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The two most important aspects of managing critically
ill newborns are ensuring a secure airway and estab-

lishing venous access. Venous access is essential for all sick 
newborns, making it especially crucial. Neonatal venous 
access must allow for the administration of all necessary 
medications and diagnostic tests. For these purposes, the 
catheter must be centrally located. According to the latest 
WoCoVA (World Congress on Vascular Access, Prague 2024) 
classific tion, a catheter is considered a central venous 
catheter (CVC) only if the catheter tip is at the cavoatrial 
junction. A catheter tip positioned more proximally is con-

sidered peripheral and does not permit the administration 
of all required treatments. A catheter tip positioned further 
into the right atrium increases the risk of intracardiac com-
plications. Therefore, determining the correct location of 
the tip of central venous access devices is crucial, and tra-
ditionally, this assessment has relied on thoracoabdominal 
radiography.

However, this method has limitations. First, X-ray is an 
indirect method and is fl wed because tip location is de-
termined by radiological landmarks (vertebral body, dia-
phragm, and heart silhouette).[1,2] Additionally, X-ray is a 
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Abstract

Vascular access in critically ill neonates is crucial for management and is often challenging. Neonatal venous access must allow for 
the administration of all necessary medications and diagnostic tests. For these purposes, the catheter must be centrally located. 
Therefore, determining the correct location of the tip of central venous access devices is crucial, and traditionally, this assessment 
has relied on thoracoabdominal radiography. However, this method has limitations; it is an indirect method that uses radiologi-
cal landmarks, is postprocedural, can only be used for tip location, and has long-term risks because of ionizing radiation. Current 
guidelines recommend that the imaging method used in central venous access procedures be real-time, intraprocedural, rapid, 
accurate, easy to use, noninvasive, reproducible, and inexpensive. Bedside ultrasonography, which possesses all these features, 
is considered the ideal imaging method. Ultrasonography is used with various catheter types for selecting the appropriate vein 
for catheterization, during needle insertion, for advancing the catheter in the correct direction, for catheter tip navigation, for 
determining catheter tip position, for monitoring puncture-site-related complications, and for identifying and monitoring late 
complications. The goal of this review was to examine the advantages and feasibility of using bedside ultrasonography in central 
venous catheter insertion procedures, especially in the newborn period.
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postprocedural method and can only be used for tip loca-
tion, not for tip navigation. Because it is performed after 
the procedure, delays may occur, and tip repositioning may 
be necessary. This exposes the newborn to additional ion-
izing radiation, which is associated with long-term harm.[3,4]

Current guidelines recommend that the imaging method 
used in central venous access procedures be real-time, 
intraprocedural, rapid, accurate, easy to use, noninvasive, 
reproducible, and inexpensive.[5] Bedside ultrasonography, 
which possesses all these features, is considered the ide-
al imaging method. The use of bedside ultrasonographic 
imaging at various stages of central venous access proce-
dures is recommended in current guidelines, and its fre-
quency of use is increasing worldwide. Ultrasonography is 
used with various catheter types for selecting the appro-
priate vein for catheterization, during needle insertion, ad-
vancing the catheter in the correct direction, catheter tip 
navigation, determining catheter tip position, monitoring 
puncture-site-related complications, and identifying and 
monitoring late complications.[6,7]

At the eighth WoCoVA held in 2024, four types of central ve-
nous catheters were defined or use in the neonatal period:

1. Umbilical Venous Catheter (UVC)

2. Peripherally Inserted Central Catheter (PICC) – Epicuta-
neo-Caval Catheter (ECC)

3. Centrally Inserted Central Catheter (CICC)

4. Femorally Inserted Central Catheter (FICC)

All medications and solutions can be administered through 
these catheters. Blood products can be administered 
through UVC, CICC, and FICC, and blood samples can be 
collected for laboratory analysis. Hemodynamic monitor-
ing can be performed depending on the tip location, par-
ticularly if the tip is in the right atrium.

Currently, the use of ultrasound guidance is considered 
mandatory for CICC and FICC placement, and it is recom-
mended for UVC and PICC placement.

In this review, we present current literature data on the use 
of bedside real-time ultrasound in various central venous 
access device (CVAD) applications in neonates.

The Role of Bedside Ultrasonography in 
Umbilical Venous Catheter Placement
The Umbilical Venous Catheter (UVC) is the most common-
ly used central venous access device (CVAD) in neonates, 
accessing the inferior vena cava (IVC) through the ductus 
venosus via the umbilical vein. Because the umbilical vein 
is rapidly accessible with direct visual inspection and cath-
eter placement is relatively easy, the UVC can be used in ne-
onates of all gestational ages. It permits administration of 

all necessary medications and blood product transfusions 
for the management of critically ill neonates and enables 
sample collection for laboratory studies.[8]

For the catheter to be considered central, the tip should be 
positioned at the junction of the right atrium and the infe-
rior vena cava.[9,10] This position is considered safe and is as-
sociated with minimal complications.[11–13] Traditionally, the 
depth to which the catheter is advanced is determined by 
various formulas.[14,15] Catheter tip navigation is performed 
blindly into the venous system, and anteroposterior chest 
radiography remains the most commonly used radiological 
method for determining tip location after the procedure, 
with the vertebral body and cardiac silhouette serving as 
radiological landmarks.[16] However, in recent years, numer-
ous studies have demonstrated the accuracy and effective-
ness of catheter navigation and tip location determination 
using ultrasound, and real-time ultrasound has become 
the gold standard.[17–23]

It is fast, accurate, safe, and inexpensive compared with 
other methods. It can also be repeated as often as desired 
at the bedside and is valuable for early detection of cathe-
ter migration, which can lead to late-term complications. 
In the literature, success rates using ultrasound for tip 
location determination range from 95% to 100%.[24] The 
probe types used in the studies are linear (5–12MHz), linear 
hockey stick, micro-convex (7–8.5MHz), and small sectoral 
probes.[17,19,20,25,26] (Fig. 1).

While the subcostal longitudinal view is the most common-
ly used acoustic window, some studies have used the apical 
four-chamber and parasternal short-axis views.[25,26] (Fig. 2).

Some studies use a saline flush as an adjunct to enhance 
visualization of the tip location.[19,25] Furthermore, various 
studies have shown that the catheter can be advanced to 
a central placement by aligning the umbilical vein, ductus 
venosus, and IVC with constant pressure from the probe 
and navigating the catheter tip during the procedure.[26,27]

The need for ultrasound (US) training, along with the 
constant availability of trained personnel and necessary 
equipment, is seen as a disadvantage that reduces sus-
tainability. Because most neonatologists still consider US 
training lengthy and difficu , chest radiographs remain the 
preferred method for determining tip location. However, 
studies have reported that providing short-term basic US 
training to nurses and physicians increases the use of ultra-
sound and improves the accuracy of tip location determi-
nation.[18,28,29]

If resistance is felt approximately 1–3cm before the estimat-
ed insertion depth for UVC, the catheter tip is likely stuck at 
the bifurcation of the right and left portal veins. This often 
occurs when insertion is performed blindly, and the best 
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way to avoid this problem is to use ultrasound-guided tip 
navigation. By placing a small 7–8MHz sectorial probe in 
the epigastric region, between the umbilical cord and the 
xiphoid, it is possible to gradually follow the catheter’s 
progress within the liver until it reaches the junction be-
tween the IVC and the right atrium. If necessary, applying 
gentle pressure with the probe can help guide the catheter 
to its target, preventing misdirection within the liver.[26]

One of the noninfectious complications of UVC is post-in-
sertion migration. This complication has been reported 
in 50% to 90% of cases in various studies.[24] It usually oc-
curs due to shortening of the umbilical cord as it dries. In a 
prospective cohort study, the direction and magnitude of 
catheter tip migration were measured. An inward migration 
pattern is observed in the first 48hours after catheter place-
ment, but migration subsequently becomes outward. In-
ward migration is due to negative pressure from increased 
lung volume, while outward migration occurs secondary to 
increased intra-abdominal pressure from intestinal gas.[23] 
The risk of catheter tip migration is a strong reason to mon-
itor tip position using ultrasound.

The Role of Ultrasonography in Peripherally 
Inserted Central Catheter (PICC) Applications
A PICC is a catheter inserted through a superficial peripher-
al vein and advanced to a central location. In current publi-

cations and guidelines, it is also called an epicutaneo-caval 
catheter (ECC).[30] It is particularly essential for the care of 
very small premature infants and is an ideal tool for pro-
tecting peripheral veins while administering total parenter-
al nutrition and medications not recommended for periph-
eral veins. However, it is not suitable for blood sampling or 
transfusion because of its small internal diameter (1–2.7Fr) 
and low fl w rate.

Ideally, the tip should be positioned at the junction of the 
superior vena cava and right atrium (SVC/RA) when insert-
ed from the upper extremity or scalp/neck veins, or at the 
junction of the inferior vena cava and right atrium (IVC/RA) 
when inserted from the lower extremity, to expand the in-
fusate range and reduce the complication rate. Traditional-
ly, indirect measurements are made before the procedure 
to advance the catheter to this location, and after reaching 
the measured distance using a blind technique, the tip lo-
cation is determined by plain radiography.[31]

A PICC tip placed in the upper extremity or scalp should be 
radiologically positioned at the level of the fourth thoracic 
vertebra (T4), which corresponds to the SVC/RA junction. 
Conversely, a PICC tip placed in the lower extremity should 
be radiologically positioned at the level of the body of the 
ninth thoracic vertebra (T9), which corresponds approxi-
mately to the IVC/RA junction.[26,30] These positions carry a 
low risk of PICC-associated complications.[32]

Figure 1. Probe types used in neonatal vascular access applications. 1. Small sectoral probe, 2. 
Microconvex probe, 3. Linear probe, 4. Linear hockey stick probe.



4 The Medical Bulletin of Sisli Etfal Hospital

However, this method has several disadvantages. First, the 
SVC/RA and IVC/RA junctions are not directly visible on X-ray 
but can be seen indirectly. Because the X-ray is taken after 
the procedure, the catheter must be repositioned if it is in 
an undesired position. This is unsafe due to X-ray exposure. 
Furthermore, because the catheters are very thin, they are 
difficul to visualize on X-ray, and additional contrast materi-
al may be required, making another X-ray necessary.

In recent years, the use of ultrasound for PICC tip location 
determination has been evaluated in many clinical studies.
[26,33–35] Real-time ultrasound for tip location determination 
is noninvasive, rapid, and intraprocedural, reducing the 
need for repositioning.[34,36,37] It is also safe because it does 
not require radiation or additional contrast agent adminis-
tration. Since the rate of secondary malposition due to mi-
gration is 30–35% with PICC use, intermittent ultrasound 
can also be used to monitor tip position.[38] Secondary mal-
position is associated with pleural and cardiac effusion,
cardiac tamponade, endocarditis, extravasation, and deep 
vein thrombosis and can be diagnosed with appropriate 
ultrasound follow-up.

Linear probes or small sectorial probes have been used 
for tip location determination.[26,36] Different acoustic win-
dows, such as apical four-chamber, parasternal long-axis, 
short-axis, and subcostal longitudinal (bicaval), have been 
used, and a saline flush is used o provide better imaging.

For PICC tip navigation, the Neo-ECHOTIP protocol de-
scribes how real-time ultrasound can be performed using 
a linear hockey stick probe (10–14MHz) according to the 
insertion site.[26]

Although studies have shown that ultrasound-guided 
PICC tip localization is effective and safe, most neona-
tologists still prioritize chest radiography. This may be 
because ultrasound training requires more advanced 
training (such as targeted echocardiography, Rapid Cen-
tral Vein Assessment (RaCeVA), Rapid Femoral Vein As-
sessment (RaFeVA)) than training for UVC. Information 
on how this training should be conducted is limited, but 
clinical studies have shown that the rate of successful tip 
visualization is directly proportional to the clinician’s ex-
perience level.[26]

Figure 2. Acoustic windows and probe positions. a. Apical four chamber probe position, b. Four 
chamber view. c. Subcostal longitudinal probe position, d. Subcostal longitudinal view. e. Parasternal 
short axis (bicaval) probe position, f. Parasternal short axis (bicaval) view. g. Parasternal long axis 
probe position, h. Parasternal long axis view. (Rv: right ventricle, Lv: left ventricle, Ra: right atrium, 
La:left atrium, Lvr:liver, Ivc: inferior vena cava, Svc: superior vena cava, Mv: mitral valve, Ao: aorta).
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The Role of Ultrasonography in Centrally /  
Femorally Inserted Central Catheter Applications
Central venous catheterization can be performed by per-
cutaneous cannulation of superficia , palpable veins or by 
percutaneous cannulation of deep veins using various tech-
niques, such as the blind technique, anatomical landmarks, 
or ultrasound guidance.[39] In the past, percutaneous venous 
puncture guided by anatomic landmarks was the primary 
method for central catheter insertion. However, even in the 
hands of experienced operators, this blind approach is asso-
ciated with complications (such as accidental arterial punc-
ture, pneumothorax, and hemothorax) reported in 60–95% 
of cases. The incidence of mechanical complications increas-
es up to sixfold, especially after more than three attempts at 
venipuncture.[40] Direct radiography is recommended after 
these procedures. These methods are less accurate, unre-
liable due to the use of X-rays, expensive, and may require 
repositioning and additional anesthesia and sedation for 
post-procedure evaluation. Because of these drawbacks, 
these methods have begun to be abandoned.[41]

Ultrasound-guided central venous catheterization, recently 
introduced into neonatology practice, is safe and practical 
in experienced hands and has gained recognition in con-
sensus statements and guidelines.[42–54] It is safe even in very 
small preterm infants, and high-performance catheters can 
be placed with high success rates and minimal risk of com-
plications.[42–46] The brachiocephalic vein, internal jugular 
vein, subclavian vein, and common femoral vein are com-
monly used. Ultrasound is employed not only during inser-
tion but also to measure vein diameter and to determine 
the most appropriate vein for the catheter size before the 
procedure.[55]

The use of the RaCeVA (Rapid Central Veins Assessment) 
and RaFeVA (Rapid Femoral Vein Assessment) protocols is 
recommended by the GAVeCeLT (Italian Group for Venous 
Access Devices) for pre-procedural assessment of vein di-
ameters, lumen patency, and the relationship with sur-
rounding tissue.[56,57] These assessment procedures main-
ly involve ultrasound evaluation of the deep veins in the 
supra-subclavicular and femoral regions and a seven-step 
procedure performed on both sides of the patient.[56,57]

Ultrasound-guided CICC and FICC placement is possible in 
infants of any gestational age and birth weight.[44,46–52] The 
only limitation is the internal diameter of the vein. Interna-
tional guidelines recommend selecting the appropriate vein 
by measuring the vein diameter before catheter placement, 
thereby reducing the risk of venous thrombosis.[5,53] The gen-
eral recommendation is a catheter-to-vein diameter ratio of 
1:3. This means that a vein with an internal diameter of at 
least 3mm is required for insertion of a 3Fr catheter.

In a recent study, the deep veins of 100 infants with an 
average gestational age of 32weeks and a birth weight 
of 1690g were evaluated by ultrasound. The brachioce-
phalic veins on both sides were found to have a diameter 
greater than 3mm and to be larger than the subclavian, 
internal jugular, and common femoral veins.[55] As a result, 
preference for the brachiocephalic vein has increased, as 
its lumen is not compressed due to its fix tion to the sur-
rounding tissue.

Ultrasound guidance enables percutaneous placement of 
relatively larger-diameter central venous catheters in ex-
tremely small infants. These large-caliber catheters can be 
used for inotropes, parenteral nutrition, transfusions, blood 
sampling, hemodynamic monitoring, and high-fl w infu-
sions. This approach may help reduce mortality and mor-
bidity in critically ill premature infants.

Literature on the use of ultrasound for tip location in the 
neonatal population is limited.[26,58,59] The use of probes and 
acoustic windows similar to those used for peripherally in-
serted central catheters (PICC) is recommended.[46,52] Linear 
hockey stick and small sectoral probes are suitable. Acous-
tic windows may include the subcostal long-axis (bicaval) 
view, apical four-chamber view, and parasternal long-axis 
view (for the superior vena cava). The Neo-ECHOTIP recom-
mendation includes ultrasound-guided venous puncture, 
ultrasound-based tip navigation, and ultrasound-based tip 
location.[26] The subcostal projection provides good visual-
ization of the inferior vena cava and the terminal portion 
of the superior vena cava, while the apical four-chamber 
view offers a better view of the right atrium, and the high 
parasternal view provides good visualization of the superi-
or vena cava and right atrial outfl w.

In the tip navigation protocol for CICC, a linear probe is used 
to visualize the brachiocephalic veins bilaterally in the long 
axis.[39,55] Both the brachiocephalic vein and the SVC should 
be clearly visualized during the procedure. The needle 
should be visualized during venipuncture, and the guiding 
needle should be seen passing through the brachiocephal-
ic vein and directed toward the SVC. The micro introducer 
should be visualized within the brachiocephalic vein. The 
catheter should then be visualized within both the brachio-
cephalic vein and the SVC.

For tip location determination, the use of a small sectorial 
probe is recommended. The tip location can be precisely vi-
sualized in three different windows: the subcostal longitu-
dinal (bi-caval) view, the four-chamber apical view, and the 
long-axis view for the SVC. The procedure relies on tracking 
the catheter tip to the target area, the SVC/RA transition 
zone.[60,61] A small saline bolus (0.5–1ml) may be used to aid 
confi mation.[26,62]
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The tip navigation protocol for FICC placement is performed 
in two steps. In the first step, the long and short axes of the 
femoral vein are visualized through the acoustic window 
using a linear probe. The femoral vein must be clearly vi-
sualized during needle puncture. The guidewire must then 
be visualized advancing in the long axis of the femoral vein. 
The micro introducer must be visualized within the femo-
ral vein. In the final step, the catheter must be confi med 
advancing in the femoral vein and the iliac vein. In the sec-
ond step of navigation, the IVC is visualized using a small 
sectorial probe in the subcostal longitudinal view, allowing 
visualization of the catheter tip advancing within the IVC.
In the tip location protocol for FICC, the small sectorial 
probe is advanced to the target area, the IVC/RA junction, 
using the subcostal longitudinal view. A small amount (0.5–
1ml) of saline bolus can be administered at this point to fa-
cilitate visualization.

Conclusions
The role of ultrasonography in the effective use of central 
venous access devices in neonatal intensive care units is be-
coming increasingly clear. The precision, speed, cost-effec-
tiveness, and safety provided by ultrasound further enhance 
its appeal. Performing central venous catheter placement 
with direct visualization of the target vein and surrounding 
anatomical structures under real-time ultrasound guidance 
increases success rates and reduces complication rates.
In conclusion, ultrasound should be a primary consider-
ation in central venous catheterization. Basic training in 
vascular ultrasonography and targeted echocardiography 
will likely increase both the frequency of use and the quali-
ty of the procedure.
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cialization continuum. Feasible steps include spiral/vertical 
integration, anatomy enriched with clinical scenarios, ca-
daver- and simulation-based workshops, radiological-oper-
ative anatomy sessions, and bridge (bootcamp) programs 
at the start of residency. This approach is consistent with 
the literature indicating the need for longitudinal support 
of anatomy throughout medical education.[4,10]

The rate of perceived inadequacy of anatomy knowledge 
among surgical residents in the present study was consis-
tent with findings reported in the literature. Toogood et 
al.[11] evaluated the anatomy knowledge and perceptions of 
residents beginning orthopedic specialization and found 
that participants rated the adequacy of their anatomy train-
ing at an average of 6.5 out of 10, with a correct answer rate 
of 44.2% on objective tests. These results indicate that anat-
omy education in its current form is limited for clinical prac-
tice. Similarly, Azer and Eizenberg reported that anatomi-
cal knowledge gaps among medical students and recent 
graduates could lead to difficultie in clinical practice.[12] 

Kowalczyk and colleagues also emphasized that surgeons’ 
inadequate anatomical knowledge may contribute to sur-
gical complications and noted that new techniques such as 
minimally invasive or robotic surgery require the ability to 
visualize complex structures in three dimensions.[13] These 
findings highlight the importance of not only theoreti-
cal knowledge but also practical applications in a clinical 
context in anatomy education. In our current study, 33.5% 
of participants stated that anatomy courses should be ex-
tended into the clinical years. The expectation here is that 
anatomy should be supported in conjunction with relevant 
disciplines throughout clinical placements, rather than be-
ing taught intensively only during the basic science years. 
The main reasons why this is currently only happening to a 
limited extent include curriculum intensity, time constraints 
in clinical lectures, limited cadaver and laboratory facilities, 

and insuffici t teaching staff. The proposed methods for 
this integration include brief reviews of relevant regional 
anatomy during clinical branch lectures, continuation of 
cadaver or dissection workshops during clinical years, ad-
dition of anatomy sessions correlated with imaging (CT/
MRI) and endoscopy videos, and reinforcement of anatomy 
through clinical case scenarios. Thus, anatomical knowl-
edge can be directly linked to the clinical decision-making 
process, moving beyond being an abstract basic science. 
The literature also reports that supporting anatomy educa-
tion with a longitudinal and spiral approach enables stu-
dents to retain the information more permanently.[12,13]

Drake et al.[14] emphasized the importance of clinical inte-
gration in anatomy education and recommended methods 
such as case-based learning, problem-solving scenarios, 
and clinical simulations. Similarly, Khalil et al.[15] stated that 
the integration of basic and clinical sciences ensures con-
tinuity in education, while Pusparajah et al.[16] noted that 
this approach increases student motivation and makes 
knowledge more permanent. In many medical schools in 
the United Kingdom, radiology and imaging methods are 
integrated into clinical anatomy education and contribute 
to the development of students’ surgical planning, navi-
gation, and clinical decision-making skills.[17,18] When eval-
uated alongside the results of our study, extending anat-
omy courses into the clinical years in Türkiye and similarly 
strengthening interdisciplinary integration with radiology 
may enable students to relate their theoretical knowledge 
to real patient cases and better prepare them for surgical 
practice.

In the present study, residents who received cadaver-based 
training during undergraduate anatomy practice courses 
were significa tly more likely to support the integration 
of anatomy into surgical residency training compared to 
those who did not (p=0.031). Notably, 29.4% of the partic-

Table 3. Opinions of the surgical residents on the necessity of anatomy integration in surgical residency training by the type of training 
institution

Training institution
Do you think there should be anatomy integration in your surgical residency training?

p
1 (Unnecessary) 2 3 4 5 (Necessary) Total

Education and 
research hospital/ 
City hospital

n 6 5 9 18 38 76

0.780

% 7.9 6.6 11.8 23.7 50.0 100.0

Medical faculty 
hospital

n 7 5 11 11 33 67

% 10.4 7.5 16.4 16.4 49.3 100.0

Total n 13 10 20 29 71 143

% 9.1 7.0 14.0 20.3 49.7 100.0

Training and research hospitals and city hospitals were combined for statistical analysis due to low cell counts in individual categories.
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ipants reported not receiving any cadaver-based anatomy 
training during medical school. Cadaver dissection pro-
vides students with the opportunity to develop 3D ana-
tomical understanding, recognize anatomical variations, 
and enhance surgical skills.[19] Collins similarly reported that 
cadaver dissection forms the foundation for surgical skills 
development, improving hand–eye coordination, tactile 
sensitivity, and problem-solving abilities.[20] Ong et al.[21] fur-
ther emphasized that cadaver dissection fosters critical pro-
fessional attributes such as empathy and professionalism. 
Although emerging technologies such as virtual dissection, 
3D modeling, and augmented reality offer promising edu-
cational tools, they cannot fully replicate the experience of 
cadaver dissection. Cadaver-based training allows students 
to work with real tissues and observe anatomical structures 
in their natural context.[22,23]

In this study, senior residents were significa tly more likely 
than junior residents to consider the integration of anato-
my into surgical residency training as necessary (p=0.006). 
This finding suggests that as surgical experience increases 
and surgical residency training progresses, the clinical im-
portance of anatomical knowledge becomes better appre-
ciated. With the growing complexity of surgical practice, 
detailed knowledge of anatomical structures becomes 
more vital, underscoring the need for the continuous up-
dating of anatomy education. These results support the 
implementation of mentoring programs and collaborative 
study groups where senior residents can share their ana-
tomical knowledge and clinical experiences with junior 
residents to enhance their anatomy training. Additionally, 
incorporating regular anatomy reviews and clinical–ana-
tomical correlation sessions into surgical residency training 
programs may help residents address knowledge gaps and 
maintain up-to-date anatomical competence. The key fin -
ing of this study is that a substantial proportion of surgical 
residents perceive undergraduate anatomy education as 
insuffici t for the practical demands of residency, high-
lighting the need for longitudinal and clinically integrated 
anatomy training.

Another important finding of this study is that residents 
who found undergraduate anatomy education inadequate 
showed a significa t increase in their need for anatomy 
resources during their specialist training (p<0.001). This 
situation is also related to the changing attitudes of stu-
dents during their education. Anatomy learning, which of-
ten remains exam-focused and theoretical during medical 
school years, becomes directly linked to clinical practice 
and patient safety with the transition to surgical residency; 
this directs residents toward atlases, textbooks, and online 
resources. This trend indicates that deficiencies are being 

addressed through self-directed learning, while also being 
interpreted as a natural and expected part of surgical train-
ing. However, the limitations of undergraduate anatomy 
education—such as disconnected, intensive but short lec-
ture blocks; limited dissection and practical opportunities; 
and a lack of integration with imaging and surgical scenar-
ios—are highlighted as the main reasons for this gap. To 
overcome these shortcomings, it is recommended that the 
anatomy curriculum be extended longitudinally into the 
clinical years, interdisciplinary integration be strengthened, 
regular anatomy review sessions be held, and case-based 
scenarios and practical training related to structures in the 
operating theatre environment be added to the programs. 
This will ensure that anatomical knowledge adapts to the 
changing needs of students throughout their careers and 
directly contributes to surgical competence. These findings
are particularly relevant for medical and surgical education 
in Türkiye, where anatomy education is largely concentrat-
ed in the early years of medical school and may not ade-
quately address the evolving needs of surgical residency 
training.

Limitations
The study had some limitations. First, the data were collect-
ed using a survey, which may have introduced subjectivity 
and recall bias. Second, the number of residents participat-
ing in the study was limited, and due to the data collection 
method, a balanced distribution across different surgical 
branches could not be achieved, potentially limiting the 
generalizability of the finding . As a limitation of the snow-
ball sampling method, it was not possible to determine the 
response rate or identify selection bias, as it was unknown 
how many individuals were informed about the survey but 
chose not to participate.

Additionally, the study relied solely on quantitative data. 
Future studies should incorporate qualitative methods to 
provide a more in-depth understanding of anatomy ed-
ucation, including residents’ challenges, their learning 
preferences, and suggestions. Furthermore, differences in 
the anatomy-related needs and expectations of residents 
across various surgical specialties could be explored.

Conclusion
This study underscores the critical role of anatomy educa-
tion in surgical residency training and highlights the per-
ceived inadequacy of undergraduate anatomy preparation 
for clinical practice. Strengthening longitudinal and clin-
ically integrated anatomy training may enhance surgical 
competence and patient safety. Future studies should ex-
plore specialty-specific anatomy needs and evaluate tar-
geted educational interventions.
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Hair plays a key role in social and sexual communication
as well as refle ting general health and well-being.

[1] Throughout history, bushy hair has symbolized vitality,
health, and sexuality, while hair loss has connoted sub-
mission and impotence.[2] As with chronic and disfigu -
ing diseases, progressive hair loss associated with loss of
self-esteem and impaired body image can have negative

psychosocial and psychosexual effects on male patients. 
Very few studies in the literature have investigated the rela-
tionship between sexual health issues and psychological is-
sues in male patients with androgenetic alopecia (AGA).[2–4]

Considering sexual dysfunction, sexual adverse effects such 
as decreased or loss of libido, ejaculatory disorders, erectile 
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Abstract

Objectives: Androgenetic alopecia (AGA) is a common dermatologic condition among men. In this study, we aimed to investigate 
psychological comorbidities, sexual dysfunctions, and the relationship between them in male patients with AGA.
Methods: A total of 220 individuals aged between 18 and 45 years who applied to our dermatology outpatient clinic between June 
2022 and June 2023 were included in this study, including 110 healthy male volunteers and 110 male patients diagnosed with AGA. 
To collect information about the individuals comprising the sample, a sociodemographic characteristics form prepared by the re-
searcher, the Hospital Anxiety and Depression Scale (HADS), the Body Perception Scale (BPS), the Golombok–Rust Inventory of Sexual 
Satisfaction (GRISS), and the Sexual Health Inventory for Men (SHIM) were completed by the participants under the supervision of the 
researcher. The severity of AGA was determined using the Hamilton–Norwood Scale (HNS).
Results: In our study, it was found that the patient group was statistically significa tly more negatively affected in terms of body 
satisfaction and had higher levels of anxiety, depression, and sexual dysfunction compared with the control group (p=0.028, 
p=0.001, p=0.001, respectively). It was found that impotence and the tendency to avoid sexual intercourse increased as anxiety 
symptoms increased in patients with AGA (p=0.010, r=0.245; p=0.006, r=0.259, respectively). Furthermore, an increase in depres-
sive symptoms in patients with AGA was shown to increase the tendency toward erectile dysfunction and premature ejaculation 
(p=0.027, r=-0.210; p=0.001, r=0.366, respectively).
Conclusion: Physicians should take into account that AGA may trigger anxiety, depression, decreased body satisfaction, and sex-
ual dysfunction in male patients, and patients should be evaluated in a multidisciplinary manner. While our study sheds light on 
future research, larger sample studies are needed to clarify these relationships.
Keywords: Androgenetic alopecia, anxiety, body perception, depression, sexual dysfunction
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dysfunction (ED), etc. have been reported with 5-α reductase 
(5α-R) inhibitors used for AGA treatment, and this condition 
is called postfinas eride syndrome.[5] Therefore, it is crucial 
to understand the pre-existing psychological and sexual ef-
fects of AGA in male patients in order to decide on therapy 
involving 5 alpha reductase inhibitors. The aim of our study 
was to evaluate sexual dysfunction, dermatological quali-
ty of life, body image, and levels of depression and anxiety 
experienced by male patients with androgenetic alopecia 
(AGA). We also aimed to compare these parameters with 
those of healthy volunteers and to investigate the relation-
ship between disease severity and these parameters.

Methods
Approval for the study was received from the Clinical Re-
search Ethics Committee of the Health Sciences University 
Şişli Hamidiye Etfal Training and Research Hospital on 19 
April 2022 under decision number 2057. The research was 
designed as a cross-sectional, case-control clinical study 
involving male patients with AGA without any previous 
treatment and healthy volunteers. A total of 220 individu-
als aged between 18 and 45 years who applied to our der-
matology outpatient clinic between June 2022 and June 
2023 were included in this study, including 110 healthy 
male volunteers and 110 male patients diagnosed with 
AGA. The researchers conducted the study in accordance 
with the Helsinki Declaration.

The diagnosis of AGA was based on dermatologic examina-
tion finding . The study was conducted with two groups. The 
first group consisted of male patients who did not use tobac-
co or alcohol, had no additional psychiatric diagnosis and/or 
treatment, and had no additional diseases that could cause 
sexual dysfunction (diabetes mellitus, neurological diseases, 
hypertension, chronic stress). The other group consisted of 
healthy volunteers who were similar to the patient group in 
terms of age, gender, and marital status, who visited the der-
matology outpatient clinic with a complaint other than AGA, 
who did not use tobacco or alcohol, who had no addition-
al psychiatric diagnosis and/or treatment, and who had no 
additional diseases that could cause sexual dysfunction (dia-
betes mellitus, neurological diseases, hypertension, chronic 
stress). Those who did not meet these criteria and those re-
ceiving additional psychiatric treatment were excluded from 
the study. Informed consent was obtained from each patient 
before participation in the study. Face-to-face interviews 
were conducted with patients and volunteers, information 
about the scales was provided, and then the sociodemo-
graphic characteristics form including variables such as age, 
gender, educational level, and marital status, along with the 
Hospital Anxiety and Depression Scale (HADS), Body Percep-
tion Scale (BPS), Golombok–Rust Inventory of Sexual Satis-

faction (GRISS), and Sexual Health Inventory for Men (SHIM), 
prepared by the researcher to obtain information about the 
individuals constituting the study sample, were completed 
by the participants under the supervision of the researcher. 
The severity of AGA was determined using the Hamilton–
Norwood Scale (HNS) after examination by a physician in the 
outpatient clinic.

HADS
The HADS was created by Zigmond and Snaith in 1983.
[6] It was modified into Turkish by Aydemir et al.[7] in 1997,
and its validity and reliability were evaluated. The HADS is
a 14-question scale with a 4-point Likert-type response op-
tion, scored between 0 and 3. Seven of these questions mea-
sure anxiety, and seven measure the severity of depressive
symptoms. Questions 1, 3, 5, 7, 9, 11, and 13 measure anxi-
ety, while questions 2, 4, 6, 8, 10, 12, and 14 measure depres-
sion. A total score of 0–21 points can be obtained for each
subscale. The cut-off point for the Turkish version was found
to be 10 for the anxiety subscale, and 7 for the depression
subscale. Scores above these values indicate risk.[6–8]

GRISS
This scale was first created by Rust and Golombok in 1986.
[9] Analyses revealed that it is a valid and reliable scale. The
scale is used to evaluate the quality of sexual activity and
sexual dysfunctions in heterosexual men and women. The
Turkish standardization, reliability, and validity study was
conducted by Tuğrul et al.[10] in 1993. The scale has two sep-
arate forms for men and women. Both forms consist of 28
items and 7 sub-dimensions. Common sub-dimensions are
frequency, communication, satisfaction, avoidance, and
touching. In men, there are additional sub-dimensions of
impotence and premature ejaculation (PE). There are two
items each for the frequency of intercourse and commu-
nication sub-dimensions, and four items each for the oth-
er sub-dimensions. Additionally, both forms include four
items related to the nature of sexual intercourse, which fall
outside the seven sub-dimensions. The scale is a 5-point
Likert-type scale. The response options are “never,” “rare-
ly,” “sometimes,” “mostly,” and “always.” The scoring system
ranges from 0 to 4 points. Some items are scored in reverse. 
In the male version, items 1, 2, 3, 4, 8, 9, 12, 13, 15, 16, 19, 20, 
21, and 25 are scored in reverse. Total and subscale scores
are used to assess the test. High scores suggest problems
with sexual function and relationship health.[9,10]

SHIM
The SHIM, a simplified version of the International Index of 
Erectile Function (IIEF), can be used to detect the presence 
and severity of erectile dysfunction (ED). The IIEF was de-
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veloped by Rosen et al.[11] in 1997. Today, it is one of the 
most widely used forms in men presenting with sexual 
complaints. Patients presenting with complaints of sexual 
dysfunction are assessed with the IIEF-5 form, a shortened 
version of the original scale. The Turkish validation study 
of the 5-question IIEF-5 form was conducted by Turunç et 
al.[12] in 2007. The degree of ED is determined according to 
patients’ answers to the fi e questions in the test. Answers 
are scored between 1 and 5 points. Scores of 5–7 indicate 
severe ED, 8–11 indicate moderate ED, 12–16 indicate 
mild-to-moderate ED, and 17–21 indicate mild ED. Scores 
of 22–25 indicate no ED.[11–13]

BPS
The BPS was developed by Secord and Jourand in 1953.
[14] It is a scale developed to measure the level of dissatis-
faction with various parts of the body and body functions.
The Turkish validity and reliability study of the scale was
conducted by Hovardaoğlu in 1992.[15] The scale is a 5-point 
Likert-type instrument consisting of 40 items. Each item
questions different parts and functions of the body. Re-
sponse options are scored as 1=“I don’t like it at all,” 2=“I
don’t like it,” 3=“I am undecided,” 4=“I like it,” and 5=“I like it
a lot.” Items are scored between 1 and 5 points, and the to-
tal score ranges from 40–200. A high total score indicates a
high level of satisfaction with one’s body. Scores below the
cut-off point (135) indicate a low level of satisfaction with
body perception.[14–16]

HNS
Hamilton first described eight types according to the sever-
ity of the disease in 1951.[17] The classific tion was revised 
in 1972.[18,19] Finally, Norwood finali ed the Hamilton classi-
fic tion and divided it into seven subgroups.[20] In stage 1, 
recession of the frontotemporal hairline is minimal or ab-
sent, while the severity of hair loss increases as the stage 
increases. In stage 7, only thinning hair starting from the 
anterior region of the ear and extending to the opposite 
side in a horseshoe shape is observed.[20,21]

Statistical Analysis
Statistical analyses were performed using IBM SPSS Statis-
tics 22. The Kolmogorov–Smirnov test was used to evalu-
ate the distribution of parameters. When evaluating the 
study data, descriptive statistical methods (mean, standard 
deviation, frequency) were used. For the comparison of 
quantitative data, the Kruskal–Wallis test was used for in-
tergroup comparisons of parameters that did not show a 
normal distribution, and Dunn’s test was used to identify 
groups and subgroups that showed differences. Student’s 
t-test was used to compare normally distributed parame-

ters between two groups, while the Mann–Whitney U-test 
was used to compare non-normally distributed parameters 
between two groups. The Chi-square test, Fisher–Free-
man–Halton Exact Chi-square test, and Continuity (Yates) 
Correction were used to compare qualitative data, and 
logistic regression analysis was applied for multivariate 
analysis. Spearman’s rho correlation was used to analyze 
non-normal data. Statistical significance was set at p<0.05.

Results
A total of 220 men between the ages of 18 and 45 years 
participated in the study: 110 controls and 110 patients. 
The mean age was 30.5±6.16 years. All parameters were 
evaluated in two groups: “Patients” (n=110) and “Controls” 
(n=110). Table 1 shows that the ages were similar across the 
groups (Table 1).

Comparison of test scale scores between patient 
and control groups
In the patient group, the total score of the GRISS scale and 
the scores of PE, touch, impotence, avoidance, satisfaction, 
and communication in the sub-dimensions of the GRISS 
scale were statistically significa tly h igher t han t hose i n 
the control group (p=0.001, p=0.001, p=0.004, p=0.009, 
p=0.003, p=0.016, p=0.006, respectively). HADS anxiety 
and depression scale scores were also higher in the patient 
group (p=0.001). BPS and SHIM scores were lower in the 
patient group (p=0.028, p=0.001) (Table 2).

Comparison of tests administered to patient and 
control groups in terms of scale cut-off s ores
The rate of low satisfaction with body image in the patient 
group (20%) was statistically significa tly higher than that 

Table 1. Evaluation of the patient and control groups in terms of 
demographic characteristics

Patient Control p

Marital status n (%)

Single 50 (45.5%) 69 (62.7%)
10.017*Married 59 (53.6%) 40 (36.4%)

Divorced 1 (0.9%) 1 (0.9%)

Education level n (%)

Primary school 15 (13.6%) 4 (3.6%)

20.016*
High school 43 (39.1%) 35 (31.8%)

University 47 (42.7%) 66 (60%)

Master's degree 5 (4.5%) 5 (4.5%)

Age mean±SD 30.81±6.34 30.19±5.99 30.458

1Fisher Freeman Halton Exact Test, 2Ki-kare test, 3Student t test; *p<0.05.
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in the control group (7.3%) (p=0.011). There was a statisti-
cally significa t difference between the groups in terms of 
ED levels (p=0.001). The rate of mild-to-moderate ED in the 
patient group (18.2%) was significa tly higher than that in 
the control group (4.5%). The rate of anxiety in the patient 
group (35%) was statistically significa tly higher than that 
in the control group (17.3%) (p=0.004). The patient group 
had a higher rate of depression (57.3%) than the control 
group (39.1%) (p=0.007) (Table 3).

Correlation between the HNS test administered 
to the patient group and other tests administered 
to the patient group, and the correlation between 
the HADS test administered to the patient group 
and other tests
No statistically significa t correlation was found between 
HNS and the scores obtained from the different scales in 
the patient group (p>0.05) (Table 4). Statistically signifi-
cant positive correlations were identified between the 
HADS anxiety score and the GRISS total score, as well as 
the impotence and avoidance scores in the subscales of 
the scale in the patient group (p=0.045, r=0.191; p=0.010, 
r=0.245; p=0.006, r=0.259, respectively). In the patient 
group, there was an inverse relationship between the 
HADS depression score and SHIM score, and a statisti-
cally significa t positive relationship between the HADS 
depression score and GRISS total score and PE sub-score 
(p=0.027, r=-0.210; p=0.030, r=0.207; p=0.001, r=0.366, 
respectively) (Table 5).

Discussion

In our study, we evaluated sexual dysfunction, depression, 
anxiety, and body perception in AGA patients who were 
not receiving antiandrogen treatment. The SHIM score of 
the AGA group was significa tly lower than that of healthy 

Table 2. Comparison of test scale scores between patient and control groups 

Patient (Min-Max) Mean±SD (median) Control (Min-Max) Mean±SD (median) p

BPS 42-196 152.71±22.75 (154) 100-200 160.63±19.74 (157) 0.028*

SHIM 5-25 19.07±3.79 (19) 13-25 21.44±2.72 (22) 0.001*

HADS scale anxiety 1-21 8.28±4.06 (8) 0-17 6.33±3.81 (6) 0.001*

HADS scale depression 0-16 7.26±3.22 (7) 0-12 5.58±3.16 (6) 0.001*

GRISS impotence 0-14 3.85±2.38 (4) 0-9 3.05±2.18 (3) 0.009*

GRISS PE 0-15 5.33±3.19 (5) 0-10 3.6±2.4 (3) 0.001*

GRISS touching 0-11 2.62±2.58 (2) 0-8 1.65±1.94 (1) 0.004*

GRISS avoidance 0-12 2.63±2.64 (2) 0-15 1.69±2.29 (1) 0.003*

GRISS satisfaction 0-55 4.75±5.48 (4) 0-11 3.51±2.39 (3) 0.016*

GRISS frequency 0-8 3.68±1.8 (4) 0-6 3.19±1.63 (3) 0.070

GRISS communication 0-8 2.46±2.19 (2) 0-6 1.61±1.59 (1) 0.006*

GRISS total score 5-51 24.97±11.21 (25) 0-47 18.15±9.2 (17) 0.001*

HNS 1-7 4.33±1.72 (4) - - -

Mann Whitney U test. *p<0.05. HADS: Hospital anxiety and depression scale; BPS: Body perception scale; GRISS: Golombok-rust inventory of sexual 
satisfaction; SHIM: Sexual health inventory for men; HNS: Hamilton-norwood scale; PE: Premature ejaculation.

Table 3. Comparison of tests administered to patient and control 
groups in terms of scale cut-off scores

Patient n (%) Control n (%) p

BPS

Low satisfaction 22 (20) 8 (7.3)
10.011*

High satisfaction 88 (80) 102 (92.7)

ED

No 33 (30) 62 (56.4)

20.001*
Mild 55 (50) 43 (39.1)

Mild-moderate 20 (18.2) 5 (4.5)

Moderate 2 (1.8) 0 (0)

Anxiety

Yes 39 (35.5) 19 (17.3)
10.004*

No 71 (64.5) 91 (82.7)

Depression

Yes 63 (57.3) 43 (39.1)
30.007*

No 47 (42.7) 67 (60.9)

1Continuity (yates) düzeltmesi, 2Fisher Freeman Halton Exact Test, 3Ki-kare 
test. *p<0.05. BPS: Body perception scale; ED: Erectile dysfunction.
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individuals. Based on the cut-off point of the scale, the 
prevalence of mild-to-moderate erectile dysfunction (ED) 
in men with AGA was more than four times higher than in 
healthy subjects. Using another sexual satisfaction scale 
with sub-dimensions such as impotence, premature ejac-
ulation (PE), touching, avoidance, satisfaction, and com-
munication, the scores of the patient group were statisti-
cally significa tly higher than those of the healthy control 
group. Our results suggest that patients with AGA may ex-
perience impaired sexual function, as reported in the study 
by Tas et al.[4]

Table 4. Evaluation of the correlation between the HNS test applied 
in the patient group and other test results

Patient group HNS

BPS

r -0.070

p 0.467

SHIM

r -0.096

p 0.319

HADS scale anxiety

r 0.027

p 0.778

HADS scale depression

r 0.104

p 0.279

GRISS impotence

r -0.015

p 0.875

GRISS PE

r 0.100

p 0.297

GRISS touching

r 0.037

p 0.700

GRISS avoidance

r 0.070

p 0.465

GRISS satisfaction

r -0.030

p 0.754

GRISS frequency

r -0.024

p 0.804

GRISS communication

r -0.041

p 0.667

GRISS total score

r 0.003

p 0.977

Spearman’s rho korelasyon testi	. HADS: Hospital anxiety and depression 
scale; BPS: Body perception scale; GRISS: Golombok-rust inventory of 
sexual satisfaction; SHIM: Sexual health inventory for men; HNS: Hamilton-
norwood scale; PE: Premature ejaculation.

