the right ventricle.l® In addition,
transthoracic echocardiography has well-recognized techni-
cal Llimitations in patients with advanced interstitial lung dis-
ease, including suboptimal acoustic windows and variability
in pressure estimation, which may reduce its prognostic sen-
sitivity.l1” Moreover, pulmonary vascular involvement in [PF
frequently develops as a consequence of parenchymal de-
struction and chronic hypoxia, suggesting that its prognostic
impact may largely overlap with physiological impairment
already captured by pulmonary function parameters.!®

This overlap may also explain why the addition of sSPAP did
not enhance the predictive performance of the GAP index.”!
DLCO, a core component of the GAP model, is strongly in-
fluenced by pulmonary vascular abnormalities and may in-
directly reflect early pulmonary hypertension.® As a result,
echocardiographic pulmonary artery pressure measure-
ments may provide limited incremental prognostic informa-
tion beyond established physiological indices.[

Previous studies evaluating the extension of the GAP index
through the inclusion of biomarkers, radiological parameters,
or cardiovascular variables have reported heterogeneous re-
sults.') While some investigations have demonstrated mod-
est improvements in predictive accuracy, these models often
rely on complex or less accessible measurements.”2 Echo-
cardiography, despite its widespread availability, may not
uniformly capture the severity or progression of pulmonary
vascular disease when assessed at a single time point.[®

From a clinical standpoint, our findings support the contin-
ued use of the GAP index as a cornerstone tool for prognostic
assessment in IPF. Although echocardiography remains es-
sential for the detection and clinical management of pulmo-
nary hypertension, its routine incorporation into prognostic
staging systems may not be necessary for mortality predic-

tion alone.® Nevertheless, the identification of pulmonary
hypertension remains important for comprehensive patient
evaluation, symptom interpretation, treatment planning,
and consideration of lung transplantation referral.’®

In addition to these findings, we observed a non-significant
trend toward increased mortality among patients receiv-
ing pirfenidone compared with nintedanib in the univariate
analysis. However, this association did not persist after mul-
tivariate adjustment. This finding likely reflects confounding
by indication, as antifibrotic therapy may be preferentially
initiated in patients with greater baseline disease severity
rather than representing a true treatment-related effect.

This study has several limitations. Its retrospective and sin-
gle-center design may limit the generalizability of the findings.
Pulmonary hypertension was assessed non-invasively using
transthoracic echocardiography, and confirmatory right heart
catheterization—the gold standard for hemodynamic evalua-
tion—was not performed; therefore, misclassification of pul-
monary hypertension severity cannot be completely excluded.

In addition, serial echocardiographic data were not avail-
able, and systolic pulmonary artery pressure was based on a
single time-point measurement, which may not fully capture
the dynamic and progressive nature of pulmonary vascular
involvement in idiopathic pulmonary fibrosis. The inclusion
of only patients with available echocardiographic data may
have introduced selection bias. Finally, the relatively modest
sample size of this single-center cohort may have limited the
statistical power to detect subtle associations between phys-
iological, echocardiographic, and survival outcomes. Despite
these limitations, the study reflects real-world clinical prac-
tice and includes a well-defined IPF cohort evaluated using
routinely available diagnostic tools.

CONCLUSION

Our findings demonstrate that the GAP index remains a ro-
bust predictor of mortality in patients with idiopathic pul-
monary fibrosis. Echocardiographically estimated systolic
pulmonary artery pressure was not independently associat-
ed with survival and did not improve the prognostic perfor-
mance of the GAP model. These results emphasize the dom-
inant role of physiological impairment in IPF outcomes and
suggest that single-point echocardiographic assessment of
pulmonary artery pressure may have limited incremental
value for prognostic stratification. Future prospective studies
incorporating longitudinal and invasive hemodynamic eval-
uations may further clarify the contribution of pulmonary
vascular disease to IPF prognosis.
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Evaluation of the Effectiveness of Ozone Therapy
and Core Exercises in Low Back Pain: A Retrospective

Analysis
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ABSTRACT

Objective: This study aimed to retrospectively evaluate the records of patients admitted to our clinic with low back pain who, in addition to a standard home-
based core stabilization exercise program, received paravertebral ozone (0xygen-ozone) therapy and to assess its effects on pain severity and functional status.

Materials and Methods: Twenty-seven patients diagnosed with lumbar discopathy and treated with both a core exercise program and paravertebral ozone
therapy were included. Pain severity was assessed using the Visual Analog Scale (VAS), and functional status was evaluated using the Oswestry Disability

Index (ODI).

Results: Post-treatment VAS scores decreased significantly (pre-treatment: 7.11+1.37; post-treatment: 4.48+0.89; p<0.001). ODI scores also showed a signifi-

cant reduction (pre-treatment: 35.37+5.34; post-treatment: 26.70+4.31; p<0.001).

Conclusion: The combination of paravertebral ozone therapy and core exercises provides clinically meaningful short-term improvements in both pain reduc-
tion and functional outcomes. Combined treatment approaches should be prioritized in low back pain management protocols.

Keywords: Core exercises, functional improvement, low back pain, ozone therapy
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INTRODUCTION

Low back pain is a critical medical issue observed in approx-
imately 60-80% of the adult population worldwide at some
point in their lives, with a high prevalence and significant
workforce Lloss.! Approximately 70-85% of individuals expe-
rience low back pain during their lifetime, while the one-year
prevalence ranges between 15% and 45%.% Most acute cas-
es recover with conservative approaches, whereas treatment
becomes more complex in subacute and chronic cases.

Physical therapy and rehabilitation (PTR) is a multidisci-
plinary approach that includes exercise therapy, physical
therapy modalities, manual therapy, and postural train-
ing. The main goals of these methods are to reduce muscle
spasm, maintain joint range of motion, alleviate pain, and
increase functional capacity.”

The purpose of this study was to retrospectively investigate
the records of patients admitted to our clinic with low back
pain who, in addition to the standard home-based core stabi-
lization exercise program, also received paravertebral ozone
(oxygen-ozone) therapy. The objective was to assess the ef-
fects of this treatment protocol on pain severity and func-
tional status. In our clinic, all patients with low back pain are
routinely prescribed a home-based core exercise program.

Core stabilization exercises can be described as exercises that
strengthen and improve the coordination of the trunk muscle
group that supports the spine.! Recently, core training has
gained attention and is known to produce favorable effects
in daily life rehabilitation.®® The core is a unit consisting of
the waist, pelvis, and hip. As the intermediate ring of the hu-
man body, the term specifically refers to the region below the
shoulder joint and above the hip, including the pelvis.?
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Motor control-informed core stabilization exercises (CSE) focus
on the simultaneous activation of the transversus abdominis
(TrA) and lumbar multifidus (LM) muscles. These deep stabi-
lizers are connected to the thoracolumbar fascia, increase in-
tra-abdominal pressure, and promote a stiffening mechanism
within the lumbar spine, thereby providing segmental stabil-
ity.®! Moreover, CSE may counteract pain-related motor cor-
tex reorganization, improve muscle performance, and retrain
the essential role of the deep core muscles in neuromuscular
control over spinal stabilization.” Stabilization exercises have
been reported to mitigate pain and disability, refine proprio-
ceptive sensitivity, correct postural impairments, and increase
the stability index in patients with low back pain (LBP).tow

However, few studies have investigated the combined effects
of ozone therapy and core stabilization exercises in patients
with low back pain. Therefore, the purpose of this study was
to retrospectively investigate the records of patients admit-
ted to our clinic.

In recent years, medical ozone therapy has also attracted at-
tention in pain management. Oxygen-ozone is a gas blend
composed of medical oxygen and ozone, generated by chan-
neling pure oxygen through a high-voltage gradient within a
medical device.!™ Ozone (oxygen-ozone), with its strong oxida-
tive effect, induces an anti-inflammatory response, increases
oxygenation in tissues, reduces nerve root irritation, oxidizes
the mucopolysaccharides in the nucleus pulposus, enhanc-
es metabolism around the herniation, and thereby decreases
disc volume.'** This therapy, administered either intradiscal-
ly or paravertebrally, is particularly used in disc-related pain
and degenerative spinal disorders.! Clinical studies have re-
ported significant reductions in pain severity, improvements
in functional status, and a reduced need for analgesics fol-
lowing ozone therapy.'® One of its main advantages is that
it does not require hospitalization and can be performed in a
short period of time. In Lumbar disc herniations, ozone thera-
py is considered a complementary treatment option that can
be combined with conventional or surgical treatments.*”

MATERIALS and METHODS

This retrospective study was conducted using the medical
records of patients treated at a Physical Medicine and Reha-
bilitation clinic. Patients diagnosed with lumbar discopathy
who received a standard home-based core stabilization ex-
ercise program in addition to paravertebral ozone injections
were included. The study was approved by the Clinical Re-
search Ethics Committee of Beykent University (Approval No:
11.06.2025-191791) in accordance with the Declaration of Hel-
sinki. In this study, the current version of the Google Gemini
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tool was used for language editing and suggestion support.
The author carefully reviewed and, where necessary, correct-
ed or reorganized the content produced or recommended by
artificial intelligence and is fully responsible for the accuracy
and final version of the manuscript.

A total of 27 patients treated at our clinic for low back pain
due to lumbar discopathy who received paravertebral lum-
bar ozone therapy in addition to a home-based core exercise
program were included. Inclusion criteria were age between
18 and 65 years, diagnosis of lumbar discopathy confirmed
by clinical examination and magnetic resonance imaging
(MRI), a history of low back pain, no prior lumbar surgery,
and availability of pre- and post-treatment assessment re-
cords. Patients with a history of malignancy, pregnancy, or
systemic chronic disease were excluded.

According to the ozone protocol used in our hospital, intramus-
cular injections of medical ozone were applied to the lumbar
paravertebral region (20 pg/mL, 10 mL dose). The application
was planned as six sessions administered twice weekly. As part
of the standard approach, all patients were also prescribed a
home-based core exercise program targeting the trunk mus-
cles. Pain intensity was assessed using the Visual Analog Scale
(VAS), and functional status was evaluated with the Oswestry
Disability Index (ODI), with data obtained from patient records.
Visual Analog Scale (VAS) scores were recorded to assess pain
severity. The VAS consists of a 10-cm line, where O indicates no
pain and 10 represents the most severe pain.18:

Oswestry Disability Index (ODI): Developed to assess the
degree of disability in low back pain, the Turkish version was
validated in 2004. It consists of 10 items evaluating pain in-
tensity, self-care, lifting/carrying, walking, sitting, standing,
sleep, pain variation, traveling, and social life. Each item in-
cludes six statements scored from 0 to 5, corresponding to the
patient's condition. The total score is multiplied by two and
expressed as a percentage. The maximum score is 100, and
the minimum is 0. Higher scores indicate greater disability.?”

Statistical Analysis

AlL statistical analyses were performed using SPSS version
25.0 (IBM Corp., Armonk, NY, USA). Descriptive statistics
were expressed as meansstandard deviation (SD), medi-
an, minimum, and maximum values. The normality of the
data distribution was assessed using the Shapiro-Wilk test.
Since the data were not normally distributed, non-paramet-
ric tests were applied. Comparisons between pre-treatment
and post-treatment scores (VAS and Oswestry Disability In-
dex) were conducted using the Wilcoxon signed-rank test.
A p-value <0.05 was considered statistically significant. No
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Table 1. Changes in pain and disability scores before and

after treatment

Measure Value (Min/Med/Max) p
(meanxSD)

VAS pre-treatment 711+1.37 5/7/9 <0.001

VAS post-treatment  4.48+0.89 3/5/6

ODI pre-treatment 35.37+£5.34 28/34/49 <0.001

ODI post-treatment  26.70+4.31 19/28/35

Values are presented as mean+SD (minimum/median/maximum.). P-val-
ues indicate the significance of the difference between pre-treatment and
post-treatment scores. VAS: Visual analog scale; ODI: Oswestry disability index.

power analysis was performed in this study due to the small
sample size, which represents a limitation and may affect the
generalizability of the findings.

RESULTS

The study included 27 patients with a mean age of 41.7+9.2
years (range: 22-61 years). Of these, 18 (66.7%) were female
and 9 (33.3%) were male. The mean body mass index (BMI)
was 27.8+3.5 kg/m? (range: 22-34 kg/m?). The mean dura-
tion of symptoms was 6.2+2.1 months (range: 3-12 months).
Regarding occupational status, 8 patients (29.6%) were un-
employed, 12 (44.4%) had desk-based jobs, and 7 (25.9%)
were engaged in physically active jobs.

To evaluate the clinical impact of the combined treatment,
changes in pain and disability scores were analyzed. The
mean VAS score showed a significant decrease from 7.11+£1.37
(5/7/9) at baseline to 4.48+0.89 (3/5/6) after treatment
(p<0.001), while the Oswestry Disability Index (ODI) score de-
creased from 35.37+5.34 (28/34/49) to 26.70+4.31 (19/28/35)
(p<0.001). These reductions in VAS and ODI scores were
found to be significantly associated with improved clinical
outcomes, indicating that the combined intervention of lum-
bar ozone therapy and core stabilization exercises is associ-
ated with a meaningful reduction in both pain intensity and
disability levels (Table 1).

DISCUSSION

In the present retrospective study, patients diagnosed with
Low back pain due to lumbar discopathy who received para-
vertebral ozone therapy in addition to a standard core exer-
cise program were examined. Our findings showed signifi-
cantimprovements in pain levels (VAS) and functional status
(ODI) following this treatment protocol. These results sug-
gest that paravertebral ozone therapy, when combined with
an exercise program, may be associated with short-term
positive effects on pain and functional outcomes.

The global prevalence of low back pain is considerably high.
Hoy et al.?! emphasized in their systematic review that low
back pain is among the most common health problems
worldwide and has a substantial impact on quality of life.
Lifetime prevalence reaches up to 80%, and the annual hos-
pital admission rate in the adult population approaches 15%.
2 Therefore, investigating the effectiveness of conservative
treatment methods is of great importance.

The lumbar spine is a fundamental structure that provides
stability and mobility to the trunk. Since low back pain and
spinal dysfunctions most commonly occur in this region, the
importance of exercise programs targeting it is frequently
emphasized in the literature. The core region includes the
abdominal muscles, deep spinal muscles (multifidus and
transversus abdominis), and pelvic floor muscles. The sta-
bility model explains spinal stability as the harmony of pas-
sive (ligaments and bony structures), active (muscles), and
neural (nervous system control) subsystems.?¥ [ow-risk
strengthening exercises, such as the “Big Three" (curl-up,
side plank, and bird-dog), have been shown to be effective in
spinal health.? Core exercises ensure active stabilization of
the spine, reduce mechanical loading, improve postural con-
trol, and support balance through deep muscle activation
(multifidus and transversus abdominis).

Randomized controlled trials have demonstrated that core
exercises provide functional improvements in chronic low
back pain.?2

Minimally invasive methods, including corticosteroid and
anesthetic injections, acupuncture, and mesotherapy, have
also been developed in addition to physiotherapy and spi-
nal manipulation for the treatment of LBP. Among these,
oxygen-ozone therapy has gained increasing popularity.?”
The efficacy of ozone therapy has been supported by vari-
ous clinical studies. Ozcan et al.”® showed that paraverte-
bral ozone injections significantly reduced pain symptoms
in people with low back pain. Similarly, Bhatia et al.?® re-
ported that ozone therapy is a safe and effective option in
patients with lumbar disc herniation, providing long-last-
ing benefits at one-year follow-up.

Ozone exerts dual effects, both direct and indirect, through
mechanical and anti-inflammatory mechanisms. Its oxidiz-
ing action degrades glycosaminoglycan chains in the nucleus
pulposus, reducing their water-retaining capacity, thereby de-
creasing herniation size and relieving compression on venous
and arterial structures. This results in hyperoxygenation and
pain reduction via direct and indirect mechanisms. Addition-
ally, ozone modulates the inflammatory cascade by altering
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arachidonic acid metabolism to inflammatory prostaglan-
dins.P? Finally, stimulation of fibroblastic activity by ozone
initiates the repair process through collagen deposition.B! Via
the paravertebral route, ozone therapy may also exert local
biochemical effects, including oxygenation, vasodilation, and
correction of local acidosis.®? Andreula et al.®¥ reported that
minimally invasive intradiscal ozone therapy could serve as
an alternative to surgery. Akkawi® also demonstrated that
ozone therapy yields positive results in musculoskeletal dis-
orders through its anti-inflammatory and analgesic effects.

The literature indicates that combining ozone therapy with
core exercises results in more significant clinical outcomes
compared with either treatment alone. Ozone therapy reduc-
es pain and inflammation in the short term, whereas core
exercises provide long-term stability and muscular endur-
ance, thereby lowering recurrence rates.

A study evaluating the combination of oxygen-ozone ther-
apy and proprioceptive neuromuscular facilitation (PNF) in
patients with acute or subacute LBP showed that combin-
ing ozone therapy with PNF produced better outcomes in
pain and functionality compared with combining ozone with
a Back School program.®” Similarly, a randomized clinical
trial of approximately 100 patients with chronic mechanical
LBP demonstrated that combining ozone therapy with phys-
jotherapy achieved longer-lasting and superior improve-
ments compared with physiotherapy alone, as observed at
six-month follow-up.B®

Our findings once again highlight the value of conservative
treatments. The marked short-term benefits of ozone thera-
py combined with core exercises are promising, particularly
in pain control and quality-of-life improvement. However,
heterogeneity in dosage, application routes, and session
numbers across studies makes it difficult to establish stan-
dardized treatment protocols.

The main Llimitations of our study include its retrospective
design, relatively small sample size, and absence of long-
term follow-up, which limit the generalizability of the find-
ings. Additional prospective, randomized studies with larger
sample sizes are warranted to confirm the long-term effects
of ozone therapy.

CONCLUSION

Lumbar ozone therapy combined with core stabilization exer-
cises is clinically effective for both short-term pain reduction
and functional restoration. The findings of this study suggest
that this combined treatment approach appears to be effec-
tive in reducing pain and improving functional outcomes in
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the short term. Therefore, combined treatment strategies
should be prioritized in low back pain management proto-
cols, and a multidisciplinary approach should be adopted.
However, this study has several limitations: its retrospective
design, small number of participants, and lack of long-term
follow-up. Larger prospective, randomized, and controlled
studies are warranted to confirm these results and further
evaluate the long-term benefits of this treatment protocol.
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ABSTRACT

Objective: Preoperative component sizing in total knee arthroplasty (TKA) can streamline surgery and support alignment and stability. Linear regression
models based on basic demographic and anthropometric measures are practical, but their Llinear assumptions may miss complex anatomical variation. Al-
though machine learning has been increasingly used for prediction tasks, head-to-head evidence against standard regression models in homogeneous TKA
series remains limited.

Materials and Methods: We retrospectively reviewed 224 unilateral primary posterior-stabilized TKAs performed by a single surgeon using one implant sys-
tem. Predictors included age, sex, height, weight, body mass index, and shoe size. Multivariable linear regression was compared with Random Forest and XG-
Boost. Models were trained on 80% of cases with 10-fold cross-validation and evaluated on a held-out 20% test set using R%, RMSE, MAE, and +1-size accuracy.

Results: Height and shoe size were the strongest predictors. The linear regression fit was good (femoral R?=0.63; tibial R?=0.59). Femoral sizing was compa-
rable across approaches (test R?=0.48; +1 accuracy 37.8-44.4%). For tibial sizing, ML outperformed regression: Random Forest achieved a test R?=0.60 with +1
accuracy of 48.9%, and XGBoost achieved a test R?=0.56 with +1 accuracy of 53.3%, versus linear regression (R?=0.40; +1 accuracy 33.3%).

Conclusion: In this homogeneous cohort, linear regression predicted femoral size well, whereas tibial sizing showed greater non-linearity and benefited from
ensemble ML. Still, accuracy was insufficient to replace intraoperative judgment. These models may assist preoperative inventory planning and trial compo-
nent preparation, but external validation across implant systems is needed.

Keywords: Anthropometry, implant sizing, Linear regression, machine learning, preoperative planning, Random Forest, total knee arthroplasty, XGBoost
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INTRODUCTION

Total knee arthroplasty (TKA) is a widely performed and
highly effective procedure for relieving pain and restoring
function in patients with end-stage knee osteoarthritis.!-!
Accurate implant sizing is crucial for successful postoperative
outcomes, as both undersized and oversized components can
lead to malalignment, soft-tissue imbalance, patellofemoral
maltracking, excessive bone resection, instability, and an
increased likelihood of early failure.s Preoperative sizing
can simplify planning and reduce intraoperative trialing,

which may shorten operative time and streamline inventory
management.[® Recent studies have shown that the chosen
alignment strategy affects implant selection, as mechanical
and kinematic alignments result in different femoral-tibial
size distributions, highlighting the challenge of determining
optimal component sizes in TKA.?

Various easily accessible demographic and anthropomet-
ric measurements, such as height, weight, body mass index
(BMI), and shoe size, have shown strong correlations with
femoral and tibial component sizes and have been used to
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create linear regression prediction models.® Several stud-
ies have shown that predictive accuracy with this method is
on par with or better than traditional digital templating, with
prospective data indicating accuracy rates >80%, frequently
reaching 90% or more within a +1 implant size margin.©o
However, demographic models tend to be less accurate at
extreme sizes, suggesting that the relationship between body
measurements and implant size may not be strictly linear.
& Additionally, questions persist regarding the results and
their effectiveness in real-world settings.

In recent years, orthopedic planning studies have increas-
ingly tested ML-based models for implant sizing.!? Machine
learning (ML), a subset of artificial intelligence (Al), has
been increasingly used to support preoperative prediction
tasks in arthroplasty. Al-based planning platforms using ra-
diographic or image-derived data have demonstrated high
accuracy, often achieving between 88% and 99% within a +1
size margin.’** However, many studies lack thorough vali-
dation and are not yet part of standard clinical practice.

However, few studies have compared linear regression and
ensemble ML within a single-surgeon, single-implant setting
using an independent test set. This study aimed to determine
whether ensemble machine learning methods, such as Ran-
dom Forest and XGBoost, can outperform multivariable lin-
ear regression in predicting femoral and tibial implant sizes
based on standard demographic, anthropometric, and radio-
graphic data. We hypothesized that linear models would per-
form comparably for femoral sizing due to predominantly Lin-
ear anatomical relationships, whereas ML algorithms would
demonstrate superior accuracy for tibial sizing owing to its
greater morphological complexity and non-linear variability.

MATERIALS and METHODS

Study Design

This retrospective study included patients who underwent
posterior-stabilized (PS) primary TKA for end-stage knee
osteoarthritis between January 2023 and November 2025 at
Bakircay University Training and Research Hospital. ALl pro-
cedures were performed by a single experienced arthroplasty
surgeon using the same PS implant system (Tipmed, Turkiye).
Using one surgeon and one implant system minimized pro-
cedural and design-related variability, allowing a direct com-
parison of the models. The study was conducted in accordance
with the Declaration of Helsinki and approved by the Bakircay
University Non-interventional Clinical Research Ethics Com-
mittee (Approval No:2720-21.01.2026). Given the retrospective
design and anonymized data, informed consent was waived.

Study Population

Patients undergoing primary PS-TKA consecutively during
the study period were screened. Inclusion criteria were as
follows: (1) end-stage primary knee osteoarthritis and (2)
complete preoperative anthropometric measurements, ra-
diographic morphometric data, and intraoperative compo-
nent sizing records. Exclusion criteria included revision TKA,
bilateral TKA, post-traumatic or inflammatory arthritis,
prior corrective osteotomy, retained periarticular hardware,
significant bone loss necessitating augments or constrained
implants, and incomplete documentation. A total of 224 pa-
tients were included. The screening and selection process is
summarized in Figure 1.

Data Collection

Demographic and anthropometric data, including age, sex,
height, weight, BMI, and shoe size, were obtained from
institutional records. Shoe sizes were recorded using the
standard European (EU) unit system. Radiological param-
eters were assessed on weight-bearing anteroposterior
and lateral knee radiographs using the institution's Picture
Archiving and Communication System (PACS). The maxi-
mum mediolateral width of the distal femoral condyles, the
mediolateral width of the proximal tibial plateau, and the
lengths of the femur and tibia were measured in millime-
ters. All measurements were taken by a single experienced
orthopedic surgeon. Intraoperative records were reviewed
to obtain details on femoral and tibial component sizes and
polyethylene insert thickness. Data that were missing or
appeared implausible were excluded from the analysis.

Statistical Analysis

All analyses were conducted using SPSS Statistics 21.0
(Armonk, NY, USA: IBM Corp.) and Python version 3.12.6,
incorporating SciPy (v1.14.1), statsmodels (v0.14.3), scikit-
learn (v1.5.2), and xgboost (v2.1.1). Continuous variables
were summarized as mean+standard deviation and range,
while categorical variables were presented as frequen-
cies and percentages. Spearman's rank correlation was
used to evaluate relationships between predictors and im-
plant sizes. Variables with significant correlations (p<0.05)
were included in multivariable linear regression models
to determine independent predictors of femoral and tib-
ial component sizes. Results are presented as regression
coefficients with 95% confidence intervals, along with R?,
adjusted R?, F-statistics, and p-values. Multicollinearity
was assessed using variance inflation factors (VIF<10 was
considered acceptable).
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Assessed for eligibility (n = 297)

Excluded (n=73)

» Revision TKA (n = 32)
Post-traumatic arthritis (n = 8)

Inflammatory arthritis (n = 3)

« Previous osteotomy (n = 6)

» Severe bone loss (n=4)

« Missing / incomplete data (n=12)
Bilateral TKA (n=8)

Included in final analysis (n = 224)

Figure 1. Flowchart illustrating patient screening, exclusion criteria, and final
inclusion of 224 unilateral primary PS-TKA patients

PS-TKA: Posterior-stabilized-total knee arthroplasty

Machine Learning Analysis

Femoral and tibial component sizes were modeled separate-
ly using three approaches: multivariable linear regression,
Random Forest, and XGBoost. Each model was fitted with the
same set of predictors: age, sex, height, weight, body mass
index, and shoe size. The dataset was randomly partitioned
into an 80% training set and a 20% independent test set, with
stratification to preserve the implant-size distribution across
splits. A fixed seed (random_state=42) was used to ensure
reproducibility. Model performance was first assessed within
the training data using 10-fold cross-validation and subse-
quently confirmed on the held-out test set. Evaluation met-
rics included the coefficient of determination (R?), root mean
square error (RMSE), mean absolute error (MAE), and the
proportion of cases predicted within £1 implant size, which
was considered the clinically acceptable margin. Default
hyperparameters were used to limit model complexity and
reduce the risk of overfitting, given the sample size.

RESULTS

Patient Characteristics

A total of 224 patients who underwent primary posterior-sta-
bilized TKA were included. Demographic, clinical, and radio-
graphic characteristics are summarized in Table 1. The cohort
had a mean age of 68.2+5.9 years (range 49-82) and was
predominantly female (83.0%). The mean BMI was 29.9+3.1
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kg/m?, the mean femoral condyle width was 84.76+6.36 mm,
and the mean tibial condyle width was 80.40+7.24 mm.

