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ABSTRACT

Objective: This study aimed to compare demographic characteristics, laboratory parameters, treatment modalities, and
clinical outcomes between adult patients with primary and secondary warm autoimmune hemolytic anemia (WAIHA).

Materials and Methods: This retrospective study included 85 adult patients (57 with primary and 28 with secondary wAIHA)
diagnosed between January 2000 and December 2019. Data on baseline hemolytic markers, therapies (corticosteroids,
splenectomy, and rituximab), and outcomes were reviewed. The mean age was 53.0+16.2 years, and 74.1% of the patients
were female. Patients were assessed for treatment responses and mortality.

Results: No significant differences were observed between the primary and secondary wAIHA groups in terms of baseline
hemoglobin, reticulocyte count, lactate dehydrogenase, or bilirubin. However, haptoglobin levels were significantly lower in
the primary wAIHA group (p=0.027). Corticosteroid response rates exceeded 90% in both groups, though relapse occurred
in 29.4% of responders. Splenectomy led to remission in all secondary and 92% of primary wAIHA cases. Rituximab was
administered in only one patient due to reimbursement limitations. Overall mortality was 15.3%, with no significant
difference between the primary and secondary groups (p>0.05).

Conclusion: Primary and secondary wAIHA patients show similar clinical and therapeutic profiles. Corticosteroids were
highly effective as first-line therapy. Splenectomy showed high response rates, while rituximab usage was limited. Despite
clinical differences such as lower haptoglobin in primary wAIHA, mortality rates did not differ significantly.

Keywords: Autoimmune hemolytic anemia, Glucocorticoid, Recurrence, Rituximab, Splenectomy
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INTRODUCTION

Autoimmune hemolytic anemia (AIHA) arises when the
immune system produces antibodies directed against
the patient’s own erythrocytes, resulting in a rare form of
anemia. AIHA is a rare anemia caused by autoantibodies
against the patient’s own erythrocytes."” AIHA is subdivided
into three main subtypes according to the thermal activity
of the autoantibodies: Warm AIHA (wAIHA), cold AIHA (cold
agglutinin disease, cAlHA), and mixed/atypical AIHA. wAIHA
is the most common, accounting for approximately 60-70%
of all AIHA cases; cold AIHA represents about 15-20%, while
mixed and atypical forms are considerably less frequent.
Based on thermal activity, AIHA is classified into wAIHA, cold
agglutinin disease (cAIHA), and mixed/atypical forms; wAIHA
accounts for ~60-70% of cases, cold forms for ~15-20%,
and mixed/atypical forms are considerably less frequent and
comprise the remainder.? In wAIHA, the autoantibodies —
predominantly of the immunoglobulin (Ig)G class — are active
at 37°C and mediate erythrocyte destruction by macrophage
phagocytosis via IgG-Fc receptors in the spleen. Some IgG
antibodies may also activate the complement cascade,
thereby contributing to hemolysis."!

AIHA may be classified as primary or secondary. Primary AIHA
is diagnosed when no underlying cause is identified in roughly
half of adult patients, whereas secondary AIHA is most often
associated with hematological malignancies such as chronic
lymphocytic leukemia and non-Hodgkin lymphoma, or with
autoimmune disorders such as systemic lupus erythematosus
(SLE). Less commonly, immunodeficiencies, infections (e.g.,
Mycoplasma pneumoniae and human mmunodeficiency virus
[HIV]), certain medications (e.g., methyldopa and fludarabine),
and solid tumors may give rise to secondary AIHA.24 The
diagnosis and monitoring of AIHA rely on laboratory markers
of hemolysis. Elevations in reticulocyte count, serum lactate
dehydrogenase (LDH), total and indirect bilirubin, together
with reduced haptoglobin levels, are the principal indicators
of active hemolysis. The direct antiglobulin test (DAT) detects
IgG, IgM, and/or complement components bound to the
erythrocyte surface. Although a positive DAT in the setting of
hemolysis suggests an immune-mediated etiology, a definitive
diagnosis of AIHA requires integration of DAT results with
clinical findings and other laboratory tests.® Etiologically, AIHA
is defined as primary when no underlying cause is identified
and secondary when associated with another condition -
most commonly lymphoproliferative malignancies (e.g.,
chronic lymphocytic leukemia and non-Hodgkin lymphoma)
or systemic autoimmune disease such as SLE; less frequently,
immunodeficiencies, infections (e.g., Mycoplasma pneumoniae
and HIV), medications (e.g., methyldopa and fludarabine), and
solid tumors are implicated.?¥ Diagnosis integrates clinicaland
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laboratory evidence of hemolysis - reticulocytosis; elevated
LDH and bilirubin; reduced haptoglobin — together with a
positive DAT detecting erythrocyte-bound immunoglobulin
and/or complement.”

In warm AIHA, corticosteroids remain the standard first-
line therapy.® Adult patients typically commenced on oral
prednisolone at 1-1.5 mg/kg daily; those who respond are
usually weaned over 2-3 weeks and the course discontinued
within 3-6 months. Lack of a meaningful response by week 3 is
considered an indication to discontinue steroids.*’# Although
around 80% of patients initially respond to corticosteroids, more
than 50% experience relapse within the 1 year.® For patients
who are refractory to or dependent on steroids, splenectomy
has long been the conventional second-line option in wAIHA,
particularly in primary cases, yielding response rates of 60-70%
and complete remission in up to 40% of patients. Despite risks of
post-operative infection and thrombosis, splenectomy remains
a valuable intervention when appropriately selected.*'? Since
the early 2000s, rituximab — an anti-CD20 monoclonal antibody
- has emerged as an alternative to splenectomy in secondline
therapy for wAIHA. Studies by Birgens et al.”? in 2013 and Michel
et al.® in 2017 demonstrated that adding rituximab to first-line
glucocorticoids prolongs remission and improves response
rates compared with glucocorticoids alone. Current guidelines
recommend rituximab for patients unresponsive to steroids,
whilst tailoring the decision for splenectomy based onindividual
clinical factors. No controlled trials have directly compared
rituximab and splenectomy.*'@ Other immunosuppressants
such as azathioprine, ciclosporin, and mycophenolate mofetil
may be employed following failure of second-line therapy.'''?

Most data on treatment responses and clinical courses in
primary versus secondary wAIHA derive from retrospective
series with limited patient numbers. In the secondary setting,
the heterogeneity of underlying conditions - ranging from
hematological malignancies to autoimmune diseases such as
SLE - hampers standardization of therapeutic strategies and
prediction of clinical outcomes. 63!

The aim of this study was to compare the demographic,
clinical, and laboratory features as well as treatment responses
of adult patients diagnosed with warm AIHA of primary versus
secondary etiology, thereby elucidating potential differences
in management and outcomes.

Adults typically start oral prednisolone 1-1.5 mg/kg/day with
early assessment for response and tapering in responders;
lack of meaningful improvement by week 3 supports
discontinuation.*’# |nitial responses approach 80%, yet
>50% relapse within the 1%t year.” For steroid-refractory or
-dependent disease, splenectomy has historically yielded

105



Acar et al., Primary and Secondary Autoimmune Hemolytic Anemia

60-70% responses (complete remission up to 40%) but carries
infectious and thrombotic risks.*'@ Since the early 2000s,
rituximab has become a widely used second-line option and,
when added to first-line glucocorticoids, can improve response
rates and prolong remission;”# other immunosuppressants
(azathioprine, cyclosporine, and mycophenolate mofetil) are
considered after failure of second-line therapy.''""'2

Despitethese options,comparative evidencefor primaryversus
secondary wAIHA remains limited and largely retrospective,
with heterogeneous secondary etiologies complicating
standardization and prognostication.*%'31 Accordingly, this
study compares the demographic, clinical, and laboratory
features, as well as treatment responses, of adult patients with
primary versus secondary wAIHA to delineate differences in
disease behavior and management outcomes.

MATERIALS AND METHODS

This single-center retrospective study was conducted at the
Departments of Internal Medicine and Hematology of Prof. Dr.
Cemil Tascioglu, City Hospital, affiliated with the University of
Health Sciences, between January 2000 and December 2019.
Medical records of 85 adult patients diagnosed with warm
AIHA were reviewed. The study was performed in accordance
with the Declaration of Helsinki and Good Clinical Practice
guidelines, with approval from the Clinical Research Ethics
Committee of Prof. Dr. Cemil Tascioglu City Hospital (approval
no: 2020/212; decision date: June 02, 2020; document no:
48670771514.10).

Demographic and clinical data recorded included age, sex,
primary orsecondary AIHA classification, concomitantdiseases,
baseline hemoglobin (Hb), reticulocyte percentage, LDH, total
and indirect bilirubin, alanine and aspartate transaminases,
haptoglobin, DAT results, and anticardiolipin IgM status.
Data on specific antibody isotypes and complement binding
were unavailable, as only a polyspecific anti-human globulin
reagent is used in our institution’s blood bank.

First-line therapy consisted of methylprednisolone or
prednisolone. Patients who failed to respond or relapsed
proceeded to second-line treatment, which comprised
splenectomy or rituximab. Two patients were lost to follow-
up before the first-line response could be assessed; hence,
response analysis was performed on 83 patients. Complete
response was defined as Hb =12 g/dL with resolution of
hemolytic markers (normalization of bilirubin, LDH, and
haptoglobin). Partial response was defined as Hb >10 g/dL with
at least a 2 g/dL increase over baseline, despite persistence
of mild hemolysis. Refractory disease was defined as failure
to achieve the expected Hb rise by week 2 and absence of
significant improvement by week 3. Relapse was defined as a
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drop in Hb and recurrence of hemolytic markers after initial
complete or partial response.”!

Statistical Analysis

Statistical analyses were performed using IBM Statistical
Package for the Social Sciences (SPSS) Statistics 22 (IBM
SPSS, Turkiye). Normality was tested by the Shapiro-Wilk
test. Continuous variables are presented as meanzstandard
deviation. Comparisons between two groups used Student’s
t-test for normally distributed parameters and the Mann-
Whitney U test otherwise. Categorical variables are expressed
as numbers and percentages and compared using Fisher’s
Exact test, the Fisher-Freeman-Halton test, or the Chi-
square test with Yates’ correction as appropriate. P<0.05 was
considered statistically significant.

RESULTS
Demographic and Clinical Characteristics of Patients

A total of 85 patients met the inclusion criteria. Ages ranged
from 18 to 87 years, with a mean of 53.0+16.2 years. 65
(74.1%) patients were female, with no appreciable difference
in sex distribution between the primary and secondary AIHA
groups. Of the cohort, 57 patients (67.1%) had primary AIHA
and 28 (32.9%) had secondary AIHA. In the secondary group,
underlying hematological malignancies were most common
(46.4%), followed by autoimmune diseases (28.6%), solid
tumors (14.3%), drug-related AIHA (7.1%), and infection-
related AIHA (3.6%) (Table 1).

Table 1. Underlying conditions associated with secondary AIHA.

n %
Hematologic malignancy 13 46.4
Chronic lymphocytic leukemia 6 214
Hodgkin lymphoma 3 10.7
Non-Hodgkin lymphoma 2 7.1
Multiple myeloma 1 3.6
Acute myeloid leukemia 1 3.6
Solid tumors 4 14.3
Autoimmune diseases 8 28.6
Systemic lupus erythematosus 5 17.9
Rheumatoid arthritis 2 7.1
Primary biliary cholangitis 1 3.6
Other causes 3 10.7
Drugs 2 7.1
Infection 1 3.6

AIHA: Autoimmune hemolytic anemia
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Comorbidities were present in 45 patients (52.9%), most
frequently hypertension (27%), diabetes mellitus (9.4%), and
chronic kidney disease (10.6%). 85% of patients exhibited at
least one symptom at presentation, most commonly fatigue
(64.7%), palpitations (12.9%), and dizziness (17.6%) (Table
2). No significant differences in demographics or symptom
frequency were observed between primary and secondary
groups (p>0.05).

Laboratory comparisons revealed that haptoglobin levels
were significantly lower in primary AIHA (90.9%) than in
secondary AIHA (54.5%) (p=0.027). Other hemolytic markers
did not differ significantly between groups (p>0.05) (Table 3).

Treatment and response rates

First-line corticosteroidtherapy wasadministered to 85 patients
(97.6% received methylprednisolone; 2.4% prednisolone)
for a duration of 1-58 months (mean 6.46+6.8 months).
However, treatment response could be evaluated in only 83
patients because two were lost to follow-up before response
assessment. Seventy-eight patients (94%) responded; 58
(69.9%) with complete and 20 (24.1%) with partial responses;
five patients (6%) were refractory. Response rates did not
differ significantly between primary (52/56; 92.8%) and
secondary (26/27; 96.2%) AIHA (p>0.05). Treatment responses
to corticosteroids and splenectomy are summarized in Table 4.
Relapse occurred in 23 of 78 responders (29.4%); relapse rates
were similar in primary (28.8%) and secondary (30.8%) groups.
Of relapsed patients, 12 restarted steroids, and 11 underwent
splenectomy. Among refractory cases, three had splenectomy,
and one received rituximab; one secondary AIHA patient with
concomitant acute myeloid leukemia died before second-line
therapy.

Splenectomy was performed in 14 patients (16.4%) as second-
line therapy — 12 primary (21%) and two secondary (7.1%)
AIHA cases (P=0.027). Eleven primary patients achieved
complete and one partial remission; both secondary patients
attained complete remission. No refractory cases were noted
in either subgroup (p>0.05). Rituximab was used in only one
primary AIHA patient, who did not respond; reinitiation of
corticosteroids achieved complete remission.

Mortality

During follow-up, 13 patients (15.3%) died; Seven with primary
AIHA (12.3%) and six with secondary AIHA (21.4%), with no
significant difference in mortality between groups (p>0.05).

DISCUSSION

In this retrospective single-center series of 85 adults with
warm AlHA, 67% had primary disease and 33% secondary.
Whereas most series report an even distribution of primary
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Table 2. Demographic and clinical characteristics of primary and
secondary wAIHA patients.

Primary OIHA
(n=57) (%)

Secondary
OIHA (n=28) (%)

Demographic characteristics

Age

el 52.59+15.91 53.93+16.98 0.723
Gender n (%)
Male 13 (22.8) 9(32.1) 20.509
Female 44 (77.2) 19 (67.9)
Comorbidity
Yes 27 (47.4) 18 (64.3) 0.216
No 30(52.6) 10(35.7)
Hypertension
Yes 16 (28.1) 7 (25) '0.968
No 41(71.9) 21 (75)
Chronic kidney disease
Yes 7(12.3) 2(7.1) 20.711
No 50 (87.7) 26 (92.9)
Diabetes mellitus
Yes 6(10.5) 2(7.1) 21.000
No 51(89.5) 26 (92.9)
Hypothyroidism
Yes 3(5.3) 4(14.3) 20.211
No 54 (94.7) 24 (85.7)
Presenting symptoms
Yes 41(71.9) 17 (60.7) '0.426
No 16 (28.1) 11(39.3)
Fatigue
Yes 39 (68.4) 16 (57.1) 0.435
No 18 (31.6) 12 (42.9)
Palpitation
Yes 7(12.3) 4(14.3) 21.000
No 50 (87.7) 24 (85.7)
Dizziness
Yes 13 (22.8) 2(7.1) 20.128
No 44 (77.2) 26 (92.9)
Dyspnea
Yes 12(21.1) 2(7.1) 20.129
No 45 (78.9) 26 (92.9)
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Table 2. Continue.

Primary OIHA Secondary
(n=57) (%) OIHA (n=28) (%) P

Jaundice

Yes 9(15.8) 5(17.9) 21.000

No 48 (84.2) 23 (82.1)
Angina

Yes 3(5.3) 0(0) 20.548

No 54 (94.7) 28 (100)

Data are presented as n (%) for categorical variables and as mean=SD for
continuous variables. SD: Standard deviation, wAIHA: Warm autoimmune
hemolytic anemia

and secondary AIHA, the predominance of primary casesin our
cohort likely reflects underrecognition of secondary etiologies
over the 20-year study period.*' Consistent with previous
studies, hematological malignancies (46.4%) and autoimmune
diseases (28.6%) were the leading secondary etiologies.'>'® No
significant age difference was observed between subgroups,
though larger cohort studies have reported older age at onset
in secondary AIHA.'"! Female predominance in both primary
and secondary groups aligns with existing literature.'®”
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In our series, the mean Hb level at diagnosis was lower in the
secondary AIHA group, reflecting a tendency toward more
pronounced anemia at presentation. A similar study reported
mean Hb concentrations of 6.3 g/dL in secondary warm AIHA
patients versus 7.1 g/dL in primary cases.'? Although we
observed a numerical difference between the two groups, it
did not reach statistical significance. No significant differences
were identified between primary and secondary AIHA in Hb
and reticulocyte counts.'®?% |n our study, haptoglobin levels
were the only parameter that differed between the two
groups; low haptoglobin was significantly more frequent in the
primary warm AIHA cohort. No previous studies have reported
such a discrepancy. Although this finding is noteworthy, its
interpretation must be cautious given the small sample size
and the absence of a clear mechanistic rationale.'>®

Corticosteroids remain the cornerstone of first-line therapy in
warm AIHA, and in our study, more than 90% of patientsin both
cohorts responded to prednisolone. Overall, initial response
rates were high, with no statistically significant difference
between primary and secondary AIHA. Our findings align with
numerous reports indicating that 80-90% of wAIHA cases
respond to firstline steroids.'"” For example, Rattarittamrong
et al.?" observed a 96% response rate — regardless of whether
AIHA was primary or SLEassociated secondary — whereas

Table 3. Laboratory findings of patients with primary and secondary wAIHA.