Table 5. Correlation of HADS anxiety and depression scores with 
other scale scores in the patient group

Patient group HADS scale anxiety HADS scale depression

SHIM 

r -0.040 -0.210

p 0.676 0.027*

GRISS impotence

r 0.245 0.130

p 0.010* 0.174

GRISS PE

r 0.127 0.366

p 0.187 0.001*

GRISS touching

r 0.158 0.050

p 0.100 0.607

GRISS avoidance

r 0.259 0.120

p 0.006* 0.213

GRISS satisfaction

r 0.124 0.108

p 0.196 0.260

GRISS frequency

r 0.014 -0.078

p 0.883 0.416

GRISS communication

r -0.043 0.119

p 0.653 0.216

GRISS total score

r 0.191 0.207

p 0.045* 0.030*

Spearman’s rho korelasyon testi. *p<0.05. HADS: Hospital anxiety and 
depression scale; GRISS: Golombok-rust inventory of sexual satisfaction; 
SHIM: Sexual health inventory for men; PE: Premature ejaculation.
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Many studies demonstrating the relationship between ED 
and psychogenic factors are available in the literature.[22–24] In 
a study conducted in Japan (2005), it was reported that the 
risk of ED increased 2.48-fold with anxiety and 2.02-fold with 
depression.[25] Similarly, in a study on men, Feldman et al.[23] 
concluded that depression increased the prevalence of ED 
by 1.8 times, regardless of age. In a study reported from Tür-
kiye, Balcı et al.[24] found that anxiety was significa tly higher 
in patients with ED, and both depression and anxiety were 
higher in patients with PE than in patients without PE.

Depression and anxiety may also be comorbid psychologi-
cal disorders in AGA patients. When we investigated anxiety 
and depression in our patients, we found that AGA patients 
showed more severe anxiety and depression symptoms 
than the healthy group. In fact, the association between 
AGA and mood disorders has previously been investigated. 
In a multicenter study by Titeca et al.[26] in 2019, the inci-
dence of anxiety and depression in patients with AGA was 
found to be higher than in healthy controls. Tas et al.[4] re-
ported that the incidence of anxiety and depression symp-
toms increased, especially in advanced-stage AGA patients. 
Similarly, Tabolli et al.[27] confi med in their study that the 
prevalence of anxiety and depression was high in AGA pa-
tients. Our patients had more than twice the anxiety scores 
compared to healthy subjects, and this difference was sta-
tistically significa t. Additionally, in the patient group, a 
positive and statistically significa t correlation was found 
between the HADS anxiety score and the GRISS total score 
and the impotence and avoidance scores in the subscales 
of the scale. An inverse relationship was found between the 
HADS depression score and the SHIM score. There was also 
a strong positive correlation between the HADS depression 
score and the GRISS total score and PE sub-score. These 
findings suggest that sexual dysfunction and mood disor-
ders are related in AGA patients. Based on the subgroup 
evaluations, anxiety was associated with both impotence 
and avoidance of sexual intercourse, while depression was 
linked with erectile dysfunction and premature ejaculation. 
However, this cross-sectional study makes it difficul to de-
termine a cause-and-effect relationship between sexual 
dysfunction and anxiety and depression.

In terms of the relationship between body perception and 
AGA, our findings revealed that men with AGA were signifi-
cantly less satisfied with their bodies and body image than 
healthy men. Body image can be defined as a mental rep-
resentation of one’s own body and how one feels about its 
appearance, whether positively or negatively. Body image 
can vary according to age, weight, health, and the cultural 
characteristics of the society in which an individual lives, 
as well as their external appearance.[28] Studies have shown 
that feelings of worthlessness, impaired body image satis-

faction, and shame are common in men who suffer from 
hair loss. In addition, women and men with intact hair re-
ported in one study that balding men appeared older and 
less attractive.[29] In addition to the aforementioned factors, 
negative body perception has been linked with sexual dys-
function in several studies.[30] Hence, body perception con-
tributes to sexual well-being.

Some studies have shown different results.[31] In a recent 
study conducted by Sinikumpu et al.[32] on 892 46-year-old 
men with AGA, no significa t relationship was found be-
tween the presence or severity of AGA and sexual function, 
depression, quality of life, self-esteem, or anxiety. Severe 
AGA patients reported less sexual activity than non-AGA 
patients, although this was not statistically significa t. 
While our study and the study by Tas et al.[4] included a wid-
er age range, the study by Sinikumpu et al.[32] included only 
a 46-year-old male population. This discrepancy in the re-
sults is likely due to the age difference.

Lastly, in our study, no significa t correlation was found 
between the clinical severity of hair loss and the other pa-
rameters.

Strengths and Limitations
This study is the first to reveal the connection between sex-
ual dysfunction, psychological disorders, and body image 
in individuals with androgenetic alopecia who have not 
undergone treatment. Sexual dysfunction was assessed 
using two questionnaires, and factors such as impotence, 
premature ejaculation, and erectile dysfunction were eval-
uated. However, due to the cross-sectional design of the 
study, it was not possible to establish a causal link between 
sexual dysfunction and psychological factors.

Conclusion
In our study, we found that individuals with AGA exhibited 
higher rates of anxiety, depression, and sexual dysfunction 
and experienced a greater negative impact on body satis-
faction than the control group. Furthermore, we conclud-
ed that an increase in anxiety symptoms among AGA pa-
tients corresponded to a higher likelihood of experiencing 
impotence and avoiding sexual intercourse. Similarly, an 
increase in depression symptoms correlated with a high-
er tendency toward ED and PE in these patients. AGA itself 
may trigger anxiety, depression, body dissatisfaction, and 
sexual dysfunction in male patients and should be consid-
ered by physicians, and patients should be evaluated in a 
multidisciplinary manner. Especially in treatment with 5α-R 
inhibitors, it may be necessary to evaluate patients in this 
context before treatment. Further research is needed to 
clarify these relationships.
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Alzheimer’s disease (AD), the most common cause of
dementia worldwide, is characterized by progressive 

cognitive decline and complex neuropathological features, 

including amyloid-beta (Aβ) deposition and tau hyper-
phosphorylation. Despite significa t advances in under-
standing its molecular underpinnings, the etiology and 
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Abstract

Objectives: This study aimed to investigate the relationship between the neutrophil-to-lymphocyte ratio (NLR), a peripheral in-
flamm tory marker, and both baseline clinical features and short-term cognitive progression in patients with Alzheimer’s disease 
(AD). Specificall , we sought to determine whether NLR is associated with disease stage, cognitive performance, vascular comor-
bidities, and 12-month cognitive decline assessed by the Mini-Mental State Examination (MMSE).
Methods: We conducted a retrospective observational study including 100 adults diagnosed with mild, moderate, or severe AD 
who were followed for at least 12 months at a tertiary memory clinic. Demographic characteristics, clinical data, and serial MMSE 
scores (baseline, 6 months, and 12 months) were extracted from medical records. Complete blood counts from the same time 
points were used to calculate NLR. Descriptive statistics summarized clinical variables. Correlations between NLR and MMSE scores 
were analyzed using Pearson and Spearman methods. Group comparisons across disease stage, sex, and vascular comorbidity 
were performed using t-tests or ANOVA as appropriate. Statistical significan e was defined as p<0.05
Results: The mean age of the cohort was 72.5±9.9 years, and 62% were women. Baseline disease severity was distributed as mild 
(28%), moderate (26%), and severe (46%). Mean baseline NLR was 2.41±1.17, increasing to 2.87±1.47 at 6 months and 3.75±3.54 
at 12 months. Baseline NLR was significa tly higher in patients with vascular comorbidities (p=0.008) but did not differ across AD 
severity categories. Higher baseline NLR was modestly associated with lower baseline MMSE scores (r=−0.24, p=0.021). Unexpect-
edly, higher baseline NLR correlated with a smaller decline in MMSE over 12 months (r=0.36, p=0.005). Patients with low NLR 
showed greater cognitive deterioration (−3.72±3.97 points) than those with high NLR (−1.38±4.38 points; p=0.037).
Conclusion: NLR was associated with worse cognitive performance at diagnosis and increased gradually over 12 months in AD 
patients, supporting its role as a marker of systemic inflamm tion. However, the counterintuitive finding that higher baseline NLR 
was linked to slower short-term cognitive decline highlights the complexity of inflamm tory mechanisms in established AD. These 
results suggest that while NLR refle ts clinically relevant inflamm tory status, it should not be used as a standalone predictor of 
disease progression but rather as part of a broader multimodal biomarker framework.
Keywords: Alzheimer disease, biomarkers, cognition, inflamm tion, neutrophil-lymphocyte ratio, vascular comorbidity
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progression of AD remain only partially explained by classi-
cal pathological hallmarks, suggesting that additional sys-
temic and neuroinflamm tory processes may contribute 
to disease development and progression.[1] Emerging evi-
dence supports the role of immune dysregulation and sys-
temic inflamm tion in the pathogenesis of AD. In particu-
lar, the neutrophil-to-lymphocyte ratio (NLR), a simple and 
cost-effective biomarker derived from peripheral blood 
counts, has gained attention as a potential indicator of in-
flamm tion-related neurodegenerative processes. Several 
studies have reported elevated NLR levels in patients with 
cognitive impairment and AD compared to cognitively 
normal individuals, proposing that heightened peripheral 
inflamm tion may refle t or contribute to central neuroin-
flamm tory activity.[2,3]

From a pathophysiological perspective, neutrophils have 
been implicated in promoting AD pathology through mul-
tiple pathways, including the disruption of cerebral blood 
fl w, increased blood-brain barrier permeability, and acti-
vation of microglia and astrocytes. These effects may lead 
to exacerbation of Aβ aggregation, tau phosphorylation, 
and neuronal injury.[1,4] Conversely, lymphopenia, common-
ly observed in AD patients, may refle t a weakened adap-
tive immune response, further enhancing the dominance 
of pro-inflamm tory innate immune activity.[4]

Clinical investigations, including large-scale popula-
tion-based studies such as the Framingham Heart Study 
and community-based cohorts from China, have demon-
strated that higher baseline NLR values are independently 
associated with an increased risk of incident dementia over 
time.[1,5] Moreover, longitudinal analyses suggest that ele-
vated NLR may serve not only as a correlate of current dis-
ease status but also as a predictive marker of future cogni-
tive decline, even in cognitively unimpaired older adults.[5,6]

Despite these promising finding , inconsistencies remain 
regarding the predictive utility of NLR across different stag-
es of AD and its specifici y relative to other dementia sub-
types. This study aims to explore the relationship between 
the neutrophil-to-lymphocyte ratio and both the clinical 
features and progression of Alzheimer’s disease. By inte-
grating clinical, cognitive, and laboratory data, we seek to 
evaluate the potential of NLR as an accessible biomarker 
refle ting systemic inflamm tory status and its association 
with the neurodegenerative trajectory in AD.

Methods
This study was designed as a retrospective observational 
analysis conducted at the Neurology Department of Mar-
mara University School of Medicine Pendik Research and 
Training Hospital. The primary objective was to investigate 

the relationship between the peripheral neutrophil-to-lym-
phocyte ratio (NLR) and clinical progression in patients di-
agnosed with Alzheimer’s disease (AD).

Study Population
The study included a minimum of 100 patients aged over 
18 years who were followed at least twice over a 12-month 
period with a confi med diagnosis of AD (mild, moderate, 
or severe stages). Patients were identified through elec-
tronic medical records and dementia clinic archives. Ex-
clusion criteria comprised a diagnosis of non-Alzheimer’s 
dementias or insuffici t follow-up data.

Data Collection
Demographic characteristics (age, sex, education level), 
clinical information (disease onset date, stage of AD), cog-
nitive assessments, and laboratory data were retrieved 
retrospectively. Cognitive status was evaluated using the 
Mini-Mental State Examination (MMSE), administered ev-
ery six months. Educational background was considered 
when selecting the appropriate MMSE version (literate vs. 
illiterate form).

Routine hematological parameters were obtained from 
patients’ medical records. These included white blood cell 
count (WBC), absolute neutrophil and lymphocyte counts, 
hemoglobin (Hb), hematocrit (Hct), and platelet count 
(PLT). NLR was calculated as the ratio of neutrophils to 
lymphocytes on the same test day as the MMSE evaluation 
when available.

Outcome Measures
The primary outcome was the progression of cognitive de-
cline, determined by changes in MMSE scores and clinical 
documentation. The main exposure variable was the neu-
trophil-to-lymphocyte ratio. Secondary analyses explored 
correlations between NLR and disease stage (mild/moder-
ate/severe), as well as associations with hemogram com-
ponents.

Statistical Analysis
Descriptive statistics were used to summarize demo-
graphic and clinical characteristics. Continuous variables 
were presented as means±standard deviation or medians 
with interquartile ranges, depending on the normality of 
distribution. Categorical variables were expressed as fre-
quencies and percentages. Correlations between NLR and 
MMSE scores were analyzed using Pearson or Spearman 
correlation coeffici ts. Comparative analyses between 
different disease stages were performed using ANOVA or 
Kruskal–Wallis tests. A p-value<0.05 was considered statis-
tically significa t. Statistical analyses were performed using 
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IBM SPSS Statistics, version 26.0.

Ethical Considerations
The study was approved by the Clinical Research Ethics 
Committee of Marmara University Faculty of Medicine 
(Protocol code: 09.2025.25-0636). As a retrospective and 
anonymized study, informed consent was waived in ac-
cordance with national regulations and the Declaration of 
Helsinki.

Results

Patient Characteristics
A total of 100 patients with Alzheimer’s disease were includ-
ed in the analysis. The mean age at diagnosis was 72.5±9.9 
years (range 44–93), and 62 patients (62.0%) were women 
and 38 patients (38.0%) were men. Most patients were un-
educated (61.0%), whereas 15.0% had primary school, 8.0% 
secondary school, 11.0% high school, and 5.0% university 
education. At baseline, 28.0% of patients were classified as 
having mild, 26.0% as moderate, and 46.0% as severe Alz-
heimer’s disease. The majority of cases presented with an 
amnestic phenotype (93.0%), while 7.0% were non-amnes-
tic. Additional vascular comorbidities were documented in 
49 patients (49.0%).

Baseline cognitive performance, assessed by the MMSE, 
was available for 91 patients and showed a mean score 
of 20.0±5.4 (median 20, interquartile range [IQR] 17–25; 
range 8–29). Follow-up MMSE scores at 6 and 12 months 
were available for 68 and 59 patients, respectively, 
with mean values of 19.5±5.3 and 18.7±5.2. Over the 
12-month period, the mean change in MMSE (MMSE at
12 months minus MMSE at baseline) was −2.37±4.33
points (median −2, IQR −6 to −1; range −12 to +10), in-
dicating an overall mild to moderate cognitive decline
during follow-up.

Neutrophil-to-Lymphocyte Ratio in the Study Cohort
Baseline NLR values were available for all patients. The 
mean baseline NLR was 2.41±1.17 (median 2.16, IQR 
1.51–3.02; range 0.77–6.71). At 6 and 12 months, NLR val-
ues remained available for the full cohort and showed a 
gradual increase over time, with a mean NLR of 2.87±1.47 
at 6 months and 3.75±3.54 at 12 months (median 2.92, 
IQR 2.17–4.33; range 1.05–34.0). The longitudinal evolu-
tion of NLR over the 12-month follow-up is illustrated in 
Figure 1.

When stratified by sex, mean baseline NLR was 2.47±1.09 
in men (n=38) and 2.37±1.23 in women (n=62); this differ-
ence was not statistically significa t (p=0.69). In contrast, 
patients with additional vascular disease had significa tly 

higher baseline NLR compared with those without vascu-
lar comorbidities (2.73±1.34 vs. 2.10±0.89, respectively; 
p=0.008). Baseline NLR did not differ significa tly across 
clinical stages of Alzheimer’s disease, with mean values of 
2.33±0.91 in mild, 2.17±0.88 in moderate, and 2.59±1.42 in 
severe cases (F(2,97)=1.15, p=0.32). These comparisons are 
detailed in Table 1.

Relationship Between NLR and Cognitive Status
At baseline, higher NLR values were significa tly associated 
with lower MMSE scores, indicating worse cognitive perfor-
mance. In patients with available data (n=91), baseline NLR 
showed a modest but statistically significa t negative cor-
relation with MMSE (Pearson r=−0.24, p=0.021; Spearman 
ρ=−0.26, p=0.014). To further explore this relationship, pa-
tients were dichotomized according to the median baseline 
NLR. Those with lower NLR values (<median) had a mean 
baseline MMSE of 20.6±5.3, whereas those with higher NLR 
values (≥median) had a mean baseline MMSE of 19.5±5.5; this 
difference did not reach statistical significan e (p=0.30), but 
was consistent with the overall trend toward poorer cognition 
in patients with a higher systemic inflamm tory burden.

Relationship Between NLR and Disease Progression
The association between baseline NLR and cognitive de-
cline over 12 months was evaluated in the subset of pa-
tients with both baseline and 12-month MMSE measure-
ments (n=59). In this group, higher baseline NLR values 
were significa tly associated with a smaller decline in 
MMSE scores over 12 months. Baseline NLR correlated posi-
tively with MMSE change (∆MMSE), both in parametric and 
non-parametric analyses (Pearson r=0.36, p=0.005; Spear-
man ρ=0.34, p=0.009).

Consistently, in the median-split analysis, patients in 
the lower NLR group experienced a more pronounced 

Figure 1. Longitudinal changes in nuetrophil-to-lymphocte ratio (NLR) 
over 12 months.
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cognitive decline compared with those in the high-
er NLR group. The mean 12-month MMSE change 
was −3.72±3.97 points in the low-NLR group versus 
−1.38±4.38 points in the high-NLR group, and this differ-
ence was statistically significant (p=0.037). These asso-
ciations between baseline NLR and cognitive outcomes 
are summarized in Table 1.

Discussion
In this retrospective cohort of patients with clinically diag-
nosed Alzheimer’s disease, we investigated whether the pe-
ripheral neutrophil-to-lymphocyte ratio (NLR), a marker of 
systemic inflamm tion, is related to cross-sectional clinical 
features and short-term cognitive decline. The main fin -
ings were: (i) baseline NLR was modestly but significa tly 
associated with worse cognitive performance at diagnosis; 
(ii) NLR increased over the 12-month follow-up; (iii) base-
line NLR was higher in patients with additional vascular co-
morbidities but did not differ across mild, moderate, and
severe AD stages; and (iv) unexpectedly, higher baseline
NLR was associated with a smaller decline in MMSE over 12
months, whereas patients with lower NLR values exhibited
a more pronounced cognitive deterioration.

Our findings are consistent with accumulating evidence 
linking peripheral inflamm tory markers, including NLR, 
to dementia risk and related biomarkers. Large population 
cohorts such as the Framingham Heart Study and Chinese 
community samples have shown that higher NLR is inde-
pendently associated with an increased risk of incident de-
mentia and cognitive impairment, even after adjustment 
for vascular factors.[1,5] Studies in cognitively unimpaired 
older adults further demonstrate that elevated NLR cor-
relates with amyloid-β deposition and other AD biomark-
ers, suggesting that systemic inflamm tion may precede 
clinical decline.[2,6] Cross-sectional studies and meta-analy-
ses consistently report higher NLR in patients with AD or 
MCI compared with healthy controls, with values generally 
increasing alongside disease severity.[3,4,7] Our observation 
that higher baseline NLR is linked to lower MMSE scores 
aligns with these findings and supports the role of system-
ic immune dysregulation and low-grade inflamm tion in 
worse cognitive status. Recent reviews also indicate that 
NLR may be altered across the full AD continuum and in-
teracts with neuroimaging, CSF biomarkers, and other im-
mune indices.[4,8] Our cohort contributes to this literature 
by examining real-world patients with established AD and 
by evaluating short-term longitudinal changes in both NLR 
and cognition.

In line with the concept of chronic low-grade inflamm -
tion and accumulating comorbidities in older adults, we 

Table 1. Neutrophil-to-lymphocyte ratio and its associations with 
clinical variables and cognitive outcomes
1A. Baseline NLR according to categorical clinical variables

Variable / Group n NLR, mean±SD p*

Gender 0.691

Women 62 2.37±1.23

Men 38 2.47±1.09

Disease stage 0.320†

Mild 28 2.33±0.91

Moderate 26 2.17±0.88

Severe 46 2.59±1.42

Additional vascular disease 0.008

Absent 51 2.10±0.89

Present 49 2.73±1.34

*p-values obtained by independent-samples t-test (gender, vascular disease).
†p-value obtained by one-way ANOVA (comparison across disease stages).

1B. Associations between baseline NLR and cognitive measures

Outcome n Analysis Coefficient (r) p

Baseline MMSE 91 Pearson 
correlation

−0.24 0.021

Baseline MMSE 91 Spearman rank 
correlation

−0.26 0.014

MMSE change 
over 12 months 
(∆MMSE)

59 Pearson 
correlation

0.36 0.005

MMSE change 
over 12 months 
(∆MMSE)

59 Spearman rank 
correlation

0.34 0.009

1C. Cognitive outcomes according to baseline NLR (median split)

Group (baseline NLR) n Baseline MMSE, mean±SD ∆MMSE 12 months, mean±SD p (Baseline MMSE)* p (∆MMSE)**

Low NLR (< median) 45 20.6±5.3 −3.72±3.97 0.304 0.037

High NLR (≥ median) 46 19.5±5.5 −1.38±4.38

*Independent-samples t-test comparing baseline MMSE between low and high NLR groups. **Independent-samples t-test comparing ∆MMSE between low 
and high NLR groups. Abbreviations: MMSE, Mini-Mental State Examination; NLR, neutrophil-to-lymphocyte ratio; SD, standard deviation.
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observed a gradual increase in mean NLR over 12 months, 
with the highest values at the 1-year follow-up. This tempo-
ral pattern is compatible with data from systematic reviews 
and population-based studies indicating that NLR tends to 
rise with age and is associated with adverse cardiometabol-
ic outcomes that frequently coexist with AD.[4,7,8] The higher 
baseline NLR observed in patients with additional vascular 
disease in our cohort reinforces this interpretation and un-
derscores the contribution of vascular pathology and sys-
temic inflamm tion to the overall inflamm tory burden.

The most intriguing and counterintuitive finding of our 
study is that higher baseline NLR was associated with a 
smaller decline in MMSE over 12 months, whereas the low-
NLR group showed more pronounced cognitive worsening. 
On initial consideration, this seems to contradict prior work 
suggesting that elevated NLR predicts a higher risk of inci-
dent dementia and steeper cognitive decline in communi-
ty-dwelling older adults and individuals with MCI.[1,3,5–8]

Several methodological and biological factors may explain 
this discrepancy. First, our cohort consisted only of patients 
with established AD, many already in moderate or severe 
stages, where the relationship between systemic infla -
mation and cognitive trajectory may become nonlinear. 
Prior meta-analyses also demonstrate heterogeneous NLR 
effects across disease stages, with weaker associations 
in advanced dementia compared with preclinical or MCI 
populations.[7,8] Thus, higher NLR in our cohort may refle t 
long-standing inflamm tory exposure that influen ed cog-
nition before the 12-month follow-up window. Second, 
regression to the mean and selection bias may have af-
fected our results: patients with the highest inflamm tory 
burden or fastest progression may have been less likely to 
complete follow-up, enriching the sample with relatively 
stable high-NLR individuals. Survivor and attrition biases 
are well-recognized limitations in retrospective NLR stud-
ies.[1,4,7,8] Third, clinical management may have differed be-
tween NLR strata, with patients showing higher inflamm -
tory markers potentially receiving closer monitoring and 
more frequent interventions, which could partially attenu-
ate cognitive decline. Finally, MMSE is an insensitive mea-
sure in moderate-to-severe dementia and is prone to ceil-
ing and floor effects. Many patients already had low MMSE 
scores at baseline, limiting the detectable range of decline 
in the high-NLR group. More detailed neuropsychological 
and functional measures would better capture disease pro-
gression in relation to NLR.

Experimental and clinical evidence highlights several 
mechanisms through which neutrophils and lymphocytes 
may influen e AD pathophysiology. Neutrophils contrib-
ute to endothelial dysfunction, reduced cerebral blood 

fl w, and increased blood–brain barrier permeability, en-
abling peripheral immune cell infilt ation into the CNS.[1,4] 

They also release reactive oxygen species and neutrophil 
extracellular traps (NETs), which have been implicated in 
amyloid-β aggregation, tau phosphorylation, and neuro-
vascular damage.[4,8] Conversely, lymphopenia frequently 
observed in older adults and some AD cohorts may refle t 
impaired adaptive immunity and reduced clearance of mis-
folded proteins.[4,7] As an integrated marker of innate and 
adaptive immune balance, NLR aligns with these mecha-
nisms, consistent with our findings linking baseline NLR to 
cognitive status and vascular comorbidity and with prior 
reports correlating NLR with neurodegeneration, amyloid 
burden, and small-vessel disease.[2,4,8]

However, the paradoxical association between higher 
baseline NLR and slower short-term decline suggests that 
inflamm tory–neurodegenerative interactions may not 
be linear, particularly in later disease stages. Higher NLR in 
some patients could signify a more preserved or reactive 
immune state, while very low NLR may refle t immunose-
nescence, which has been associated with more aggressive 
disease trajectories in other chronic conditions.[4,8] These 
interpretations remain speculative and warrant verific tion 
through longitudinal studies incorporating detailed im-
mune phenotyping.

From a clinical standpoint, our findings support the as-
sociation between NLR and cognitive status in AD while 
underscoring the limitations of using NLR as a standalone 
prognostic biomarker. The modest effect sizes and the un-
expected direction of its relationship with 12-month MMSE 
decline indicate that NLR should be interpreted together 
with vascular comorbidities, disease stage, and additional 
inflamm tory markers or composite scores. Recent reviews 
emphasize that NLR is best integrated into a multimodal 
risk profile that includes neuroimaging, CSF or plasma bio-
markers, and genetic or lifestyle factors.[4,7,8] Future studies 
should involve larger, prospective cohorts with longer fol-
low-up and repeated measures of both NLR and detailed 
cognitive or functional outcomes across the AD continuum. 
Evaluating dynamic NLR changes in response to infections, 
vascular events, or targeted therapies (e.g., anti-amyloid 
or anti-inflamm tory treatments) may clarify whether NLR 
acts merely as a passive marker or a modifiable component 
of AD pathophysiology.[4,8] Moreover, combining NLR with 
other blood-based markers of inflamm tion, evndothelial 
dysfunction, and neurodegeneration, as suggested by re-
cent multi-omic studies, may further improve risk predic-
tion and patient stratific tion.[2,6,8]

A key strength of our study is the use of real-world data from 
a specialized memory clinic with repeated NLR and MMSE 
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measurements over 12 months and explicit consideration 
of vascular comorbidities. In contrast, the retrospective 
single-center design, modest sample size, and reliance on 
MMSE alone as the measure of cognitive progression—ac-
knowledging that MMSE is primarily a screening tool with 
limited sensitivity to subtle or domain-specific cognitive 
changes—represent important limitations that should be 
addressed in future prospective studies, ideally incorporat-
ing more comprehensive neuropsychological assessments.

Conclusion
In summary, our study supports an association between 
higher NLR and worse cognitive status at diagnosis in pa-
tients with Alzheimer’s disease and confi ms that NLR in-
creases over time in this population. At the same time, the 
unexpected finding that higher baseline NLR was linked 
to a smaller short-term decline in MMSE underscores the 
complexity of the relationship between systemic inflamm -
tion and neurodegenerative progression in established AD. 
Together with previous epidemiological, biomarker, and 
mechanistic studies, our results suggest that NLR refle ts 
clinically relevant aspects of immune dysregulation in AD 
but is unlikely to serve as a simple, unidirectional predictor 
of disease progression. Instead, NLR should be considered 
as one component within a broader, multimodal biomarker 
framework aimed at capturing the interplay between sys-
temic inflamm tion, vascular pathology, and neurodegen-
eration across the Alzheimer’s disease continuum.
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Osteoarthritis (OA) is the most prevalent form of ar-
thritis globally. It is characterized by the gradual loss 

of articular cartilage, subchondral bone sclerosis, osteo-
phyte formation, and changes in the synovial fluid and 
joint membranes.[1] OA affects over 240 million adults 
worldwide.[2] Frequently observed in the geriatric popula-
tion, this disease reduces quality of life and causes serious 

functional losses.[3] The knee joint is one of the most fre-
quently affected joints.[4] While 30% of patients over the 
age of 45 have radiological findings of knee osteoarthritis 
(KOA), half of them experience symptomatic knee pain.
[2,5] The most prevalent symptoms of knee osteoarthritis 
(KOA) are pain, stiffnes , swelling, and joint crepitation, 
which can lead to joint deformities over time. The disease 
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Abstract

Objectives: Knee osteoarthritis (KOA) is a chronic condition that gradually reduces functional capacity and limits daily activities. 
Treatment methods in the early stages of the disease are still under discussion. The effic y of ozone therapy versus corticosteroid 
injection in treating KOA is examined in this study.
Methods: This randomized clinical trial involved 60 patients aged 40-85 years who had been experiencing knee pain for at least 
6 months and had received a clinical diagnosis of knee osteoarthritis through radiologic imaging. The patients were randomly as-
signed to two groups. One group received an intra-articular injection of 10 mL 15 µg/ml ozone for three sessions with a one-week 
interval, while the second group received a 1 mL intra-articular injection of betamethasone. All patients were evaluated before 
treatment, as well as 4 and 12 weeks after the first dose of treatment. The study evaluated treatment effic y using the Visual Ana-
log Scale (VAS) and the Western Ontario and McMaster Universities Arthritis Index (WOMAC).
Results: The study participants had a mean age of 62.2±10 years, and 90% of them were female. Upon comparing the VAS and 
WOMAC scores with their respective pretreatment scores, both groups showed significa t decreases at week 4 and week 12. Nota-
bly, the ozone group exhibited a significa tly greater improvement in VAS and WOMAC scores at week 4.
Conclusion: Intra-articular ozone injections have a rapid effect and provide better short-term results for KOA. In later periods, it 
has a similar effect to corticosteroids.
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is diagnosed clinically and supported by radiological ev-
idence.[6]

Total knee arthroplasty is currently the only proven and de-
finiti e treatment for KOA.[7] However, there is no definiti e 
treatment method for patients who do not meet the surgi-
cal indications. Nonetheless, medical professionals may at-
tempt to improve the pain and functional status of patients 
through changes in daily living activities, physical therapy, 
and intra-articular injections.[8] In KOA, intra-articular injec-
tions are increasingly popular due to their effectiveness in 
reducing pain and minimal adverse effects.[9] Intra-articu-
lar injections commonly used include corticosteroids, hy-
aluronic acid, ozone, platelet-rich plasma (PRP), dextrose, 
and prolotherapy.[7,10,11]

Ozone gas is a structurally unstable molecule that contains 
three oxygen atoms. When mixed with oxygen, it can in-
crease tissue oxygenation and reduce the production of 
proinflamm tory cytokines by reactive oxygen and lipid 
oxidation products. This can lead to an increase in the num-
ber of chondrocytes and fib oblasts, as well as the release 
of antioxidant enzymes and immunosuppressive cytokines 
synthesized in the lesion area. Additionally, ozone has an 
analgesic effect by blocking phosphodiesterase A2.[12-15] 
However, there is still a lack of consensus on the effective-
ness of ozone therapy in treating KOA. Chronic oxidative 
stress is considered a cornerstone in the pathogenesis of 
KOA. It is argued that ozone can be used as an important 
treatment modality by reducing the damage caused by 
oxidative stress.[15] Unlike corticosteroid injections, which 
carry risks such as chondrotoxicity and septic arthritis with 
repeated use, ozone injections may offer a safer alternative 
for intra-articular therapy in KOA. Although intra-articular 
corticosteroid injection has been proven to be effective 
in treating KOA with anti-inflamm tory mechanisms, the 
risks of joint cartilage damage and septic arthritis caused 
by frequent injections always cast doubt on the injection's 
effectiveness.[16,17] Ozone therapy has emerged as a prom-
ising minimally invasive option due to its proposed anti-in-
flamm tory, analgesic, and antioxidant effects, as well as 
its favorable safety profil . While there have been several 
studies that have evaluated ozone therapy or corticoste-
roid injections separately, direct randomized comparisons 
between these two agents using standardized dosing and 
follow-up protocols remain limited.

Intra-articular steroid injections are among the proven and 
effective injection treatments outlined in the guidelines 
created by the European Society for Clinical and Economic 
Aspects of Osteoporosis, Osteoarthritis and Musculoskele-
tal Diseases (ESCEO) and the Osteoarthritis Research Soci-
ety International (OARSI) for the treatment of KOA.[18] In our 

study, we sought to compare this treatment with a strong 
level of evidence with intra-articular ozone injection treat-
ment in terms of pain and functionality in the treatment of 
KOA. This study uniquely investigates both the rapid early 
effects and 12-week outcomes of ozone therapy compared 
to corticosteroids, employing a repeated three-dose ozone 
protocol to address gaps in the current literature.

The primary objective of this randomized clinical trial was to 
compare the short-term and mid-term effects of intra-artic-
ular ozone injections and corticosteroid injections on pain 
and functional outcomes in patients with knee osteoarthri-
tis. The hypothesis was that intra-articular ozone therapy 
would provide a more rapid improvement in pain and func-
tional scores in the early period, while demonstrating com-
parable effic y to corticosteroids at 12-week follow-up.

Methods
This prospective randomized clinical study was conducted 
between September 2020 and March 2022 at the Depart-
ment of Physical Medicine and Rehabilitation (PMR) of our 
hospital. Ethics committee approval was authorized from 
the Clinical Research Ethics Committee of University of 
Health Sciences, Şişli Hamidiye Etfal Training and Research 
Hospital (Date: 03.09.2019, Decision no: 1326), (Clinical-
Trials.gov identifie : NCT06328270). All patients were in-
formed and their written informed consent was obtained. 
The study was conducted in accordance with the Declara-
tion of Helsinki. This trial was organized by the criteria of 
the CONSORT guideline.

Ninety patients were screened for inclusion in the PMR out-
patient clinic based on inclusion and exclusion criteria. To 
be included, patients had to be between 40-85 years old, 
have experienced knee pain and/or limited joint range of 
motion for at least 6 months, and have a diagnosis of KOA 
supported by radiographic imaging. This study excluded 
patients who had undergone knee joint surgery, had a his-
tory of previous intra-articular injections in the last 1 year, 
had a history of physical therapy in the last 6 months, had 
any rheumatological disease or malignancy, were preg-
nant, or had pain radiating to the knee and leg. Before the 
randomization, patients with glucose-6-phosphate dehy-
drogenase deficien y, for whom ozone therapy was con-
traindicated, and similarly, patients with contraindications 
to corticosteroids, such as uncontrolled diabetes mellitus 
or infection, were excluded from the study.

The study included 60 patients who were randomly as-
signed to receive either intra-articular ozone injection 
(n=30) or intra-articular corticosteroid injection (n=30). 
Block randomization was used as the randomization meth-
od. The corticosteroid injection was administered as a 
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single dose, while the ozone injection was given in three 
sessions with a one-week interval between each session. In 
their study, Babaei-Ghazani et al.[17] administered ozone in-
jection to the knee joint in a volume of 10 ml and a dosage 
of 15 µg/mL. In response, our team implemented an adjust-
ed protocol. The ozone treatment group received 0.45 mg 
ozone by way of 10 mL ozonated oxygen at 15 µg/mL at 
three weekly sessions. The control group received a single 
injection of 1 mL betamethasone. The ozone was obtained 
using the Turkozone Blue S Medical Ozone Device from Tür-
kiye. The intra-articular injection procedure was performed 
with the patient in a sitting position and the knee fl xed 
to 90 degrees using an inferolateral approach. Both groups 
participated in the exercise program for KOA.

The patients underwent evaluation by a physician who was 
blinded to the intervention before treatment, 4 weeks after 
treatment, and 12 weeks after the final dose. Treatment ef-
fica y was evaluated using the Visual Pain Score (VAS) and 
the Western Ontario and McMaster Universities Arthritis 
Index (WOMAC).

Statistical Analysis
The descriptive statistics of the data included mean, stan-
dard deviation, median, lowest, highest, and ratio values. 

The distribution of variables was measured using the 
Kolmogorov-Smirnov test. For the analysis of quantitative 
independent data, the Mann-Whitney U test was used. 
The Wilcoxon test was used for the analysis of dependent 
quantitative data. The Chi-square test was used to analyze 
qualitative independent data, and the Fisher's exact test 
was used when the conditions for the Chi-square test were 
not met. The values of p<0.05 were considered significa t. 
At 95% power and 0.05 alpha significan e level, the total 
sample size was determined as 54. The data were analyzed 
using SPSS software version 26 (Chicago, IL: SPSS Inc.).

Results
Our study included sixty patients, and Figure 1 shows the 
corresponding fl w chart. No adverse effects were ob-
served during the injection or follow-up period.

When examining demographic characteristics, the study 
found that the mean age of the patients was 62.2±10 years, 
and 90% of them were female. Based on the Kellgren-Law-
rence Staging, 45% of the patients were in stage 2, 46.7% 
were in stage 3, and 8.3% were in stage 4. As demonstrat-
ed in Table 1, there was no significa t difference between 
groups in demographic data (p>0.05).

Figure 1. Flow chart of study.
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Significa t decreases in VAS and WOMAC scores were ob-
served in both groups at the 4th and 12th weeks when com-
pared to pre-treatment (p<0.05). In particular, during the 
fourth week, the ozone group exhibited a significa t im-
provement in VAS and WOMAC scores (p<0.05).

Discussion
The trial's most significa t finding is that intra-articular 
ozone-oxygen injection has a rapid effect in the early stag-
es, which is not observed with corticosteroid injection. In 
the long term, it is advisable to choose the fast-acting op-
tion since both injection types have similar effic y levels. 
This rapid early response highlights the potential of ozone 
therapy as a firs -line option for immediate symptom relief 
in KOA.

Duymus et al.[19] compared the effects of ozone injection, 
hyaluronic acid injection, and PRP injection in KOA. It is im-
portant to note that this study only compared the short-
term effects of these treatments and further research is 
needed to determine their long-term effic y. Their study 
showed that ozone injection had a rapid effect in the early 
period but lost its effect in the 6th month. It is believed that 
the short-term effect of ozone is responsible for its strong 
anti-inflamm tory properties, reducing pain by decreas-
ing edema and swelling in the joint. However, since ozone 
does not remain in the joint for a long time, its effects are 
thought to be short-lived. Therefore, it is recommended 
that it be supplemented with more frequent or alternative 
injections.[19,20] To address this limitation, our study imple-
mented a repeated-dose protocol, with ozone adminis-
tered three times at weekly intervals, which demonstrated 
sustained effic y over 12 weeks. Similarly, Mishra et al.[21] 
found that the ozone effect lasted for six months. They 
have also demonstrated that ozone is superior to cortico-
steroids, particularly due to its potent anti-inflamm tory 
effect and lack of side effects.

In a study conducted by Babaei-Ghazani et al.,[17] ozone 
and corticosteroid injections were compared in KOA. Both 
groups showed a significa t improvement in VAS and 
WOMAC values in the early period, with the ozone group 
showing continued improvement compared to the corti-
costeroid group in the WOMAC evaluation at the 3rd month. 
However, the authors argue that steroid injection is more 
effective and fast-acting in the 1st-week controls. While 
there is no definiti e consensus on the frequency of ozone 
injection in the literature, it is believed that a single dose 
application is not suffici t. Our study expands on this by 
directly comparing both treatments using standardized 
protocols and investigating their effects over a 12-week 
period, filling a c itical gap in the literature.

There is no consensus in the literature regarding the dose 
of ozone application, just as with the frequency of injec-
tion. Raeissadat et al.[7] and Duymus et al.[19] used a dose of 
30 µg/ml in KOA, while Babaei-Ghazani et al.[17] used a dose 
of 15 µg/mL. Oliviero et al.[22] emphasized in their review ar-
ticle that 20 µg/mL was frequently preferred in the studies 

Table 1. Comparisons of two groups

 Ozone group
Mean±SD / n-%

Corticosteroid 
group 

Mean±SD / n-%
p

Age 60.2±7.9 64.1±11.6 0.139m

Sex

Male 5±16.7 1±3.3 0.085X2

Female 25±83.3 29±96.7

Kellgren lawrence staging

II 15±50.0 12±40.0 0.065X2

III 15±50.0 13±43.3

IV 0±0.0 5±16.7

VAS

Pre-treatment 8.0±0.7 7.9±1.0 0.975m

Post-treatment 
4 weeks

5.7±1.7 6.6±1.2 0.026m

Post-treatment 
12 weeks

6.4±1.8 6.4±1.2 0.575m

PreT/PoT 4w 
change

-2.3±1.5 -1.3±1.3 0.014m

Intra-group 
change p

<0.001W <0.001W

PreT/PoT 12w 
change

-1.5±1.7 -1.5±1.3 0.784m

Intra-group 
change p

<0.001W <0.001W

WOMAC

Pre-treatment 51.0±17.2 44.7±8.7 0.287m

Post-treatment 
4 weeks

36.5±16.6 39.6±10.7 0.332m

Post-treatment 
12weeks

41.3±17.0 37.9±8.4 0.515m

PreT/PoT 4w 
change

-14.5±14.8 -5.1±6.8 0.001m

Intra-group 
change p

<0.001W <0.001W

PreT/PoT 12w 
change

-9.8±12.7 -6.8±3.4 0.302m

Intra-group 
change p

<0.001W <0.001W

mMann-whitney u test; wWilcoxon test; X² Ki-kare test; VAS: Visual Analog 
scale; WOMAC: Western Ontario and McMaster Universities Arthritis index. 
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evaluated. Therefore, further studies are necessary to de-
termine the optimal ozone application dose and duration 
of follow-up. Our findings provide a preliminary framework 
for refining these protocols. Raeissadat et al.[23] adminis-
tered PRP, plasma rich in growth factor, hyaluronic acid, and 
ozone injections to patients with KOA and followed up for 
12 months. The study demonstrated that ozone injection 
was beneficial in the short term, but its long-term effic y 
remains uncertain.

A 2019 meta-analysis recommended ozone application for 
short-term anti-inflamm tory effects in KOA. The therapeu-
tic effect of ozone is similar to corticosteroid injection, but 
repeated intra-articular steroid administration is chondro-
toxic.[24] To prevent cartilage damage and reduce other cor-
ticosteroid side effects, we recommend ozone injection for 
the early anti-inflamm tory effect in KOA when conducting 
a cost-benefit anal sis.

The strength of this study lies in its pragmatic design and di-
rect comparison with a guideline-recommended reference 
treatment. The findings of this study demonstrate a faster 
early clinical response with ozone therapy and comparable 
mid-term outcomes. This provides practical evidence to the 
limited body of randomized data evaluating ozone as an 
alternative intra-articular treatment in knee osteoarthritis. 
This may be of relevance for patients requiring rapid symp-
tom relief, or for whom concerns regarding repeated use of 
corticosteroids limit their utilization. This study has several 
limitations. Firstly, the group size is small, and the patient 
follow-up period is short-term (3 months). Another limita-
tion is the lack of a control group with a sham. On the other 
hand, there are several studies in the literature comparing 
these two types of injection. For the future, trials with larg-
er numbers and longer follow-up periods are needed.

Conclusion
Intra-articular ozone injection has a rapid effect and better 
short-term results in KOA; in later periods, it has a similar 
effect to corticosteroids.
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The global and national demographic shift toward an
aging population has resulted in a marked increase in 

individuals aged 60 years and older, both worldwide and 
in Türkiye. According to the World Health Organization, be-

tween 2015 and 2050, the proportion of the world’s pop-

ulation over 60 years is expected to nearly double, rising 

from 12% to 22%.[1]
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Abstract

Objectives: This study aimed to evaluate the incidence, course, and potential risk factors of postoperative cognitive dysfunction 
(POCD) in elderly patients undergoing elective non-cardiac surgery.
Methods: A prospective observational study was conducted on 35 patients aged 60 years and older who underwent elective non-
cardiac surgery under general or regional anesthesia. Cognitive function was assessed using the Montreal Cognitive Assessment 
(MoCA) test preoperatively, at 24 hours, and on postoperative day 30. Demographic characteristics, comorbidities, perioperative 
events, and anesthesia-related factors were recorded.
Results: The mean preoperative MoCA score was 20.9±3.2, which decreased significa tly to 18.0±2.6 at 24 hours (p<0.001) and im-
proved to 22.7±2.7 by postoperative day 30 (p<0.001). The incidence of cognitive dysfunction (MoCA <21) was 42.9% preoperatively, 
85.7% at 24 hours, and 20.0% at day 30. No significa t associations were found between POCD and comorbidities, anesthesia type, 
intraoperative hypotension, bleeding, transfusion, or narcotic use (p>0.05). However, preoperative cognitive performance was lower 
among patients with lower education levels, and postoperative day-30 scores were significa tly lower among smokers (p=0.043).
Conclusion: POCD was common in the early postoperative period but largely resolved by day 30. Smoking and low educational 
level were associated with poorer cognitive outcomes. Larger multicenter studies are needed to further clarify risk factors and 
long-term neurocognitive trajectories in elderly surgical patients.
Keywords: Cognitive dysfunction, general anesthesia, MoCA test, regional anesthesia 
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Cognition refers to the mental processes involved in per-
ception, memory, and information processing that enable 
individuals to acquire knowledge, solve problems, and plan 
actions. Cognitive dysfunction denotes the impairment of 
these processes.[2] Despite advances in surgical techniques, 
anesthetic management, and intensive care, a substantial 
proportion of elderly patients still experience postopera-
tive declines in cognitive performance.