Implant Size Distribution

Implanted component sizes and polyethylene insert thick-
nesses are shown in Table 2. The most common femoral
component size was 68 (46.9%), followed by 72 (23.2%). For
the tibial component, sizes 68 (37.1%) and 72 (31.3%) were
most frequently used. Polyethylene inserts with thicknesses
of 10 mm (44.6%) and 8 mm (29.9%) were the most common.

Correlation Analysis

Spearman's rank correlation analysis revealed strong posi-
tive associations between height, shoe size, weight, femoral
condyle width, and femoral/tibial lengths with both femo-
ral and tibial component sizes (all p<0.001; Table 3). Shoe
size showed the strongest correlations (p=0.643 for femoral,
p=0.664 for tibial). Age had a weak but significant correlation
with femoral size (p=0.157; p=0.019) but not with tibial size
(p=0.079). BMI showed no significant correlation with either
component. Variables with significant correlations (p<0.05)
were entered into multivariable regression analyses.

Femoral Component Regression Model

In multivariable regression, femoral length lost significance,
contributed to multicollinearity, and was therefore excluded
from the final parsimonious model. Height, shoe size, and
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Table 1. Demographic, clinical, and radiographic characteristics of the study cohort

(n=224)

Characteristic

Value

Demographic and clinical variables
Age (years), mean+SD (range)

Sex, n (%)
Female
Male

Height (cm), mean+SD (range)

Weight (kg), mean+SD (range)

Body mass index (kg/m?), mean+SD (range)
Shoe size (EU), mean+SD (range)

Operated side, n (%)
Right
Left

Radiographic measurements

Femur condyle width (mm), mean+SD (range)

Tibia condyle width (mm), mean+SD (range)
Femur length (mm), mean+SD (range)
Tibia length (mm), mean+SD (range)

68.2+5.9 (49-82)

186 (83.0)
38 (17.0)

165.6+6.5 (150-187)
82+8.4 (60-110)
29.9+3.1 (22.3-39.6)
39.2+2.5 (36-46)

133 (59.4)
91 (40.6)

84.76+6.36 (69-104)
80.4+7.24 (64-102)
438.28+29.52 (374-566)
370.85+24.67 (303-464)

SD: Standard deviation

femoral condyle width remained independent predictors, all
statistically significant after mutual adjustment (Table 4).

The model showed a strong fit (R?=0.627; adjusted R?=0.622;
F=123.2, p<0.001), explaining 62.7% of the variance in femoral
componentsize. The regression equation was as follows: Fem-
oral component size=1.94+(0.14xheight [cm])+(0.75xshoe
size [EU])+(0.18xfemoral condyle width [mm]).

Tibial Component Regression Model

In multivariable regression, tibial condyle width and tibial
length Lost significance, contributed to multicollinearity, and
were therefore excluded from the final parsimonious model.
Height and shoe size remained independent predictors, both
statistically significant after mutual adjustment (Table 5).

The model showed a strong fit (R?=0.589; adjusted
R?=0.585; F=158.2, p<0.001), explaining 58.9% of the vari-
ance in tibial component size. The regression equation
was as follows: Tibial component size=-0.94+(0.20xheight
[cm])+(0.95xshoe size [EU]).

Machine Learning-Based Prediction Models

Performance was evaluated using 10-fold cross-validation
(mean values reported) and an independent 20% test set
(Table 6, 7).

Table 2. Distribution of component sizes and polyethylene

insert thicknesses (n=224)

Component Size / Thickness n (%)
60 6 (2.7)
64 35 (15.6)
Femoral component size 68 105 (46.9)
72 52 (23.2)
76 18 (8.0)
80 8 (3.6)
60 5(2.2)
64 34 (15.2)
Tibial component size 68 83 (37.1)
72 70 (3L.3)
76 19 (8.5)
80 13 (5.8)
8 67 (29.9)
10 100 (44.6)
Insert thickness (mm) 12 34 (16.5)
14 16 (7.1)
16 5(2.2)
18 2(0.9)
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Table 3. Spearman correlation analysis between anthropometric/radiographic variables and femoral and tibial component sizes

Variable Femoral component size (p) p Tibial component size (p) p

Age (years) 0.157 0.019 0.118 0.079
Height (cm) 0.563 <0.001 0.560 <0.001
Weight (kg) 0.417 <0.001 0.417 <0.001
Body mass index (kg/m?) -0.049 0.466 -0.059 0.378
Shoe size (EU) 0.643 <0.001 0.664 <0.001
Femur condyle width (mm) 0.618 <0.001 0.575 <0.001
Femur length (mm) 0.423 <0.001 0.434 <0.001
Tibia condyle width (mm) 0.398 <0.001 0.381 <0.001
Tibia length (mm) 0.300 <0.001 0.379 <0.001

Spearman's rank correlation coefficients (p) were used to assess the associations between predictor variables and femoral and tibial component sizes

Table 4. Multivariable linear regression model for prediction of femoral component size (n=224)

Predictor B coefficient Standard error tvalue p 95% ClI
Intercept 1.94 4.36 0.44 0.658 -6.66—10.54
Height (cm) 0.14 0.04 3.85 <0.001 0.07-0.21
Shoe size (EU) 0.75 0.09 8.40 <0.001 0.58-0.93
Femur condyle width (mm) 0.18 0.03 5.87 <0.001 0.12-0.24

Cl: Confidence interval

Table 5. Multivariable linear regression model for prediction of tibial component size (n=224)

Predictor B coefficient Standard error tvalue p 95% ClI
Intercept -0.94 4.87 -0.19 0.847 -10.54-8.66
Height (cm) 0.20 0.04 5.31 <0.001 0.13-0.28
Shoe size (EU) 0.95 0.10 9.74 <0.001 0.76-1.14

Table 6. Performance comparison of predictive models for femoral component sizing (10-fold CV + independent 20% test set)

Model CVR? Test R? Test RMSE Test MAE +1 size accuracy (%)
Linear Regression 0.48 0.48 2.94 2.45 378
Random Forest 0.57 0.46 3.00 2.26 42.2
XGBoost 0.53 0.46 3.00 2.23 44.4

Mean values from 10-fold cross-validation. Accuracy indicates the proportion of predictions within 1 implant size. RMSE: Root mean square error; MAE: Mean
absolute error

Table 7. Performance comparison of predictive models for tibial component sizing (10-fold CV + independent 20% test set)

Model CVR? Test R? Test RMSE Test MAE +1 size Accuracy (%)
Linear Regression 0.53 0.40 3.37 2.73 333
Random Forest 0.62 0.60 2.73 2.09 48.9
XGBoost 0.54 0.56 2.86 211 53.3

Mean values from 10-fold cross-validation. Accuracy indicates the proportion of predictions within 1 implant size.
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Femoral Component Prediction

Linear regression achieved a test R?=0.48 (CV R?=0.48;
RMSE 2.94; MAE 2.45; +1 accuracy 37.8%). Random Forest
(CV R?=0.57; test R?=0.46; RMSE 3.00; MAE 2.26; +1 accu-
racy 42.2%) and XGBoost (CV R2=0.53; test R?=0.46; RMSE
3.00; MAE 2.23; +1 accuracy 44.4%) yielded comparable test
performance. Thus, ensemble ML models provided no clear
advantage over linear regression for femoral sizing (Table 6).

Tibial Component Prediction

Linear regression achieved a test R?=0.40 (CV R?=0.53; RMSE
3.37; MAE 2.73; +1 accuracy 33.3%). Random Forest demonstrat-
ed superior test performance (CV R?=0.62; test R?=0.60; RMSE
2.73; MAE 2.09; +1 accuracy 48.9%), followed closely by XGBoost
(CV R2=0.54; test R?=0.56; RMSE 2.86; MAE 2.11; +1 accuracy
53.3%). Thus, ensemble ML models provided a clear predictive
advantage over linear regression for tibial sizing (Table 7).

DISCUSSION

We compared linear regression with Random Forest and
XGBoost for femoral and tibial sizing in a single-surgeon
PS-TKA cohort. Linear regression performed similarly for
femoral sizing, while the ensemble ML models, particular-
ly Random Forest and XGBoost, improved tibial predictions.
These findings partially support our initial hypothesis, indi-
cating that femoral sizing largely follows predictable, pre-
dominantly linear anatomical relationships, whereas tibial
sizing reflects a more complex, potentially non-linear inter-
action between patient morphology and implant geometry.
Importantly, although ML enhanced predictive performance
for tibial components, none of the algorithms achieved an
accuracy level sufficient to replace surgeon expertise. Con-
sequently, automated predictive systems should currently be
regarded as decision-support adjuncts rather than stand-
alone determinants in routine clinical practice. Practical-
ly, these predictions are most useful for preoperative tray
preparation and inventory optimization (i.e., prioritizing like-
ly component sizes) rather than determining the definitive
implant size, which remains an intraoperative decision.

The TKA literature has extensively highlighted the role of de-
mographic and anthropometric parameters in predicting im-
plant component sizes.® " Trainor et al.®! reported that shoe
size is a stronger predictor of implant size than height, achiev-
ing high explanatory power for both components (R*~0.56—
0.66 for the femur and R?~0.65-0.75 for the tibia) with clini-
cal accuracy rates of 96-99% within 1 implant size. Similarly,
Murphy et al.®! reported +1 accuracy rates of 79-88% for fem-
oral and 85-92% for tibial components using purely linear

regression-based models. In a larger cohort, Ostovar et al.t”
improved predictive performance by incorporating ankle vol-
ume alongside height and sex, yielding R? values of 0.669 and
0.678 for femoral and tibial components, respectively, and £1
accuracy levels of 77-81%. Wallace et al." further demon-
strated that a regression model based solely on demographic
variables could outperform digital templating, achieving +1
implant matching rates exceeding 90%.

In the present study, consistent with the existing literature,
demographic and anthropometric variables, particularly
height and shoe size, were identified as independent and pow-
erful predictors of both femoral and tibial component sizes.
Our multivariable linear regression models achieved explan-
atory capacities of R?=0.63 for femoral and R?=0.59 for tibial
components. However, the more conservative £l accuracy
rates observed in our cohort (37.8-44.4% for femoral and
33.3-53.3% for tibial components) are lower than those re-
ported in prior demographic-based predictive studies, which
typically range from 77% to 99%. This difference may reflect
stricter evaluation: we report out-of-sample performance
using both 10-fold CV and a held-out test set. Many earlier
investigations reported in-sample or Loosely cross-validated
performance metrics on the same dataset used for model
development, which tends to overestimate real-world ac-
curacy. In contrast, our study used stringent out-of-sample
evaluation with both 10-fold cross-validation and a held-out
independent test set (20% of the cohort), thereby providing
more robust and generalizable estimates. Additionally, the
relatively homogeneous patient population, which was pre-
dominantly female with a narrower size distribution; the spe-
cific implant system used; and the relatively smaller mean
implant sizes in our predominantly female Turkish cohort,
consistent with anthropometric differences in non-Caucasian
populations, may all have contributed to more conservative
accuracy estimates when using a Western-designed implant
system. Despite these factors, the observed improvements
with non-linear ML models for tibial sizing remained clini-
cally meaningful under these rigorous conditions.

Radiographic templating has long been one of the most
commonly used methods for preoperative implant size es-
timation; however, its accuracy and clinical applicability
have become subjects of increasing debate. Several stud-
ies have demonstrated that although 2D digital templating
may be clinically useful within acceptable tolerance rang-
es, it does not consistently provide high absolute accuracy.
Riechelmann et al.” reported a complete match rate of 34%
and an accuracy of 57.5% within £1 implant size when both
components were evaluated together; although +1 accuracy
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reached 96.5% for femoral and 94% for tibial components
when assessed separately, complete match rates remained
around 50%. Similarly, Koettnitz et al." reported complete
match rates of 46.3% and 41.8% for femoral and tibial com-
ponents, respectively, and highlighted the influence of sex,
advanced osteoarthritis, and anatomical variation on ac-
curacy. Vahabi et al.” showed that although templating is
metrically reliable, its clinical accuracy may be limited, with
complete match rates ranging between 38% and 55% and +1
accuracy between 79% and 96%. Conversely, the meta-anal-
ysis by Lee et al.® reported absolute accuracy of 55-58%, +1
accuracy of 95% for femoral and 97% for tibial components,
and 96% overall. Overall, templating tends to be reliable
within +1 size, although exact matches vary across studies.

The overall body of evidence also indicates that the accuracy
of 2D templating is influenced by patient anatomy, sex, osteo-
arthritis severity, image calibration, and surgical technique.t-
I The findings of the present study are largely consistent with
the Lliterature emphasizing these limitations. In our cohort,
linear models demonstrated more conservative +1 accuracy
levels, whereas ML-based non-linear models significantly
improved predictive performance, particularly for tibial com-
ponent sizing. The improvement in £1 accuracy from 33.3%
with Linear regression to 48.9-53.3% with ensemble ML mod-
els for the tibial component represents a relative increase of
approximately 50%, highlighting a potentially valuable clin-
ical gain in a component known to exhibit greater anatomi-
cal variability. When benchmarked against conventional 2D
templating, which typically achieves +1 accuracy of 94-97%
in meta-analyses but often with exact match rates of only 40—
60%,51>11 our ML-enhanced tibial predictions approach com-
parable clinical utility despite relying solely on demographic
and radiographic measurements rather than image data.

Beyond demographic and templating approaches, recent ad-
vances in deep learning—based image analysis have enabled
fully automated prediction of implant component sizes di-
rectly from radiographs. Studies using biplanar or standard
radiographic images have reported notably high accuracy
levels, in some cases outperforming manual or semi-auto-
mated templating systems. Burge et al.'? reported approx-
imately 78% and 81% exact implant selection accuracy for
femoral and tibial components, respectively, increasing to
nearly 99% when a +1 implant tolerance was accepted. Sim-
ilarly, Park et al.'® reported exact accuracy rates of 89-91%
and up to 98% within a +1 size tolerance using deep learn-
ing-based Al planning tools. However, these models were
generally developed and validated in relatively controlled or
selectively structured datasets, often characterized by ide-
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al imaging conditions and limited clinical variability. Thus,
while such studies support the technical capability and
promise of Al-based image prediction systems, their gen-
eralizability to broader, heterogeneous real-world settings
remains to be fully established.

Recent large-scale investigations have also demonstrated
that ML approaches based solely on demographic data can
achieve remarkably high prediction accuracy for TKA implant
component sizes.' The multicenter study by Kunze et al.
which included more than 17,000 patients, reported +1 accu-
racy rates of 95% for femoral and 97.8% for tibial components
using ML models built from basic demographic variables
alone. While such studies provide compelling evidence and
strong statistical power, they also reflect inherently hetero-
geneous environments involving multiple implant systems,
surgical philosophies, and patient populations. Consistent
with recent reviews,?” it appears that although Al- and ML-
based algorithms hold substantial promise and may outper-
form traditional methods in certain contexts, much of the
current evidence arises from controlled or selectively struc-
tured research settings, which may underestimate the com-
plexity of day-to-day clinical practice. Within this context, the
present study offers a complementary perspective by eval-
uating ML algorithms and linear regression models within
a single-surgeon, single-implant, clinically homogeneous
framework and by using rigorous validation with independent
test sets and multi-fold cross-validation. Thus, although our
accuracy rates appear more conservative than those of some
previous studies, they likely represent performance estimates
with higher clinical realism and methodological robustness.

A recent systematic review including more than 34,000
patients across four studies reported that Al algorithms
achieved +1 implant accuracy rates of 88.3-99.7% for fem-
oral and 90-99.9% for tibial components, demonstrating
performance comparable to, and sometimes superior to,
manual or digital templating.!” However, the authors em-
phasized that most available studies are observational,
clinical outcome data remain scarce, and cost-effectiveness
evidence is limited; therefore, cautious interpretation is war-
ranted regarding the routine clinical integration of Al sys-
tems. Taken together, the literature supports potential utility,
especially for tibial sizing, but clinical adoption still requires
outcome-based evidence.

Emerging evidence also suggests that implant size distribution
is influenced not only by anatomical and anthropometric char-
acteristics but also by the surgical alignment philosophy ad-
opted during TKA"! Comparative investigations between me-
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chanical alignment (MA) and kinematic alignment (KA) have
shown a tendency toward smaller femoral components and
more frequent femur—tibia size matching in KA, whereas MA is
associated with comparatively larger femoral components. In
contrast, tibial component sizes appear relatively stable, show-
ing minimal variation between KA and MA strategies. These
observations imply that femoral sizing may be more sensitive
to surgical technique, whereas tibial sizing is more strongly
governed by intrinsic anatomical determinants. In this regard,
the single-surgeon, single-implant design of the present study
may be considered a strength, as it provides high internal va-
Lidity within a standardized surgical context. Nevertheless, ex-
isting evidence suggests that different alignment philosophies
may meaningfully influence implant size distribution, and fu-
ture work should aim to develop and validate alignment-spe-
cific predictive models (e.g., MA-specific and KA-specific algo-
rithms) to further enhance clinical applicability.

The main strength of our study is its standardized setting,
including a single surgeon and implant system, with both
cross-validation and an independent test set. The use of a
single surgeon, a single implant system, and standardized
surgical and radiographic protocols ensured a clinically ho-
mogeneous environment, minimized confounding, and en-
abled a reliable head-to-head comparison between linear
regression and ML-based models. The incorporation of both
demographic and anthropometric parameters, the use of ac-
tual intraoperative implant sizes as the clinical ground truth,
and rigorous validation strategies, including independent
test sets and multi-fold cross-validation, further strengthen
the internal validity of our findings.

Limitations include the retrospective single-center design
and lack of external validation. The use of a single implant
system, while methodologically advantageous, may Llimit
applicability to other designs or manufacturers. The pre-
dominantly female cohort (83%) and the use of a system po-
tentially optimized for Caucasian anatomy may also restrict
generalizability, particularly given anthropometric differenc-
es and higher mismatch rates reported in Asian and Middle
Eastern populations. Additionally, because all radiographic
measurements were performed by a single surgeon, interob-
server reliability could not be assessed, and intraobserver
repeatability was not formally evaluated. External validation
was not performed, and three-dimensional imaging param-
eters or advanced radiographic measurements were not in-
corporated, which may further improve ML performance in
future studies. Finally, our +1-size accuracy rates are inten-
tionally conservative because they reflect strict out-of-sam-
ple evaluation, including 10-fold cross-validation plus an

independent test set, which we consider a methodological
strength that better approximates real-world performance.

Future work should test these models in multicenter data-
sets with different implant systems and alignment strate-
gies and link prediction performance to clinical outcomes.
Alignment-specific algorithms may offer more personal-
ized and clinically relevant sizing guidance. Integration
of radiographic or three-dimensional morphometric data
and, ultimately, the implementation of real-time Al-assist-
ed planning platforms into routine perioperative workflows
may further refine predictive accuracy and clinical utility.
Prospective, outcome-oriented investigations will be essen-
tial to determine whether improved predictive performance
translates into tangible clinical benefit.

In this cohort, linear regression was sufficient for femoral
sizing, whereas ensemble models improved tibial sizing.
Neither approach should replace intraoperative assessment,
but both can support preoperative preparation after external
validation. However, despite these promising findings, nei-
ther approach yet offers sufficient accuracy to replace clinical
judgment, reinforcing the view that Al-based systems should
currently function as supportive decision-assistance tools
rather than autonomous determinants in surgical planning.
As methodological rigor, dataset diversity, and validation
standards continue to advance, ML-driven predictive plat-
forms may support preoperative preparation after external
validation and prospective assessment of clinical impact.
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Evaluation of Clinical and Radiological Predictors
and Post-Episode Colonoscopy Adherence in Acute
Diverticulitis
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Department of General Surgery, Istanbul Aydin University Faculty of Medicine, istanbul, Turkiye

ABSTRACT

Objective: Acute diverticulitis presents with a wide clinical spectrum ranging from mild inflammation to severe complications. Early assessment of disease
severity is essential to guide decisions regarding outpatient management, hospitalization, and intervention, as well as to plan appropriate post-episode sur-
veillance. This study evaluated clinical and computed tomography (CT)-based predictors of disease severity and hospitalization and examined follow-up and
colonoscopy adherence after an episode of acute diverticulitis.

Materials and Methods: This single-center retrospective observational study included 57 patients diagnosed with acute diverticulitis between June 2020 and
June 2025. Demographic characteristics, laboratory parameters [C-reactive protein (CRP) and white blood cell count], CT findings, treatment approaches, and
follow-up data were analyzed. CT images were re-evaluated using the modified Hinchey classification, and intraperitoneal free air was categorized as none,
minimal pericolic, or diffuse. Independent predictors of hospitalization were assessed using multivariate logistic regression.

Results: Thirty-three patients (57.9%) were hospitalized, and 24 (42.1%) were managed as outpatients. Higher CRP levels, advanced modified Hinchey stage,
and the presence of free air on CT were associated with hospitalization, longer hospital stay, and the need for percutaneous drainage or surgery (p<0.05). In
multivariate analysis, modified Hinchey stage >1b was the only independent predictor of hospitalization (OR: 14.32; 95% Cl: 1.21-169.80; p=0.035). Among the
32 patients with available follow-up data, colonoscopy completion was strongly associated with follow-up attendance (p<0.001).

Conclusion: Modified Hinchey staging plays a key role in predicting hospitalization in acute diverticulitis. Structured follow-up strategies, including scheduled
colonoscopy, may improve adherence and support the timely exclusion of underlying malignancy.

Keywords: Acute diverticulitis, colonoscopy adherence, computed tomography, C-reactive protein, modified Hinchey classification, risk stratification
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INTRODUCTION

Acute diverticulitis is an important gastrointestinal disease
with a steadily increasing incidence, particularly in Western
populations, and it exhibits a broad clinical spectrum ranging
from mild inflammatory presentations to severe complica-
tions such as perforation, abscess formation, and generalized
peritonitis.? This heterogeneous nature makes accurate as-
sessment of clinical severity at the time of initial presentation
critical and highlights the importance of early identification
of patients at risk for a complicated disease course.

Among laboratory parameters, C-reactive protein (CRP)
has been consistently reported as one of the most reliable
biomarkers for estimating the severity of inflammation and
predicting the risk of complications in acute diverticulitis.
Elevated CRP levels have been associated with perforation,
prolonged hospital stay, and the need for interventional
treatment, whereas white blood cell count alone has shown
limited value in discriminating disease severity.>

Computed tomography (CT) is the gold standard for the di-
agnosis of acute diverticulitis and enables objective assess-

%E Address for Correspondence: Yusuf Emre Altundal, Department of General Surgery, Istanbul Aydin
3

University Faculty of Medicine, istanbul, Tiirkiye
& . E-mail: yealtundal@gmail.com ORCID ID: 0000-0002-1196-0053

Received date: 14.03.2026
Revised date: 17.03.2026
Accepted date: 28.03.2026
Online date: 21.07.2026

Comprehensive Medicine published by Kare Media.

OPEN ACCESS This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/).

287


http://orcid.org/0000-0002-1196-0053
http://orcid.org/0000-0001-5536-4395

Compreh Med 2026;18(3):287-295

ment of disease severity through the modified Hinchey clas-
sification.® In addition, the presence of free intraperitoneal
air on CT, ranging from Llocalized pericolic air to diffuse intra-
peritoneal distribution, is considered an important indicator
of microperforation and an increased risk of failure of con-
servative management.”® These radiological findings play a
central role in guiding decisions regarding hospitalization,
antibiotic therapy, and the need for invasive intervention.

After completion of acute-phase treatment, appropriate
follow-up and colonoscopic evaluation are recommended,
particularly to exclude underlying colorectal malignancy.
Current guidelines suggest a selective or delayed colonos-
copy approach based on disease severity and individual risk
factors.'! Nevertheless, real-world data indicate that a
substantial proportion of patients do not attend post-acute
follow-up visits, resulting in Low adherence to recommended
surveillance strategies.

Therefore, this study aimed to evaluate the association of
clinical parameters, including C-reactive protein and white
blood cell count, and CT-based radiological findings, includ-
ing modified Hinchey classification and free intraperitoneal
air, with disease severity and hospitalization requirements
in patients with acute diverticulitis. A secondary aim was to
assess post-episode follow-up attendance and colonoscopy
adherence in routine clinical practice.

MATERIALS and METHODS

Study Design and Patient Selection

This study was designed as a single-center retrospective
observational investigation. Patients who presented with
abdominal pain to the general surgery and emergency de-
partments of a tertiary care center and were diagnosed with
acute diverticulitis between June 2020 and June 2025 were
evaluated. The diagnosis was confirmed based on the com-
bined assessment of clinical findings and contrast-enhanced
abdominal computed tomography (CT) imaging.

Inclusion criteria were patients aged 18 years or older with
a radiologically confirmed diagnosis of acute diverticulitis
based on contrast-enhanced abdominal CT findings.

Exclusion criteria included unavailable CT images in the
institutional archive, incomplete clinical records, discharge
against medical advice, and alternative diagnoses explaining
the abdominal symptoms.

A total of 68 patients were initially assessed. Eight patients
whose CT examinations had been performed at external cen-
ters and were unavailable in the institutional imaging ar-
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chive, as well as three patients who refused treatment and
left the hospital against medical advice, were excluded from
the study. Consequently, 57 patients (33 males and 24 fe-
males) were included in the final analysis.

This study was approved by the institutional ethics commit-
tee (approval number: 215/2025). The study was conducted
in accordance with the ethical principles of the Declaration
of Helsinki and its later amendments. Due to the retrospec-
tive design of the study, the requirement for informed con-
sent was waived by the ethics committee.

Data Collection

Patient demographic characteristics (age and sex), mode of
presentation and management (outpatient or inpatient), lab-
oratory parameters (white blood cell count and C-reactive
protein [CRP] level), CT findings, antibiotic use, requirement
for surgical or interventional procedures, length of hospital
stay, number of diverticulitis episodes, and follow-up and
colonoscopy data were obtained from the hospital informa-
tion management system.

Laboratory threshold values were defined as a white blood
cell count >11,000/uL for leukocytosis and a CRP level >5
mg/L for elevated CRP. These cut-off values were based on
the standard laboratory reference ranges used in our institu-
tion and previously published studies evaluating inflamma-
tory markers in acute diverticulitis. For regression analysis,
CRP was dichotomized at 100 mg/L based on previously re-
ported thresholds associated with complicated diverticulitis.

Radiological Assessment

All CT examinations were re-evaluated according to the
modified Hinchey classification. In addition, the presence of
intraperitoneal free air was categorized into three groups:
cases with no free air, cases with minimal free air limited to
localized pericolic air, and cases with diffuse intraperitoneal
free air. This radiological classification was used to analyze
the associations between disease severity and the need for
interventional management.

For subgroup analysis, diverticulitis was categorized as
uncomplicated or complicated. Uncomplicated diverticuli-
tis was defined as modified Hinchey stages 0-la, whereas
complicated diverticulitis included stages 1b—4, represent-
ing the presence of abscess formation, perforation, or gen-
eralized peritonitis.