Primer OIHA (n=57) Sekonder OIHA (n=28) p

Hemoglobin (g/dL) 7.35+2.02 6.63+1.91 0.121
Hematocrit (%) 21.96%6.29 20.45+5.58 0.306
Reticuloscyte percentage 10.72+7.44 9.72+9.28 0.268
LDH (U/L). 679.93+754.69 600.4+561.45 0.720
Total bilirubin (mg/dL) 2.94+2.79 2.45+2.27 0.440
indirect bilirubin (mg/dL) 2.47+2.47 2.7+1.85 0.281
ALT (U/L). 60.8+239.55 24.27+22.66 0.812
000.812AST (U/L). 44.88+78.18 36+41.63 0.410
Haptoglobin (%) 0.027*

Low 20(90.9) 6 (54.5)

High 2(9.1) 5(45.5)
Direct coombs test (%) 0.256

Positive 48 (84.2) 27 (96.4)

Negative 9(15.8) 1(3.6)

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; DAT: Direct antiglobulin (Coombs) test; Hb: Hemoglobin; Hct: Hematocrit; LDH: Lactate

dehydrogenase; wAIHA: Warm autoimmune hemolytic anemia.

Data are presented as n (%) for categorical variables and as meanzstandard deviation for continuous variables. Haptoglobin levels were measured in 22
patients with primary AIHA and 11 patients with secondary AIHA, with values <30 mg/dL considered low. Direct and indirect Coombs tests were reported as
positive or negative. Student’s t-test or Mann-Whitney U test was used for continuous variables, and Fisher’s exact test was applied for categorical variables.
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Table 4. Treatment responses to first- and second-line therapy in primary and secondary wAIHA patients.

Treatment Response Primary wAIHA  Secondary wAIHA Total wAIHA p
(n=56) (%) (n=27) (n=83)

Corticosteroid Complete response 40 (71.4) 18 (66.6) 58 (69.9)
Partial response 12 (21.4) 8(29.6) 20 (24.1) 0.62
Refractory to treatment 4(7.2) 1(3.8) 5(6.0)

Splenectomy Complete response 11(91.7) 2 (100) 13 (92.9) 1.00
Partial response 1(8.3) 0 1(7.1)
Refractory to treatment 0 0 0

WAIHA: Warm autoimmune hemolytic anemia

Sudulagunta et al."® reported response rates of approximately
97% in primary wAIHA and 87% in secondary wAIHA. In our
cohort, the vast majority of both primary and secondary cases
responded to steroids, and refractory rates were low. This
concordance demonstrates that secondary AIHA patients can
achieve outcomes comparable to those with primary AIHA,
supporting guideline recommendations to employ the same
initial treatment strategy in both subtypes.*??

Among patients who initially responded to steroids, relapse
occurred in roughly 30-28.8% in the primary group and 30.8%
in the secondary group. In the series by Rattarittamrong et
al.”%involving 101 warm AIHA patients, the overall relapse rate
after steroids was 49.5% (50% in primary; 48.7% in secondary).
211t is generally understood that while about 80% of patients
respond to steroids initially, only 30-40% maintain durable
remission at 1 year.”’ Our observed relapse rates were lower,
likely owing to attrition in long-term follow-up over the 20-
year period, which may have led to underestimation of true
relapse frequency.

In our study, splenectomy was performed as second-line
therapy in 14 patients, 12 of whom had primary AIHA and
2 of whom had secondary AIHA. The rate of splenectomy
was significantly higher in the primary AIHA group (21%)
compared with the secondary group (7.1%). Among those
who underwent splenectomy, 11 primary AIHA patients
achieved complete remission, and 1 achieved a partial
response, whereas both secondary AIHA patients attained
complete remission. Although response rates were high
in both cohorts, splenectomy was significantly favored for
primary AIHA patients in our series. International consensus
reports indicate that response to splenectomy in secondary
AIHA may be comparable to that in primary cases; however,
they emphasize that splenectomy should be avoided where
possible in secondary AIHA because of the increased risk of
infectious and thrombotic complications associated with
comorbid conditions.” Conversely, splenectomy remains a

well-established secondline option in primary AIHA, with
literature reporting 60-70% response rates. Our results
are consistent with these data, and the wider adoption of
laparoscopic techniques has further reduced operative risks,
underscoring splenectomy’s continued role in appropriately
selected patients.['2324

Rituximab has been used since the early 2000s as a second-
line therapy for steroid-refractory or -dependent wAIHA
and, in some studies, in combination with steroids as first-
line treatment.”#'% However, in our series, rituximab was
administered to only one primary AIHA patient, who did not
respond. This low utilization likely reflects the drug’s recent
introduction into practice during the study period and
restrictive reimbursement policies that limited access.

In our cohort, mortality occurred in 13 of the 85 patients:
Sevenin the primary AIHA group and six in the secondary AIHA
group. This difference did not reach statistical significance.
Although some series report higher mortality in secondary
AIHA, others have found no significant difference between
primary and secondary cases. Our data demonstrate that the
numerically greater death rate in the secondary subgroup was
not statistically significant.l'6%

Limitations include the retrospective design, potential
incomplete evaluation of secondary causes, variable follow-up
durations, and missing data for certain laboratory parameters.
Despite these constraints, our findings support comparable
treatment responses in primary and secondary warm AIHA
and underscore the need for standardized evaluation and
management protocols tailored to underlying etiologies.

CONCLUSION

In this retrospective study of 85 adults with wAIHA, primary
and secondary subgroups exhibited comparable demographic
characteristics, laboratory profiles, and treatment responses.
First-line corticosteroid therapy produced high initial
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response rates (>90%) in both cohorts, with relapse occurring
in approximately 30%. Splenectomy demonstrated robust
efficacy as a secondline intervention, while rituximab use
was minimal due to reimbursement constraints. Mortality
rates did not differ significantly between subgroups, despite
a numerically higher rate in secondary cases. These findings
suggest that primary and secondary wAIHA follow similar
clinical courses and respond similarly to current treatment
algorithms.
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ABSTRACT

Objective: Achieving optimal ligament balance in total knee arthroplasty (TKA) requires a precise sequence of medial
release techniques. While medial collateral ligament (MCL) release is often considered the first step, there is no consensus
regarding the subsequent steps and their effectiveness. This study examines a stepwise medial release protocol for varus
knees to determine its efficacy in improving intraoperative ligament balance and post-operative outcomes.

Materials and Methods: A retrospective analysis was conducted on 60 patients (39 females, 21 males) who underwent
primary TKA for varus deformity between January 2020 and December 2022. A structured medial release sequence was
applied, consisting of the superficial MCL, deep MCL, posterior capsule, Pes Anserinus, and increased tibial resection. Gap
balancer measurements were recorded at 0° and 90° flexion. Statistical analyses included paired t-tests and Chi-square tests
to assess the impact of each release step on ligament balance.

Results: At 0° flexion, 85% of patients achieved optimal medial ligament balance after completing the release sequence.
At 90° flexion, the optimal balance was achieved in 80% of cases. The mean Knee Society Score improved from 45.2+10.5
preoperatively to 88.7+8.9 at the 12-month follow-up (p<0.05). Range of motion increased from 95°+15° to 120°+10°
(p<0.05).

Conclusion: The stepwise release protocol effectively improved medial ligament balance without excessive soft-tissue
release, reducing the risk of post-operative instability. The sequence provided a reproducible and systematic approach,
facilitating consistent intraoperative decision-making. The proposed stepwise medial release protocol effectively balances
ligaments in varus knees during TKA, resulting in improved clinical outcomes and reduced post-operative complications.
Future studies should assess the protocol’s applicability in diverse patient populations and compare its effectiveness with
robotic-assisted techniques.
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INTRODUCTION

Gonarthrosis is one of the most common degenerative
joint diseases, particularly in the elderly population, and is
characterized by pain, restricted movement, and functional
loss in the knee joint. Total knee arthroplasty (TKA) is widely
employed as an effective surgical intervention in advanced-
stage knee osteoarthritis to alleviate pain and improve quality
of life. However, knee deformities, particularly varus deformity,
pose significant challenges in surgical planning and execution.

Varus knee deformity leads to degeneration in the medial
compartment due to increased loading on the medial
structures and is often accompanied by medial soft-tissue
contractures.” During TKA, the release of these contractures
(medial release) is crucial for achieving proper mechanical
alignment and maintaining prosthetic stability. However,
there are varying approaches in the literature regarding the
sequence, targeted structures, and extent of medial release.

Soft-tissue balancing procedures performed during surgery
play a fundamental role in achieving neutral alignment of the
knee.” These procedures are typically carried out in a stepwise
manner, targeting structures such as the deep medial collateral
ligament (dMCL), osteophyte removal, Pes Anserinus insertion
site, semimembranosus tendon, posteromedial capsule, and
superficial medial collateral ligament (sMCL).®! It is crucial to
accurately determine the release sequence of each structure,
as excessive release may increase the risk of medial instability,
while inadequate release may result in difficulties in prosthesis
placement.”

Recent advancements in surgical techniques and the
increasing use of computer-assisted systems have enabled a
more systematic approach to soft-tissue balancing strategies.
However, the surgeon’s experience and patient-specific
anatomical variations remain critical in achieving optimal
outcomes. Therefore, establishing an evidence-based,
structured, and reproducible release sequence is essential for
clinical success.

In this study, the stepwise approach to medial release in
patients undergoing primary TKA for varus knees will be
thoroughly examined. Various approaches and techniques
reported in the literature will be compared to propose the
most effective and safe sequence. The aim is to contribute to
intraoperative decision-making processes for surgeons while
also improving post-operative functional outcomes.

MATERIALS AND METHODS

Study Design and Patient Selection

A retrospective analysis was conducted on 60 consecutive
patients with varus deformity who underwent primary TKA

Gurbuz et al., Optimizing medial release in varus TKA

between January 2020 and December 2022. Inclusion criteria
included primary osteoarthritis with varus deformity >10° and
intact collateral ligaments. Exclusion criteria included previous
knee surgery, severe valgus deformity, inflammatory arthritis,
and varus deformity over 30°. This study was conducted in
accordance with the principles outlined in the Declaration of
Helsinki, ensuring the protection of participants’ rights and
welfare throughout the research process. Ethical approval for
this study was obtained from the local institutional review
board (Decision-22/146), and all procedures were carried out
following the approved protocol.

Surgical Technique

All procedures were performed by a single surgeon using
a medial parapatellar approach. After bone cuts, ligament
balance was assessed using a gap balancer at 0° and 90° of
flexion. Medial tightness was scored as follows:

« 1 point: Lateral entry only.
« 2 points: Medial and lateral entry with medial tightness.
« 3 points: Optimal medial laxity.

A stepwise medial release sequence was applied based on gap
measurements:

1.  MCL release at sagittal midline
2. Removal of medial tibial osteophytes

3. Posterior capsular release and posterior osteophyte
removal

4. Pes anserinus tenotomy
5. Increased tibial resection

Data Collection

Intraoperative gap measurements were recorded at both 0°
and 90° of flexion for each step of the release sequence. The
data were categorized by gender (male: “m’, female: “f") and
the effectiveness of each release step was scored as described
above.

Statistical Analysis

Data were analyzed using the Statistical Package for the Social
Sciences version 25.0. Continuous variables, such as pre-
operative and post-operative gap balancer scores and range
of motion (ROM), were compared using paired t-tests to assess
the effectiveness of the medial release steps in both 0° and
90° flexion. The effectiveness of each release step in achieving
optimal medial ligament balance was further evaluated
through chi-square tests to compare the distribution of gap
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balancer scores across different patient groups and release
steps. In addition, the overall improvement in Knee Society
Scores (KSS) from pre-operative to post-operative follow-up
was assessed using paired t-tests, with statistical significance
set at p<0.05. Gender-based differences in achieving optimal
ligament balance were also analyzed using Chi-square tests
to determine potential disparities between male and female
patients.

RESULTS
Demographics

The study included 60 patients (39 females, 21 males) with a
mean age of 68.5+7.2 years. The mean pre-operative varus
deformity was 12.3°+3.1° (Table 1).

Intraoperative Findings at 0° Flexion

The stepwise release sequence significantly improved
medial ligament balance at 0° flexion (p<0.05) (Table 2). The
distribution of gap balancer scores at each step was as follows:

«  After dMCL release: 45% achieved score 3

«  After osteophyte removal: 65% achieved score 3

«  After posterior release: 75% achieved score 3

«  After pes anserinus tenotomy: 80% achieved score 3

«  Afterincreased tibial resection: 85% achieved score 3.

Intraoperative Findings at 90° Flexion

At 90° flexion, the stepwise release sequence also showed
significant improvement in medial ligament balance (p<0.05).
The distribution of gap balancer scores at each step was as
follows:

«  After dMCL release: 40% achieved score 3
«  After osteophyte removal: 60% achieved score 3

«  After posterior release: 70% achieved score 3

Table 1. Age distribution and outcomes analysis.
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«  After pes anserinus tenotomy: 75% achieved score 3
«  Afterincreased tibial resection: 80% achieved score 3.

Gender-based Analysis

«  Female patients (f): 85% achieved optimal balance (score
3) at 0° flexion, and 80% at 90° flexion

- Male patients (m): 80% achieved optimal balance (score 3)
at 0° flexion, and 75% at 90° flexion.

Post-operative Outcomes

At 12-monthfollow-up, the mean KSSimproved from 45.2+10.5
preoperatively to 88.7+8.9 postoperatively (p<0.05). The mean
ROM improved from 95°+15° to 120°£10° (p<0.05) (Table 3).

DISCUSSION

The objective of this study is to evaluate the adequacy of
medial release using a simple intraoperative method and
to propose a protocol regarding the sequence of medial
structure release, which remains a debated topic. Following
the completion of bone resections and osteophyte excisions,
we consider the order of medial structures to be released as
the dMCL, posterior-oblique ligament (POL), posteromedial
capsule, sMCL, Pes Anserinus, and Semimembranosus muscles.
In addition, as a secondary outcome, we believe that the gap
balancer utilized during surgery is sufficient for assessing
ligament balance.

In arthritic varus knees, the tension of the medial soft tissues
and the laxity of the lateral soft tissues are directly related
to the degree of varus deformity. The objective of TKA is to
achieve a rectangular gap that is equally balanced in both
flexion and extension. Thus, releasing tight structures appears
to be a necessary intervention. However, excessive release
can result in severe complications, such as knee instability.
Furthermore, recent advancements in robotic-assisted surgery
have provided a more comfortable postoperative course
compared to conventional techniques, particularly during

Age group Gender Number of patients Mean KSS score (Postop) Mean ROM (Degrees)
<60 Male 12 85 115
<60 Female 15 87 118
60-70 Male 10 90 120
60-70 Female 18 89 122
>70 Male 9 83 112
>70 Female 12 86 115

KSS: Knee society scores; ROM: Range of motion.
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Table 2. Effect of release steps on medial balance.

Gurbuz et al., Optimizing medial release in varus TKA

Patients achieving optimal
Release step

Average gap balancer Average gap balancer

balance (%) score (0°) score (90°)
Medial collateral ligament release 45 2.1 2.0
Osteophyte removal 65 2.5 23
Posterior capsule release 75 2.8 2.6
Pes anserinus tenotomy 80 3.0 2.8
Increased tibial resection 85 3.0 3.0

Table 3. Complications based on release steps

Number of release steps Complications (%)

Instability cases Joint stiffness cases

1-2 Steps 10
3-4 Steps 15
All 5 Steps 20

the initial 6-month period. This postoperative comfort has
been attributed to the limited intervention on ligamentous
structures. Therefore, achieving adequate but minimal release
may lead to more favorable outcomes.

Furthermore, it should be noted that during TKA in varus
knees, the dMCL is often inadvertently released as part
of the standard surgical exposure. Specifically, when the
medial meniscus is excised, the dMCL, which is anatomically
connected to the joint capsule and the medial meniscus, is also
necessarily disrupted. Therefore, this step typically precedes
the removal of medial tibial osteophytes. In this context,
the beginning sequence described in our study reflects the
practical surgical order rather than a deliberate soft-tissue
balancing strategy. Nonetheless, we agree that osteophyte
removal plays a significant role in medial tension release and
have clarified this point accordingly.

First and foremost, confirming medial-lateral ligament balance
during surgery itself presents a significant contradiction.
There are numerous perspectives on this matter, and several
instruments developed by relevant companies are available,
including the Zimmer offset-repo, Stryker’s devices, and those
from Smith and Nephew, all of which have been extensively
studied and reported in the literature.> In addition, there is a
study that assesses ligament balance intraoperatively using a
computer-assisted system.!

Therefore, in the first stage of our study, we developed a
simple, cost-effective, and easily applicable method specific
to our approach. In this method, we utilized a carbon gap
balancer, which is commonly available in every TKA set, to
define a three-stage laxity scoring system. We assigned scores

2 1
3 2
5 3

of 1, 2, and 3 based on the procedures performed during
surgery, both in extension and at 90° flexion, after completing
the bone cuts. Given the accessibility and cost-effectiveness
of this method, we believe it has the potential for widespread
clinical application.

Most orthopedic surgeons prefer to use the thinnest possible
insert, as a smaller insert is associated with reduced wear."! We
consider the size of the gap balancer to be irrelevant, as the
primary objective in mechanically aligned TKA is not only to
release the tight medial structures but also to balance the lax
lateral structures, ultimately achieving medial-lateral ligament
balance. Therefore, the insert size is not a determining factor
for us. Even if a larger size is tested, we believe that the
clinical interpretation should consider both medial and lateral
engagement, which is ultimately influenced by the surgeon’s
intraoperative experience.