Postoperative cognitive dysfunction (POCD) is a specif-
ic neurocognitive disorder that occurs following surgery 
and anesthesia, characterized by impairments in selective 
attention, alertness, perception, learning, memory, exec-
utive functions, verbal and language skills, affect regula-
tion, visuospatial ability, and psychomotor performance. 
Although POCD can occur across all age groups, its prev-
alence is particularly high—ranging from 20% to 40%—
among patients aged 60 years and older.[3,4]

While advanced age is a major risk factor, the underlying 
mechanisms of POCD remain incompletely understood, 
and multiple perioperative and patient-related factors are 
implicated. Reported risk factors include the use of opioids, 
volatile anesthetics, and adjunct drugs during anesthesia; 
low educational level; coronary artery disease; cerebrovas-
cular disease; chronic kidney disease; alcohol dependence; 
pre-existing cognitive impairment; and surgical factors such 
as site, magnitude, and history of previous operations.[3,5–7]

The present study aimed to evaluate the incidence and pro-
gression of postoperative cognitive dysfunction, as well as 
to identify potential risk factors, in patients aged 60 years 
and older undergoing elective non-cardiac surgery.

Methods

Study Design and Ethical Approval
This study was approved by the Clinical Research Ethics 
Committee University of Health Sciences, Şişli Hamidiye 
Etfal Training and Research Hospital (Date: 08.08.2017, De-
cision no: 1649), was conducted in accordance with the 
Declaration of Helsinki, and written informed consent was 
obtained from all participants. It was designed as a prospec-
tive observational study conducted between March 2017 
and September 2017. The primary objective was to evaluate 
postoperative cognitive dysfunction (POCD) and identify 
perioperative risk factors associated with its development in 
elderly patients undergoing non-cardiac surgery.

Participants and Eligibility Criteria
Patients aged 60 years or older with an ASA physical status 
of I–III who were scheduled for elective non-cardiac sur-
gery under general or regional anesthesia were included. 
Exclusion criteria were ASA class IV or higher, a diagnosis 

of Alzheimer’s disease or dementia, and refusal to partic-
ipate in the study. All participants had completed at least 
fi e years of formal education.

Sample Size Calculation
The primary endpoint was the within-patient change in 
Montreal Cognitive Assessment (MoCA) test from preop-
erative assessment to 24 hours postoperatively. Based on 
variability reported in elderly surgical cohorts, a clinically 
meaningful mean difference of 2.0 MoCA points and a stan-
dard deviation of paired differences of 4.2 were assumed, 
with two-sided α =0.05 and power =0.80. This calculation 
indicated that 35 patients were required.[8]

Cognitive Assessment and Blinding
Cognitive function was assessed using the MoCA test (Fig. 
1). The MoCA test was administered preoperatively, and 
then at 24 hours and 30 days postoperatively by an inde-
pendent anesthesiologist who was blinded to the patients’ 
perioperative data and not involved in anesthesia man-
agement or data analysis. This approach ensured unbiased 
evaluation of cognitive performance throughout the study.

Data Collection
During the preoperative assessment, demographic and 
clinical characteristics—including age, gender, educational 
and occupational status, comorbidities (diabetes mellitus, 
hypertension, chronic kidney disease, coronary artery dis-
ease, cerebrovascular disease, peripheral vascular disease), 
smoking and alcohol history, previous surgeries, and Meta-
bolic Equivalent of Task (MET) scores—were recorded (Ap-
pendix 1).

Anesthesia Procedures
In the operating room, standard monitoring included ECG, 
SpO₂, noninvasive blood pressure, temperature probe, and 
Bispectral Index (BIS) monitoring for patients receiving 
general anesthesia. Induction was achieved with propofol 
(1.5–2 mg/kg) and fentanyl (1–2 µg/kg), and rocuronium 
(0.6 mg/kg) was administered when intubation was re-
quired. In patients who did not require muscle relaxation, 
a laryngeal mask airway (LMA) was used. Maintenance 
was achieved with sevoflu ane in a 50% oxygen and 50% 
air mixture, maintaining BIS values between 40 and 60. 
For spinal anesthesia, 0.5% bupivacaine (0.2–0.3 mg/kg) was 
injected into the subarachnoid space under sterile condi-
tions in the sitting or lateral decubitus position. Hemody-
namic parameters were continuously monitored throughout 
surgery. Hypotension was defined as a ≥20% reduction in 
mean arterial pressure and treated with ephedrine (5 mg IV). 
Oxygen saturation was maintained above 90%, with any de-
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saturation recorded as hypoxia. Hypothermia was prevented 
using active warming devices. Intraoperative parameters—
including bleeding, blood transfusion requirement, narcotic 
use, duration of surgery, anesthesia method, and anesthe-
sia duration—were documented. Intubated patients were 
assessed using the Aldrete Recovery Score (ARS), and those 
scoring ≥9 were transferred to the ward.

Postoperative Follow-Up
The MoCA test was repeated at the 24th postoperative 
hour and on the 30th postoperative day, both adminis-

tered by the same blinded anesthesiologist. Patients who 
failed to attend the 30-day follow-up were excluded from 
analysis. All perioperative data collection was performed 
by a fourth-year anesthesiology resident, while cognitive 
testing was conducted independently to maintain objec-
tivity and minimize observer bias.

Statistical Analysis
SPSS 15.0 for Windows was used for statistical analysis. De-
scriptive statistics were given as mean, standard deviation, 
minimum, and maximum for numerical variables. The com-

Figure 1. Montreal cognitive assesment test.
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parisons of the numerical variables in the two independent 
groups were performed with Student’s t-test when the nor-
mal distribution condition was provided. Mann Whitney 
U test was used for the abnormal distribution. One-Way 
ANOVA Test and Kruskal Wallis test were used for multiple 
groups. Chi-Square Analysis tested the ratio of categorical 
variables between groups. Spearman Correlation Analysis 
examined the relationships between the numerical vari-
ables because the parametric test condition was not pro-
vided. Statistical significan e was accepted as p<0.05.

Results
A total of 42 patients were initially enrolled in the study. 
Seven patients were excluded because they did not 
meet the inclusion criteria, and the final analysis was 
conducted with 35 patients who completed all study 
assessments. The demographic data and general char-
acteristics of these patients are presented in Table 1. 
The comparison of cognitive test scores across three time 
points demonstrated significa t postoperative changes. 
The mean preoperative MoCA score was 20.9±3.2 (range: 
15–26). At 24 hours postoperatively, the mean score de-
clined to 18.0±2.6, indicating a transient decrease in cog-
nitive performance (p<0.001). By postoperative day 30, 
cognitive scores significa tly improved to 22.7±2.7 (range: 
16–28), exceeding preoperative levels (p<0.001) (Table 2). 
The incidence of cognitive dysfunction, defined as a MoCA 
score below 21, showed marked variation across the study 
periods. Preoperatively, 42.9% of patients exhibited cog-
nitive impairment. At 24 hours postoperatively, the rate of 
cognitive dysfunction increased significa tly to 85.7%, in-
dicating a substantial transient decline in cognitive perfor-
mance. By postoperative day 30, the incidence decreased 
to 20.0%, refle ting a significa t recovery compared 
with the early postoperative period (p<0.001) (Table 3). 
No statistically significa t correlation was found between 
age or duration of surgery and cognitive test scores 
(p>0.05). Similarly, there were no significa t differences in 
cognitive test scores according to gender, diabetes melli-
tus, hypertension, chronic kidney disease, coronary artery 
disease, cerebrovascular disease, alcohol consumption, or 
history of previous surgeries at either preoperative or post-
operative measurements (p>0.05). Preoperative cognitive 
test scores of patients with primary and secondary school 
education were significa tly lower than those of university 
graduates (p=0.017 and p=0.022, respectively). The mean 
postoperative day 30 cognitive test score was significa tly 
lower in smokers than in non-smokers (p=0.043) (Table 4). 
No significa t relationship was found between periopera-
tive complications (such as hypotension, bleeding, blood 
transfusion, or narcotic use) and postoperative cognitive 

Table 1. The demographic data and general characteristics of the 
patients

Mean ± SD Min-Max

Age 70.5±8.5 60-90

n %

Gender

Male 26 74.3

Female 9 25.7

Education level

Primary school 16 45.7

Secondary school 6 17.1

High school 4 11.4

University 9 25.7

Concomitant disease

Diabetes mellitus 13 37.1

Hypertension 20 57.1

Chronic Renal disease 8 22.9

Coroner Artery disease 10 28.6

History of Cerebrovascular disease 3 8.6

Vascular disease 1 2.9

Use of alcohol 8 22.9

Smoking 7 20.0

History of surgery

Once 11 31.4

Twice 8 22.9

More than twice 12 34.3

None 4 11.4

Peroperative 

Hypotension 14 40.0

Hypoxia 1 2.9

Hypothermia 0 0.0

Bleeding 5 14.3

Blood transfusion 5 14.3

Narcotic use 27 77.1

Anesthesia method

General anesthesia 28 80.0

Regional anesthesia 7 20.0

METs score

<4 MET 6 17.1

4-7 MET 26 74.3

8-10 MET 3 8.6

MET: Metabolic Equivalent of task; SD: Standard deviation; Repeated measures 
ANOVA and Bonferroni post-hoc test were used to compare cognitive test 
scores between time points. p<0.05 was considered statistically significant.
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test scores at either 24 hours or 30 days. The mean cognitive 
test scores at all three time points showed no statistically 
significa t difference according to the MET score groups or 
the type of anesthesia administered (p>0.05) (Table 5).

Discussion
In the postoperative period, deterioration in one or more 
cognitive domains such as attention, concentration, exec-
utive function, short- and long-term memory, visuospa-
tial ability, and psychomotor speed is defined as POCD.
[9] The exact threshold of impairment and the specifi
areas affected remain a matter of debate. POCD may be-
come apparent within days or weeks after surgery.[3,10,11]

The Montreal Cognitive Assessment (MoCA) test was intro-
duced in 2005 as a brief cognitive screening tool with high
sensitivity and specifici y.[12] It evaluates visuospatial and ex-
ecutive functions, language, attention, delayed recall, and
abstraction abilities, and it is preferred for detecting mild
cognitive impairment.[13] The MoCA total score comprises 30 
points across six domains: memory, executive functioning,
attention, language, visuospatial ability, and orientation.[14]

Therefore, we preferred to use the MoCA test in our study.
POCD is commonly reported after surgery in adult patients.
In most studies, patients were evaluated within one week
postoperatively and again after three months. The report-
ed incidence in individuals aged 60 years and above ranges 
from 17% to 43%.[4,10,15] Previous studies have shown that

POCD occurs in 10–54% of patients within the first few 
weeks after surgery, in 12–17% at three months, and in ap-
proximately 3% at twelve months.[16] Regardless of the type 
of anesthesia and duration of surgery, POCD was detected 
in 12% of the patients on day 3 and in 7.5% of the patients 
at one month after the surgery.[8] According to literature 
reports, the incidence of cognitive dysfunction one week 
after surgery in general anesthesia patients aged 40 to 65 
is approximately 19%, while in elderly patients aged 65 to 
81, it is higher, reaching around 25.8%.[11] In our study, pa-
tients were evaluated at 30 days postoperatively, and the 
incidence of POCD was 20%, consistent with the literature. 
Advanced age is a well-known and independent risk fac-
tor for POCD.[3,11,17,18] In the international ISPOCD 1 study, 
POCD was observed in 28% of patients during the first
postoperative week and in 9.9% at three months among 
individuals aged 60 years or older who underwent non-car-
diac surgery.[3,19] A meta-analysis summarizing outcomes 
associated with POCD, including 20 studies, reported a 
mean patient age of 66±5.37 years.[10] Based on these 
finding , patients aged 60 years and older were included 
in our study. POCD was observed at 24 hours postopera-
tively and showed improvement by postoperative day 30. 
In advanced age, hypertension is a well-known risk fac-
tor for cognitive impairment. Özlülerden et al.[6] examined 
patients above 65 years of age. Although the neurocogni-
tive test scores on the first postoperative day were low in 
hypertensive patients, they did not find any difference in 
terms of POCD between normotensive and non-normo-
tensive patients. In a meta-analysis on the risk of hyperten-
sion and POCD, the risk of POCD increased by 27%.[20] It has 
been found that cerebral vascular disease is the basis of the 
increased risk of cognitive disorder seen in patients with 
hypertension. Diabetes was reported to be a risk factor for 
developing POCD.[21-23] In a meta-analysis, Feinkohl I et al.[24] 
showed that patients with diabetes had a 1.26-fold high-
er risk of POCD than patients without diabetes. In another 
study, Lachmann et al.[21] reported that diabetes increased 
the risk of POCD by 1.84 times in a study including 1034 pa-
tients. Kotekar et al.[8] showed that there was no relationship 
between diabetes mellitus and ischemic heart disease and 
POCD in a study of 200 patients. In our study, 57.1% of pa-
tients had hypertension, 37.1% had diabetes mellitus, 22.9% 
had chronic kidney disease, and 28.6% had coronary artery 
disease. Although transient cognitive dysfunction was ob-
served at 24 hours postoperatively in patients with comor-
bidities, this improved by day 30. Thus, the presence of co-
morbidities did not appear to be a major risk factor for POCD. 
Low educational level or illiteracy has also been associated 
with POCD.[3,16,17] Feinkohl et al.[25] analyzed 15 studies with 
5104 patients above 18 years of age in their meta-analysis. 

Table 2. Cognitive test scores of patients

Mean±SD Min-Max

Preoperative cognitive test scores 20.9±3.2 15-26

Postoperative cognitive test scores 
at 24 hour

18.0±2.6 16-25

Postoperative cognitive test scores 
at 30 day

22.7±2.7 16-28

p <0.001

SD: Standard Deviation; Repeated measures ANOVA with Bonferroni correction 
was used to compare preoperative and postoperative cognitive test scores. 
p<0.05 was considered statistically significant.

Table 3. Incidence of cognitive dysfunction at different time points

Cognitive test score <21 n %

Preoperative cognitive dysfunction 15 42.9

Postoperative cognitive dysfunction at 24 hour 30 85.7

Postoperative cognitive dysfunction at 30 day 7 20.0

p <0.001

McNemar’s test was used to compare the incidence of cognitive dysfunction 
between time points. p<0.05 was considered statistically significant.
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They found that older patients and patients with higher lev-
els of education had a lower risk of POCD compared to pa-
tients with lower levels of education. In another study, it was 

reported that patients with a higher education level than 
the high school level had a lower frequency of POCD com-
pared to those with lower education levels.[8] According to 

Table 4. Comparison of cognitive test scores according to demographic and clinical variables

 

Preop cognitive  
test score

Postop cognitive test 
score at 24 hour

Postop cognitive test 
score at 30 day

Mean±SD Median Mean±SD Median Mean±SD Median

Gender Male 20.5±3.1 21 18.2±2.7 17 22.6±2.9 23

Female 22.1±3.7 22 17.4±1.9 16 23.0±2.0  24

p 0.215 0.538 0.691

Education level Primary school 20.0±3.2 21 18.7±3.0 18 22.0±2.5 22

Secondary school 19.2±2.4 19 18.8±2.5 19 22.0±4.1 23

High school 21.0±3.2 22 17.3±1.9 17 23.0±1.4 23

University 23.8±2.3 24 16.7±1.4 16 24.2±2.0 25

p 0.012 0.157 0.225

Diabetes mellitus Present 22.2±2.7 23 17.6±2.7 16 23.0±2.4 22

Absent 20.2±3.4 21 18.3±2.5 18 22.5±2.9 24

p 0.090 0.242 0.604

Hypertension Present 21.1±3.2 21 17.6±1.9 17 22.5±2.8 22

Absent 20.7±3.3 21 18.6±3.2 17 22.9±2.6 23

p 0.746 0.429 0.645

Chronic renal disease Present 21.5±3.2 22 17.4±2.5 16 23.9±3.1 25

Absent 20.8±3.3 21 18.2±2.6 17 22.3±2.5 22

p 0.588 0.291 0.159

Coronary artery disease Present 21.2±3.5 21 17.2±1.5 17 21.9±2.7 22

Absent 20.8±3.2 21 18.4±2.8 17 23.0±2.7 24

p 0.772 0.376 0.282

History of cerebrovascular 
disease

Present 23.7±2.1 23 16.0±0.0 16 24.7±3.5 25

Absent 20.7±3.2 21 18.2±2.6 17 22.5±2.6 23

p - - -

Use of alcohol Present 22.9±2.2 23 17.9±3.2 16 24.1±2.0 25

Absent 20.4±3.3 20 18.1±2.4 17 22.3±2.8 22

p 0.054 0.469 0.086

Smoking Present 19.6±2.7 20 18.7±3.0 18 20.9±1.6 21

Absent 21.3±3.3 21 17.9±2.5 16 23.1±2.7 24

p 0.216 0.258 0.043

History of surgery Once 20.7±3.1 21 18.6±2.8 19 22.4±2.6 21

Twice 20.4±3.3 21 19.5±3.0 20 23.4±1.9 24

More than twice 21.8±2.9 23 16.9±1.8 16 23.1±3.2 23

None 20.3±5.1 20 16.8±1.0 17 21.0±2.8 20

p 0.765 0.094 0.493

SD: Standard Deviation. Independent samples t-test and one-way ANOVA were used where appropriate. p<0.05 was considered statistically significant.
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the education level in our study, 45.7% of the patients in our 
study were primary school graduates, 17.1% were second-
ary school graduates, 11.4% were high school graduates, 
and 25.7% were university graduates. The cognitive dys-
function rate we found in the preoperative period was 42%. 
In our study, preoperative cognitive dysfunction was more 
common among patients with lower education levels; how-
ever, education level was not a significa t postoperative 
risk factor. We believe this may be related to lower coop-
eration during testing. Further studies are needed to iden-
tify factors that may mitigate POCD risk in this population. 
Alcohol abuse and mood disorders have been reported 
as risk factors for POCD.[11,16] Hudetz et al.[26] showed that 
patients with a history of alcohol dependence had more 
cognitive impairment after surgery. A prospective study in-
volving 382 patients aged over 60 years demonstrated that 
preoperative smoking history was associated with a de-
creased risk of early POCD.[27] In our study, 22.9% of patients 
reported alcohol use and 20% were smokers. POCD was 
more common at postoperative day 30 among smokers. 
Clinicians and patients often consider regional anesthesia 
to be safer and less likely to cause cognitive impairment 
than general anesthesia. In elderly patients, general an-
esthesia has been associated with a relatively higher in-
cidence of postoperative cognitive dysfunction (POCD) 
compared with spinal anesthesia.[28] Xie et al.[29], in a study 
involving 168 patients undergoing hip fracture surgery, re-
ported that regional anesthesia reduced the incidence of 
delayed neurocognitive recovery compared with general 

anesthesia. In another study evaluating cognitive perfor-
mance following general versus regional anesthesia in 200 
patients undergoing non-cardiac surgery, no significa t 
difference was observed in the incidence of POCD between 
the two techniques.[8] Similarly, other studies have found no 
statistically significa t difference in POCD incidence after 
general or regional anesthesia.[29-31] In our study, we did not 
reach a significa t conclusion regarding the relationship 
between anesthesia type (general or regional) and POCD. 
Since the earliest studies investigating POCD, factors con-
tributing to cerebral hypoperfusion have been emphasized.
[9,32] Hypotension is among the most common and straight-
forward causes of cerebral hypoperfusion. Feng et al.[33], in a 
meta-analysis of randomized controlled trials, reported no 
significa t association between intraoperative hypotension 
and the incidence of POCD. Zhu et al.[34], in a study involving 
313 patients who underwent total hip replacement, found 
that perioperative blood transfusion was associated with a 
higher rate of POCD and a longer-lasting adverse effect on 
neurological outcomes. Although multiple studies have ex-
amined these associations, there remains no clear consen-
sus.[34] In our study, we also found no significa t relation-
ship between perioperative complications, intraoperative 
narcotic use, and the development of POCD.

Limitations
This study has several limitations. First, it was conducted 
at a single center with a relatively small sample size, which 
may limit the generalizability of the finding . Second, al-

Table 5. Relationship between perioperative factors and cognitive test scores

Preop cognitive  
test score
Mean±SD

Postop cognitive  
test score at 24 hour

Mean±SD

Postop cognitive  
test score at 30 day

Mean±SD

Perop hypotension Present 22.0±3.1 18.3±3.1 22.0±1.9

Absent 20.2±3.2 17.9±2.2 21.8±2.8

p 0.117 0.972 0.61

Perop bleeding Present 20.8±2.6 18.8±3.7 22.2±2.3

Absent 21.0±3.4 17.9±2.4 22.8±2.8

p 0.917 0.691 0.670

Perop blood transfusion Present 22.0±3.4 17.0±1.4 22.6±2.6

Absent 20.8±3.2 18.2±2.7 22.7±2.8

p 0.440 0.358 0.481

Perop narcotic use Present 20.8±3.2 18.1±2.7 22.7±2.6

Absent 21.4±3.7 17.8±2.1 22.8±3.3

p 0.675 0.852 0.940

SD: Standard deviation; Independent samples t-test was used to compare cognitive test scores between groups. p<0.05 was considered statistically significant.
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though the study was prospectively designed, unmeasured 
confounding factors—such as intraoperative depth of an-
esthesia, perioperative inflamm tion, or postoperative pain 
control—may have influen ed cognitive outcomes. Third, 
the follow-up period was limited to 30 days, preventing 
assessment of long-term cognitive recovery or persistent 
dysfunction. Finally, cognitive evaluation was performed 
using only the MoCA test; incorporating additional neu-
ropsychological assessments could have provided a more 
comprehensive evaluation of postoperative cognitive func-
tion. Future multicenter studies with larger sample sizes 
and extended follow-up periods are warranted to confi m 
and expand upon these fin ings.

Conclusion
In this study, we found that smoking and a low level of edu-
cation were associated with an increased risk of developing 
postoperative cognitive dysfunction in patients aged 60 
years and older undergoing elective non-cardiac surgery. 
We believe that a more comprehensive, multicenter evalua-
tion of the adverse effects of smoking on cognitive function 
should be conducted to better clarify its clinical impact and 
underlying mechanisms.
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Measles is a highly contagious acute infection caused by
the Rubeola virus, often observed during childhood. The 

disease is characterized by fever and maculopapular rash. The 
virus has no reservoir outside of humans, and its only natural 
host is humans.[1]

Measles is the most contagious among diseases that can be 
prevented through vaccination. It is transmitted through the 
respiratory route, and patients are considered contagious 
from four days before the onset of the rash to four days after it. 
One patient can infect 16-18 people. Although it is generally 
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Abstract

Objectives: The aim is to determine measles seroprevalence in adult individuals in Şanlıurfa city center and to evaluate related 
factors.
Methods: The research is of a cross-sectional type. The research was carried out in Şanlıurfa city center between March 2023 
and April 2023. The population of the study consisted of individuals over the age of 18 who applied to the Family Health Centers 
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units. Blood was drawn from the participants by the researcher. The blood samples were then sent by a private hospital to a private 
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known as a childhood disease with a benign course, serious 
complications and deaths are more commonly seen among 
children under 5 years old and adults over 20 years old.[2] 

Before the introduction of the measles vaccine in 1963, 
measles epidemics occurred every 2-3 years, resulting in 
over 30 million measles cases and more than two million 
deaths annually. Immunization efforts significa tly re-
duced measles-related deaths and prevented an estimated 
23.2 million deaths between 2000 and 2018.[3] It is believed 
that the elimination of measles can be achieved by reach-
ing and maintaining a vaccination coverage of 95% in the 
population.[4]

Following the elimination of measles in America in 2002, 
the World Health Organization (WHO) aimed to eliminate 
measles in fi e WHO regions by 2020 and achieve its sub-
sequent eradication as part of the Global Vaccine Action 
Plan.[5] However, measles has re-emerged in many Euro-
pean countries. In Europe, the annual regional measles in-
cidence decreased from 30.1 in 2010-2015 (28,021 cases) 
to 5.8 in 2016 (5,263 cases), but increased approximately 
fourteen-fold to 89.5 in 2018 (82,596 cases). Adults over 20 
years old constituted 37% of cases.[6] 

A measles elimination program has been implemented in 
Türkiye since 2002.[7] Despite ongoing efforts, there was a 
measles outbreak in İstanbul in 2011 with 111 cases, and an 
outbreak affected more than 7,000 individuals nationwide 
in the winter season of 2012-2013.[8] The number of cases 
dropped to 9 in 2016 due to intensive vaccination and con-
trol efforts but increased to 716 in 2018 and 2,890 in 2019.[9] 

Population-based seroprevalence studies are particular-
ly necessary after an outbreak in order to determine and 
explain seropositivity in the community, assess the effec-
tiveness of existing vaccination programs, and identify 
the cause of outbreaks. This can enable healthcare profes-
sionals and policymakers to identify susceptible popula-
tions, implement vaccination, and apply specific preven-
tive strategies.[10] 

Even though some studies carried out on different age 
groups and locations in Türkiye have reported measles-spe-
cific IgG positivity ranging between 79% and 91%, popula-
tion-based studies on measles seroprevalence in the past 
decade have been inadequate.[11]

The objectives of this study are as follows:

1. To determine measles seroprevalence and associated
factors among adult individuals in the city center of
Şanlıurfa.

2. To identify age ranges in the adult population suscep-
tible to measles.

Methods

Fundamental Characteristics of the Study
This study has a cross-sectional design. The research was 
conducted at the Family Health Centers (FHCs) in the city 
center of Şanlıurfa between March 2023 and April 2023. 
The universe of the study consisted of individuals aged 18 
and over who applied to the Family Health Centers (FHC) in 
the city center of Şanlıurfa. Şanlıurfa, the research area, is a 
region where the majority of the population are elementa-
ry school graduates, unemployed, and lack social security. 
In this region, most families have low income levels, and 
extended families are common.[12] The 30-cluster sampling 
method was used to determine the FHCs where the study 
would be conducted. Developed by the World Health Orga-
nization (WHO), this method is used to evaluate expanded 
immunization programs implemented in developing coun-
tries. This method is also used to determine the immunity 
level in a community. In the 30-cluster sampling method, 7, 
10, 15, etc., individuals can be included in each cluster for re-
search purposes. The use of 7 individuals as the cluster size 
is supported by studies that suggest it can provide results 
close to the actual seroprevalence with a 95% confiden e 
interval and a 5% margin of error.[13,14] In this study, the 
number of participants to be included in each cluster was 
determined to be 7, and the total sample size was 210. The 
list of 80 FHCs in the urban and rural areas of the 3 central 
districts in Şanlıurfa was obtained from the Şanlıurfa Provin-
cial Health Directorate. Thirty FHCs were randomly selected 
from this list, in proportion to the number of units in each 
FHC. Each FHC selected represents a separate cluster.

Study Variables
The independent variable of the study is the sociodemo-
graphic characteristics of the participants, whereas the 
dependent variable is the prevalence of measles seropos-
itivity. The presence of specific IgG measles antibodies in 
serum samples was determined using the enzyme-linked 
immunosorbent assay (ELISA) test.

Data Collection
The Sociodemographic Characteristics Information Form 
was used for data collection. The Sociodemographic Char-
acteristics Form consists of 18 questions.

Sociodemographic Characteristics Information Form
The age, gender, place of residence, educational status, 
employment status, marital status, having children, life-
style, seasonal agricultural labor status, the total number of 
people living in the same household, the number of people 
per room, the adequacy of the total household income to 
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meet needs, presence of chronic illnesses, disability status, 
location of residence during the first 7 years of life, mea-
sles vaccination status, history of measles, and information 
about the cost of vaccination services were questioned in 
this form.

Implementation Phase
The first 7 individuals aged 18 and older who applied to 
the selected 30 FHCs constituted the sample for this study. 
In order to balance the number of male and female par-
ticipants, the first 3 males and the first 4 females from the 
first 15 FHCs on the list and the first 4 males and the first
3 females from the remaining 15 FHCs were included in 
the research. Verbal consent was obtained from all partic-
ipants. Researchers filled out the questionnaire form con-
taining sociodemographic characteristics by conducting 
face-to-face interviews with the participants. Then, blood 
samples were taken from the participants by the research-
ers. Serum samples collected on a daily basis were cen-
trifuged at 4000 rpm for 15 minutes at the Family Health 
Center and then transported to a private hospital, which 
was contracted previously, under cold chain conditions 
(2°C - 8°C). The serum samples were stored in accordance 
with cold chain conditions (2°C - 8°C) at the hospital. Then, 
the serum samples were sent to a private laboratory to per-
form the enzyme-linked immunosorbent assay (ELISA) test. 
Participants were classified using the reference ranges for 
measles IgG antibody levels of the private laboratory. Given 
these reference ranges, measles IgG antibody levels were 
considered negative for <9.0 IU/ml, threshold for 9.0 – 11.0 
IU/ml, and positive for >11.0 IU/ml.

Ethical Approval and Study Expenses
Ethical approval for the research was obtained from the 
Non-Interventional Research Ethics Committee of the Med-
ical Faculty of Harran University Faculty (Date: 08.22. 2022, 
Decision no: 16). Written permission was obtained from the 
Harran University’s Research Projects Coordination Office 
and verbal consent was obtained from the participants. 
The research expenses were covered by Harran University’s 
Research Projects Coordination Office (HÜBAK/22218). The 
support provided by Harran University was used for labora-
tory services, transportation, and materials required during 
blood collection (syringes, yellow-capped tubes contain-
ing gel, cotton, alcohol, and latex gloves). This study is con-
ducted in accordance with the Declaration of Helsinki.

Statistical Analysis
Statistical analysis was performed using the IBM SPSS 26.0 
(Statistical Program for Social Sciences 26) (Armonk, New 
York) software package. Descriptive data were expressed 

with the number (n) and percentage values for categorical 
variables and with mean ± standard deviation (Mean±SD) 
and median (minimum-maximum) values for continu-
ous variables. Pearson’s Chi-square (χ²) test was applied 
to compare the categorical variables between groups. 
Multivariate analyses were performed to analyze the rela-
tionship between significa t independent variables and 
the outcome variable. The logistic regression model was 
developed by first conducting chi-square tests to identify 
variables significa tly associated with measles seropositivi-
ty. Four variables that showed significa t associations were 
selected for inclusion in the model: age, having children, 
marital status, and educational level. The model was vali-
dated using statistical methods, including the Hosmer-Le-
meshow goodness-of-fit test to assess model calibration. 
Additionally, pseudo R² values were examined to evaluate 
the explanatory power of the model. Potential collinearity 
between independent variables was checked prior to mod-
el construction. Following model development, p-values 
and odds ratios for each included variable were calculated 
and interpreted to assess their individual contributions to 
measles seropositivity. In this study, the age of 33 was used 
as a threshold in the logistic regression model, as the me-
dian age of the participants was 33. Statistical significan e 
was set at a p-value of <0.05.

Results
In total, 210 adults were included in the study, and 51% 
of the participants were female. The median age of the in-
dividuals participating in the study was found to be 33.5 
years, and the median number of children they had was 4. 
The median number of people per household was 5, and 
the median number of people per room was 2. Moreover, 
36.7% of the participants were residing in Haliliye, 23.3% 
in Karaköprü, and 40.0% in Eyyübiye. Furthermore, 47.6% 
of the participants had an elementary school education 
or less, 59.0% were not employed, and 77.6% were in the 
lower social class. It was also determined that 40.4% of the 
participants had insuffici t or very insuffici t income, 
whereas 38.1% had a medium income level. 25.2% of the 
participants had no social security coverage, 86.2% were 
married, and 78.1% had children. It was also found that 
76.7% of the participants had a nuclear family structure, 
while 22.9% had an extended family structure. Additional-
ly, 17.6% of the individuals included in the study worked 
as seasonal agricultural laborers. 19% of them had chronic 
illnesses (Table 1). 

Regarding the place of residence for the first 7 years of 
life, 48.6% of the participants lived in the provincial center, 
41.9% in villages, and 9.5% in the district center. Examining 
the measles vaccination status, 31.4% stated that they had 
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been vaccinated, 15.7% said they had not been vaccinated, 
and 52.7% could not remember. Regarding the history of 
measles infection, 24.3% reported having had the disease, 
38.1% reported not having had it, and 37.6% could not re-
member. Moreover, 7.6% of the participants thought that 
vaccination services were paid (Table 2). 

The measles seropositivity rate among the adult partici-
pants in the study was 87.6%, whereas the seronegativity 
rate was found to be 8.6%. It was also determined that 3.8% 
of the participants had measles IgG antibody levels with-
in the threshold levels. Considering measles seropositivity 

Table 1. Continue

Characteristics Number Percentage

Chronic disease

Yes 40 19.0

No 170 81.01

Disability status

Yes 2 1.0

No 208 99.0

Social security 

Yes 157 74.8

No 53 25.2

Total 210 100.0

Table 1. Distribution of participants sociodemographic characteristics

Characteristics Number Percentage

Sex

Female 107 51.0

Male 103 49.0

District of residence

Haliliye 77 36.7

Karaköprü  49 23.3

Eyyübiye 84 40.0

Educational level

Illiterate 38 18.1

Literate 11 5.2

Elementary school 51 24.3

Secondary school 40 19.0

High school 48 22.9

University and higher 22 10.5

Employment status

Yes 86 41.0

No 124 59.0

Social class

Medium social class 47 22.4

Lower social class 163 77.6

Marital status

Non-married 27 12.9

Married 181 86.2

Divorced/separate 0 0.0

Widow 2 1.0

Having child

Yes 164 78.1

No 46 21.9

 Lifestyle

Single 1 0.5

Nuclear family 161 76.7

Extended family 48 22.9

Status of seasonal agricultural employment 

Yes 37 17.6

No 173 82.4

Income level

Very sufficient 1 0.5

Sufficient 44 21.0

Moderate 80 38.1

Insufficient 82 39.0

Very insufficient 3 1.4

Table 2. Distribution of participants’ characteristics related to 
measles and immunization

Characteristics Number Percentage

Place of residence for the first 7 years of life

Provincial center 102 48.6

District center 20 9.5

Village 88 41.9

Status of vaccination for measles

Vaccinated 66 31.4

Not vaccinated 33 15.7

Couldn’t remember 111 52.9

History of measles disease

Caught the disease 51 24.3

Haven’t caught the disease 80 38.1

Couldn’t remember 79 37.6

Are vaccination services paid?

Yes 16 7.6

No 194 92.4

Total 210 100.0
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levels among adult participants by age groups, it was found 
that the lowest seropositivity level was 52.63% in the 18-21 
age group, followed by 77.78% in the 22-25 age group, and 
79.41% in the 26-29 age group (Fig. 1). 

Significa tly higher measles seropositivity was found in 
adult participants aged 33 years and younger (p<0.05). 
Those with middle school and high school education had 
lower seropositivity levels compared to individuals with 
other education levels (p<0.05). Measles seropositivity was 
significa tly higher among those who had children and 
those who were married (p<0.05). There was no statistically 
significa t relationship found between participants’ em-
ployment status, lifestyle, seasonal agricultural labor status, 
total number of people living in the same household, the 
number of people per room, the ability of total household 
income to meet needs, the presence of chronic illness, dis-
ability status, place of residence during the first 7 years of 
life, measles vaccination status, measles infection status, 
social security status, and measles seropositivity (Table 3).

In the logistic regression model created, being 33 years old 
or younger reduces the likelihood of measles seropositivity 
in adults by a factor of 10 (Table 4).

Discussion
In this study, the aim was to determine the measles sero-
prevalence among the adult population in the city center 
of Şanlıurfa. The research was conducted in Şanlıurfa, a re-
gion where the majority of the population has a primary 
level of education or below, is unemployed, and lacks social 
security. Most families in this area have low income levels 
and a high prevalence of extended family structures.[12] 

The study population consisted of individuals aged 18 years 
and older who applied to Family Health Centers (FHCs) in 
the city center of Şanlıurfa. A total of 210 individuals from 
30 different FHCs were included in the sample. Among the 
participants, 184 (87.6%) were seropositive, 18 (8.6%) were 
seronegative, and 8 had antibody levels within the border-
line range. 

The results showed that measles immunity and antibody 
levels increased with age. Of the 18 seronegative individu-
als, 17 (94.4%) were aged 30 or younger. When analyzed by 
age groups, measles seropositivity was as low as 52.63% in 
the 18–21 age group. These findings emphasize the need 
for completing measles vaccination among adults under 
the age of 30. Seropositivity among individuals older than 
30 was much higher (99%), likely due to natural infection 
and subsequent immunity.

Similar patterns have been reported in studies conducted 
in different regions and countries. For instance, in a measles 
seroprevalence study conducted by Emek et al.[15] in Manisa 
province in 2017, seroprevalence among individuals sam-
pled at FHCs was 82.2%. In those aged 40 and above, sero-
prevalence exceeded 95%, consistent with the findings of 
the present study. 

Likewise, Smetana et al.[16] in the Czech Republic reported 
an overall seropositivity of 83.3%, with the highest rates 
(>96%) observed in individuals aged 50 and older who had 
acquired natural infection before the introduction of vacci-
nation. The lowest rates were found in the 30–39 (61.5%), 

Table 4. Logistic regression model of independent variables affecting the measles seroprevalence 

Variables B Standard error p O.R. 95% Confidence level

Age 2.307 1.104 0.037 10.048 1.154 – 87.506

Having children 0.503 0.680 0.459 1.653 0.436 - 6.263

Marital status 0.486 0.701 0.488 1.626 0.411 – 6.424

Educational level 0.599 0.705 0.395 1.821 0.457 – 7.250

B: Beta coefficient; OR: Odds ratio.

Figure 1. Distribution of measles seroprevalences by 3-year age groups.
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Table 3. Comparing the participants’ measles seroprevalence and sociodemographic characteristics

Sociodemographic characteristics

Measles immunity status

χ² p

Yes No

Number % Number %

Age

33 years and younger 86   83.5 17 16.5
14.93 <0.001

34 years and older 98   99.0 1 1.0

Sex

Female 92 92.0 8 8.0
0.20 0.65Male 92 90.2 10 9.8

Educational level

Elementary school and lower 93 96,9 3 3.1
8.42 0.015Secondary school and high school graduates** 71 84.5 13 15.5

University and higher 20 90.9 2 9.1

Employment status

Yes 79 92.9 6 7.1
0.62

0.43

No 105 89.7 12 10.3

Marital status

Not married 19 73,1 7 26.9 0.003*

Married 163 93.7 11 6.3

Having children

Yes 150 94.9 8 5.1 0.001*

No 34 77.3 10 22.7

Lifestyle

Nuclear family 143 92.3 12 7.7
0.056

0.813

Extended family 40 87.0 6 13.0

 Seasonal agricultural employment

     Yes 30 85.7 5 14.3 0.20*

     No 154 92.2 13 7.8

 Number of persons per household

5 persons and less
6 persons and more

98
86

92.5
89.6

8
10

7.5
10.4 0.51 0.47

 Number of persons per room

Less than 2 persons 142 90.4 15 9.6 0.76*

2 persons and more 42 93.3 3 6.7

Income level

Sufficient and higher 16 72.7 6 27.3

0.59
0.74Medium level 25 80.6 6 19.4

Insufficient and lower 21 80.8 5 19.2

Chronic disease

Yes 38 97.4 1 2.6
0.20*

No 146 89.6 17 10.4



59Gunduzalp et al. Measles Seroprevalence in Şanlıurfa / doi: 10.14744/SEMB.2025.88655

40–49 (77.5%), and 18–29 (81.1%) age groups. These re-
sults align with the current study, in which seropositivity 
was higher in older individuals and lower in the 20–30 age 
group.  

Similarly, in a 2012 study by Chen et al.[17] in Taiwan, overall 
measles seroprevalence was 74.7%, with 50.6% in the 21–
25 age group and over 95% in those aged 35 and above. 
This age-related increase in seropositivity is also consistent 
with our finding . 

In addition, a 2008 study conducted by Fu et al.[18] in China 
reported an overall measles seroprevalence of 70.6%, with 
the lowest rate (58.8%) in the 15–29 age group. This fur-
ther supports the present study’s observation that younger 
adults exhibit lower immunity levels. Finally, 19. García-Co-
mas et al.,[19] in a study conducted in Spain, found an overall 
seroprevalence of 97.8%. The highest rates (99.7%) were in 
the 2–5 and 40–60 age groups, while the lowest were ob-
served in the 21–30 age group. Taken together, these con-
sistent findings across multiple studies suggest that wan-
ing immunity or incomplete vaccination coverage among 
younger adults remains a significa t public health concern.

A 2019 study by Sasaki et al.[20] in Japan, which examined 
measles antibody titers among young adults, found signifi-
cantly higher antibody levels in individuals with a previous 
history of measles infection. Similarly, in the present study, 
individuals reporting a history of measles showed higher 
seropositivity; however, unlike Sasaki et al.,[20] this differ-
ence did not reach statistical significan e. 

Supporting this age-related pattern, recent studies have 
consistently demonstrated that measles seropositivity 
tends to be lower among individuals aged 18–30 and in-
creases progressively with age.[17,21,22] These findings collec-
tively highlight the persistence of immunity gaps among 
younger adults, particularly those born after the introduc-
tion of routine vaccination programs. Furthermore, Emek 
et al.[15] reported that, after adjusting for age, measles se-
roprevalence was not associated with any social determi-
nants such as education level, occupation, or income. 

Consistent with this, the present study also found no sig-
nifica t relationship between sociodemographic variables 
and measles seropositivity once age was controlled for. In 
addition, Chen et al.[17] identified age as an independent 

Table 3. Continue

Sociodemographic characteristics

Measles immunity status

χ² p

Yes No

Number % Number %

Place of residence for the first 7 years of life

Provincial center 91 91.0 9 9.0 0.04 0.97

District center 18 90.0 2 10.0

Village 75 91.5 7 8.5

Vaccination status

Vaccinated 56 87.5 8 12.5 1.56 0.45

Not vaccinated 31 93.9 2 6.1

Couldn’t remember 97 95.6 8 9.4

Measles history

Caught the disease 47 95.9 2 4.1 3.081 0.214

Haven’t caught the disease 67 87.0 10 13.0

Couldn’t remember 70 92.1 6 7.9

Social security status

Yes 141 92.8 11 7.2 0.15*

No 43 86.0 7 14.0

Are vaccination services paid?

Yes 15 93.8 1 6.3 1.00*

No 169 90.9 17 9.1

*Fisher’s Exact Test; ** Group causing the difference
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predictor of seronegativity in Taiwan. This finding aligns 
with our results, reinforcing the conclusion that age is a 
primary determinant of measles immunity, independent of 
other demographic or social characteristics.

Limitations
The data were directly obtained through face-to-face in-
terviews by the researchers. Therefore, the reliability of the 
data is limited to the information provided by the partic-
ipants. Since some participants did not speak Turkish, a 
translator was used, and the reliability of the data depends 
on the translator’s translation skills and the participant’s 
ability to understand the questions correctly.
One of the limitations of this study is the potential for recall 
bias. Since the data were collected through face-to-face in-
terviews, participants were asked to report their history of 
measles infection and vaccination. However, many partici-
pants may not have accurately remembered whether they 
had been vaccinated against measles or had previously 
contracted the disease. This could have led to the collection 
of inaccurate or incomplete information, potentially affect-
ing the validity of the results.

Conclusion
This study confi med the hypothesis that measles seroprev-
alence increases with age and that younger adults have 
lower immunity levels. The overall seroprevalence among 
adults in the Şanlıurfa city center was 87.6%, indicating an 
immunity gap among individuals aged 18-30. The hypothe-
sis that sociodemographic factors independently influen e 
seroprevalence was not supported; age is the only signifi-
cant determinant of measles immunity.
Although firs -dose measles vaccination coverage in Türkiye 
has exceeded the 95% threshold for elimination, inadequate 
second-dose coverage and the accumulation of unvacci-
nated individuals likely contributed to the decline in herd 
immunity. These findings highlight the need to strengthen 
routine vaccination programs and ensure full MMR vaccina-
tion coverage, particularly among adults born after 1993. 
Based on these results:
‭✓ Catch-up vaccination programs targeting individuals
aged 18-30 could be implemented.
‭✓ Periodic serological testing could be performed to mon-
itor immunity levels.
‭✓ Public education and awareness campaigns should be con-
ducted to reduce vaccine hesitancy and anti-vaccine sentiment.
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Abstract

Objectives: The aim of this study is to determine the presence of fatty liver and pancreatic steatosis in individuals diagnosed with 
Chronic Hepatitis B (CHB), Chronic Hepatitis C (CHC), and Wilson's Disease (WD) and to evaluate the relationship between the pres-
ence of fatty liver and pancreatic steatosis and laboratory parameters.
Methods: Forty-eight CHB, fi ty-six CHC, and thirty-fi e WD patients were included in the study. Pancreatic steatosis was measured 
by three methods: steatosis according to the mean pancreas value, steatosis according to the pancreas/spleen difference value, 
and steatosis according to the pancreas/spleen density ratio. Hepatic steatosis was measured by noncontrast CT using multi-site 
attenuation sampling and the Liver Attenuation Index (LAI); steatosis was graded according to predefined LAI cut-offs. Fatty liver 
and pancreatic steatosis were graded as Grade 1, 2, or 3. Certain laboratory parameters of the patients were also retrospectively 
reviewed.
Results: In 69.1% of all patients, grade 1 fatty liver disease was present. Pancreatic steatosis was absent in 50.3% of patients ac-
cording to the mean pancreas value, 63.3% according to the pancreas/spleen difference, and 61.9% according to the pancreas/
spleen density ratio. Fatty liver disease was positively correlated with high Erythrocyte Sedimentation Rate (ESR) (r=0.255, p=0.002) 
and Alanine Transaminase (ALT) (r=0.180, p=0.034). ESR (p=0.025) and urea level (p=0.024) were found to be significa tly higher 
in the group with steatosis according to the mean pancreas value. According to the group with steatosis based on the pancreas/
spleen density ratio, globulin level was significa tly higher (p=0.038). The rates of steatosis according to the pancreas mean value 
(p=0.003) and the pancreas/spleen density ratio (p=0.039) were significa tly more advanced in CHC patients compared with the 
other patient groups. There was no statistically significa t difference between the stage of fatty liver and the stage of fatty pan-
creas (p>0.05).
Conclusion: Although fatty liver and pancreatic steatosis are considered similar pathologies, our findings suggest that these two 
conditions should not be considered interchangeable. Further studies with larger samples may be useful to better demonstrate 
the correlation between the two conditions and the investigated parameters.
Keywords: Chronic Hepatitis B, Chronic hepatitis C, fatty liver, pancreatic steatosis, Wilson's disease
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Hepatitis B and C virus infections are important health
problems that lead to many complications with high 

morbidity and mortality, ranging from chronic hepatitis to 
cirrhosis and hepatocellular carcinoma.[1] Wilson’s Disease 
(WD) is a rare autosomal recessive metabolic disorder char-
acterized by impaired copper transport.[2] The clinical pre-
sentation of WD is highly variable and manifests with he-
patic, neurological, and psychiatric symptoms as a result of 
the accumulation of copper in organs.[3] Hepatic manifes-
tations include asymptomatic biochemical abnormalities 
and fatty liver, as well as acute hepatitis, acute liver failure, 
chronic hepatitis, and cirrhosis.[4]

Fatty liver disease is a common chronic liver disease that 
occurs mostly as a complication of obesity, type 2 diabetes 
mellitus, and hyperlipidemia.[5] Although the pathogenesis 
of the disease has not been elucidated, insulin resistance 
is considered to be an important cause of fatty liver dis-
ease.[6] Fatty liver affects approximately 25–30% of adults 
and almost all obese individuals in the general population.
[7] There are studies reporting that patients with CHB, CHC,
and WD are prone to fatty liver.[8]

Pancreatic steatosis occurs as a result of fat infilt ation into 
the pancreatic tissue. In contrast to fatty liver, the patho-
physiology and clinical significan e of pancreatic ste-
atosis are not clearly known.[9] Obesity is one of the most 
important causes of pancreatic steatosis. Other causes of 
pancreatic steatosis include older age, male gender, type 
2 diabetes, malnutrition, cystic fib osis, Shwachman-Dia-
mond syndrome, some drugs, excessive iron accumulation, 
and viruses (HBV–HIV). Pancreatic steatosis is a risk factor 
for severe disease among patients diagnosed with acute 
pancreatitis.[10] In addition, the presence of steatosis may 
alter the microflo a in the pancreas and facilitate tumor 
progression and dissemination.[11] Although many studies 
have addressed hepatic steatosis in chronic liver diseases 
and a limited number have explored pancreatic fat, simul-
taneous comparative assessment of pancreatic steatosis 
across CHB, CHC, and WD using multiple CT-based indices 
remains scarce.