Treatment Approach and Follow-Up Protocol

Treatment strategies were determined based on the patients’
clinical status and CT findings. Patients requiring hospi-
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Table 1. Comparison of demographic, clinical, lLaboratory, and radiological characteristics between outpatient and hospitalized

patients with acute diverticulitis

Variable Outpatient (n=24) Hospitalized (n=33) p

Number of patients, n (%) 24 (42.1) 33 (57.9) -

Age, mean + SD (years) 48.7+10.7 57.0+15.3 <0.05
Sex (male/female) 12/12 21/12 >0.05
CRP, median (mg/L) 68 112 <0.05
White blood cell count, mean (/uL) 10,900 11,480 >0.05
Modified Hinchey stage (predominant) la 1b-2 <0.001
Free intraperitoneal air on CT, n (%) 1(4.2) 15 (45.5) <0.001
Length of hospital stay, mean + SD (days) - 4.8+5.6 -

Interventional treatment, n (%) 0 6 (18.2) <0.05
Complicated diverticulitis, n (%) - 18 (31.6) <0.001

Data are presented as meansstandard deviation, median, or number (%), as appropriate. P values <0.05 were considered statistically significant. CRP: C-reactive

protein; CT: Computed tomography.

talization received intravenous antibiotic therapy, whereas
those managed on an outpatient basis were prescribed oral
antibiotics. In patients diagnosed with complicated divertic-
ulitis, the indication for percutaneous drainage or surgical
intervention was evaluated according to the clinical course
and radiological findings.

After completion of acute-phase treatment, colonoscopy was
recommended for all patients within 6-8 weeks, in accor-
dance with national and international guidelines. Follow-
ing discharge, all patients were contacted by telephone to
schedule follow-up outpatient clinic visits and plan colo-
noscopy. Patients' adherence to follow-up appointments and
colonoscopy was recorded.

Statistical Analysis

All statistical analyses were performed using IBM SPSS Sta-
tistics for Windows, Version 25.0 (IBM Corp., Armonk, NY,
USA). The distribution of continuous variables was assessed
using the Shapiro-Wilk test and histogram inspection. Vari-
ables with a normal distribution were presented as mean+-
standard deviation, whereas non-normally distributed vari-
ables were expressed as median (interquartile range or
minimum-maximum, as appropriate). Categorical variables
were presented as number (n) and percentage (%).

For comparisons between two groups, Student's t-test or the
Mann-Whitney U test was used, as appropriate. Compar-
isons among three or more groups were performed using
the Kruskal-Wallis test, and when a statistically significant
difference was detected, Dunn—Bonferroni post hoc analy-
sis was applied. Associations between categorical variables

were evaluated using the Pearson chi-square test or Fisher's
exact test, when appropriate. Relationships between contin-
uous variables were analyzed using Pearson or Spearman
correlation coefficients, depending on data distribution.

To identify independent predictors of hospitalization re-
quirement, multivariate logistic regression analysis was
performed using laboratory parameters and CT findings.
Model adequacy was assessed using the Hosmer-Leme-
show goodness-of-fit test. A p value <0.05 was considered
statistically significant.

Analyses of follow-up attendance and colonoscopy adher-
ence were performed only in patients with available fol-
low-up data.

RESULTS

Demographic and Clinical Characteristics

A total of 57 patients diagnosed with acute diverticulitis were
included in the study. Of these, 33 patients (57.9%) were male
and 24 (42.1%) were female. The mean age of the cohort was
52.4+13.7 years. Female patients were significantly older
than male patients (57.0£15.3 vs. 48.7+10.7 years, p<0.05).

Overall, 33 patients (57.9%) required hospitalization, where-
as 24 patients (42.1%) were managed on an outpatient basis.
Among hospitalized patients, the mean length of hospital
stay was 4.8+5.6 days (median: 3 days; range: 1-29 days). No
patients managed on an outpatient basis required hospital-
ization during follow-up. Baseline demographic, clinical, and
laboratory characteristics of hospitalized and outpatient pa-
tients are summarized in Table 1.
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Figure 1. Distribution of hospitalized and outpatient patients according to the
modified Hinchey classification. Hospitalization rates increased significantly with
advancing Hinchey stage. While most patients with Hinchey stage 0-la were
managed on an outpatient basis, the majority of patients with Hinchey stage >1b

required hospitalization (p<0.001)

Modified Hinchey Classification and Disease Severity

According to the modified Hinchey classification, 6 patients
(10.5%) were classified as Hinchey 0, 33 patients (57.9%)
as Hinchey 1a, 7 patients (12.3%) as Hinchey 1b, 6 patients
(10.5%) as Hinchey 2, 3 patients (5.3%) as Hinchey 3, and 2
patients (3.5%) as Hinchey 4.

Hospitalization rates increased significantly with advancing
Hinchey stage (p<0.001). While 61.1% of patients with Hinchey
0-la disease were managed on an outpatient basis, the ma-
jority of patients with Hinchey =1b required hospitalization.
All patients classified as Hinchey 2—-4 were hospitalized. How-
ever, several patients with lower Hinchey stages were also ad-
mitted due to clinical factors such as severe abdominal pain,
elevated inflammatory markers, or the need for close clinical
observation. Therefore, hospitalization decisions were based
not only on radiological staging but also on the overall clini-
cal assessment of the patient. Hospitalization rates according
to modified Hinchey stage are shown in Figure 1.

Laboratory Findings

The mean CRP level in the overall cohort was 118.4+93.2
mg/L (median: 95 mg/L), and the mean white blood cell
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count was 11,480+3,920/uL. CRP Llevels were significantly
higher in hospitalized patients than in those managed on an
outpatient basis (median: 112 mg/L vs. 68 mg/L; p<0.05). No
significant difference in white blood cell count was observed
between the two groups (p>0.05).

CRP levels increased progressively with advancing Hinchey
stage. Mean CRP values were 42 mg/L in patients with
Hinchey 0-la disease, 136 mg/L in those with Hinchey 1b-2
disease, and 212 mg/L in patients with Hinchey 3-4 disease
(p<0.001). In parallel, the length of hospital stay increased
significantly with higher Hinchey stages (p<0.05).

CT Findings and Free Intraperitoneal Air

Free intraperitoneal air was not detected in 41 patients
(71.9%), whereas 12 patients (21.1%) had minimal pericolic
free air and 4 patients (7.0%) had diffuse intraperitoneal
free air.

Hospitalization was required in 46.3% of patients without
free air, 83.3% of patients with minimal free air, and all
patients with diffuse free air (p=0.015). CRP levels differed
significantly according to the extent of free air (p<0.001),
with mean values of 56.4 mg/L in patients without free air,
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Figure 2. Hospitalization rates according to the extent of intraperitoneal free air on
computed tomography. Hospitalization rates differed significantly among patients
with no free air, minimal pericolic free air, and diffuse intraperitoneal free air. The
proportion of hospitalized patients increased with greater extent of free air (p=0.015)

153.5 mg/L in those with minimal free air, and 216.9 mg/L
in those with diffuse free air. The extent of free air was also
associated with longer hospital stay (p<0.05). These find-
ings are illustrated in Figure 2. Notably, one patient with
minimal pericolic free air was successfully managed on an
outpatient basis due to stable clinical findings and low in-
flammatory markers. When patients were stratified accord-
ing to disease complexity (Table 2), those with complicated
acute diverticulitis had significantly higher inflammatory
markers, more frequent free intraperitoneal air, longer
hospital stays, and a greater need for interventional treat-
ment. A detailed comparison of clinical, laboratory, and
radiological characteristics between uncomplicated and
complicated disease is presented in Table 2.

Intervention Requirement

Interventional treatment was required in 6 patients (10.5%).
Of these, 4 patients with CT-detected localized abscess for-
mation (Hinchey 2) underwent percutaneous drainage under
radiological guidance. Two patients with generalized perito-
nitis (Hinchey 3 and Hinchey 4) required emergency surgi-
cal intervention and underwent Hartmann's procedure with
end-colostomy formation. No interventional procedures
were required in patients managed on an outpatient basis.

Patients requiring interventional treatment had significantly
higher CRP levels than those treated with medical therapy
alone (p<0.05). White blood cell counts did not differ signifi-
cantly between the groups (p>0.05). Higher modified Hinchey
stages and the presence of free air were significantly asso-
ciated with the need for intervention (p<0.001). The mean
length of hospital stay was significantly longer in patients
requiring intervention than in those treated conservatively
(11.8+6.2 vs. 3.6+2.4 days; p<0.05).

Multivariate Logistic Regression

Multivariate logistic regression analysis was performed to
identify independent predictors of hospitalization require-
ment. Modified Hinchey stage =1b was identified as the
only independent predictor of hospitalization (OR: 14.32;
95% Cl: 1.21-169.80; p=0.035). The presence of free air on
CT (OR: 1.73; 95% Cl: 0.14-22.05; p=0.672) and CRP >100
mg/L (OR: 0.65; 95% Cl: 0.11-3.71; p=0.627) were not inde-
pendent predictors.

The overall model was statistically significant according to
the Omnibus test (p=0.003), and the Hosmer-Lemeshow
test indicated adequate model fit (p=0.767). The results of
the multivariate logistic regression analysis are summa-
rized in Table 3.
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Table 2. Comparison of clinical, laboratory, and radiological characteristics between uncomplicated and complicated acute

diverticulitis

Variable Uncomplicated (n=39) Complicated (n=18) p

Number of patients, n (%) 39 (68.4) 18 (31.6) -

Age, mean+SD (years) 51.8+13.5 56.3+14.2 0.137
Sex (male/female) 23/16 10/8 >0.05
CRP, median (IQR) (mg/L) 37.8 (10.8-72.7) 159.2 (103.5-214.9) <0.001
White blood cell count, mean (/uL) 10,030 13,295 <0.05
Free air on CT, n (%) 2 (5.1) 15 (83.3) <0.001
Length of hospital stay, median (IQR) (days) 2 (2-3) 4 (3-7) <0.05
Interventional treatment, n (%) 6 (33.3) <0.001
Recurrent episode, n (%) 5 (12.8) 5 (27.8) >0.05

Data are presented as mean+standard deviation, median (interquartile range), or number (%), as appropriate. P<0.05 was considered statistically significant.

CRP: C-reactive protein; CT: Computed tomography.

Table 3. Multivariate Logistic regression analysis for predictors of hospitalization in patients with acute diverticulitis

Variable B SE Wald p OR (Exp(B)) 95% CI (Lower) 95% CI (Upper)
Modified Hinchey stage =1b 2.662 1.262 4.452 0.035 14.32 121 169.80
Free airon CT 0.549 1.298 0.179 0.672 1.73 0.14 22.05

CRP >100 mg/L -0.432 0.890 0.236 0.627 0.65 0.11 371
Constant 0.880 0.418 4.437 0.035 241 — —

The overall model was statistically significant according to the Omnibus test (p=0.003), and model fit was adequate based on the Hosmer-Lemeshow goodness-of-
fit test (p=0.767). p<0.05 was considered statistically significant. OR: Odds ratio; Cl: Confidence interval; SE: Standard error; CRP: C-reactive protein; CT: Computed

tomography.

Follow-Up and Colonoscopy Adherence

Follow-up data were available for 32 patients (56.1%). The
remaining patients did not attend scheduled outpatient visits
after discharge and could not be evaluated during the fol-
low-up period based on available hospital records. Follow-up
attendance rates were 60.6% among hospitalized patients
and 50.0% among patients managed on an outpatient basis,
with no significant difference between the groups (p>0.05).

A total of 26 patients (45.6%) underwent colonoscopy. All
patients who underwent colonoscopy attended follow-up
visits, whereas only 19.3% of patients who did not undergo
colonoscopy attended follow-up (p<0.001). Follow-up and
colonoscopy adherence rates are presented in Figure 3.

DISCUSSION

This study demonstrates that the combined evaluation of CRP
levels, the presence of free air on CT, and Hinchey stage pro-
vides clinically valuable information for predicting disease
severity in acute diverticulitis. In a diagnostic context, these
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findings suggest that integrating inflammatory biomarkers
with CT-based severity parameters may support early risk
stratification in clinical practice. Rather than relying on a sin-
gle laboratory or imaging parameter, the combined assess-
ment of CRP levels, CT-detected free air, and modified Hinchey
stage may assist clinicians in distinguishing patients suitable
for outpatient management from those requiring hospitaliza-
tion or invasive intervention at the time of initial presentation.

Our findings indicate that these parameters may play a com-
plementary role in clinical decision-making and are generally
consistent with trends reported in the literature. In addition,
despite colonoscopy being recommended for all patients, the
marked reduction in colonoscopy performance associated with
poor follow-up adherence emerged as a clinically important
observation with direct implications for real-world practice.

In our study, CRP levels were significantly associated with both
Hinchey stage and the need for hospitalization. This finding
is consistent with previous reports identifying CRP as an im-
portant laboratory marker for predicting complicated disease.
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Figure 3. Comparison of C-reactive protein and white blood cell levels between
uncomplicated and complicated acute diverticulitis. Patients with complicated
diverticulitis had significantly higher C-reactive protein (CRP) levels and white blood
cell (WBC) counts compared with patients with uncomplicated disease (CRP: p<0.001;

Complicated

B4 Various CRP cut-off values have been proposed in the Lit-
erature, with particularly high levels reported to be associated
with perforation and the need for intervention.'? In our cohort,
the linear increase in CRP levels with advancing Hinchey stage
suggests that CRP may provide practical contributions to early
risk stratification in clinical assessment. In contrast, the Llimit-
ed predictive value of WBC observed in our study corroborates
findings from prior systematic reviews, indicating that this pa-
rameter alone is not a reliable indicator of disease severity.!?

Similarly, recent studies have investigated additional in-
flammatory biomarkers for predicting disease severity in
acute diverticulitis. Sahin et al.t reported that the neutro-
phil-to-lymphocyte ratio (NLR) demonstrated higher sensi-
tivity than CRP in distinguishing complicated from uncom-
plicated diverticulitis and predicting the need for surgical
intervention. These findings suggest that hematological
inflammatory indices may provide complementary informa-
tion alongside conventional markers such as CRP.

CT findings are fundamental determinants in the manage-
ment of acute diverticulitis. In our study, the presence of free
air emerged as one of the most notable radiological parame-
ters. The high hospitalization rates observed even in patients
with minimal pericolic free air suggest that this subgroup may
require closer monitoring. Moreover, the parallel increase in
CRP levels with the extent of free air supports the association
between radiological signs of perforation and systemic in-
flammation. Diffuse free air showed a strong association with
the need for intervention, consistent with studies emphasiz-
ing the diagnostic and prognostic significance of free air in
acute diverticulitis.”® Similarly, increasing modified Hinchey
stage was associated with higher rates of hospitalization and
intervention, supporting the risk stratification framework pro-
posed in the American Society of Colon and Rectal Surgeons
(ASCRS) guidelines.”” While most patients with Hinchey 0-la
disease in our cohort were successfully managed on an out-
patient basis, the markedly increased need for intervention
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among patients with Hinchey stage =1b underscores the im-
portance of disease staging in clinical decision-making.

In recent years, the role of antibiotics in the treatment of
acute diverticulitis has been re-evaluated. Contemporary
randomized trials and clinical guidelines indicate that rou-
tine antibiotic use may not be mandatory in clinically stable
patients with uncomplicated mild diverticulitis.®>" However,
antibiotic therapy remains the standard of care in patients
with CT-detected free air, marked inflammatory findings, or
elevated CRP levels.[617

In our study, the absence of complications among patients
managed on an outpatient basis supports the notion that
conservative, potentially antibiotic-free management may
be a safe option in carefully selected patients with favor-
able clinical and radiological characteristics. These findings
further suggest that the combined evaluation of laboratory
parameters, particularly CRP, and CT findings may facilitate
individualized treatment strategies.

The role of surgical treatment in acute diverticulitis is cur-
rently being reshaped toward more individualized approaches.
Studies such as the LASER trial have demonstrated that elec-
tive sigmoid resection may improve quality of life and reduce
recurrence rates in selected patients.’® In our cohort, only
two patients required emergency surgery, both of whom had
high CRP levels and advanced Hinchey stages, consistent with
risk profiles described in the literature. This observation rein-
forces the close association between surgical decision-mak-
ing and the clinical and radiological severity of disease.

Follow-up and colonoscopy adherence constitute one of the
most important and original findings of our study. Although
recommendations for colonoscopy after an episode of acute
diverticulitis exist,®® poor follow-up adherence remains
a common challenge in real-world settings. This finding
highlights the gap between guideline recommendations and
real-world clinical practice. In our cohort, all patients who
underwent colonoscopy attended follow-up visits, whereas
patients who did not undergo colonoscopy exhibited marked-
ly lower follow-up rates. This finding suggests that colonos-
copy may serve not only as a diagnostic procedure but also as
a facilitator of patient engagement in post-episode follow-up.
In line with studies reporting the safety of early colonosco-
py,? scheduling colonoscopy at the time of discharge may be
considered as a strategy to improve follow-up adherence. In
this respect, our study contributes to a clinically relevant yet
underexplored aspect of diverticulitis management.

The limitations of this study include its retrospective design,
the single-center nature of the data, and the inability to assess
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socioeconomic factors that may influence follow-up adher-
ence. Nevertheless, the study has notable strengths, includ-
ing its holistic risk assessment integrating CRP levels, free air,
and Hinchey stage, as well as the presentation of real-world
data on colonoscopy adherence following acute diverticulitis.

Study Limitations

This study has several Llimitations. First, its retrospective and
single-center design, together with the relatively small sam-
ple size, may limit the generalizability of the findings and
reduce the statistical power of multivariate analyses. The
wide confidence interval observed in the logistic regression
model likely reflects the relatively small number of events
and the limited sample size of the cohort. Larger prospective
studies are needed to confirm these findings. In addition, co-
morbidity data were not consistently available in the medical
records and therefore could not be included in the analysis.

CT images were evaluated retrospectively; interobserver vari-
ability was not assessed, and intraperitoneal free air was clas-
sified using a categorical rather than quantitative approach.
In addition, socioeconomic and logistical factors were not
analyzed; therefore, some variables that may influence fol-
low-up and colonoscopy adherence could not be evaluated.

Despite these limitations, the combined assessment of clinical,
laboratory, and CT-based parameters and the use of real-world
data may provide findings that could potentially contribute to
clinical practice in the management of acute diverticulitis.

Multicenter studies with larger cohorts may further clarify
the predictive role of radiological and laboratory parameters
in acute diverticulitis.

CONCLUSION

Our findings suggest that the combined evaluation of CRP
levels, CT-detected free air, and modified Hinchey stage may
assist clinicians in early risk stratification in patients with
acute diverticulitis and support more individualized clinical
decision-making.

In addition, the low colonoscopy adherence observed among
patients who did not attend follow-up visits highlights a clin-
ically important gap between guideline recommendations
and real-world practice. Implementing structured follow-up
strategies, such as scheduling colonoscopy appointments at
the time of discharge, may improve follow-up attendance
and colonoscopy adherence after an episode of acute diver-
ticulitis. Although larger prospective studies are required,
these findings may provide practical insights for improving
the clinical management of acute diverticulitis.
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ABSTRACT
Objective: This study aimed to compare the effects of two therapeutic ultrasound application techniques, pulsed and continuous, on pain, functional capacity,
and quality of Life in patients with primary knee osteoarthritis.

Materials and Methods: This assessor-blinded, prospective, randomized controlled clinical trial included patients randomly assigned to three groups: (1)
pulsed ultrasound + hot pack + exercise, (2) hot pack + exercise (control), and (3) continuous ultrasound + hot pack + exercise. Ultrasound therapy was ap-
plied for 15 sessions over three weeks. All participants were evaluated before treatment, immediately after treatment, and at the two-month follow-up. Pain
was assessed using the Visual Analog Scale (VAS); functional status was assessed using the Western Ontario and McMaster Universities Osteoarthritis Index
(WOMAC) and the Lequesne Index; quality of life was assessed using the SF-36; and muscle strength was measured using isokinetic dynamometry. Statistical
analyses were performed using SPSS software with appropriate parametric and non-parametric tests. A p value <0.05 was considered statistically significant.
Results: Pain and WOMAC scores improved over time in all groups. Both pulsed and continuous ultrasound groups demonstrated improvements in Lequesne
Index scores and extensor muscle strength; however, no significant difference was observed between the two ultrasound modalities (p>0.05). Improvements
were also observed in several SF-36 domains, including physical functioning, bodily pain, and social functioning.

Conclusion: Both pulsed and continuous therapeutic ultrasound, combined with hot pack and exercise, improved pain and functional outcomes in patients
with primary knee osteoarthritis, with no significant difference between ultrasound modalities.

Keywords: Continuous ultrasound, functional capacity, knee osteoarthritis, pulsed ultrasound, therapeutic ultrasound
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INTRODUCTION

Knee osteoarthritis (KOA) is a common musculoskeletal dis-
order characterized by cartilage degeneration, subchondral
bone changes, and inflammation, leading to pain and func-

and physical therapy modalities, including therapeutic ul-
trasound, are widely used in clinical practice.

Therapeutic ultrasound exerts both thermal and non-ther-
mal effects by increasing microcirculation and supporting

tional impairment.l!

The main goals of treatment are to reduce pain, preserve
joint function, and improve quality of life. Non-pharmaco-
logical approaches, such as exercise, weight management,

tissue healing. Continuous ultrasound is primarily used for
its thermal effects to reduce muscle spasm and stiffness,
whereas pulsed ultrasound is preferred for its non-thermal
effects to promote tissue repair and reduce inflammation.?3

Erses

“iz:[m] Address for Correspondence: Dilek Un Oguzhanasiltirk, Deparment of Physical Medicine and
'ﬁh Rehabilitation, istanbul Kanuni Sultan Siileyman Training and Research Hospital, istanbul, Tirkiye
U:". '!-r--.- E-mail: dilekunoguzhan@gmail.com ORCID ID: 0009-0006-8911-7927

Received date: 26.11.2025
Revised date: 28.03.2026
Accepted date: 06.04.2026
Online date: 21.07.2026

Comprehensive Medicine published by Kare Media.

OPEN ACCESS This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/).

296


https://orcid.org/0009-0006-8911-7927
https://orcid.org/0000-0003-3584-8880
https://orcid.org/0000-0003-3767-7448
https://orcid.org/0000-0001-9016-2406

Un Oguzhanasiltiirk et al. Primary Knee Osteoarthritis Therapeutic Ultrasound

Although continuous ultrasound is more commonly used in
clinical practice, studies directly comparing the relative clin-
ical effectiveness of these two modalities remain limited, and
current findings are inconclusive.

Therefore, this study aimed to compare the effects of contin-
uous and pulsed therapeutic ultrasound on pain, functional
status, and quality of life in patients with primary knee os-
teoarthritis. We hypothesized that both ultrasound modali-
ties would lead to clinical improvement, but that their effects
might differ in magnitude.

MATERIALS and METHODS

This study was designed as a prospective, randomized, con-
trolled clinical trial to compare the clinical effects of differ-
ent therapeutic ultrasound application modes in patients
diagnosed with primary knee osteoarthritis.

Ethical approval for this study was obtained from the Uni-
versity of Health Sciences, Okmeydani Training and Research
Hospital Ethics Committee (Approval No: 230, Date: 15 April
2009). Written informed consent was obtained from all par-
ticipants prior to enrollment.

The trial was registered at ClinicalTrials.gov (ldentifier:
NCT07323030).

A total of 46 patients aged 40-75 years who were diagnosed
with primary knee osteoarthritis according to the American
College of Rheumatology (ACR) criteria were included in the
study. Because some patients had bilateral knee involve-
ment, analyses were performed on 90 knees (30 knees per
group) and conducted at the knee level, as adopted in previ-
ous musculoskeletal studies. However, knees from the same
participant may not be completely independent, which may
introduce a potential clustering effect. Therefore, the results
should be interpreted with caution, and future studies using
patient-level analyses or mixed-effects models are warrant-
ed. Participants were randomly assigned to three groups:

e Group 1: Pulsed ultrasound + hot pack + exercise,
* Group 2 (control): Hot pack + exercise,
* Group 3: Continuous ultrasound + hot pack + exercise.

All patients received superficial heat application (hot pack)
prior to treatment sessions. The hot pack temperature was
maintained at 70-80°C, and the application duration was 30
minutes. Ultrasound therapy was then administered. Thera-
peutic ultrasound was applied using a device with a 1-MHz
frequency and a 5-cm? transducer head. In the pulsed ultra-
sound group, ultrasound was delivered in pulsed mode (1:4
duty cycle) at an intensity of 1 W/cm? for a total of 7 minutes,

with 3.5 minutes applied to the lateral aspect of the knee and
3.5 minutes to the medial aspect. Standard ultrasound gel
was used to improve acoustic coupling and tissue penetration.
In the continuous ultrasound group, ultrasound was applied
in continuous mode at an intensity of 1.5 W/cm? for 7 minutes,
moving the transducer around the patella, with emphasis on
the medial and lateral regions. A total of 15 treatment ses-
sions were administered, 5 days per week for 3 weeks. In addi-
tion, patients were prescribed quadriceps isometric exercises,
performed three times daily with 10 repetitions per session,
and were instructed to continue the exercise program during
the treatment period and throughout the follow-up period.

Patients were evaluated at three time points:

1. Before treatment,
2. Immediately after treatment,
3. Two months after completion of the treatment program.

Clinical effectiveness was assessed using the following mea-
sures:

 Pain: Visual Analog Scale (VAS), a 10-cm horizontal line.

» Functional status: Western Ontario and McMaster Univer-
sities Osteoarthritis Index (NOMAC), including pain, stiff-
ness, and physical function subscales.

¢ Clinical severity: Lequesne Knee Osteoarthritis Index.

* Quality of Life: The SF-36 Quality of Life Questionnaire, in-
cluding physical functioning, bodily pain, social function-
ing, and general health subdimensions.

* Muscle strength: Peak torque values of flexor and extensor
muscles measured using an isokinetic dynamometer (Cybex).

AlL evaluations were performed by the same physiotherapist
under standardized conditions, and device calibration was
checked regularly.

Statistical Analysis

* Statistical analyses were performed using the Statistical
Package for the Social Sciences (SPSS version 15.0; SPSS
Inc., Chicago, IL, USA).

* Data distribution was evaluated using the Kolmogorov—
Smirnov test.

» For between-group comparisons of parametric variables,
one-way ANOVA was used.

* For non-parametric variables, the Kruskal-Wallis test was
applied.

» When significant differences were found, Dunn's post hoc
test was used for pairwise comparisons.

* A pvalue <0.05 was considered statistically significant for
all analyses.
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Table 1. Baseline demographic characteristics of the

participants

Group 1 Group 2 Group 3

Age 51.33+8.81 52.94+8.1 51.87+10.14
Sex 2 4 4

Male

Female 13 12 11
Height 158.33+4.91 163.19+6.8 164.73+8.91
Weight 76.53+8.92 79.44+13.08 79.67+15.77
BMI 30.54+3.39 29.9+5.28 29.45+6.08

BMI: Body mass index

RESULTS

Participant Characteristics

A total of 46 participants were included in the study, of
whom 36 were female (78.3%) and 10 were male (21.7%).
The mean age was 55.2+6.7 years, and the mean BMI was
29.9+5.1 kg/m?2.