In their study, Keggi et al.® reported that the use of a digital
balancebot device during robotic knee arthroplasty improved
medial-lateral ligament balance at the end of the procedure.
Although robotic knee arthroplasty ensures more precise
bone cuts, progress in ligament balance remains limited.
¥l Regarding ligament balance, kinematic alignment in TKA
does not recommend medial release, preserving the patient’s
native soft-tissue balance.'” Kinematically aligned TKA using
the measured resection technique requires a high level of
surgical expertise and presents significant challenges in
non-robotic procedures. In our study, as we performed non-
robotic surgeries, we did not opt for kinematic alignment,
and therefore, ligament balance was achieved manually.'!
Supporting this notion, the study by Song demonstrated that
sensor-assisted TKA is not superior to manual techniques.
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021 A study utilizing intraoperative load distribution sensors
demonstrated that the sensor was found to be ineffective.!'™

In a study conducted by Geller et al.,, ™ it was reported that
collateral ligament balancing did not differ postoperatively
or at the 1-year follow-up following knee arthroplasty. We
disagree with this perspective, as the post-operative follow-
up period in this study was relatively short. In our clinical
practice, we have observed a strong correlation between the
intraoperative ligamentous balance achieved during surgery
and the postoperative patient-reported outcome scores in
patients we have followed over a longer duration. Another
study suggests that robotic-assisted bone cuts performed
without intervening in the soft tissues achieve more accurate
intraoperative ligament balance.™

Recent advancements suggest that surgeons should adopt a
conservative approach to ligament releases, as each ligament
is proprioceptively effective.'¥ Both the surgeon and the
patient may require these ligaments in the future. In this study,
our objective was to assess the optimal starting point for
ligament releases and to determine which specific ligaments
should be released to achieve perioperative balance in the
most conservative manner.

A cadaveric study demonstrated that medial release,
particularly of the sMCL, significantly affects anterior stability
in ligament-preserving TKA. The study also emphasizes that
surgeons should avoid excessive medial release and adopt a
minimalist approach.'” Recent trends indicate that minimal
soft-tissue release has yielded satisfactory mid- to long-term
outcomes.!"8

There are numerous proposed methods for medial release,
each with its own recommended sequence. In our practice,
we perform the classic dMCL release, sMCL release up to the
Pes Anserinus, medial tibial osteophyte removal, posterior
capsulotomy, and extension of the tibial cut. We do not utilize
other methods, such as needle-assisted MCL release, which
have been described in the literature, as we consider them to
be ineffective.'”

The medial structures to be released can be categorized
as both static and dynamic. The static structures include
the sMCL and dMCL, POL, and the posteromedial capsule.
The dynamic structures encompass the Pes Anserinus and
Semimembranosus muscles. In severe varus deformities,
all of these structures may need to be released. However,
in cases with moderate varus deformities, a stepwise and
sequential approach is the most reasonable strategy. This
approach ensures post-operative comfort and prevents
instability issues.
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Our findings have important clinical implications for surgeons
performing TKA in varus-deformed knees. The stepwise medial
release sequence based on intraoperative gap measurements
provides a systematic and reproducible method for achieving
optimal ligament balance. This approach can help reduce post-
operative complications, such as instability and accelerated
polyethylene wear, and improve patient outcomes.

In our study, we assessed medial-lateral ligament balance using
a gap gauge both in extension and flexion. Our objective was
to determine when, in which patients, and in what sequence
these releases should be performed. In addition, we aimed to
explore whether this method could potentially reduce mid-
flexion instability, which remains one of the major challenges
in knee arthroplasty.

Limitations

The limitations of our study include its retrospective design
and the absence of robotic navigation methods. Second,
the study was conducted at a single center, which may limit
the generalizability of the findings. While we acknowledge
that robotic navigation may provide more precise and
accurate ligament balancing, we believe that its routine use is
challenging due to its high cost and limited accessibility.

CONCLUSION

In varus knees, we followed a general approach to medial
release, starting with osteotomy. Following the release of the
dMCL and superficial anterior MCL and subsequent osteophyte
removal, we achieved a satisfactory outcome. Posterior
cruciate ligament (PCL) excision was routinely performed. We
took care not to disturb the Pes Anserinus unless necessary.
We did not find it necessary to release the posteromedial
capsule, POL, or semimembranosus. In standard cases with
moderate to mild varus deformities of 15° or less, which are
the most common, satisfactory outcomes were achieved with
the excision of the PCL along with the release of the dMCL
and anterior sMCL. For such cases, multicenter studies could
provide stepwise treatment algorithms that encompass fewer
ligament releases and protect against excessive releases.
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ABSTRACT

Objective: This study compares the clinical outcomes of mini-percutaneous nephrolithotomy (m-PNL) and retrograde
intrarenal surgery (RIRS) in managing 10-20 mm renal stones in pediatric patients. The primary objective is to evaluate
stone-free rates (SFRs), operative parameters, and complications to provide insights into optimal treatment strategies for
pediatric nephrolithiasis.

Materials and Methods: A retrospective analysis of 39 pediatric patients under 18 years of age who underwent m-PNL
(Group 1) or RIRS (Group 2) for renal stones between 10 and 20 mm from January 2016 to March 2024 was conducted.
Patients were assessed for demographic data, operative time, hospitalization duration, fluoroscopy time, hemoglobin
reduction, SFRs, and complications. Statistical analyses were performed to compare the two groups.

Results: The mean operative time, hospitalization duration, and fluoroscopy time were significantly shorter in the RIRS
group (p<0.001), with lower post-operative hemoglobin reduction compared to the m-PNL group. At the 1-month follow-
up, SFRs were comparable between groups (m-PNL: 95.2%, RIRS: 94.9%, p=0.710). Minor complications were observed in
both groups without significant differences. RIRS demonstrated advantages in hospital stay and reduced radiation exposure,
while m-PNL required fewer anesthesia sessions.

Conclusion: Both m-PNL and RIRS are effective and safe for treating pediatric kidney stones. While RIRS offers shorter
operative and hospitalization times with reduced hemoglobin loss, m-PNL avoids the need for routine double-J stenting
and additional anesthesia. Treatment choice should be individualized, considering clinical factors and family preferences, to
optimize outcomes in pediatric nephrolithiasis management.
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INTRODUCTION

Pediatric nephrolithiasis is an infrequent condition; howev-
er, its incidence has increased significantly over the past few
decades, with a dramatic annual rise of approximately 10%.™
Managing renal stones in children presents greater challenges
compared to adults, encompassing complexities in diagnosis,
metabolic evaluations, surgical interventions, and prognosis.”
To address this significant health issue, technological advance-
ments in endourology have progressed rapidly over the years,
aiming to achieve maximum success with minimal morbidity."

Percutaneous nephrolithotomy (PNL) was first performed
in the pediatric population in 1985 on a 14-year-old child.
BT PNL offers significantly high stone-free rates (SFRs) and re-
quires fewer auxiliary procedures and sessions compared to
other treatment methods. However, its application in children
poses challenges due to the smaller size of their kidneys and
collecting systems, the fragility of renal parenchyma, and the
increased mobility of the pediatric kidney. Over time, the in-
troduction of smaller instruments, as utilized in mini-PNL
(m-PNL), has led to reduced parenchymal and vascular dam-
age, making the procedure more suitable for this population.”

Currently, retrograde intrarenal surgery (RIRS) has emerged as
a less invasive option to PNL for the treatment of renal calcu-
li and has been performed with safety and efficacy. However,
depending on the location and size of the stones, RIRS may
necessitate multiple sessions.>* With advancements in tech-
nology and increasing experience, both m-PNL and RIRS have
demonstrated comparable success rates in achieving stone
clearance.®® |deally, pediatric kidney stone treatments should
aim for the highest SFRs with minimal complications, while
also striving to minimize the number of surgical and anesthe-
sia sessions required.*>!

We present a comparative clinical analysis of m-PNL and RIRS
in the management of 10-20 mm renal stones in pediatric pa-
tients.

MATERIALS AND METHODS

A retrospective analysis was conducted on adolescents and
children (<18 years) undergoing m-PNL or RIRS for kidney
stones (10-20 mm) over an 8-year period (2016-2024). All
patients under the age of 18 with 10-20 mm kidney stones
who underwent m-PNL or RIRS during the specified period
were selected for evaluation. Participants were stratified into
two distinct cohorts based on the minimally invasive surgical
technique employed: Group 1 (m-PNL) and Group 2 (RIRS). De-
mographic and clinical parameters, including gender, stone
size, age, stone location, duration of hospitalization, operative
time, fluoroscopy time, hemoglobin reduction, complications,
and SFRs, were retrospectively reviewed, analyzed, and com-
pared.

Degirmentepe et al. Mini-PNL and RIRS in Children

The study was conducted retrospectively, and the choice of
surgical technique was not randomized. Operative manage-
ment was standardized through single-surgeon performance
for both techniques. The patients included in the study did not
have any pathology that could alter the success of treatment,
such as urinary obstruction, bleeding diathesis, ectopic kidney,
malrotation, or ureteropelvic junction obstruction. All patients
included in the study had unilateral renal stones. All patients’
parents were given detailed information about kidney stone
treatments before surgery. Ethical clearance was granted by
Sakarya University’s Institutional Review Board (No: 123, Date:
15/04/2024). The study was conducted in accordance with the
principles of the Declaration of Helsinki.

Preoperative evaluations included routine biochemical and
microbiological testing. All procedures were conducted only
after confirmation of negative urine cultures. Patients with
positive urine cultures were treated with targeted antibiot-
ics. Radiological assessments, as necessary, were performed
using renal ultrasonography (US), intravenous urography, or
computed tomography (CT). Stone size was defined as the
longest axis of each stone measured using preoperative US,
kidney-ureter-bladder (KUB) radiography, or CT. Stone size
was defined as the longest axis of each stone based on preop-
erative imaging. Due to the retrospective design and variation
in imaging modalities over the years, consistent data on the
second axis were not available. Therefore, volume or surface
area calculations could not be applied uniformly across all cas-
es, which is a noted limitation of the study. In cases of multiple
stones, the total stone burden was calculated by summing the
longest axes of each individual stone.

Intravenous cephalosporin was administered to all patients as
prophylaxis before the endoscopic procedure, with the dosage
adjusted based on age and weight. For m-PNL, patients were
initially positioned in the dorsal lithotomy position, where a
ureteral catheter was inserted over a guidewire to the targeted
kidney. The external portion of the catheter was secured to the
inserted urethral catheter using a silk suture. Patients were then
repositioned to the prone position, and the kidney was visual-
ized using a C-arm fluoroscope by administering contrast ma-
terial through the pre-inserted ureteral catheter. Access to the
renal pelvicalyceal system was achieved through an 18-gauge
Chiba needle inserted into the appropriate calyx, followed by
guidewire advancement into the renal pelvis and calyces. Tract
dilation was performed over the guidewire, and an access
sheath was positioned. A 12Fr nephroscope (Richard Wolf, Knit-
tlingen, Germany) was introduced through a 15/18 Fr sheath
to access the pyelocalyceal system. Calculi were disintegrated
utilizing a 550-micron holmium: YAG laser fiber and pneumatic
lithotripters, and the resulting fragments were retrieved with
forceps. Upon achieving stone clearance, a nephrostomy cathe-
ter was placed in all m-PNL patients, clamped on post-operative
day 1,and removed on day 2. The total operation time for m-PNL
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encompassed patient positioning, ureteral catheter placement
through cystoscopy, percutaneous access, tract dilation, stone
fragmentation, and nephrostomy placement.

The RIRS procedure involved general anesthesia, lithotomy po-
sitioning, and fluoroscopically-guided insertion of a 9.5 Fr uret-
eral access sheath (28/35 cm, Cook Medical) through whicha 7.5
Fr flexible ureterorenoscope (Flex X2, Karl Storz) was advanced.
After the stone was once identified, the stone was fragmented
into smaller pieces to facilitate spontaneous passage, utilizing
a 270 um fiber holmium:YAG laser set at 0.6 J and 6-8 Hz. Fol-
lowing stone fragmentation, a guidewire was advanced into
the renal collecting system through the UAS. A double-J (DJ)
stent was routinely placed under cystoscopic guidance over the
guidewire in all patients. This stent was scheduled for removal
under general anesthesia 4-week post-procedure. Preoperative
stenting was not routinely performed before RIRS procedures.
The total operation time for RIRS was defined as the duration
encompassing the induction of general anesthesia, patient po-
sitioning, cystoscopic placement of a guidewire into the ureter,
UAS placement, stone fragmentation, and DJ stent placement
at the end of the procedure.

Post-operative follow-up was conducted using KUB radiogra-
phy and US. The patients were routinely checked for residual
stones with KUB radiography on the 1% day post-operatively
and KUB radiography and US on the 1%t month post-operatively.
Treatment success was objectively defined as complete stone-
free status, confirmed by imaging modalities at the 1-month
post-operative follow-up. Post-operative complications were
evaluated for each patient using the Clavien-Dindo classifi-
cation system.”! Treatment efficacy was principally assessed
through SFR, where success mandated the absence of any ra-
diologically detectable stone fragments larger than 4 mm. Sec-
ondary analyses focused on procedure-related adverse events,
which were prospectively documented and severity-stratified
according to Clavien-Dindo classifications (Grades I-V).

Statistical Analysis

All data processing utilized the Statistical Package for the Social
Sciences 16.0J software (IBM). Nonparametric approaches (Mann-
Whitney U for continuous data; )(2 tests for proportions) were se-
lected due to small cohort size and distributional concerns. The
alpha threshold for significance was established at 0.05.

RESULTS

The mean age of the patients was 7.6+2.8 years in the m-PNL
group and 8.2+2.7 years in the RIRS group (p=0.600). Group
1 included 12 males (57%) and 9 females (43%), while Group
2 comprised 10 males (55%) and 8 females (45%). The mean
stone size was 13.9£0.9 mm in Group 1 and 13.6+£1.2 mm in
Group 2 (p=0.349), respectively. The demographic data of the
patients are summarized in Table 1.
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Table 1. Demographic values of the patients

Mini-PNL RIRS P

Number 21 18
Male/female 12/9 10/8
Age (y)* 7.612.8 8.2+2.7 0.600
Stone size (mm)* 13.9+0.9 13.6+1.2 0.349
Stone locations**

Lower 11 3

Middle 2 0

Upper 1 7

Pelvic 5 7

Multicalyceal 2 1

PNL: Percutaneous nephrolithotomy; RIRS: Retrograde intrarenal surgery;

*Meanzstandard deviation; **Distribution of stones in the kidney.

The mean operation time was 66.8+10.6 min for Group 1 and
49.2+7 min for Group 2, showing a statistically significant dif-
ference (p<0.001). The mean hospitalization time was shorter
in the RIRS group (26.3+4.6 h) compared to the m-PNL group
(77.7£18.4 h), as expected with a less invasive procedure
(p<0.001). Fluoroscopy exposure during surgery averaged
138.6+£19.5 s for Group 1 and 30.4+28.1 s for Group 2, with the
difference again being statistically significant (p<0.001).

The post-operative hemoglobin decrease was 1.65+0.31 g/
dL in the m-PNL group and 0.5+0.29 g/dL in the RIRS group,
with a statistically significant greater decrease observed in
the m-PNL group. Stone location distribution differed signifi-
cantly between groups: Lower pole stones predominated in
the m-PNL group (52.3% vs. 16.6% in RIRS), while upper pole
stones were more frequent in the RIRS group (38.8% vs. 4.7%
in m-PNL). The SFRs on the 1st post-operative day were 95.2%
for the m-PNL group and 88.9% for the RIRS group, with no
statistically significant difference (p=0.630). In the m-PNL
group, two patients had multicalyceal stones. One patient was
managed with a single lower pole access, while the second re-
quired two access tracts due to anatomical constraints. Both
cases achieved stone-free status postoperatively. One RIRS
case (5.6%) required staged treatment due to failed initial UAS
placement. After deferred DJ stenting and a 3-week interval,
UAS placement and stone fragmentation were successfully
completed. At the 1-month follow-up, the SFRs were 95.2% for
the m-PNL group and 94.9% for the RIRS group, with no signif-
icant difference between the groups (p=0.710).

No major complications were observed in the post-opera-
tive period. In the m-PNL group, a DJ stent was placed in one
patient due to symptomatic ureteral stones detected during
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Table 2. Comparison of post-operative outcomes

Mini-PNL RIRS P

Operation time* (min) 66.8+10.6 49.2+7 <0.001
Hospitalization* (h) 76.7£18.4 26.3+4.6 <0.001
Fluoroscopy time* (s) 138.6£19.5 30.4+28.1 <0.001
Hemoglobin drop* (g/dL) 1.65+0.31 0.5+0.29 <0.001
Stone-free rate,** n (%) 19/21(90.5) 16/18(88.9) 0.630
Success rate,*** n (%) 20/21(95.2) 17/18(949) 0.710
Post-op complications 0.551

Clavien grade | 5 2

Clavien grade Il 2 2

Clavien grade llI 1 0

Clavien grade IV-V 0 0

PNL: Percutaneous nephrolithotomy; RIRS: Retrograde intrarenal surgery;
*Meanztstandard deviation; **Outcomes on post-operative day 1; ***Stone-

free rate at 1st month.

follow-up. No cases of bleeding requiring blood transfusion
occurred. Minor post-operative complications, such as hema-
turia, urinary infection, ecchymosis, and paralytic ileus, were
observed in some patients in either group and were managed
appropriately. The comparison of complications between the
groups, according to the Clavien-Dindo classification, is sum-
marized in Table 2.

DISCUSSION

Technological advancements in urology have revolutionized
therapeutic approaches for nephrolithiasis, replacing open
surgeries with minimally invasive techniques such as Extracor-
poreal Shock Wave Lithotripsy (ESWL), PNL, and RIRS.2 ESWL is
particularly effective for 10-20 mm kidney stones in selected
cases; however, its success rate declines as stone size increas-
es. Achieving higher SFRs often requires multiple sessions,
leading to additional anesthesia and radiation exposure.®! The
miniaturization of instruments and the development of flexi-
ble devices have facilitated easier access to renal stones, there-
by expanding the applicability of m-PNL and RIRS procedures
in the pediatric population.?