The aim of this study was to determine the presence of fat-
ty liver and pancreatic steatosis in patients diagnosed with 
CHB, CHC, and WD. In addition, it was aimed to evaluate 
the correlation between fatty liver and pancreatic steatosis 
with each other and with laboratory parameters.

Methods
The study included 2379 patients over the age of 18 diag-
nosed with CHB, CHC, and WD who applied to the hepatol-
ogy outpatient clinic of a university hospital. The study was 
conducted in line with the ethical principles outlined in the 

Declaration of Helsinki. The study was approved by Gazian-
tep University Clinical Research Ethics Committee (date: 
07.07.2021 decision: 2021/142). Written informed consent 
was obtained from the individuals.

CHB infection was considered as HBsAg positivity for at 
least 6 months based on the European Association for the 
Study of the Liver 2018 guidelines. The diagnosis of CHC 
was made with HCV antibody positivity and a positive 
molecular test (HCV RNA) performed 6 months later. The 
diagnosis of WD was made according to the Leipzig cri-
teria based on clinical, laboratory, and imaging finding . 
Among 2379 patients, there were 105 patients with CHB, 
64 patients with CHC, and 37 patients with WD who had 
computed tomography (CT) images. Out of 206 patients 
with CT images, 67 were excluded from the study based on 
exclusion criteria (diabetes, obesity, chronic alcohol con-
sumption, cystic fib osis, Shwachman-Diamond syndrome, 
malnutrition, gemfib ozil, rosiglitazone, and/or corticoste-
roid use). The study was conducted with a total of 139 pa-
tients, including 48 CHB, 56 CHC, and 35 WD patients. The 
design of the study is shown in Figure 1.

In the evaluation of fatty liver disease, 12 sampling areas 
were detected by noncontrast CT and attenuation mea-
surements were performed. Three representative branches 
were selected to describe the sampling sites: the confl -
ence of the right hepatic artery, the umbilical portion of the 
left portal vein, and the posterior branch of the right portal 
vein. At each level, the liver was divided into four sectors. 
In addition, a sampling area was placed in the spleen at 
each level, and the mean liver and mean spleen densities in 
Hounsfield Units (HU) were found by averaging the values 
obtained. Liver Attenuation Index (LAI) was calculated us-
ing the difference between these values. LAI>5 was consid-
ered as <5% steatosis (Grade 1), 5≥LAI>-10 was considered 
as 6–30% steatosis (Grade 2), and -10≥LAI was considered 
as >30% steatosis (Grade 3).[12]

For pancreatic steatosis, a total of 9 sampling areas, 3 
from each of the head, body, and tail sections, were de-
termined. The primary distinction is the absence of an LAI 
value for pancreatic steatosis, despite the similar calcu-
lation method used for fatty liver. However, the literature 
on this topic is limited. In our study, pancreatic steatosis 
was assessed in three ways. These are “pancreas mean 
value”, calculated as the average of the attenuation val-
ues of the head, body, and tail sections of the pancreas; 
“pancreas/spleen difference value”, based on the density 
difference between them; and “pancreas/spleen density 
ratio”, obtained by mathematically dividing the pancreas 
density by the spleen density. Noncontrast CT was used 
for assessing pancreatic steatosis and measuring density 
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in HU, which was then compared with splenic parenchy-
ma. The cut-off values for grade 1 pancreatic steatosis 
were determined as 41.67, -6.33, and 0.87 based on the 
pancreatic mean HU density value, the difference in HU 
density between the pancreas and spleen, and the ra-
tio of HU density between the pancreas and spleen, re-
spectively. For grade 2 pancreatic steatosis, the cut-off 
values were accepted as 36.67, -12, and 0.6 in the same 
order. Similarly, for grade 3 pancreatic steatosis, the cut-
off values were accepted as 26.5, -22, and 0.56, respec-
tively. The cut-off values used for classifying pancreatic 
steatosis were based on limited prior literature, particu-
larly from comparative studies using noncontrast CT. Al-
though not yet standardized, these criteria are currently 
among the most referenced thresholds in the absence 
of histologic confirmation. The rationale for using three 
assessment methods (mean pancreatic value, pancreas/
spleen difference, and pancreas/spleen density ratio) 

lies in the lack of consensus on a single valid measure-
ment; therefore, triangulating these approaches allows 
a more robust and comparative evaluation of steatosis 
severity across anatomical variability and imaging char-
acteristics. It is important to emphasize that CT-based 
assessments do not provide histological confirmation. 
Without biopsy, differentiation between fat infiltration 
and fibrosis or inflammation remains speculative.

In addition, demographic characteristics of the patients 
such as age, gender, and certain laboratory parameters 
(International Normalized Ratio (INR), prothrombin time, 
leukocyte, hemoglobin, platelet, Mean Cell Volume (MCV), 
Erythrocyte Sedimentation Rate (ESR), C-Reactive Protein 
(CRP), glucose, urea, creatinine, Aspartate Transaminase 
(AST), Alanine Transaminase (ALT), Alkaline Phosphatase 
(ALP), Gamma-Glutamyl Transferase (GGT), total bilirubin, 
direct bilirubin, Alpha Fetoprotein (AFP), albumin, and 
globulin) were also retrospectively screened.

Figure 1. Flow chart of the study.
CHB: Chronic Hepatitis B, CHC: Chronic Hepatitis C, WD: Wilson's disease.
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Statistical Analysis
Statistical Package for Social Sciences (SPSS) version 20.0 
was used for data analysis (SPSS Inc., Chicago, IL, USA). The 
normality of the data distribution was evaluated using the 
Shapiro–Wilk test. One-way ANOVA–LSD test was used to 
compare normally distributed variables in more than two 
independent groups. The Kruskal–Wallis test was used to 
compare nonnormally distributed data between groups. 
Spearman correlation coeffici t was used to test the rela-
tionships between numerical variables, and the Chi-square 
test was used to test the relationships between categori-
cal variables. The results were considered significa t at the 
p<0.05 level. Multiple comparisons were conducted across 
laboratory parameters and disease groups; therefore, the 
risk of type I error should be considered. Post-hoc adjust-
ments such as Bonferroni correction were not applied but 
are recommended for future studies. Visual assessments 
including histogram plots and Q–Q plots were used in ad-
dition to Shapiro–Wilk tests to determine data normality. 
Sample size was limited, especially in subgroup analyses 
for WD, which reduces statistical power.

Results
Out of the patients, 34.5% were diagnosed with CHB, 
40.3% with CHC, and 25.2% with WD. Grade 1 fatty liver 
was present in 69.1%, Grade 2 in 25.9%, and Grade 3 in 5% 
of all patients. Pancreatic steatosis was detected in 49.7% 
of the patients according to the mean pancreas value 
(25.9% Grade 1, 20.9% Grade 2, 2.9% Grade 3), 36.7% ac-
cording to the pancreas/spleen difference (25.2% Grade 
1, 9.4% Grade 2, 2.1% Grade 3), and 38.1% according to 
the pancreas/spleen ratio (23.0% Grade 1, 12.9% Grade 2, 
2.2% Grade 3).

There was no statistically significa t correlation between 
the mean ages of the patients according to the stages of 
fatty liver (p>0.05). However, in all three measurement 
methods, the mean age of the group without pancreat-
ic steatosis was significa tly lower than that of the group 
with pancreatic steatosis (p<0.05) (Table 1).

Laboratory parameters of the patient groups are shown 
in Table 2. Fatty liver was positively correlated with high 
ESR (r=0.255, p=0.002) and ALT (r=0.180, p=0.034). ESR 
(p=0.025) and urea level (p=0.024) were significa tly high-
er in the group with steatosis according to the mean pan-
creatic value. Globulin level was significa tly higher in the 
group with steatosis according to the pancreas/spleen 
density ratio (p=0.038). The pancreas/spleen difference val-
ue based on laboratory parameters showed no significa t 
difference between the group with steatosis and the group 
without steatosis (p>0.05).

No significa t difference was observed between the dis-
ease groups in terms of fatty liver stage (p=0.155). When 
the correlation between the stage of pancreatic steatosis 
and the disease groups was analyzed, the stage of steatosis 
according to the mean value of the pancreas (p=0.003) and 
the stage of steatosis according to the pancreas/spleen 
density ratio (p=0.039) were significa tly more advanced 
among patients with CHC. There was no significa t dif-
ference between the disease groups in terms of steatosis 
stage according to the pancreas/spleen difference value 
(p>0.05) (Table 3).

There was no statistically significa t correlation between 
the degree of fatty liver and the degree of pancreatic ste-
atosis according to all three pancreatic steatosis stage mea-
surement methods (Table 4).

Discussion
It is important to determine the pathologies that may 
cause steatosis in order to take necessary precautions.[13]

Despite the increasing number of studies on pancreatic 
steatosis, there is no clear indication of its clinical signifi-
cance.[14] At the same time, pancreatic steatosis is thought 
to be a marker of local fat accumulation associated with 
beta-cell dysfunction.[15] Compared with the existing lit-
erature, this study is unique in that it comprehensively 
assesses pancreatic steatosis among patients diagnosed 
with CHB, CHC, and WD using three distinct noncontrast 
CT-based methods. To our knowledge, no prior study 

Table 1. The correlation of fatty liver and pancreas with age

Age

Number Mean p

Fatty liver

Grade 1 96 49.94 0.277a

Grade 2 36 55.44

Grade 3 7 51.71

Steatosis according to pancreas mean value

None 70 45.0 0.001b

Exists 69 58.0

Steatosis according to pancreas/spleen difference value

None 88 48.89 0.023b

Exists 51 55.86

Steatosis according to pancreas/Spleen density ratio

None 86 47.79 0.001b

Exists 53 57.40

pa: One-way ANOVA; pb: Kruskal Wallis
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has systematically evaluated pancreatic fat infilt ation in 
these patient populations simultaneously. This approach 
enhances our understanding of pancreatic fat deposition 

beyond the scope of metabolic syndrome or obesity-re-
lated studies. Recent MRI-based studies have highlighted 
the emerging importance of nonalcoholic fatty pancreas 

Table 2. Laboratory parameters of CHB, CHC and WD groups

Variables

CHB CHC WD

Mean±SD Median  
(Min-Max) Mean±SD Median

(Min-Max) Mean±SD Median
(Min-Max)

INR 1.19±0.41 1.07
(0.93-2.79)

1.22±0.71 1.04
(0.89-4.96)

1.44±0.47 1.37
(0.9-3.3)

Prothrombin time (sec) 15.5±4.8 13.8
(11.5-35.9)

15.37±6.79 13.65
(11.5-47.8)

19.72±11.47 17.8
(12-81.6)

Leukocytes (103/µL) 7.29±2.36 6.75
(2.85-14.9)

7.39±3.5 6.79
(2.42-21)

6.7±4.74 5.54
(2.08-23.13)

Hemoglobin (gr/dL) 14.07±2.26 14.65
(8.4-17.6)

15.18±1.5 13.7
(7.2-17.4)

12.37±2.67 13.1
(6.2-16.9)

Platelets (103/µL) 208.29±71.39 203.5
(44 -378)

221.96±78.9 216.5
(95-513)

136.9 ±72.1 193
(125 -293)

MCV (fL) 86.74±6.84 86.75
(64.2 -108)

86.21±7.3 86.85
(62.2-116.8)

84.93±9.7 85.9
(59.3-106.2)

ESR (mm/h) 19.6±26.9 5.5
(1 -112)

22.84±18.1 17.5
(2 -74)

11.2±10.6 6
(1 -40)

CRP (mg/L) 23.58±66.69 3.1
(0.1 -315)

13.62±47.15 2
(0.1-347)

12.04±19.17 3
(0.02-66.8)

Glucose (mg/dL) 117.83±55.73 100
(78-369)

123.7±71.84 102
(61 -514)

94.09±16.95 91
(69-130)

Urea (mg/dL) 36.29±20.89 30
(16-135)

34.8±20.35 31
(0.8-148)

39.73±54.69 24
(14-321)

Creatinine (mg/dL) 0.97±0.9 0.79
(0.49-6.31)

2.22±7.28 0.73
(0.39-46)

2.69±11.72 0.67
(0.31-70)

AST (U/L) 38.35±47.45 23
(8-298)

29±21 23
(12-152)

51.11±39.7 34
(14-188)

ALT (U/L) 33.23±34.25 26
(11-239)

23.77±20.02 20
(6-148)

59.86±80.58 34
(2-456)

ALP (U/L) 97.21±79.82 81
(31-571)

103.63±70.45 87.5
(38 -518)

120.66±54.45 105
(22-251)

GGT (U/L) 51.85±70.32 29
(9 -373)

45.27±72.73 23
(10-493)

62.54±67.34 51
(5-317)

T.Bilirubin (mg/dL) 1.17±1.59 0.66
(0.35-8.74)

1.01±1.48 0.6
(0.25-8.52)

3.13±5.18 1.32
(0.36-23.31)

D.Bilirubin (mg/dL) 0.37±0.69 0.14
(0.07-3.71)

0.28±0.41 0.14
(0.04-2.7)

1.59±3.76 0.36
(0.07-18.52)

AFP (ng/mL) 55.52±357.4 3.05
(0.76-2480)

7.39±19.28 3.61
(1.2 -146)

5.15±5.07 3.11
(0.64-24.52)

Albumin (g/L) 39.5±7.43 41
(15.9 -49)

38.98±5.23 40.5
(24.7-47)

37.17±8.12 39
(15.6-49)

Globulin (g/L) 33.79±8.36 32
(23-76.2)

33.92±6.96 34
(3.3-49)

28.49±6.34 30
(12-37)

INR: International normalized ratio; MCV: Mean corpuscular volume; ESR: Erythrocyte sedimentation rate; CRP: C-reactive protein; AST: Aspartate aminotransferase; 
ALT: Alanine transaminase; ALP: Alkaline phosphatase; GGT: Gamma-glutamyl transferase; AFP: Alpha-fetoprotein protein.
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disease in metabolic conditions, reinforcing the relevance 
of exploring pancreatic fat even in nonobese, nondiabetic 
populations. Moreover, the use of noncontrast CT without 
histological validation presents a limitation. Histological 
confi mation remains the gold standard for diagnosing 
both steatosis and associated inflamm tion. Therefore, 
imaging-based findings should be interpreted cautiously, 
and future studies incorporating tissue-level validation 
are warranted.[16] Additionally, recent MRI-based tech-
niques such as liver fat fraction (LFF) and pancreatic fat 
fraction (PFF) allow more sensitive quantific tion of or-
gan fat content. A study demonstrated the utility of MRI 
in detecting and comparing fat accumulation patterns in 
hepatic and pancreatic tissues,[17] supporting the need for 
multimodal imaging approaches in future studies.

Basal metabolic rate decreases and visceral adipose tissue 
increases with age, leading to organ obesity. In the litera-
ture, there are studies reporting that fatty liver disease is 
more common in older individuals.[18,19] However, there are 
also studies reporting that fatty liver disease, which increas-

es toward older ages, decreases again in advanced ages.
[20,21] In our study, there was no statistically significa t differ-
ence between fatty liver stages and age. This may be due to 
the fact that all patients diagnosed with CHB, CHC, and WD 
over the age of 18 years were included in our study.

In the literature, it has been reported that the pancreas en-
ters the aging process with various morphological changes 
and that the anteroposterior diameter and parenchymal 
volume of the pancreas decrease with age, while fat vol-
ume increases.[22] In our study, the mean age of the group 
without pancreatic steatosis was significa tly lower than 
that of the group with pancreatic steatosis according to all 
three measurement methods.

In our study, fatty liver disease was positively correlated 
with high ESR. This may be due to oxidative stress caused 
by insulin resistance on cells due to fatty liver and the in-
creased levels of interleukin-6 in related proinflamm tory 
processes. Fatty liver disease was also positively correlated 
with ALT level. Similar to our finding , a positive correlation 
between fatty liver disease and ALT was reported in anoth-

Table 3. Stages of fatty liver and pancreatic steatosis according to disease groups

Diagnosis

pCHB CHC WD

n % n % n %

Fatty liver

Grade 1 31 64.6 36 64.3 29 82.9 0.155

Grade 2 16 33.3 16 28.6 4 11.4

Grade 3 1 2.1 4 7.1 2 5.7

Steatosis according to the pancreas mean value

No steatosis 33 66.67 18 32.14 20 57.14 0.003

Grade 1 9 18.75 16 28.57 11 31.43

Grade 2 7 14.58 18 32.14 4 11.43

Grade 3 0 0.0 4 7.14 0 0.0

Steatosis according to pancreas/spleen difference value

No steatosis 35 72.92 29 51.7 24 68.57 0.082

Grade 1 11 22.92 15 26.79 9 25.71

Grade 2 1 4.17 9 16.07 2 5.71

Grade 3 0 0.0 3 5.36 0 0.0

Steatosis according to pancreas/spleen density ratio

No steatosis 35 72.92 26 46.43 25 71.43 0.039

Grade 1 8 16.67 16 28.57 8 22.86

Grade 2 5 10.42 11 19.64 2 5.71

Grade 3 0 0.0 3 5.36 0 0.0

p: Chi-square; CHB: Chronic Hepatitis B; CHC: Chronic Hepatitis C; WD: Wilson’s disease.
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er study.[23] This may be due to parenchymal damage in the 
liver at the cellular level.

There is a correlation between viral load and disease com-
plications in chronic viral hepatitis. Although complete 
suppression of viral load in chronic viral hepatitis does not 
eliminate the risk of HCC, it significa tly reduces it. In addi-
tion, increased viral load may cause the complications of 
the disease to be more severe.[24] There are also studies re-
porting that fatty liver was not found to be associated with 
viral load in the literature.[25,26] Viral load can modulate he-
patic inflamm tion and potentially organ fat deposition. As 
these variables were not uniformly available, we could not 
adjust for them. Future prospective studies should incor-
porate antiviral treatment status, viral load dynamics, and 
quantitative copper indices to refine the interpretation of 
ALT/ESR and fat metrics.

ESR and urea levels were found to be significa tly higher in 
the group with steatosis according to the mean pancreatic 
value. While these findings suggest a possible association 
between inflamm tory state and pancreatic fat deposition, 
it is important to note that ESR is a nonspecific and indirect 
inflamm tory marker and may not refle t true pancreatic 
inflamm tion. No specific inflamm tory biomarkers direct-
ly refle ting pancreatic inflamm tion were assessed. Simi-
larly, although globulin levels were higher among patients 

diagnosed with steatosis based on the pancreas/spleen 
density ratio, causality cannot be inferred. Further prospec-
tive studies utilizing more specific markers are needed to 
clarify these relationships.

Although ESR and ALT showed statistically significa t as-
sociations with hepatic steatosis (r=0.255 and r=0.180, re-
spectively), the effect sizes were small, indicating limited 
clinical impact at the individual patient level. Importantly, 
in the absence of viral load and treatment status, ALT ele-
vations cannot be confide tly attributed to steatosis rather 
than residual viral activity. Future studies should include 
these covariates to enable adjusted effect estimates.

In our study, no correlation was observed between the stage 
of fatty liver disease and disease groups. On the other hand, 
steatosis according to the pancreas mean value and ste-
atosis according to the pancreas/spleen density ratio were 
significa tly higher among patients diagnosed with CHC. It 
was also found that fatty liver disease and pancreatic ste-
atosis were significa tly higher in patients diagnosed with 
CHC compared with the control group in a study.[27] In order 
to predict diseases such as insulin resistance and type 2 DM 
that may develop as a result of pancreatic steatosis, it may be 
useful to screen patients with CHC for pancreatic steatosis.

Some studies in the literature reported a correlation be-
tween fatty liver disease and pancreatic steatosis.[28,29] How-

Table 4. The correlation between the stage of pancreatic steatosis and fatty liver

Steatosis according to pancreas  
mean value

Fatty liver p

Grade 1 Grade 2 Grade 3

No steatosis 43 (44.79%) 21 (58.33%) 6 (85.71%) 0.389

Grade 1 29 (30.21%) 7 (19.44%) 0 (0%)

Grade 2 21 (21.88%) 7 (19.44%) 1 (14.29%)

Grade 3 3 (3.13%) 1 (2.78%) 0 (0%)

Steatosis according to pancreas/ 
Spleen difference value 

Fatty liver p

Grade 1 Grade 2 Grade 3

No steatosis 65 (67.71%) 20 (55.56%) 3 (42.86%) 0.277

Grade 1 22 (22.92%) 9 (25%) 4 (57.14%)

Grade 2 7 (7.29%) 6 (16.67%) 0 (0%)

Grade 3 2 (2.08%) 1 (2.78%) 0 (0%)

Steatosis according to pancreas/ 
Spleen density ratio

Fatty liver p

Grade 1 Grade 2 Grade 3

No steatosis 63 (65.63%) 19 (52.78%) 4 (57.14%) 0.590

Grade 1 20 (20.83%) 9 (25%) 3 (42.86%)

Grade 2 11 (11.46%) 7 (19.44%) 0 (0%)

Grade 3 2 (2.08%) 1 (2.78%) 0 (0%)

p: Chi-square
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ever, in our study, no significa t correlation was observed 
between the degree of fatty liver and the degree of pan-
creatic steatosis according to all three pancreatic steatosis 
stage measurement methods. This difference may be due 
to the fact that our study was conducted on patients diag-
nosed with CHB, CHC, and WD. In the literature, studies re-
porting that fatty liver and pancreas are related have mostly 
been conducted on patients with obesity or diabetes mel-
litus, and it has been assumed that these two pathologies 
are caused by similar etiologies such as obesity. However, 
recent evidence suggests that there are different molecu-
lar mechanisms in the natural history and physiopatholo-
gy of pancreatic steatosis and fatty liver disease. A similar 
situation was observed in a study even though it was con-
ducted on a larger sample compared with our study.[11] This 
situation, which seems to be a contradiction, suggests that 
it may be related to the physiopathology of the process. 
Since they originate from the same endoderm embryologi-
cally, ectopic fat accumulation may occur simultaneously in 
both organs. Fat accumulation in hepatocytes is intracellu-
lar, and this is how fat deposits are formed in the liver. Fat 
accumulation in the pancreas occurs due to intercellular 
adipocyte infilt ation in the interlobular regions of both is-
let and acinar cells.[10,11,30]

Limitations
This study has several limitations. First, its retrospective 
design may have limited the ability to control for potential 
confounding variables. Second, the relatively small sample 
size and inclusion of only specific patient groups (CHB, CHC, 
and WD) may restrict the generalizability of the findings to 
broader populations. Disease-specific variables (HBV DNA, 
HCV RNA, urine copper) were unavailable in a subset of pa-
tients and were therefore not included; this may confound 
associations with ALT/ESR and fat indices. Finally, the use of 
imaging-based grading methods without histopathologi-
cal confi mation may have affected the diagnostic accuracy 
in determining the exact stage of hepatic and pancreatic 
steatosis. Additionally, there is a potential for selection bias 
due to incomplete or suboptimal imaging quality, which 
may have influen ed patient inclusion. The relatively small 
sample size of the WD group poses a limitation in statistical 
power for subgroup analysis. Moreover, due to the retro-
spective nature of the study, it was not possible to control 
for all potential confounding variables such as lifestyle fac-
tors, unrecorded comorbidities, or medication use.

Conclusion
When evaluating pancreatic steatosis and fatty liver, no sin-
gle criterion should be considered. Density values of the 
pancreas and liver should be interpreted in comparison 

with the spleen within their own anatomical regions.

According to all three pancreatic steatosis measurement 
methods used in our study, pancreatic steatosis increases 
with age.

If studies examining the correlation between fatty liver and 
pancreatic steatosis with various laboratory parameters re-
port similar results, some parameters such as ESR and ALT 
for fatty liver, and ESR, urea, and globulin for pancreatic ste-
atosis can be used as indicators.

Pancreatic steatosis was observed to be significa tly high-
er in CHC patients compared with CHB and WD groups. 
Screening of patients with chronic CHC for pancreatic ste-
atosis may be beneficia .

The absence of correlation between fatty liver and pancre-
atic steatosis has been attributed to different molecular 
mechanisms underlying the pathophysiology of these two 
conditions.

Although fatty liver and pancreatic steatosis may be con-
sidered similar pathologies, they should not be confused 
with each other due to their distinct underlying mecha-
nisms. Further large-scale advanced studies may be more 
beneficial in demonstrating the correlations between both 
pathologies and their associations with CHB, CHC, WD, and 
laboratory parameters.
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In non-small cell lung cancer (NSCLC), one of the most im-
portant prognostic factors is nodal involvement.[1] In the 

absence of mediastinal lymph node metastasis detected 
during preoperative clinical staging, surgery remains the 
standard treatment approach, whereas in cases where N2 

disease is identifie , multimodality treatment strategies 
are considered. In patients with single, non-bulky (<3 cm) 
N2 involvement, surgery can be incorporated into the mul-
timodality treatment plan following neoadjuvant therapy 
protocols that achieve downstaging in resectable cases. In 

THE MEDICAL BULLETIN OF

SISLI ETFAL HOSPITAL

Address for correspondence: Melike Ulker, MD. Department of Thoracic Surgery, Yedikule Chest Diseases and Thoracic Surgery, 
Training and Research Hospital, Istanbul, Türkiye 
Phone: +90 212 409 02 00 E-mail: melike.ulker@hotmail.com

Submitted Date: August 22, 2025 Revised Date: November 6, 2025 Accepted Date: December 6, 2025 Available Online Date: March 23, 2026
©Copyright 2025 by The Medical Bulletin of Sisli Etfal Hospital - Available online at www.sislietfaltip.org
OPEN ACCESS  This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/).

Original Research

DOI: 10.14744/SEMB.2025.04903
Med Bull Sisli Etfal Hosp 2026;60(1):71-78

Approaches to Mediastinal Staging in NSCLC Among 
Thoracic Surgeons: A Survey Study From Türkiye

 Melike Ulker,  Volkan Erdogu,  Ali Cevat Kutluk,  Muzaffer Metin

Department of Thoracic Surgery, Yedikule Chest Diseases and Thoracic Surgery Training and Research Hospital, Istanbul, Türkiye

Abstract

Objectives: Mediastinal lymph node staging is a critical step in the treatment algorithm for non-small cell lung cancer (NSCLC). 
Current guidelines define the patient groups in which invasive or minimally invasive mediastinal lymph node sampling is required 
during preoperative staging. This study aimed to determine the extent to which thoracic surgeons actively practicing in Türkiye 
adhere to these guideline recommendations and to assess the concordance between their daily clinical practices and these recom-
mendations.
Methods: A guideline-based survey, including nine case scenarios, was emailed to 417 thoracic surgeons registered with the Turk-
ish Thoracic Surgery Association. The survey collected data on participants’ demographic characteristics, institutional profile , and 
approaches to each clinical scenario. Responses were analyzed for concordance with guideline recommendations.
Results: The survey response rate was 29.2% (n=122). A total of 48.3% of the participants possessed an academic title, and 77.8% 
were employed at training and research or university hospitals. In scenarios involving a radiologically positive, single, non-bulky 
N2 lymph node, 85.2% of respondents indicated that invasive mediastinal staging was required by guidelines. In contrast, among 
patients without radiologic evidence of N2 disease, the proportion of surgeons recommending mediastinal staging was 19.7% for 
squamous cell carcinoma >3 cm in size and 36.9% for adenocarcinoma. For centrally located tumors, 59% of participants recom-
mended staging. Notably, there was substantial variation in opinions regarding the necessity of invasive sampling for suspicious 
aortopulmonary window lymph nodes.
Conclusion: Thoracic surgeons in Türkiye generally exhibit approaches to mediastinal staging that align with guideline recom-
mendations; however, variations exist in certain subgroups. Standardization is particularly needed in the definition of central tu-
mors, the approach to sampling aortopulmonary lymph node stations, and staging strategies based on histologic tumor type. 
These findings highlight the importance of educational and awareness initiatives aimed at improving the integration of guideline 
recommendations into clinical practice.
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contrast, for patients with multiple N2 or N3 disease, the 
treatment approach typically consists of definiti e treat-
ment protocols. Therefore, preoperative mediastinal lymph 
node staging, whether via minimally invasive or invasive 
techniques, plays a critical role in determining the optimal 
treatment protocol.

Current guidelines clearly define the indications for medias-
tinal lymph node (MLN) staging. Accordingly, in cases with 
a tumor diameter <3 cm (T1), normal-sized lymph nodes 
on thoracic CT (<1 cm), and a negative PET-CT scan (SUV-
max<2.5) — corresponding to radiological N0 — medias-
tinal lymph node staging is not recommended. In patients 
without radiological evidence of N2 disease, sampling of 
MLNs for staging purposes is recommended when factors 
increasing the likelihood of N2 involvement are present, 
such as suspicious N1 lymph nodes, centrally located tu-
mors, or tumors >3 cm in diameter.[2−4]

In this study, we investigated the approaches of thoracic 
surgeons practicing in Türkiye toward the indications for 
MLN staging in NSCLC patients through a survey-based 
design. The aim was to determine the adherence rates of 
thoracic surgeons in our country to guideline recommen-
dations for lymph node staging in NSCLC cases.

Methods
A two-part survey was developed by the authors of the 
study (Table 1). In designing the survey questions, previ-
ously conducted similar survey studies were taken into con-
sideration. The first part of the survey aimed to assess the 
participants’ academic qualific tions and to evaluate the 
capacity of their institutions in lung cancer management. 
The second part focused on evaluating the participants’ ap-
proaches to the indications for MLN staging in NSCLC cases. 
During the preparation of the questionnaire, the formats 
of previously published similar studies were reviewed, and 
the questions were developed based on current guideline 
recommendations. The items were revised according to the 
opinions of four experienced thoracic surgery specialists 
to ensure content validity. The Google Forms survey was 
distributed via e-mail invitation to 417 thoracic surgeons 
registered with the Turkish Thoracic Surgery Association. A 
total of 122 surgeons (29.2%) responded to the survey. The 
average time to complete the survey was 8–10 minutes.

Participants were explicitly instructed to answer the questions 
based on their routine clinical practice rather than guide-
line-recommended treatment algorithms. The questions were 
presented in the form of clinical case scenarios, and these 
cases were selected from patients recorded in the hospital 
archives. The aim was to refle t the staging decisions most fre-
quently faced by thoracic surgeons in daily practice. The ques-

tions were reviewed by four academic thoracic surgeons for 
clarity and comprehensibility before finaliz tion. Therefore, 
the scenarios were not chosen randomly but were selected 
as typical examples with high clinical representativeness. The 
survey was active from September 10, 2022, to October 10, 
2022, after which data analysis was completed. Results were 
archived and evaluated in an Excel spreadsheet.

For the radiological evaluation of mediastinal lymph nodes, 
any lymph node with a short-axis diameter >1 cm on CT 
and/or an SUVmax>2.5 on PET-CT was considered radiolog-
ically positive. Clinically, nodal involvement was defined as 
any lymph node >1 cm in the short axis on CT or with met-
abolic uptake >2.5 SUV on PET-CT. Following neoadjuvant 
therapy, an SUVmax value <2.5 on PET-CT was regarded as 
a complete or near-complete metabolic response, whereas 
a reduction in SUVmax without falling below this threshold 
was considered a partial metabolic response.[5,6]

The study was approved by the Ethics and Scientific
Committee of Yedikule Chest Diseases and Thoracic Sur-
gery Training and Research Hospital (Approval No. 329-
6/24.08.2022) and conducted in accordance with the prin-
ciples of the Declaration of Helsinki. Informed consent was 
obtained from all participants.

Statistical Analysis
Statistical analyses were performed using IBM SPSS Statis-
tics Version 26 (Armonk, NY). The descriptive results of the 
study are presented as frequencies with the corresponding 
percentages in the case of nominal or ordinal variables.

The internal consistency of the nine scenario-based questions 
assessing mediastinal staging practice was analyzed using 
Cronbach’s alpha. The core six questions yielded α=0.71, indi-
cating acceptable internal consistency. When the additional 
three scenarios involving the aortopulmonary window were 
included, the alpha value was 0.62, refle ting the known het-
erogeneity in clinical decision-making for this subgroup.

Results
The Google Forms survey prepared on the study topic was 
distributed via e-mail invitation to 417 thoracic surgeons. 
A total of 122 surgeons (29.2%) responded to the survey. 
Of the respondents, 48.4% (n=59) held an academic title, 
while 41.6% (n=63) were practicing as specialist physi-
cians. Regarding institutional affil tion, 77.8% (n=95) were 
employed at training and research hospitals or university 
hospitals, whereas 22.2% (n=27) were working in private 
healthcare institutions or state hospitals. Among the par-
ticipating surgeons, 16.4% (n=20) reported being the sole 
thoracic surgeon at their institution, 44.3% (n=54) worked 
alongside 1–5 other thoracic surgeons, and 39.3% (n=48) 
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worked in centers with more than 5 thoracic surgeons 
(Fig. 1). In terms of multidisciplinary tumor boards, 70.4% 
(n=86) stated that regular tumor board meetings were held 

at their hospitals, 23% (n=28) reported that such meetings 
were not conducted, and 6.6% (n=8) indicated that they 
were held occasionally (Fig. 2).

Table 1. Questions and answer options presented to participants for lymph node evaluation

Questions Responses

1. On PET-CT examination:
* Right upper lobe adenocarcinoma case 
* #4R >1.4 cm and SUVmax 4.8
* No pathological involvement in other mediastinal lymph 
nodes

• I would perform pathological sampling of the mediastinal lymph 
nodes using invasive or minimally invasive methods. If a single 
N2 is detected in the 4R station, I would recommend neoadjuvant 
therapy.

• I would rely on PET-CT findings. I would consider the patient as 
having single N2 disease and recommend neoadjuvant therapy.

• I would recommend direct surgery. If N2 is detected in the 
postoperative pathology report, I would refer the patient for 
adjuvant therapy.

2. On PET-CT examination:
* Right upper lobe NSCLC, T2a (3–4 cm)
* No pathological involvement in mediastinal lymph nodes
* #4R >1 cm (1.34 cm) 
Which of the following would you recommend?

• I would perform pathological sampling of the mediastinal lymph 
nodes using invasive or minimally invasive methods. If a single 
N2 is detected in the 4R station, I would recommend neoadjuvant 
therapy.

• I would rely on PET-CT findings. I have no suspicion of N2 disease. 
I would not recommend pathological sampling of the mediastinal 
lymph nodes. I would proceed directly to surgery.

3. * Right upper lobe adenocarcinoma, T1 (0–3 cm) 
* Hilar lymph node with SUVmax = 5.2 (suspicious for N1).

• I would perform pathological sampling of the mediastinal lymph 
nodes for staging purposes. I would rule out the possibility of N2 
disease.

• Based on PET-CT findings, the patient does not have N2 disease. I 
would proceed directly to surgery.

4. * Right upper lobe adenocarcinoma, T1c (2–3 cm)
* Centrally located tumor.

5. * Right lower lobe adenocarcinoma, T2b (>3 cm, 4–5 cm)

6. * Right lower lobe squamous cell carcinoma, T2a (>3 cm, 3–4 
cm)

7. Participants were asked whether they would consider a 
tumor located in the paravertebral region (more than 2 cm 
from the hilum, in the medial one-third on CT sections) to be 
a central tumor. 

• I would consider it a central tumor.
• I would not consider it a central tumor.

8. On PET-CT examination:
* Left upper lobe NSCLC, T2a (3–4 cm)
* #6 = >1 cm (1.7 cm) and SUVmax 5.4
* Cervical mediastinoscopy pathology report: #2R, #2L, #4R, 
#4L, and #7 — no metastasis detected

• I would perform invasive sampling of the aortopulmonary (APP) 
lymph nodes, and if N2 is detected, I would refer the patient for 
neoadjuvant therapy.

• I would rely on PET-CT findings and consider the patient to have 
N2 disease (#6), referring them for neoadjuvant therapy.

• In my routine practice, I do not sample suspicious isolated APP 
lymph nodes in left upper lobe tumors. I do not believe that 
possible N2 disease in this region would change my treatment 
strategy. 

• I would proceed directly to surgery and refer the patient for 
adjuvant therapy based on the postoperative pathology results.

9. On PET-CT examination:
* Left upper lobe NSCLC, T1c (2–3 cm)
* #6 = >1 cm (1.6 cm) and SUVmax 4.8
* #4L = >1 cm (1.6 cm) and SUVmax 4.3
* Endobronchial ultrasound (EBUS) pathology report: 
metastasis present in #4L
Which of the following would you recommend?

• I would perform invasive sampling of the aortopulmonary 
window. If N2 is detected, I would consider the patient to have 
multiple N2 disease and refer for definitive treatment.

• I would not perform pathological sampling of the 
aortopulmonary window. I do not consider possible metastasis 
in station #6 to have the same poor survival prognosis as other 
multiple N2 cases. I would refer the patient for neoadjuvant 
therapy.

• I would not perform pathological sampling of the 
aortopulmonary window. Based on PET-CT findings, I would 
consider the patient to have multiple N2 disease and refer for 
definitive treatment.
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Participants were asked about their approach to medias-
tinal staging in the presence of a radiologically positive, 
single, non-bulky MLN. Participants were also asked about 
their approach to mediastinal staging in cases with PET-
CT–negative findings but with an MLN>1 cm detected on 
CT imaging (Table 2).

In NSCLC cases without radiological suspicion of N2 dis-
ease, participants were asked about their approach to me-
diastinal staging in the following scenarios: T1 tumors with 
radiologically suspicious N1 metastasis, centrally located 
tumors <3 cm, adenocarcinomas >3 cm, and squamous cell 
carcinomas >3 cm (Table 3).

In Question 7, participants were asked whether they would 
consider a tumor located in the paravertebral region (more 
than 2 cm from the hilum, in the medial one-third on CT 
sections) to be a central tumor. A total of 95.1% (n=116) 
of participants stated that they did not consider tumors in 
this location to be central.

In the final two questions, participants were asked about 
their approach to sampling the aortopulmonary window 
(APP) region for staging purposes in the presence of ra-
diologically suspicious lymph node invasion in this area 
(Table 4).

Figure 1. Percentage distribution of participants according to the 
number of thoracic surgeons in their center.

Figure 2. Rates of multidisciplinary tumor board meetings at 
participants’ institutions.

Table 2. Participant responses and guideline concordance for scenario-based questions involving radiologically suspicious single-station 
N2 disease (Questions 1 and 2)

Question 1: On PET-CT examination:
* Right upper lobe adenocarcinoma case
* #4R > 1 cm (1.4 cm) and SUVmax 4.8
* No pathological involvement of other mediastinal lymph nodes

Options n (%) Guideline concordance 
I would perform pathological sampling of the mediastinal lymph nodes 
using invasive or minimally invasive methods. If a single N2 is detected in 
the 4R station, I would recommend neoadjuvant therapy.

104 (85.2)

85.2I would rely on PET-CT findings. I would consider the patient as having single 
N2 disease and recommend neoadjuvant therapy. 5 (4.1)

I would recommend direct surgery. If N2 is detected in the postoperative 
pathology report, I would refer the patient for adjuvant therapy. 13 (10.7)

Question 2: On PET-CT examination:
* Right upper lobe NSCLC, T2a (3–4 cm)
* No pathological involvement of mediastinal lymph nodes
* #4R > 1 cm (1.34 cm)
I would perform pathological sampling of the mediastinal lymph nodes 
using invasive or minimally invasive methods. If a single N2 is detected in 
the 4R station, I would recommend neoadjuvant therapy.

75 (61.5)

61.5I would rely on PET-CT findings. I have no suspicion of N2 disease. I would 
not recommend pathological sampling of the mediastinal lymph nodes. I 
would proceed directly to surgery.

47 (38.5)
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Discussion
Mediastinal staging of non-small cell lung cancer is of par-
amount importance. In NSCLC cases, detection of nodal 
involvement during preoperative staging alters the treat-

ment protocol. It differentiates surgically resectable from 
unresectable disease, informs prognostic assessment, and 
enables precise comparison of outcomes across clinical 
trials.[1,7]

Table 3. Approaches to mediastinal staging in NSCLC cases without radiological suspicion of N2 disease (Questions 3–6)

Questions 3-6: Approach in tumors without 
radiological suspicion of N2 disease:

I would perform pathological sampling 
of mediastinal lymph nodes (MLND) 

for staging purposes. I would rule out 
the possibility of N2 disease.

n (%)

Based on PET-CT findings, 
the patient does not have 

N2 disease. I would proceed 
directly to surgery.

n (%)

Guideline 
concordance

* Right upper lobe adenocarcinoma, T1 
(0–3 cm)
* Hilar lymph node with SUVmax = 5.2 
(suspicious for N1) 

54 (44.3) 68 (55.7) 44.3

* Right upper lobe adenocarcinoma, T1c 
(2–3 cm)
* Centrally located tumor

72 (59) 50 (41) 59

* Right lower lobe adenocarcinoma, T2b
(>3 cm, 4–5 cm)

45 (36.9) 77 (63.1) 36.9

* Right lower lobe squamous cell carcinoma, 
T2a (>3 cm, 3–4 cm)

27 (19.7) 98 (80.3) 19.7

Table 4. Participant preferences regarding aortopulmonary window (Stations 5–6) sampling in radiologically suspicious left upper lobe 
NSCLC scenarios (Questions 8 and 9)

Question 8: On PET-CT examination:
* Left upper lobe NSCLC, T2a (3–4 cm)
* #6 > 1 cm (1.7 cm) and SUVmax 5.4
* Cervical mediastinoscopy pathology report: #2R, #2L, #4R, #4L, and #7 — no metastasis detected

Options n (%) Guideline concordance 

I would perform invasive sampling of the aortopulmonary (APP) lymph nodes, and if N2 is 
detected, I would refer the patient for neoadjuvant therapy. 23 (18.9)

18.9

I would rely on PET-CT findings and consider the patient to have N2 disease (#6), referring them 
for neoadjuvant therapy. 25 (20.5)

In my routine practice, I do not sample suspicious isolated APP lymph nodes in left upper lobe 
tumors. I do not believe that possible N2 disease in this region would change my treatment 
strategy. I would proceed directly to surgery and refer the patient for adjuvant therapy based 
on the postoperative pathology results.

74 (60.7)

Question 9: On PET-CT examination:
* Left upper lobe NSCLC, T1c (2–3 cm)
* #6 > 1 cm (1.6 cm) and SUVmax 4.8
* #4L > 1 cm (1.6 cm) and SUVmax 4.3
* Endobronchial ultrasound (EBUS) pathology report: metastasis present in #4L

I would perform invasive sampling of the aortopulmonary window. If N2 is detected, I would 
consider the patient to have multiple N2 disease and refer for definitive treatment. 21 (17.2)

17.2

I would not perform pathological sampling of the aortopulmonary window. I do not believe 
that possible metastasis in station #6 carries the same poor survival prognosis as other multiple 
N2 cases. I would refer the patient for neoadjuvant therapy.

55 (45.1)

I would not perform pathological sampling of the aortopulmonary window. Based on PET-
CT findings, I would consider the patient to have multiple N2 disease and refer for definitive 
treatment.