There were no statistically significant differences be-

tween the groups with regard to age, sex, or BMI (p>0.05)
(Table 1).

Pain Levels and Analgesic Effect

Pain scores decreased after treatment and at the two-month
follow-up. No statistically significant between-group differ-
ence was observed in VAS change scores (p>0.05).

* Pulsed ultrasound group: VAS decreased from 6.5£1.3 to
4.6+1.2.

» Continuous ultrasound group: VAS decreased from 6.9+1.1
to 4.4+1.0.

There were no significant differences between the groups
(p>0.05).

Functional Capacity, Stiffness, and Activities of Daily Living

Changes in clinical outcome measures after treatment are
presented in Table 2.

Values are expressed as meanzstandard deviation. Change
scores were calculated as percentage changes relative to
baseline values. The relatively wide standard deviations ob-
served may be attributed to inter-individual variability and
the use of percentage-based calculations, particularly in
cases with Low baseline values.

Significant improvements were observed in functional per-
formance measured using the WOMAC and Lequesne indices.

The WOMAC total score decreased from 72.4+8.5 to 55.6+6.8,
with improvements in:

¢ Pain: 31.9% decrease,

¢ Stiffness: 49.2% decrease,

 Physical function: 44.8% improvement (all p<0.001).
Lequesne Index scores decreased from 12.1+2.3 to 8.8+1.5
(p<0.001).

Muscle Strength and Neuromuscular Performance

Isokinetic dynamometer results showed increases in both
extensor and flexor peak torque values.

Extensor muscle torque increased significantly (p<0.01),
whereas flexor torque showed moderate but clinically rele-
vant improvement (p<0.05).

However, percentage changes showed wide variation:
* Flexors: —8.32+94.05.
* Extensors: 10.13+54.17.

Quality of Life

Quality of life, measured by the SF-36, showed significant
improvements (p<0.001), particularly in:

Table 2. Change scores in clinical outcomes after treatment

Outcome Group 1 (Pulsed ultrasound) Group 2 (Control) Group 3 (Continuous ultrasound) p

WOMAC pain 31.99+62.79 29.72+65.03 19.62+52.14 0.424
WOMAC stiffness 49.16+58.29 38.03+£91.92 41.59+85.68 0.986
WOMAC physical function 44.82+45.38 20.13+£118.79 17.04+68.47 0.192
VAS -21.00+158.63 -20.94+57.26 -18.86+121.76 0.356
Lequesne index 33.36+50.84 26.84+67.52 7.20+74.31 0.232
Flexor peak torque -8.32+94.05 8.92+91.45 10.13+54.17 0.409
Extensor peak torque 28.87+39.64 28.59+37.13 16.37+43.70 0.591

WOMAC: Western Ontario and McMaster Universities Osteoarthritis Index; VAS: Visual Analog Scale
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* Bodily pain,
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Interrelationships Between Clinical Parameters
There were strong correlations between:

* Pain reduction (VAS) and functional improvement (WOM-
AC),

¢ WOMAC and SF-36,
¢ VAS and SF-36.

These relationships form a clinical “triangle":

| Pain — 1 Function — 1 Quality of Life

Regression analyses demonstrated:

* A negative correlation between VAS and WOMAC,
* A positive correlation between WOMAC and SF-36,

* A positive correlation between VAS improvement and SF-
36 improvement.

These findings confirm that pain modulation is the funda-
mental driver of global clinical improvement in knee osteo-
arthritis (Fig. 1).

DISCUSSION

The present study demonstrated that both pulsed and con-
tinuous therapeutic ultrasound, when combined with hot
pack and exercise, resulted in significant improvements in
pain, functional status, disease severity, muscle strength,
and quality of life in patients with primary knee osteoarthri-
tis. Significant reductions were observed in VAS, WOMAC,
and Lequesne Index scores, while isokinetic assessments re-

vealed increased extensor muscle strength. Improvements
were also noted in several SF-36 domains, including physical
functioning, bodily pain, and social functioning. However, no
statistically significant differences were observed between
the pulsed and continuous ultrasound groups across the
evaluated clinical outcomes.

The significant reduction in VAS scores observed across all
groups indicates the analgesic effectiveness of the applied
conservative treatment modalities in patients with knee
osteoarthritis. Both pulsed and continuous therapeutic ul-
trasound, when combined with hot pack and exercise, re-
sulted in meaningful pain relief; however, no statistically
significant difference was observed between the ultrasound
modalities. These findings are consistent with previous
studies reporting that therapeutic ultrasound may reduce
pain through both thermal and non-thermal mechanisms,
including increased tissue temperature, enhanced micro-
circulation, reduced muscle spasm, and modulation of in-
flammatory mediators.2?!

Significant improvements were observed in WOMAC
scores across all groups, including pain, stiffness, and
physical function subdomains, indicating a substantial
enhancement in functional capacity following treatment.
However, no statistically significant differences were ob-
served between the pulsed and continuous ultrasound
groups, suggesting that both modalities provide compa-
rable functional benefits. Given that WOMAC is a validated
and widely used outcome measure reflecting pain-related
disability and functional limitation in knee osteoarthritis,
the observed changes further support the clinical effec-
tiveness of the applied interventions.™ Furthermore, the
magnitude of improvement exceeded the minimal clini-
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cally important difference (MCID), indicating clinically
meaningful benefits for patients.!

The comparable improvements observed across all groups,
including the control group, support the pivotal role of ex-
ercise therapy in influencing clinical outcomes. Considering
the well-established effects of exercise on pain reduction,
functional improvement, and quality of life in knee osteo-
arthritis, a substantial portion of the observed treatment
response may be attributed to this component.* Neverthe-
less, therapeutic ultrasound may be considered an adjunc-
tive modality that provides additional benefit when combined
with this fundamental treatment approach. The pulsed and
continuous ultrasound groups did not demonstrate a statis-
tically significant difference in clinical outcomes, and both
modalities appeared to yield comparable clinical effects.
Improvements observed in the control group further sug-
gest that core conservative treatment components may have
contributed to the overall clinical response.

In addition to pain and functional outcomes, a significant re-
duction in Lequesne Index scores was observed across all
groups, indicating an overall improvement in disease sever-
ity. The Lequesne Index, which integrates pain, walking dis-
tance, and activities of daily living, provides a comprehensive
assessment of clinical severity in knee osteoarthritis. The
observed improvement suggests that the combined inter-
ventions not only alleviated symptoms but also contribut-
ed to a meaningful reduction in overall disease burden.®
However, similar to other clinical outcomes, no significant
difference was observed between the pulsed and continuous
ultrasound groups, further supporting the comparable ef-
fectiveness of both modalities.

Isokinetic assessments demonstrated significant improve-
ments in extensor muscle strength, which is clinically rel-
evant given the established role of quadriceps weakness in
pain, altered biomechanics, and disease progression in knee
osteoarthritis.”

Quality-of-life analysis revealed improvements, particular-
ly in the physical functioning, bodily pain, and social func-
tioning domains, suggesting that pain reduction and func-
tional gains translate into improved daily Living and overall
well-being.®!

Correlation analyses demonstrated significant relationships
between pain reduction (VAS), functional improvement (WO-
MAC), and quality of life (SF-36), supporting the clinical se-
guence of pain reduction — improved function — enhanced
quality of life.?)
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Clinically, the absence of a statistically significant differ-
ence between pulsed and continuous ultrasound suggests
that both modalities may be selected based on clinician
preference, treatment goals, device availability, and patient
tolerance.

However, several limitations should be acknowledged. The
relatively small sample size and the absence of an a priori
power analysis may limit the generalizability of the findings.
In addition, the lack of a sham-controlled ultrasound group
makes it difficult to isolate the specific effects of ultrasound
from those of the overall treatment program. The relatively
short follow-up period may also limit the interpretation of
long-term outcomes. Furthermore, although analyses were
performed at the knee level, the inclusion of bilateral knees
from the same participants may have introduced a poten-
tial clustering effect. More advanced statistical approaches,
such as repeated-measures ANOVA or mixed-effects models,
could provide additional insight into within-subject variabil-
ity over time. Despite these limitations, the study provides
clinically relevant findings regarding commonly used reha-
bilitation modalities in knee osteoarthritis.”!

Future studies with larger sample sizes and longer follow-up
periods are needed to better evaluate the long-term effects
of different ultrasound modalities in knee osteoarthritis re-
habilitation. Randomized controlled trials incorporating
sham ultrasound groups may help further clarify the specific
contribution of ultrasound beyond core conservative treat-
ment components. In addition, future research integrating
objective imaging modalities and biomechanical assess-
ments may provide a more comprehensive understanding
of treatment-related changes in musculoskeletal function.
Exploring individualized treatment approaches based on pa-
tient characteristics may also enhance the clinical applica-
bility of rehabilitation strategies.[**

CONCLUSION

In conclusion, both pulsed and continuous therapeutic ultra-
sound, when combined with hot pack application and exer-
cise, resulted in significant improvements in pain, functional
capacity, muscle strength, and quality of life in patients with
primary knee osteoarthritis.

No statistically significant difference was observed between
the two ultrasound modalities.

These findings suggest that both techniques may be consid-
ered effective adjunctive treatment options in the rehabilita-
tion of knee osteoarthritis.
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ABSTRACT

Objective: Acute ankle inversion injury (AAIl) is one of the most common injuries seen in emergency departments (EDs). Although MRI is valuable for diag-
nosis, its use in the ED is often limited by time, cost, and patient comfort. Moreover, severe post-traumatic symptoms can raise concern for misdiagnosis and
prompt unnecessary MRI requests. Therefore, the true necessity of early MRI after AAIl has increasingly been questioned.

Materials and Methods: A total of 464 patients were included in the study. Group A consisted of 319 patients who underwent MRI during their initial evalua-
tion after trauma, while Group B included 145 patients who received MRI during follow-up based on clinical suspicion. Grade 2 and Grade 3 ligament injuries,
osteochondral injuries, tendon injuries, and non-displaced fractures were considered clinically significant pathologies. The proportion of clinically significant
findings was compared between the two groups.

Results: MRI revealed pathologies that could lead to functional impairment in 79.3% of Group A and 96.5% of Group B (p<0.001). Ligament injury was present
in 48.4%, most commonly ATFL tears (42%). Bone and osteochondral lesions were found in 47.6% of patients. ALl Grade 3 lesions were located in the talus
and associated with sports-related trauma (p<0.001). Bone-cartilage lesions were found in 56.5% of sports injuries vs. 46.1% of non-sports injuries (p=0.109).

Conclusion: MRI performed after initial symptom improvement yields greater diagnostic accuracy and reduces unnecessary ED imaging. MRI should be selec-
tively reserved for cases with persistent clinical suspicion on physical examination or when results may alter management.

Keywords: Acute ankle distortion, ankle fractures, ankle sprain, anterior talofibular ligament, magnetic resonance imaging, osteochondral injuries
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INTRODUCTION

Acute ankle inversion injuries (AAll), which can affect carti-
lage, bone, and soft tissues, are among the most common
reasons for emergency department (ED) visits.!™ In the ED,
diagnostic imaging options include direct radiographs, com-
puted tomography (CT), and magnetic resonance imaging
(MRI). MRI is considered the most appropriate modality for
detecting soft-tissue damage and bone injuries.0

In the acute phase of trauma, pain and swelling may cause
minor injuries to mimic more serious conditions, often
prompting unnecessary MRI requests in the emergency set-
ting.®>™ This, in turn, places an additional burden on the ED
and raises overall healthcare costs.®”! On the other hand, de-
laying MRI may postpone diagnosis and potentially lead to

missed injuries.'1 Determining the most appropriate tim-
ing for MRI in patients with AAIl is therefore essential for
guiding clinical decision-making.

In recent years, MRl has become more readily accessible,
particularly in emergency and outpatient settings, which
may have inadvertently led to a decline in reliance on phys-
ical examination findings. However, the cornerstone of di-
agnosing ankle sprains remains a thorough clinical history
and physical examination; MRI should be reserved for cases
in which clinical suspicion persists or when the findings may
alter the treatment plan.t4®!

The primary aim of this study was to evaluate whether per-
forming MRI immediately in ED conditions is appropriate
for patients with suspected tissue injury following AAIl. Giv-
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en the limited data in the literature regarding the optimal
timing and clinical impact of MRI in this patient population,
assessing the diagnostic value and influence of early MRI on
clinical management is warranted. With this objective, our
study aimed to contribute to the standardization of acute
imaging algorithms. Furthermore, the large patient cohort
allowed us to provide demographic data that may offer addi-
tional insight into the current literature on AAll

MATERIALS and METHODS

Between April 2014 and April 2020, the medical records of
663 patients who presented to the ED of a trauma center with
acute ankle inversion injuries (AAIl) were reviewed retro-
spectively. The study was conducted in accordance with the
principles of the Declaration of Helsinki and was approved
by the Biruni University Clinical Research Ethics Committee
(Approval No: 2020/42-04; approval date: 29.07.2020). Writ-
ten informed consent was obtained from all patients during
their initial and follow-up evaluations.

The inclusion criteria for this study consisted of patients
aged 18 years or older who presented with an ankle sprain
caused by an inversion mechanism, had initial X-ray imag-
ing available, and whose X-rays were nonspecific at the time
of presentation. Patients with ankle sprains resulting from
non-inversion mechanisms, injuries caused by direct impact
or high-energy trauma, a history of chronic ankle instability,
and pregnant patients were excluded from the study.

The MRI images and corresponding radiology reports were
obtained from the hospital's digital database, and all pathol-
ogies were classified and analyzed retrospectively. A total of
464 patients who met the inclusion criteria were enrolled.
Of these, 319 patients who underwent MRI as part of their
initial diagnostic evaluation were assigned to Group A, while
145 patients who received initial treatment without MRI and
were later imaged between days 3 and 7 based on follow-up
examination were assigned to Group B.

Injury Classification

Ankle sprain-related ligament injuries were classified as
Grade 1, 2, or 3.5816-18 Grade 1 injuries involve minimal dam-
age and are characterized by mild swelling, ecchymosis, and
only slight difficulty with weight bearing. Grade 2 injuries
present with moderate damage, including partial tears of
the lateral Ligament complex and anterolateral tenderness,
typically without significant laxity. In contrast, Grade 3 inju-
ries represent complete ruptures, manifesting with marked
symptoms and evident clinical instability.

Grade Linjuries are generally managed conservatively with
simple bandaging, rest, or basic orthoses, whereas Grade
2 and Grade 3 injuries may require immobilization and,
in some cases, surgical intervention.'”!® For this reason,
Grades 2 and 3 were defined as functionally significant le-
sions in this study.ts119-23

For bone-cartilage injuries, including subchondral, chon-
dral, and osteochondral lesions, the Roemer and Bahndorf
classification was used.??! Grade 1 lesions involve subchon-
dral microfractures and bone marrow edema, Grade 2 le-
sions represent subchondral impaction, and Grade 3 lesions
consist of chondral or osteochondral defects. While Grade 1
lesions are typically managed conservatively, Grades 2 and
3 may require immobilization and potential surgical inter-
vention. Therefore, Grades 2 and 3 were considered clinical-
ly significant injuries Likely to cause functional impairment.
426271 Nondisplaced fractures visible only on MRI (and not on
X-ray) were also classified as clinically significant, since they
require immobilization with casting.?®

Tendon injuries were graded as follows: Grade 1 for mild
strains, Grade 2 for partial tears, and Grade 3 for full-thick-
ness tears.?3U While Grade 1 tendon injuries are typically
managed conservatively, Grades 2 and 3 may require im-
mobilization or surgical repair. Consequently, Grades 2 and
3 tendon injuries were considered clinically significant in-
juries.?930

Consequently, Grade 1 ligament, tendon, and bone-cartilage
lesions were considered to cause minimal structural dam-
age, not result in functional impairment, and typically re-
solve with conservative treatment.3 Therefore, they were
not regarded as clinically significant on MRI. In contrast,
Grade 2 and Grade 3 bone-cartilage, ligament, and tendon
injuries, as well as non-displaced fractures, were classified
as clinically significant findings on MRI.

Radiological Studies

MRI was performed using a large-scale 3D MRI system (3.0
Tesla Signa Pioneer 97-channel, GE, USA) with a 17-channel
in vivo coil. The patients' feet were fixed in the supine position
using pad straps and sandbags with slight plantar flexion.
Axial, coronal, and sagittal fat-suppressed proton-weighted
images were obtained with a 15-cm FOV (TR 3000 ms, TE
30 ms); sagittal T1-weighted spin-echo images with a 15-cm
FOV (TR 466 ms, TE 9.7 ms); and sagittal gradient-weighted
images with a 15-cm FOV (TR 2300 ms, TE 37 ms). Accord-
ing to the course of the CFL and ATFL, 4-mm sections were
obtained. The intersection gap was 0.5 mm. The number of
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sections was determined according to ankle size. The imag-
ing time ranged from 15 to 20 minutes. Radiological findings
were assessed by one senior radiologist, and all discrepan-
cies were resolved by consensus.

Statistical Analysis

The statistical analysis was carried out using the Statistical
Package for the Social Sciences (SPSS) version 21 (IBM®, Ar-
monk, NY, USA). Categorical variables were presented as fre-
quencies and percentages. Continuous data were expressed
as meansstandard deviation (SD) or median, according to the
data distribution. Categorical and continuous characteristics
of the groups were compared using the ? test and the inde-
pendent t-test or Mann-Whitney U test, according to the data
distribution. Statistical significance was defined as p<0.05.

RESULTS

A total of 464 patients were classified into Group A (n=319)
and Group B (n=145). All included patients completed the
follow-up assessments. In Group A, 170 patients were male,
and the median age was 35 years (IQR 28-47, range 18-70).
In Group B, 96 patients were male, with a median age of 33
years (IQR 26-45, range 18-62). There were no statistically
significant differences between the groups in terms of age
distribution, sex ratio, or injury mechanism (all p>0.05), in-
dicating that the groups were demographically comparable.

On MR, clinically significant pathological findings—defined
as Grade 2 and Grade 3 ligament, tendon, and osteochondral
lesions, as well as non-displaced fractures—were detected

566 p<0.001

Q
- 79.3%

200
150 96.5%
100

50

o

n Group A Group B

m Group A mGroupB

Figure 1. Comparison of the presence of pathological
findings in MRI between Group A and Group B

in 253 of 319 patients (79.3%) in Group A and 140 of 145 pa-
tients (96.5%) in Group B (p<0.001) (Fig. 1). A total of 43 pa-
tients (9.2%), including 24 in Group A and 19 in Group B, had
non-displaced fractures identified on MRI but not visible on
X-ray. Among the Group B cases, 11 patients received initial
immobilization with a splint, whereas eight patients did not.
In these eight cases, no increase in fracture displacement
was observed despite allowing full weight bearing.

Overall, 84.6% of patients had injuries of varying severity
involving different tissues (Table 1). ATFL injuries were ob-

Table 1: The frequencies of Ligament, bones, tendon and cartilage injuries which were detected by MRI in both groups

Lesion category n %

Ligaments 225 48.4 » ATFL (%42); Grade 1: %7.8, Grade 2: %19.6, Grade 3: %14.6
* CFL (%]11.6); Grade 1: %8.6, Grade 2: %2.5, Grade 3: %0.4
* Deltoid (%11.6); Grade 1: %0.9, Grade 2: %9.7, Grade 3: %1.1
* PTFL (%3.4); Grade 1: %2.4, Grade 2: %1.1

Non-displaced fractures 43 9.2 * Distal Tibia (%2.4),
* Talus (%1.7),
« Lateral Malleol (%3.0),
* Calcaneus (%1.3),
 Other (%0.8).

Bone-cartilage lesions 221 47.6 e Grade 1: %34.5, Grade 2 : %10.8, Grade 3: %2.4

Tendons 80 17.2 * Peroneus brevis (%6.5); Grade 1: %2.8, Grade 2: %3.7

FHL (%5.2); Grade 1: %5.0, Grade 2: %0.2),

Achilles (%1.7); Grade 1: %0.6, Grade 2: %1.1),
Tibialis posterior (%1.3; Grade 1: %1.1, Grade 2: %0.2
Peroneus longus (%2.6); Grade 1

MRI: Magnetic resonance imaging; ATFL: Anterior talofibular ligament; CFL: Calcaneofibular ligament; PTFL: Posterior talofibular ligament; FHL: Flexor hallucis

longus ligament

304



Demir and Ertan Birsel. MRI in Acute Ankle Inversion Injuries

served in 195 patients (42%), of whom 71 (15.3%) had iso-
lated injuries. CFL injuries occurred in 54 patients (11.6%),
PTFL injuries in 16 (3.44%), syndesmosis injuries in 4
(0.86%), and deltoid ligament injuries in 55 (11.8%). Com-
bined ATFL and CFL injuries were detected in 48 patients
(10.3%), combined ATFL and deltoid ligament injuries in
35 patients (7.5%), and combined injuries of the ATFL, CFL,
PTFL, and deltoid ligament in five patients (1.07%). Tendon
injuries were detected in 80 patients (Table 1).

Osteochondral injuries of the foot and ankle bones were
observed in 221 patients (47.6%), including 160 patients
(34.5%) with Grade 1, 50 patients (10.8%) with Grade 2,
and 11 patients (2.4%) with Grade 3 lesions. All Grade 3
lesions were located in the talus and were associated
with sports-related trauma (p<0.001) (Fig. 2). Among the
464 patients, 69 (14.9%) had a history of sports-related
injury, of whom 39 (56.5%) had osteochondral lesions.
Among the remaining 395 non-sports-related AAIll cas-
es, 182 (46.1%) had osteochondral lesions (p=0.109) (Fig.
1). While the overall incidence of osteochondral lesions
in non-sports-related AAIl was not significantly different
from that in sports-related cases, Grade 3 lesions were no-
tably more frequent in sports-related injuries.

DISCUSSION

In this study, it was demonstrated that MRIs requested based
on persistent clinical suspicion and physical examination
after symptom improvement detected clinically significant
pathological findings at a higher rate compared to MRIs
performed during the acute phase. Furthermore, a substan-
tial portion of MRIs requested in the ED or at initial evalu-
ation were found to be unnecessary. MRl is a valuable tool
for assessing ligament, tendon, cartilage, and bone marrow
pathologies, offering the highest sensitivity (93-96%) and
specificity (100%) for diagnosing ankle ligament injuries.
2932 Although MRI is primarily used in clinical practice for
evaluating chronic complaints, overlooked pathologies that
can only be detected by MRI in the acute phase may delay
critical diagnoses and negatively affect treatment outcomes.
71331 Therefore, MRI can be considered in the early period.
While some authors suggest that appropriate physical ex-
amination may be sufficient for diagnosing isolated ATFL
injuries, MRI has been reported to provide important con-
tributions to differential diagnosis.*¥ However, there is no
clear consensus in the literature regarding which patients
should undergo MRI and at what time interval.6"

Performing MRI in the acute post-trauma period under ED
conditions is often challenging. Patient cooperation may be

Incidence of bone-cartilage lesions following AADI
180
160
140
120
100
80
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40
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Figure 2. Incidence and grade distribution of osteochondral
lesions in patients with AAIl. Osteochondral lesions were
detected in 221 of 464 patients (47.6%). The figure illustrates
the distribution of lesion grades among these patients. All
Grade 3 lesions were observed in the talus, and all of these
cases were associated with sports-related trauma (p<0.001)

AAll: Acute ankle inversion injuries

reduced due to anxiety, claustrophobia, or other psychiatric
conditions, while severe pain and prolonged scanning time
may further limit compliance. Minor injuries in the early
phase of trauma can mimic more serious clinical condi-
tions due to pain and swelling, potentially leading clinicians
to request unnecessary MRIs.?% Such imaging, which does
not significantly contribute to diagnosis, may increase both
ED workload and healthcare costs. Therefore, developing a
standardized approach to MRI use would enhance the effi-
ciency and rationality of the diagnostic process, preventing
both morbidity related to untreated serious early lesions and
unnecessary imaging in the ED.

In our study, clinically significant findings were detected
in 253 of 319 patients (79.3%) in Group A, who underwent
MRI in the acute phase, and in 140 of 145 patients (96.5%)
in Group B, who underwent MRI following symptom regres-
sion and re-evaluation (p<0.001) (Fig. 1). This indicates that
a substantial portion of acute-phase MRIs may have limited
diagnostic contribution and a high rate of unnecessary im-
aging. In contrast, MRIs directed by repeat physical exam-
ination after clinical improvement demonstrated a markedly
higher rate of lesion detection. Therefore, repeating physical
examination after acute pain and edema have subsided may
improve diagnostic accuracy and reduce unnecessary MRI
requests. In cases of suspected functional impairment in the
acute phase, initial conservative management followed by
repeat evaluation appears to be a more rational approach

305



Compreh Med 2026;18(3):302-308

Initial Presentation with
Acute Ankle Inversion Injury

.

Obtain X-Ray
v
Fracture
v
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Acute Phase Management
(RICE, immobilization)
3-7 day follow-up

.

Repeat Physical Examination
Persistant Clinical Suspicion

Figure 3. Treatment algorithm in acute ankle inversion
injuries

(Fig. 3). This strategy reduces ED workload and promotes
more efficient use of healthcare resources, confirming that
physical examination remains a primary and guiding diag-
nostic tool in ankle trauma.

Among the total of 464 patients, 69 cases of sports-related
AAIll were observed, of which 39 patients (56.5%) had os-
teochondral lesions (Grade 1-3), compared to 182 of 395
patients (46.1%) without a history of sports-related trauma
(p=0.109). In the literature, it has been shown that bone-car-
tilage and bone marrow lesions are more frequently associ-
ated with sports injuries.'%% However, the fact that all Grade
3 osteochondral lesions detected in our study were localized
in the talus and all were found to be associated with sports
injuries (p<0.001) is consistent with the Lliterature indicat-
ing that advanced-stage OCLs are closely related to trauma
(Fig. 2).2733 This finding indicates that high-grade talar Le-
sions pose a particularly significant risk in sports-related
injuries. Moreover, the literature also emphasizes that the
timing of MRI is critical in athletes." Therefore, perform-
ing MRI in the early period increases diagnostic accuracy
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in athletes, reveals accompanying advanced-grade lesions,
and directly influences clinical management.

Fractures not visible on radiographs were identified by MRl in
43 patients (9.2%), consistent with previously reported rates
of 11.3% and 4.2%.5" MRI serves as a complementary meth-
od for detecting microtraumatic or non-displaced fractures
that may be missed on X-ray. Early undetected fractures, if
subjected to weight bearing, can lead to displacement, pro-
longed recovery, and worse prognosis.??¥ In follow-up exam-
inations, 19 patients in Group B had non-displaced fractures
initially undetected on X-ray; 11 received immobilization with
a splint in the ED, while eight did not. Interestingly, none of
these eight patients experienced complications despite early
weight bearing, supporting the clinical sufficiency of symp-
tom-guided MRI performed later during follow-up.