Compared to adults, pediatric kidneys are more mobile, have a
narrower pelvicalyceal system, and possess more fragile renal
parenchyma and mucosa, making it challenging to balance
complete stone clearance with the preservation of renal pa-
renchyma.” The primary goal in pediatric urolithiasis treat-
ment is to employ a minimally invasive surgical technique that
minimizes impact on kidney function while achieving a high
stone clearance rate on the first attempt, without the need for
re-treatment or auxiliary procedures.'”

Degirmentepe et al. Mini-PNL and RIRS in Children

The rising prevalence of pediatric nephrolithiasis in recent years
highlights the need for a thorough assessment of surgical tech-
niques employed in its treatment."" Accordingly, we aimed to
contribute to this field by presenting our clinical study, which
compares m-PNL and RIRS in the pediatric patients.

There is comparatively limited research comparing m-PNL and
RIRS in children. Resorlu et al.® conducted a multi-institution-
al analysis focused on kidney stones between 10 and 30 mm
in size, reporting an overall SFR of 85.8% in the m-PNL group
and 84.2% in the RIRS group after one session. Their analysis
demonstrated significantly different success rates between
modalities: RIRS achieved 87.3% SFR for stones <20 mm ver-
sus 50% for >20 mm calculi, whereas m-PNL showed superior
efficacy (100% and 83.9% SFR for respective size categories).
The final SFR was improved to 94.3% in the m-PNL group and
92.6% in the RIRS group. Although they found longer mean
fluoroscopy time, operation time, and hospitalization duration
in the m-PNL group, their findings indicated that the morbid-
ities associated with PNL could be significantly reduced using
the RIRS technique. In a similar study, Saad et al."? conducted
a randomized controlled study comparing the outcomes of
PNL and RIRS in 38 pediatric patients with kidney stones larger
than 2 cm. They found 71% and 95.5% SFRs for RIRS and PNL,
respectively. According to the study results, there were higher
SFRs for PNL, less radiation exposure, shorter hospital stay, and
fewer complications for RIRS. They suggested that RIRS was
a preferred surgical option but not an innocent procedure.
These findings, however, were applicable to larger stone sizes,
while our study focused on stones ranging from 10-20 mm. In
addition, while we used a 12Fr nephroscope in our study, Saad
et al." employed a 22Fr nephroscope, which further differen-
tiates the two studies.

Recently, several researchers have compared m-PNL and RIRS
as surgical techniques for treating kidney stones ranging from
10 to 20 mm in children. Wang et al."¥ investigated children
under 3 years with solitary 10-20 mm stones, demonstrating
both techniques as clinically effective, though m-PNL proved
superior by requiring fewer anesthesia sessions. Corroborat-
ing these findings, Ozcift et al.” reported comparable out-
comes in their pediatric cohort (stone size 10-20 mm), where
RIRS offered advantages in reduced hospitalization duration
and shorter fluoroscopy exposure - aligning with our institu-
tional experience. However, their cost-benefit analysis favored
m-PNL for its economic efficiency and reduced anesthetic bur-
den. In our study, which focused on pediatric kidney stones
ranging from 10 to 20 mm, we found a statistically significant
difference between the m-PNL and RIRS groups regarding op-
eration time, hospitalization duration, fluoroscopy time, and
hemoglobin decrease, all favoring RIRS. However, no signifi-
cant differences were observed in terms of SFR, overall suc-
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cess rate, or post-operative complications. Besides, our study
revealed a disparity in stone location between groups, with
lower pole stones more common in the m-PNL cohort and up-
per pole stones in the RIRS cohort. This imbalance may have
influenced outcomes, as lower pole stones are technically
more challenging to treat with RIRS due to difficulties in uret-
eroscope deflection and fragment clearance, while upper pole
stones pose access challenges for percutaneous approaches.
Despite this, both techniques achieved comparable SFRs, sug-
gesting that surgeon expertise and instrument selection (e.g.,
flexible nephroscopes in m-PNL) may mitigate anatomical
constraints. Future studies should stratify outcomes by stone
location to control for this bias.

The ongoing Pediatric Kidney Stone Care Improvement in
Children and Teens (PKIDS) study, a large comparative effec-
tiveness trial in the United States, is further investigating the
outcomes of PNL, ureteroscopy, and shock wave lithotripsy in
over 1000 pediatric patients. This study aims to provide robust
data on the optimal management of pediatric nephrolithiasis
and may offer additional insights into the comparative efficacy
of these techniques.™ Our findings align with the preliminary
trends observed in PKIDS, particularly in terms of the safety
and efficacy of minimally invasive techniques like RIRS and
m-PNL in children.

The neurodevelopmental consequences of anesthesia expo-
sure in infants and young children remain incompletely un-
derstood, despite millions of pediatric procedures performed
annually under general anesthesia. Preclinical studies demon-
strate that common anesthetic agents induce dose-depen-
dent neurotoxicity through mechanisms including apoptotic
neurodegeneration, synaptic dysfunction, and impaired neu-
rogenesis — particularly during peak synaptogenesis (6-24
months postnatally). While human cohort studies report con-
flicting associations with later cognitive deficits (e.g., learn-
ing disabilities), current evidence suggests that repeated or
prolonged exposure may elevate neurodevelopmental risks,
warranting judicious use of anesthesia in early childhood.
This underscores the importance of technique selection (e.g.,
regional adjuncts), duration minimization, and adherence to
evolving consensus guidelines for elective procedures in high-
risk developmental windows.l'>'® The study by Ebert et al.'”!
highlights the preference for spinal anesthesia as a strategy
to mitigate the potential neurocognitive risks associated with
general anesthesia in children, aligning with these findings. In
addition, the study conducted by Jia et al." further indicates
that factors such as more frequent exposure to surgery and
anesthesia, younger age at the time of exposure, and lower
body weight may have detrimental effects on cognitive and
behavioral development. It has been reported that repeated
exposure to anesthesia may impact brain development in chil-
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dren, potentially affecting their intellectual growth and cog-
nitive abilities."! While some studies suggest potential risks
associated with repeated or prolonged exposure to general
anesthesia, large population-based studies indicate that a sin-
gle brief exposure is not linked to long-term neurodevelop-
mental deficits.'® In our study, the comparable SFRs achieved
by the RIRS group with a shorter operation time suggest that
RIRS could be a valuable option for pediatric patients with 10—
20 mm kidney stones.

Our study has several limitations. Its retrospective design in-
troduces potential bias. The absence of randomization, the
relatively small sample size in each group, and the lack of com-
prehensive stone analysis for all patients represent significant
constraints. The heterogeneity in imaging modalities used for
stone size measurement is another limitation of our study.
While we prioritized CT measurements for accuracy, variations
in imaging techniques may have introduced some bias. Future
studies should standardize imaging protocols to ensure more
consistent and reliable comparisons. Another important limita-
tion of our study is the measurement of stone size based solely
on the longest axis. This approach may not accurately reflect
the actual stone burden, particularly in cases of irregularly
shaped or elongated stones. Due to the retrospective design
and variability in imaging methods, consistent measurements
of the second axis or volumetric assessments could not be per-
formed. Furthermore, data regarding stone hardness, including
Hounsfield Unit values or compositional analysis, were not con-
sistently available and could not be incorporated into our anal-
ysis. Given the potential influence of stone hardness on frag-
mentation and procedural efficiency (especially in RIRS), this
represents an additional limitation. An additional limitation is
that the non-randomized design led to uneven distribution of
stone locations between groups, potentially favoring m-PNL
for lower pole stones and RIRS for upper pole stones. While
this reflects real-world clinical decision-making, it may have
confounded operative outcomes. This imbalance may have
introduced a selection bias, as anatomical location can influ-
ence both access and fragmentation efficiency depending on
the surgical approach. Future prospective, randomized studies
with larger patient cohorts are necessary to obtain more robust
and meaningful findings. On the other hand, the fact that all
surgical procedures were performed by a single surgeon is a
strength of our study, as it ensures consistency in surgical tech-
nique and minimizes variability in outcomes.

CONCLUSION

M-PNL and RIRS are endoscopic surgical techniques proven to
be effective and safe for pediatric kidney stone management.
RIRS has demonstrated advantages such as shorter hospital
stays and operation times, reduced post-operative hemoglo-
bin loss compared to m-PNL, and lower fluoroscopy expo-
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sure during surgery. However, despite achieving comparable
stone-free and success rates with m-PNL, the routine use of
DJ stents after RIRS, the need for additional anesthesia during
stent removal, and the potential requirement for further min-
imally invasive procedures should be carefully considered.
These factors underscore the importance of individualized
treatment decisions, particularly in pediatric patients, with the
preferences of the child’s family taken into account.
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ABSTRACT

Objective: Malnutrition is an important complication that is common in critically ill patients and affects the efficiency of
clinical treatment. The level of knowledge and attitudes of nurses, who have an important role in clinical treatment, about
nutritional care, has an important place in patient care. Various factors affect the knowledge of and attitudes to nutritional
care. The aim of this study was to evaluate the nutritional attitudes, levels of knowledge, and perceptions toward care in
nurses working in internal medicine and intensive care clinics.

Materials and Methods: The study was completed with 265 internal medicine and intensive care clinic nurses who
volunteered to participate in the study and were not on leave during the data collection process without sample selection.

Results: It was stated by 53.6% of the nurses that they had not received nutritional education, 59.62% reported a moderate
level of nutritional care knowledge, and 56.6% were willing to receive nutritional education. The mean scores of the nurses
were found to be 22.95+3.1 for attitudes toward the importance of nutritional assessment, 26.77+3.53 for level of knowledge
of nutritional care, and 33.63+5.12 for perceived quality of nutritional care.

Conclusion: The nurses in this study had positive attitudes toward the importance of nutritional assessment and a moderate
level of knowledge of nutritional care and perceived quality of nutritional care.

Keywords: Attitude, Nursing, Nutritional assessment, Nutritional care, Perception
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INTRODUCTION malnutrition.?? The incidence of malnutrition is reported as

Nutrition is a fundamental requirement of human life and rep- ~ 22% among hospitalized patients and at least 50% in intensive
resents a modifiable risk factor both for maintaining health ~ care patients.””? Despite its critical role in disease management
and for preventing disease.” Patients may be at risk of poor and recovery, nutrition is sometimes neglected in clinical prac-
nutrition before or after hospitalization, which can lead to tice.*9
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Preventing malnutrition-related complications requires early
identification of at-risk patients, continuous monitoring, and
timely nutritional support.>” This is particularly important in
intensive care settings, where malnutrition negatively affects
patient safety and quality of care. Current guidelines recom-
mend that patients admitted to intensive care and clinical
wards should be screened for malnutrition risk and provided
with appropriate nutritional interventions within 24 h of ad-
mission.®

Nutritional care is delivered by an interdisciplinary team
involving physicians, nurses, pharmacists, and dietitians.
Among these, nurses play a pivotal role: They are responsible
for screening nutritional status, initiating and maintaining nu-
tritional support, recognizing complications, and delivering
evidence-based nursing interventions.”'®'" Clinical nurses are
expected to identify high-risk groups, monitor patient chang-
es during nutritional therapy, and take prompt action when
complications occur.l'? This requires sufficient awareness,
knowledge, and skills regarding nutritional care, particularly
among those working in intensive care and internal medicine
clinics.™

Previous studies have evaluated nurses’ knowledge, atti-
tudes, and perceived quality of nutritional care in various
settings,!'“yet there is limited evidence focusing specifically
on internal medicine and intensive care nurses in Turkey or
globally. Understanding nurses’ perceptions and practices in
these critical areas is essential for designing effective training
programs and improving patient outcomes. This study aims
to address this gap by assessing the attitudes, knowledge
levels, and perceived quality of nutritional care among nurs-
es working in internal and intensive care clinics. We hypoth-
esize that nurses working in internal medicine and intensive
care units demonstrate a generally positive attitude toward
nutritional assessment, possess moderate to high levels of
knowledge, and perceive the quality of nutritional care in
their units as adequate, although certain areas may require
improvement through continuous training and institutional
support.

MATERIALS AND METHODS

Study Design

This descriptive and cross-sectional study was conducted with
nurses working in the internal medicine and intensive care
clinics of two district hospitals in northern Turkey between
September 05, 2024, and January 05, 2025.

Setting and Sample

The study universe consisted of a total of 271 nurses work-
ing in the internal medicine and intensive care clinics of two
district hospitals. No selection method was applied and 268
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internal and intensive care clinic nurses who volunteered to
participate and were not on leave/sick leave during the data
collection process were reached; 3 nurses were not included in
the study due to incomplete information in the data collection
forms and the study was completed with a total sample of 265
nurses.

Inclusion Criteria

1. Age >18years
2. Ability to communicate verbally

3. Actively working in internal medicine clinics and intensive
care units for at least 6 months

4. No physical or mental health problems that would prevent
comprehension and the ability to respond to the questions

5. Voluntary participation in the study.

After the purpose of the study was explained, written and ver-
bal consent was obtained from all individuals participating in
the study. The research data were collected using the survey
method and face-to-face interview technique.

Data Collection Instruments

Data were collected using a Nurse Personal Information Form
and an Assessment Questionnaire evaluating the importance
of nutritional evaluation, nurses’ knowledge level, and per-
ceived quality of nutritional care.

Nurse Information Form

This form, which was prepared in line with the literature,
includes 10 questions about age, gender, educational status,
marital status, years of service in the profession, the clinic
where the nurses work, years of service in the clinic where they
work, the status of receiving education on nutritional support,
the level of knowledge they perceive about nutritional care,
and their willingness to receive education on nutritional care.

Evaluation Questionnaire of The Significance of Nutritional
Evaluation, Nurses’ Knowledge, and Their Perceived
Quality of Nutritional Care

This questionnaire was developed by Miriam Theilla et al.'*
and validity and reliability studies of the Turkish version were
conducted by Giirlek Kisacik et al.®! It consists of three sec-
tions; the first section has seven items to assess the attitudes
of nurses toward the clinical importance of nutritional evalu-
ation and their perceptions of nutritional assessment as a ba-
sic component of nursing care. The total score of this section
ranges from 7 to 28 points, with a higher score indicating a
more positive outlook toward the importance of assessing the
nutritional status of patients and acceptance of nutritional as-
sessment among nursing functions.
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The second section of the questionnaire consists of 10 items
evaluating the knowledge level of nurses regarding nutrition-
al care. These items are reverse scored to give a total in the
range of 10-40 points, with a higher score demonstrating a
higher level of knowledge of nutritional care. The third sec-
tion consists of nine items evaluating how nurses perceive the
quality of nutritional care provided to patients in the clinics
where they work. The total score of this section ranges from 9
to 45 points with a higher score indicating that nurses evaluate
the quality of nutritional care provided to patients in the units
where they work more positively. The items in the question-
naire are scored on a 4-point Likert scale as “strongly disagree”
(1), “disagree” (2), “agree” (3), “strongly agree” (4). In the Turkish
validity and reliability study, Girlek Kisacik et al.”! found Cron-
bach’s alpha coefficient to be a=0.82 for the attitude factor,
0=0.63 for the level of knowledge factor, and a=0.85 for the
perceived quality of care factor. In the present study, the Cron-
bach’s alpha coefficient was determined to be 0.83 for attitude
regarding the importance of nutritional assessment, 0.71 for
level of knowledge regarding nutritional care, and 0.87 for per-
ceived quality of nutritional care.

Statistical Analysis

Descriptive statistics were stated as meanzstandard devia-
tion values for continuous variables and as number (n) and
percentage (%) for categorical variables. The conformity of
numerical variables to the normal distribution was evaluated
with Skewness and Kurtosis. Data that showed normal distri-
bution were examined with the Independent t-test, one-way
ANOVA, and correlation analysis. As the distribution of varianc-
es was homogeneous, “Least Significant Difference” was used
as further analysis. A value of p<0.05 was considered statisti-
cally significant.

Ethical and Institutional Approval

All participants were fully informed about the study and all
provided informed consent for participation. The research
received ethical approval from the Trabzon University Social
and Human Sciences Scientific Research and Publication Eth-
ics Committee (E-81614018-050.04-2400014629/18.03.2024),
and institutional permission was granted by the two district
hospitals (E-55568733-604.01-245799120/June 07, 2024). Ev-
ery phase of the study was conducted in compliance with the
Helsinki Declaration.

RESULTS
Participant Characteristics

Evaluation was made of a total of 265 nurses comprising 72.5%
females and 27.5% males with a mean age of 40.02+7.97 years,
85.7% were married, and 71.7% were undergraduates. The dura-
tion of working as a nurse was =20 years in 40.8% of the partic-
ipants, 33.6% were working in the internal medicine clinic, and
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47.9% had been working in the clinic for 5-10 years. It was stat-
ed by 53.6% of the participants that they had not received any
nutritional education, 59.62% stated that their level of nutrition-
al care knowledge was at an intermediate level, and 56.6% stat-
ed that they wanted to receive nutritional education (Table 1).

The Attitude of Nurses Regarding the Importance of
Nutritional Evaluation, the Level of Knowledge about
Nutritional Care, and the Factors Affecting the Perception
of Nutritional Care Quality

No significant difference was found between the gender and
marital status of the participants and the mean scores of atti-
tudes regarding the importance attributed to nutritional eval-
uation, their level of knowledge of nutritional care, and their
perception of care quality (p>0.05) (Table 1).

A statistically significant difference was determined in the
mean scores of attitudes with respect to the perceived im-
portance of nutritional evaluation and level of knowledge
of nutritional care according to the educational status of the
participants and it was found that participants with an under-
graduate degree had higher mean scores (p<0.05). No notable
variation was observed in perceived quality of nutritional care
across different educational statuses (p>0.05) (Table 1).