46 (37.7)
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Despite minor variations, current guidelines converge on 
common principles regarding mediastinal lymph node 
staging. Accordingly, invasive mediastinal staging is not re-
quired in cases with normal-sized mediastinal lymph nodes 
(<1 cm) on CT, a negative PET-CT scan (with some studies 
using a cutoff SUVmax≤2.5 for 18F-fluo odeoxyglucose 
uptake as the threshold for normalcy), a peripheral clinical 
stage IA (T1N0M0) tumor, and a negative clinical evalua-
tion.[2] The American Association of Chest Physicians (ACCP) 
guidelines define a T1 tumor as a primary tumor with a di-
ameter of 3 cm or smaller, surrounded by lung or visceral 
pleura, or an endobronchial tumor located distal to the lo-
bar bronchus. In contrast, the European Society of Thoracic 
Surgeons (ESTS) guidelines apply this definition exclusively 
to squamous cell carcinomas; consequently, for adenocar-
cinomas, they recommend mediastinal lymph node stag-
ing even in the absence of radiologically detected N2 dis-
ease.[2,3,8]

All guidelines recommend mediastinal lymph node stag-
ing in the presence of radiological suspicion of N2 disease. 
In patients without N2 suspicion, mediastinal lymph node 
staging is recommended for centrally located tumors, in 
cases of suspected N1 disease (enlarged N1 nodes and/or 
PET-CT–positive N1 nodes), and for tumors >3 cm. (Level 
IIB; B: strong or moderate evidence for effic y but with 
limited clinical benefit; generally recommended).[2,3,8] The 
European Society for Medical Oncology (ESMO) and the 
ESTS define the indication for mediastinal lymph node 
staging in tumors >3 cm mainly as adenocarcinomas with 
high FDG uptake, without providing a clear recommenda-
tion for squamous cell carcinoma cases.[9,10] According to 
the literature, the likelihood of unsuspected N2 disease in 
>3 cm cN0 cases ranges from 6% to 14.8%.[11,12] In our study, 
the proportion of physicians who believed that invasive
mediastinal lymph node staging should be performed in
squamous cell carcinoma cases without radiological sus-
picion of N2 disease was 19.7%, whereas this proportion
increased to 36.9% when the same case was presented as
adenocarcinoma. Although mediastinal lymph node stag-
ing is recommended by guidelines for tumors >3 cm, Buero 
et al.[6] reported that in IB–IIA NSCLC cases without radio-
logical suspicion of N2 disease, no pN2 was detected in any
patient, and the negative predictive value of PET-CT was
100%.

One of the most significa t differences among guidelines 
lies in the definition of a central tumor. In fact, there is no 
consensus on the definition of a central tumor. The recom-
mendation to perform mediastinal lymph node staging in 
<3 cm centrally located tumors underscores the importance 
of how a central tumor is define . The ESTS and the Nation-

al Comprehensive Cancer Network (NCCN) define “central” 
as within the inner two-thirds of the lung,[3,13] whereas the 
ACCP defines it as within the inner on -third.[2]

In our study, 95.1% of participating physicians defined a 
central tumor on computed tomography as one located 
within the inner one-third on longitudinal sections. Similar 
survey studies have shown considerable variation among 
physicians in how a central tumor is define . In a survey 
involving 218 pulmonologists and thoracic surgeons, par-
ticipants were asked how they determine the thirds of a 
hemithorax; 182 (84%) selected a system of concentric lines 
originating from the hilum.[14] This radiologic definition has 
been associated with a higher rate of occult N2 disease.[15] 
At the time the guidelines were developed, the incidence 
of occult N2 disease in central tumors was approximately 
20%. However, more recent studies have shown that this 
rate has decreased substantially. Although guidelines rec-
ommend mediastinal lymph node sampling in central tu-
mors, Decaluwé et al.[16] did not show a significa t associa-
tion between central location and pN2 in T1 central tumors. 
Similarly, regardless of the definition of central tumor, the 
rate of pN2 in T1 tumors has been reported to range be-
tween 0% and 4.8%.[17] Casal et al.[18] compared two differ-
ent definitions — concentric lines with the inner one-third 
and concentric lines with the inner two-thirds based on 
the center of the tumor — and found no increase in pN2 
rates compared with non-central tumors for either defin -
tion. These findings indicate that the rates cited in earlier 
guideline references are not consistent with those reported 
in more recent studies. However, three recent studies com-
paring several definitions of centrality found that none of 
those proposed by the guidelines predicted N2 disease in 
contemporary series.[19] In our study, 59% of physicians be-
lieved that mediastinal lymph node staging should be per-
formed in central tumors. We believe that the recommen-
dation for mediastinal lymph node sampling in T1 central 
tumors, as well as the definition of a central tumor itself, 
should be re-evaluated through large-scale studies.

The ACCP and ESTS recommend sampling of aortopulmo-
nary window lymph nodes (stations 5 and 6) in left upper 
lobe tumors if involvement changes the treatment strategy, 
albeit with a low level of recommendation.[2,3,8] No random-
ized trials evaluating whether staging of lymph nodes in 
stations 5–6 before resection is preferable. The consensus 
is that the role of neoadjuvant therapy in these patients 
remains controversial, and further research is warranted in 
this area. In a survey conducted in Canada, 52.2% of tho-
racic surgeons reported that they do not sample aortopul-
monary window lymph nodes. Participants noted that left 
upper lobe tumors with single-station involvement of me-
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diastinal nodes have survival outcomes similar to those of 
patients with only N1 disease.[20] In our study, only 18.9% 
of physicians believed that sampling should be performed 
in the aortopulmonary lymph nodes when there was suspi-
cion of single-station N2 disease in this region. In the case 
of possible multiple N2 disease, 17.2% of respondents sup-
ported sampling to rule out multiple N2 involvement in this 
region, whereas 45.1% favored a neoadjuvant treatment 
approach for multiple N2 disease in this location.

Limitation 
Bulky N2 disease lacks a universally accepted definition;
however, it is generally correlated with radiographic group 
A, as outlined in the American College of Chest Physicians 
Evidence-based Clinical Practice Guidelines. This group is 
characterized by mediastinal infilt ation in which discrete 
lymph nodes cannot be clearly distinguished or measured. 
The term “bulky” is not determined solely by lymph node 
size; nevertheless, the committee considers lymph nodes 
with a short-axis diameter >25 mm to also represent bulky 
disease (Level V). While bulky disease may be limited to a 
single station, it more commonly refle ts multistation or 
multi-zonal involvement. As the present study focuses on 
preoperative lymph node staging, the technical consid-
erations and procedural details for obtaining histological 
confi mation in bulky mediastinal nodal disease lie beyond 
the scope of this article.

Conclusion
This nationwide survey demonstrates that thoracic sur-
geons in Türkiye generally adhere to guideline-based indi-
cations for mediastinal staging in NSCLC, though notable 
variability persists in selected clinical scenarios. Differences 
were most evident in the management of centrally located 
tumors, tumors >3 cm without radiological N2 suspicion, 
and aortopulmonary window lymph node involvement, 
refle ting ongoing areas of controversy in contemporary 
guidelines. These findings underscore the need for clearer 
definitions — particularly regarding tumor centrality — 
and further evidence to guide the role of aortopulmonary 
sampling. Strengthening educational initiatives and har-
monizing institutional practices may enhance the consis-
tency of staging strategies and support more standardized 
decision-making in NSCLC care.
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Osteonecrosis of the femoral head (ONFH) is a pro-
gressive, debilitating condition that primarily af-

fects young and middle-aged individuals and can lead 
to femoral head collapse and early-onset osteoarthritis if 
untreated.[1] Among the available treatment options for 
early-stage ONFH, core decompression (CD) is the most 

widely performed surgical procedure. Its goal is to relieve 
intraosseous pressure, improve vascularity, and delay 
or prevent the need for total hip arthroplasty (THA).[1-3] 
The outcomes of CD vary considerably and appear to be 
influen ed by several factors, including lesion size, disease 
stage, and patient-related variables such as systemic corti-
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Abstract

Objectives: Systemic corticosteroid use is a well-established risk factor for non-traumatic osteonecrosis of the femoral head 
(ONFH). However, its impact on the clinical outcomes of joint-preserving procedures, such as core decompression (CD), remains 
uncertain. This study aimed to evaluate whether systemic steroid exposure influen es the success of CD in patients with early-
stage ONFH.
Methods: This retrospective cohort study included 49 hips from 41 patients with Ficat stage IIa ONFH who underwent isolated CD 
between 2013 and 2021. Patients were stratified into two groups according to systemic corticosteroid use within one year prior to 
diagnosis. Demographic and radiologic data, including modified Kerboul angle and stage, were collected. Treatment success was 
defined as the absence of femoral head collapse or conversion to total hip arthroplasty at the final radiologic follow-up. Outcomes 
were compared between steroid users and non-users using t-tests, Mann–Whitney U, chi-square, and Fisher’s exact tests, as ap-
propriate.
Results: Overall, treatment success was achieved in 63.3% of hips. The success rate was 70.4% in steroid users and 54.5% in non-
users, but this difference was not statistically significa t (p=0.372). Baseline radiologic parameters, including modified Kerboul 
angle and stage, did not differ significa tly. Sex distribution differed significa tly (p=0.003), while age, follow-up duration, and 
bilaterality were comparable.
Conclusion: Systemic corticosteroid use was not significa tly associated with worse radiologic outcomes following CD in early-
stage ONFH. These findings support CD as a viable joint-preserving treatment in appropriately selected patients, irrespective of 
prior steroid exposure.
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costeroid exposure.[4-8] Corticosteroid exposure is a well-es-
tablished non-traumatic risk factor for ONFH, but its impact 
on surgical outcomes following CD remains uncertain.[8-10] 

Some studies have suggested worse prognoses and higher 
rates of femoral head collapse in patients with steroid-as-
sociated ONFH, whereas others have reported comparable 
outcomes between patients with and without steroid ex-
posure.[11-13]

However, there is a paucity of literature specifically address-
ing the impact of corticosteroid exposure on postoperative 
outcomes after core decompression in patients with ONFH. 
This gap limits the current understanding of whether corti-
costeroid exposure represents a true prognostic disadvan-
tage for bone healing and revascularization following CD.

Radiological assessment also plays a critical role in predict-
ing prognosis. The modified Kerboul angle, which quan-
tifies necrotic lesion size on magnetic resonance imaging 
(MRI), is frequently used to stratify collapse risk. Larger Ker-
boul angles have been consistently associated with higher 
failure rates in the treatment of ONFH.[5-7]

This study aimed to evaluate the clinical outcomes of CD in 
patients with early-stage ONFH and to investigate whether 
systemic corticosteroid exposure adversely affects radio-
logical prognosis.

Methods
This retrospective cohort study was conducted at the Bal-
talimani Bone Diseases Training and Research Hospital. 
Medical records of the patients who underwent CD for 
non-traumatic ONFH between January 2013 and Decem-
ber 2021 were reviewed.

A total of 51 patients who underwent CD for ONFH were 
initially screened. All cases were of non-traumatic origin; 
no patients with trauma-related osteonecrosis were pres-
ent in the cohort. Of these, 11 cases (in 10 patients) were 
excluded due to prior hip surgery (n=1), Ficat stage I dis-
ease (n=1), incomplete clinical or imaging records (n=2), 
and the use of autografts (n=2), or biological agents such 
as demineralized bone matrix (DBM) (n=5). In one patient, 
both hips met the exclusion criteria. The final study popula-
tion consisted of 41 patients (49 hips) who met all inclusion 
criteria and had a minimum postoperative follow-up of 12 
months (Fig. 1).

Inclusion criteria were patients aged ≥18 years with uni-
lateral or bilateral ONFH, Ficat stage IIa disease confi med 
by preoperative radiographs, a minimum postoperative 
follow-up of 12 months, and available preoperative MRI.[14] 
Exclusion criteria were prior surgical intervention on the af-
fected hip, traumatic etiology, incomplete clinical or imag-
ing records, or use of grafting materials, bone substitutes, 

or biological agents during decompression.

A total of 49 hips from 41 patients met the inclusion crite-
ria. This study was approved by the Metin Sabanci Baltali-
mani Bone Diseases Training and Research Hospital Insti-
tutional Ethics Committee (Date: 04.07.2025, Decision no: 
38-290). Written informed consent was obtained from all
participants. The study was conducted in accordance with
the principles of the Declaration of Helsinki.

Demographic variables, including age, sex, systemic corti-
costeroid exposure history, laterality (bilateral or unilater-
al), and operated side, were recorded. Age was calculated 
at the time of surgery. Systemic corticosteroid exposure 
was defined as administration for more than two weeks 
within one year prior to ONFH diagnosis, refle ting chron-
ic or cumulative exposure rather than a single or short-
term high-dose course, consistent with previous reports 
linking osteonecrosis mainly to prolonged exposure.[10,15] 
Preoperative lesion size was evaluated using the modified
Kerboul angle measured on T1-weighted coronal and sag-
ittal MR images, and staging was assigned according to 
the Kerboul classific tion (Stages I–IV).[6,16] Treatment suc-
cess was defined as the absence of femoral head collapse 
on the most recent radiographic evaluation. Failure was 

Figure 1. Flowchart summarizing patient selection and exclusion 
process. 
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defined as subchondral collapse or progression to THA. 
Patients were stratified into two groups based on systemic 
corticosteroid exposure: Group 1 included patients with-
out exposure, and Group 2 included patients with expo-
sure. Clinical and radiological outcomes were compared 
between the groups.

Surgical Technique
All CD procedures were performed under spinal or gener-
al anesthesia, with the patient in the supine position on a 
radiolucent or traction table. After standard aseptic prepa-
ration and antibiotic prophylaxis, a 2–3 cm lateral incision 
was made over the proximal femur, followed by blunt dis-
section to expose the lateral cortex.

Using biplanar fluo oscopy, a 3.2-mm guidewire was ad-
vanced toward the necrotic zone identified on MRI. Once 
the trajectory was confi med, an 8-mm cannulated drill was 
used to decompress the necrotic area without breaching 
the subchondral bone. No grafts or biologic agents were 
used (non-augmented technique). The wound was closed 
in layers.

Postoperatively, patients followed a protected weight-bear-
ing protocol with crutches for six weeks, progressing to full 
weight-bearing based on clinical and radiological recovery.

Statistical Analysis
A post-hoc power analysis was performed using G*Power 
3.1 (test family: Exact; Fisher’s exact test, two-tailed). 

Based on the observed proportions of radiological success 
between the steroid non-exposed (0.545) and steroid-ex-
posed (0.704) groups (α=0.05; n₁=22; n₂=27), the achieved 
power (1–β) was 0.17.

Statistical analyses were performed using IBM SPSS Statis-
tics version 27.0 (IBM Corp., Armonk, NY, USA). Continuous 
variables were expressed as mean ± standard deviation, 
and categorical variables as frequencies with percentages. 
The Shapiro–Wilk test was used to assess the normality of 
distribution for continuous variables. Group comparisons 
were performed using the independent samples t-test for 
normally distributed variables and the Mann–Whitney U 
test for non-normally distributed variables. Categorical 
variables were compared using either the chi-square test 
or Fisher’s exact test, as appropriate. Statistical significan e 
was set at p<0.05.

Inter- and intraobserver reliability analyses for Kerboul 
angle measurements were performed using a two-way 
mixed-effects model with absolute agreement to calculate 
intraclass correlation coeffici ts (ICC). Reliability was inter-
preted according to the following thresholds: <0.5, poor; 
0.5–0.75, moderate; 0.75–0.9, good; and >0.9, excellent.[17]

Results
A total of 49 hips from 41 patients were included. All pa-
tients had Ficat stage IIa ONFH. Group 1 comprised 22 
hips, and Group 2 included 27 hips. Age and follow-up 
duration were comparable between groups (Table 1). 
A significa t sex difference was noted, with males predom-
inating in Group 1 and a more balanced male-to-female 
ratio in Group 2 (p=0.003). No significa t difference was 
found in the distribution of the operated side (Table 1).
Bilateral ONFH was observed in the majority of patients, and 
the distribution was similar between groups (p=0.685; Table 
2). Among patients with bilateral ONFH, contralateral hips 
that were not treated with CD as part of this study under-
went different surgical interventions depending on clinical 
presentation and disease severity. In Group 1, three contra-
lateral hips were treated with vascularized fibular grafting, 
one with a trapdoor procedure using autograft, and one 
with THA. In Group 2, fi e contralateral hips received vascu-
larized fibular rafting, and three underwent THA.
The mean modified Kerboul angle and distribution of Ker-
boul stages were similar between the groups (p=0.480 and 
p=0.754, respectively; Table 2).
At the final radiological follow-up, no significa t difference 
in treatment success, defined as the absence of femoral 
head collapse, was observed between the groups (p=0.372; 
Table 2). Overall, femoral head preservation was achieved 
in 31 of 49 hips, corresponding to an overall success rate 
of 63.3%. THA was ultimately required in one patient from 
Group 1 and two patients from Group 2 due to progressive 
femoral head collapse with persistent symptoms.

Table 1. Comparison of demographic characteristics between 
groups

Group 1  
(non-exposed) 

(n=22)

Group 2 (systemic 
corticosteroid-exposed) 

(n=27)
p

Age (years) 36.7±9.5 34.4±7.7 0.314t

Follow-up 
(months) 46.4±28.9 39.4±23.0 0.463m

Sex (M/F) 0.003f

Male 21 (95.5%) 15 (55.6%)

Female 1 (4.5%) 12 (44.4%)

Operated 
side 0.388f

Right 8 (36.4%) 14 (51.9%)

Left 14 (63.6%) 13 (48.1%)

fFisher’s exact test, tindependent samples t-test, mMann-Whitney U test, Data 
are presented as mean ± standard deviation (SD) or count (percentage), as 
appropriate.
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Interobserver reliability for Kerboul angle measurements 
on MRI was excellent, with an ICC of 0.981 (95% CI, 0.933–
0.992; p<0.001). Intraobserver reliability (same observer, 
repeated measurements after 15 days) was also excellent, 
with an ICC of 0.987 (95% CI, 0.974–0.993; p<0.001). Both 
analyses were based on a two-way mixed-effects model 
with absolute agreement, indicating excellent measure-
ment consistency.[17]

Discussion
Core decompression is a well-established joint-preserving 
procedure for early-stage ONFH.[18-20] Prior studies, includ-
ing the systematic review by Mont et al.,[1,21] have reported 
success rates of 65–84% for Ficat stages I–II lesions, de-
pending on lesion size and disease extent.[2,22,23] Stage IIa 
lesions, in particular, have shown favorable responses to 
CD without biological augmentation.[21] Our overall success 
rate of 63.3% aligns with these finding , reinforcing the role 
of CD as a reliable option in carefully selected stage IIa pa-
tients.[1,5]

Although corticosteroids are a major etiologic factor in 
non-traumatic ONFH development, their effect on surgi-
cal prognosis remains debated.[8–10] In our study, treatment 
success was 70.4% in corticosteroid-exposed patients and 
54.5% in non-exposed patients, although this difference 
did not reach statistical significan e. This suggests that 

prior corticosteroid exposure does not necessarily impair 
femoral head preservation when CD is performed at the 
appropriate disease stage.

Tsai et al.[11] reported a nearly universal collapse rate (98.7%) 
in untreated steroid-associated ONFH patients over an av-
erage follow-up of 19.4 months. However, their population 
included symptomatic stage II–III cases. In contrast, Mont 
et al.[13] observed a more indolent course in asymptomat-
ic steroid-related ONFH, with a 26% collapse rate over 88 
months. These differences highlight the importance of con-
sidering disease stage and symptomatology when evaluat-
ing prognosis. In our homogeneous stage IIa cohort, early 
surgical intervention appears to mitigate the risks associat-
ed with corticosteroid exposure.

Su et al.[12] similarly identified corticosteroid use as a pre-
dictor of collapse after tantalum rod implantation, but their 
analysis included mixed disease stages and implant-relat-
ed confounders. Our focused design eliminates these vari-
ables, providing clearer insight into the role of systemic 
corticosteroid exposure in isolated CD.

All patients in our cohort were at the same disease stage, 
and both groups demonstrated comparable lesion charac-
teristics based on the modified Kerboul angle and disease 
stage. Additionally, all underwent a standardized, non-aug-
mented decompression technique. This methodological 
consistency supports the internal validity of our compar-
ative analysis and suggests that lesion size was not a con-
founding factor.

In our study, the male-to-female ratio was 15:12 in the cor-
ticosteroid-exposed group and 21:1 in the non-exposed 
group (p=0.003), consistent with previous reports showing 
a male predominance in ONFH, although sex distribution 
may vary depending on etiology.[2,4,10, 24-26]

This study has several limitations. First, its retrospective 
design limits control over confounding variables and intro-
duces potential selection bias. Second, the relatively small 
sample size, particularly after subgrouping, reduces statis-
tical power and may limit generalizability. Third, although 
radiographic endpoints represent an important and ob-
jective outcome measure, functional outcomes were not 
evaluated. The inclusion of patient-reported outcomes or 
functional recovery as secondary endpoints could provide 
a more comprehensive assessment of treatment effic y.

Additionally, systemic corticosteroid exposure was treated 
as a binary variable, without accounting for dosage, dura-
tion, or indication for use. These factors may influen e both 
disease severity and treatment response. Systemic comor-
bidities, which could also affect healing and progression, 
were not comprehensively assessed.

Table 2. Comparison of baseline radiologic parameters and 
treatment outcomes between groups

Group 1  
(non-exposed) 

(n=22)

Group 2 (systemic 
corticosteroid-exposed) 

(n=27)
p

Bilaterality* 0.685f

    Yes 15 (78.9%) 19 (86.4%)

    No 4 (21.1%) 3 (13.6%)

Kerboul angle 262.7°±51.6 257.6°±63.4 0.480t

Kerboul stage 0.754X²

    Stage 1 2 (9.1%) 5 (18.5%)

    Stage 2 6 (27.3%) 5 (18.5%)

    Stage 3 7 (38.1%) 9 (33.3%)

    Stage 4 7 (38.1%) 8 (29.6%)

Treatment 
outcome 0.372f

    Success 12 (54.5%) 19 (70.4%)

    Failure 10 (45.5%) 8 (29.6%)

*Bilaterality counts refer to patients, not hips;  fFisher’s exact test, X²chi-square 
test, tindependent samples t-test; Data are presented as mean ± standard
deviation (SD) or count (percentage), as appropriate.
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Despite these limitations, the study’s strengths include 
the homogeneity of disease stage (Ficat-Arlet stage IIa), 
consistent use of a standardized surgical technique, and 
focused evaluation of a single etiologic factor (corticoste-
roid exposure).

Conclusion
Systemic corticosteroid exposure does not appear to sig-
nifica tly impair radiological outcomes following CD in 
early-stage non-traumatic ONFH, though larger studies 
are needed to confi m this observation. Timely diagnosis 
and intervention remain critical, and prior corticosteroid 
exposure alone should not preclude the consideration of 
joint-preserving surgical options in appropriately selected 
patients.
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Arthroscopic shoulder surgery triggers severe postop-
erative pain; therefore, postoperative pain treatment 

must be carefully considered. Postoperative pain has been 
associated with many complications, such as patient dis-

satisfaction, immobility, atelectasis, and chronic pain.[1] Al-
though opioid consumption is reduced with multimodal 
analgesia, opioid-related side effects such as nausea, vom-
iting, and drowsiness are still encountered.[2,3]
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Abstract

Objectives: This study aimed to compare the effects of interscalene block and posterior suprascapular nerve block on postopera-
tive analgesia in the first 24 hours a ter unilateral arthroscopic shoulder surgery.
Methods: Ninety-eight adult patients aged between 18 and 65 years, with ASA (American Society of Anesthesiologists) physical 
status I–II, undergoing elective arthroscopic shoulder surgery were included in this prospective, randomized controlled study. All 
patients were randomized into two groups: the interscalene block group (Group ISB, n=48) and the suprascapular block group 
(Group SSB, n=50). Both groups received 10 mL of 0.5% bupivacaine. The duration of analgesia, total opioid consumption, compli-
cations, and Visual Analog Scale (VAS) scores were recorded at postoperative 0, 1, 4, 6, 12, and 24 hours.
Results: Statistical data were analyzed in 87 patients after 7 patients from Group SSNB and 4 patients from Group ISB were exclud-
ed from the study. There was no significa t difference between the two groups in analgesia duration, total opioid consumption, 
and patient satisfaction. While VAS values at 0 hours (p<0.01), 1 hour (p<0.05), 4 hours (p<0.01), and 6 hours (p<0.01) were lower 
in Group ISB, the VAS value at the 12th hour was similar between Group SSB and Group ISB (p>0.05). However, the VAS value at the 
24th hour was lower in Group SSB (p<0.01). The complication rate was higher in Group ISB (p<0.01).
Conclusion: It was concluded that ultrasound-guided posterior SSB for postoperative pain after arthroscopic shoulder surgery is 
not equivalent to ISB, especially in the early postoperative period, but it is an effective alternative technique with fewer side effects.
Keywords: Arthroscopic shoulder surgery, arthroscopy, interscalene block, postoperative pain, shoulder surgery, suprascapular 
block
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Regional anesthesia techniques utilized for postoperative 
pain treatment after arthroscopic shoulder surgery include 
suprascapular nerve block (SSNB), superior truncal brachial 
plexus block, interscalene block (ISB), and the combination 
of suprascapular and axillary nerve block.[4-6] ISB is the most 
frequently used of these techniques; it has an 8-hour anal-
gesic effect and a 12-hour opioid-sparing effect.[7] However, 
it may result in adverse consequences such as diaphrag-
matic paresis, numbness in the arm, weakness, Horner’s 
syndrome, and rebound pain because of the abrupt cessa-
tion of the strong analgesic effect.[8,9]

The suprascapular nerve (SSN), which provides 70% of the 
sensory innervation to the shoulder joint and its capsule, 
originates from the superior trunk comprising C5 and C6 
of the brachial plexus. Furthermore, it innervates the su-
praspinatus and infraspinatus muscles both motorly and 
sensorily. The branches of the axillary, supraclavicular, sub-
scapular, and pectoral nerves constitute 30% of the senso-
ry innervation of the shoulder.[10] Both acute and chronic 
shoulder pain can be managed with SSNB, which can be 
used alone or in combination with other block techniques 
during surgical procedures.[11,12] SSNB has become a widely 
used technique because it is easy to apply and is associated 
with fewer complications.[13,14]

In this prospective randomized study, we aimed to com-
pare the analgesic effects of ultrasound-guided ISB and 
SSNB on postoperative analgesia in patients undergoing 
arthroscopic shoulder surgery.

Methods
This study was conducted between December 2020 and 
April 2021, in accordance with the This study was approved 
by the Health Sciences University Sisli Hamidiye Etfal Train-
ing and Research Hospital Clinical Research Ethics Commit-
tee (Date: 24.11.2020, Decision no: 1708) and the Declara-
tion of Helsinki. Written and verbal consent was obtained 
from all patients, and the study was designed as a random-
ized, single-center, prospective, single-blind study.

A total of 98 patients with ASA (American Society of An-
esthesiologists) physical status classific tion system I–II 
who underwent unilateral arthroscopic shoulder surgery 
between the ages of 18 and 65 years were included in the 
study. Exclusion criteria were: not giving consent, ASA III–
IV, local anesthetic allergy, infection, coagulation disorder, 
BMI>30, severe lung disease, organ failure, psychiatric dis-
ease, prior neurologic defici , contralateral diaphragmatic 
paralysis, chronic pain history, and open shoulder surgery. 
Randomization was performed using the closed-envelope 
method after patients were admitted to the premedication 
unit (PU). Patients were divided into two groups: the inter-

scalene block group (Group ISB, n=48) and the suprascap-
ular block group (Group SSB, n=50). One day prior to the 
procedure, all patients underwent a preoperative evalua-
tion at the clinic, where they were informed about the use 
of the Visual Analog Scale (VAS) for pain assessment and 
the administration of both blocks.

On the day of surgery, the patients were admitted to the PU. 
Following standard monitoring (electrocardiogram, SpO₂, 
non-invasive blood pressure measurement), the patients’ 
demographic information (age, gender, height, weight, 
and BMI) was documented. In both groups, all blocks were 
performed by the same experienced anesthesiologist. Un-
der aseptic conditions, all blocks were applied using an Es-
aote CA631 high-frequency linear ultrasound probe and a 
Braun Stimuplex® Ultra 360® 0.9×80 mm needle with the 
in-plane technique.

Group ISB patients were placed in the supine position with 
their heads facing the opposite side of the shoulder to be 
operated on. The ultrasound probe was positioned over 
the cricoid cartilage and angled laterally until the carotid 
artery became visible at the level of the cricoid cartilage. 
Then, by moving the probe laterally and posteriorly, the 
brachial plexus between the anterior and medial scalene 
muscles was identifie . Bupivacaine (10 mL, 0.5%) was in-
jected around the nerve with controlled frequent aspira-
tions.

Following placement in a seated position, Group SSB pa-
tients were instructed to use the arm to be treated to hold 
onto the opposing shoulder. A concave supraspinous fossa 
and a bright supraspinatus muscle were observed when 
the ultrasound probe was positioned on the spina scapula 
parallel to it and advanced laterally. In this fossa, below the 
hyperechoic transverse scapular ligament at the suprascap-
ular notch, the SSN was observed next to the suprascapular 
artery. Bupivacaine (10 mL, 0.5%) was injected around the 
nerve in a controlled manner.

The patients in both groups were followed in the PU for 30 
minutes, and then the sensory block was checked with a 
pinprick test using a 22-gauge needle applied to the pos-
terolateral and superior deltoid area, asking the patient to 
compare the sensation with the opposite shoulder. Patients 
were asked to score the sensory stimulus as “no sensation 
1, reduced sensation 2, normal sensation 3.” At this stage, 
patients with a score of 3 points were considered to have 
an unsuccessful block and were excluded from the study. 
The anesthesiologist who evaluated the pinprick test was 
blinded to the groups.

Then, the patients were taken to the operating room and 
underwent surgery under general anesthesia. Fentanyl (2 
mcg/kg), propofol (2–3 mg/kg), and rocuronium (0.6 mg/
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kg) were used to induce general anesthesia. Maintenance 
of anesthesia was provided with a 50% O₂–50% air mixture 
and sevoflu ane. During the operation, patients were fol-
lowed under routine monitoring. All patients were routine-
ly administered 4 mg ondansetron for postoperative nau-
sea and vomiting prophylaxis. The awakened patients were 
observed in the postoperative anesthesia care unit for the 
first 1 hour and then in the inpatient service for 24 hours. 
All surgical procedures were performed by the same surgi-
cal team, and no local anesthetic was used.

The duration from induction until the patient was extubat-
ed was defined as the duration of anesthesia. Operation 
time was defined as the time from surgical incision to com-
pletion of the skin suture. VAS was used to evaluate post-
operative analgesia. The VAS score was recorded at postop-
erative 0th minute, 1st hour, 4th hour, 6th hour, 12th hour, 
and 24th hour. Paracetamol 1 mg/kg (maximum dose of 4 
g/day) was administered routinely four times a day to all 
patients. When the VAS value was found to be ≥4 at any 
time, tramadol (maximum dose of 400 mg/day) was ad-
ministered intravenously and recorded. The duration until 
the first intravenous analgesic requirement after the block 
was defined as the “analgesia duration” and was recorded. 
Complications (dyspnea, deepening of voice, Horner’s syn-
drome, muscle weakness in the arm, numbness in the arm) 
were also recorded. At the end of the 24th hour, patient 
satisfaction was evaluated on a 4-point scale as follows and 
recorded: 4 excellent, 3 good, 2 not bad, 1 bad. The anes-
thesiologist who was blinded to the groups collected post-
operative records.

Statistical Analysis
The NCSS (Number Cruncher Statistical System) statistical 
software program, based in Utah, USA, was used to perform 
the statistical analysis of the study data. Descriptive statisti-
cal methods such as mean, standard deviation, median, fre-
quency, and ratio were used to evaluate the data. The vari-
ables’ conformance to a normal distribution was evaluated 
using boxplot graphics and the Shapiro–Wilk test. Groups 
of normally distributed variables were compared using the 
Student’s t test. When comparing non-normally distribut-
ed parameters between groups, the Mann–Whitney U test 
was used. Fisher’s exact test, Fisher–Freeman–Halton exact 
test, and Pearson’s chi-squared test were used to compare 
and analyze qualitative data. The significan e level was set 
at p<0.05.

In comparisons of analgesia duration, visual analog scale 
values, complications, and patient satisfaction between 
two independent study groups, the minimum number of 
cases required for our study—designed with a moderate 
effect size (0.3 for the Chi-square test, 0.5 for the t test), 

a significan e level of α=0.05, and a statistical power of 
80%—was calculated using the G*Power 3.1.9.2 program. 
The analysis showed that 98 cases were required.

Results
A total of 98 patients were included in the study. Two pa-
tients in Group SSB were considered unsuccessful blocks, 
and conversion to an open procedure in a total of nine 
operations resulted in exclusion from the study. Statistical 
evaluation was performed with 44 patients from Group ISB 
and 43 patients from Group SSB (Fig. 1). There was no sta-
tistically significa t difference between the two groups in 
terms of demographic data, operation time, anesthesia du-
ration, or type of surgery (p>0.05) (Table 1).

The mean duration of analgesia was significa tly longer in 
the SSB group (891.9 minutes) compared to the ISB group 
(799.3 minutes) (p<0.05). However, no statistically sig-

Figure 1. Patient fl w chart: A total of 98 patients were included in 
this study. The patients were randomly divided into two groups as 
interscalene block group (Group ISB, n=48) and suprascapular block 
group (Group SSB, n=50). Two patients from the Group SSB, whose 
pinprick test was found to be 3 in the preoperative period, were 
considered to have unsuccessful block and excluded from the study. 
Five patients from Group SSB and 4 patients from Group ISB were 
excluded because the operation was planned arthroscopically and 
changed to open procedure. Statistical evaluation was performed 
with 44 patients from Group ISB and 43 patients from Group SSB.
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nifica t difference was observed in opioid consumption 
within the first 24 hours between the two groups (p>0.05) 
(Table 1), (Fig. 2). Postoperative VAS scores at the 0th hour 
(p<0.01), 1st hour (p<0.05), 4th hour (p<0.01), and 6th hour 

Table 2. Visual analog scale scores

Groups 
cpSuprascapular 

block
Interscalene  

block

VAS 0

Mean±SD 0.16±0.37 0±0 0.006**

Median (Min-Max) 0 (0-1) 0 (0-0)

VAS 1th hour

Mean±SD 0.72±1.42 0.11±0.39 0.017*

Median (Min-Max) 0 (0-5) 0 (0-2)

VAS 4nd hour

Mean±SD 1.70±1.39 0.73±1.35 0.001**

Median (Min-Max) 2 (0-5) 0 (0-5)

VAS 6th hour

Mean±SD  2.6±1.09 2.02±1.13 0.005**

Median (Min-Max) 2 (1-6) 2 (0-6)

VAS 12th hour

Mean±SD  3.56±1.35 4.02±1.15 0.083

Median (Min-Max) 3 (2-6) 4 (2-6)

VAS 24th hour

Mean±SD  2.6±0.73 3.82±1.13 0.001**

Median (Min-Max) 2 (2-4) 4 (2-6)

cMann Whitney U test, *p<0.05, **p<0.01. VAS: Visual analog scale.

Table 1. Demographic data of patients, operation, anesthesia and 
analgesia information

Groups
apSuprascapular 

block n (%)
Interscalene 
block n (%)

Age

Mean±SD 47.86±10.87 44.27±12.19 0.151

Median (Min-Max) 49 (21-64) 44 (21-64)

Gender

Male 27 (62.8) 26 (59.1) b0.724

Female 16 (37.2) 18 (40.9)

ASA 

ASA 1 25 (58.1) 29 (65.9) b0.455

ASA 2 18 (41.9) 15 (34.1)

Comorbidity

Absent 25 (58.1) 29 (65.9) b0.455

Present 18 (41.9) 15 (34.1)

Height (cm)

Mean±SD  176.56±7.08 175.45±8.31 0.507

Median (Min-Max) 178 (161-187) 176 (157-188)

Weight (kg)

Mean±SD 78.09±10.29 77.57±10.48 0.814

Median (Min-Max) 78 (59-96) 79 (58-96)

BMI (kg/m2)

Mean±SD  24.95±2.43 25.05±1.71 0.823

Median (Min-Max) 25.1 
(18.9-29.4)

25.2  
(21.9-28.3)

Analgesia duration (min)

Mean±SD 891.9±466.0 799.3±178.6 c0.899

Median (Min-Max) 805  
(160-2225)

837.5 
(395-1100)

Duration of operation 

Median (Min-Max) 805  
(160-2225)

837.5 
(395-1100)

0.440

Median (Min-Max) 100 (60-135) 95 (60-140)

Duration of anesthesia

Mean±SD  115.81±18.09 110.45±14.26 0.128

Median (Min-Max) 115 (80-155) 110 (70-150)

Number of people using tramadol in the first 24 hours (n=50) 

Negative 17 (39.5) 20 (45.5) b0.577

Positive 26 (60.5) 24 (54.5)

Type of surgery

Bankart repair 5 (11.6) 2 (4.5) b0.349

Frozen shoulder 4 (9.3) 7 (15.9)

Rotator cuff repair 34 (79.1) 35 (79.5)

Data are expressed as n (%) and Mean±Ss. aStudent-t Test; bPearson Chi 
-square test; cMann-Whitney U test; p<0.05. ASA: American Society of
Anesthesiologists Physical Status Classification System, BMI: Body Mass
Index; cm: centimeter; kg: kilogram, m2: square meter.

Suprascapular block Interscalene block

Figure 2. Analgesia duration: The duration till the first intravenous 
analgesic requirement after the block was performed.
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(p<0.01) were lower in the ISB group compared to the SSNB 
group. However, VAS scores at the 12th hour showed no sig-
nifica t difference between the groups (p>0.05). Moreover, 
VAS scores at the 24th hour were higher in the ISB group 
than in the SSB group (p<0.01) (Table 2).

Patient satisfaction rates were similar between the groups 
(p>0.05), but a significa tly higher proportion of patients in 
the SSNB group rated their satisfaction as “excellent” (Table 
3). The incidence of adverse effects was also evaluated. The 
ISB group had a significa tly higher rate of muscle weak-
ness (54%) and arm numbness (25%) compared to the SSB 
group (p<0.01). No cases of dyspnea, Horner’s syndrome, or 
hoarseness were observed in either group (Table 4).

Discussion
Our study demonstrated that ISB provided lower pain 
scores in the early postoperative period (up to 12 hours) 
compared to SSB. However, opioid consumption over 24 
hours was similar between the two groups. SSB provides 
adequate pain relief and could be used as an alternative 
peripheral nerve block technique as part of multimodal an-
algesia for arthroscopic shoulder surgery.

Suprascapular nerve blocks (SSNB) can be performed us-
ing several techniques, including landmark-based, ultra-
sound-guided posterior, and ultrasound-guided anterior 
approaches.[14-17] When the analgesic scores of these meth-
ods are examined, a study by Auyong et al.[16] applied ante-
rior suprascapular, interscalene, and supraclavicular blocks 
to patients and concluded that analgesia provided by an 
anterior SSNB following arthroscopic shoulder surgery is 
noninferior to ISB. In another study including 97 patients 
comparing posterior SSNB with the landmark method and 
ISB, VAS scores were compared until the 6th day; although 
the ISB group had lower pain scores in the first 6 hours, sim-
ilar pain scores were observed afterward.[15] Kumara et al.[18], 
who also compared the analgesic effect of posterior SSNB 
and ISB, observed that the VAS scores of the ISB group were 
lower in the first 6 hours and similar at 24 hours. ISB is accept-
ed as the most effective analgesia method in arthroscopic 
shoulder surgery, but its analgesic effic y is limited in the 
early postoperative period (first 12 hours) and is associated 
with rebound pain and increased opioid requirement be-
tween the 8th and 12th hours postoperatively.[7,19] In our 
study, although VAS values were lower in the ISB group in 
the early postoperative period until the 12th hour, both the 
block effect of ISB decreased and the rebound pain effect.
[20] became prominent in the following hours. Although the
difference in VAS scores at the 24th hour was statistically
significa t, this difference was not clinically relevant, as
both groups had scores below 4, indicating adequate pain
control. We think that the lower effic y of SSB in the ear-
ly postoperative period may be related to the skin incision
and the limited sensory skin branches of the suprascapular
nerve.[21]

A study comparing anterior and posterior SSNB techniques 
found that while the anterior approach yielded pain scores 
closer to those of ISB, opioid consumption in both anteri-
or and posterior SSNB was similar to that of ISB.[13] In a me-
ta-analysis of 17 randomized studies, SSNB (both landmark 
and ultrasound-guided) and ISB were compared and it was 
emphasized that VAS scores were higher in the SSNB group 
in the early postoperative period up to 12 hours, but they 
were comparable at 12 hours, and there was no significa t 
difference in opioid consumption between the groups.[22] 

Table 3. Patient satisfaction scores

Suprascapular 
block

Intercalene 
block p

Patient satisfaction 

Poor 0 (0) 0 (0) dd0.080

Fair 1 (2.3) 2 (4.5)

Good 11 (25.6) 20 (45.5)

Excellent 31 (72.1) 22 (50.0)

Data are expressed as n (%) and Mean±SD. ddFisher-Freeman-Halton Test, 
p<0.05.

Table 4. Complication rates by groups

Suprascapular 
block

n=43 (%)

Interscalene 
block

n=44 (%)
p

Muscle weakness

Absent 37 (86) 20 (45.5) b0.001**

Present 6 (14) 24 (54.5)**

Numbness in arm  

Absent 43 (100) 33 (75) b0.001**

Present 0 (0) 11 (25)**

Dyspnea  

Absent 43 (100) 44 (100) _

Present 0 (0) 0 (0)

Horner’s syndrome 

Absent 43 (100) 44 (100) -

Present 0 (0) 0 (0)

Deepening of the voice  

Absent 43 (100) 44 (100) -

Present 0 (0) 0 (0)

**p<0.01, bPearson chi-squared test.
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In accordance with the literature, we did not observe a sig-
nifica t difference in 24-hour opioid consumption.[16,18,23] 

On the other hand, Figure 2 shows that in the ISB group, 
the first opioid requirement occurred at approximately 
the 12th hour with the decrease in the effect of the block, 
while in the SSNB group the distribution of the first opioid 
requirement was wider, and in parallel with the increase in 
VAS values an earlier opioid requirement may occur. Neuts 
et al.[24] also pointed out that opioids may be needed earli-
er with SSNB compared to ISB, although total opioid con-
sumption was similar.

There are few studies in the literature reporting the dura-
tion of analgesia. Abdallah et al.[23] reported the analgesia 
duration of anterior SSB and ISB as 673 and 783 minutes, 
respectively. Another study showed that the analgesia du-
ration of SSNB was 2.5 hours and that of ISB was 7.5 hours 
when the posterior approach with the anatomical land-
mark technique was applied.[18] In our study, the duration 
of analgesia was found to be 891 and 799 minutes in SSB 
and ISB, respectively. Although the first analgesic require-
ment occurred earlier in the SSB group in parallel with the 
VAS values, the mean analgesia duration was similar in both 
groups (Fig. 2). We believe that two factors contributed to 
the longer analgesic duration observed compared to pre-
vious studies: firs , all blocks were performed under ultra-
sound guidance; second, patients underwent preoperative 
block assessment and only those with successful blocks 
were included in the study.

In the literature, it is indicated that diaphragmatic paralysis 
due to phrenic nerve palsy occurs in almost every patient 
with ISB, and pulmonary functions are reduced by 25%.[8,25] 
The anterior approach to SSNB is used as an alternative to 
ISB, offering advantages such as less impact on diaphragm 
function, blocking the suprascapular nerve more proximal-
ly and leading to spread to motor and sensory branches and 
the axillary nerve.[16,26,27] Lim et al.[13] showed that both ante-
rior and posterior SSNB did not impair pulmonary functions 
as much as ISB. Furthermore, respiratory function assess-
ments in 83 patients undergoing shoulder surgery with an-
terior and posterior approaches to SSB demonstrated that 
posterior SSNB preserved respiratory function better than 
the anterior approach.[28] In that study, hemidiaphragmatic 
paralysis was detected in 41% of patients with the anterior 
approach and persisted in 33% of them after 8 hours; on 
the other hand, this rate was only 2% with the posterior ap-
proach.[28] Considering that ISB is the gold standard analge-
sic method in shoulder surgery, it is extremely important to 
demonstrate that respiratory function is less compromised 
with the posterior approach, especially when SSB is evalu-
ated as an alternative technique in patient groups where 

ISB cannot be applied. Although postoperative pulmonary 
functions were not evaluated in our study, no clinically sig-
nifica t respiratory complications were observed in either 
group.

To promote early recovery, enhance rehabilitation, and 
improve patient satisfaction, it is crucial to provide effec-
tive pain relief while minimizing motor block.[29] ISB causes 
deep motor and sensory block by blocking C5–C6 nerve 
roots, whereas PSSB affects more sensory fibers and pro-
duces less motor block.[24] Another undesirable effect of 
ISB is sensory and motor block in the lower brachial plexus 
(C7–T1) outside the surgical site.[29] Lim et al.[13] showed that 
PSSB did not affect the motor and sensory innervation of 
the median, ulnar, musculocutaneous, and radial nerves, 
unlike ISB and ASSB. We speculate that weakness in the 
forearm and hand may cause more discomfort for patients 
and may result in dissatisfaction. As Wiegel.[27] reported a 
correlation between grip strength and patient satisfaction 
with PSSB, we think the remarkably high rate of “excellent” 
responses for patient satisfaction in the PSSB group is due 
to the low incidence of neurologic side effects.