In our study, 84.6% of patients had injuries in at least one
soft tissue structure, indicating that AAIl involves clinically
meaningful tissue damage rather than a simple sprain. The
ATFL was the most commonly affected ligament, with inju-
ries observed in 195 patients (42%) (Table 1), consistent with
the literature identifying the ATFL as the most frequently
injured ligament in ankle sprains.?33% Complex ligament
injuries were also observed: combined ATFL and CFL injuries
in 48 patients (10.3%), combined ATFL and deltoid ligament
injuries in 35 patients (7.5%), and simultaneous injuries of
the ATFL, CFL, PTFL, and deltoid ligament in five patients
(1.07%). This distribution suggests that ankle sprains often
involve injury to at least one ligament, and in some cases,
multiple ligaments are affected concurrently.?03>37

This study has several limitations. Its retrospective design re-
stricted the analysis to existing records. Additionally, being a
single-center study limits patient diversity and the generaliz-
ability of findings due to potential variations in clinical prac-
tice. MRl assessments were performed by a single experienced
musculoskeletal radiologist, ensuring interpretative consis-
tency and standardization. However, interobserver reliability
could not be evaluated, limiting generalizability. Despite these
limitations, the large sample size and data obtained under
real clinical conditions constitute the strengths of this study.

CONCLUSION

Acute ankle inversion injuries (AAll) are common and may
cause functional impairment from bone-cartilage or soft
tissue damage. MRI is valuable for evaluation, but acute
pain and swelling can lead to unnecessary scans, increas-
ing costs and complexity. Re-examination after symptom
resolution improves diagnostic accuracy and better guides
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MRI use. Radiographs without pathology should first be
managed symptomatically, with MRI reserved for persistent
clinical suspicion. Physical examination remains the pri-
mary tool, while MRI is indicated only when it may alter
management. In athletes, early selective MRl may be war-
ranted due to higher functional risk.
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ABSTRACT

Objective: Pelvic congestion syndrome (PCS) is a clinical condition resulting from dysfunction of the pelvic venous system and is most commonly observed
in multiparous women. This study aimed to evaluate the distribution and clinical characteristics of pain in patients with PCS and to assess changes in pain
intensity following endovascular treatment.

Materials and Methods: In this retrospective, single-center study, 54 patients with PCS who underwent plug-based ovarian vein embolization between Jan-
uary 2022 and March 2023 were included. Demographic and clinical data, including BMI, pain characteristics, comorbidities, treatments, symptom duration,
prior consultations, and associated symptoms, were recorded. Pain intensity was evaluated using the NRS-11 before the procedure and at 1 and 3 months
post-intervention.

Results: The mean age was 39.6+8.1 years, and the mean pain duration was 48.9 + 31.9 months. Chronic comorbidities were present in 19% of patients. Pain
most commonly involved the groin (80%), hips (63%), and lower back (48%) and was exacerbated by prolonged standing in all patients. Associated symptoms
included postcoital pain (83%), dyspareunia (66%), urinary urgency (36%), and dysuria (23%). Lower extremity varicose veins were observed in 82% of patients,
and 87% were multiparous.

Conclusion: Pain associated with PCS may present as referred pain involving the hip and lower back, often mimicking musculoskeletal conditions. It should be
considered in the differential diagnosis of chronic hip and low back pain, particularly in multiparous women. Greater clinical awareness may reduce diagnostic

delay, and further prospective studies are needed to clarify underlying pain mechanisms.

Keywords: Chronic pelvic pain, hip pain, lower back pain, pelvic congestion syndrome, referred pain

How to cite this article: Altun Hi, Altun G, ilal Mert FT. Referred Hip and Low Back Pain in Pelvic Congestion Syndrome: Clinical Characteristics and Diagnostic Implications.

Compreh Med 2026;18(3):309-317.

INTRODUCTION

Pelvic congestion syndrome (PCS) arises from dysfunction of
the pelvic venous system. It is typically characterized by dil-
atation and reflux in the para-uterine or ovarian veins. The
pain associated with PCS is unrelated to the menstrual cycle.
It is most commonly observed in multiparous women during
their reproductive years. In pregnant women, clinical symp-
toms may worsen due to mechanical compression of the pel-

vic vessels. Although hormonal factors—particularly those
related to estrogen and progesterone—are thought to play
a role in the pathophysiology of PCS, its etiology remains
incompletely understood and is considered multifactorial.'3

There is currently no universally established consensus re-
garding the diagnostic criteria for PCS. Diagnosis relies on
a comprehensive evaluation that integrates clinical symp-
tomatology with radiological findings. The hallmark clin-

[=] [w] Address for Correspondence: Halil ibrahim Altun, Department of Pain Medicine, Kanuni Sultan

2

% Siileyman Training and Research Hospital, istanbul, Tiirkiye

E-mail: halilibrahim_altun@yahoo.com ORCID ID: 0000-0002-3029-1748

Received date: 07.04.2026
Revised date: 08.05.2026
Accepted date: 15.05.2026
Online date: 21.07.2026

Comprehensive Medicine published by Kare Media.

OPEN ACCESS This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/).

309


https://orcid.org/0000-0002-3029-1748
https://orcid.org/0000-0002-6025-944X
https://orcid.org/0000-0003-4987-8837

Compreh Med 2026;18(3):309-317

ical manifestations of PCS include unilateral or bilateral
abdominopelvic pain, dysuria, and dyspareunia. Pelvic pain
may also be exacerbated by prolonged standing and am-
bulation and can be accompanied by prolonged postcoital
discomfort. Less commonly, patients may experience lower
back pain, dysmenorrhea, and urinary urgency or frequen-
cy. Pain may also exhibit a referred distribution, radiating to
the vulva, perineum, or inguinal region.”*® From an imaging
standpoint, catheter-directed venography remains the gold
standard for definitive diagnosis, given its superior spatial
resolution and capacity for dynamic assessment of venous
reflux. Nonetheless, non-invasive imaging modalities, such
as transabdominal or transvaginal ultrasonography and
magnetic resonance venography, are frequently used as ini-
tial diagnostic tools. Among these, ovarian vein dilatation
exceeding 6 mm is regarded as a highly specific and sensitive
marker. However, it lacks sufficient diagnostic accuracy when
considered in isolation and should be interpreted in conjunc-
tion with clinical context and other imaging findings.”®

In the pharmacological management of PCS, gonadotro-
pin-releasing hormone analogs and medroxyprogesterone
acetate were historically utilized. However, their use has
declined due to adverse effects such as menstrual irregu-
larities, bone mineral density loss (osteopenia/osteoporo-
sis), and weight gain. Current medical therapies include
combined oral contraceptives, venoactive agents such as
micronized purified flavonoid fractions, and analgesic regi-
mens incorporating nonsteroidal anti-inflammatory drugs,
gabapentinoids (e.g., gabapentin), and tricyclic antidepres-
sants (e.g., amitriptyline). Surgically, hysterectomy and bi-
lateral oophorectomy were once considered definitive treat-
ments. However, since the early 2000s, these approaches
have largely been supplanted by laparoscopic ovarian vein
ligation. Despite its minimally invasive nature, this tech-
nique has declined in clinical favor due to the risks of ret-
roperitoneal hematoma, ureteral injury, and venous throm-
bosis. Currently, endovascular embolization techniques,
particularly those utilizing coil- or plug-based occlusion of
the ovarian veins, have emerged as the preferred interven-
tion, offering a favorable risk-benefit profile, lower morbidi-
ty, and high success rates in symptomatic relief.**2

The absence of standardized diagnostic criteria for PCS,
along with low clinical awareness among clinicians and the
nonspecific and heterogeneous nature of patient presen-
tations, presents significant challenges in achieving timely
diagnosis and effective management. As a result, patients
are often referred to multiple specialties—most common-
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ly gynecology and urology—where the underlying etiology
may be overlooked or misattributed. This diagnostic un-
certainty frequently leads to increased utilization of both
surgical and pharmacologic therapies. Studies indicate that
PCS patients undergo such interventions at rates approx-
imately three to four times higher than those of patients
with more readily recognized conditions.!

Chronic pelvic pain (CPP) represents a diagnostically and
therapeutically challenging condition with a multifactorial
etiology, encompassing gynecological, urological, gastroin-
testinal, musculoskeletal, psychiatric, and infectious contrib-
utors. Epidemiological data suggest that CPP affects approx-
imately 27% of women aged 18 to 50 years globally.™ Among
the principal etiologies of CPP, PCS stands out as a frequently
underdiagnosed and undertreated condition. This is large-
ly due to limited access to specialized care and diagnostic
uncertainty, both of which contribute significantly to the
chronification of pain. Pain associated with PCS often evolves
into a persistent, debilitating state that markedly diminishes
health-related quality of Life. While isolated case reports have
documented patterns of referred pain distribution in PCS, to
date, there is a lack of comprehensive, large-scale studies
systematically evaluating this aspect of the syndrome. To our
knowledge, no previous study has systematically evaluated
referred hip and low back pain patterns in patients with pelvic
congestion syndrome undergoing endovascular treatment.

The primary aim of this study was to provide a detailed char-
acterization of the nature and distribution of pain at the time
of clinical presentation in patients with pelvic congestion
syndrome (PCS) undergoing plug-based endovascular em-
bolization. As a secondary objective, we sought to examine
changes in pain intensity following the intervention using
the Numeric Rating Scale-11 (NRS-11).

By focusing on the often-overlooked patterns of pain in
PCS, this study aims to draw attention to a clinically under-
recognized patient group whose symptoms may be easily
misattributed to other conditions. Improved recognition of
these pain presentations across different specialties may
facilitate earlier diagnosis and more appropriate manage-
ment strategies.

MATERIALS and METHODS

This study was designed as a retrospective, single-center
analysis. The study protocol was approved by the Ethics
Committee of the University of Health Sciences, Kanuni Sul-
tan Suleyman Training and Research Hospital (Approval No:
2024.05.78, Date: 08.05.2024).
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[ were screened.

A total of 95 patients diagnosed with PCS

J

Declined to participate in the study (n=12).
Excluded due to incomplete data (n=27).
Undergoing abdominopelvic surgery(n=1)
Excluded due to lack of clinical benefit
from the endovascular procedure (n=1).

v

A total of 54 patients who met the inclusion
criteria were included in the final analysis.

J

PCS: Pelvic congestion syndrome

Figure 1. Flowchart of patient selection and study inclusion process

Female patients diagnosed with PCS who underwent plug-
based endovascular embolization in the Department of Car-
diovascular Surgery between January 2022 and March 2023
were identified. All procedures were performed in accordance
with the ethical standards of the institutional research com-
mittee. The study was conducted in accordance with the prin-
ciples of the Declaration of Helsinki. This study was conducted
and reported in line with the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) guidelines.

Inclusion Criteria

The inclusion criteria for this study were female patients be-
tween 18 and 65 years of age; abdominopelvic pain lasting
for more than six months and unrelated to the menstrual
cycle; diagnosis of PCS based on clinical symptoms together
with imaging findings, including pelvic vein dilatation great-
er than 6 mm on transvaginal or transabdominal ultraso-
nography and venographic demonstration of ovarian vein
reflux; and prior ovarian vein embolization performed using
an endovascular plug technique.

Exclusion Criteria

The exclusion criteria were as follows: presence of gyneco-
logical conditions such as leiomyoma, pelvic inflammatory
disease, endometriosis, or postoperative pelvic adhesions; a
history of urological or gynecological surgery; a history of
abdominopelvic trauma; a known diagnosis of malignancy; a
history of radiotherapy and/or chemotherapy; current or past
psychiatric disorders; pregnancy or lactation; a diagnosis of
fibromyalgia; lumbar disc herniation; scoliosis; facet joint syn-

drome; sacroiliac joint dysfunction; presence of genitourinary
and/or gastrointestinal diseases; and chronic kidney disease.

A total of 54 patients who met the inclusion criteria were
enrolled in the study (Fig. 1).

Endovascular Procedure

ALl procedures were performed under moderate sedation and
local anesthesia in an outpatient setting. Venous access was
obtained via the right internal jugular or right femoral vein
using ultrasound guidance. Selective venography of the Left
renal and ovarian veins was performed to evaluate ovarian
vein reflux and pelvic venous congestion. Embolization was
carried out using appropriately sized vascular plugs accord-
ing to the ovarian vein diameter. Intermittent venography was
used to confirm adequate occlusion and the absence of resid-
ual distal filling. Additional venography of the internal iliac
veins was performed when necessary to assess persistent
pelvic venous filling. No embolization other than ovarian vein
embolization was performed in this cohort. Patients were
monitored for two hours after the procedure and discharged
on the same day if no complications were observed.

Data Collection

Demographic characteristics, including patient age and body
mass index (BMI), along with details of ongoing medical treat-
ments and comorbidities, were documented. To character-
ize the clinical features of pain, the anatomical distribution
(perineum, vulva, labia majora/minora, hypogastric region,
inguinal area, hips, lower back, and legs), pain laterality, and
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accompanying symptoms—including perineal fullness, labial
swelling, dysuria, hematuria, dyspareunia, postcoital pain, dys-
menorrhea, and increased urinary frequency—were recorded.

In addition, pain-exacerbating positions (supine, prone, lateral
decubitus, standing, or sitting), the interval between symptom
onset and the endovascular intervention, and the medical
specialties consulted prior to the procedure were document-
ed. These data are routinely collected as part of the standard
clinical assessment and follow-up protocol for patients with a
diagnosis of PCS in our department. For the purposes of this
study, patient follow-up records were retrospectively reviewed.

The Numeric Rating Scale-11 (NRS-11) is an 11-point scale
commonly used to assess pain intensity, ranging from 0 (no
pain) to 10 (the most severe pain imaginable).!

After hospital discharge, patients were contacted via tele-
phone at 1 and 3 months post-procedure to complete pain
assessments. All patients could be reached at both follow-up
time points; therefore, analyses were conducted using avail-
able-case data. No imputation method was applied.

Study Outcomes

The primary outcome of this study was to evaluate the char-
acteristics of pain at initial presentation in patients diagnosed
with PCS who underwent endovascular plug embolization.

The secondary outcome was to assess changes in pain inten-
sity before and after the procedure using NRS-11.

Statistical Analysis

Statistical analysis was conducted using SPSS version 22.0
(IBM Corp., Armonk, NY, USA). Categorical variables were
presented as frequencies and percentages, while continuous
variables were summarized using means+standard devia-
tions, medians, and minimum-maximum values, as appro-
priate. Repeated-measures ANOVA was employed to compare
the means of more than two related measurements. In cases
where significant differences were observed across time points,
pairwise comparisons were performed using post hoc Bonfer-
roni correction. Prior to analysis, the assumptions of normality
and sphericity were evaluated. When the assumption of sphe-

Table 1. Demographic characteristics of patients (n=54)

MeanSD Median (min-max)
Age (years) 39.648.1 40 (23-59)
BMI (kg/m?) 25.33+2.8 25 (20-33.2)
Duration of pain (months) 48.9+31.9 36 (6-132)

BMI: Body mass index; SD: Standard deviation; Min: minimum; Max: maximum

ricity was violated, appropriate corrections were applied. A
p-value <0.05 was considered statistically significant.

Due to the retrospective design of the study, no a priori sam-
ple size calculation was performed. The sample size was de-
termined by the number of eligible patients available during
the study period.

RESULTS

A total of 54 patients were included in the study. Age ranged
from 23 to 59 years, with a mean + SD of 39.6+8.1 years and
a median of 40 years. Body mass index (BMI) ranged from
20.0 to 33.2 kg/m?, with a mean+SD of 25.3+2.8 kg/m? and a
median of 25.0 kg/m? (Table 1).

The duration of pain ranged from 6 to 132 months, with a
mean+SD of 48.9+31.9 months and a median duration of 36
months (Table 1).

Chronic comorbidities were present in 19% of the patients.
Among these, 30% had anemia, 10% had asthma, 10% had
diabetes mellitus (DM), 10% had familial Mediterranean fe-
ver (FMF), 10% had gastritis, 10% had hypertension (HT), and
20% had hypothyroidism. Medical treatment was ongoing in
15% of the patients. Among those receiving treatment, 3%
were on antihypertensive agents, 13% received bronchodi-
lators, 25% were treated with iron supplementation, 13% re-
ceived insulin, 13% were prescribed colchicine, and 25% were
taking levothyroxine (Table 2).

Pain locations were reported as follows: the vagina in 44%,
the groin in 80%, the hips in 63%, the upper back in 30%,
the lower abdomen in 32%, the perianal region in 22%, the
perineum in 33%, the lower back in 48%, and the vulva in

Table 3. Comparison of NRS-11 scores over time

Pre-procedural 1t month 3" month
MeanxSD MeanxSD MeanxSD
pT pTT
Pre-procedural vs 1% month, Pre-procedural vs
3" month, I month vs 3¢ month
NRS-11 9.40+0.81 2.24+1.41 2.63+1.61 p=0.001 p=0.001, p=0.001, p=0.002

. Repeated measures ANOVA test; ': Post hoc Bonferroni correction for pairwise comparisons. SD: Standard deviation; NRS-11: Numeric rating scale-11
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Table 2. Distribution of clinical characteristics among patients diagnosed with PCS (n=54)

Presence of chronic disease 10 185
Types of chronic diseases
Anemia 3 30
Asthma 1 10
DM 1 10
FMF 1 10
Gastritis 1 10
HT 1 10
Hypothyroidism 2 20
Medical treatment 8 14.8
Types of medical treatments
Antihypertensive 1 12.5
Bronchodilator 1 125
Iron supplement 2 25
Insulin 1 125
Colchicine 1 12.5
Levothyroxine 2 25
Pain localization
Vagina 24 44.4
Groin 43 79.6
Hip 34 63
Upper back 16 29.6
Lower abdomen 17 315
Perianal region 12 22.2
Perineum 18 333
Lower back 26 48.1
Vulva 9 16.7

Pain exacerbating position

Lying down 4 7.4
Standing 54 100
Sitting 26 48.1
Related symptoms
Dyspareunia 35 66
Urgency 19 35.8
Postcoital pain 44 83
Dysuria 12 22.6
Initial department of consultation
Gynecology 53 98.1
Urology 29 53.7
Cardiovascular surgery 15 278
Gastroenterology 6 11.1
E;fr'seenqicteiezf varicose veins in lower 44 8L5
Menstrual pattern
Dysmenorrhea 4 7.4
Menometrorrhagia 2 3.7
Menorrhagia 6 11.1
Normal 37 68.5
Postmenopausal 5 9.3
Presence of hemorrhoids 22 40.7
Parity status
Multiparous (=2 births) 47 87
Uniparous (1 birth) 7 13

DM: Diabetes mellitus; FMF: Familial mediterranean fever; HT: Hypertension

17%. Positions that exacerbated pain included lying down in
7% of patients, standing in 100%, and sitting in 48% (Table 2).

Associated symptoms included dyspareunia in 66%, urinary
urgency in 36%, postcoital pain in 83%, and dysuria in 23%.

Before diagnosis, 98% of patients had consulted gynecology
clinics, 54% had consulted urology, 28% had consulted car-
diovascular surgery, and 11% had consulted gastroenterolo-
gy (Table 2).

Lower extremity varicose veins were present in 82% of pa-
tients, and hemorrhoids were observed in 41%. Menstrual
characteristics included dysmenorrhea in 7%, menometror-
rhagia in 4%, menorrhagia in 11%, and normal menstruation
in 69%. Additionally, 9% of patients were in the postmeno-
pausal period. Regarding parity, 87% of patients were mul-
tiparous, and 13% were uniparous (Table 2).

The change in mean NRS-11 scores over time was statistical-
ly significant (p<0.001), indicating a substantial reduction in
pain intensity following the intervention. The effect size for
the overall change was large (partial n?=0.85), suggesting a
strong within-subject effect over time.

Mean NRS-11 scores decreased from 9.4 pre-procedure to
2.2 at 1 month and 2.6 at 3 months. The mean difference be-
tween pre-procedural and 1-month scores was -7.2 (95% Cl:
-7.9 to -6.5), and that between pre-procedural and 3-month
scores was -6.8 (95% Cl: -7.5 to -6.0), indicating a clinical-
ly meaningful reduction in pain. Pairwise comparisons
confirmed significant differences between all time points
(p<0.001 for pre-procedural vs. It month and pre-procedur-
al vs. 3" month; p=0.002 for 1% vs. 3 month) (Table 3). The
mean NRS-11 scores were 9.4 pre-procedure, 2.2 at 1 month,
and 2.6 at 3 months (Fig. 2).
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Figure 2. Changes in NRS-11 pain scores over time
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DISCUSSION

The mean age of the patients was 40 years, with pain most
commonly exacerbated by prolonged standing and sitting.
The predominant symptoms included postcoital pain, dys-
pareunia, and groin pain, while hip pain was reported in 63%
of cases. Notably, 98.1% of patients had initially presented
to gynecology, and the mean interval from symptom onset
to definitive diagnosis and treatment was 36 months. All
patients underwent endovascular plug embolization, which
was associated with a significant reduction in NRS-11 pain
scores at both 1- and 3-month follow-up. However, given the
retrospective, single-center, and single-arm design, these
improvements cannot be definitively attributed to the in-
tervention. In the absence of a control group, the findings
should be interpreted with caution, as the observed changes
may reflect the natural course of the disease, regression to
the mean, or the effects of concurrent treatments.

Pain is a hallmark symptom of PCS, which predominantly
affects young and middle-aged women. The exact patho-
physiology of pain and referred pain in PCS remains unclear.
It has been hypothesized that dilatation and reflux in the
ovarian veins generate mechanical and biochemical stress
on the vascular endothelium and smooth muscle layers.
This stress may stimulate the local release of various noci-
ceptive neuropeptides, including neurokinin A, neurokinin B,
and substance P, which contribute to the development and
persistence of pain. Regarding referred pain, it is hypothe-
sized that mass effect due to venous engorgement may play
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a role.™ Notably, a study by Hiromura et al.'”? demonstrat-
ed no significant correlation between the degree of ovarian
vein dilatation and the intensity of pain reported by patients.
Similarly, some cases of lower extremity venous insufficiency
may also present without pain. These findings suggest that
pain in PCS is not solely attributable to venous engorge-
ment. These observations highlight the complexity of the
pain mechanisms involved. There is currently no consensus
regarding the exact mechanisms responsible for pain or re-
ferred pain in this condition.

Beyond structural venous abnormalities, the heterogene-
ity in pain distribution observed in PCS suggests that both
central and peripheral sensitization mechanisms may play
a role in shaping symptom perception. The chronic nature
of venous congestion Llikely results in persistent nocicep-
tive stimulation, which may, over time, lead to alterations
in pain processing and amplification. This may help explain
why the severity and localization of pain do not always cor-
relate with the degree of venous dilatation or reflux. Fur-
thermore, the convergence of visceral and somatic afferent
pathways may underlie the frequent occurrence of referred
pain patterns, particularly in the hip and lower back re-
gions. Taken together, these observations support the no-
tion that PCS should not be regarded solely as a vascular
disorder, but rather as a complex condition involving multi-
factorial pain mechanisms, with important implications for
both diagnosis and clinical management.

In patients with PCS, symptoms can unexpectedly mimic
hip or lower back pain. Shelkey et al."¥ reported two cases



Altun et al. Referred Pain in PCS

in which patients presented with hip pain as their primary
complaint and were later diagnosed with PCS. The authors
emphasized that PCS, which has a reported prevalence of
approximately 6% among middle-aged women, should be
considered in the differential diagnosis of patients present-
ing with hip pain. In the current study, hip pain was present
in 63% of patients diagnosed with PCS.

Castillo-Vilella et al.™ found that more than half of the pa-
tients diagnosed with PCS experienced concomitant lower
back pain. They also highlighted the diagnostic challenge
for rheumatologists, noting that PCS is often overlooked in
rheumatologic assessments. In their cohort of 60 patients,
only 5% had been evaluated by a rheumatologist. Similarly,
in the present study, 48.1% of patients reported lower back
pain, yet none had been referred to or assessed by a rheu-
matologist. Pelvic region-related complaints are frequently
observed in PCS. In this study, 98.1% of patients had consult-
ed a gynecologist prior to diagnosis.

De Gregorio et al.?® demonstrated that embolization us-
ing either vascular occlusion devices or plugs in patients
with pelvic venous disorders resulted in a significant re-
duction in Visual Analog Scale (VAS) scores at 12-month
follow-up, indicating substantial clinical improvement.
Multiple studies have reported favorable outcomes and
safety profiles for these image-guided interventional ther-
apies in the management of pelvic venous insufficiency.
21-231 |n this study, the plug technique was utilized as the
primary interventional treatment, and a significant reduc-
tion in pain scores was observed over time in this cohort at
both the first and third months post-procedure, as mea-
sured by the NRS-11.

The mean duration from the initial onset of symptoms to
interventional treatment in patients diagnosed with PCS
was approximately 36 months. This delay was thought to be
associated with multiple referrals across different medical
specialties, reflecting the diagnostic ambiguity surrounding
PCS. The limited awareness of PCS and its often nonspecif-
ic clinical presentation may contribute to diagnostic delays.
Prolonged time to diagnosis and treatment may impose a
considerable psychological and physical burden on patients,
in addition to increased healthcare costs. Further research
exploring the psychological profile and quality of life in pa-
tients suffering from chronic pelvic pain is necessary and
could provide valuable guidance for clinicians.

In this study, only one patient was identified with a rheuma-
tologic disorder and was undergoing colchicine therapy. The
prevalence of other chronic comorbidities, such as asthma

and diabetes, was also low among the study group. Conse-
quently, the current data are insufficient to draw definitive
conclusions regarding the burden of comorbidities in pa-
tients diagnosed with PCS. Future studies involving larger
and more diverse patient cohorts, with systematic assess-
ment of concomitant diseases, are warranted to generate
more robust and generalizable evidence on this subject.

In a study by Asciutto et al.,* the presence of lower extrem-
ity varicosities was proposed as a significant clinical mark-
er for PCS. In the present study, varicose veins of the lower
limbs were identified in 81.5% of patients, suggesting that
peripheral varicosities may be a valuable diagnostic indica-
tor of PCS.

The analysis of patient data revealed that pain was frequent-
ly exacerbated by prolonged standing or sitting. The majority
of patients reported postcoital pain, dyspareunia, and chron-
ic pelvic discomfort, with a smaller subset also experiencing
urinary urgency and dysuria. Moreover, PCS should be con-
sidered in the differential diagnosis of patients presenting
with chronic lower back, hip, or back pain.

The findings of this study have important implications for
clinical practice. Pelvic congestion syndrome should be
actively considered in the differential diagnosis of patients
presenting with chronic hip or low back pain, particularly in
cases that are refractory to conventional musculoskeletal
treatments. The high frequency of referred pain patterns ob-
served in this cohort suggests that PCS may be underrecog-
nized outside gynecological settings.

Increased awareness among clinicians in orthopedics, phys-
ical medicine and rehabilitation, rheumatology, and primary
care may help reduce diagnostic delays and prevent unnec-
essary interventions. Earlier recognition of PCS and appro-
priate referral for targeted imaging and treatment could im-
prove patient outcomes and reduce the burden of prolonged,
unresolved pain.