A statistically significant difference was found between the
years of service and the mean scores of attitudes regarding the
significance of nutritional evaluation, the extent of knowledge
of nutritional care, and the perceived standard of nutrition-
al care. Nurses who had worked for 20 years and more were
found to have higher scores (p<0.05) (Table 1).

A statistically significant difference was found between the
mean scores of perceived quality of nutritional care according
to the clinic in which the nurses were working. Nurses who
worked in the palliative care unit, intensive care unit, and chest
diseases clinic were seen to have higher scores than the nurses
who worked in cardiology and neurology clinics (p<0.05). No
significant difference was observed between the mean scores
of attitudes regarding the significance of nutritional evalua-
tion and the extent of knowledge about nutritional care ac-
cording to the clinics where they worked (p>0.05) (Table 1).

A significant difference was observed in the mean scores of
attitudes regarding the perceived importance of nutritional
evaluation, knowledge level in nutritional care, and perceived
quality of that care according to the duration of working in the
clinic. Nurses who had worked for 20 years or more were found
to have higher average scores related to the perceived impor-
tance of nutritional assessment. It was also seen that those
who had worked for 1-5 years and 5-10 years had higher level
of knowledge of nutritional care mean scores than the nurses
who had worked for 20 years and more and that the nurses
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Table 1. Distribution of the mean scores of attitudes toward nutritional evaluation, un-derstanding of nutritional care, and perceived care
quality according to the sociodemo-graphic characteristics of the participants

n Percentage Attitudes toward Level of Knowledge Perceived Quality of
the Importance of of Nutritional Care Nutritional Care
Nutritional Evaluation
X+SD X+SD X+SD
Gender
Female 192 72.5 22.84+3.22 26.55+3.53 33.98+5.25
Male 73 27.5 23.24+2.81 27.34+3.47 32.69+4.66
Test and Significance t: —0.940 t-1.621 £:1.841
p:0.348 p:0.106 p:0.067
Marital status
Married 227 85.7 22.91£3.17 26.79+3.35 33.62+4.74
Single 38 14.3 23.18%£2.76 26.65+4.49 33.71£7.05
Test and significance t:—0.490 t:0.218 t: —0.075
p:0.625 p:0.828 p:0.940
Educational status
High school 7 2.6 20.57+2.43a 26.14+2.67a 32.28+2.98
Associate degree 68 25.7 21.92+2.97b 25.88+2.35b 33.89+4.77
Undergraduate degree 190 71.7 23.41+£3.07¢ 27.11+£3.85¢ 33.58+5.31
Test and Significance F:8.214 F:3.218 F:0.337
p:0.000 p:0.042 p:0.714
c>a=b b
Years of service
0-1 Years 2 0.8 20.50+0.70a 28.50+2.12a 29.00£5.65a
1-5 Years 31 11.7 23.58+2.83b 26.54+4.21b 33.64+6.92b
5-10 Years 33 125 24.21+£2.91c 28.24+3.83c 33.87+5.02c
10-15 Years 50 18.7 23.78+2.91d 28.12+3.48d 31.66+4.48d
15-20 Years 41 15.5 22.63%3.14e 26.78+2.97e 33.12+4.84e
20 years and more 108 40.8 22.17+3.14f 25.73+3.13f 33.12+4.84f
Test and significance F:3.919 F:4.934 F:3.047
p:0.002 p:0.000 p:0.011
c>e>f c=d>b c=d>f f>d
Clinics where nurses worked
Internal medi-cine 89 336 22.95+3.42 26.35+3.85 33.35+£5.09a
Palliative care 45 17.0 23.66%3.12 27.64+2.29 34.53+6.46b
Intensive care 60 22.6 23.30+2.81 27.23+3.84 34.70+4.57¢
Cardiology 43 16.2 22.18+3.08 26.51+£3.78 31.90+4.31d
Neurology 21 7.9 21.90+2.68 26.76+2.73 31.76%3.76e
Chest diseases 7 2.7 23.28+1.38 24.14+1.86 38.42+2.14f
Test and significance F:1.655 F:1.847 F:3.803
p:0.146 p:0.104 p:0.002
b=c=f>d=e
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Table 1. Distribution of the mean scores of attitudes toward nutritional evaluation, un-derstanding of nutritional care, and perceived care
quality according to the sociodemo-graphic characteristics of the participants (Cont.)

n Percentage Attitudes toward Level of Knowledge Perceived Quality of
the Importance of of Nutritional Care Nutritional Care
Nutritional Evaluation
X+SD X+SD X+SD
Years of service in the clinic
0-1 Years 3 1.1 20.66%0.57a 27.66+2.08a 30.00+4.35a
1-5 Years 58 21.9 23.86+2.83b 26.93+3.87b 34.06+6.70b
5-10 Years 127 47.9 23.10+3.09c 27.51+3.44c 32.77+4.78c
10-15 Years 66 239 21.65+3.07d 25.54+2.86d 32.60+1.14d
15-20 Years 5 1.9 23.30+1.78e 28.20+3.56e 36.50+2.81e
20 years and more 6 23 26.33+1.96f 21.50+0.83f 36.50+2.81f
Test and significance F:5.331 F:6.146 F:2.345
p:0.000 p:0.000 p:0.042
f>c>d b>d>e, c>d>f d>c
The status of receiving nutritional education
Yes 142 53.6 24.35+2.65 27.66£3.96 34.35+£5.22
No 123 46.4 21.33+2.81 25.73+2.60 32.79+4.89
Test and significance 1:9.003 t:4.732 t:2.500
p:0.000 p:0.000 p:0.000
Level of knowledge of nutritional care
Insufficient 10 3.8 21.10+2.60a 26.50+2.87 30.10+5.06a
Moderate 158 59.6 22.48+3.11b 26.47+3.57 33.13+£5.43b
Sufficient 97 36.6 23.90+2.92c 27.28+3.50 34.80+5.12c
Test and significance F:8.549 F:1.634 F:5.852
p:0.000 p:0.197 p:0.003
c>a=b c>a=b
Willingness to receive nutritional education
Yes 150 56.6 23.14+£2.94 27.40£3.83 32.76%5.95
No 115 434 22.71£3.23 25.94+2.90 34.77£3.49
Test and significance t:1.106 t:3.397 t:-3.443
P:0.270 P:0.001 P:0.001
X+SD Min-Max
Age (years) 40.02+7.97 23-54

who had worked for 10-15 years had higher perceived qual-
ity of nutritional care mean scores than the nurses who had
worked for 5-10 years (Table 1).

A statistically significant difference was determined in the mean
scores of attitudes regarding the significance of nutritional eval-
uation and knowledge of nutritional care and perceived quality
of nutritional care according to the participants’status of having
received nutritional education. Those who had received nutri-
tional education had higher mean scores (p<0.05) (Table 1).

128

A statistically significant difference was determined in the
mean scores related to attitudes toward the significance of
nutritional evaluation and perceptions of nutritional care
quality according to the perceived level of knowledge of nu-
tritional care. Those who reported their level of knowledge as
intermediate had higher mean scores (p<0.05). No significant
difference was found between participants’ perceived level of
knowledge of nutritional care mean scores and their level of
knowledge of nutritional care (p>0.05) (Table 1).
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A statistically significant difference was determined in the
mean scores of attitudes toward the importance of nutrition-
al evaluation, level of knowledge of nutritional care, and per-
ceived quality of nutritional care according to willingness to
receive nutritional education. The participants who wanted to
receive nutritional education had higher attitude and knowl-
edge mean scores, while those who did not want to receive
education had higher perceived quality of nutritional care
mean scores (p<0.05) (Table 1).

Total Scores of the Nurses’ Nutritional Evaluation,
Knowledge, Attitude, and Perception of Care Quality

The mean scores of the participants were found to be
22.95+3.11 for attitudes about the necessity of nutritional
evaluation, 26.7743.53 for level of knowledge of nutritional
care, and 33.63%5.12 for perceived quality of nutritional care
(Table 2).

Table 2. The mean scores of the study participants related to their
attitudes toward the importance of nutritional evaluation, their
knowledge of nutritional care, and their per-ception of its quality

X+SD Min-Max
Perceptions of the significance of 22.95+3.11 17-28
nutritional evaluation
Level of knowledge of nutritional care 26.77+3.53 15-37
Perceived Quality of Nutritional Care 33.63+5.12 21-45

Iscan Ayyildiz et al. Nurses' Knowledge and Attitude Towards Nutrition

Relationships between the Age of the Nurses and Attitudes
about the Significance of Nutritional Evaluation, Level

of Knowledge of Nutritional Care, and Nutritional Care
Quality Perception

A negative moderate correlation was determined between the
age of the nurses and their scores from attitudes regarding the
significance of nutritional evaluation and knowledge level relat-
ed to nutritional care. A low-level correlation was detected be-
tween age and the scores from perceived quality of nutritional
care. A positive moderate correlation was found between the
mean scores of attitudes toward the importance of nutritional
evaluation, level of knowledge of nutritional care, and perceived
quality of nutritional care. A negative moderate correlation was
observed between the level of knowledge of nutritional care
and perceived quality of nutritional care (Table 3).

DISCUSSION

The results of this study demonstrated that nurses had a high
level of positive attitude toward the importance of nutritional
evaluation. In a similar study in the literature, it was reported
that nurses’ attitudes toward the importance of nutritional
evaluation were strong and their perceptions of nutritional
knowledge and quality of care were slightly above the aver-
age.” Similar studies in the literature have also shown that
nurses have high positive attitudes toward nutrition.!'>'®

The nurses in the present study were seen to have an average
level of knowledge of nutritional care. In a similar study, it
was reported that nurses had a moderate level of knowledge

Table 3. Relationships between the age of the nurses and their attitude toward the im-portance of nutritional evaluation, level of
knowledge about nutritional care, and per-ceived quality of nutritional care scores

Variables Age Attitudes to ward the Level of Knowledge of Perceived Quality of
Importance of Nutritional Nutritional Care Nutritional Care
Evaluation
Age
r 1
p
Attitudes toward the importance of
nutritional evaluation
r -0.217 1
P 0.000
Level of knowledge of nutritional care
r —0.260 0.375 1
p 0.000 0.000
Perceived quality of nutritional care
r 0.147 0.323 -0.233 1
p 0.017 0.000 0.000
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of nutritional care." In another study, in which the knowl-
edge levels of nurses regarding enteral and parenteral nutri-
tion practices were evaluated, it was stated that the knowl-
edge of nurses was at a moderate level.'? Considering the
similarity of the current study results to findings in the litera-
ture, there can be seen to be a need to increase educational
interventions to improve the knowledge level of nurses on
nutritional care.

The quality of nutritional care perceived by the nurses in this
study was found to be average. In the literature, it has been
reported that the care provided to patients in the clinics where
they work tends to be evaluated by nurses rather negatively.™
However, another study found that nurses stated higher eval-
uation scores for the quality of care in the clinics where they
worked.'” In the light of these results, studies should focus on
increasing the perception levels of nurses toward care in order
to increase the quality of care.

The current study results showed that nurses with an under-
graduate degree had a more positive attitude toward the im-
portance of nutritional evaluation and higher scores for the
level of knowledge of nutritional care. In similar studies, it has
been found that as the education level of nurses increases, so
their knowledge levels and attitudes about nutritional care
also increase.'*'® |t is thought that the increase in the level
of education has a positive effect on the attitudes and knowl-
edge levels of nurses regarding nutritional awareness.

In the present study, it was determined that nurses with 20
years or more of professional experience had higher scores in
respect of attitudes toward nutritional assessment, nutritional
care knowledge, and perceived quality of care. In a previous
study, it was reported that nurses who worked in the unit for
1 year or more had higher knowledge, attitudes, and percep-
tions of nutritional care.' It is thought that the experience
gained over a longer working period increases the knowledge,
attitudes, and perceptions of nurses and will lead to positive
results in the quality of care.

The current study found that nurses working in the palliative
care unit, intensive care unit, and chest diseases clinic were
seen to have a higher perceived quality of nutritional care. In-
adequate nutritional support has been said to be one of the
important factors affecting the quality of care in intensive
care patients.®” Previous studies have shown that improving
the nutritional care provided by nurses significantly reduces
the risk of catheter infection, pressure ulcers, and sepsis in pa-
tients.” The high level of perception seen in the current study
results in units where patients are treated for a long time sug-
gests that this is a factor in improving the quality of care.

In the present study, it was found that the majority of the
nurses (53.6%) had previously received nutritional education.
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From this result, it was determined that the nurses’ attitudes
regarding the significance of nutritional evaluation, knowl-
edge about nutritional care, and the perceived quality of that
care were positively affected by having received nutritional
education. Previous studies have reported that the majority
of nurses (56.4%, 65.9%, 62%, respectively) had previously re-
ceived nutritional education, similar to the present study,162"
and this was thought to have contributed to positive effects
on the level of knowledge, attitude, and perception of nutri-
tional care.

The majority of nurses (59.6%) in the current study had a
moderate level of nutritional care knowledge, and these
nurses had higher attitudes toward the importance of nutri-
tional evaluation and perceived quality of nutritional care.
It has been stated that the level of nutritional knowledge of
nurses will significantly affect their attitudes and practices re-
garding the implementation of nutritional care for patients.
The fact that the nutritional attitude and quality of care were
high in the group representing the majority of nurses in the
present study suggests that the quality of nursing care will
increase with evidence-based practices in accordance with
the literature.

The current study results showed that the majority of nurses
(53.6%) had received nutritional education and had more pos-
itive attitudes regarding the significance of nutritional assess-
ment and knowledge related to nutritional care and perceived
quality of nutritional care. In a previous study, it was stated
that the majority of nurses (77.7%) had received nutritional
education but this had no effect on attitudes regarding the
significance of nutritional evaluation and knowledge related
to nutritional care and perceived quality of nutritional care."

A willingness to receive nutritional education was stated by
the majority of nurses (56.6%) in this study, and these nurses
demonstrated a high level of knowledge regarding nutritional
care and reported a high perception of its quality. In another
previous study, significance was found between nurses work-
ing in units other than intensive care units and the perceived
quality of nutritional care. Nurses play an important role in
meeting nutritional needs, and this important role depends
on their competencies related to nutrition and their level of
knowledge about nutritional support.'® Studies have shown
that professional and effective educational practices increase
the awareness and competence of nurses toward nutrition,
have a favorable effect on their attitudes, and contribute posi-
tively to patient care outcomes.?>24 In the present study, con-
sidering the high willingness of the nurses to receive educa-
tion, itis thought that the education provided will increase the
knowledge and perceived quality of nutritional care, resulting
in the provision of high-quality care.
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CONCLUSION

The results of the present study showed that although nurses
have positive attitudes toward the importance of nutritional
evaluation, their level of knowledge and perception of quali-
ty of nutritional care is moderate. It was also seen that nurses’
years of service, working time in the clinic, nutritional educa-
tion status, nutritional care knowledge level, and willingness
to receive nutritional education affect their attitudes regard-
ing the importance attributed to nutritional assessment, their
knowledge level in nutritional care, and their perception of
its quality. The level of education of the nurses was found to
affect their attitudes about the importance of nutritional as-
sessment and their level of knowledge about nutritional care,
and the clinics in which the nurses worked affected their per-
ceived quality of nutritional care. In line with these results, it
can be recommended that the knowledge of nurses should be
questioned and updated at regular intervals, and deficiencies
in this regard should be identified and supported with training
programs.

Limitations

The main limitation of the study was that it was restricted to
nurses working in internal medicine and intensive care units
in two district hospitals in a province located in the northern
region of Turkey, thereby limiting the generalizability of the
findings.
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ABSTRACT

Objective: Pre-pubertal cerebral palsy (CP) patients, particularly those classified as gross motor function classification
system (GMFCS) grade Il, often develop fixed musculoskeletal contractures that impair gait efficiency and increase energy
expenditure. Among available treatment options, single-event multilevel surgery (SEMLS) offers the advantage of addressing
multiple deformities in a single operative session, potentially leading to more efficient functional recovery and improved
mobility. This study aimed to evaluate the effects of SEMLS on gait characteristics and walking energy expenditure in pre-
pubertal children with spastic CP.

Materials and Methods: This study included patients aged 8-13 years who underwent SEMLS between November 2016
and September 2017. All participants had flexion and adduction contractures of the hip, a popliteal angle >50°, and equinus
deformity, and were able to walk with or without support. Following long leg plaster cast immobilization for 6 weeks post-
surgery, all patients received physical therapy. Three-dimensional gait analysis and walking energy expenditure (oxygen
cost) were assessed one month before and 8-12 months after surgery.

Results: Post-operatively, there was a significant reduction in walking energy expenditure, despite no significant change
in resting energy expenditure. Although not statistically significant, patients demonstrated an increased preferred walking
speed. No significant differences were observed in mediolateral and vertical sacral displacement.

Conclusion: SEMLS significantly reduces walking energy expenditure and improves gait efficiency in pre-pubertal children
with spastic CP (GMFCS grade Il). These findings support SEMLS as an effective intervention, though larger studies with
extended follow-up are needed to confirm long-term outcomes.
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INTRODUCTION

Cerebral palsy (CP) is a group of disorders caused by non-pro-
gressive brain injury occurring during early development
when brain plasticity is high. CP has several types, including
spastic, dyskinetic, ataxic, and mixed forms. In spastic CP, which
is the most common, increased muscle tone typically affects
the lower limbs (hip flexors, adductors, hamstrings, gastrocne-
mius), especially in spastic diplegia. According to which part
of the brain damaged, whole upper and/or lower extremities
can be affected by contractures resulting in a pathological gait
pattern and deterioration in gross motor functions." Children
with CP often develop fixed contractures in affected muscle
groups, leading to pathological gait patterns and reduced
functional mobility. Conservative treatments such as physio-
therapy, orthoses, and botulinum toxin injections may help
manage symptoms but are often insufficient in cases with es-
tablished deformities. In this context, Single-Event Multilevel
Surgery (SEMLS) has become a preferred surgical approach.
Unlike traditional orthopedic procedures that target isolat-
ed deformities across multiple operations, SEMLS addresses
multiple musculoskeletal abnormalities in a single operative
session. It aims to optimize gait mechanics, reduce cumu-
lative anesthetic exposure, and shorten rehabilitation time.
SEMLS is especially valuable in children with spastic diplegia,
where bilateral lower extremity involvement is predominant.
2 Three-dimensional gait analysis (3DGA) serves as a key
adjunct in both pre-operative planning and post-operative
assessment, offering objective insight into dynamic gait pa-
rameters and supporting clinical decision-making.*# Recent
evidence further supports the efficacy of SEMLS in improving
gait parameters.”!