Our study is one of the few comparing the effects of ul-
trasound-guided PSSB and ISB on analgesia. Moreover, 
it is the only study comparing the analgesic duration of 
these two techniques under ultrasound guidance. How-
ever, our study has several limitations. One limitation is 
the inclusion of patients undergoing different types of 
arthroscopic shoulder surgeries.[30] Although we believe 
this heterogeneity does not significa tly affect acute 
postoperative analgesic outcomes and other studies have 
included different surgical procedures in their analyses.
[17,23] it may still introduce variability in the finding . Addi-
tionally, a literature search indicates significa t variability 
in local anesthetic doses across studies, ranging between 
3, 5, 15, and 20 mL.[22] Pier et al.[31] demonstrated in their 
cadaver study that 10 mL of local anesthetic injected at 
the suprascapular notch spreads to sensory fibers inner-
vating the coracoclavicular ligament, subacromial bursa, 
and the glenohumeral joint. To reduce heterogeneity and 
maintain consistency with previous studies, we preferred 
the application of 0.5% 10 mL bupivacaine; however, low-
er concentrations may result in less muscle weakness. Our 
final limitation was that we did not combine PSSB with 
axillary nerve block because the axillary nerve contrib-
utes approximately 10% of the sensory innervation of the 
shoulder and we aimed to investigate the sole analgesic 
effect of PSSB.[13,32] PSSB is a distal peripheral nerve block 
that selectively blocks the suprascapular nerve and fur-
ther plexus branches that provide most of the analgesia 
of the shoulder.
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Conclusion
We conclude that ultrasound-guided PSSB can be an alter-
native peripheral nerve block technique as part of multi-
modal analgesia for arthroscopic shoulder surgery, with 
similar opioid consumption and a lower side-effect profil .
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Abstract

Objectives: The aim of this study was to perform a cross-cultural adaptation and psychometric evaluation of the Quality of Recov-
ery-15 (QoR-15) questionnaire in Türkiye.
Methods: The QoR-15 was translated into Turkish through a rigorous process involving independent translations, consensus, for-
ward–backward translation, and review. The questionnaire was administered to patients undergoing major abdominal surgery 
preoperatively and on postoperative days 1, 7, and 30. Reliability was assessed using Cronbach's α, McDonald’s Omega, and the 
inter-item correlation coeffici t. Construct validity was evaluated using confi matory factor analysis (CFA), and responsiveness 
was analyzed using Cohen's effect size and the standardized response mean (SRM).
Results: A total of 510 patients participated in the study; 335 (65.69%) were <65 years old, and 279 (54.71%) were male. The Turkish 
version of QoR-15 (QoR-15T) demonstrated good internal consistency, with Cronbach's α values of 0.896 and 0.888 for preopera-
tive and postoperative administrations, respectively, and McDonald’s Omega coeffici ts of 0.894 and 0.878. Confi matory factor 
analysis confi med the two-factor (two-dimensional) structure of the QoR-15T. The comparative fit indices for Models 1 and 2 were 
0.970 and 0.991, respectively. QoR-15T showed responsiveness to changes in health status, with Cohen's effect size (1.22) and the 
standardized response mean (1.18) indicating its ability to detect clinically important changes.
Conclusion: The QoR-15T is a reliable, valid, and responsive questionnaire for assessing the quality of recovery in patients under-
going major abdominal surgery. Its ability to capture patients' perspectives and multidimensional aspects of recovery makes it a 
valuable tool for clinical and research purposes.
Keywords: Major abdominal surgery, patient-reported outcome, QoR-15, quality of recovery, validation
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Postoperative recovery is increasingly recognized as an
important and multidimensional outcome. Although 

there is no perfect definition of recovery, the general con-
sensus is the return to daily life after surgery according 
to the patient’s baseline or social norms.[1,2] In addition to 
quantitative outcomes such as morbidity, mortality, and 
readmission, the patient’s ability to return to normal daily 
activities after surgery is a valuable qualitative measure of 
recovery. Patients’ perceptions of recovery encompass not 
only individual symptoms but also the return to daily activ-
ities, social relationships, independence, and the manage-
ment of psychological and mental challenges. Therefore, 
it is essential to explore how these various dimensions of 
recovery are represented. Any assessment tool should in-
corporate these critical components when evaluating the 
recovery process. Among the tools that meet these criteria 
are the QoR-40, its derived questionnaires, and the Surgical 
Recovery Score.[3]

The most commonly used instrument is the QoR-40, which 
was developed by Myles et al.[4] in 2000 to evaluate the ear-
ly postoperative period. The QoR-40 is a patient-reported 
outcome measure consisting of 40 items across fi e dimen-
sions and has been used across multiple surgical special-
ties.[5–7] Stark et al.[8] developed and validated a short-form 
questionnaire derived from QoR-40, a 15-item short form 
termed the QoR-15. A systematic review reported that 
QoR-15 and QoR-40 are equivalent in terms of psychomet-
ric properties, but QoR-15 is more feasible.[9]

Validation is crucial when a measurement instrument is uti-
lized in a foreign language or cultural context to confi m 
its suitability for the target population and to minimize 
potential cultural variances and linguistic discrepancies. 
The QoR-15 has been translated and validated for French, 
Korean, Portuguese, Danish, and German-speaking pop-
ulations.[9–13] These validation studies frequently included 
alterations in translation and cultural adaptations to corre-
spond with the particular contexts of each population.[10,12] 
Moreover, each validation study often emphasizes specific
quantitative dimensions, including construct and conver-
gent validity, reliability, responsiveness, acceptability, and 
feasibility. This project aims to perform a cross-cultural ad-
aptation and psychometric assessment of the QoR-15 scale 
for application in Türkiye.

Methods

The QoR-15 Instrument
Two co-authors (MAK, MAKuzu) independently translat-
ed the original English version of the QoR-15 into Turkish. 
Another co-author (İCE) evaluated these two preliminary 
translated versions and produced a final consensus form. 

The final form was retranslated into English by a fourth 
translator (YS) and compared with the original form. Ac-
cordingly, a structured forward–backward translation ap-
proach was applied in line with the World Health Organi-
zation’s instrument translation and adaptation guidance.
[14] All four translators had advanced English proficien y.
Lastly, the clarity of the final form was discussed by the au-
thors, and consensus was reached. After obtaining ethical
approval, the final translated version of the questionnaire
was tested on 10 participants from the target population to 
evaluate its comprehensibility. Based on feedback from the 
pilot testing, minor wording adjustments were made to im-
prove clarity and cultural appropriateness. No substantive
changes to item content or scoring were required.

The QoR-15 comprises two domains assessing physical 
(items 1–10) and mental well-being (items 11–15). Each 
item is scored on a 0–10 Likert scale, yielding a total score 
ranging from 0 to 150, with higher scores indicating better 
recovery.[8] The average time to complete the QoR-15 ques-
tionnaire was typically 2–3 minutes.

Participants
After approval by the This study was approved by the An-
kara University Medical School Ethics Committee (Date: 
14.11.2019, Decision no: İ5-208-19) and registration on Clin-
icalTrials.gov (NCT06456918), patients were informed about 
the study, and written informed consent for participation 
was obtained. All methods were performed in accordance 
with the relevant guidelines and regulations. The study was 
conducted in accordance with the Declaration of Helsinki.

Patients were recruited from the general surgery depart-
ments of fi e centers between September 2019 and Sep-
tember 2022. Eligible participants were adults (≥18 years) 
scheduled for elective major abdominal surgery. A total of 
535 patients met the inclusion criteria; 25 were excluded due 
to missing data or withdrawal. The reduction in sample size 
at later follow-up time points, particularly at postoperative 
day 30, was mainly due to loss to follow-up after discharge 
and the inability to contact some patients. Informed consent 
was obtained from all patients prior to their participation. 
Exclusion criteria were age <18 years, emergency surgery, al-
cohol or substance use disorder, refusal to participate, prior 
major abdominal surgery, and non-cooperation.

Guidelines for the respondent-to-item ratio ranged from 
5:1 (i.e., fi ty respondents for a 10-item questionnaire) to 
30:1.[15–17] In this study, the respondent-to-item ratio was 
34:1; therefore, it can be considered very good.

Procedure
To validate the QoR-15, the survey was conducted on the 
day before surgery (Pre) and on postoperative days 1 (P1), 
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7–10 (P7), and 30 (P30). Patient characteristics, including 
age, sex, height, weight, American Society of Anesthesiol-
ogists (ASA) score.[18] morbidity, and operation type, were 
also recorded. The QoR-15 form was given to the patients, 
and they were requested to answer the questions them-
selves. While the patients completed the questionnaire, a 
health professional was present in the room to provide as-
sistance if needed, with the patients’ consent.

Statistical Analysis
Descriptive statistics were summarized as counts and per-
centages for categorical variables; mean and standard de-
viations for continuous variables; and median (interquartile 
range) for ordinal and non-normally distributed variables. 
The Mann–Whitney U test was used to test the difference 
between two groups in terms of ordinal or non-normally 
distributed continuous variables. Differences among three 
or more groups for non-normally distributed or ordinal 
variables were evaluated using the Kruskal–Wallis analy-
sis of variance. When the p value from the Kruskal–Wallis 
test statistics was statistically significa t, the Dunn test was 
used to determine which groups differed from others. De-
grees of association between variables were calculated us-
ing Spearman’s correlation coeffici t. p<0.05 was consid-
ered statistically significa t. MPlus (Demo Version 8.11) and 
the R Programming Language (4.3.3) were used to analyze 
the data.

Reliability
Reliability of the QoR-15 was tested by internal consistency, 
which is an estimate of the degree to which its constituent 
items are interrelated and is assessed by Cronbach’s α coef-
ficie t.[19,20] Usually, a reliability of 0.70 is required for analy-
sis at the group level, and values ≥0.85 are recommended 
for individual-level use.[21] In addition, McDonald’s Omega 
and the inter-item correlation coeffici t were calculated.

Validity
Construct validity was assessed through CFA to evalu-
ate model fi . The number of factors was defined a priori 
based on the original instrument structure. Weighted Least 
Squares Mean and Variance Adjusted (WLSMV) estimation 
was used due to the ordinal structure of the QoR-15 items 
and its robustness to violations of multivariate normality. 
Model fit was evaluated using multiple goodness-of-fit in-
dices, including the chi-square statistic (χ²) and degrees of 
freedom (df ), Root Mean Square Error of Approximation 
(RMSEA), Comparative Fit Index (CFI), Tucker–Lewis Index 
(TLI), and Akaike Information Criterion (AIC). Acceptable 
model fit was defined as TLI and CFI values >0.90 (excellent 
>0.95), RMSEA <0.08 (excellent <0.05), and a chi-square-

to-degrees-of-freedom ratio <3.[22] Items with factor load-
ings below 0.40 were eliminated.[23] Error covariances were 
specified only for items within the same construct. If the 
correlation between error terms was greater than 1, one of 
the two redundant items was deleted. Discriminant validity 
was also assessed using Spearman’s rho coeffici ts.

Modific tion indices were examined to identify potential 
localized areas of model misfi . Error covariances were al-
lowed only between items within the same latent factor 
and only when a clear conceptual or semantic overlap 
between item contents was present. No error correlations 
were specified between items belonging to different fac-
tors. Concurrent validity (a form of criterion-related validi-
ty) was assessed by examining associations between QoR-
15T scores and ASA scores.

Responsiveness
Responsiveness describes an instrument’s ability to detect 
clinically important change. Cohen’s effect size was cal-
culated for the responsiveness of QoR-15 as the average 
change scores (from pre-test to post-test) divided by the SD 
at baseline. Calculations were performed for Pre and P1, P7, 
and P30. Cohen effect sizes of 0.2, 0.5, and ≥0.8 correspond 
to small, medium, and large changes in QoR-15 scores. SRM 
was also calculated as the change scores divided by the SD 
of the change scores.[24]

Floor and Ceiling Effects
In order to examine the floor and ceiling effects, box-plot 
graphs were drawn for repeated measurements, and distri-
butions were analyzed.

Results

Construct and Convergent Validity
510 patients completed the survey, 231 (45.3%) of the re-
spondents were female, 279 (54.7%) were male. 63.5% of 
the responders were less than 65 years old, 26.3% were be-
tween 65-74 years old and 6.3% were between 75-84 years 
old, and 2% were greater than 84 years old. Clinical char-
acteristics of patients were given in Table 1. The mean (SD) 
QoR-15 score was 127.2 (22.9), ranging from 4 to 150. Box-
plots of QoR-15 scores at each time point were presented 
in Figure 1. The percentage of patients achieving the high-
est possible QoR-15 score at the different time points were: 
Pre (12.9%, n=66), P1 (0.6%, n=3). Figures 2 and 3 indicate 
no clinically relevant floor or eiling effects. Floor or ceiling 
effects were considered present if >15% of respondents 
achieved the lowest or highest possible score, respectively.
[25] The mean time taken to complete the P1 QoR-15 score in 
a subset of patients (n=15) was 2.7 (1–7) min.
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The distribution of our patients in terms of categorical vari-
ables is also summarized in Table 1. The comparison results 
of QoR-15 scores for all time points in terms of patient clinical 
parameters are given in Table 2. No difference was observed 
in gender distribution of the patients. However, differences 
were observed according to ASA score and type of surgery.

Spearman’s correlation coeffici t was used to examine the 
relationships of variables such as age, height, weight, ASA 

score, operation time, and length of stay with the QoR-15 
score (Table 3).

A negative correlation was found with postoperative length 
of stay and ASA scores. Although statistically significa t, 
this relationship was expressed with a small correlation 
coeffici t. Similarly, a low but significa t correlation was 
calculated between weight and QoR-15 scores. Concurrent 
validity has been shown with the association between ASA 
scores and QoR-15.

Figure 1 shows the change in QoR-15 scores taken at 4 dif-
ferent time points. Accordingly, the change over time was 
found to be significa t and Post-hoc multiple comparison 

Table 1. Clinical characteristics of patients for categorical variables

n (%)

Groups

Colorectal surgery 246 (50.72)

Hepatopancreaticobiliary surgery 89 (18.35)

Upper GI surgery 83 (17.11)

Bariatric surgery 63 (12.99)

Gender

Male 279 (54.71)

Female 231 (45.29)

Age

<65 335 (65.69)

65-74 134 (26.27)

75-84 31 (6.08)

>85 10 (1.96)

ASA

1 177 (36.72)

2 218 (45.23)

3 85 (17.63)

4 2 (0.41)

Upper GI surgery: Upper gastrointestinal surgery; ASA: American Society of 
Anesthesiologists score.

Figure 1. Boxplots for each time point of Quality of Recovery-15 
(QoR-15) scores.

Figure 3. Scale characteristics of the postoperative Quality of 
Recovery-15 (post-op QoR-15) scores, illustrating spread of 
scores and lack of a ceiling effect. A normal distribution curve is 
interposed.

Figure 2. Scale characteristics of the preoperative Quality of 
Recovery-15 (pre-op QoR-15) scores, illustrating spread of scores 
and lack of a ceiling effect. A normal distribution curve is interposed. 
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tests showed that; the difference between all possible paired 
time point comparisons is statistically significa t (p<0.001). 
Also, the results indicate that the median score of the post-
operative QoR-15 (day 1) was lower than all the others.

The CFA conducted on the model with two factors and 15 
items showed acceptable CFI and TLI values, but a margin-
al RMSEA (Model 1). To enhance the model’s goodness of 
fi , we identified the following item pairs for modific tion 
based on the Modific tion Indices: item 3 and item 4, item 
5 and item 8, item 12 and item 15, item 11 and item 12, 
item 10 and item 9, and item 14 and item 15. These modifi-
cations were theory-driven and refle ted conceptual simi-
larities between certain items assessing closely related as-
pects of physical or mental well-being. After implementing 
these modific tions, the model demonstrated significa t 
improvement, achieving acceptable CFI, TLI, and RMSEA 
values (Model 2) (Table 4). The factor loadings for each item 
across both models are presented in Table 5.

Reliability
The Cronbach’s α coeffici t of the pre-operative QoR-15 
and postoperative QoR-15 were 0.896 and 0.888, respec-
tively. Corrected item-total correlation coeffici ts ranged 
from 0.46 to 0.75 for pre-operative QoR-15 and from 0.171 
to 0.895 for postoperative QoR-15. The inter-item correla-
tion coeffici ts for the first and second dimensions ranged 
from 0.28 to 0.81 and 0.32 to 0.78, respectively. These val-
ues indicate a moderate to strong correlation among the 
items within each dimension, suggesting that the items are 
related and effectively measure the underlying constructs 
(Table 6).

Responsiveness
Cohen’s effect size and SRM were calculated to measure de-
gree of responsiveness for Pre and P7 points (Table 7). In 
this population, the total QoR-15 score also demonstrated 
a Cohen’s effect size of 1.22, which is considered large and 

Table 2. Clinical characteristics of patients regarding QoR-15 scores

  QoR-Pre QoR-P1 QoR-P7 QoR-P30

Groups

Colorectal 127.27±22.74b 99.47±27.56a 125.8±19.32a 135.72±14.98a

Hepatopancreaticobiliary 131.15±17bc 99.25±21.19a 122.14±19.57a 133.42±17.66a

Upper GI 119.06±29.71a 93.04±27.61a 122.35±20.23a 133.09±19.61a

Bariatric 136.79±14.02c 114.83±17.87b 137.29±9.99b 144.61±7.12b

p <0.001 <0.001 <0.001 <0.001

Gender

Male 127.07±25.31 99.51±27.67 125.3±20.64 137.05±15.81

Female 127.28±19.69 100.63±23.82 126.44±17.27 134.65±17.43

p 0.979 0.843 0.705 0.181

ASA 

1 128.65±22.24a 103.47±25.39a 128.77±17.03a 138.84±12.95a

2 130.67±19a 102.01±24.45a 126.93±19.64a 135.92±16.51ab

3 118.67±29.78ab 88.29±28.51b 117.71±20.28b 131.79±19.94b

4 99±50.91b 86±NA 106±NA  NA

p <0.001 <0.001 <0.001 0.014

Age

<65 127.42±22.11 99.74±26.15 127.33±17.42a 136.64±16.62a

65-74 127.9±23.52 102.39±24.51 124.84±21.34a 135.48±14.78a

75-84 124.97±26.61 96.93±28.4 117.93±21.23ab 134.96±18.58a

>85 115.6±29.08 85.5±29.79 110.67±29.26b 117±27.86b

p  0.390 0.261 0.004 0.020

a,b,c and ab: The means shown with the same index are statistically the same with each other, while the others are statistically different (p<0.005). QoR-Pre, P1, P7, 
P10: Quality of recovery-15 scores on the day before the surgery (Pre), and on postoperative days 1 (P1), 7 (P7), and 30 (P30). Upper GI: Upper gastrointestinal 
surgery, ASA: American Society of Anesthesiologists score.
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Table 3. Relationships of variables versus to QoR-15

Age groups Surgery duration Postop length of stay ASA Size Weight

QoR-Pre

r -0.016 0.036 -0.157 -0.080 0.084 0.222

p 0.724 0.483 0.002 0.078 0.066 <0.001

n 510 377 402 482 481 481

QoR-P1

r 0.004 -0.064 -0.16 -0.153 0.012 0.17

p 0.933 0.221 0.001 0.001 0.804 <0.001

n 494 366 391 468 467 466

QoR-P7

r -0.105 -0.116 -0.254 -0.179 0.063 0.187

p 0.019 0.025 <0.001 <0.001 0.170 <0.001

n 502 375 400 476 475 474

QoR-P30

r -0.091 -0.171 -0.245 -0.102 0.071 0.255

p 0.061 0.003 <0.001 0.042 0.162 <0.001

n 419 297 321 396 393 392

r: r value; p: p value; n: number of patients. QoR-Pre, P1, P7, P10: Quality of recovery-15 scores on the day before the surgery (Pre), and on postoperative days 
1 (P1), 7 (P7), and 30 (P30). Postop: postoperative, ASA: American Society of Anesthesiologists score.

Table 4. Interitem Correlation Matrix for the QoR-15

QoR-15 item 
number

Total  QoR-15 
score 1 2 3 4 5 6 7 8 9 10 11 12 13 14

1 0.47 -                           

2 0.65 0.35 -

3 0.74 0.42 0.57 -

4 0.69 0.37 0.50 0.69 -

5 0.47 0.34 0.36 0.35 0.29 -

6 0.47 0.35 0.33 0.32 0.28 0.59 -

7 0.45 0.37 0.33 0.36 0.31 0.54 0.61 -

8 0.57 0.39 0.42 0.43 0.36 0.63 0.50 0.47 -

9 0.71 0.41 0.56 0.61 0.50 0.46 0.44 0.43 0.57 -

10 0.75 0.43 0.59 0.62 0.48 0.43 0.40 0.41 0.52 0.81 -

11 0.56 0.17 0.29 0.30 0.23 0.30 0.29 0.26 0.31 0.34 0.36 -

12 0.64 0.29 0.34 0.41 0.36 0.37 0.36 0.35 0.37 0.42 0.41 0.67 -

13 0.60 0.23 0.36 0.33 0.30 0.29 0.30 0.25 0.33 0.38 0.43 0.46 0.61 -

14 0.65 0.18 0.28 0.36 0.34 0.21 0.24 0.24 0.25 0.29 0.37 0.32 0.38 0.35 -

15 0.71 0.21 0.33 0.43 0.37 0.24 0.25 0.28 0.31 0.39 0.46 0.36 0.43 0.38 0.78

Quality of Recovery-15 (QoR-15) items: 1: able to breathe easily; 2: been able to enjoy food; 3: feeling rested; 4: have had a good sleep; 5: able to look after 
personal toilet and hygiene unaided; 6: able to communicate with family or friends; 7: getting support from hospital doctors and nurses; 8: able to return to 
work or usual home activities; 9: feeling comfortable and in control; 10: having a feeling of general well-being; 11: moderate pain; 12: severe pain; 13: nausea 
or vomiting; 14: feeling worried or anxious; 15: feeling sad or depressed.
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indicates a meaningful improvement in the overall QoR-15 
from Pre to P7. Standardized response means of the total 
QoR-15 score were 1.18 from Pre to P7. The results present-
ed in the Table 7 indicate significa t mean changes across 
several items of the QoR-15, with notable effect sizes. These 
results suggest that these items refle t substantial changes 
in patient recovery experiences. Also changes in health sta-
tus and responsiveness are summarized in Table 7.

Discussion
Recovery after surgery is a complex process including not 
only physical well-being but also psychosocial status. Tradi-
tionally, postoperative success has been evaluated based 
on hospital stay, complication rates, and survival.[26] How-
ever, this approach overlooks the patient’s perspective, re-

sulting in limited information for researchers and medical 
professionals. Therefore, a multidimensional recovery ques-
tionnaire, such as the QoR-15, has been developed and is 
now considered to have higher clinical value.

The QoR-15 is a questionnaire that provides a more com-
prehensive assessment of the quality of the recovery pe-
riod for postoperative patients. It focuses on fi e different 
areas that are crucial to a successful recovery: pain, physical 
comfort, physical independence, psychological support, 
and emotional state. By questioning patients in each of 
these areas, the QoR-15 provides a more complete picture 
of their recovery experience. Unlike traditional methods, its 
most significa t strength lies in offering a multifaceted in-
tegration instead of evaluating the patient based on a lim-
ited set of outcomes.[27] By incorporating this questionnaire 

Table 6. Confirmatory Factor Analysis (CFA): Goodness of Fit of the QoR-15.

n of items χ2 (df) p CFI TLI RMSEA (95%CI)

Model 1 15 χ2 (105) 5.01 <0.001 0.970 0.965 0.092 (0.081-0.104)

Model 2 15 χ2 (105) 2.42 <0.001 0.991 0.989 0.051 (0.039-0.063)

n of items: number of items, χ2: chi-square statistic, df: degrees of freedom, CFI: Comparative Fit Index, TLI: Tucker–Lewis Index, RMSEA: Root Mean Square 
Error of Approximation, 95% CI: 95% confidence interval.

Table 5. Cohen’s effect size and standardized response means

QoR-15 item number Pre-op mean score Post-op mean score Mean change % Change Cohen’s effect size SRM

1 8.88±1.82 7.25±2.69 -1.63 (-1.88 to -1.4) 18.33 0.89 0.60

2 8.22±2.56 4.3±3.71 -3.92 (-4.23 to -3.39) 47.72 1.53 0.90

3 8.16±2.38 6.32±2.93 -1.85 (-2.16 to -1.58) 22.64 0.78 0.57

4 7.93±2.5 6.23±3.03 -1.7 (-2.03 to -1.41) 21.44 0.68 0.49

5 9.36±1.78 5.31±3.39 -4.05 (-4.39 to -3.75) 43.27 2.28 1.13

6 9.33±1.71 8.63±2.35 -0.7 (-0.94 to -0.51) 7.54 0.41 0.29

7 9.62±0.99 9.17±1.56 -0.45 (-0.58 to -0.34) 4.69 0.46 0.33

8 9.05±1.93 4.63±3.31 -4.42 (-4.78 to -4.11) 48.81 2.29 1.19

9 8.52±2.16 6.61±2.63 -1.9 (-2.18 to -1.65) 22.33 0.88 0.64

10 8.54±2.08 6.85±2.64 -1.69 (-1.96 to -1.45) 19.81 0.81 0.59

11 7.99±2.95 6.33±2.82 -1.67 (-2 to -1.33) 20.86 0.57 0.44

12 8.54±3.06 7.48±3.06 -1.05 (-1.37 to -0.72) 12.31 0.34 0.28

13 8.22±3.09 7.41±3.17 -0.81 (-1.15 to -0.43) 9.82 0.26 0.20

14 7.35±2.87 7.4±2.84 0.05 (-0.24 to 0.36) 0.63 0.02 0.02

15 7.45±2.91 7.48±2.95 0.04 (-0.27 to 0.34) 0.52 0.01 0.01

 Total 127.17±22.91 100.02±25.96 -27.15 (-29.2 to -25.1) 21.34 1.22 1.18

* Mean change was calculated as preoperative (pre-op) score minus postoperative (post-op) score; negative values indicate postoperative deterioration.
Quality of Recovery-15 (QoR-15) items:1 : able to breathe easily; 2 : been able to enjoy food; 3 : feeling rested; 4 : have had a good sleep; 5 : able to look after 
personal toilet and hygiene unaided; 6 : able to communicate with family or friends; 7 : getting support from hospital doctors and nurses; 8 : able to return to 
work or usual home activities; 9 : feeling comfortable and in control; 10 : having a feeling of general well-being; 11 : moderate pain; 12 : severe pain; 13 : nausea 
or vomiting; 14 : feeling worried or anxious; 15 : feeling sad or depressed. SRM: Standardized response mean. 
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into clinical studies, researchers and medical professionals 
can gain a deeper understanding of the factors that con-
tribute to a successful recovery and use this information to 
improve patient care.

This study was conducted to assess the Turkish version of the 
QoR-15 questionnaire. We found that QoR-15T has good lev-
els of validity, reliability, responsiveness, and feasibility.

CFA showed excellent goodness of fit and construct validity 
of QoR-15T. The ability of QoR-15T to discriminate known 
determinants such as the negative correlation with ASA 
score and length of stay, and the positive correlation with 
weight supported the construct validity.[8] Previous valida-
tion studies have similarly reported a negative correlation 
between the postoperative QoR-15 score and the length of 
postoperative hospital stay, indicating that higher QoR-15 
scores are associated with shorter recovery periods.[10,12] In 
addition, the significa t difference between types of sur-
gery, which means that the QoR-15T scores varied accord-
ing to the extent of surgery, also confi med the validity.[8,13] 
The literature also indicates that patients undergoing major 
surgery report higher postoperative QoR-15 scores com-

pared to those who undergo intermediate or minor surgi-
cal procedures.[8,11–13] While the inclusion of correlated error 
terms may raise concerns regarding overfittin , this risk 
was mitigated by applying modific tions only when the-
oretically justifie , limiting them to items within the same 
factor, and maintaining the predefined two-factor structure 
of the original instrument.

The Cronbach’s α coeffici ts of the preoperative and 
postoperative QoR-15T were good and similar to those 
reported in the literature.[8,10–13] Specificall , we observed 
a Cronbach’s α of 0.896 preoperatively and 0.888 postop-
eratively, closely mirroring the original validation study, 
which reported a coeffici t of 0.85.[8] Internal consistency 
reliability was calculated not only using Cronbach’s α but 
also with inter-item correlation. Preoperative and postop-
erative item-total correlation coeffici ts showed that the 
questions are relevant.

The assessment of responsiveness utilized Cohen’s effect 
size and the standardized response mean, both regard-
ed as highly appropriate. The total Cohen’s effect size and 
standardized response mean for the global QoR-15T score 
were 1.22 and 1.18, respectively. Stark and colleagues also 
reported a Cohen’s effect size of 1.35 and a standardized 
response mean of 1.04.[8] These findings highlight the note-
worthy sensitivity of the QoR-15T, confi ming its ability to 
detect even minor clinical changes while maintaining the 
quality of the original version.[8]

To our knowledge, the only other questionnaires that mea-
sure quality of recovery, aside from the QoR-15, are the 
QoR-40, from which the QoR-15 is derived, and the Surgi-
cal Recovery Score. Both questionnaires have undergone 
cross-cultural adaptation and validation in several countries, 
with studies demonstrating their reliability, validity, and fea-
sibility.[8,10–13,28] Furthermore, the QoR-15 is recognized as an 
effective tool for measuring recovery due to its sensitivity in 
detecting even minor changes in clinical trials.[9]

A previous Turkish validation of the QoR-15 has been pub-
lished and demonstrated satisfactory reliability and feasibil-
ity in an elective surgery population assessed preoperative-
ly and on postoperative day 1.[29] However, our study was 
conducted independently and within a distinct clinical and 
methodological framework. Specificall , our cohort con-
sisted exclusively of patients undergoing major abdominal 
surgery within general surgery, included a larger sample 
size, and evaluated recovery at four predefined time points, 
allowing assessment beyond the immediate postoperative 
period. In addition, we applied confi matory factor analysis 
to examine the underlying factor structure of the QoR-15T 
in this major abdominal surgery population. These differ-
ences refle t alternative clinical use scenarios and study de-

Table 7. Weighted least squares mean and variance adjusted 
(WLSMV) factor loadings after modifications

QoR-15  
item number

Factor 
loadings S.E. p

1 Physical well being 0.694 0.031 <0.001

2 Physical well being 0.743 0.026 <0.001

3 Physical well being 0.817 0.021 <0.001

4 Physical well being 0.707 0.029 <0.001

5 Physical well being 0.817 0.031 <0.001

6 Physical well being 0.746 0.036 <0.001

7 Physical well being 0.797 0.035 <0.001

8 Physical well being 0.803 0.025 <0.001

9 Physical well being 0.887 0.019 <0.001

10 Physical well being 0.874 0.020 <0.001

11 Mental well being 0.823 0.030 <0.001

12 Mental well being 0.994 0.021 <0.001

13 Mental well being 0.899 0.023 <0.001

14 Mental well being 0.742 0.031 <0.001

15 Mental well being 0.788 0.037 <0.001

Quality of Recovery-15 (QoR-15) items:1: able to breathe easily; 2: been able 
to enjoy food; 3: feeling rested; 4: have had a good sleep; 5: able to look after 
personal toilet and hygiene unaided; 6: able to communicate with family or 
friends; 7: getting support from hospital doctors and nurses; 8: able to return 
to work or usual home activities; 9: feeling comfortable and in control; 10: 
having a feeling of general well-being; 11: moderate pain; 12 : severe pain; 
13: nausea or vomiting; 14: feeling worried or anxious; 15: feeling sad or 
depressed. S.E.: standard error.
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signs and provide additional evidence supporting the use 
of QoR-15T in major abdominal surgery.

Concerning construct validity, we employed WLSMV for the 
calculation of factor loadings, thereby ensuring a robust 
and widely accepted estimation methodology. Addition-
ally, our study presents an extensive examination of mod-
el fit through the provision of critical indices, namely CFA, 
RMSEA, CFI, TLI, and AIC. These indices collectively serve 
to gauge the extent to which our proposed measurement 
model aligns with the observed data.

One of the limitations of this study is the selection of pa-
tients only undergoing major abdominal surgery. There 
were no patients who underwent minor surgery or any op-
eration from another specialty other than general surgery 
included in the study. Although the sample size is more 
than adequate, the low variability due to this selection 
should be considered. Therefore, there is a need for assess-
ment of the QoR-15T in several patient populations and in 
different settings. Another limitation is that concurrent va-
lidity in the present study was assessed using the ASA score 
classific tion. While ASA is a well-established perioperative 
risk indicator, it primarily refle ts global physical status and 
does not directly capture functional recovery or psychoso-
cial well-being. The absence of additional patient-reported 
or functional measures (e.g., pain scores, general health 
status, or generic quality-of-life instruments) represents a 
limitation of this study. Future studies incorporating com-
plementary outcome measures may further strengthen 
the assessment of criterion validity for QoR-15T. Lastly, the 
decreasing sample size at later follow-up points may have 
introduced attrition-related bias, although this is a com-
mon limitation of longitudinal postoperative studies. On 
the other hand, this was a multicentric study involving nu-
merous hospitals in several cities across Türkiye, which may 
indicate good generalizability.

Conclusion
In conclusion, measurement of the quality of a patient’s 
recovery period is an important and current subject. QoR-
15T, which is a unique tool designed specifically for this 
measurement, is a reliable, valid, and feasible questionnaire 
for the assessment of recovery, especially in patients under-
going major abdominal surgery.
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Abstract

Objectives: Thyrotoxicosis during pregnancy may be associated with adverse maternal and foetal outcomes; however, data com-
paring overt and subclinical thyrotoxicosis are limited. This study aimed to evaluate clinical characteristics, management, and 
pregnancy outcomes, and to explore associations with the achievement of euthyroidism in pregnant women with thyrotoxicosis.
Methods: This retrospective study included 70 pregnant women diagnosed with thyrotoxicosis who presented to the outpatient 
clinics between 2022–2023. Patients were classified as having overt (n=34) or subclinical (n=36) thyrotoxicosis based on trimester-
specific thyroid function tests. After excluding three patients with Graves’ disease and one with a molar pregnancy, 31 overt and 35 
subclinical gestational thyrotoxicosis patients were included in the analyses. Demographic features, clinical finding , biochemical 
parameters standardized as multiples of the upper limit of normal, treatment data, and pregnancy outcomes were obtained from 
medical records. Correlation analyses were performed to evaluate associations between gestational week and thyroid function tests.
Results: The mean age was 29.6±5.3 years, and the mean GW at diagnosis was 10.7±3.0, with no significa t differences between 
groups. At diagnosis, TSH was lower and fT4/fT3 higher in overt thyrotoxicosis compared to subclinical cases (p<0.05). Euthyroid-
ism was achieved at a mean of 17.1±4.0 weeks, without significa t group differences. Prior antithyroid drug therapy had been initi-
ated in 18.2% of patients, mainly with PTU, with similar doses and treatment durations between groups. Pregnancy outcomes were 
available for 42 patients; 13 experienced complications (oligohydramnios, preterm delivery, pre-eclampsia, gestational diabetes, 
and intrauterine foetal death). Complication rates did not differ between groups, although anti-TPO positivity was more frequent 
among patients with complications (p=0.006). Correlation analyses showed that earlier gestational age at diagnosis was associ-
ated with higher thyroid hormone levels, while later achievement of euthyroidism correlated with lower TSH and higher peak fT3.
Conclusion: Pregnancy outcomes were similar in overt and subclinical thyrotoxicosis. Gestational age at diagnosis was associated 
with thyroid hormone levels but not with maternal or foetal complications. Most patients achieved euthyroidism during preg-
nancy, and anti-TPO positivity was more common among those with pregnancy complications.
Keywords: Foetal goitre, gestational transient thyrotoxicosis, Graves’ disease, hyperthyroidism, pregnancy outcomes, thyrotoxicosis
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The increased levels of human chorionic gonadotropin 
(hCG) during pregnancy, due to its structural similarity 

to thyroid-stimulating hormone (TSH), temporarily stimu-
late the thyroid gland, causing a slight increase in thyroid 
hormone concentrations and a corresponding decrease 
in TSH, especially during the first trimester.[1,2] This physio-
logical adaptation during pregnancy becomes exaggerat-
ed in some pregnancies, resulting in gestational transient 
thyrotoxicosis (GTT). GTT occurs in approximately 2-11% of 
pregnancies, parallels the peak in hCG levels, and resolves 
spontaneously as hCG concentrations decline.[3,4] As thyroid 
function usually returns to normal without intervention, 
antithyroid drug therapy is not indicated, and treatment is 
limited to supportive care such as hydration, rest, and con-
trol of hyperemesis if present.[5,6]

In contrast, Graves’ disease is the most common cause of 
pathologic hyperthyroidism in pregnancy, affecting approxi-
mately 0.05–0.2% of women.[2,7] Unlike GTT, Graves’ disease is 
an autoimmune disorder characterized by thyroid-stimulat-
ing hormone receptor antibodies (TRAb) and often requires 
antithyroid drug therapy to maintain maternal euthyroidism 
while minimizing foetal risk.[2] Although Graves’ disease is a 
well-known cause of thyrotoxicosis in pregnancy, the major-
ity of cases encountered in routine clinical practice are relat-
ed to transient gestational thyrotoxicosis.

Less frequent aetiologies include toxic multinodular goitre, 
toxic adenoma, thyroiditis, excessive thyroid hormone in-
take, and trophoblastic diseases such as hydatidiform mole 
or choriocarcinoma, which can cause markedly elevated 
hCG levels and significa t thyrotoxicosis.[2,8] Distinguish-
ing GTT from Graves’ disease and other causes is critical, as 
treatment approaches and prognostic implications for ma-
ternal and foetal outcomes differ significa tly.[7]

Although GTT is generally benign and self-limiting, inade-
quate control of overt thyrotoxicosis during pregnancy is 
associated with pregnancy loss, pregnancy-induced hyper-
tension, pre-eclampsia, preterm birth, low birth weight, in-
trauterine growth retardation, stillbirth, thyroid storm, and 
maternal congestive heart failure.[5,9] Research on subclin-
ical thyrotoxicosis and its impact on maternal and foetal 
outcomes may vary in terms of sample size, inclusion crite-
ria, and study design. Evidence from a recent meta-analysis 
indicates that subclinical hyperthyroidism in pregnancy is 
not associated with adverse pregnancy outcomes.[10]

Studies comparing overt and subclinical thyrotoxicosis 
in pregnancy are limited.[9] In this retrospective study, we 
aimed to evaluate the aetiology, clinical characteristics, 
and management patterns of pregnant women without 
a prior history of thyroid disease who presented with thy-
rotoxicosis during pregnancy, and to compare antenatal 

follow-up, including whether euthyroidism was achieved 
and, if so, the gestational week at which it was attained, as 
well as maternal and foetal outcomes, between those with 
overt and subclinical thyrotoxicosis in the Eastern Anatolia 
region of Türkiye.

Methods

Patients and Data Collection
This retrospective study included pregnant women diag-
nosed with thyrotoxicosis who presented to the Endocri-
nology and Metabolism Clinics of University of Health Sci-
ences, Van Training and Research and Sirnak State Hospital 
between 2022 and 2023. The study protocol was conduct-
ed in accordance with the Declaration of Helsinki and ap-
proved by the This study was approved by the Van Train-
ing and Research Hospital (Date: 04.26.2023, Decision no: 
2023/09-09).

Patients were included if they met the following criteria: 
diagnosis of thyrotoxicosis during pregnancy, defined as 
TSH<0.1 mIU/mL in the first trimester, <0.2 mIU/mL in the 
second trimester, or <0.3 mIU/mL in the third trimester. Ex-
clusion criteria were pre-existing hyperthyroidism before 
pregnancy and unavailable follow-up data.

Demographic and clinical data, including age, parity, smok-
ing status, presence of hyperemesis gravidarum, and ges-
tational week (GW) at the time of thyrotoxicosis diagnosis, 
were collected from medical records. Patients’ use of anti-
thyroid drugs before referral, including drug type, dosage, 
and duration of therapy, was noted from medical records. 
Biochemical parameters at the time of diagnosis were re-
corded, including TSH, free T4 (fT4), and free T3 (fT3) levels, 
and thyroid autoantibody status (TSI [thyroid-stimulating 
immunoglobulin], TRAb, anti-TPO [anti-thyroid peroxidase], 
anti-thyroglobulin [anti-Tg]). The peak thyroid hormone 
levels and nadir TSH values during follow-up were also doc-
umented. The achievement of euthyroidism during preg-
nancy (defined as normalization of TSH and free hormone 
levels according to trimester reference ranges) and the ges-
tational week at which euthyroidism was achieved were 
recorded. Among 110 pregnant patients presenting with 
thyrotoxicosis, 70 were included in the study (6 had a pri-
or history of Graves’ disease, and 34 were lost to follow-up 
after the first trimester). Patient inclusion, exclusions, and 
final diagnoses are illustrated in Figure 1. Pregnancy out-
comes, including maternal and foetal complications, were 
evaluated in 42 patients with complete available data.

The diagnosis of Graves’ disease was made in patients with 
increased thyroid vascularity on Doppler ultrasound, TSI/
TRAb positivity, or progressive elevations in thyroid hor-
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mone levels. Due to the absence of scintigraphy during 
pregnancy, definiti e diagnosis of nodular hyperthyroid-
ism was not possible. Patients with thyroid nodules were 
therefore classified based on clinical course, autoantibody 
status, and available pre-pregnancy thyroid function tests. 
Gestational transient thyrotoxicosis (GTT) was diagnosed 
in patients who developed symptoms during the first 16 
weeks of pregnancy, were TSI/TRAb negative, had no sig-
nifica t Doppler vascularity, and showed a spontaneous 
decrease in thyroid hormone levels during follow-up.

As some laboratory parameters were measured using dif-
ferent assay kits, the results were standardized by express-
ing them as multiples of the upper limit of normal (×ULN), 
and these standardized values were used in the analyses. 
Due to the use of different assay kits, TRAb, TSI, anti-TPO, 
and anti-Tg results were reported qualitatively as positive 
or negative.

Statistical Analysis
All statistical analysis were performed using IBM SPSS 
Statistics for Windows, version 29.0 (IBM Corp., USA). The 
normality of data distribution was assessed using the 
Kolmogorov–Smirnov and Shapiro–Wilk tests. Continuous 
variables were expressed as mean±standard deviation (SD) 
for normally distributed data and as median (interquartile 
range, IQR) for not normally distributed data. Categorical 
variables were presented as counts and percentages.

Comparisons between the overt thyrotoxicosis and sub-
clinical thyrotoxicosis groups were performed using the 
Student t-test for variables showing a normal distribution 
and the Mann–Whitney U test for variables without a nor-

mal distribution. Categorical variables were compared us-
ing the chi-square test or Fisher’s exact test, as appropriate. 
Correlations between thyroid hormones and gestational 
age at diagnosis and gestational age at achievement of eu-
thyroidism were analysed using Spearman’s rank correla-
tion coeffici t for non-normally distributed data and Pear-
son’s correlation coeffici t for normally distributed data. A 
p-value <0.05 was considered statistically significa t.

Results
A total of 70 pregnant women with thyrotoxicosis were in-
cluded in the study; 34 had overt thyrotoxicosis, and 36 had 
subclinical thyrotoxicosis. A fl w chart showing the distribu-
tion of patients is presented in Figure 1. Graves’ disease was 
diagnosed in three patients, and one patient had a molar 
pregnancy. These cases were excluded from comparative 
analyses of overt and subclinical thyrotoxicosis due to their 
small number, while the remaining patients were included 
for descriptive clinical characterization. There were no pa-
tients with a definiti e diagnosis of toxic nodular disease. 
After excluding Graves’ disease and molar pregnancy cases, 
31 patients with overt thyrotoxicosis and 35 patients with 
subclinical thyrotoxicosis were included in the analyses.

The demographic characteristics and baseline clinical fea-
tures of the patients with gestational thyrotoxicosis are 
summarized in Table 1. The mean age of the cohort was 
29.6±5.3 years, with no significa t difference between 
overt and subclinical groups (29.2±5.7 vs. 29.9±5.0 years, 
p=0.625). Smoking was reported in 7% of patients, and the 
median gravida was 2 (IQR 1–3), with no significa t differ-
ences between groups.

Figure 1. Flow chart of patient selection. Of 110 pregnant patients with thyrotoxicosis, 70 
remained after applying exclusion criteria and loss to follow-up. These included 34 overt and 36 
subclinical cases. After excluding 3 overt (1 molar pregnancy, 2 Graves) and 1 subclinical (Graves) 
cases, 31 overt and 35 subclinical GTT patients were included in the final anal sis.
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The mean gestational week (GW) at diagnosis was 10.7±3.0, 
with no significa t difference between overt and subclini-
cal groups (10.4±2.6 vs. 10.9±3.3 GW, p=0.494). Hypereme-
sis gravidarum was present in 17.1% of patients (16.1% vs. 
17.1%, p=0.912). Thyroid nodules were detected in 37.3% 
of patients (34.5% vs. 40%, p=0.433), and increased thyroid 
blood fl w on Doppler ultrasonography was observed in 
28.6% of those evaluated (33.3% vs. 22.7%, p=0.311). An-
ti-TPO and anti-Tg antibody positivity were not different 
between groups (p=0.658 and 0.489) (Table 1).