Study Limitations

Several limitations of this study should be acknowledged.
First, the retrospective and single-center design may have
introduced selection bias and limits the generalizability of
the findings to broader patient populations. In addition, the
absence of a control group restricts our ability to draw caus-
al conclusions, as the observed reduction in pain scores may
partly reflect the natural course of the disease or the influ-
ence of concomitant treatments.

The relatively small sample size also limits statistical ro-
bustness and precluded more detailed subgroup or adjust-
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ed analyses. Importantly, no multivariable analysis was
performed to account for potential confounding factors,
such as comorbidities, symptom duration, or ongoing med-
ical therapies.

Pain assessment was based solely on the Numeric Rating
Scale (NRS-11), which, while widely used, captures only one
dimension of the patient experience. The lack of complemen-
tary measures—such as functional status or quality-of-life
assessments—represents an additional Llimitation.

Finally, the follow-up period was limited to three months,
which may not fully reflect the long-term sustainability of
treatment effects. Patient-reported outcomes obtained via
telephone follow-up may also be subject to recall bias.

Taken together, these limitations suggest that the findings
should be interpreted as exploratory and hypothesis-gen-
erating rather than confirmatory. Future prospective, mul-
ticenter studies with larger cohorts and longer follow-up
periods are needed to provide more definitive evidence.

CONCLUSION

This study provides a clinically meaningful overview of the
pain patterns observed in patients with pelvic congestion
syndrome and indicates that endovascular embolization is
associated with a reduction in pain over time. Beyond this,
the findings highlight the often complex and misleading
nature of PCS, which can present with symptoms resem-
bling common musculoskeletal conditions such as hip or
low back pain, potentially leading to delays in accurate
diagnosis.

Given the retrospective and single-arm design, these results
should be interpreted cautiously and not as definitive evi-
dence of treatment efficacy. However, they underscore the
importance of recognizing the diverse and atypical presen-
tations of PCS in routine clinical practice.

From a practical standpoint, clinicians should keep PCS
in mind when evaluating patients with persistent, unex-
plained hip or low back pain, particularly when symptoms
fail to respond to standard musculoskeletal treatments.
Earlier recognition in such cases may help reduce diag-
nostic delays and allow for more targeted and effective
management.

Further prospective, controlled studies with larger patient
populations and longer follow-up periods are needed
to better define the long-term clinical benefits and true
therapeutic role of endovascular embolization in this pa-
tient group.

316

Disclosures

Ethics Committee Approval: The study was approved by
the University of Health Sciences, Kanuni Sultan Suley-
man Training and Research Hospital Ethics Committee (No:
2024.05.78, Date: 08/05/2024).

Informed Consent: Written informed consent was obtained
from all patients before the endovascular procedure. Due to
the retrospective nature of the study, the Ethics Committee
waived the requirement for additional informed consent for
study participation.

Conflict of Interest Statement: The authors declare that
they have no conflicts of interest.

Funding: The authors declared that this study received no
financial support.

Use of Al for Writing Assistance: Artificial intelligence (Al)-
based technologies (such as Large Language Models [LLMs],
chatbots, or image generators, including ChatGPT) were not
used in the preparation of this study.

Author Contributions: Concept — H.I.A., G.A., FT.i.M.; De-
sign — H.ILA,, G.A,, FT..M.; Supervision — H.I.A.; Materials
- H.I.A, G.A, FT.I.M,; Data collection and/or processing —
H..A, G.A, FTI.M; Analysis and/or interpretation — H.L.A,,
G.A,; Literature search — H.I.A,; Writing: H.I.A,, G.A.; Critical
review — H.I.A., G.A.

Peer-review: Externally peer-reviewed.

REFERENCES

1. Ganeshan A, Upponi S, Hon LQ, Uthappa MC, Warakaulle DR, Uberoi
R. Chronic pelvic pain due to pelvic congestion syndrome: the role of
diagnostic and interventional radiology. Cardiovasc Intervent Radiol
2007;30:1105-11. [CrossRef]

2. Laborda A, Medrano J, de Blas |, Urtiaga |, Carnevale FC, de Grego-
rio MA. Endovascular treatment of pelvic congestion syndrome: visual
analog scale (VAS) long-term follow-up clinical evaluation in 202 pa-
tients. Cardiovasc Intervent Radiol. 2013;36:1006—14. [CrossRef]

3. American College of Obstetricians and Gynecologists. Chronic pelvic
pain: ACOG Practice Bulletin No. 218. Obstet Gynecol 2020;135:e98-1009.
[CrossRef]

4. Maratto S, Khilnani NM, Winokur RS. Clinical presentation, patient
assessment, anatomy, pathophysiology, and imaging of pelvic venous
disease. In: Khilnani NM, editor. Pelvic Venous Disorders. New York:
Thieme; 2021. p. 233-8. [CrossRef]

5. Herrera-Betancourt AL, Villegas-Echeverri JD, L6épez-Jaramillo JD,
Lépez-Isanoa JD, Estrada-Alvarez JM. Sensitivity and specificity of clin-
ical findings for the diagnosis of pelvic congestion syndrome in women
with chronic pelvic pain. Phlebology 2018;33:303-8. [CrossRef]

6. Ford RW, Winokur RS. Pelvic venous disorders (PeVD). In: Khilnani
NM, editor. Pelvic Venous Disorders. New York: Thieme; 2022. p. 483-9.
[CrossRef]

7. Gavrilov S, Karalkin A, Mishakina N, Efremova O, Grishenkova A. Rela-
tionships of pelvic vein diameter and reflux with clinical manifestations
of pelvic venous disorder. Diagnostics (Basel) 2022;12:145. [CrossRef]


https://doi.org/10.1007/s00270-007-9160-0
https://doi.org/10.1007/s00270-013-0586-2
https://doi.org/10.1097/AOG.0000000000003716
https://doi.org/10.1055/s-0041-1729745
https://doi.org/10.1177/0268355517702057
https://doi.org/10.1055/s-0042-1757938
https://doi.org/10.3390/diagnostics12010145

Altun et al. Referred Pain in PCS

10.

11

12.

13.

14.

15.

16.

Topper SR, Winokur RS. Imaging of pelvic venous disorders (PeVD):
should every patient get an MRI? Tech Vasc Interv Radiol 2021;24:100731.
[CrossRef]

Cheong YC, Smotra G, Williams AC. Non-surgical interventions for
the management of chronic pelvic pain. Cochrane Database Syst Rev
2014;2014:CD008797. [CrossRef]

Gargiulo T, Mais V, Brokaj L, Cossu E, Melis GB. Bilateral laparoscopic
transperitoneal ligation of ovarian veins for treatment of pelvic conges-
tion syndrome. J Am Assoc Gynecol Laparosc 2003;10:501-4. [CrossRef]

Gloviczki P, Comerota AJ, Dalsing MC, Eklof BG, Gillespie DL, Gloviczki
ML, et al. The care of patients with varicose veins and associated chron-
ic venous diseases: clinical practice guidelines of the Society for Vascu-
lar Surgery and the American Venous Forum. J Vasc Surg 2011;53(Suppl
5):25-48. [CrossRef]

de Carvalho SFC, Metzger PB, Fernandez MG, Ribeiro WB, Nogueira
AKS, Souza JPR. Pelvic venous reflux embolization in the treatment of
symptomatic pelvic congestive syndrome: a systematic review with me-
ta-analysis. J Vasc Surg Venous Lymphat Disord 2023;11:412-21. [CrossRef]
Lamvu G, Carrillo J, Ouyang C, Rapkin A. Chronic pelvic pain in women:
a review. JAMA 2021;325:2381-91. [CrossRef]

Ahangari A. Prevalence of chronic pelvic pain among women: an updat-
ed review. Pain Physician 2014;17:E141-7. [CrossRef]

El-Yahchouchi CA, Wald JT, Brault JS, Geske JR, Hagen CE, Murthy NS,
et al. Lumbar transforaminal epidural steroid injections: does imme-
diate postprocedure pain response predict longer term effectiveness?
Pain Med 2014;15:921-8. [CrossRef]

Nicholson T, Basile A. Pelvic congestion syndrome: who should we treat
and how? Tech Vasc Interv Radiol 2006;9:19-23. [CrossRef]

17.

18.

19.

20.

21.

22.

23.

24.

Hiromura T, Nishioka T, Nishioka S, Ikeda H, Tomita K. Reflux in the left
ovarian vein: analysis of MDCT findings in asymptomatic women. AJR
Am J Roentgenol 2004;183:1411-5. [CrossRef]

Shelkey J, Huang C, Karpa K, Singh H, Silvis M. Pelvic congestion syn-
drome as an unusual etiology for chronic hip pain in 2 active, mid-
dle-aged women. Sports Health 2014;6:145-8. [CrossRef]

Castillo-Vilella M, Tandaipan J, Berbel L, Moga L, Salvador G,
Martinez-Pardo S, et al. Pelvic congestion syndrome, uncommon cause
of low back pain. Ann Rheum Dis. 2019;78:539-40. [CrossRef]

De Gregorio MA, Guirola JA, Alvarez-Arranz E, Sanchez-Ballestin M, Ur-
bano J, Sierre S. Pelvic venous disorders in women due to pelvic varices:
treatment by embolization: experience in 520 patients. J Vasc Interv Ra-
diol 2020;31:1560-9. [CrossRef]

Gavrilov SG, Sazhin A, Krasavin G, Moskalenko E, Mishakina N. Com-
parative analysis of the efficacy and safety of endovascular and endo-
scopic interventions on the gonadal veins in the treatment of pelvic
congestion syndrome. J Vasc Surg Venous Lymphat Disord 2021;9:178—
86. [CrossRef]

Senechal Q, Echequt P, Bravetti M, Florin M, Jarboui L, Bouaboua M, et
al. Endovascular treatment of pelvic congestion syndrome: visual ana-
log scale follow-up. Front Cardiovasc Med 2021;8:751178. [CrossRef]
Siqueira FM, Monsignore LM, Rosa-E-Silva JC, Poli-Neto OM, Cas-
tro-Afonso LH, Nakiri GS, et al. Evaluation of embolization for periuter-
ine varices involving chronic pelvic pain secondary to pelvic congestion
syndrome. Clinics (Sao Paulo) 2016;71:703-8. [CrossRef]

Asciutto G, Mumme A, Marpe B, Koster O, Asciutto KC, Geier B. MR ve-
nography in the detection of pelvic venous congestion. Eur J Vasc Endo-
vasc Surg 2008;36:491-6. [CrossRef]

317


https://doi.org/10.1016/j.tvir.2021.100731
https://doi.org/10.1002/14651858.CD008797.pub2
https://doi.org/10.1016/S1074-3804(05)60156-9
https://doi.org/10.1016/j.jvs.2011.01.079
https://doi.org/10.1016/j.jvsv.2022.10.005
https://doi.org/10.1001/jama.2021.2631
https://doi.org/10.36076/ppj.2014/17/E141
https://doi.org/10.1111/pme.12347
https://doi.org/10.1053/j.tvir.2006.08.005
https://doi.org/10.2214/ajr.183.5.1831411
https://doi.org/10.1177/1941738113481940
https://doi.org/10.1136/annrheumdis-2019-eular.5373
https://doi.org/10.1016/j.jvir.2020.06.017
https://doi.org/10.1016/j.jvsv.2020.05.013
https://doi.org/10.3389/fcvm.2021.751178
https://doi.org/10.6061/clinics/2016(12)05
https://doi.org/10.1016/j.ejvs.2008.06.024

DOI: 10.14744/cm.2026.48802
Compreh Med 2026;18(3):318-325

RESEARCH ARTICLE

Does Timing Matter? Operative Timing and Outcomes
in Aneurysmal Subarachnoid Hemorrhage
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ABSTRACT

Objective: Early aneurysm occlusion is a cornerstone in the management of aneurysmal subarachnoid hemorrhage (aSAH) to prevent rebleeding and second-
ary brain injury. However, whether operative timing, particularly during off-hours, influences clinical outcomes remains uncertain. To evaluate the association
between operative timing and clinical outcomes in patients undergoing treatment for ruptured intracranial aneurysms.

Materials and Methods: This retrospective cohort study included adult patients treated for ruptured intracranial aneurysms at a tertiary neurosurgical center
between January 2021 and January 2026. Procedures were categorized as work hours (07:00-16:00), evening (16:00-22:00), and nighttime (22:00-07:00). The
primary outcome was functional status at discharge, assessed using the modified Rankin Scale (mRS). Secondary outcomes included mortality and length of
hospital stay. Multivariable logistic regression was used to determine whether operative timing independently predicted poor outcome (mRS >3) after adjust-
ment for clinical and radiological severity variables.

Results: A total of 315 patients were included, of whom 79.4% were treated during work hours, 10.5% in the evening, and 10.1% at night. Baseline demo-
graphic, clinical, and radiological characteristics were comparable across groups. Favorable outcome (mRS 0-2) occurred in 64.0%, 57.6%, and 50.0% of
patients, respectively (p=0.21), while mortality rates were 12.8%, 15.1%, and 21.9% (p=0.18). In multivariable analysis, WFNS >IV, ASA >3, and Fisher >IIl were
independently associated with poor outcome, whereas operative timing was not.

Conclusion: Although later operative timing showed a trend toward worse crude outcomes, it was not independently associated with clinical outcomes after

adjustment for disease severity. Patient-related factors appear to be the primary determinants of outcome in aSAH.

Keywords: Intracranial aneurysm, retrospective studies, subarachnoid hemorrhage, time-to-treatment, treatment outcome

How to cite this article: Aydin i, Kef B. Does Timing Matter? Operative Timing and Outcomes in Aneurysmal Subarachnoid Hemorrhage. Compreh Med 2026;18(3):318-325.

INTRODUCTION

Ruptured intracranial aneurysm resulting in aneurysmal
subarachnoid hemorrhage (aSAH) remains a devastating
neurological emergency associated with substantial mor-
bidity and mortality despite advances in microsurgical and
endovascular treatment strategies.™ Early aneurysm occlu-
sion is widely accepted as a cornerstone of management,
primarily to prevent recurrent hemorrhage and reduce the
risk of secondary brain injury.?? Current clinical guidelines
recommend early treatment of ruptured aneurysms when-
ever feasible, as the risk of rebleeding is highest during the
early period following the initial hemorrhage.®

In modern neurovascular practice, the timing of aneurysm
treatment is influenced by multiple factors, including clini-
cal severity, aneurysm characteristics, operating room avail-
ability, and institutional workflow.”™! While urgent treatment
is often necessary, some procedures are performed during
nighttime hours, when hospital staffing patterns, resource
availability, and operator fatigue may differ from daytime
conditions.®® These differences have raised concerns re-
garding whether treatment performed outside routine work-
ing hours may influence patient outcomes.®

Across multiple medical and surgical disciplines, the so-
called “off-hours effect” has been described, referring to
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worse clinical outcomes associated with care delivered
during nighttime or weekend hours.®! Potential contributors
include reduced staffing levels, limited access to specialized
personnel, workflow disruptions, and fatigue-related de-
clines in cognitive and technical performance.®® In cerebro-
vascular care, this phenomenon has been studied primarily
in the context of stroke and endovascular thrombectomy,
where differences in outcomes between daytime and off-hour
interventions have been reported in some studies. However,
evidence regarding aneurysmal subarachnoid hemorrhage
remains inconsistent.%810

Importantly, studies evaluating the timing of aneurysm
treatment must account for potential confounding factors.
4 Patients treated during nighttime hours may present with
greater clinical instability or require emergent intervention,
making it difficult to determine whether observed outcome
differences are related to operative timing itself or to baseline
disease severity. Consequently, analyses that carefully adjust
for demographic and clinical risk factors are essential to bet-
ter understand the independent impact of treatment timing.

The aim of this study was to evaluate the association be-
tween operative timing and clinical outcomes in patients
undergoing treatment for ruptured intracranial aneurysms
at a tertiary neurosurgical center. Using a retrospective co-
hort of patients treated over a five-year period, we compared
outcomes among procedures performed during work hours,
evening hours, and nighttime periods while adjusting for key
baseline severity indicators.

MATERIALS and METHODS

This study was designed as a single-center retrospective co-
hort analysis conducted at a tertiary neurosurgical referral
center. Institutional medical records were reviewed for pa-
tients treated between January 2021 and January 2026. The
study protocol was approved by the Biruni University Clinical
Research Ethics Committee (Date: 23.02.2026, No: 2024- Bi-
AEK/18-78), and all data were anonymized prior to analysis.

AlL adult patients (=18 years) who underwent microsurgical
clipping or endovascular treatment for ruptured intracranial
aneurysms during the study period were screened for eli-
gibility. The diagnosis of aneurysmal subarachnoid hemor-
rhage was confirmed using computed tomography and vas-
cular imaging, including CT angiography, MR angiography,
or digital subtraction angiography. Patients were excluded
if they had traumatic subarachnoid hemorrhage, DSA-neg-
ative subarachnoid hemorrhage, vascular malformations
such as arteriovenous malformations or dural arteriove-

nous fistulas, incomplete operative timing data, or if they
were managed conservatively without aneurysm occlusion.
Patients were managed according to a standardized institu-
tional protocol for aneurysmal subarachnoid hemorrhage,
including early aneurysm occlusion, intensive neurocritical
care monitoring, and guideline-based management of com-
plications such as vasospasm and hydrocephalus.

Procedures were categorized according to operative timing
into three groups based on the time of surgery. Work-hour
procedures were defined as operations performed between
07:00 and 16:00, evening procedures as those performed be-
tween 16:00 and 22:00, and nighttime procedures as those
performed between 22:00 and 07:00. Nighttime surgery was
defined as procedures in which at least 50% of the total op-
erative duration occurred between 22:00 and 07:00. Opera-
tive duration was defined as the time from skin incision to
completion of the procedure and did not include anesthesia
induction or room preparation time. Based on this classifica-
tion, 250 procedures were performed during work hours, 33
during evening hours, and 32 during nighttime hours.

Baseline demographic, clinical, and radiological variables
were extracted from institutional electronic medical re-
cords. These included age, sex, American Society of An-
esthesiologists (ASA) physical status classification, World
Federation of Neurological Surgeons (WFNS) grade at
admission, and Fisher grade on initial CT imaging. WFNS
grade was assessed at admission based on the Glasgow
Coma Scale score and the presence of focal neurological
deficits and was used as a measure of clinical severity in
subsequent analyses. Functional outcome was assessed us-
ing the modified Rankin Scale (mRS) at hospital discharge
and categorized as good outcome (mRS 0-2), poor outcome
(mRS 3-5), and mortality (mRS 6).

Statistical Analysis

Categorical variables were summarized as frequencies and
percentages, while continuous variables were summarized as
meansstandard deviation or median with interquartile range,
asappropriate. Comparisons between operative timing groups
were performed using chi-square or Fisher's exact tests for
categorical variables and Kruskal-Wallis tests for continuous
variables. To evaluate the independent association between
operative timing and outcomes, multivariable logistic regres-
sion analysis was performed, adjusting for age, ASA status,
and Fisher grade. Statistical analyses were performed using
R statistical software (version 4.5.2; R Foundation for Statis-
tical Computing, Vienna, Austria), and a two-sided p-value
<0.05 was considered statistically significant.
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Table 1. Baseline clinical characteristics according to operative timing

Characteristic

Work hours
7AM-4PM PM-10PM 10 PM-7 AM

Evening4  Nighttime p

(n=250) (n=33) (n=32)

Age, mean+SD 55.8+£13.2  56.9+12.7 574+135 081
Sex, n (%)

Female 162 (64.8) 21 (63.6) 20 (62.5) 0.97

Male 88 (35.2) 12 (36.4) 12 (37.5)
ASA 23, n (%) 102 (40.8) 14 (42.4) 14 (43.7)  0.94
WENS grade, n (%)

| 96 (38.4) 11 (33.3) 11 (34.4)

I 72 (28.8) 10 (30.3) 8(25.0)

I 20 (8.0) 3(9.1) 3(9.4) 0.89

vV 36 (14.4) 5(15.1) 6 (18.7)

V 26 (10.4) 4(12.1) 4 (12.5)
Treatment modality, n (%)

Endovascular 122 (48.8) 16 (48.5) 15 (46.9) 0.98

Microsurgical clipping 128 (51.2) 17 (51.5) 17 (53.1)
Rebleeding before treatment, n (%) 8(3.2) 2 (6.1) 2(6.3) 0.41
Admission-to-treatment delay (h), mean+SD  13.2+9.1 9.6+7.4 8.9+6.2 0.07

Significant p values in bold. SD: Standard deviation; ASA: American Society of Anesthesiologists; WFNS: World

Federation of Neurological Surgeons

RESULTS

Atotal of 315 patients who underwent treatment for ruptured
intracranial aneurysms between January 2021 and January
2026 were included in the analysis. According to operative
timing, 250 procedures (79.4%) were performed during work
hours (07:00-16:00), 33 procedures (10.5%) during evening
hours (16:00-22:00), and 32 procedures (10.1%) during night-
time hours (22:00-07:00).

Baseline demographic and clinical characteristics were
comparable among the three groups (Table 1). The mean
age ranged from 55.8+13.2 years in the work-hour group to
57.4+13.5 years in the nighttime group, without a statistical-
ly significant difference (p=0.81). Sex distribution was also
similar across groups, with females representing 64.8% of
the work-hour group, 63.6% of the evening group, and 62.5%
of the nighttime group (p=0.97). The proportion of patients
with ASA class =3 was comparable between groups (40.8%,
42.4%, and 43.7%, respectively; p=0.94). Likewise, the dis-
tribution of WFENS grades did not differ significantly across
operative timing categories (p=0.89).

Treatment modality was balanced among groups, with ap-
proximately half of the patients undergoing endovascular
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treatment and the remainder receiving microsurgical clip-
ping (p=0.98). The choice of treatment modality was based
primarily on aneurysm characteristics and patient-relat-
ed factors and was not influenced by the time of day. The
frequency of rebleeding prior to treatment and the admis-
sion-to-treatment interval were also similar across groups
(p=0.41 and p=0.07, respectively).

Radiological characteristics were similarly distributed
among the operative timing groups (Table 2). The distri-
bution of Fisher grades was comparable between groups
(p=0.96), with Fisher grade Ill representing the most frequent
radiological presentation. The majority of aneurysms were
located in the anterior circulation, accounting for 78.0% of
cases in the work-hour group, 78.8% in the evening group,
and 78.1% in the nighttime group (p=0.99).

Median aneurysm size was similar across groups, with val-
ues ranging from 6.1 mm to 6.5 mm (p=0.44). The presence
of intracerebral hematoma, both with and without midline
shift, was also comparable between groups (p=0.58). In ad-
dition, the frequencies of multiple aneurysms and previously
treated aneurysms did not differ significantly among opera-
tive timing categories (p=0.95 and p=0.74, respectively).
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Table 2. Radiological characteristics according to operative timing

Characteristic Work hours Evening 4 Nighttime p
7 AM-4PM PM-10 PM 10 PM-7 AM
(n=250) (n=33) (n=32)
Fisher grade, n (%)
| 18 (7.2) 2(6.1) 2(6.3)
Il 56 (22.4) 7 (21.2) 7 (21.9)
If 112 (44.8) 15 (45.5) 14 (43.8) 0.9
v 64 (25.6) 9(27.2) 9 (28.0)
Aneurysm location, n (%)
Anterior circulation 195 (78.0) 26 (78.8) 25 (78.1) 0.99
Posterior circulation 55 (22.0) 7(21.2) 7 (21.9)
Aneurysm size, median (Q1-Q3), mm 6.1 (4.1-8.3) 6.4(45-9.0) 6.5(4.6-9.2) 0.44
Intracerebral hematoma, n (%)
Without midline shift 60 (24.0) 8(24.2) 7(21.9) 058
With midline shift 18 (7.2) 3(9.1) 4(12.5)
Multiple aneurysms, n (%) 58 (23.2) 8 (24.2) 7 (21.9) 0.95
Previously treated aneurysm, n (%) 3(L2) 0 0 0.74

Significant p values in bold. Q1: First quartile; Q3: Third quartile

Table 3. Clinical outcomes according to operative timing

Outcome Work hours  Evening 4 Nighttime p
7AM-4PM  PM-10PM 10 PM-7 AM
(n=250) (n=33) (n=32)
Favorable outcome (mRS 0-2), n (%) 160 (64.0) 19 (57.6) 16 (50.0) 0.21
Poor outcome (mRS 3-5), n (%) 58 (23.2) 9(27.3) 9(28.1)
Mortality (mRS 6), n (%) 32(12.8) 5(15.1) 7(21.9) 0.18
Length of hospital stay, median (IQR) 11 (7-21) 10 (6-19) 12 (8-22) 0.47

Significant p values in bold. mRS: Modified Rankin Scale; IQR: Interquartile range

Clinical outcomes according to operative timing are sum-
marized in Table 3. A favorable functional outcome (MRS
0-2) was observed in 160 patients (64.0%) in the work-hour
group, 19 patients (57.6%) in the evening group, and 16 pa-
tients (50.0%) in the nighttime group. Although there was a
numerical trend toward lower favorable outcome rates with
later operative timing, the difference did not reach statistical
significance (p=0.21).

Poor functional outcome (mRS 3-5) occurred in 58 patients
(23.2%) in the work-hour group, 9 patients (27.3%) in the eve-
ning group, and 9 patients (28.1%) in the nighttime group.
Mortality (mRS 6) was recorded in 32 patients (12.8%) in the
work-hour group, 5 patients (15.1%) in the evening group,
and 7 patients (21.9%) in the nighttime group, without a sta-
tistically significant difference (p=0.18).

Median length of hospital stay was also comparable among
groups, with medians of 11 days (IQR 7-21) in the work-hour
group, 10 days (IQR 6-19) in the evening group, and 12 days
(IQR 8-22) in the nighttime group (p=0.47). Accordingly, func-
tional outcome assessed using the modified Rankin Scale at
discharge reflects short-term clinical status. The distribu-
tion of modified Rankin Scale scores according to operative
timing is illustrated in Figure 1, demonstrating a gradual in-
crease in unfavorable outcomes with later operative timing,
although this trend did not reach statistical significance.

Logistic regression analysis was performed to identify pre-
dictors of poor functional outcome (mRS =3) (Table 4). In
univariate analysis, ASA class =3, WFNS grade =V, Fisher
grade =lll, intracerebral hematoma, and nighttime surgery
were associated with poor outcome.
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Figure 1. Distribution of modified Rankin Scale (mRS) scores according to operative timing. Stacked bar chart illustrating the
proportion of patients across mRS categories (0-6) in work-hour (07:00-16:00), evening (16:00-22:00), and nighttime (22:00-
07:00) groups. A gradual shift toward higher mRS scores, including increased mortality (mRS 6), is observed with later operative
timing. However, these differences did not reach statistical significance

Percentaae (%)

In multivariate analysis, WFNS grade =IV (OR 3.31, 95% ClI
1.98-5.54, p<0.001) remained the strongest independent
predictor of unfavorable outcome. Additionally, ASA class =3
(OR 1.62, 95% Cl 1.03-2.55, p=0.035) and Fisher grade =llI
(OR 1.88, 95% CI 1.11-3.19, p=0.019) were independently as-
sociated with poor outcomes.