The primary aim of this study was to compare the walking en-
ergy expenditure and 3DGA of pre-puberty patients with CP
who have lower leg extremity contractures and pertaining to
level 2 according to Gross Motor Function Classification Sys-
tem (GMFCS), before and after multilevel muscle contracture
release, including hip adductor and iliopsoas tenotomy, ham-
string release and Achiloplasty. The findings of this study may
provide additional insights into the effectiveness of multilevel
release operation, by indicating any decrease in walking en-
ergy expenditure or improvement in their walking by 3DGA
measurements after surgery.

MATERIALS AND METHODS

Participants

Eleven children who can walk on a treadmill without any as-
sistance were selected from 30 CP children applied with SEM-
LS, and 3 were also excluded later, since they did not attend
post-surgery measurements. Then, 8 children aged between
8 and 13 years with a confirmed diagnosis of bilateral spastic
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CP, involved in level 2 according to GMFCS were evaluated.
All participants had been followed by the physical therapy
and rehabilitation department for at least 1 year and had re-
ceived treatments including botulinum toxin injections be-
fore being referred for surgical intervention. The study was a
self-controlled clinical investigation which included energy
expenditure and 3DGA measurements of each participant 1
month before surgery and 8-12 months after surgery. The in-
clusion criteria were the presence of any flexion and adduc-
tion contracture of the hip, a popliteal angle >50°, equinus
deformity, ability to walk with/without external support, and
oxygen mask tolerability. All subjects and their attendants
were well informed about the protocols of the study and
written informed consent was obtained. The Declaration of
Helsinki was taken into consideration during the study, and
the ethical approval of the study was granted from the Local
Ethical Committee of Clinical Research (Date: March 23,2017;
Number: 2017/73). This research did not receive any specif-
ic grant from funding agencies in the public, commercial, or
not-for-profit sectors.

Surgery

All participants had bilateral adductor longus and iliopsoas te-
notomies for hip deformities, z-plasty lengthening of the sem-
itendinosus tendon, fractional lengthening of the semimem-
branosus and biceps femoris muscles to correct knee flexion
deformities, and finally lengthening of the Achilles tendon by
the Hoke method for the equinus deformity of the foot.

Surgical procedures were selected based on clinical indica-
tions, including the presence of fixed contractures identified
through individual gait analysis and physical examination,
such as excessive hip adduction, hamstring tightness, and
equinus deformity that impaired functional ambulation. Surgi-
cal candidates were determined following a multidisciplinary
evaluation involving orthopedic surgeons, rehabilitation spe-
cialists, and gait analysis teams. An abduction bar above-knee
cast was applied for 6 weeks after surgery. Following the cast
removal, knee-ankle-foot orthosis was applied and physical
therapy initiated.®

Energy Expenditure Measurement

Resting and walking energy expenditure were assessed using
a validated pediatric indirect calorimetry system, under stan-
dardized laboratory conditions (Vmax Spectra 29c. Yorba Lin-
da, CA, USA). All devices were calibrated according to the man-
ufacturer’s instructions before each testing session to ensure
accuracy. All measurements were done at 08:00-09:30 a.m.,
with temperature 20-24°C and humidity of 50%."" The stand-
ing height of subjects was measured by a stadiometer and
their body compositions were determined by the bioelectrical
impedance analysis method (Tanita BC-418 MA, Tanita Corpo-
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ration, Japan). Participants were asked to fast overnight and
avoid physical activity during the previous day. Resting energy
expenditure (REE) was measured using a pediatric face mask
that continuously collected respiratory gas data throughout
the assessment. To reduce anxiety and improve cooperation,
the presence of a parent and familiar objects was permitted,
and the environment was quiet and private. Children were al-
lowed to adapt to the mask for several minutes before begin-
ning the 15-min REE protocol while lying calmly in a supine
position. Preferred walking speed (PWS) was determined by
having participants perform multiple walking trials on a fixed
indoor track. Timing data were collected using motion sensors
positioned along the walkway, and the average walking speed
was calculated based on these repeated trials. Then, all sub-
jects performed a familiarization protocol to treadmill (Viasys
Health Care, USA) for at least 10 min.””? Subjects rested until
their heart rate stabilized within £5 bpm of baseline.”® Then,
they were instructed to walk for 7 min at their PWS and al-
lowed for holding the supporting bars of the treadmill while
they were walking.

The first 10 min of REE measurement was accepted as a ha-
bituation period and excluded from analysis following prior
pediatric studies using indirect calorimetry.” In terms of walk-
ing energy expenditure, the past 2 min of energy expenditure
record was evaluated as a steady-state period and analyzed as
averaging over 10 s intervals. The respiratory exchange ratio
was also recorded to evaluate the intensity of exercise.”

Walking Analysis Protocol

The 3DGA of subjects was conducted by high-speed CCD cam-
eras (BASLER Vision Technologies, Germany) while they were
walking on a treadmill simultaneously with walking energy
expenditure. A single marker to the sacrum (on skin), and 2
markers to the mid-points of heels (on shoes) were strapped to
subjects for walking analysis. The sacral marker was strapped
to the midpoint between two posterior superior iliac spine of
patients (Plug-in Gait).

Gait parameters were recorded using a motion capture sys-
tem, with reflective markers placed on anatomical landmarks.
Recorded data were processed using dedicated motion anal-
ysis software. The 3DGA system was calibrated before each
recording. Step width and stride frequency were evaluated as
analyzing the vertical and mediolateral displacement of foot
markers. The step width was determined as assuming the min-
imum level of vertical position of foot markers as heel-contact,
then calculating the difference between mediolateral posi-
tions of foot markers. The system sensitivity was 0,001 mm.

Statistical Analysis

All data were analyzed using STATISTICA version 13.3 (TIB-
CO Software Inc., 2017). Descriptive statistics are presented
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as meanzstandard deviation. The Shapiro-Wilk test was em-
ployed to assess the normality of the data. For within-sub-
ject comparisons between pre- and post-surgery values,
the paired samples t-test was used for normally distributed
variables, while the Wilcoxon signed-rank test was used for
non-normal distributions. Statistical significance was set at
p<0.05. In addition, effect sizes were calculated to assess the
magnitude of observed differences: Cohen’s d for paramet-
ric tests and rank-biserial correlation (r) for non-parametric
tests.

RESULTS

8 CP children (5 boys and 3 girls) with a mean age of
10.88+1.73 years, pertaining to level 2 according to GM-
FCS, were included in this study. All patients had multilevel
contracture release of their lower extremities. One of the
patients was excluded from the study as he could not com-
plete the walking analysis protocol. The anthropometric
characteristics of subjects before and after surgery are list-
ed in Table 1. Height is the only variable that differed sig-
nificantly before and after surgery (p<0.05) (Table 1). VO,
(L/min), which is the consumed O, in liters per minutes, was
not significantly differed during resting condition (p>0.05).
However; subjects have significantly higher VO, (L/min)
values during walking before surgery compared to after
surgery (p<0.05). Another expression for the walking effi-
ciency, O, cost (mL/kg/m) which was calculated as normal-
izing walking O, expenditure (L/min) to body weight (kg)
of patients, then dividing to PWS (m/min), has significantly
decreased after surgery (p<0.05). The 0, cost can provide
a straight evaluation of O, expenditure per unit of walking
distance by eliminating the effect of body weight differenc-
es among all participants (Table 2).

Table 1. Anthropometric characteristics of subjects before and
after surgery

Variable Pre-Surgery Post-Surgery p
(meanzSD) (8-12 months)
n=7 (meanzSD)
n=7
Height (cm) 132.76+11.43 137.63+11.46 <0.001
Body Weight (kg) 28.24+9.92 32.19+£13.30 0.051
BMI (kg/m?) 15.90+2.90 17.17+£4.20 0.226
Fat Percent (%) 20.35+5.61 21.88+5.76 0.433
Fat-Free Mass (kg) 22.02+4.42 26.22+8.38 0.112

BMI: Body Mass Index. All values are reported as mean=SD.
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Table 2. Comparison of pre-surgery and post-surgery mean+SD values of various parameters

Parameter Pre-Surgery Post-Surgery Effect’s size p
(meanxSD) (8-12 months)
n=7 (mean+SD)
n=7
VO, during resting (I/min) 0.20£0.05 0.20+0.06 d=0.00 0.811
VO, during walking (I/min) 0.53 (0.50-0.78)* 0.51(0.37-0.72)* r=0.89 0.012
0, cost during walking (ml/kg/m) 1.15+0.52 0.72+0.31 d=1.04 0.011
PWS (km/h) 1.39+0.49 1.56+0.45 d=0.36 0.093
Cadence (steps/min) 63.29+22.68 65.00+17.66 d=0.08 0.630
Step width (mm) 119.84+23.78 136.55+56.58 d=0.42 0.386
Displacement of sacral marker in mediolateral direction (mm) 26.84+7.99 22.38+6.07 d=0.62 0.157
Displacement of sacral marker in vertical direction (mm) 24.51+8.29 25.84+6.46 d=0.18 0.737

PWS: preferred walking speeds; VO,: O, volume ; Values are reported as mean=SD except * indicates median (Q1-Q3).

In terms of gait variables of subjects, PWS (km/h) was not
changed significantly after surgery compared to before sur-
gery (p>0.05). Similarly, cadence (steps/minute) and step
width (mm) were not increased significantly after surgery
(p>0.05). The pre- and post-surgery differences in mediolater-
al and vertical displacement of the sacral marker were also not
changed significantly after surgery (p>0.05) (Table 2).

Post-operative improvements were statistically significant
and clinically meaningful for O, cost during walking (Cohen’s
d=1.04) and VO, during walking (rank-biserial r=0.89), both in-
dicating large effect sizes.

Although changes in gait parameters such as PWS, cadence,
step width, and sacral displacement were not statistically sig-
nificant, these findings may reflect individual variability or lim-
ited post-operative observation duration.

DISCUSSION

This study evaluates energy expenditure while walking with
3DGA before and after multilevel release surgery in children
with CP to evaluate its efficiency. Walking intensity significant-
ly affects energy consumption, since quicker walking requires
higher muscle performance and energy expenditure.”! In their
investigation, Rose et al.'"? discovered that CP patients used
2-3 times more energy walking in PWS than healthy volun-
teers. Our participants’ mean walking energy consumption
dropped considerably after SEMLS. Dahlback et al."" showed
a 5% decreased oxygen demand per unit body weight after
surgery. Another study of 135 CP patients found that O, con-
sumption reduced 9% in orthopedic surgery (only) and 25%
in orthopedic surgery with rhizotomy. The “Functional Assess-
ment Query” showed a 38% improvement in gait pathology in
the group who had both procedures.!'?
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Increased body mass can raise the metabolic cost of walk-
ing, which may affect oxygen consumption. O, cost, which
accounts for body weight differences, showed significant im-
provement post-operatively, consistent with prior literature.”

We observed that gait analysis improved our patients’ mean
PWS following surgery, although not significantly. Despite
surgery, key gait metrics such as cadence and step width
showed no significant short-term changes, aligning with ear-
lier reports. We found that these individuals consumed less
energy throughout walking tests without changing gait char-
acteristics. However, after surgery, individuals prefer to walk
faster with increased stride frequency and step width, reduced
mediolateral sacral marker oscillation, and increased vertical
oscillation. Individual adaptation time variation, a limited sam-
ple size, and inadequate statistical power may explain these
factors’lack of statistical significance. Others may have modest
dynamic gait alterations using knee-ankle-foot orthoses.

Only three markers were used in the gait investigation, limit-
ing the biomechanical interpretation of hip, knee, and ankle
joint kinematics. For functional gait evaluation, cadence and
step width were prioritized. This technique met the study’s
main goal; however, future research should include compre-
hensive 3D gait analysis and reliability checks for broader in-
terpretation.

Literature has reported mixed results on SEMLS effects on gait
parameters in children with CP. Factors influencing short-term
recovery after SEMLS have also been identified in recent stud-
ies, further highlighting the variability in patient outcomes.
0131 Cadence improved in 18%"+'%! and walking speed in 24%
of cases.'*'72% Dreher et al.?" observed significant improve-
ments in scores worsened at 1 year. Steinwender et al."” noted
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a gradual cadence decrease but improved walking speed. Kay
et al.?? and Graham et al.*®! reported minimal or no changes,
particularly in older children. Similarly, Bernthal et al.?¥ ob-
served modest gains in walking speed and cadence following
soft-tissue surgery, with unchanged pelvic kinematics but im-
proved hip extension. Harvey et al.>! documented mobility re-
turning to baseline by 12 months, with improvements evident
after 2 years. Cruz et al.? and Presedo et al.’””' reported no sig-
nificant changes in walking speed after distal rectus femoris
procedures, though knee kinematics improved.

Consistent with this, our study found no significant short-term
change in sacral marker displacement. Rutz et al.?® similarly
reported no major gait parameter changes within 1-3 years of
SEMLS, but notable improvements at 4-6 years. Svehlik et al.?
and Dreher et al.?"" have emphasized the importance of mid-
to long-term follow-up to accurately capture functional gains.
These findings suggest that short-term assessments may un-
derestimate the long-term benefits of SEMLS.

Our sacral marker results are consistent with previous studies
showing minimal short-term changes in pelvic and hip joint
kinematics after SEMLS.I'® McMulkin et al.B? further reported
that combining soft tissue and bony procedures can lead to
greater improvements in gait metrics, underscoring the vari-
ability of outcomes depending on surgical approach and fol-
low-up duration.

CONCLUSION

Taken together, the findings of this study contribute to the
growing body of evidence supporting the metabolic bene-
fits of SEMLS in children with spastic CP. While many previous
studies have focused on long-term functional or kinematic
improvements, our study uniquely highlights a significant re-
duction in walking energy expenditure shortly after surgery,
despite the absence of statistically significant changes in gait
parameters such as PWS, cadence, and step width. These re-
sults suggest that improved energy efficiency may serve as
an early and sensitive indicator of surgical benefit and under-
score the importance of incorporating both gait analysis and
metabolic assessments in post-operative evaluation.

This study has several limitations that should be considered
when interpreting the findings. First, the sample size was
small, as only a limited number of patients were eligible and
tolerated the procedures, particularly the energy expenditure
testing using a face mask. Second, the follow-up period was
relatively short, which may have precluded the detection of
long-term functional or kinematic improvements. Third, the
gait analysis used only three reflective markers and a limited
number of cameras, which may have restricted the accuracy
and comprehensiveness of joint kinematic data.
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ABSTRACT

Objective: The Breast Imaging Reporting and Data System (BI-RADS) is an internationally utilized radiological reporting
system for the classification of breast lesions, categorizing cases based on increasing malignancy rates. Given that breast
cancer is the most common type of cancer among women and that early diagnosis and treatment are of paramount
importance, the correlation between histomorphological changes and the BI-RADS scoring system holds critical significance.
In this study, we aimed to evaluate the histopathological correlation with the BI-RADS scoring system and identify potential
diagnostic pitfalls.

Materials and Methods: The radiological findings from breast imaging of 881 women over the age of 40 were retrospectively
reviewed and reclassified according to the updated BI-RADS scoring system. The classifications were then correlated with
the histopathological results of the biopsies.

Results: In our study, the positive predictive values for detecting malignancy increased progressively from BI-RADS category
4A to 4C, with rates of 6.2%, 34.3%, and 85.7%, respectively. This rate further increased to 94% in category 5.

Conclusion: Although the BI-RADS scoring system, which is effectively used in breast biopsies today, demonstrates a high
radiological and pathological correlation, new and innovative studies focusing on subtypes within category 3 and category
4 will contribute to reducing discrepancies observed in these categories.
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INTRODUCTION

The Breast Imaging Reporting and Data System (BI-RADS),
established by the American College of Radiology (ACR) in the
late 1980s, aimed to standardize reporting in breast imaging
and to improve communication and research in the field. It has
become a standardized system for reporting breast pathology
detected by mammography, ultrasound, and magnetic
resonance imaging. This comprehensive system provides a
structured approach to reporting, ensuring consistency in
the interpretation of imaging results. At the heart of BI-RADS
is a detailed lexicon, a dictionary-like collection of terms that
describe specific imaging features. This lexicon is based on data
and research to effectively differentiate between benign and
malignant breast conditions, thereby enhancing the accuracy
and reliability of breast imaging assessments. Since its first
edition in 1993, BI-RADS has undergone several revisions, with
subsequent editions released in 1995, 1998, and 2003, each
adding important elements for clarification, management, and
quality assurance." The fourth edition in 2003 introduced a
significant enhancement to the BI-RADS assessment category
42 |t subdivided this category into three levels: 4A, indicating
low suspicion for malignancy; 4B, indicating intermediate
suspicion; and 4C, indicating moderate concern but not
definitively malignant. This refinement aimed to improve risk
stratification, offering more precise assessment and reporting
to aid both physicians and patients in understanding probable
biopsy results and subsequent follow-up steps. The fifth
edition of BI-RADS, released in 2013, brought about significant
updates.”’ It eliminated underutilized or redundant findings
from the lexicon, thereby streamlining the system. Additionally,
it incorporated newer technologies such as shear-wave
elastography, making it more contemporary and user-friendly.
¥ This latest revision reflects ongoing efforts to enhance the
system’s relevance and ease of use in breast imaging practice.