Anti-thyroid drug treatment had been initiated by the pri-
mary care provider or the internal medicine department 
before referral in 18.2% of patients, with no significa t dif-
ference between groups. In the overt thyrotoxicosis group, 
one patient had previously received methimazole (MMZ) 
for 8 weeks at a dose of 10mg, while all other patients had 
been treated with propylthiouracil (PTU) prior to referral. 
The median ATD dose was 100mg/day (50-112.5) for sub-
clinical and 100mg/day (100-125) for overt thyrotoxicosis, 
with no significa t difference between groups (p=0.686). 

Table 1. Demographic characteristics, clinical features, laboratory findings, and pregnancy outcomes of the patients with overt and 
subclinical thyrotoxicosis

  All patients (n=66) Patients with overt 
thyrotoxicosis (n=31)

Patients with subclinical 
thyrotoxicosis (n=35) p

Age (years) mean±SD 29.6±5.3 29.2±5.7 29.9±5.0 0.625

Smoking, (n) % 4 (7.0) 2 (6.5) 2 (5.7) 1.000

Gravida median (IQR) 2 (1-3) 2 (1-3) 2 (1-3) 0.432

Initial evaluation

GW at diagnosis mean±SD 10.7±3.0 10.4±2.6 10.9±3.3 0.494

Presence of hyperemesis gravidarum, 
n (%)

12 (17.1) 5 (16.1) 6 (17.1) 0.912

Presence of thyroid nodule, n (%) 22 (37.3) 10 (34.5) 12 (40) 0.433

Increased thyroid blood flow on 
Doppler US (n=49) n (%)

14 (28.6) 9 (33.3) 5 (22.7) 0.311

Anti-TPO positivity n (%) 4 (6) 2 (6.5) 2 (5.7) 0.658

Anti-Tg positivity (n=47) n (%) 1 (3) 1 (3.8) 0 0.489

Prior anti-thyroid drug initiation  n (%) 12 (18.2) 6 (19.4) 6 (17.1) 0.533

TSH at diagnosis (mUI/mL)  
median (IQR)

0.016 (0.006-0.033) 0.01 (0.005-0.023) 0.022 (0.008-0.05) 0.017

fT4 at diagnosis (xULN) median (IQR) 0.95 (0.81-1.17) 1.16 (1.01-1.29) 0.85 (0.73-0.94) <0.001

fT3 at diagnosis (xULN) median (IQR) 0.97 (0.82-1.13) 1.1 (1.01-1.18) 0.86 (0.80-0.96) <0.001

Follow-up evaluation

Nadir TSH (mUI/mL) median (IQR) 0.011 (0.005-0.032) 0.008 (0.005-0.022) 0.024 (0.008-0.046) 0.011

Peak fT4 (xULN) median (IQR) 1.00 (0.86-1.30) 1.16 (1.00-1.32) 0.89 (0.75-0.95) 0.001

Peak fT3 (xULN) median (IQR) 1.00 (0.83-1.18) 1.1 (1.02-1.19) 0.86 (0.82-0.95) 0.002

TSH in the last trimester (mUI/mL)
median (IQR)

0.69 (0.4-1.00) 0.64 (0.4-0.98) 0.74 (0.3-1.05) 0.957

Euthyroidism achieved during 
pregnancy n (%)

64 (91.4) 31 (91.2) 33 (91.7) 0.942

GW when euthyroidism was achieved 
mean ± SD

17.1±4.0 17.9±3.6 16.3±4.2 0.095

GW at delivery (n=42) median (IQR) 39 (38-40) 39 (38-40) 38 (37-39) 0.058

Cesarian delivery rate (n=42) n (%) 19 (45.2) 8 (33.3) 11 (61.1) 0.070

Data are presented as mean±SD or median (IQR) unless otherwise specified. Bold p-values indicate statistical significance (p<0.05). SD: Standard deviation; 
IQR: interquartile range; GW: Gestational week; US: Ultrasonography; Anti-TPO: Anti–thyroid peroxidase antibody; Anti-Tg: Anti-thyroglobulin antibody; TSH: 
Thyroid-stimulating hormone; fT4: Free thyroxine; fT3: Free triiodothyronine; ULN: Upper limit of normal.
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Median treatment duration was 4 weeks (2.3-9.5) in sub-
clinical and 5 weeks (2-9) in overt thyrotoxicosis (p=1.000).

At diagnosis, the median TSH level in patients with overt thy-
rotoxicosis was significa tly lower compared to the subclin-
ical group (0.01 vs. 0.023mIU/ , p=0.017), while the median 
fT4 and fT3 levels were significa tly higher in the overt group 
(1.16 vs. 0.85×ULN, p<0.001; 1.1 vs. 0.86×ULN, p<0.001; re-
spectively). During follow-up, nadir TSH levels were lower in 
the overt thyrotoxicosis group compared to the subclinical 
thyrotoxicosis group, and the peak fT4 and fT3 levels were 
higher (Table 1). The mean gestational age at which euthy-
roidism was achieved was 17.1±4.0 weeks, and there was 
no significa t difference between the groups (17.9±3.6 and 
16.3±4.2 weeks, p=0.095). The gestational week at which eu-
thyroidism was achieved was compared between patients 
with (17.91±4.89) and without (16.88±3.80) prior ATD use. 
There was no difference regarding prior ATD use (p=0.222).

One patient underwent uterine evacuation by suction cu-
rettage at 13 weeks due to a molar pregnancy. Foetal goitre 
(n=1) and neonatal transient hypothyroidism (n=1) were 
seen in patients with Graves’ disease. These patients were 
excluded from analysis. Pregnancy outcomes were evaluat-
ed in 42 patients (Table 2). Thirteen patients experienced at 
least one pregnancy complication, while 29 patients had an 
uncomplicated pregnancy. Complications such as oligohy-
dramnios (n=4), preterm delivery (n=3), premature rupture 
of membranes (n=2), pre-eclampsia (n=1), gestational dia-
betes (n=2), abortus (n=1), intrauterine foetal death (n=1), 
and intrauterine growth restriction (n=1) were observed. 
There was no statistically significa t difference between 
the overt and subclinical thyrotoxicosis groups in terms of 
maternal or foetal complications (Table 2). The median ges-
tational age at delivery in the 42 patients who completed 
their pregnancies was 39 weeks (IQR 38-40). There was no 

significa t difference between overt and subclinical thyro-
toxicosis (p=0.058). Caesarean delivery was performed in 
45.2% of patients (respectively; 33.3% vs. 61.1%, p=0.070).

The mean age was similar between patients with pregnan-
cy-related complications and those without complications 
(28.62±5.09 vs. 28.67±5.01 years, p=0.488). The mean GW 
at diagnosis was 11.77±2.83 in pregnancies with complica-
tions and 10.14±2.08 in those without (p=0.079). Among 
the four anti-TPO-positive patients, pregnancy outcomes 
were available for three, all of whom experienced pregnan-
cy-related complications. Anti-TPO positivity was therefore 
significa tly more common in patients with complica-
tions compared to those without (respectively; 100% vs. 
0, p=0.006). Among the 12 patients who had used ATDs, 
pregnancy outcomes were available for 8. The rate of pri-
or initiation of ATD did not differ significa tly between the 
two groups (25% vs. 75%, p=1.000). There was no differ-
ence between the groups in terms of smoking history and 
the presence of hyperemesis gravidarum (7.7% vs. 10%, 
p=0.652, and 7.7% vs. 20%, p=0.412, respectively). TSH and 
free thyroid hormone levels did not differ between those 
who developed complications and those who did not.

Correlation analyses are presented in Table 3. Gestational 
week (GW) at diagnosis was positively correlated with GW 
when euthyroidism was achieved (CC=0.406, p=0.001) and 
negatively correlated with thyroid hormone levels, includ-
ing fT3 (CC=-0.273, p=0.029) at diagnosis and peak fT4 
(CC=-0.297, p=0.031). GW when euthyroidism was achieved 
showed negative correlations with TSH at diagnosis (CC=-
0.292, p=0.021), nadir TSH (CC=-0.354, p=0.011), and TSH in 
the last trimester (CC=-0.662, p<0.001), whereas it was pos-
itively correlated with peak fT3 (CC=0.295, p=0.046).

The patient in whom foetal goitre was detected had Graves’ 
disease with 70-fold increased TSI levels and free thyroid 

Table 2. Comparison of pregnancy outcomes between overt and subclinical thyrotoxicosis

  All patients (n=42) Patients with overt 
thyrotoxicosis (n=24)

Patients with subclinical 
thyrotoxicosis (n=18) p

Patients with pregnancy complications, n (%) 13 (28.6) 6 (25) 7 (38.9) 0.335

Oligohydramnios 4 (9.5) 2 (8.3) 2 (11.1) NS

Prematurity 3 (7.1) 1 (4.2) 2 (11.1) NS

Premature rupture of membranes 2 (4.8) 1 (4.2) 1 (5.6) NS

Preeclampsia 1 (2.3) 0 1 (5.6) NS

Gestational diabetes 2 (4.8) 1 (4.2) 1 (5.6) NS

Abortus 1 (2.4) 1 (4.2) 0 NS

Intrauterine foetal death 1 (2.4) 1 (4.2) 0 NS

Intrauterine growth retardation 1 (2.4) 1 (4.2) 0 NS

Data are presented as mean±SD or median (IQR) unless otherwise specified. SD: Standard deviation; IQR: Interquartile range; GW: Gestational week.
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hormone concentrations approximately fi e times above 
the ULN. The patient was initiated on antithyroid therapy 
and followed regularly during pregnancy. However, the 
patient discontinued scheduled follow-up on her own for 
nearly two months, and at her return visit at 28 weeks of 
gestation, a decline in free T4 levels was noted. A detailed 
foetal ultrasound revealed foetal goitre. With close moni-
toring, free T4 levels improved, foetal goitre regressed, and 
a healthy baby was delivered at 38 weeks. The baby devel-
oped transient thyrotoxicosis in the neonatal period and 
required short-term, low-dose antithyroid treatment.

The patient whose baby had neonatal transient hypothy-
roidism had 4.5-fold increased TSI levels and thyroid hor-
mone levels three times above the ULN at the time of di-
agnosis. The mother was treated with low-dose PTU from 
the 9th to the 17th week of pregnancy, and treatment was 
discontinued when free T4 remained at the upper limit of 
normal. The infant developed transient neonatal hypothy-
roidism. The mother required antithyroid treatment one 
month after delivery.

Discussion
Thyrotoxicosis in pregnancy is a heterogeneous clinical 
condition with a wide range of aetiologies and biochemical 
severity levels. In this study, we compared pregnancy out-
comes between pregnant women with overt and subclini-
cal thyrotoxicosis and found that, despite significa t differ-
ences in thyroid hormone levels, pregnancy outcomes were 
similar between the two groups. These findings suggest 
that biochemical classific tion alone may not adequately 
refle t the complexity of pregnancy risks associated with 
thyrotoxicosis.

Consistent with previous reports, gestational thyrotoxico-
sis (GTT) constituted the most common aetiology in our 
cohort, while Graves’ disease was identified in a smaller 
group of patients (4.3%).[5,11] This aetiological distribution is 
consistent with the physiological role of human chorionic 
gonadotropin in early pregnancy, and distinguishing tran-
sient, hCG-mediated thyrotoxicosis from Graves’ disease is 
crucial due to differing treatment approaches.[5] A clinically 
important observation in our study was that a proportion 
of patients, particularly those later classified as GTT, had 
been started on antithyroid drugs prior to endocrinology 
consultation and before a definiti e etiological evaluation. 
Given that most cases of GTT are self-limiting and not as-
sociated with adverse outcomes, unnecessary antithyroid 
drug exposure during pregnancy may carry avoidable 
foetal risks, including hypothyroidism and goitre.[12,13] Our 
findings support current recommendations emphasising 
the need for a clear aetiological diagnosis before initiating 
antithyroid treatment.

As expected, patients with overt thyrotoxicosis exhibited 
higher free thyroid hormone levels and lower TSH concen-
trations than those with subclinical disease, both at diag-
nosis and during follow-up. An inverse relationship was 
observed between gestational age at diagnosis and free 
thyroid hormone levels, indicating that more pronounced 
biochemical thyrotoxicosis tends to be detected earlier in 
the first trimester of pregnancy. This finding is consistent 
with the physiological effect of hCG in early pregnancy.[1,5] 
Interestingly, no significa t difference was observed be-
tween the groups with respect to hyperemesis gravidarum; 
however, this finding should be interpreted with caution, 
as the limited sample size may have reduced the ability 

Table 3. Correlations of gestational week at diagnosis and gestational week at achievement of euthyroidism with thyroid function 
parameters in patients with gestational transient thyrotoxicosis

  GW at diagnosis GW when euthyroidism was achieved 

GW at diagnosis - p=0.001; CC: 0.406

GW when euthyroidism was achieved p=0.001; CC: 0.406  -

TSH at diagnosis p=0.958; CC: 0.007 p=0.021; CC: -0.292

fT4 at diagnosis (xULN) p=0.052; CC: -0.244 p=0.142; CC: 0.189

fT3 at diagnosis (xULN) p=0.029; CC: -0.273 p=0.227; CC: 0.158

Nadir TSH p=0.756; CC: -0.043 p=0.011; CC: -0.354

Peak fT4 (xULN) p=0.031; CC: -0.297 p=0.310; CC: 0.148

Peak fT3 (xULN) p=0.081; CC: -0.249 p=0.046; CC: 0.295

TSH in the last trimester p=0.187; CC: -0.210 p<0.001; CC: -0.662

GW at delivery p=0.786; CC: -0.043 p=0.867; CC: -0.028

Bold p-values indicate statistical significance (p<0.05). Abbreviations: GW: Gestational week; TSH: Thyroid-stimulating hormone; fT4: Free thyroxine; fT3: free 
triiodothyronine; ULN: Upper limit of normal; CC: correlation coefficient.
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to detect a true association. Furthermore, the gestational 
week at which euthyroidism was achieved was associated 
with the degree of maternal TSH suppression and fT3 lev-
els. However, thyroid hormone levels, gestational age at 
diagnosis, or achievement of euthyroidism did not show a 
significa t association with pregnancy complications. The 
rates of euthyroidism achieved during pregnancy, gesta-
tional age at delivery, caesarean section rates, and mater-
nal and foetal complications were similar between overt 
and subclinical thyrotoxicosis. Considered together, these 
findings suggest that thyroid hormone dynamics may be 
related to the biochemical and temporal characteristics of 
thyrotoxicosis during pregnancy but do not allow definiti e 
conclusions to be drawn regarding their effects on clinical 
pregnancy outcomes.

In the present cohort, pregnancy complications were ob-
served in approximately one-third of patients with thyro-
toxicosis, with no statistically significa t differences be-
tween overt and subclinical forms. Importantly, individual 
obstetric complications, including prematurity, preeclamp-
sia, gestational diabetes, oligohydramnios, and pregnancy 
loss, occurred at low frequencies and were comparable be-
tween groups. These findings are consistent with previous 
studies indicating that gestational transient thyrotoxicosis 
(GTT) and mild thyrotoxic states are not associated with a 
substantial increase in major adverse pregnancy outcomes 
compared with euthyroid pregnancies. In a large popula-
tion-based case–control study, GTT was not linked to in-
creased risks of preeclampsia, pregnancy-induced hyper-
tension, placental abruption, low birth weight, or perinatal 
mortality. However, a slightly shorter gestational duration 
was observed in affected pregnancies.[14]

The relatively high overall complication rate observed in 
our study may be explained by the inclusion of condi-
tions such as oligohydramnios and gestational diabetes, 
which are not consistently categorized as major adverse 
outcomes in all population-based cohorts. While these 
conditions are clinically relevant, they are often variably 
reported or excluded from composite outcome measures 
in previous studies, potentially leading to lower reported 
overall complication rates.[3,14,15] The absence of significa t 
differences between overt and subclinical thyrotoxicosis 
in our cohort further supports existing evidence suggest-
ing that transient or mild biochemical thyroid hormone 
excess has a limited impact on pregnancy outcomes, in 
contrast to sustained or poorly controlled hyperthyroid-
ism.[3,16] Overall, these findings support the notion that 
overt and subclinical gestational thyrotoxicosis are asso-
ciated with broadly similar and generally favourable preg-
nancy outcomes.

Oligohydramnios and gestational diabetes are adverse 
pregnancy outcomes that have been less emphasized in 
previous studies of pregnancies complicated by thyrotoxi-
cosis. Previous studies have reported that oligohydramnios 
may occur in pregnancies complicated by thyrotoxicosis, 
particularly in Graves’ disease.[17,18] In addition, recent Men-
delian randomisation studies have suggested a potential 
association between thyrotoxicosis and an increased risk 
of gestational diabetes.[19] However, it should be noted that 
both oligohydramnios and gestational diabetes are com-
mon obstetric conditions with multifactorial aetiologies, 
arising from the interplay of placental function, maternal 
metabolic status, and population-specific factors rather 
than excessive thyroid hormone alone.[20,21] Overall, the in-
clusion of common obstetric conditions such as oligohy-
dramnios and gestational diabetes in the composite out-
come may partially explain the higher complication rates 
observed in our study.

Thyroid autoimmunity has emerged as a significa t factor 
associated with pregnancy complications in our cohort. 
Anti-thyroid peroxidase (anti-TPO) antibody positivity was 
more prevalent among patients who developed complica-
tions. To explain the adverse effect of thyroid autoimmu-
nity on pregnancy outcomes, various mechanisms have 
been proposed, including immune-mediated placental 
dysfunction, altered trophoblast invasion, and a proinfla -
matory cytokine environment.[22-25] These mechanisms may 
operate independently of thyroid hormone concentrations, 
potentially explaining why anti-TPO positivity was associ-
ated with complications even in patients with subclinical 
disease.

Foetal goitre and transient neonatal thyroid dysfunction 
were observed in two patients complicated by Graves’ 
disease; however, the limited sample size precludes de-
finiti e conclusions. The other Graves’ disease patient did 
not develop complications. These findings are consistent 
with previous reports indicating that neonatal thyroid 
dysfunction is primarily related to transplacental transfer 
of TSH receptor antibodies rather than thyroid hormone 
excess.[26-27] Overall, these observations highlight the need 
for careful antenatal and neonatal monitoring in pregnan-
cies complicated by Graves’ disease.[28] Therefore, while our 
observations support the biological possibility of autoim-
mune-mediated foetal and neonatal thyroid involvement, 
they should be interpreted with caution due to the limited 
sample size.

An additional consideration is the geographical context of 
the study. Most available studies about thyrotoxicosis in 
pregnancy originate from Western populations, and data 
from iodine-deficie t or mildly iodine-suffici t regions 
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remain scarce. In Türkiye, regional differences in iodine 
status persist despite the nationwide salt iodization pro-
gram. Studies from Eastern Anatolia have demonstrated 
that pregnant women often have suboptimal urinary io-
dine concentrations, refle ting mild iodine deficien y.[29,30] 

Our cohort was derived from a region known to be affected 
by iodine deficien y. Iodine deficien y has been associat-
ed with altered thyroidal adaptation during pregnancy and 
may predispose to both thyroid dysfunction and adverse 
obstetric outcomes.[31,32] The relatively high rate of preg-
nancy complications observed in our study may refle t un-
derlying regional characteristics influencing maternal and 
perinatal outcomes, in addition to thyrotoxicosis.

The inability to assess iodine status represents an import-
ant limitation of our study. Urinary iodine concentration 
was not routinely measured, precluding direct evaluation 
of iodine deficien y and its potential interaction with thy-
rotoxicosis and pregnancy outcomes. Consequently, it was 
not possible to disentangle the relative contributions of 
thyroid dysfunction and environmental iodine deficien y. 
Additional limitations include the retrospective design, 
relatively small sample size, and the absence of a control 
group, all of which restrict causal inference. Furthermore, 
the heterogeneity of treatment in terms of dosage and du-
ration in patients who received unnecessary treatment in 
the early stages may also have affected biochemical control 
and pregnancy outcomes. Pregnancy outcome data were 
incomplete for some patients. Also, thyroid autoantibodies 
were assessed qualitatively rather than quantitatively. Fur-
thermore, the retrospective nature of the study may have 
resulted in missing data.

The strengths of this study include its real-world setting, 
detailed biochemical assessment, and comprehensive 
evaluation of maternal and foetal outcomes. Expressing 
thyroid hormone levels as multiples of the upper limit of 
normal allowed for standardized comparisons across dif-
ferent assays.

Conclusion
In conclusion, our findings suggest that overt and subclin-
ical thyrotoxicosis during pregnancy were associated with 
broadly similar maternal and foetal outcomes in our cohort, 
despite evident biochemical differences. Pregnancy-relat-
ed complications were observed in both groups, indicating 
that subclinical thyrotoxicosis should not be assumed to be 
uniformly benign, particularly in the presence of thyroid 
autoimmunity. Careful etiological evaluation, avoidance of 
unnecessary antithyroid therapy, and consideration of thy-
roid autoimmunity remain important aspects of the clinical 
assessment of thyrotoxicosis during pregnancy.
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Abstract

Objectives: This study aimed to investigate the prevalence of metabolic dysfunction-associated steatotic liver disease (MASLD) 
and clinically significa t fib osis (CSF) in patients with type 1 diabetes mellitus (T1DM), as well as the factors affecting them, using 
non-invasive tests based on blood and imaging methods.
Methods: Adult T1DM patients who were followed up in the diabetes mellitus outpatient clinic at a tertiary university hospital and 
who did not have other causes of liver disease were prospectively investigated. MASLD and CSF were evaluated using non-invasive 
scores based on biochemical tests and FibroScan®. MASLD was defined as a FibroScan® CAP score ≥275 dB/m, and CSF was defined
as F≥8 kPa in the absence of any other chronic liver disease or secondary cause of hepatic steatosis in T1DM patients.
Results: The prevalence of MASLD and CSF was 12.9% and 5%, respectively. BMI, fasting blood glucose, and waist and hip circum-
ference were significa tly higher in patients with MASLD (p<0.05). The rates of hypertension and dyslipidemia were also higher 
in patients with MASLD (p=0.026 and p=0.012, respectively). According to Pearson’s correlation test, LSM was most strongly cor-
related with Agile 4 (p<0.001, r=0.922) and Agile 3+ scores (p<0.001, r=0.685). CAP was most strongly correlated with the fatty liver 
index (p<0.001, r=0.514) and the hepatic steatosis index (p<0.001, r=0.404).
Conclusion: Components of metabolic syndrome are important risk factors for MASLD in patients with T1DM. There is currently no 
consensus on screening and diagnostic pathways for MASLD in T1DM, and further research is needed in this area.
Keywords: FibroScan®; metabolic dysfunction-associated steatotic liver disease; type 1 diabetes mellitus.

Please cite this article as ”Istemihan Z, Bektas F, Bardak AE, Kiziltas C, Kemec G, Imanov Z, et al. Evaluation of liver steatosis and liver fibrosis 
in patients with type 1 diabetes mellitus using non-invasive scores. Med Bull Sisli Etfal Hosp 2026;60(1):112-119”.

Type 1 diabetes mellitus (T1DM) is a common, chronic 
autoimmune disease that typically develops in child-

hood. Studies show that not only are the incidence and 
prevalence of T1DM increasing, but the age at which pa-

tients are diagnosed is also decreasing.[1,2] T1DM is a serious 
disease that can lead to significa t, life-threatening micro- 
and macrovascular complications in the long term, espe-
cially if left uncontrolled.[3] With the increasing number of 
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and clinically significa t fib osis (CSF) in patients with type 1 diabetes mellitus (T1DM), as well as the factors affecting them, using 
non-invasive tests based on blood and imaging methods.
Methods: Adult T1DM patients who were followed up in the diabetes mellitus outpatient clinic at a tertiary university hospital and 
who did not have other causes of liver disease were prospectively investigated. MASLD and CSF were evaluated using non-invasive 
scores based on biochemical tests and FibroScan®. MASLD was defined as a FibroScan® CAP score ≥275 dB/m, and CSF was defined
as F≥8 kPa in the absence of any other chronic liver disease or secondary cause of hepatic steatosis in T1DM patients.
Results: The prevalence of MASLD and CSF was 12.9% and 5%, respectively. BMI, fasting blood glucose, and waist and hip circum-
ference were significa tly higher in patients with MASLD (p<0.05). The rates of hypertension and dyslipidemia were also higher 
in patients with MASLD (p=0.026 and p=0.012, respectively). According to Pearson’s correlation test, LSM was most strongly cor-
related with Agile 4 (p<0.001, r=0.922) and Agile 3+ scores (p<0.001, r=0.685). CAP was most strongly correlated with the fatty liver 
index (p<0.001, r=0.514) and the hepatic steatosis index (p<0.001, r=0.404).
Conclusion: Components of metabolic syndrome are important risk factors for MASLD in patients with T1DM. There is currently no 
consensus on screening and diagnostic pathways for MASLD in T1DM, and further research is needed in this area.
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cases and longer disease duration, steatotic liver disease is 
being observed more frequently in patients with T1DM.[4]

Although liver biopsy is the gold standard for diagnosing 
steatotic liver disease, its invasive nature and the risk of 
complications have led to increasing use of non-invasive 
scoring systems based on blood and imaging methods. In-
formation regarding the prevalence of metabolic dysfunc-
tion-associated steatotic liver disease (MASLD) and associ-
ated risk factors in patients with T1DM is limited.

In this study, we aimed to investigate the frequency of 
MASLD and clinically significa t fib osis (CSF) in patients 
with T1DM, as well as the factors affecting them, using 
non-invasive tests based on blood and imaging methods.

Methods
The study was designed as a prospective, cross-sectional 
cohort study at a single center. One hundred and one adult 
patients (≥18 years old) with T1DM who were followed up 
in the diabetes mellitus outpatient clinic at Istanbul Uni-
versity Faculty of Medicine and who did not have other 
causes of liver disease were investigated. MASLD and CSF 
were evaluated using non-invasive scoring systems based 
on biochemical tests and FibroScan®. Patients with T1DM 
aged ≥18 years were included in the study, and those with 
other chronic liver diseases or secondary causes of steatot-
ic liver disease were excluded.

Demographic and laboratory characteristics, blood pres-
sure, lipid profil , waist and hip circumference, body mass 
index (BMI), duration of T1DM, non-invasive fib osis scor-
ing tests based on biochemical tests, and FibroScan® mea-
surements were examined. Hypertension and dyslipidemia 
were determined according to metabolic syndrome diag-
nostic criteria.[5]

In FibroScan® measurements, a controlled attenuation 
parameter (CAP) score ≥275dB/m was considered indica-
tive of liver steatosis (S1≥275,<290dB/m; S2≥290,<302d-
B/m; S3≥302dB/m), and liver stiffness measurement (LSM) 
≥8.0kPa was considered indicative of clinically significa t 
fib osis (CSF) (F2–4). Values ≥12kPa were considered ad-
vanced fib osis (F3–4), and ≥15kPa were considered cirrho-
sis (F4).

MASLD was defined as a FibroScan® CAP score ≥275dB/m 
in the absence of any other chronic liver disease or second-
ary cause of hepatic steatosis in patients with T1DM.

The FAST (FibroScan-AST) score, Agile 3+ score, Agile 4 
score, Fibrotic NASH Index, Fatty Liver Index, Hepatic Ste-
atosis Index, FIB-4, NAFLD Fibrosis Score, APRI, and HEPA-
MET Fibrosis Score were evaluated as non-invasive scores 
based on biochemical tests.[6–15]

This study was approved by the Ethics Committee of Istan-
bul University Faculty of Medicine (Approval no=2022/348, 
assigned on 11/03/2022). All procedures complied with the 
ethical standards of the Human Testing Committee of our 
institution and the Helsinki Declaration. Written informed 
consent was obtained from all patients.

Statistical Analysis
In the descriptive statistics of the data, the mean, standard 
deviation, and median (IQR 25–75) were used. Categorical 
variables were expressed as numbers (n) and percentages 
(%). The independent samples t-test was used to analyze 
quantitative independent data. The chi-square test was 
used to analyze independent qualitative data. Pearson’s 
correlation test was used to determine the strength and 
direction of the relationship between two continuous 
variables. Receiver operating characteristic (ROC) curve 
analysis was used to determine the optimal cut-off values. 
Survival curves were estimated using the Kaplan–Meier 
method and compared using the log-rank test. Multivar-
iate logistic regression analysis was performed to predict 
the odds ratios of variables. The results were evaluated at a 
95% confiden e interval and a significan e level of p<0.05. 
Data analysis was performed using SPSS version 22.0.

Results

General Features
The study included 101 patients with T1DM, 66 (65.3%) 
of whom were female. The mean age of the patients was 
34.9±13.5 years (median 32 years, IQR [25–75] [23–44]), 
and the mean disease duration was 176.8±106.9 (range: 
12–561) months (median 156 months, IQR [25–75] [108–
246]). The mean BMI of the patients was 24±4.8kg/m² 
(median 23.2kg/m², IQR [25–75] [21–25.8]), mean waist cir-
cumference was 86.5±11.6cm [median 87cm, IQR (25–75) 
(78.5–91)], and mean hip circumference was 96.4±9.9cm 
(median 96cm, IQR [25–75] [90–102]). According to BMI 
characteristics, seven (6.9%) patients were overweight (25–
29.9kg/m²), eight (7.9%) patients were obese (30–39.9kg/
m²), and one (1%) patient was morbidly obese (≥40kg/
m²). Twenty-one (20.8%) patients had hypertension, and 
24 (23.8%) had dyslipidemia. Mean systolic blood pressure 
was 115.8±18.6mmHg (median 115.5mmHg, IQR [25–75] 
[110–124.5]), and mean diastolic blood pressure was 
72.8±9.1mmHg (median 70mmHg, IQR [25–75] [70–80]).

According to FibroScan® features, 13 (12.9%) patients had 
MASLD (CAP≥275dB/m), fi e (5%) patients had CSF (F≥8k-
Pa), four (4%) patients had advanced fib osis (F≥12kPa), 
and two (2%) patients had cirrhosis (F≥15kPa).

According to Pearson’s correlation test, LSM was most 
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significa tly correlated with the Agile 4 score (p<0.001, 
r=0.922) and the Agile 3+ score (p<0.001, r=0.685). The CAP 
score was most significa tly correlated with the fatty liver 
index (p<0.001, r=0.514) and the hepatic steatosis index 
(p<0.001, r=0.404).

Demographic, laboratory, and non-invasive scores based 
on blood and imaging characteristics of all patients are 
shown in Table 1. MASLD and fib osis risk distribution of 
patients according to blood-based non-invasive scores in 
all patients are shown in Table 2.

Characteristics of MASLD Patients and Comparison 
With Non-MASLD Patients
Thirteen (12.9%) patients had MASLD according to FibroS-
can® results. Seven (53%) of them were female. The mean 
age of the patients was 40±15 years (median 40 years, IQR 
[25–75] [27.5–45.5]), and the mean disease duration was 
203±123 months (median 192 months, IQR [25–75] [96–
264]). The mean BMI was 27.9±6.7kg/m² (median 27.3kg/
m², IQR [25–75] [22.6–30.5]), mean waist circumference 
was 97.4±14cm (median 95cm, IQR [25–75] [89–102.5]), 
and mean hip circumference was 103.4±11.7cm (medi-
an 105cm, IQR [25–75] [93.5–109]). The degree of steato-
sis was S3 (CAP≥302dB/m) in eight (61.5%) patients, S2 
(CAP≥290,<302dB/m) in two (15.4%) patients, and S1 
(CAP≥275,<290dB/m) in three (23.1%) patients.

BMI and waist and hip circumference were significa tly 
higher in MASLD patients compared to non-MASLD pa-
tients (p=0.034, p<0.001, and p=0.006, respectively). The 
rates of hypertension and dyslipidemia were significa tly 
higher in MASLD patients (p=0.026 and p=0.012).

The AUC of BMI for MASLD detection was 0.733 (95% con-
fiden e interval [CI]=0.573–0.893, p=0.007). At an opti-
mal cut-off of 26kg/m², BMI had a sensitivity of 62% and 
a specifici y of 82% for MASLD detection. In Kaplan–Meier 
analysis, it was significa tly associated with the develop-
ment of MASLD in patients with BMI>26kg/m² (p=0.028). 
The AUC of T1DM duration for MASLD detection was 0.585 
(95% CI=0.406–0.765, p=0.323). At an optimal cut-off of 
180 months, disease duration had a sensitivity of 54% and 
a specifici y of 63% for MASLD detection. In Kaplan–Meier 
analysis, it was significa tly associated with the develop-
ment of MASLD in patients with T1DM duration<180 months 
(p=0.001). The AUC of waist circumference for MASLD de-
tection was 0.790 (95% CI=0.658–0.922, p=0.001). At an 
optimal cut-off of 89.5cm, independently of gender, waist 
circumference had a sensitivity of 66% and a specifici y of 
92% for MASLD detection. In Kaplan–Meier analysis, it was 
significa tly associated with the development of MASLD in 
patients with waist circumference>89.5cm (p=0.034). The 

Table 1. Baseline characteristics of all patients (n=101)

Demographic features

Female, n (%) 66 (65.3)

Age (year) (mean±SD) 34.9±13.5

T1DM duration (month) (mean±SD) 176.8±106.9

Height (cm) (mean±SD) 166±9.2

Weight (kg) (mean±SD) 66.1±14.4

BMI (kg/m2) (mean±SD) 24±4.8

   Over-weight (25 - 29.9 kg/m2), n (%) 7 (6.9)

   Obese (30 - 39.9 kg/m2), n (%) 8 (7.9)

   Morbidly obese (≥ 40 kg/m2), n (%) 1 (1)

Waist circumference (cm) (mean±SD) 86.5±11.6

Hip circumference (cm) (mean±SD) 96.4±9.9

Systolic Blood Pressure (mmHg) 
(mean±SD) 115.8±18.6

Diastolic Blood Pressure (mmHg) 
(mean±SD) 72.8±9.1

Hypertension, n (%) 21 (20.8)

Dyslipidemia, n (%) 24 (23.8)

Biochemical features

HbA1c (%) (mean±SD) 8.5±1.7

Fasting blood glucose (mg/dl) 
(mean±SD) 193±73

Total cholesterol (mg/dl) (mean±SD) 168±33

LDL (mg/dl) (mean±SD) 99±28

HDL (mg/dl) (mean±SD) 56±16

Triglyceride (mg/dl) (mean±SD) 97±67

AST (U/L) (mean±SD) 19±18

ALT (U/L) (mean±SD) 19±18

ALP (U/L) (mean±SD) 82±31

GGT (U/L) (mean±SD) 15±13

Total protein (g/dl) (mean±SD) 7±0.6

Albumin (g/dl) (mean±SD) 4.5±0.4

AFP (ng/ml) (mean±SD) 2.2±1

Total Bilirubin (mg/dl) (mean±SD) 0.4±0.2

Platelet (10³/µl) (mean±SD) 278±75

INR (mean±SD) 0.9±0.1

Creatinine (mg/dl) (mean±SD) 0.7±0.5

eGFR (ml/min/1.73 m2) (mean±SD) 112±22

Uric acid (mg/dl) (mean±SD) 3.5±1.1

Non-invasive scores

FAST Score (mean±SD) 0.6±0.1

Agile3+ (mean±SD) 0.2±0.2

Agile 4 (mean±SD) 0.03±0.1
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AUC of hip circumference for MASLD detection was 0.699 
(95% CI=0.532–0.866, p=0.021).

HDL cholesterol levels were significa tly higher in non-
MASLD patients, and uric acid levels were significa tly 

higher in MASLD patients (p=0.026 and p=0.032), while 
there was no difference between the groups in LDL cho-
lesterol and triglyceride levels (p>0.05). While HbA1c did 
not differ between groups (p=0.653), fasting blood glucose 
was significa tly higher in MASLD patients (p=0.011). The 
AUC of fasting blood glucose for MASLD detection was 
0.682 (95% CI=0.515–0.850, p=0.035). At an optimal cut-off 
of 188.5mg/dL, fasting blood glucose had a sensitivity of 
76.9% and a specifici y of 56.3% for MASLD detection. In 
Kaplan–Meier analysis, it was significa tly associated with 
the development of MASLD in patients with fasting blood 
glucose>188.5mg/dL (p=0.040).

Fatty liver index, hepatic steatosis index, and CAP scores 
were significa tly higher in MASLD patients (p=0.004, 
p=0.030, and p<0.001, respectively), while there were 
no differences between the groups in other non-invasive 
blood-based scores (p>0.05).

Three (23.1%) of the 13 MASLD patients had CSF, and all of 
them also had advanced fib osis. Two (66.7%) were cirrhotic.

A comparison of the characteristics of MASLD and non-
MASLD patients is shown in Table 3.

According to multivariate logistic regression analysis, waist 
circumference (OR=7.410; 95% CI=1.499–36.645; p=0.014) 
and fasting blood glucose (OR=11.699; 95% CI=1.816–
75.348; p=0.010) were found to be most significa tly asso-
ciated with MASLD (Table 4).

Discussion
This study investigated liver steatosis and liver fib osis in 
adult patients with T1DM using non-invasive blood- and 
imaging-based tests. MASLD has become a significa t glob-
al health problem with increasing prevalence worldwide. It 

Table 1. Continue

Non-invasive scores

Fibrosis NASH Index (mean±SD) 0.2±0.2

Fatty Liver Index (mean±SD) 21.3±24

Hepatic Steatosis Index (mean±SD) 32.7±5.7

FIB-4 (mean±SD) 0.6±0.4

NAFLD Fibrosis Score (mean±SD) -2.3±1.5

APRI (mean±SD) 0.2±0.1

Hepamet Fibrosis Score (mean±SD) 0.1±0.1

CAP (dB/m) (mean±SD) 218±45

LSM (kPa) (mean±SD) 5.4±4

       MASLD (CAP ≥ 275  dB/m), n (%)
               S1 (CAP ≥ 275, <290 dB/m)
               S2 (CAP ≥ 290, < 302 dB/m)   
               S3 (CAP ≥ 302 dB/m)    

13 (12.9)
3 (3)
2 (2)

8 (7.9)

Clinically significant fibrosis (F ≥ 8 kPa, 
F2-4), n (%) 5 (5)

Advanced fibrosis ( F ≥ 12, F3-4), n (%) 4 (4)

Cirrhosis (F ≥ 15 kPa, F4), n (%) 2 (2)

Abbreviations: T1DM: Type 1 diabetes mellitus;  BMI: Body mass index; 
LDL: Low density lipoprotein;  HDL: High density lipoprotein; AST: 
Aspartate aminotransferase; ALT: Alanine aminotransferase; ALP: Alkaline 
phosphatase; GGT: Gamma-glutamyl transferase; AFP: Alpha-fetoprotein; 
INR: International normalized ratio; eGFR: Estimated glomerular filtration 
rate; FIB-4: Fibrosis 4 score; NAFLD: Non-alcoholic fatty liver disease; APRI: 
AST to platelet ratio index; FAST: Fibroscan-AST; CAP: Controlled attenuation 
parameter; LSM: Liver stiffness measurement; S: Steatosis; F: Fibrosis.

Table 2. MASLD and fibrosis risk distribution of patients according to non-invasive scores in all patients (n=101)

Median (IQR 25-75) Low-risk (n, [%]) Intermediate-risk (n, [%]) High-risk (n, [%])

FAST (<0.35, ≥0.35 - <0.67, ≥0.67) 0.024 (0.01 - 0.05) 97 (96) 2 (0.02) 1 (0.01)

Agile 3+ (<0.45, ≥0.45 - ≤0.68, >0.68) 0.14 (0.07 - 0.24) 89 (88) 11 (0.11) 1 (0.01)

Agile 4 (<0.251, ≥0.251 - ≤0.565,  >0.565) 0.01 (0 - 0.03) 100 (99) 0 1 (0.01)

Fibrotic NASH index (≤0.1, >0.1 - <0.33,  
≥0.33)

0.12 (0.06 - 0.33) 42 (41.5) 34 (33.7) 25 (24.8)

Fatty Liver Index (<30, ≥30 - <60, ≥60) 11.2 (5.62 – 27.58) 78 (77.2) 14 (13.9) 9 (0.09)

Hepatic Steatosis Index (≤36, >36) 32.05 (28.73 – 35.68) 81 (80.2) 20 (19.8)

NAFLD fibrosis (<-1.455, >0.675) -2.5 [-3.3 – (-1.5)] 77 (76.2) 3 (3)

HEPAMET (<0.12, ≥0.12 - ≤0.47, >0.47) 0.04 (0.04 - 0.1) 88 (87.1) 13 (12.9) 0 

FIB-4 (<1.3, ≥1.3 - <2.67, ≥2.67) 0.5 (0.4 – 0.8) 94 (93.1) 7 (6.9) 0

APRI (<0.5, ≥0.5 - <1.5, ≥1.5) 0.14 (0.11 - 0.2) 98 (97) 3 (3) 0

FAST: Fibroscan-AST; NAFLD: Non-alcoholic fatty liver disease; FIB-4: Fibrosis 4 score; APRI: AST to platelet ratio index.
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Table 3. Comparison of demographic characteristics, biochemical values, and non-invasive scores of patients without and with MASLD

No-MASLD (n=88, CAP < 275 dB/m) MASLD (n=13, CAP ≥ 275 dB/m) p

Demography

Age (year) 34.2±13.2 40±15 0.170

Gender, n (%)
         Female
         Male 

59 (67)
29 (33)

7 (53)
6 (46.2) 0.351

T1DM duration (month) (mean±SD) 173±104 203±123 0345

Height (cm) (mean±SD) 166.2±9.1 165±10 0.572

Weight (kg) (mean±SD) 64.7±13.1 75.8±19.6 0.010

BMI (kg/m2) (mean±SD) 23.3±4.2 27.9±6.7 0.034

Waist circumference (cm) (mean±SD) 84.8±10.4 97.4±14 < 0.001

Hip circumference (cm) (mean±SD) 95.4±9.2 103.4±11.7 0.006

Systolic blood pressure (mmHg) (mean±SD) 114.7±18 122.2±21.7 0.265

Diastolic blood pressure (mmHg) (mean±SD) 73.1±8.6 70.6±12.4 0.440

Hypertension, n (%) 15 (17) 6 (46.2) 0.026

Dyslipidemia, n (%) 17 (19.3) 7 (53.8) 0.012

Biochemistry

Fasting blood glucose (mg/dl) (mean±SD) 186±67.3 241.3±95.4 0.011

HbA1c (%)(mean±SD) 8.5±1.7 8.7±1.9 0.653

Total cholesterol (mg/dl) (mean±SD) 166±32 179±37 0.190

LDL (mg/dl) (mean±SD) 97±26 107±37 0.262

HDL (mg/dl) (mean±SD) 57±16 47±14 0.026

Triglyceride (mg/dl) (mean±SD) 87±48 161±127 0.060

AST (U/L) (mean±SD) 19±18 21±16 0.663

ALT (U/L) (mean±SD) 19±18 21±16 0.684

ALP (U/L) (mean±SD) 81±29 84±44 0.788

GGT (U/L) (mean±SD) 13±12 20±14 0.085

Total bilirubin (U/L) (mean±SD) 0.4±0.2 0.5±0.3 0.532

Direct bilirubin (U/L) (mean±SD) 0.1±0.1 0.2±0.1 0.673

Total protein (g/dl) (mean±SD) 7±0.6 7.2±0.6 0.202

Albumin (g/dl) (mean±SD) 4.4±0.4 4.5±0.2 0.676

AFP (ng/ml) (mean±SD) 1.9±0.8 2.6±1.4 0.431

Platelet (10³/µl) (mean±SD) 280±72 267±95 0.557

INR (mean±SD) 0.9±0.1 0.9±0.1 0.326

Creatinine (mg/dl) (mean±SD) 0.7±0.5 0.7±0.3 0.957

eGFR (ml/min/1.73 m2) (mean±SD) 112±22 107±24 0.454

Uric acid (mg/dl) (mean±SD) 3.4±1.1 4.1±1.4 0.032

Scores

FAST score (mean±SD) 0.1±0.1 0.2±0.2 0.135

Agile 3+ (mean±SD) 0.2±0.2 0.3±0.3 0.120

Agile 4 (mean±SD) 0.02±0.04 0.1±0.2 0.240

Fibrotic NASH index (mean±SD) 0.2±0.2 0.3±0.3 0.195
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affects approximately 38% of adults worldwide.[16] While 
MASLD has been extensively studied in patients with type 
2 diabetes mellitus, and the relationship between the two is 
well understood, studies and data regarding the burden of 
MASLD in patients with T1DM are quite limited. Therefore, 
there is no specific consensus regarding MASLD screening 
in patients with T1DM. However, with the global rise in met-
abolic syndrome and related conditions, MASLD is likely be-
coming increasingly prevalent in this patient group.