Operative timing variables, including evening surgery (OR 1.21,
p=0.54) and nighttime surgery (OR 1.74, p=0.11), were not in-
dependently associated with unfavorable functional outcome
after adjustment for clinical severity and radiological factors.

DISCUSSION

The present study evaluated whether operative timing influ-
ences clinical outcomes in patients undergoing treatment for
ruptured intracranial aneurysms. In this single-center cohort
of 315 patients, procedures were categorized according to op-
erative timing into work hours, evening hours, and nighttime

hours. The principal findings of this study are threefold. First,
baseline clinical and radiological characteristics were com-
parable across operative timing groups. Second, although
a numerical trend toward worse outcomes was observed in
patients treated during nighttime hours, operative timing
was not independently associated with poor functional out-
come after adjustment for clinical severity and radiological
factors. Third, established predictors of poor outcome, in-
cluding WFNS grade =IV, ASA class =3, and Fisher grade =,
remained the strongest determinants of prognosis.tZ

One of the central concerns in the management of aneurys-
mal subarachnoid hemorrhage (aSAH) is whether treatment
performed outside standard working hours may negatively
influence outcomes. Several studies in the broader surgical
literature have described a so-called “nighttime" or “off-
hours effect,” in which procedures performed during eve-
nings or nights are associated with increased complication

Table 4. Logistic regression analysis for poor outcome (mRS >3)

Variable Univariate OR p Multivariate OR p
(95% CI) (95% ClI)

Age 1.02 (1.00-1.04) 0.08 1.01 (0.99-1.04) 0.22
Female sex 0.94 (0.61-1.46) 0.79 0.97 (0.61-1.55) 0.90
ASA >3 1.84 (1.19-2.83) 0.006 1.62 (1.03-2.55) 0.035
WENS =1V 3.92 (2.41-6.38) <0.001 3.31(1.98-5.54) <0.001
Fisher >llI 2.14 (1.29-3.54 0.003 1.88 (1.11-3.19) 0.019
Intracerebral hematoma 1.71 (1.02-2.86 0.041 1.52 (0.89-2.58) 0.12
Evening surgery 1.32 (0.72-2.43 0.36 1.21 (0.65-2.27) 0.54
Nighttime surgery 1.98 (1.02-3.86) 0.043 1.74 (0.88-3.45) 0.11

Significant p values in bold. OR: Odds ratio; Cl: Confidence interval; ASA: American Society of Anesthesiolo-
gists; WFENS: World Federation of Neurological Surgeons; mRS: Modified Rankin Scale
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rates and mortality. Potential explanations include reduced
staffing levels, provider fatigue, and decreased availability
of specialized resources during off-hours. In neurosurgery,
however, the evidence for such an effect in aneurysm treat-
ment remains inconsistent.[3-1]

In the present study, outcomes demonstrated a gradual de-
cline across operative timing categories. Favorable function-
al outcome (MRS 0-2) was observed in 64.0% of patients
treated during work hours, 57.6% of those treated during
evening hours, and 50.0% of those treated during nighttime
hours, while mortality rates increased from 12.8% during
work hours to 21.9% during nighttime procedures. Although
these findings suggest a possible trend toward worse out-
comes with later operative timing, the differences did not
reach statistical significance. More importantly, operative
timing was not independently associated with poor outcome
in multivariate analysis. These results suggest that the ap-
parent differences observed in crude outcome comparisons
may be attributable to patient-related factors rather than
the timing of the procedure itself.\"-2

Our regression analysis confirmed that clinical severity re-
mains the dominant determinant of outcome in aneurysmal
subarachnoid hemorrhage. WFNS grade =1V was the strongest
independent predictor of poor outcome, increasing the odds
of unfavorable functional status by more than threefold. This
finding is consistent with numerous studies demonstrating
that neurological status at presentation is the most important
predictor of outcome following aSAH. Similarly, Fisher grade
>|ll, reflecting greater subarachnoid blood burden and in-
creased risk of vasospasm, was independently associated with
unfavorable outcomes. The association between higher ASA
class and poor outcome likely reflects the impact of systemic
comorbidities on perioperative risk and overall recovery.td

The lack of an independent association between operative
timing and outcome observed in this study may reflect sev-
eral factors. First, modern neurovascular centers increas-
ingly maintain 24-hour availability of specialized teams,
including neurosurgeons, interventional neuroradiologists,
neuroanesthesiologists, and neurocritical care staff. Such
organizational structures may mitigate the potential nega-
tive effects of off-hours treatment. Second, in the setting of
ruptured aneurysms, treatment timing is often dictated by
clinical urgency rather than scheduling considerations. Pa-
tients requiring immediate intervention may present with
more severe hemorrhage or neurological deterioration,
which may partially explain the trend toward worse out-
comes in nighttime cases. After adjusting for these severi-

ty-related factors, operative timing itself does not appear to
exert an independent effect on outcome.™!

Another explanation for the observed findings may be relat-
ed to sample size differences between timing groups. In the
present cohort, the majority of procedures were performed
during work hours, while the evening and nighttime groups
were considerably smaller. This imbalance reflects the typical
workflow in most neurovascular centers but may limit statis-
tical power to detect modest differences between groups. Ac-
cordingly, the absence of statistically significant differences in
operative timing should be interpreted with caution, as small-
er group sizes may reduce the ability to detect subtle effects.

The findings of this study have important clinical implica-
tions. Our results suggest that treatment of ruptured intra-
cranial aneurysms can be performed safely regardless of the
time of day, provided that experienced neurovascular teams
and appropriate institutional resources are available. De-
laying treatment solely to avoid nighttime intervention may
therefore not be justified, particularly in patients at high risk
of rebleeding. Early aneurysm occlusion remains the cor-
nerstone of aSAH management, and prompt intervention
should remain the priority.?24

Several limitations of this study should be acknowledged.
First, the retrospective design introduces the possibility of
selection bias and unmeasured confounding variables. Sec-
ond, the relatively smaller number of evening and nighttime
procedures may limit statistical power for detecting subtle
timing-related differences. Third, this analysis was conduct-
ed at a single center, and institutional workflow patterns may
differ across neurovascular centers. Finally, long-term func-
tional outcomes beyond hospital discharge were not evaluat-
ed. As recovery after aneurysmal subarachnoid hemorrhage
may evolve over several months, the absence of follow-up
data at standard time points, such as 90 days or 6 months,
Llimits the ability to fully assess functional recovery.132>-28]

Despite these limitations, the present study includes a rel-
atively large cohort of patients and provides a detailed
comparison of clinical, radiological, and outcome variables
across three operative timing categories. By incorporating
multivariate analysis, our findings highlight the predomi-
nance of disease severity rather than operative timing in de-
termining patient outcomes.

Future multicenter studies with larger sample sizes may fur-
ther clarify whether specific subgroups of patients could be
more vulnerable to potential off-hours effects. Additional-
ly, investigations examining workflow organization, staffing
patterns, and institutional protocols may help determine
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which structural factors contribute most to optimizing out-
comes in aneurysmal subarachnoid hemorrhage.

CONCLUSION

In conclusion, while crude outcome measures demonstrated
a trend toward worse outcomes in patients treated during
nighttime hours, operative timing was not independently
associated with unfavorable functional outcomes after ad-
justment for clinical severity and radiological factors. These
findings support the safety of round-the-clock aneurysm
treatment in specialized neurovascular centers and empha-
size that patient condition at presentation remains the pri-
mary determinant of prognosis.
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ABSTRACT

Objective: The aim of this study was to compare sociodemographic characteristics, clinical findings, serum CA125 levels, and ultrasonographic- Doppler
features among patients with benign, borderline, and invasive ovarian tumors, and to identify factors most strongly associated with invasive disease.

Materials and Methods: This retrospective observational study included 129 patients who underwent surgical management for adnexal masses. According to
final histopathological diagnosis, patients were classified as having benign tumors (n=88), borderline tumors (n=6), or invasive ovarian carcinoma (n=36). In an
additional analysis, borderline and invasive tumors were combined into @ malignant group (n=42) and compared with benign Lesions. Demographic data, body
mass index (BMI), menopausal status, preoperative serum CA125 levels, presence of ascites, and bilaterality were recorded. All patients underwent detailed
transvaginal and/or transabdominal ultrasonography with color Doppler evaluation. Sonographic features and Doppler vascularity were systematically analyzed.

Results: Serum CA125 levels, BMI, presence of ascites, bilateral tumor involvement, solid components, papillary projections with blood flow, increased Doppler
vascularity, and Larger lesion size were significantly associated with invasive ovarian carcinoma (all p<0.001). Age did not differ significantly between groups,
whereas menopausal age was higher in malignant tumors. Benign lesions were generally smaller and showed absent or minimal Doppler flow, while invasive
tumors frequently demonstrated moderate to marked vascularity.

Conclusion: The combined assessment of clinical parameters, serum CA125 levels, and detailed ultrasonographic and Doppler findings improves preoperative
differentiation between benign and malignant ovarian tumors. An integrated diagnostic approach may enhance risk stratification and support appropriate

clinical management.
Keywords: Borderline, invezive, ovarian tumors, ultrasonography
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INTRODUCTION

Ovarian tumors comprise a heterogeneous group of lesions
ranging from benign cysts to borderline tumors and inva-
sive ovarian carcinoma, and they remain a leading cause of
morbidity and mortality among gynecologic malignancies.
In particular, invasive ovarian cancer is often diagnosed
at an advanced stage, a circumstance that is strongly as-
sociated with unfavorable outcomes and underscores the
critical importance of accurate preoperative evaluation and
early detection.?

Distinguishing benign from malignant ovarian masses be-
fore surgery is a critical step in clinical decision-making,
as it directly influences surgical planning, the extent of in-
tervention, and referral to specialized oncologic centers. In
routine practice, the distinction relies on the integration of
patient-related factors, such as age and menopausal status,
with clinical parameters, laboratory findings, and imaging
characteristics rather than on a single diagnostic marker.®

Transvaginal ultrasonography remains the cornerstone of
the initial evaluation of adnexal masses, offering a detailed
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assessment of tumor morphology, including Llesion size, the
presence of solid components, papillary projections, bilater-
ality, and internal septations. The addition of color Doppler
ultrasonography further enhances diagnostic confidence by
providing information on tumor vascularity, with increased
and aberrant blood flow patterns more commonly observed
in malignant lesions.®!

Serum cancer antigen 125 (CA125) remains the most wide-
ly used tumor marker in the evaluation of ovarian masses
and is particularly informative in postmenopausal women.
However, its limited specificity is well recognized, as ele-
vated CA125 levels may also be encountered in a variety
of benign gynecological and inflammatory conditions. Con-
sequently, CA125 interpretation should be integrated with
the clinical context and imaging characteristics to improve
diagnostic accuracy.®

Although previous studies have described individual clini-
cal, biochemical, and ultrasonographic features associated
with ovarian malignancy, the combined assessment of these
parameters across benign, borderline, and invasive tumors
continues to be of practical importance. Therefore, the aim
of the present study was to compare sociodemographic
characteristics, clinical findings, serum CA125 levels, and
ultrasonographic and Doppler features among patients with
benign, borderline, and invasive ovarian tumors and to iden-
tify factors most strongly associated with invasive disease.

MATERIALS and METHODS

This retrospective observational study included a total of
129 patients who were diagnosed with adnexal masses and
subsequently underwent surgical management. Based on
the final histopathological evaluation, patients were cate-
gorized into three groups: benign tumors (n=88), borderline
tumors (n=6), and invasive ovarian carcinoma (n=36). In an
additional analysis, borderline and invasive carcinoma cas-
es were combined into a single malignant group (n=42) and
compared with benign lesions.

Demographic characteristics, including age, were stratified
into four categories (<40, 40-45, 45-50, and 50-55 years),
and BMI was classified according to standard World Health
Organization categories.

Preoperative serum CA125 levels were measured in all pa-
tients. The presence of ascites and bilaterality of adnexal
masses was documented based on imaging and intraoper-
ative findings.

All patients underwent a detailed transvaginal and/or trans-
abdominal ultrasonographic examination. The following

sonographic features were systematically assessed: number
of locules, lesion diameter, presence of solid components,
irregular internal cystic structure, acoustic shadowing, pap-
illary projections, and blood flow within papillary structures.
Color Doppler imaging was used to evaluate tumor vascu-
larity, and Doppler scores were classified as absent, minimal,
moderate, or marked flow. Lesion size was categorized as
<30 mm, 30-50 mm, or >50 mm. This study was conducted
in accordance with the ethical principles of the Declaration
of Helsinki. Ethical approval for this study was obtained from
the Ethics Committee of Acibadem University on 22.01.2026,
with approval number 2026-02/61. Written consent was ob-
tained from the patients for participation in the study and for
the publication of relevant data.

Statistical Analysis

Statistical analyses were performed using IBM SPSS Statis-
tics for Windows, Version 25.0 (IBM Corp., Armonk, NY, USA).
Continuous variables were expressed as meansstandard de-
viation, while categorical variables were presented as num-
bers and percentages.

Comparisons between more than two groups were conduct-
ed using one-way analysis of variance (ANOVA), whereas
independent-samples t-tests were applied for two-group
comparisons. Categorical variables were analyzed using the
Pearson chi-square test or Fisher's exact test, as appropriate.
A p-value of <0.05 was considered statistically significant.

RESULTS

The mean age of the study population was 57.99+9.61 years,
with no statistically significant difference observed among
the benign, borderline, and invasive tumor groups (p=0.368).
In contrast, menopausal age distribution differed significant-
ly between the groups (p<0.001). While the majority of be-
nign cases experienced menopause between 40 and 45 years
(70.5%), borderline tumors were predominantly observed in
patients who entered menopause between 45 and 50 years
(83.3%). Patients with invasive carcinoma most commonly
reported menopause after the age of 45.

Body mass index demonstrated a marked association with
tumor behavior. Benign tumors were primarily observed in
patients with BMI values between 20 and 30 kg/m?, whereas
invasive carcinoma cases showed significantly higher BMI
levels. Notably, BMI categories of 30-35 kg/m? (44.4%) and
>35 kg/m? (25%) were exclusively observed in the invasive
cancer group (p<0.001) (Table 1).

Serum CA125 levels increased progressively with tumor ag-
gressiveness. Mean CA125 concentrations were 96.85+75.76
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Table 1. Comparison of sociodemographic and clinical variables according to tumor groups

Variables Total n=129 Benign n=88 Borderline n=6 Invaziv CA n=36 p
Age (mean+SD) 5799+961 58.49+9.42 52.83+4.88 57.63+10.57 0.3682
Menopausal age, n (%)
<40 13 (100) 3(14.8) 0(0.0) 0 (0.0) <0.001°
40-45 67 (515) 62 (70.5) 1(16.7) 4(11.1)
45-50 37 (285) 2 (13.6) 5 (83.3) 20 (55.6)
50-55 13 (100) 1(L1) 0(0.0) 12 (33.3)
BMI, n (%)
<20 10 (77) 9(10.2) 1(16.7) 0(0.0) <0.001°
20-25 45 (346) 36 (40.9) 3(50.0) 6 (16.7)
25-30 0 (385) 43 (48.9) 2(333) 5 (13.9)
30-35 6 (123) 0(0.0) 0 (0.0) 16 (44.4)
>35 9 (69) 0(0.0) 0(0.0) 9 (25.0)
CA125 41739+88278 96.85+75.76 286.33+52.64 1222.81+1388.93 <0.001*
Ascites, n (%)
No 82 (631) 77 (87.5) 3(50.0) 2(5.6) <0.001°
Yes 48 (369) 11 (12.5) 3(50.0) 34 (94.4)
Bileterality, n (%)
No 102 (785) 88 (100.0) 5(83.3) 9 (25.0) <0.001°
Yes 28 (215) 0(0.0) 1(16.7) 27 (75.0)
Number of locules, n (%)
1 12 (92) 8(9.1) 1(16.7) 3(8.3) 0.892°
2 40 (308) 29 (33.0) 2(33.3) 9(25.0)
3-5 35 (269) 24 (27.3) 1(16.7) 10 (27.8)
5-10 32 (246) 21 (23.9) 1(16.7) 10 (27.8)
>10 11 (85) 6 (6.8) 1(16.7) 4(11.1)

3 ANOVA test; % Fisher's exact test. CA: Carsinom; SD: Standart deviation; BMI: Body mass index; CA125: Cancer antigen 125

U/mL in benign tumors, 286.33+52.64 U/mL in border-
line tumors, and markedly elevated in invasive carcinoma
(1222.81+1388.93 U/mL), with the difference reaching strong
statistical significance (p<0.001).

Ascites was infrequently detected in benign lesions (12.5%)
but was present in half of the borderline cases and in nearly
all invasive carcinomas (94.4%) (p<0.001). Similarly, bilat-
eral involvement was absent in benign tumors, whereas it
was observed in 16.7% of borderline tumors and in 75.0% of
invasive carcinomas (p<0.001).

Among ultrasonographic features, blood flow within pap-
illary projections and the presence of solid components
were exclusively associated with invasive tumors (44.4%
and 472%, respectively; p<0.001 for both). Doppler analysis
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revealed that moderate-to-marked vascularity was pre-
dominantly detected in invasive carcinomas, whereas most
benign lesions showed no detectable blood flow (p<0.001).
Conversely, locule number, acoustic shadowing, and irregu-
lar internal cystic structure did not differ significantly among
the three groups.

Lesion size emerged as a strong discriminator of malignancy.
ALL benign tumors were smaller than 30 mm, while all bor-
derline tumors measured between 30 and 50 mm. Half of the
invasive carcinomas exceeded 50 mm in diameter (p<0.001).

When borderline and invasive tumors were analyzed as a
single malignant group, age remained comparable between
benign and malignant patients (p=0.404). However, meno-
pausal age again showed a significant shift toward later
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menopause in malignant cases, with 88.1% occurring be-
tween 45 and 55 years (p<0.001).

BMI demonstrated a pronounced divergence, as higher BMI
categories (=30 kg/m?) were observed almost exclusively in
malignant tumors (p<0.001). Mean CA125 levels were sub-
stantially higher in the malignant group (1089.02+1325.58
U/mL) compared with benign lesions (96.85+75.76 U/mL)
(p<0.001).

Ascites and bilateral tumor involvement were strongly asso-
ciated with malignancy, being present in 88.1% and 66.7% of
malignant cases, respectively, while remaining rare or ab-
sent in benign tumors (p<0.001 for both).

Sonographic markers of malignancy—including papillary
blood flow, solid components, larger lesion size, and in-
creased Doppler vascularity—were significantly more fre-
quent in malignant tumors (all p<0.001). In contrast, irregu-
lar internal cystic structure and acoustic shadowing did not
demonstrate statistically significant differences between the
benign and malignant groups.

DISCUSSION

Accurately distinguishing benign from malignant ovarian
tumors before surgery remains a persistent challenge in
daily clinical practice, yet it is a crucial step in determining
appropriate management strategies and improving patient
outcomes. In this study, we evaluated a range of sociode-
mographic, clinical, biochemical, and ultrasonographic pa-
rameters in patients with benign, borderline, and invasive
ovarian tumors. Our findings indicate that several readily
available clinical and imaging features are closely associat-
ed with invasive disease and may substantially aid preoper-
ative risk assessment.

Patient age did not differ significantly among the tumor
groups, suggesting that age alone has limited value in dif-
ferentiating tumor behavior. This observation is consistent
with previous reports indicating that, while ovarian cancer
incidence increases with age, chronological age by itself is a
weak discriminator between benign and malignant adnexal
masses.” In contrast, menopausal status emerged as a sig-
nificant parameter, with invasive tumors predominantly ob-
served in women who experienced menopause at older ages.
This association may reflect prolonged hormonal exposure
and aligns with established epidemiological evidence linking
postmenopausal status to increased ovarian cancer risk.®

Body mass index was another parameter that showed a
clear association with tumor aggressiveness. Patients with

invasive ovarian cancer demonstrated significantly higher
BMI values compared with those with benign tumors. Obe-
sity has been implicated in ovarian carcinogenesis through
mechanisms involving chronic inflammation, altered adi-
pokine secretion, and increased estrogen availability, which
may contribute to tumor progression.® Our findings further
support the role of BMI as a relevant clinical factor in ma-
lignancy assessment.

Serum CAl125 levels were markedly elevated in invasive
tumors compared with benign and borderline lesions, re-
inforcing its value as a biochemical marker of malignancy.
Nevertheless, the wide range of CA125 values observed, par-
ticularly in invasive disease, highlights its limited specificity
and underscores the importance of combined interpretation
with imaging and clinical findings rather than reliance on
CA125 alone.[619

Among clinical features, the presence of ascites and bilateral
ovarian involvement was strongly associated with invasive
malignancy. Ascites, reflecting peritoneal involvement and
advanced disease, is a well-established marker of ovarian
cancer aggressiveness and was present in the vast majority
of invasive cases in our cohort.!? Similarly, bilateral tumor
localization was significantly more common in invasive dis-
ease, consistent with prior reports linking bilaterality to ma-
lignant pathology.t?

Ultrasonographic evaluation revealed that solid compo-
nents, papillary projections with detectable blood flow, and
increased Doppler vascularity were predominantly observed
in invasive tumors. These findings are in agreement with the
International Ovarian Tumor Analysis (IOTA) group criteria,
which emphasize the importance of solid areas and neovas-
cularization in malignancy prediction.’** Conversely, fea-
tures such as loculation number, acoustic shadowing, and
irregular internal cystic structure did not differ significantly
between the groups, suggesting that these parameters alone
may have limited predictive power.

Tumor size also appeared to be clinically relevant. Benign
lesions were generally small, whereas invasive tumors
were significantly larger, with a substantial proportion ex-
ceeding 50 mm in diameter. Larger tumor size may reflect
both more aggressive growth and delayed detection, char-
acteristics commonly associated with malignant ovarian
disease.!

The strengths of this study include the comprehensive eval-
uation of ovarian tumors through the combined analysis
of sociodemographic characteristics, clinical parameters,
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serum CAl25 levels, and detailed ultrasonographic and
Doppler findings. The inclusion of benign, borderline, and
invasive tumor groups allowed for a nuanced comparison
across the full spectrum of ovarian tumor behavior, thereby
enhancing the clinical relevance of the findings. In addition,
the use of standardized ultrasonographic criteria and objec-
tive Doppler scoring contributed to the consistency and reli-
ability of imaging assessments.

Nevertheless, several limitations should be acknowledged.
The retrospective design of the study may introduce se-
lection bias and limits the ability to establish causal re-
lationships. The relatively small humber of borderline tu-
mors may have reduced the statistical power for subgroup
analyses within this category. Furthermore, the study was
conducted at a single center, which may restrict the gen-
eralizability of the results to broader populations. Finally,
interobserver variability in ultrasonographic interpretation
could not be entirely eliminated despite standardized eval-
uation protocols. Future prospective, multicenter studies
with larger sample sizes are warranted to validate these
findings and further refine integrated diagnostic models for
ovarian malignancy.

Overall, our findings highlight the importance of a holistic
diagnostic approach that integrates clinical history, serum
biomarkers, and detailed ultrasonographic and Doppler as-
sessment. Rather than relying on a single parameter, com-
bining multiple readily available features may substantially
improve preoperative differentiation between benign and
malignant ovarian tumors and support more informed clin-
ical decision-making.

CONCLUSION

In conclusion, the present study demonstrated that elevated
serum CA125 levels, the presence of ascites, bilateral ovari-
an involvement, solid tumor components, increased Doppler
vascularity, higher body mass index, and larger tumor size
are strongly associated with invasive ovarian malignancy.
While individual parameters may lack sufficient specificity,
their combined evaluation provides a robust framework for
preoperative risk stratification.

These findings underscore the importance of integrating
clinical, biochemical, and ultrasonographic data in the as-
sessment of ovarian masses to improve diagnostic accuracy
and guide appropriate clinical management. Future pro-
spective studies with larger cohorts are warranted to vali-
date these results and further refine predictive models for
ovarian malignancy.
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Flat-Panel Detector CT Angiography Evaluation of
Intracranial Aneurysms and Stenoses Treated with

Stents
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ABSTRACT

Objective: Conventional two-dimensional digital subtraction angiography (DSA) may be insufficient for the evaluation of intracranial stents because of over-
lapping anatomy and device-related artifacts. This study investigated the impact of intraoperative flat-panel detector CT angiography (FP-CTA) on treatment

decision-making during intracranial stent procedures.

Materials and Methods: In this retrospective, single-center study, 97 patients treated with endovascular stenting between May 2010 and May 2013 were included
(78 aneurysms and 19 symptomatic intracranial stenoses). After stent deployment, FP-CTA was obtained to evaluate stent position, expansion, lesion coverage,
and vessel patency. Treatment modification was defined as additional stent placement or balloon angioplasty performed solely according to FP-CTA findings.

Results: In the aneurysm cohort, FP-CTA prompted treatment modification in 25/78 patients (32%). Eleven patients (14%) required an additional stent because
of incomplete neck coverage, malposition, or poor wall apposition. Fourteen patients (18%) underwent balloon angioplasty for underexpansion or residual
in-stent stenosis. No FP-CTA-driven modification was required in the stenosis group. No FP-CTA-related complications occurred.

Conclusion: Intraoperative FP-CTA frequently changes the treatment strategy, particularly in stent-assisted aneurysm procedures, by detecting suboptimal
deployment that is not evident on DSA. It is a useful adjunctive imaging tool for quality control and the optimization of intracranial stent interventions.

Keywords: Computed tomography angiography, digital subtraction angiography, intracranial aneurysm, self-expandable metallic stents, stenosis
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INTRODUCTION

Intracranial aneurysms and atherosclerotic intracranial ar-
tery stenoses are among the leading causes of both ischemic
and hemorrhagic cerebrovascular events.”! Aneurysms are
conditions requiring treatment because of their high mortal-
ity and morbidity.”? Similarly, symptomatic intracranial ath-
erosclerotic stenoses significantly increase the risk of isch-
emic stroke and make treatment management more difficult
in cases resistant to medical treatment.”

In recent years, rapid technological advancements in en-
dovascular treatment techniques have led to an increasing

preference for endovascular approaches as an alternative
to open surgery. Intracranial stenting has become the pre-
ferred method for wide-necked or dissecting aneurysms with
complex morphology and hemodynamically significant in-
tracranial stenoses.™ With advancing technology, stents de-
signed for intracranial use have acquired features such as
a low profile, high flexibility, superior navigation capability,
and adaptability to tortuous vascular anatomy. However,
the materials used to achieve these features, as well as the
reduction in stent strut thickness, limit radiopacity, making
it difficult to evaluate these devices in sufficient detail using
conventional imaging methods.
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Digital subtraction angiography (DSA) is the gold standard in
neuroendovascular interventions because of its high tempo-
ral resolution and real-time imaging capabilities. However,
the production of two-dimensional images makes it difficult
to differentiate overlapping anatomical structures and visu-
alize stent struts with low radiopacity. It is not always pos-
sible to optimally evaluate critical parameters that directly
affect treatment success, such as neck coverage, stent pa-
tency, apposition to the vessel wall, and the degree of resid-
ual stenosis within the stent lumen, using DSA.