The structured lexicon of BI-RADS enhances interaction among
various medical professionals involved in complex clinical
care. The BI-RADS final assessment categories, coupled with
management recommendations, have set a standard in breast
care decision-making based on imaging. This uniformity is
particularly beneficial in multidisciplinary breast care teams,
including surgeons, pathologists, oncologists, and radiologists.
For instance, the specific BI-RADS categories such as 4A, 4B,
4C, and 5 serve as valuable tools for conveying the degree
of suspicion to pathologists for lesions undergoing imaging-
guided biopsies. This promotes accurate histologic diagnoses
by fostering a correlation between imaging and pathology.
Moreover, clear communication between pathologists and
radiologists is crucial for identifying potential sampling errors
in percutaneous core biopsies and preventing delayed cancer
detection by facilitating timely excisional biopsies.
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MATERIALS AND METHODS

Definitions of the Study Groups and Clinical/Pathologic/
Radiologic Parameters

Women aged 40 years and older who underwent tru-cut
biopsy for breast lesions in the radiology department and
received a diagnosis in the pathology clinic at Istanbul Bagcilar
Training and Research Hospital between 2020 and 2022 were
retrospectively evaluated. The lesions were evaluated using
ultrasound (US), mammography, and magnetic resonance
imaging (MRI) available in the hospital system and were
categorized as BI-RADS 2, 3, 4A, 4B, 4C, or 5. A total of 881 cases
were included in the study. Cases with non-diagnostic image
quality (mammography, MRI, US) and those that underwent
only US examination but had reports that did not conform
to the BI-RADS categorization were excluded from the study.
Radiologically described lesions were measured in millimeters
based on their largest dimension and were classified according
to their location as the upper outer quadrant, upper inner
quadrant, lower outer quadrant, or lower inner quadrant of
the right or left breast. Lesions that did not fully correspond
to a specific quadrant, including those located at the 3, 6, 9,
and 12 o'clock positions, as well as those in the retroareolar
region, were categorized separately. Clinical information of
the cases was obtained from the hospital automation system.
Histopathological evaluations were classified into six groups
based on the morphological findings of the tru-cut biopsies:
malignant tumors (regardless of subtype), pure in situ
carcinomas (lobular/ductal), fibroadenomas/benign phyllodes
tumors (benign fibroepithelial tumors), papillary neoplasms,
lipomatous tumors, and fibrocystic changes/benign breast
tissue (FCC/BBT), including adenosis, inflammatory conditions,
and other non-neoplastic alterations.

Statistical Analysis

Aretrospectiveanalysis was conducted onadataset comprising
881 breast lesions. Descriptive statistics summarized patient
demographics, lesion characteristics, pathological outcomes,
andradiologicalclassificationsbased onthe BI-RADS categories.
Continuous variables, such as patient age and lesion diameter,
are presented as means*standard deviations, while categorical
variables are expressed as frequencies and percentages.
To evaluate differences in mean ages and tumor diameters
across different pathological diagnoses, the Kruskal-
Wallis test was employed due to the non-parametric
distribution of the data. Post hoc analyses identified specific
group differences, with significance levels set at p<0.05.
Chi-square tests assessed associations between pathological
diagnoses and both BI-RADS categories and lesion locations
within breast quadrants. Adjusted residuals identified
significant deviations from expected frequencies, highlighting
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specificassociations between pathology types and radiological
classifications or anatomical locations.

Ethical Approval

This study was conducted in accordance with the principles
outlined in the Declaration of Helsinki and received
approval from the Non-Interventional Clinical Research
Ethics Committee of Bagcilar Training and Research Hospital
(Decision N0:2023/08/08/043, dated August 8, 2023).

RESULTS

The study evaluated 881 breast lesions with a mean patientage
of 51.31£9.9 years. The average lesion diameter was 18.5+12.3
mm. Lesion laterality was nearly balanced, with 469 lesions
(53.2%) located in the left breast and 412 lesions (46.8%) in
the right breast.

The distribution of pathological diagnoses revealed that
fibroadenoma/benign phyllodes tumors were the most
common lesion type, identified in 317 cases (36%). Invasive
carcinoma was present in 282 lesions (32%), while FCC/BBT
was found in 238 lesions (27%). Less frequent pathologies
included papillary neoplasms in 24 lesions (2.7%), lipomatous
tumors in 13 lesions (1.5%), and pure ductal carcinoma in situ
(DCIS) in 7 lesions (0.8%).

Radiologically, the lesions were classified based on BI-RADS
categories as follows: BI-RADS 3 in 316 lesions (35.9%), BI-RADS
5 in 244 lesions (27.7%), BI-RADS 4A in 145 lesions (16.5%), Bl-
RADS 2 in 99 lesions (11.2%), BI-RADS 4C in 42 lesions (4.8%),
and BI-RADS 4B in 35 lesions (4%). The distribution of the cases
according to BI-RADS categories and the relationships between
BI-RADS categories, age, and lesion size are shown in Table 1.

The Kruskal-Wallis test indicated statistically significant
differences in mean ages across categories of pathological
diagnosis (p<0.001). Post hoc analysis revealed that patients
with invasive ductal carcinoma had a significantly higher
mean age (55.9 years) compared to those with fibroadenoma
(47.6 years) and FCC/BBT (50.4 years) (p<0.001).

Significant differences were also observed in tumor diameters
across pathological diagnoses (p<0.001). Post hoc analysis
showed that patientswith invasive carcinomashad significantly
larger mean tumor diameters (24.2 mm) compared to those
with fibroadenoma (15.7 mm), papillary neoplasms (16.2 mm),
and in situ carcinomas (9.4 mm) (p<0.001).

An analysis of lesion distribution across breast quadrants
revealed significant associations between pathological
diagnoses and specific anatomical locations (p<0.05). At the
9 o'clock position, FCC/BBT was significantly more frequent,
representing 11.8% of all FCC/BBT cases, while invasive
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carcinomas were significantly less frequent at this location
(3.2% of invasive cases). Cases with diffuse involvement
(described as more than one quadrant) exhibited a higher
frequency of FCC/BBT (19.3% of these cases) and a lower
frequency of fibroadenomas (6.3% of fibroadenoma cases).

In the upper inner quadrant (UIQ), invasive carcinomas were
significantly more common, accounting for 16.7% of invasive
cases, whereas FCC/BBT was less frequent in this quadrant (8%
of cases). Similarly, in the upper outer quadrant (UOQ), invasive
carcinomas had the highest frequency, representing 38.7% of
invasive cases, while FCC/BBT lesions were less common in this
region (24.4% of FCC/BBT cases) (Fig. 1).

The chi-square test revealed a significant association between
pathological diagnoses and BI-RADS categories (p<0.001).
FCC/BBT cases were significantly more frequent in BI-RADS 2,
comprising 69.7% of lesions in this category. Fibroadenoma/
benign phyllodes tumors were predominantly classified as BI-
RADS 3 and BI-RADS 4A, accounting for 66.8% and 25.6% of
lesions in these categories, respectively. Invasive carcinomas
were significantly associated with higher BI-RADS categories,
particularly BI-RADS 5 and BI-RADS 4C (93.7% of all cases).
Papillary neoplasms showed a significant association with BI-
RADS 4B, comprising 20.0% of lesions in this category.

The malignant cases consisted of invasive carcinomas, pure in
situ carcinomas, and papillary lesions, including invasive papillary
carcinoma, encapsulated papillary carcinoma, and papilloma
containing ductal carcinoma in situ. In our study, there were
145 cases evaluated as BI-RADS 4A, of which 9 were malignant

12 o'clock
8.6%

Upper Outer Quadrant
32%

Upper Inner Quadrant
12.6%

Diffluse

9 o'clock 3 o'clock
7.9% 52%

Lower Outer Quadrant Lower Inner Quadrant
13.3% 6.7%

6 o'clock
2.7%

Figure 1. Distribution of all cases by quadrants (diffuse’
described as more than one quadrant).
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Table 1. Distribution of BI-RADS classification, patient age, and lesion diameter according to pathological diagnosis.*'“8

Pathology Median Age (Min, Max) BI-RADS Class n % Lesion Diameter
(Mean+Std)
Fibrocystic changes/benign 49 (40.78) BIRADS 2 69 29.0 17.51£1.45
R BIRADS 3 90 37.8 13.24+0.66
BIRADS 4A 52 21.8 18.03+£1.43
BIRADS 4B 15 6.3 12.87+£1.92
BIRADS 4C 4 1.7 15.4+4.09
BIRADS 5 8 34 18.75+£2.87
Invasive carcinomas (n=282) 54 (40.94) BIRADS 3 3 1.1 15.33£2.91
BIRADS 4A 7 2.5 20.71+£2.52
BIRADS 4B 8 2.8 23.71£6.93
BIRADS 4C 34 121 22.18+3.1
BIRADS 5 230 81.6 24.72+0.8
Fibroadenoma/benign filloides 45 (40.79) BIRADS 2 15 4.7 23.62+7.04
tumors (n=317) BIRADS 3 211 66.6 14.07+0.5
BIRADS 4A 81 25.6 17.25+0.88
BIRADS 4B 5 1.6 12.6+2.89
BIRADS 4C 2 0.6 6535
BIRADS 5 3 0.9 19.5+8.32
Papillary Neoplasms (n=24) 49 (40.94) BIRADS 2 1 4.2 8
BIRADS 3 8 333 8.31+2.58
BIRADS 4A 4 16.7 8.88+1.16
BIRADS 4B 7 29.2 29.14+8.62
BIRADS 4C 2 8.3 25.5+10.5
BIRADS 5 2 8.3 11.5+£3.5
In situ carcinomas (n=7) 52 (41.71) BIRADS 2 1 14.3 7
BIRADS 3 4 57.1 10.2+2.38
BIRADS 4A 1 14.3 6
BIRADS 5 1 14.3 12
Lipomatous Tumors (n=13) 53 (40.64) BIRADS 2 13 100.0 24.24+6.78

(6.21%). The number of BI-RADS 4B cases was 35, with 12 being
malignant (34.29%). For cases classified as BI-RADS 4C, there were
42 in total, of which 36 (85.71%) were malignant. Additionally,
there were 95 cases categorized as BI-RADS 5, and 90 of these
were pathologically confirmed as malignant (94.74%).

The chi-square analysis demonstrated significant associations
between specific pathological diagnoses and BI-RADS
categories. Patients diagnosed with invasive carcinoma tended
to be older and have larger tumors, and their lesions were
more likely to be classified as BI-RADS 4C and BI-RADS 5 and
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located in the upper quadrants of the breast. Fibroadenomas
were predominantly associated with BI-RADS 3 and BI-RADS
4A and did not show a strong predilection for specific breast
quadrants, while FCC/BBT lesions were more commonly
classified as BI-RADS 2 and had higher frequencies at certain
anatomical locations, such as the 9 o'clock position (11.8% of
all FCC/BBT cases) and in diffuse presentations.

DISCUSSION

Breast carcinomas represent the most frequently diagnosed
type of cancer in women."”! Alongside increasing awareness
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among individuals, the widespread adoption of diverse
imaging modalities has enabled the early detection of
lesions, resulting in a rise in both the number and variety
of biopsies obtained from these patients. The findings
derived from imaging performed for this purpose are
categorized into risk groups using the BI-RADS (Breast
Imaging Reporting and Data System) classification, which is
employed worldwide and serves as one of the cornerstones
in patient management.

Breast core biopsies, which hold a significant place in routine
pathology practice, play a crucial role in both diagnosis and
treatment, making them an indispensable component of
contemporary medical practice. In the histopathological
evaluation of breast core biopsies, the integration of patients’
clinical information and findings with radiological data is an
essential requirement for an accurate diagnosis. In this context,
pathologists correlate the microscopic changes observed with
the BI-RADS category indicated in imaging studies. Apart from
category 5, which is reported to have a malignancy likelihood
exceeding 95%, malignant cases can also be encountered in
category 4 and, to a lesser extent, in category 3. Particularly
in category 4, which is subdivided into 4A, 4B, and 4C with
progressively increasing malignancy potential, cases that do
not exhibit overt malignancy histopathologically are a cause
for concern among pathologists due to the risk of missing a
malignant lesion. In this context, there has been a noticeable
increase in studies focusing specifically on the BI-RADS 4
group in recent years.-8

In our study, 9 of 145 cases classified as BI-RADS 4A were
reported as malignant. Among these, 7 were diagnosed
as invasive carcinoma, 1 as ductal carcinoma in situ, and
1 as a papilloma containing ductal carcinoma in situ.
Pathological evaluation of 35 cases classified as BI-RADS
4B revealed 8 cases of invasive carcinoma and 7 cases of
papillary proliferation. Among these papillary lesions, 4
were primarily evaluated as malignant (invasive papillary
carcinoma, encapsulated papillary carcinoma, and papilloma
containing ductal carcinoma in situ), while 3 were assessed
as intraductal papillomas. Of the 42 cases classified as BI-
RADS 4C, 34 were identified as invasive carcinoma, while 2
were evaluated as consistent with encapsulated papillary
carcinoma. It was observed that the positive predictive value
(PPV) for malignancy in BI-RADS category 4 increased across
subcategories. The increasing PPV rates from 4A to 4C were
6.2%, 34.3%, and 85.7%, respectively. The findings reported
by Yoon et al.® indicated rates of 7.6%, 37.8%, and 81.9%,
respectively. In another study, the rates were found to be
13.6%, 50%, and 86%."" Kim et al."" conducted an analysis
in which the PPV was calculated as 9.4% for category 4A
and 21.4% for category 4B. Similarly, Bent et al.'? reported
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PPV values of 13% for category 4A, 36% for category 4B, and
79% for category 4C. The results we obtained are consistent
with the literature, with this rate reaching 94% in category
5. However, considering that the final objective is 100%, the
potential reasons underlying this discrepancy require further
investigation. Even though these rates and the “discordance”
may appear minor, they are quite significant and concerning
in daily clinical practice for a tertiary hospital.

While BI-RADS 4C and 5 lesions are considered highly
suggestive of malignancy, a portion of these lesions are
ultimately benign, highlighting the challenges of imaging-
based classification. This discrepancy arises from multiple
factors, including imaging characteristics, clinical context,
and differences in interpretation. Suspicious ultrasound
features such as spiculated margins, microcalcifications,
nonparallel orientation, microlobulated contours, posterior
shadowing, and complex echogenicity are often associated
with malignancy; however, their presence does not always
indicate a malignant process.'¥ Additionally, patient-
related factors such as age, prior cancer history, multiple
lesions, and clinical symptoms can influence how lesions are
categorized.”' Another contributing factor is variability
in radiological interpretation, as differences in experience
can lead to inconsistencies. While malignancy rates are
expected to exceed 50% in BI-RADS 4C and 95% in BI-RADS
5 lesions, a subset of benign lesions still falls into these
categories."™™ All these considerations indicate that current
breast imaging techniques and the BI-RADS classification
system are still insufficient for achieving optimal diagnostic
predictability, as radiology alone cannot always provide a
definitive diagnosis, with some BI-RADS 4C and 5 lesions
still proving to be benign. In this study, among the cases
classified as BI-RADS 4C but not diagnosed with invasive
carcinoma, 2 were evaluated as encapsulated papillary
carcinoma, 2 as fibroadenoma with cellular stroma/benign
phyllodes tumor (Fig. 2), 1 as granulomatous mastitis, 1 as
fat necrosis, 1 as chronic nonspecific inflammation, and 1 as
microcalcification foci.

Among the 13 cases classified as BI-RADS 5 but not diagnosed
with invasive carcinoma or pure in situ carcinoma, there were
2 intraductal papillomas, 1 case of granulomatous mastitis
(Fig. 3), 2 cases of fat necrosis, and 3 fibroadenomas. In this
context, although the number of discordant cases in the
4C and 5 groups is limited, it can be suggested that cellular
fibroadenomas, signs of inflammation, and areas of fat
necrosis are the primary contributors to this discordance.
Certainly, atypical proliferations may be observed within or at
the periphery of a fibroadenoma or an inflammatory lesion,
and these atypical areas may not be present in the core
biopsy sample. However, in cases of potential discordance,
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Figure 2. The lesion in the middle-inner section of the right breast, which has an irregular medial contour and is radiologically
classified as BI-RADS 4C in conjunction with ultrasound, is shown in T1-weighted (a) and post-contrast fat-suppressed
(b) MRI images. H&E sections reveal glands with a benign appearance, embedded in a mildly cellular stroma, mimicking
invasive carcinoma (¢, d). Immunohistochemical staining with P63 demonstrates widespread positivity in myoepithelial cells,
supporting the diagnosis of fibroadenoma (e).

Figure 3. The T2 STIR (a), fat-suppressed post-contrast (b), DWI (c), MRI images of a lesion with spiculated contours and
significant diffusion restriction, causing nipple retraction and almost completely filling the lower inner quadrant of the right
breast, assessed as BI-RADS 5. Histopathological examination revealed findings of active chronic mastitis accompanied by
histiocytes and associated with focal non-necrotizing granuloma formation. (d, e; H&Ex10, H&Ex20) (STIR: Short tau inversion
recovery, DWI: Diffusion-weighted imaging, ADC: Apparent diffusion coefficient).
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the biopsy should be examined through serial sectioning, and
if necessary, the recommendation for a repeat biopsy should
not be avoided.