The pathophysiology underlying MASLD is not yet fully 
understood, but obesity and insulin resistance in T1DM 
are increasing over time,[17] and these are major risk fac-
tors for MASLD. Insulin resistance plays a significa t role in 
the pathogenesis of T2DM; however, its presence has also 
been demonstrated to a considerable extent in patients 
with T1DM.[18] In patients with T1DM, hepatic mitochondrial 
energy metabolism is impaired. These alterations and pro-
gressive mitochondrial dysfunction, together with hepatic 

insulin resistance, may contribute to the development of 
MASLD. An increase in free fatty acids and de novo lipo-
genesis is observed in the liver. Adiposity distribution also 
has a significa t impact on MASLD development. A study 
investigating the association between adipose distribution 
and hepatic steatosis demonstrated a relationship between 
visceral adipose tissue area and MASLD.[19]

A recent meta-analysis examined 13,006 T1DM cases and 
found that 22.24% had MASLD, 13.25% had CSF, and 5.12% 
had advanced fib osis.[20] In our study, according to FibroScan® 
results, 13 (12.9%) patients had MASLD (CAP≥275dB/m), and 
three (23.1%) of these patients had CSF, all of whom also had 
advanced fib osis. In a study conducted by Serdarova et al.[21] 

on 115 adult patients with T1DM, the prevalence of MASLD 
was found to be 47% based on CAP scores. It should be not-
ed that the CAP cut-off for steatosis was 233dB/m in that 
study, which may explain the higher prevalence of MASLD 
compared to our finding . A Belgian study using ultrasonog-

Table 3. Continue

No-MASLD (n=88, CAP < 275 dB/m) MASLD (n=13, CAP ≥ 275 dB/m) p

Scores

Fatty liver index (mean±SD) 17.3±19.7 48.7±32 0.004

Hepatic steatosis index (mean±SD) 32±4.9 37.6±8.1 0.030

NAFLD fibrosis score (mean±SD) -2.4±1.5 -1.9±1.4 0.280

HEPAMET (mean±SD) 0.1±0.1 0.1±0.1 0.125

FIB-4 (mean±SD) 0.6±0.3 0.8±0.6 0.197

APRI (mean±SD) 0.2±0.1 0.3±0.2 0.273

CAP (dB/m) (mean±SD) 205±30 307±25 <0.001

LSM (kPa) (mean±SD) 4.9±1.6 9±9.9 0.157

T1DM: Type 1 diabetes mellitus;  BMI: Body mass index; LDL: Low density lipoprotein;  HDL: High density lipoprotein; AST: Aspartate aminotransferase; ALT: 
Alanine aminotransferase; ALP: Alkaline phosphatase; GGT: Gamma-glutamyl transferase; AFP: Alpha-fetoprotein; INR: International normalized ratio; eGFR: 
Estimated glomerular filtration rate; FIB-4: Fibrosis 4 score; NAFLD: Non-alcoholic fatty liver disease; APRI: AST to platelet ratio index; FAST: Fibroscan-AST; CAP: 
Controlled attenuation parameter; LSM: Liver stiffness measurement; MASLD: Metabolic dysfunction–associated liver disease

Table 4. Multivariate logistic regression analysis for risk factors of MASLD in T1DM patients

p Odds ratio
95% CI

Lower Upper

Fasting blood glucose (mg/dl) 0.010 11.699 1.816 75.348

Waist circumference (cm) 0.014 7.410 1.499 36.645

Hypertension 0.444 2.199 0.292 16.534

Dyslipidemia 0.124 3.708 0.699 19.678

Body mass index (kg/m2) 0.611 1.861 0.170 20.352

Type 1 diabetes mellitus duration (months) 0.822 0.821 0.148 4.575

CI: Confidence interval
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raphy in patients with T1DM reported a MASLD prevalence 
of 16.2%, and the overall CSF prevalence was 3.8% according 
to FibroScan® results (F≥8kPa), while this rate reached 13.2% 
among MASLD patients.[22] The prevalence of steatotic liver 
disease in that study is similar to our findings (12.9%), further 
supporting the notion that patients with steatosis are more 
likely to have fib osis. In our study, the overall CSF prevalence 
was 5%, while it was 66.7% among MASLD patients. In the 
study conducted by Fuhri Snethlage et al.[23] in 453 T1DM 
patients using vibration-controlled transient elastography 
(CAP≥280.0dB/m for steatosis, LSM≥8kPa for fib osis), the 
prevalence of hepatic steatosis and fib osis was found to be 
9.5% and 3.5%, respectively.

High blood pressure, older age, longer disease duration, 
and higher BMI were identified as risk factors associated 
with the development of MASLD in patients with T1DM.[23] 
In our study, hypertension, dyslipidemia, and high BMI, par-
ticularly >26kg/m², were found to be significa t risk factors 
for MASLD, whereas no association was found between age 
and MASLD. Furthermore, based on ROC and survival anal-
yses, MASLD was found to be more common in patients 
with a disease duration <180 months compared to those 
with a disease duration >180 months, which is inconsistent 
with the literature. According to our results, a sensitivity of 
54% and a specifici y of 63% indicate moderate diagnostic 
performance. This suggests that predicting MASLD devel-
opment based solely on disease duration is not suffici tly 
robust and should be considered alongside other clinical 
parameters. Nonetheless, the statistically significa t asso-
ciation observed suggests that this phenomenon may be 
particularly relevant in certain subgroups, such as obese 
young individuals or those exhibiting insulin resistance. 
This findin , which contradicts the existing literature, was 
not supported by multivariate analyses (Table 4). We be-
lieve that the small number of patients included in the 
study may have contributed to this discrepancy.

High waist circumference is also a significa t risk factor 
for MASLD in this patient group.[21] Our study found that 
waist circumference, especially >89.5cm, was a risk factor 
for the development of MASLD. Prolonged hyperglycemia 
and poor glucose control are also significa t risk factors 
for MASLD in these patients.[24] Our study also showed that 
mean fasting glucose levels were higher in patients with 
MASLD.

No other study has evaluated MASLD using such detailed 
non-invasive scores in patients with T1DM. In our study, 
the scores most strongly associated with MASLD were the 
Fatty Liver Index and the Hepatic Steatosis Index. However, 
the blood-based scores used (FAST, Agile, etc.) were origi-
nally developed for T2DM/MASLD populations and require 

further validation in T1DM patients. The small sample size 
is the most important limitation of our study. However, 
MASLD in patients with T1DM remains an extremely un-
derstudied topic. We believe that this study, which evalu-
ates the prevalence of MASLD in T1DM patients, the role 
of non-invasive tests in its diagnosis, and associated risk 
factors, will contribute significa tly to the screening and 
diagnosis of MASLD in this population, for which no con-
sensus has yet been established. Further studies with larg-
er patient populations are needed to draw more definiti e 
conclusions in this area.

Conclusion
Long-term impaired glucose control, high BMI, increased 
waist circumference, hypertension, and dyslipidemia are 
significa t risk factors for MASLD in patients with T1DM. 
Various prevalence rates of MASLD in patients with T1DM 
have been reported in the literature. As patients are fol-
lowed for longer periods with newer treatment modalities, 
MASLD is emerging as a significa t health problem that is 
increasingly encountered. There is currently no consensus 
on screening and diagnostic pathways for MASLD in T1DM; 
therefore, further research is needed in this area.
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Limb–length discrepancy and/or short stature can be a 
congenital or acquired disorder, which has potentially 

negative effects on the psychosocial life of patients. Many 
methods have been described in orthopedic surgery for 
such patients to obtain an aesthetic and functional ex-
tremity. Medical limb-lengthening is mostly performed in 
patients with congenital or acquired disorders including 
dwarfism, fracture sequelae, or endocrinological disease. 
Cosmetic lengthening is performed to individuals with 
no medical disorder but who are negatively affected by 
short stature in psychosocial terms. Age is one of the most 
important determinants for limb-lengthening surgery. 
Medical lengthening can be performed in all age groups, 
starting with those of preschool age, but cosmetic length-
ening should only be applied to adults when linear bone 
growth cannot be facilitated with medical intervention. 

Patients must be informed about complications that may 
occur during and after limb-lengthening surgery, such as 
non-union, delayed union, infection, and stiffness of joint 
motion.[1,2] Psychiatry consultation may also be crucial for 
patients undergoing cosmetic limb-lengthening.[1,2]

Although external fix tors were used initially in limb-length-
ening surgery, technological innovations have led to the 
development of new RCILNS. These systems are frequent-
ly used in limb-lengthening surgery. The new nail systems 
provide a more comfortable lengthening period and allow 
a shorter surgical incision; therefore, there is less scarring.[3]

Lengthening intramedullary nails are divided into two cat-
egories: mechanical lengthening systems and nails that 
can be lengthened by remote control.[4,5] Lengthening is 
provided by various manoeuvres in mechanical systems, 
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A Rare Cosmetic Lengthening Complication Causing Precice 
Stryde Nail Failure: A Case Report
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Abstract

Limb-lengthening surgeries have been described for medical and cosmetic treatment. Innovative surgical procedures and various 
instrumentation techniques have been developed with advancing technology. Remote-controlled intramedullary lengthening 
nail systems (RCILNS) are frequently used in limb-lengthening surgery. In the literature, few surgical complications have been re-
ported in limb-lengthening surgery. Here, we present a case of an unexpected complication caused by a filling material previously 
applied for gluteal augmentation in a patient who underwent cosmetic limb-lengthening surgery.
Keywords: Bone lengthening, complications, fracture fix tion, intramedullary
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and the procedure may lead to technical difficultie in an 
operated extremity. Therefore, RCILNS have been preferred 
in recent years. Motorized nails are available as Fitbone® 
(Wittenstein, Igergheim, Germany) and Precice® (Ellipse 
Technologies, Inc, Irvine, CA, USA).[6,7] The Precice Stryde® 
nail was developed as a third-generation nail, and the 
most important difference of this generation from others 
is the load-bearing capacity. It is possible to mobilize freely 
during the lengthening and consolidation periods, which 
facilitates the rehabilitation of the patient.[8]

In this case report, a patient is presented who developed 
an unexpected lengthening complication as a result of 
gluteal augmentation with aquafillin . Aquafilling is a type 
of dermal filler that has similar properties to human tissue 
and has a long post-treatment effect and is used for breast, 
hip, and leg augmentation. Aquafilling is a hydrogel-based 
dermal filler consisting primarily of saltwater and poli-
amide components. Although aquafilling gel has not been 
approved by the FDA due to some complications, it has 
been approved and used in some countries, including Tür-
kiye, Serbia, Malaysia, Japan, and Korea. The most common 
complication described in the literature is the migration of 
the gel, as a result of which complex cystic lesions may de-
velop in mucous, heterogeneous internal structures.[9–11]

Case Report
A 43-year-old female, 155 cm in height, underwent bilater-
al femoral intramedullary nailing (Precice Stryde) for cos-
metic limb lengthening in another hospital in 2019. She 
had undergone gluteal aquafilling augmentation in 2010. 
As augmentation with aquafilling is an injectable method, 
no incision could be observed in the corresponding area. 
In her anamnesis, she stated that a previous cosmetic pro-
cedure had not been questioned before the limb-length-
ening surgery; therefore, she did not consider it necessary 
to inform the physicians about this procedure, and the 
aquafilling injection was not declared in the preoperative 
history.

Postoperatively, the patient was informed and questioned 
about the leakage of a gel-like material in the surgical field
during lengthening surgery, and the patient then stated 
that gluteal aquafilling augmentation had been performed 
almost 10 years previously. On the 24th day, she went to the 
center where she had surgery because of increasing com-
plaints. Erythema and serous fluid leakage were present at 
the bilateral incisions. No microbial agent was detected in 
the culture. Laboratory examinations did not support the 
presence of infection, and the patient did not have fever. 
The lengthening procedure was completed as planned, 
but repeated debridements and aspirations were required 

due to recurrent pain and gel discharge. The patient's right 
side was debrided again about 1 year later, and the length-
ening nail was replaced with a rigid trauma nail.

The patient presented to the outpatient clinic of our hos-
pital 1.5 years postoperatively with complaints of sudden 
severe pain in the left hip joint and swelling and pain in the 
right knee. The laboratory findings of the patient were nor-
mal. Radiological examination revealed non-union and im-
plant failure with angulation at the left osteotomy site, and 
aquafilling material was detected in magnetic resonance 
imaging and X-rays (Figs. 1 and 2). Informed consent was 
obtained from the patient before the surgical procedures 
and for publication of this case.

The broken left Precice Stryde nail was exchanged for a fem-
oral trauma nail, and the right knee joint was irrigated and 
debrided. Gel-like fluid leakage was observed from the inci-
sion and osteotomy site in the left femoral area, and samples 
were collected for microbiological and pathological examina-
tion (Fig. 3). Microbiological examination was negative. “Ac-
tive chronic inflamed connective tissues with degenerative 
changes” were detected in the pathological examination. The 
patient did not show any signs of infection postoperatively. 
No complications were observed in the early postoperative 
period; therefore, the patient was mobilized and discharged.

In the third week of follow-up, leakage was detected at 
the left site. The wound was drained and irrigated. In the 
postoperative second month, the patient was hospitalized 
again because of the same complaints. Vacuum-assisted 
closure treatment was applied, but it did not work because 

Figure 1. Broken Precice Stryde nail observed on the left femur.
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of the gel. The wound was irrigated and closed again, and 
the patient was discharged without any wound complica-
tions. The bone healed without any infection or complica-
tion after six months (Fig. 4).

Discussion

Many complications have been reported in extremity 
lengthening surgeries, including non-union, infection, and 
limitation of movement.[1,3] Although complication rates 
have decreased with the development of RCILNS, which 
are amenable to weight bearing, new complications have 
emerged with these new systems. In a study of 24 patients 
by Schiedel et al.,[12] implant failure was observed in 2 pa-
tients during the consolidation period.

Wound problems and infections are not common in length-
ening surgeries performed with fully implantable intra-
medullary nails. Karakoyun et al.[13] reported no infection in 

any of 11 cases in a study of lengthening surgery with intra-
medullary nails. In the current case, a wound complication 
developed and debridement surgery had to be planned, 
but no microbial agent was detected in the culture sam-
ples. Non-union and delayed union are among the most 
frequently reported complications of lengthening surgery. 
Kenawey et al.[14] reported delayed union or non-union in 8 
of 37 patients who underwent intramedullary lengthening. 
It has been reported in the literature that the highest risk 
factors include uncontrolled rapid lengthening, lengthen-
ing >40 mm, age >30 years, and smoking.[14]

Complications related to filler migration have been re-
ported predominantly in the plastic and reconstructive 
surgery literature; however, it remains unclear how such 
complications should be managed by orthopedic and 
traumatology surgeons.[10] In this case, an inflamm tory 
reaction occurred after gel migration to the osteotomy site, 
and delayed union was the main problem. Irrigation and 
debridement of the gel material and exchange of the intra-
medullary nail were successful treatments for this compli-
cation. Similarly, Safi et al. reported that both FITBONE and 
PRECICE motorized intramedullary lengthening nails pro-
vided comparable clinical, radiological, and functional out-
comes with acceptable complication rates.[15] In patients 
undergoing aesthetic leg lengthening surgery, preopera-
tive screening for previously performed cosmetic filler pro-
cedures should be conducted. Imaging modalities such as 
MRI may assist in identifying displaced filler m terials.

Figure 2. AAquafilling material visible on magnetic resonance imaging 
(MRI).

Figure 3. Bone union observed at the final ollow-up.

Figure 4. Macroscopic view of the aquafilling gel i traoperatively.
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Conclusion
Migration of previously injected aquafilling gel used for 
gluteal augmentation was observed to cause insuffici t 
regeneration at the osteotomy site, and secondary inter-
vention with debridement and irrigation was required due 
to wound complications. It also resulted in delayed union. 
Since patients with aesthetic concerns are likely to request 
these surgeries more frequently in the future, clinicians 
must be aware that some previous aesthetic procedures 
cannot be detected during physical examination. Report-
ing this unusual complication may provide guidance for or-
thopedic and traumatology surgeons. Animal studies may 
help clarify the pathophysiological mechanisms of these 
complications.
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Double sleeve lobectomy is a valuable lung-preserving 
procedure in patients with centrally located non-small 

cell lung cancer (NSCLC) involving both the bronchus and 
pulmonary artery.[1] Compared to pneumonectomy, it of-
fers the advantage of preserving lung function and reduc-
ing postoperative morbidity and mortality.[2,3] Traditionally 
performed via thoracotomy, the procedure remains tech-
nically demanding, which has limited its broader adoption 
in the era of minimally invasive surgery. With increasing 
experience in video-assisted thoracoscopic surgery (VATS), 
there has been a growing interest in extending its applica-
tion to more complex cases. Nevertheless, double sleeve 
lobectomy via VATS remains a rarely reported procedure, 
mostly limited to case reports or small series due to its 
technical complexity and steep learning curve.[2,4,5]

Dr. Diego Gonzalez-Rivas pioneered the use of uniportal VATS 
for double sleeve resections, demonstrating its feasibility in 
selected cases and encouraging thoracic surgeons to push the 
boundaries of minimally invasive approaches.[2,6] Furthermore, 
multicenter experiences, such as the report by Huang et al.[5] 

and the small series by Mei et al.,[7] have provided preliminary 
evidence supporting the safety and effectiveness of VATS in 
such complex reconstructions. Despite these advances, there 
is still limited literature on the intraoperative management of 
unexpected vascular complications during VATS and the use 
of vascular sleeve anastomosis as a salvage strategy.

To the best of our knowledge, we present the first bron-
chovascular (double) sleeve lobectomy performed using 
the VATS approach in Türkiye. This case not only illustrates 
the feasibility of performing a double sleeve lobectomy via 

THE MEDICAL BULLETIN OF

SISLI ETFAL HOSPITAL

Address for correspondence: Melike Ulker, MD. Department of Thoracic Surgery, Yedikule Chest Diseases and Thoracic Surgery, 
Training and Research Hospital, Istanbul, Türkiye 
Phone: +90 212 409 02 00 E-mail: melike.ulker@hotmail.com

Submitted Date: June 2, 2025 Revised Date: July 8, 2025 Accepted Date: July 23, 2025 Available Online Date: March 23, 2026
©Copyright 2025 by The Medical Bulletin of Sisli Etfal Hospital - Available online at www.sislietfaltip.org
OPEN ACCESS  This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/).

Case Report

DOI: 10.14744/SEMB.2026.71463
Med Bull Sisli Etfal Hosp 2026;60(1):124-129
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Abstract

Double sleeve lobectomy, involving both bronchial and vascular reconstruction, is a complex but lung-sparing alternative to pneu-
monectomy for centrally located tumors. While traditionally performed via thoracotomy, its application through video-assisted 
thoracoscopic surgery (VATS) remains limited. We report the first known case of a double sleeve lobectomy in Türkiye performed 
via a VATS approach in a 58-year-old female with a centrally located left upper lobe pleomorphic carcinoma involving both the 
pulmonary artery and bronchus. This case demonstrates the technical feasibility of VATS double-sleeve lobectomy when per-
formed by experienced surgeons and shows that a mistake made during pulmonary artery division does not necessarily result in 
pneumonectomy.
Keywords: Bronchovascular reconstruction, double sleeve lobectomy, lung carcinoma, surgical error, VATS
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VATS but also highlights the role of vascular reconstruction 
in avoiding pneumonectomy following an intraoperative 
pulmonary artery injury.

Case Report
A 58-year-old male non-smoker patient presented with a 
complaint of persistent cough. A chest X-ray revealed an 
opacity in the left upper zone, prompting further evalua-
tion with thoracic computed tomography, which demon-
strated a 6cm mass in the left upper lobe involving both 
the left upper lobe bronchus and the pulmonary artery. 
The patient had no significa t comorbidities. Positron 
emission computed tomography (PET-CT) confi med a 
centrally located 6.4cm mass with complete collapse of 
the left upper lobe and a standardized uptake value (SUV-
max)=18. Fiberoptic bronchoscopy (FOB) revealed a mass 
completely obstructing the left upper lobe bronchus, and 
a histopathological diagnosis of pleomorphic carcinoma 
was established through a bronchoscopic biopsy obtained 
from this mass (Fig. 1). Mediastinal staging was performed 
using EBUS, and as the pathological results were negative, 
surgical resection via a VATS approach was planned. Writ-
ten informed consent was obtained from the patient.

Surgical Technique
Under general anesthesia with selective intubation, FOB 
confi med complete obstruction of the left upper lobe bron-

chus. The patient was positioned in the right lateral decubi-
tus position. A 3cm utility incision was made at the antero-
medial axillary line in the 5th intercostal space without rib 
spreading. A soft tissue wound retractor (Alexis) was used for 
exposure. No pleural adhesions were observed. The fissu e 
was complete, and the tumor did not involve the lower lobe. 
Based on radiological imaging, invasion of the pulmonary 
artery by the tumor was suspected. Therefore, the main pul-
monary artery was first dissected, mobilized, and encircled 
with a vessel loop to provide proximal control in the event 
of vascular injury during dissection. At this stage, no vascu-
lar clamping was performed. Aortopulmonary window and 
hilar lymph nodes were dissected. The superior pulmonary 
vein was divided using an endoscopic stapler. Subsequently, 
the basal pulmonary artery was approached through the fi -
sure, and the anterior fissu e was stapled.

Dissection was continued to encircle and divide the apicoan-
terior branch of the pulmonary artery. However, due to trac-
tion from the atelectatic upper lobe and excessive rotation 
during dissection, the basal segmental artery was mistaken-
ly stapled instead of the apicoanterior branch (Fig. 2). This er-
ror was detected during further dissection of the pulmonary 
artery in the fissu e. To avoid performing a pneumonecto-
my, a vascular sleeve anastomosis was planned. The inferi-
or pulmonary ligament was released to reduce tension and 
facilitate mobilization of the lower lobe. Following systemic 
heparinization (5,000IU), the remaining upper lobe branch 

a
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Figure 1. Radiological and bronchoscopic finding . a. The mass is close to the pulmonary artery, 
b. Atelectasis due to complete obstruction of the left main bronchus by the mass, c. High SUVmax 
retention of the mass in PET-CT, d. Image of the mass from the left main bronchus entrance with 
fiber optic b onchoscopy. Blue: left upper lobe bronchus Yellow: left lower lobe bronchus.
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(posterior branch) of the pulmonary artery at the fissu e 
level was temporarily clamped with a hem-o-lok clip and 
divided. Then, the last branch (apicoanterior branch) at the 
level of the main pulmonary artery was temporarily divided 
by stapling (Fig. 3). At this point, the upper lobe was com-
pletely separated from all arterial and venous connections. 
The main bronchus and the lower lobe bronchus were then 
dissected and encircled. The main bronchus was divided 
proximally to the upper lobe bronchus, and the lower lobe 
bronchus was divided at the secondary carina. The left upper 
lobe was removed en bloc using an endobag. Frozen section 
analysis confi med negative bronchial margins. A bronchial 
sleeve anastomosis was performed using continuous 3-0 
nonabsorbable polypropylene sutures. Subcarinal and par-
aesophageal lymph nodes were also removed. No air leak-
age was detected during the intraoperative leak test.

Given the technical challenges anticipated during vascu-
lar anastomosis through a single port, especially due to 
the placement of a Satinsky clamp via the utility incision, a 
second camera port was added at the 7th intercostal space 

in the posterior axillary line, converting the procedure to a 
biportal VATS approach. The pericardium was opened, and 
the main pulmonary artery was controlled intrapericardi-
ally to gain more distance before anastomosis, and a large 
thoracoscopic Satinsky clamp (D’Amico Clamp, Scanlan In-
ternational, Inc.) was used for clamping. This Satinsky clamp 
was positioned at the lower part of the wound and directed 
through the utility incision. The superior segmental and bas-
al arteries of the lower lobe were separately controlled with 
double vessel loops. The previously applied hem-o-lok was 
cut and removed. The apicoanterior artery, which had been 
temporarily stapled, was reopened with scissors to prepare 
the vascular edges for sleeve anastomosis. The pulmonary ar-
tery anastomosis was then performed using a continuous 4-0 
double-needle polypropylene suture. Prior to knot tying, air 
was evacuated by partially releasing the Satinsky clamp. After 
ensuring that bleeding and leak-free fl w were achieved, the 
distal and proximal parts of the pulmonary artery were slow-
ly opened (Fig. 4). The bronchial and vascular anastomoses 
were wrapped with oxidized regenerated cellulose.

a

c d

b

Figure 2. Relationship of the tumor with the pulmonary artery. a. Left main pulmonary artery, 
b. Blue: basal segment artery Yellow: apicoanterior branch, c. Rotation of basal segment artery 
confused with apicoanterior branch, d. Stump of basal segment artery mistakenly stapled.
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A single chest drain was inserted. The total operative time 

was 270 minutes, and the estimated intraoperative blood 

loss was 250 mL. The chest drain was removed on postop-

erative day 3, and the patient was discharged on day 4.

Final histopathology revealed a 6 cm pleomorphic carci-

noma (squamous cell carcinoma with spindle cell compo-

nents), staged as IIB (pT3N0M0). Resection margins were 

negative, and no lymph node metastasis was detected. 

a

d e f

b c

Figure 3. Preparation of arterial stumps before vascular sleeve anastomosis. a. Posterior segment 
artery at the level of the fissu e, b. Temporary hem-o-lok clipping of the posterior segment artery, c. 
Posterior segment artery stump, d, e. Temporary division of the apicoanterior artery branch with a 
stapler, f. Stump of the apicoanterior artery branch.
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c d

b

Figure 4. Bronchovascular sleeve anastomosis. a. Bronchial sleeve anastomosis, b. Stumps before 
pulmonary artery sleeve anastomosis, c. Vascular sleeve anastomosis, d. Image of bronchovascular 
sleeve anastomosis.
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The patient completed six cycles of adjuvant chemother-
apy, and no recurrence or metastasis was observed at the 
15-month follow-up.

Discussion
To our knowledge, there are no prior reports in the literature 
of a vascular injury during VATS being successfully managed 
intraoperatively with pulmonary artery sleeve anastomosis 
as a corrective measure. In cases of perioperative vascular 
injury, the standard approach has generally been thora-
cotomy. However, this case is significa t in demonstrating 
that VATS may also be a feasible alternative, thereby con-
tributing valuable insight to existing surgical practice. This 
makes our case not only unique in terms of intraoperative 
decision-making and complication management but also 
the first reported VATS double sleeve lobectomy in Türkiye. 
We believe it provides valuable insights into the feasibility 
of complex thoracoscopic reconstructions.

Sleeve resections allow preservation of lung parenchyma 
and help avoid pneumonectomy, thereby reducing the risk 
of postoperative complications and improving functional 
outcomes.[3] Despite the increasing adoption of video-assist-
ed thoracoscopic surgery (VATS) for major lung resections, 
double sleeve lobectomies requiring both bronchial and 
vascular reconstruction remain predominantly performed 
via open thoracotomy due to their complexity.[1] However, 
as experience with VATS bronchial sleeve resections grows, 
there is a shift toward expanding its indications even for more 
complex procedures.[4] For more complex surgeries such as 
double-sleeve resections, experience with VATS has largely 
remained limited to case reports due to both technical dif-
ficul y and restricted indications.[5] Dr. Diego Gonzalez-Rivas 
reported the feasibility of uniportal VATS double-sleeve re-
sections by pioneering several such cases through a single 
incision.[2] In our case, we initiated the procedure via a uni-
portal approach. However, due to concerns about technical 
difficu y related to the use of a Satinsky clamp during vascu-
lar reconstruction, we opted to add a second camera port for 
better visualization and maneuverability.

Various techniques for proximal and distal control of the 
pulmonary artery during sleeve anastomosis have been de-
scribed. Dr. Gonzalez-Rivas and colleagues have developed 
a vascular tourniquet method, allowing control without ad-
ditional instrumentation, thereby maintaining the advan-
tages of the uniportal approach.[6] We also have experience 
with isolated vascular anastomosis via VATS. In our opinion, 
the use of a Satinsky clamp provides a safer method for 
proximal control of the main pulmonary artery.

Mei et al.[7] reported a series of seven VATS double sleeve 
lobectomies performed via a multiport approach between 

2012 and 2016, with an average operative time of 318 min-
utes and a mean intraoperative blood loss of 200mL. Their 
mean length of hospital stay was 15.5 days. Our operative 
time and blood loss were consistent with these finding , al-
though our patient’s recovery was notably faster.

Conclusion
VATS double sleeve lobectomy, while technically demand-
ing, is a viable and safe alternative to open surgery in ap-
propriately selected patients. Importantly, vascular sleeve 
anastomosis can be utilized not only as a planned recon-
structive step but also as an intraoperative salvage tech-
nique to avoid pneumonectomy in the event of incorrect 
vascular stapling. This approach preserves lung function 
and accelerates recovery when performed by experienced 
minimally invasive thoracic surgeons.
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Dear Editor,

We read with great interest the retrospective cohort study 
by Acar et al.,[1] which examines factors influencing recur-
rence after open excision of dorsal wrist ganglion cysts 
using data spanning over a decade. The authors’ use of 
multivariate logistic regression to identify independent pre-
dictors of recurrence, alongside their incorporation of Mag-
netic Resonance Imaging–derived volumetric analysis and 
surgeon experience as quantitative variables, represents a 
methodologically rigorous approach that advances the lit-
erature on surgical outcomes in hand pathology. However, 
certain methodological and clinical considerations merit 
further critical refle tion.

The study’s reliance on tourniquet use as a binary intraop-
erative variable, while statistically significa t, raises inter-
pretive concerns. Intraoperative decision-making regard-
ing tourniquet application is often multifactorial and may 
correlate with surgical confiden e, patient comorbidity, or 
case complexity.[2] Without detailed stratific tion of these 
modifier , tourniquet use may serve more as a proxy for 

other latent variables than as a direct determinant of recur-
rence. The reported odds ratio suggests a protective effect, 
yet causality remains difficul to establish in the absence of 
randomization or propensity adjustment. Clarifying wheth-
er tourniquet omission was more common in technically 
challenging or high-risk cases could meaningfully refine
clinical interpretation.

The operationalization of surgical experience as a con-
tinuous variable defined by years of orthopedic practice, 
though intuitive, warrants caution in the context of sub-
specialty variation. In high-volume centers, cumulative 
exposure to wrist ganglion procedures may not align lin-
early with years since board certific tion.[3] Additionally, 
newer surgeons may be more likely to follow standardized 
dissection protocols or seek intraoperative supervision, 
which could paradoxically reduce variability in technique.[4] 
Incorporating procedural volume or training era as covari-
ates might yield a more granular understanding of experi-
ence-related outcomes.

A further complexity arises from the anatomical hetero-
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geneity of dorsal ganglion cysts. Although the authors ex-
cluded volar and multiple cysts, the study does not clarify 
whether recurrent cases were more likely to involve cysts 
abutting critical structures such as the radial artery or ex-
tensor retinaculum. These anatomical subtypes may predis-
pose to incomplete stalk excision or restricted visualization 
regardless of surgeon experience or tourniquet use.[5] Imag-
ing-based classific tion of cyst proximity to key structures 
may help disentangle recurrence attributable to technical 
factors from that linked to anatomical variation.

We commend the authors for their clear statistical method-
ology and the inclusion of correlation coeffici ts and con-
fiden e intervals to support clinical interpretation. The in-
tegration of Magnetic Resonance Imaging measurements 
enhances the objectivity of cyst assessment and facilitates 
reproducibility. Future prospective studies incorporating 
intraoperative video analysis or procedure-specific learning 
curves may further illuminate the interplay between surgi-
cal technique, case complexity, and recurrence risk in wrist 
ganglion management.
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Dear Editor,

We sincerely thank the authors for their thoughtful and 
constructive comments regarding our study. We appreciate 
their careful evaluation and valuable insights.

Regarding tourniquet use, we agree that intraoperative 
decision-making may be influen ed by multiple factors, in-
cluding perceived case complexity and surgeon preference. 
In our cohort, tourniquet application was primarily based 
on routine institutional practice rather than case-specific
difficu y. Importantly, baseline cyst size and MRI-derived 
volumetric parameters did not significa tly differ between 
the tourniquet and non-tourniquet groups, suggesting that 
tourniquet use was unlikely to simply refle t easier cases. 
Nevertheless, as correctly emphasized, residual confound-
ing cannot be entirely excluded in a retrospective design. 
We acknowledge this as a limitation and agree that future 
prospective or propensity-adjusted analyses would provide 
stronger causal inference.

With respect to surgical experience, we defined expe-
rience as years in orthopedic practice due to the retro-
spective nature of our data and the absence of reliable 
procedure-specific volume records for earlier years. While 

procedural volume may indeed offer a more granular 
assessment, years of surgical practice have been widely 
used in outcome-based orthopedic research as a prag-
matic surrogate measure. We agree that future studies 
incorporating case volume and learning curve analyses 
would further clarify this relationship.

Concerning anatomical heterogeneity, we excluded vo-
lar and multiple cysts to reduce variability. However, we 
acknowledge that dorsal cyst proximity to critical struc-
tures may influence technical difficulty and recurrence 
risk. Although detailed anatomical subclassification 
was not systematically recorded, preoperative MRI mea-
surements were incorporated to minimize size-related 
confounding. We agree that future imaging-based ana-
tomical stratification may enhance understanding of re-
currence mechanisms.

We appreciate the authors’ recognition of our method-
ological approach and their suggestions for future re-
search directions. We believe that continued prospective 
investigation will help further elucidate the multifactorial 
determinants of recurrence following open wrist ganglion 
excision.

Author's Reply

https://orcid.org/0000-0001-8073-3471
https://orcid.org/0000-0002-7648-1504
https://orcid.org/0000-0001-7586-4370
https://orcid.org/0000-0002-4657-5892
https://orcid.org/0009-0007-9753-2220


THE MEDICAL BULLETIN OF

SISLI ETFAL HOSPITAL

Address for correspondence: Serkan Uysal, MD. Department of Thoracic Surgery, Faculty of Medicine, Hacettepe University, Ankara, Türkiye
Phone: +90 532 408 74 81 E-mail: drsuysal@msn.com

Submitted Date: January 18, 2026 Accepted Date: February 2, 2026 Available Online Date: March 23, 2026
©Copyright 2025 by The Medical Bulletin of Sisli Etfal Hospital - Available online at www.sislietfaltip.org
OPEN ACCESS  This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/).

Letter to the Editor

DOI: 10.14744/SEMB.2026.95695
Med Bull Sisli Etfal Hosp 2026;60(1):133-134

Immediate Surgery for First Episode PSP: Is It Overtreatment?

 Serkan Uysal

Department of Thoracic Surgery, Faculty of Medicine, Hacettepe University, Ankara, Türkiye

Please cite this article as ”Uysal S. Immediate Surgery for First Episode PSP: Is It Overtreatment?. Med Bull Sisli Etfal Hosp 2026;60(1):133-134”.

Dear Editor,

We read with interest the article by Temel et al.[1] entitled 
“Immediate Video-Assisted Thoracoscopic Surgery Versus 
Chest Tube Drainage in the First Episode of Primary Spon-
taneous Pneumothorax: A Comparative Study.” While the 
authors report lower recurrence rates with immediate vid-
eo-assisted thoracoscopic surgery (VATS), we believe that 
these findings should be interpreted with caution, particu-
larly when considering their implications for routine clinical 
practice.

The primary aim in the management of primary sponta-
neous pneumothorax (PSP) is to control the air leak while 
minimizing treatment-related morbidity. In this regard, the 
reported 24% recurrence rate in the chest tube group over 
a 10-year follow-up period is noteworthy. However, this 
also means that approximately three-quarters of patients 
remained recurrence-free without surgical intervention. In 
everyday clinical practice, many firs -episode PSP patients 
recover uneventfully with conservative or minimally inva-
sive approaches. Therefore, adopting a universal “immedi-
ate VATS” strategy would effectively expose several patients 
to surgery in order to prevent recurrence in a relatively 
small proportion.

From a practical standpoint, this inevitably raises concerns 
related to the principle of primum non nocere. General anes-
thesia, surgical trauma, pleural interventions, and the risk of 
chronic postoperative pain are not negligible, particularly 

in young and otherwise healthy individuals who constitute 
the majority of the PSP population. The potential benefit of 
preventing recurrence in selected patients should be bal-
anced carefully against these risks.

Current international recommendations, including the ERS 
task force statement, continue to support conservative 
management or pleural drainage for the first episode, re-
serving surgical intervention for persistent air leak or recur-
rence.[2] Moreover, recent randomized evidence suggesting 
non-inferiority of conservative observation compared with 
interventional strategies further questions the routine use 
of early aggressive treatment in this setting.[3]

Another point that deserves attention is patient selection. 
The study population consisted of individuals without 
visible bullous disease on computed tomography. The re-
lationship between radiological blebs and recurrence risk 
remains controversial, and recurrence cannot be reliably 
predicted based solely on imaging finding . Performing 
apical resection and pleural procedures in radiological-
ly normal lungs therefore remains debatable and is not 
strongly supported by current evidence.[4]

In summary, although VATS is undoubtedly effective in re-
ducing recurrence rates, applying this approach uniformly 
to all firs -episode PSP patients overlooks the favorable nat-
ural course observed in a substantial proportion of cases. A 
selective, individualized strategy remains more consistent 
with existing guidelines and real-world clinical practice, 
and may help avoid unnecessary surgical morbidity.
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Dear Editor,

We would like to thank the authors for their interest in our 
article entitled “Immediate Video-Assisted Thoracoscopic 
Surgery Versus Chest Tube Drainage in the First Episode 
of Primary Spontaneous Pneumothorax: A Comparative 
Study.”[1]

We understand the authors' concerns regarding surgical 
intervention in patients experiencing the first attack of pri-
mary spontaneous pneumothorax (PSP). As stated in the 
literature, conservative treatment is the firs -line approach 
in guidelines for the first attack of PSP.[2] As stated in the 
conclusion of our article, we do not recommend abandon-
ing traditional conservative treatment and applying VATS 
in the first episode of PSP. However, when read carefully, it 
can be clearly understood that our study was not the first to 
deliver this take-home message. Systematic reviews have 
already indicated the role of VATS in the first attack of PSP.
[3,4] We do not recommend using the VATS approach instead 
of traditional conservative treatment but only suggest it as 
an alternative treatment approach, as stated in other sys-
tematic reviews.

It has been reported that performing immediate VATS 
during the first episode of PSP reduces the rate of recur-
rence.[5] In addition, VATS has been demonstrated to have 
lower complication rates and shorter durations of chest 
tube placement and hospital stay.[6] These aforementioned 
results are consistent with our finding .

In summary, our results once again demonstrate the ef-
fectiveness and safety of immediate VATS in the treatment 

of the first episode of PSP. However, in conclusion, we em-
phasize the need for more well-designed randomized con-
trolled trials to strengthen the current evidence.
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Dear Editor,

We read with great interest the article by Kostek et al.[1] 

which investigated the role of FDG-PET/CT and ultraso-
nography in demonstrating malignancy in thyroid inciden-
talomas and the decision to perform fin -needle aspiration 
biopsy. Although the authors reported low sensitivity and 
specifici y of SUVmax values, they suggested that a cutoff 
SUVmax value >5.5 increases the likelihood of malignancy 
in thyroid incidentalomas. Furthermore, they recommend-
ed that these patients undergo fin -needle biopsy.

In their cohort of 758 patients with thyroid incidentalomas 
detected on FDG-PET/CT, only 118 patients (15%) under-
went biopsy. Among these patients, receiver operating char-
acteristic (ROC) curve analysis was performed. Based on this 
analysis, an SUVmax cutoff value of 5.5 was proposed as an 
indicator of malignancy. However, this methodological ap-
proach raises important concerns. Patients who undergo 
histopathological evaluation are typically selected for biop-
sy based on clinical or radiological suspicion of malignancy. 
Therefore, grouping only these preselected patients accord-
ing to SUVmax values and subsequently determining a diag-

nostic cutoff introduces a substantial selection bias. Such an 
assumption would only be methodologically valid if biopsy 
had been performed in all patients with thyroid incidentalo-
mas or in a randomly selected subset.

Numerous retrospective cohort studies have previously ex-
amined this issue. Although limited data suggest a possible 
association between increased SUVmax values and thyroid 
malignancy, the majority of published studies and major 
meta-analyses consistently report no linear or reliable re-
lationship between SUVmax values and malignancy in thy-
roid incidentalomas.[2–4] In contrast to the findings of Kostek 
et al.,[1] and in accordance with the prevailing literature, our 
large single-center retrospective study including 12,796 
patients demonstrated no association between higher SU-
Vmax values and thyroid malignancy in FDG-PET/CT–de-
tected thyroid incidentalomas.[5]

Supporting these finding , another study reported that in 
approximately 28% of patients with benign thyroid inci-
dentalomas and initially low SUVmax values, SUVmax in-
creased on follow-up PET/CT examinations. This observa-
tion suggests that neither PET/CT follow-up nor changes in 
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SUVmax values can reliably differentiate benign from ma-
lignant thyroid incidentalomas.[2] Overall, current evidence 
indicates that SUVmax has low sensitivity and specifici y in 
this clinical context and is therefore insuffici t as a stand-
alone parameter for predicting thyroid malignancy.[2–5] Ac-
cordingly, we recommend that malignancy risk assessment 
in thyroid incidentalomas detected on FDG-PET/CT should 
be guided primarily by ultrasonography and thyroid scin-
tigraphy, with histopathological evaluation performed 
based on the results of these modalities. When the benefi –
risk ratio of invasive procedures triggered solely by SUVmax 
values is considered, such an approach may lead to unnec-
essary biopsies, increased patient burden, and avoidable 
healthcare costs.[2,5]

In light of the available evidence, reliance on SUVmax alone 
to assess malignancy potential in thyroid incidentalomas 
appears to represent the weakest diagnostic link. Future 
prospective studies, ideally involving histopathological 
evaluation of all detected cases or randomly selected co-
horts, are required to more accurately determine the true 
diagnostic value of SUVmax in thyroid malignancy.
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Dear Editor,

We appreciate the interest in our article, which presents 
our findings on thyroid incidentalomas in FDG-PET/CT 
and decision-making for fine needle aspiration biopsy 
(FNAB).[1] In this retrospective study, we investigated the 
SUVmax values for thyroid incidentalomas in FDG-PET/CT 
and their relationship with ultrasonography findings and 
FNAB results.

In our study, 14,003 FDG-PET/CT reports of 8,259 patients 
were retrospectively evaluated, and a total of 383 thyroid 
incidentalomas were detected. Histopathological analy-
ses of 73 patients were used to define the SUVmax cutoff 
value, which was determined according to the ROC curve. 
The area under the curve was 0.718, and it was statisti-
cally significa t (p=0.018, 95%CI:0.564–0.872). In statisti-
cal methodology, the area under the ROC curve indicates 
the accuracy of the test in distinguishing between benign 
and malignant nodules. The magnitude of the area under 
the ROC curve refle ts the discriminatory ability of the 
diagnostic test (0.90–1.00=excellent, 0.80–0.90=good, 
0.70–0.80=average, 0.60–0.70=weak, 0.50–0.60=fail).[2] 
Based on our results, the SUVmax value can be considered 
discriminative in the evaluation of thyroid incidentalomas 
for malignancy, although its discriminatory ability was av-
erage. Additionally, in nodules with an SUVmax above 5.5, 
the malignancy rate was 30%, whereas in patients with 
SUVmax<5.5, the malignancy rate was 10%; therefore, the 
SUVmax value may contribute to the decision to perform 
a biopsy (p=0.023).

According to the latest American Thyroid Association 
guideline on the management of thyroid nodules, FNAB 
should be performed for any thyroid incidentaloma de-
tected on FDG-PET/CT larger than 1cm and confi med 
with ultrasonography, without requiring additional risk 
assessment.[3] Therefore, no selection bias was expected 
in this group based on nodule characteristics. However, as 
discussed in the Discussion section of our manuscript, pa-
tient selection may be influen ed by systemic involvement 
of the primary malignancy and the general performance 
status of patients, which can affect the completion of diag-
nostic procedures or lead to patient refusal. This represents 

an important limitation in retrospective studies related to 
thyroid incidentalomas detected on FDG-PET/CT imaging.
[4–6] Unfortunately, it is not feasible to perform biopsies in all 
patients with thyroid incidentalomas undergoing oncolog-
ical treatment or to randomly select patients for biopsy in 
clinical settings.

Our findings regarding the relationship between SUVmax 
and malignant thyroid nodules are supported by several 
previous studies. In a study by Chung et al.,[7] 71,878 patients 
underwent FDG-PET/CT, and a total of 234 thyroid inciden-
talomas were evaluated. In the final analysis of 234 thyroid 
nodules, higher SUVmax (≥6.25; OR, 2.55; 95%CI:1.44–4.52; 
p=0.001) was found to be a statistically significa t predictor 
of malignancy.

In another study including 11,591 patients, an SUVmax of 
3.5 or higher was associated with malignant potential in 
thyroid incidentalomas.[8] Similarly, in a study by Şencan 
Eren et al.,[9] 4,204 patients were evaluated, and a cutoff 
SUVmax of 3.5 for malignancy risk was identifie . Previous 
studies have suggested that these cutoff values may de-
pend on the PET/CT device, patient characteristics, and the 
evaluating healthcare center. Nevertheless, our findings are 
consistent with previous studies regarding malignancy risk 
in thyroid incidentalomas detected on FDG-PET/CT.

It is noteworthy that several studies in the literature have 
not found a correlation between SUVmax and malignancy 
risk. In a study conducted by Sager et al.,[10] FDG-PET/CT 
scans of 12,796 patients were retrospectively evaluated. 
A total of 221 thyroid incidentalomas were detected, and 
based on pathological data from 126 patients, no correla-
tion was found between SUVmax and malignancy, with a 
reported malignancy rate of 34%.

Our manuscript does not suggest the use of FDG-PET/CT as 
a standalone imaging modality for predicting malignancy. 
However, FDG-PET/CT findings should be carefully evaluat-
ed and may serve as a criterion for indicating FNAB in ul-
trasonographically detected nodules, especially in patients 
with SUVmax>5.5. Further studies are still needed to better 
understand the relationship between PET/CT findings and 
thyroid nodule characteristics.
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