Suboptimal stent placements that may be overlooked during
the procedure can lead to serious consequences, such as
thromboembolic complications, in-stent restenosis, flow
disturbances, or inadequate closure of the aneurysm neck.
Failure to detect conditions such as stent malposition and
incomplete opening early can negatively affect the clinical
course. Moreover, the detection of these complications after
the procedure increases the need for additional interven-
tions and the associated risks.

All these reasons highlight the need for imaging methods
that offer higher spatial resolution and provide cross-sec-
tional and three-dimensional analysis capabilities for intrap-
rocedural and early postprocedural evaluation. Flat-panel
detector computed tomography angiography (FP-CTA) is an
advanced imaging modality performed in the angiography
unit. Owing to its high spatial resolution, it allows for detailed
visualization of stent struts, evaluation of their relationship
with the vessel wall, and assessment of the quality of appo-
sition.” In addition, it offers important advantages, such as
verification of the microcatheter position within the target le-
sion, determination of the stent—stent relationship, and early
detection of possible intraprocedural complications.1

The volumetric data sets provided by FP-CTA, together with
its multiplanar reconstruction and three-dimensional evalua-
tion capabilities, contribute to a much more accurate analysis
of complex vascular structures compared with standard angi-
ography.™ With these features, FP-CTA is not only a comple-
ment to DSA but also a dynamic imaging tool that can directly
influence the operator's decision-making process during the
procedure, such as the need for balloon angioplasty, addition-
al stent placement, or reconfiguration of an existing stent.

Accurate and reliable evaluation of optimal stent placement
in the endovascular treatment of intracranial aneurysms
and stenoses is of great importance for increasing treatment
effectiveness, reducing complication rates, and enabling
timely intervention when necessary. In this study, the micro-
catheter position, stent configuration, vessel wall apposition,

and the requirement for balloon angioplasty were evaluated
in detail using FP-CTA images obtained during or after the
procedure in patients with intracranial aneurysms and in-
tracranial stenosis treated with stents. The main aim of the
study was to investigate the diagnostic effectiveness of FP-
CTA in intraprocedural evaluation and its impact on clinical
decision-making and the need for additional interventions.

MATERIALS and METHODS

Study Design and Patient Population

This was a retrospective, single-center study. Consecutive
patients who underwent endovascular intracranial stent
placement between May 2010 and May 2013 were reviewed.
During this period, 90 patients were treated for intracrani-
al aneurysms and 23 for intracranial stenosis. Intraopera-
tive flat-panel CT angiography (FP-CTA) was not performed
in 12 patients with aneurysms and 4 patients with stenosis
because of technical and procedural limitations, including
acquisition-related issues and workflow constraints. These
patients were therefore excluded from the final analysis. The
final cohort consisted of 97 patients: 78 treated for intracra-
nial aneurysms and 19 for symptomatic intracranial stenosis.

The study protocol was approved by the Istanbul Universi-
ty Cerrahpasa Faculty of Medicine Clinical Research Ethics
Committee of the institution (approval no.: 83045809/18209;
date: 02.07.2013). Written informed consent for the endo-
vascular procedures was obtained from all patients or their
legal representatives as part of routine clinical practice.
Because of the retrospective nature of the study, additional
informed consent for study participation was waived by the
ethics committee. This study was conducted in accordance
with the ethical principles of the Declaration of Helsinki.

Inclusion and Exclusion Criteria

Patients were eligible if they met at least one of the follow-
ing criteria: a previously coiled aneurysm with documented
regrowth or recurrence, a broad-necked aneurysm requiring
stent-assisted treatment, an aneurysm with an unfavorable
sac-to-neck ratio, or symptomatic intracranial arterial stenosis.

Exclusion criteria included subarachnoid hemorrhage within
the preceding 2 months, unstable or progressive neurologi-
cal deficits, and acutely ruptured aneurysms.

Periprocedural Management

Almost all patients received dual antiplatelet therapy with
clopidogrel 75 mg and aspirin 300 mg, started at least 7 days
before the procedure. In cases in which pretreatment was not
possible, a loading dose of 600 mg of clopidogrel was adminis-
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tered on the day of treatment. Standard platelet function test-
ing for clopidogrel resistance was performed in all patients.

ALl procedures were performed under general anesthesia
with an anesthesiologist in attendance. After placement of
a 6F-8F long arterial sheath, 5000 IU of intravenous hep-
arin was administered to all but one patient; a 12-year-old
patient received 2500 IU. In addition, continuous heparinized
saline (1000 1U/L) was infused throughout the procedure.

A 6F guiding catheter was advanced to the distal cervical
segment of the target artery. The aneurysmal or stenotic
segment was catheterized using a microcatheter and mi-
crowire combination. In stenosis cases, balloon angioplasty
of the Llesion was performed before stent placement. In two
patients with aneurysms, angioplasty was also performed
for an adjacent stenotic segment. Appropriate self-expand-
ing intracranial stents were then deployed across the aneu-
rysm neck or stenotic segment.

Flat-Panel CT Angiography Protocol

Intraoperative FP-CTA was performed after stent deploy-
ment to evaluate stent position, expansion, wall apposition,
coverage of the aneurysm neck or stenotic segment, parent
vessel patency, and distal branches.

Allimaging was performed using a biplane flat-panel detec-
tor angiography system (Allura Clarity Xper FD20/10; Philips
Medical Systems, the Netherlands). A standardized diluted
iodinated contrast protocol was used, with a total injected
volume of approximately 90-100 mL delivered over approx-
imately 8 seconds through an intra-arterial catheter. The
C-arm performed a rotational acquisition of approximately
220° around the patient's head over approximately 21 sec-
onds, with a detector field of view of 22x22 cm. This yielded
approximately 600 projection images and an estimated dose
of approximately 50 mGy.

Raw data were reconstructed on the XtraVision workstation
into high-resolution, isotropic three-dimensional volumes
within 30-40 seconds. Multiplanar reformations and maxi-
mum-intensity projection (MIP) images were generated using
dedicated "stent" and “soft-tissue" windows. Small intracra-
nial vessels, including perforators, were routinely visualized.

A "treatment modification” driven by FP-CTA was defined as
any additional endovascular maneuver performed solely on
the basis of FP-CTA findings, including the placement of one
or more additional stents (e.g., to improve neck coverage or
wall apposition) and adjunctive balloon angioplasty for un-
derexpanded stents or residual in-stent stenosis. Convention-
al two-dimensional DSA was available in all cases, but modi-
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Table 1. Baseline demographic and clinical characteristics of

the study population

Variable Aneurysm  Stenosis  Total
group group (n=97)
(n=78) (n=19)

Mean age (years) 48.4 62.9 51.2

Age range (years) 12-73 49-79 12-79

Male sex, n (%) 13 (17) 15 (79) 28 (29)

Female sex, n (%) 65 (83) 4(21) 69 (71)

Underwent FP-CTA-guided 25 (32) 0(0) 25 (26)

treatment modification, n (%)

fications were attributed to FP-CTA only when an abnormality
was either not visible or not clearly defined on DSA alone.

FP-CTA datasets were evaluated by two experienced in-
terventional neuroradiologists who participated in the
procedures. Images were reviewed by consensus using
multiplanar and maximum-intensity projection recon-
structions. Because FP-CTA was used as an intraoperative
decision-making tool, blinding to DSA findings and proce-
dural information was not feasible.

Statistical Analysis

The data were analyzed using SPSS Statistics for Windows,
Version 25.0 (IBM Corp., Armonk, NY, USA). Continuous vari-
ables were presented as means and ranges, and categorical
variables were presented as numbers and percentages, as
appropriate.

RESULTS

Demographic and Clinical Characteristics

The final study group included 97 patients: 78 with intra-
cranial aneurysms and 19 with intracranial stenosis. In the
aneurysm group, the mean age was 48.4 years (range, 12-73
years), and in the stenosis group, the mean age was 62.9
years (range, 49-79 years). In the aneurysm group, 17% of
the patients were male (13 men and 65 women), whereas in
the stenosis group, 79% of the patients were male (15 men
and 4 women) (Table 1).

Lesion Characteristics

In the aneurysm cohort, 119 aneurysms were present, of
which 98 were targeted for stent-assisted treatment during
the index procedures. Three aneurysms were fusiform or
dissecting; the remainder were saccular. Among the mea-
surable saccular aneurysms, sizes ranged from 4x3 mm to
42x26 mm, with a mean size of approximately 14x11 mm.
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Aneurysm locations, based on the treated lesions, were
as follows: para-ophthalmic internal carotid artery (ICA)
in 69 cases (70%), petrocavernous ICA in 12 cases (12.2%),
anterior communicating/anterior cerebral artery complex
(ACoA/ACA) in 6 cases (6.1%), posterior circulation (PCA-
vertebrobasilar region) in 7 cases (7.1%), supraclinoid ICA
in 2 cases (2%), and middle cerebral artery (MCA) region
in 2 cases (2%). Overall, 40 aneurysms were located on the
right side and 55 on the left side. Three aneurysms located
in the basilar artery/posterior midline circulation were not
assigned a specific laterality.

In the stenosis group, the treated intracranial stenoses were
located in the vertebrobasilar system in 10 cases (45%), pet-
rocavernous ICA in 6 cases (27%), supraclinoid ICA in 3 cas-
es (13.6%), and MCA in 3 cases (13.6%). Eight stenoses were
on the right side and 12 on the left side. Stenotic segment
lengths ranged from 6 to 19 mm (mean, approximately 12
mm). Baseline diameter stenosis ranged from 65%—70% to
99% preocclusive stenosis, with an average narrowing of ap-
proximately 80%—85%.

Multiple lesions were common. In the aneurysm group, 24
patients had more than one aneurysm treated in the same
or a different segment: 11 patients had two aneurysms, 10
had three, and 3 had four aneurysms. This yielded 119 an-
eurysms overall, of which 98 were treated with stents during
the study procedures. In the stenosis group, five patients had
an additional intracranial stenosis separate from the treat-
ed segment. Three of these five patients underwent stenting
of the second lesion during the same session, whereas two
were managed conservatively because the additional steno-
sis was not considered hemodynamically significant.

Prior and Adjunctive Treatments

In the aneurysm cohort, eight patients were treated for re-
currence or residual lesions after previous endovascular
therapy: four had undergone prior coil embolization, three
had undergone prior stent placement, and one had under-
gone prior treatment with a liquid embolic agent (Onyx; ev3,
USA). During the index procedure, two patients also under-
went additional coil embolization of the same aneurysm in
conjunction with stent deployment.

Stents and FP-CTA-Guided Modifications

A total of 131 intracranial stents were implanted, including
109 stents in the aneurysm group and 22 stents in the ste-
nosis group. In four patients, stent-assisted embolization
was performed at two different aneurysm locations during
the same session. In other cases, multiple stents were de-

ployed in a telescoping fashion across the same or adjacent
segments to create a stent bridge.

In the aneurysm group, intraoperative FP-CTA prompted
treatment modification in 25 of 78 patients (32%). Specif-
ically, 11 patients (14%) received at least one additional
stent because FP-CTA demonstrated incomplete neck
coverage, suboptimal wall apposition, or malposition that
was not adequately appreciated on DSA, and 14 patients
(18%) underwent adjunctive balloon angioplasty because
of underexpanded stents or residual in-stent stenosis
identified on FP-CTA (Fig. 1). In the intracranial steno-
sis group, which included 19 patients, no FP-CTA-driven
treatment modifications were required; stent position and
expansion were deemed satisfactory on both DSA and FP-
CTA in these cases.

No complications attributable to FP-CTA acquisition it-
self, such as contrast reactions or hemodynamic instability
during prolonged acquisition, were observed (Table 2).

DISCUSSION

In this study, the use of intraoperative flat-panel CT angiog-
raphy (FP-CTA) as a technical quality-control tool in com-
plex intracranial stent and flow-diverter treatments and its
impact on endovascular treatment strategy were evaluated.

High-resolution flat-panel CT techniques have been shown
to allow satisfactory visualization of intracranial stents, with
a reported mean visible stent length of approximately 76%,
increasing to 97% when imaging is performed before addi-
tional coiling, and with mild kinking or misdeployment de-
tected in approximately 22% of cases.'? Qur intraoperative
FP-CTA experience is in line with these observations, sup-
porting the role of flat-panel techniques as an adjunct to
conventional two-dimensional DSA for assessing stent ex-
pansion, apposition, and neck coverage in complex aneu-
rysm and stenosis treatments.

Several groups have also reported that contrast-enhanced
flat-panel CT or angiographic CT depicts stent markers and
tantalum strands with good-to-excellent visibility in the
majority of cases, although streak artifacts from coils may
degrade image quality, especially in larger aneurysms =10
mm.™ Similarly, angiographic CT and cone-beam CT have
been proposed as useful modalities for visualizing both stent
struts and adjacent vessels during follow-up after stent-as-
sisted coiling." These data support our rationale for the
routine use of intraoperative FP-CTA in selected complex
cases to verify device geometry and parent vessel patency
before the end of the procedure.
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demonstrates optimal expansion and apposition

Figure 1. Flat-panel dedector CT angiography (FP-CTA) images of a patient previously treated with a flow-diverting stent for a
right internal carotid artery (ICA) paraophthalmic aneurysm. (a) During treatment of a Left ICA paraophthalmic aneurysm with
a dual-layer flow-diverting stent, kinking of the stent is observed following deployment. (b) After balloon angioplasty, the stent

A major limitation of flat-panel-based techniques in the
stent-assisted coiling setting is metal-induced artifact from
the coil mass, which can obscure the relationship among the
aneurysm, stent, and parent artery. Metal artifact reduc-
tion (MAR) algorithms in contrast-enhanced cone-beam CT
have been shown to substantially decrease streak artifacts
and convert a large proportion of previously nondiagnostic
studies into datasets with at least sufficient image quality for
assessment.!™ Similarly, MAR applied to flat-panel detector
CT angiography with intravenous contrast has significantly
improved the assessability of the brain parenchyma, small
vessels, parent vessel patency, and potential aneurysm rem-
nants in patients with coils or clips, although not in stented
vessels.'® These findings highlight both the potential and
the current constraints of intraoperative FP-CTA in heavily
coiled or multilayer-stented segments and are consistent
with the qualitative limitations encountered in our series.

Beyond immediate technical optimization, intraoperative
FP-CTA may also influence long-term outcomes by improv-
ing device apposition. Placement of a stent within a flow
diverter has been associated with significantly higher com-
plete occlusion rates at 9-12 months, presumably because
of improved flow-diverter apposition related to the higher
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radial force of the intracranial stent.!'” Therefore, intraoper-
ative detection of malapposition or kinking by FP-CTA may
guide additional balloon angioplasty or adjunctive stenting,
which could provide better aneurysm occlusion and lower
recanalization rates.

Recent advances in intracranial stent technology have in-
creasingly focused on improving hemodynamic efficien-
cy, deliverability, visibility, and vessel wall interaction.
Dual-layer flow-diverting stent technology combines a
high-density inner mesh for flow diversion with a support-
ive stent structure for enhanced radial force and wall appo-

Table 2. FP-CTA—driven intraprocedural treatment

modifications

Modification type Aneurysm  Stenosis Total
group group
(n=78) (n=19)
Additional stent placement 11 (14%) 0 11
Balloon angioplasty 14 (18%) 0 14
Any treatment modification 25 (32%) 0 25
FP-CTA-related complications 0 0 0

FP-CTA: Flat-panel detector computed tomography angiography
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sition.'® Drawn-filled tube technology is a composite wire
design in which a radiopaque core (e.g., platinum) is en-
cased within a structural alloy (e.g., nitinol) and drawn into
a single filament, enabling improved fluoroscopic visibility
without compromising mechanical performance. Thus, this
new stent design provides better visualization of the stent
body, not just the distal ends, while maintaining superelas-
ticity.!¥ Low-profile stents are compatible with smaller mi-
crocatheters (<0.021 inches) and have expanded the appli-
cability of flow diversion to more distal and smaller-caliber
vessels with improved trackability.?

Photon-counting CT uses photon-counting detectors instead
of conventional CT detectors. This enables higher spatial
resolution, less noise, and true spectral, or multi-energy,
imaging in a single scan. In one phantom study compar-
ing photon-counting CT in ultra-high-resolution mode with
flat-panel CT, flat-panel CT provided a significantly larger
assessable stent lumen, whereas photon-counting CT at a
moderate dose offered a reasonable compromise between
image quality and radiation exposure.? Although these re-
sults were derived from experimental models, they suggest
that flat-panel-based FP-CTA will likely remain an import-
ant tool for detailed lumen and device assessment, particu-
larly in the immediate periprocedural period.

This study has several limitations. First, the sample size is
limited, and the design is retrospective, which may introduce
selection and information bias. Second, the image quality
and diagnostic impact of FP-CTA were not quantified using
a standardized scoring system, as in prior observer stud-
ies, and the decision to perform additional angioplasty or
adjunctive stenting was at the operator's discretion. Third,
our findings were derived from a single-center experience
using a specific flat-panel system and contrast protocol;
therefore, generalizability to other platforms and acquisi-
tion parameters may be limited.

Another important limitation is that the study cohort was
collected between 2010 and 2013. Since that period, sub-
stantial advances have occurred in intracranial stent tech-
nology, device radiopacity, flat-panel detector systems, im-
age-reconstruction software, and metal artifact reduction
algorithms. Therefore, the image quality and procedural
impact observed in this study may not fully reflect the per-
formance of contemporary FP-CTA systems. Nevertheless,
the study remains clinically relevant because it demon-
strates the fundamental value of high-resolution intrapro-
cedural cross-sectional imaging for detecting stent malap-
position, underexpansion, and inadequate lesion coverage

during neuroendovascular procedures. Finally, long-term
angiographic and clinical outcomes were not systematical-
ly correlated with intraoperative FP-CTA findings; therefore,
the effect of FP-CTA-guided optimization on occlusion and
complication rates remains speculative.

CONCLUSION

The data support intraoperative FP-CTA as a valuable ad-
junct to DSA in complex intracranial stent and flow-divert-
er procedures. Routine use in selected high-risk anatomies
may allow earlier detection and correction of suboptimal
device deployment and may improve confidence in treat-
ment completeness before the end of the procedure. Future
prospective studies with standardized imaging protocols,
quantitative FP-CTA analysis, and systematic long-term
follow-up are warranted to clarify the impact of FP-CTA-
guided optimization on aneurysm occlusion, in-stent ste-
nosis, and clinical outcomes.
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CASE REPORT

Ruptured Pulmonary Hydatid Cyst — Case Report
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ABSTRACT

To present a rare case of a ruptured pulmonary hydatid cyst initially mimicking pneumonia in the emergency department. A 22-year-old woman was evaluated
for acute cough, chest pain, and malaise. Chest radiography and computed tomography revealed a ruptured hydatid cyst in the right upper lung and an addi-
tional small hepatic cyst. Surgical consultation was obtained, and operative management was planned based on the imaging findings. The patient underwent
successful surgical intervention and recovered fully without postoperative complications. She remained asymptomatic during follow-up. Ruptured pulmonary
hydatid cysts can resemble common respiratory conditions, leading to diagnostic delays. This case highlights the importance of considering hydatid disease
in patients from endemic regions who present with nonspecific respiratory symptoms and emphasizes the role of timely imaging and surgical management in

achieving favorable outcomes.
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INTRODUCTION

Hydatid disease is a parasitic infection characterized by the
development of cystic lesions in internal organs. In hu-
mans, the primary causative species is Echinococcus gran-
ulosus.™ The Lliver is the most commonly affected organ,
followed by the lungs. Pulmonary hydatid disease is more
frequently encountered in younger individuals. Lung cysts
are often clinically silent.”? However, symptomatic cases
may manifest with cough, fever of unclear origin, thoracic
pain, dyspnea, flank discomfort, or hemoptysis.®! In some
patients, the diagnosis emerges only after compression ef-
fects or related complications occur.™ Rupture of the cyst,
either spontaneous or secondary to medical intervention, is
a well-recognized complication.® Herein, we report a case
of a ruptured pulmonary hydatid cyst, an uncommon pre-
sentation in the emergency setting.

CASE REPORT

A 22-year-old woman presented to the emergency depart-
ment with complaints of cough, malaise, and chest pain that

had begun the previous day. Her vital signs were as follows:
temperature, 36.8°C; blood pressure, 110/75 mmHg; pulse
rate, 81/min; respiratory rate, 19/min; and oxygen saturation,
95%. Further history revealed an episode of fatigue, fever,
and right-sided chest pain that had lasted for three days ap-
proximately five months earlier.

Physical examination showed symmetrical chest wall move-
ments during respiration; however, breath sounds were re-
duced at the base of the right lung. With an initial clinical
impression of pneumonia, chest radiography and standard
laboratory tests were ordered. Laboratory results showed a
hemoglobin level of 10.5 g/dL, a leukocyte count of 17.55/
mm? with 97.4% neutrophils, and a C-reactive protein level
of 11.1 mg/dL. Renal and hepatic function parameters were
within normal limits.

Chest X-ray demonstrated a rounded lesion in the right up-
per lobe containing an air—fluid level (Fig. 1). Thoracic CT
revealed a 7-cm cystic lesion with intralesional air bubbles
in the right upper lobe, accompanied by a right-sided pleu-
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ral effusion measuring up to 2 cm at its thickest portion.
Abdominal CT additionally identified a 2-cm cyst within the
right hepatic lobe (Fig. 2).

In the emergency department, the patient received in-
travenous metronidazole 500 mg in accordance with her
clinical findings. She was then referred to thoracic surgery
with a diagnosis of a ruptured pulmonary hydatid cyst and
admitted for operative management. Metronidazole (500
mg) was administered to the patient for seven days. The

Figure 1. Chest radiography consistent with ruptured cyst
giving air fluid level in the upper lobe of the right lung

patient underwent cystotomy (Fig. 3) and had an unevent-
ful postoperative course.

In the postoperative period, close monitoring was performed
with the aim of preserving the patient's respiratory function
and detecting complications in a timely manner. In the ear-
ly postoperative period, the patient's hemodynamic status,
oxygen saturation, and respiratory effort were meticulous-
ly monitored, and adequate analgesia was administered to
facilitate deep breathing and effective coughing. In view of
the heightened risk of bronchial contamination and infection
caused by the rupture, the quantity and composition of the
chest tube drainage and the presence of air leakage were
regularly evaluated. Moreover, lung expansion was con-
firmed by serial chest X-rays.

Following the cessation of the air leak, a decrease in drain-
age volume, and radiological confirmation of complete lung
expansion, the chest tube was removed, and the patient was
prepared for discharge. Prior to discharge, the patient had
no fever, demonstrated stable respiration, did not require
oxygen supplementation, and had pain that was adequately
managed with oral analgesics. The patient was discharged
one week later and remained well during follow-up. In-
formed consent was obtained from the patient.

DISCUSSION

Rupture represents one of the uncommon but serious
complications of pulmonary hydatidosis. It may occur
spontaneously when the cyst enlarges to 710 cm in di-
ameter, or it may result from secondary factors such as

Figure 2. Thorax tomography revealed ruptured hydatid cyst in the upper lobe of the right lung. Upper abdomen tomography
revealed hydatid cyst in the right lobe of the Liver.
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Figure 3. Chest radyography after surgery

superimposed infection, chest trauma, vigorous coughing,
or invasive procedures such as needle aspiration. Pediatric
patients are particularly prone to rupture, with one series
reporting an incidence of 26.7%. When a cyst becomes
infected, abscess formation and complete destruction of
the parasite may ensue. Rupture can also lead to spillage
of cystic material into the pleural space. The most com-
mon clinical manifestations of rupture include cough and
foul-smelling sputum. Additional acute symptoms, such as
hemoptysis, fever, chest discomfort, vomiting, or expecto-
ration of cyst membranes, may also signal rupture, espe-
cially when these symptoms appear suddenly or intensify
rapidly.®”? In the present case, the patient presented with
cough, malaise, and thoracic pain.

Computed tomography is regarded as the most reliable im-
aging modality for defining the number, dimensions, and
anatomical location of pulmonary cysts. It also allows close
monitoring during treatment and is effective in identifying
recurrences.® Serological tests are useful for both initial di-
agnosis and follow-up. Among these, antibody detection as-
says are generally more sensitive than antigen-based meth-
ods for confirming E. granulosus infection.®

Pulmonary hydatid disease predominantly involves the
right lung, accounting for nearly 60% of reported cases,
and most frequently affects the lower lobes.l% Multiple
cysts are not uncommon, and approximately one-fifth of
patients also exhibit hepatic involvement. The coexistence

of lung and liver cysts is more frequently documented in
children than in adults.™

Radiographic findings depend on cyst integrity. An intact
cyst typically appears as a round or oval, sharply marginat-
ed, homogeneous opacity on chest radiographs. In contrast,
rupture is often associated with hallmark signs such as the
meniscus sign, water-Lily sign, or a cavity with or without
an air-fluid level. Other features include pneumonitis and
segmental or lobar atelectasis. Among these, an air—fluid
level is considered the most distinctive radiological mark-
er of complicated cysts.' In our patient, chest radiogra-
phy demonstrated a multilobulated mass in the right up-
per lung zone, while CT confirmed a ruptured hydatid cyst
with an air—fluid level in the same region, accompanied by
a right-sided pleural effusion. Abdominal CT additionally
revealed a hepatic cyst.

The primary treatment for pulmonary hydatid cysts re-
mains surgical intervention.’® Surgical options range from
lobectomy and wedge resection to pericystectomy, intact
endocystectomy, and capitonnage.™ Pharmacological ther-
apy consists of benzimidazole derivatives—albendazole and
mebendazole—with albendazole being the preferred agent
because of its superior absorption and penetration into cyst
tissue. Preoperative albendazole therapy is recommended
to reduce the risk of recurrence and decrease intracystic
pressure, thereby facilitating surgical removal.!® Despite its
benefits, surgical management carries risks, including non-
expansion of the lung, empyema, pneumothorax, broncho-
biliary fistula, and intraoperative spillage of cyst contents.
051 Nevertheless, in our case, the patient experienced an un-
complicated postoperative course and remained asymptom-
atic throughout a five-month follow-up period.

CONCLUSION

Given the high prevalence of hydatid disease in our re-
gion, patients presenting with nonspecific symptoms such
as cough, chest or flank pain, and low-grade fever should
be evaluated with hydatid cyst included in the differential
diagnosis. This case highlights the critical role of a thor-
ough clinical history, careful physical examination, and
appropriate imaging in establishing an accurate diagnosis
and initiating timely treatment. Rupture of a hydatid cyst
represents a potentially life-threatening complication that
requires prompt recognition and management. In general,
hydatid cysts warrant special consideration because they
are often diagnosed late, tend to be large, and are fre-
quently associated with cysts in other organs.
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