In our study, 24 cases of papillary neoplasms were included.
A notable finding is that papillary neoplasms constitute 20%
of the cases classified as BI-RADS 4B, which represents the
highest proportion among the categories. Among the seven
cases within this group, three were identified as intraductal
papillomas, while the remaining four consisted of papillary
proliferations with atypia. Notably, the majority of papillary
lesions were classified as BI-RADS 4 (54.2%), followed by BI-
RADS 3asthesecond mostcommon category(33.3%). Alleight
casesdescribed as BI-RADS 3 demonstrated histopathological
findings consistent with intraductal papilloma upon tru-cut
biopsy evaluation. Among the four cases categorized as BI-
RADS 4A, three were assessed as intraductal papillomas,
while one was interpreted as a papilloma containing DCIS.
In the histopathological evaluation of tru-cut biopsies of the
two cases defined as BI-RADS 4C, the differential diagnoses
included invasive papillary carcinoma and encapsulated
carcinoma. The histopathological examination of the
excisional materials from these cases revealed a diagnosis
of invasive papillary carcinoma accompanied by invasive
ductal carcinoma in one case, while the other was diagnosed
as invasive ductal carcinoma arising in the periphery
of a solid papillary carcinoma. On the other hand, the
histopathological evaluation of tru-cut biopsies of the two
cases described as BI-RADS 5 primarily indicated intraductal
papilloma (excisional materials of these cases could not be
obtained) (Fig. 4). Histopathological assessment of papillary
neoplasms, which are highly heterogeneous tumors, is open
to unexpected findings, and surgical excision is generally
recommended.

In our study, fibroadenomas/benign phyllodes tumors were the
most common diagnosis among biopsied cases (36%), followed
by invasive carcinomas (32%). Patients diagnosed with invasive
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carcinoma were older, with a mean age of 55.9 years. The rate of
malignancy increased as lesion size increased. As expected, the
most common quadrant for malignancy was the upper outer
quadrant. In this study, we also found that invasive carcinomas
tend to occur more frequently in the upper quadrants of the
breast, particularly in the upper outer quadrant. Although
there are opinions suggesting that the frequent occurrence
of malignancies in the upper outer quadrant may be related
to cosmetic products, some studies have indicated that the
higher malignancy rates in this region could be attributed to
the greater amount of breast parenchyma compared to other
areas.'s'”! Furthermore, there are publications reporting that
genomic instability is higher in the breast parenchyma of the
outer quadrants.'® In our study, the second most common
quadrant for malignancy after the upper outer quadrant was the
upper inner quadrant. Similarly, in the study conducted by Lee
AHS, the upper inner quadrant was also identified as the second
most frequent site for malignancy. From this perspective, it can
be suggested that masses observed in the upper quadrants
have a higher likelihood of being malignant."® Cases involving
multiple quadrants in this study were most commonly
diagnosed with FCC/BBT, as mentioned. Fibrocystic disease
can present with various patterns of involvement; however, it is
most frequently observed in the upper outer quadrant.'®'®! As
mentioned above, this can be explained by the greater amount
of breast parenchyma in this region. In our study, FCC/BBT cases
were more evenly distributed but showed higher frequencies at
specific locations, such as the 9 o'clock position and in diffuse
presentations.

The FCC/BBT cases encompass non-neoplastic conditions
such as adenosis, granulomatous changes, and inflammatory
processes. Nonetheless, in situations where the radiologically
identified lesion may not have been fully sampled, there
remains a risk that an underlying malignant lesion could have
been overlooked. This represents one of the limitations of our
study and should be carefully considered when interpreting
the results.

Figure 4. The T2 STIR (a) and post-contrast fat-suppressed (b) MRI images of a case classified as BI-RADS 5, showing an
irregular, partially spiculated lesion with heterogeneous contrast enhancement in the middle quadrant of the right breast.
Histopathological examination reveals an intraductal papilloma observed within the duct (c), while hyalinized stroma mimics
the appearance of invasive carcinoma (d) (STIR: Short tau inversion recovery).
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CONCLUSION

In routine clinical practice, needle biopsies occupy a pivotal
role in the diagnosis of breast tumors, and close collaboration
between pathologists and radiologists is of critical importance
for accurate diagnosis. There is a remarkably strong
concordance between pathology and radiology in evaluations
based on the BI-RADS classification system in core biopsies;
however, potential diagnostic pitfalls in BI-RADS category
4B and 4C cases must be carefully addressed. In particular,
papillary lesions of the breast and inflammatory processes
may represent challenging pitfalls in diagnosis.

Currently, innovative studies utilizing advanced methodologies
such as deep learning and artificial intelligence are being
conducted to further enhance the BI-RADS scoring system.22"!
The BI-RADS system, which has been effectively employed in the
diagnosis of breast lesions both historically and in contemporary
practice, is anticipated to undergo further refinements that
will enhance its diagnostic utility in the future. As tumors are
increasingly characterized at the molecular level—breast tumors
perhaps being among the most comprehensively studied—a
scoring system that incorporates molecular profiling is emerging
as a key expectation for future advancements.”? Therefore,
we propose that collaborative efforts, particularly among
radiologists, pathologists, and clinicians, will play a pivotal role in
advancing the diagnosis and treatment of these patients.
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ABSTRACT

Objective: Acute pancreatitis (AP) often manifests as acute abdominal pain and carries significant risks of mortality and
healthcare costs. Its incidence is rising, largely due to alcohol consumption and obesity. Several scoring systems, including
the Ranson, Balthazar Severity score, and bedside index for severity in AP, are used to assess AP severity and prognosis, but
challenges remain due to the need for prolonged observation and imaging. The present study assesses the ability of the
Ranson and HALP scores to predict clinical outcomes and survival in patients with AP.

Materials and Methods: This retrospective analysis included patients with AP, collecting data on demographics, vital signs,
laboratory values, comorbidities, and outcomes. The Ranson and HALP scores were calculated, and patients were grouped
into survivors and non-survivors based on mortality. Receiver operating characteristic analysis was performed to evaluate
the predictive ability of these scores for complications and mortality.

Results: The study included 598 patients, with an overall mortality rate of 12.2%. The non-survivor group had significantly
higher mean age and a higher prevalence of malignancy and pancreatitis caused by pancreatic cancer. Severe pancreatitis
(Ranson score >3) was observed in 21.1% of patients, with these patients exhibiting a higher mortality rate (30.2%). The
HALP score demonstrated superior performance over the Ranson score in predicting long-term mortality (area under the
curve: 0.800, 95% Cl: 0.735-0.864, p=0.000). The first quartile group of the HALP score had significantly higher incidences of
complications, severe pancreatitis, and mortality.

Conclusion: The HALP score offers a reliable and rapid alternative to the Ranson score for predicting mortality in AP patients,
especially in emergency department settings where timely decision-making is crucial. Its simplicity and predictive value
make it a useful tool for clinicians.
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Cite this article as: Altundag |, Sahin A, Oner M, Yusufoglu K, Genc Yavuz B, Dogruyol S, et al. Comparison of HALP and Ranson Scores in
Predicting Outcomes of Acute Pancreatitis Admitted to the Emergency Department. Eur Arch Med Res 2026;42(2):148-155.

Address for correspondence: Ibrahim Altundag. Department of Emergency Medicine, Haydarpasa Numune Training and Research
Hospital, Istanbul, Turkiye

E-mail: dr.ibrahimaltundag@gmail.com ORCID ID: 0000-0002-0880-7218
Submitted: 21.08.2025 Revised: 17.09.2025 Accepted: 14.10.2025 Available Online: 03.06.2026

European Archives of Medical Research - Available online at www.eurarchmedres.org

OPEN ACCESS This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License.

148


https://orcid.org/0000-0002-0880-7218
https://orcid.org/0009-0006-5637-9365
https://orcid.org/0000-0002-0795-2050
https://orcid.org/0000-0002-9248-7527
https://orcid.org/0000-0001-6693-5288
https://orcid.org/0000-0002-6949-7233
https://orcid.org/0000-0003-1045-0681
https://orcid.org/0000-0001-8192-9652

Eur Arch Med Res 2026;42(2):148-155

INTRODUCTION

Acute pancreatitis (AP) constitutes a major clinical condition
presenting with acute abdominal pain. AP imposes significant
physical and psychological distress on patients due to its rapid
progression and high mortality rate, while also leading to sub-
stantial healthcare expenditures. A recent review estimated
that AP accounts for approximately 280,000 hospitalizations
annually in the U.S,, contributing to healthcare costs of over
$2.6 billion."" The incidence of AP has increased by approxi-
mately 3% over the past 60 years, driven by advancements in
imaging techniques and the growing prevalence of risk factors
such as alcohol consumption and obesity.? Given the poten-
tial for severe complications following AP, early risk stratifica-
tion using reliable scoring systems is essential in clinical prac-
tice.B4 Mild and self-limiting AP episodes are more common;
however, 15-25% of cases progress to moderate or severe
forms, resulting in prolonged hospitalization and increased
mortality.”!

Scoring systems are frequently utilized in clinical practice to
stratify the severity and predict the prognosis of AP. For this
purpose, the Ranson criteria, Balthazar grading system, Acute
Physiology and Chronic Health Evaluation Il (APACHE 1), the
computed tomography severity index, and bedside index for
severity in AP (BISAP) are widely utilized in clinical practice.®
Scoring systems assist in guiding patient care and facilitating
decisions regarding transfer to intensive care by providing ac-
curate and objective prognosis predictions. Scoring systems
have varying sensitivity and specificity values. The Ranson
criteria require multiple parameters, some of which are ob-
tained up to 48 h after hospitalization, presenting significant
challenges for early evaluation of patients in the emergency
department (ED).

The Ranson score has been a key method for assessing the se-
verity of AP for over 30 years; however, it requires 48 h to com-
plete, which significantly limits its applicability in the ED.®' The
HALP score, comprising hemoglobin, albumin, lymphocyte,
and platelet counts, was first introduced in 2015 as an index
to assess inflammation and nutritional status.” Research in-
dicates that the HALP score effectively estimates disease out-
comes across different pathologies.®

This study evaluated the clinical presentations and laboratory
findings of AP patients admitted to the ED. Our aim was to as-
sess the capacity of the Ranson and HALP scores to predict pa-
tient outcomes and mortality in AP, alongside exploring other
contributing variables.

MATERIALS AND METHODS

This is a retrospective, cross-sectional study. The study analyzed
patients diagnosed with AP at the ED of Haydarpasa Numune
Training and Research Hospital Hospital between January 2020
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and January 2025. Patients presenting with abdominal pain to
the ED were enrolled in this study. The annual number of pa-
tient visits to our ED is approximately 235.000, with around 8%
of these visits being attributed to abdominal pain.

The diagnosis of AP was established when at least two of the
following criteria were met: abdominal pain typical of AP, se-
rum amylase and/or lipase levels more than three times the
upper normal limit, or imaging findings characteristic of the
disease.”!

Patients aged =18 years with confirmed AP were included in
the study. The exclusion criteria for the study were as follows:
A history of hospitalization for any reason within the past 30
days, patients who received intravenous drug therapy, the
presence of other gastrointestinal disorders, incomplete med-
ical records. Following the diagnosis of AP, patients were man-
aged in accordance with established clinical guidelines.

The data recorded from the hospital information system in-
cluded age, gender, comorbidities, respiratory rate, systolic
and diastolic blood pressure, fever, heart rate, lymphocyte
count, neutrophil count, platelet count, hemoglobin, hemato-
crit, glucose levels, blood urea nitrogen (BUN), aspartate trans-
aminase, alanine transaminase, and C-reactive protein (CRP)
levels. In addition, the etiology of pancreatitis, complications,
discharge or hospitalization status, length of hospital stay, and
mortality were also documented.

Following enrollment, the patients were stratified according
to pancreatitis-related mortality: survivors and non-survivors.
Non-survivors were further categorized into three groups
based on the timing of mortality: Short-term mortality (<1
month), mid-term mortality (1-6 months), and long-term mor-
tality (6-9 months). Using the data from patients’ admissions,
the CRP/Albumin ratio, Ranson score, and HALP score were
calculated. The HALP score was determined for all patients as
described below:"!

HALP = hemoglobin (g/L) x albumin (g/L) x lymphocyte (/L) /
platelet (/L)

A Ranson score of 3 or higher was considered indicative of
severe pancreatitis, whereas a score below 3 corresponded
to mild disease. The demographic characteristics, Ranson
score, and HALP score were analyzed across the survivor and
non-survivor groups. Subsequently, the predictive value of the
Ranson and HALP scores for complications and survival in AP
patients was analyzed.

Ethics Statement

This study received approval from the Institutional Ethics
Committee (Approval No: HNEAH-GOAEK 2025/53). The study
was conducted in accordance with the ethical principles of the
Declaration of Helsinki. Because this study was retrospective,
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the Clinical Research Ethics Committee of University of Health
Sciences Haydarpasa Numune Training and Research Hospital
granted a waiver for informed consent.

Statistical Analysis

Statistical analyses were performed using IBM Statistical Pack-
age for the Social Sciences 23.0 (IBM Corp., Armonk, NY) and
MedCalc 23.1.7. Descriptive statistics are presented as meanz-
standard deviation (SD) and as percentages. The normality of
continuous variables was evaluated using the Kolmogorov-
Smirnov test. For continuous variables, normally distributed
data are shown as mean=SD, while non-normal data are ex-
pressed as median (interquartile range). Associations between
categorical variables were examined using the Pearson Chi-
square test. However, for categorical variables with expected
frequencies below 5, Fisher’s exact test was applied to ensure
the validity of the results. Comparisons of continuous variables
between two groups were conducted using the Student’s
t-test or Mann-Whitney U-test, as appropriate. The receiver
operating characteristic (ROC) analysis was used to evaluate
the ability of the scoring systems to predict outcomes. For the
HALP score, four quartiles (25, 50, and 75 percentiles) were
created based on the median values. A p<0.05 was considered
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statistically significant, and results are reported with 95% con-
fidence intervals (Cl).

RESULTS

The study group comprised 598 patients who met the in-
clusion criteria. Of these, 302 (50.5%) were male, with a
mean age of 57.59+18.07 years. Twenty-four patients (4%)
required intensive care unit admission, and their median
length of stay was 5 days, ranging from 1 to 64 days. The
overall mortality rate for all patients was 12.2% (73 patients).
Among the non-survivor patients, 16 (21.9%) died within the
15t month (short-term), 8 (11.0%) between 1 and 6 months
(mid-term), and 49 (67.1%) between 6-9 months (long-term).
The non-survivor group had a significantly greater mean
age compared with survivors (mean difference: 17.65, 95%
Cl: 13.84-21.46, p<0.001). The comorbidities of the patients
were assessed. Malignancy was significantly more common
among non-survivors (p<0.001). In addition, the etiologies
of pancreatitis were examined. The non-survivor group had
a significantly higher incidence of pancreatic cancer-related
pancreatitis (p<0.001). The other etiologies of AP showed no
significant differences between the groups. Patient charac-
teristics are summarized in Table 1.

Table 1. Comparison of etiology and demographic characteristics according to outcome groups

Total (n=598) Survivor (n=525) Non-survivor (n=73) P
Age (years) 57.59 +18.07 55.43+17.40 73.08+15.07 <0.001
Sex (male) 302 (50.5) 266 (44.5) 36 (6.0) 0.829
Comorbidities, n (%)
Hypertension 219 (36.6) 188 (31.4) 31(5.2) 0.269
Diabetes mellitus 135 (22.6) 121 (20.2) 14 (2.3) 0.459
Coronary artery disease 69 (11.5) 60 (10.0) 9(1.5) 0.822
Hyperlipidemia 52(8.7) 47 (7.9) 5(0.8) 0.550
Malignancy (any) 46 (7.7) 31(5.2) 15 (2.5) <0.001
COPD 38 (6.4) 29 (4.8) 9(1.5) 0.026
Chronic kidney disease 36 (6.0) 31(5.2) 5(0.8) 0.751
Hypothyroidism 30 (5.0) 24 (4.0) 6(1.0) 0.181
Congestive heart failure 22 (3.7) 20 (3.3) 2(0.3) 0.649
Cerebrovascular disease 21 (3.5) 17 (2.8) 4(0.7) 0.330
Other 54 (9.0) 52(8.7) 2(0.3) 0.045
Etiology, n (%)
Gallstones 350 (58.5) 303 (57.7) 47 (64.4) 0.278
Idiopathic 196 (32.8) 181 (34.5) 15 (20.5) 0.181
Hyperlipidemia 29 (4.8) (5.0) 3(4.1) 0.753
Alcohol 13 (2.2) 2(2.3) 1(1.4) 0.615
Pancreatic malignancy 10(1.7) 3(0.6) 7 (9.6) <0.001

COPD: Chronic obstructive pulmonary disease.
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The vital parameters and laboratory findings for the mortality
groups are shown in Table 2. Non-survivors had lower diastolic
blood pressure (66.99+13.35 vs. 70.95+13.33 mmHg, p=0.021)
and higher heart rate (86.67+15.87 vs. 79.73£16.10 bpm,
p=0.001) compared to survivors. Oxygen saturation was also
significantly lower in non-survivors (93.0 [3.0] vs. 96.0 [3.0]%,
p<0.001), while body temperature and systolic blood pressure
did not differ significantly. Non-survivors exhibited lower lym-
phocyte counts, hemoglobin, hematocrit, and albumin levels
(all p<0.01), whereas blood glucose, BUN, CRP, and CRP-to-albu-
min ratio were significantly higher. The HALP score was marked-
ly reduced in non-survivors (1.79 [1.60] vs. 3.57 [2.68], p<0.001),
reflecting impaired inflammatory and nutritional status. In ad-
dition, non-survivors had higher intensive care unit admission
rates (21.9% vs. 1.5%, p<0.001), longer hospital stays (6.0 [6.0]
vs. 5.0 [4.0] days, p<0.001), and more frequent complications
(32.9% vs. 12.2%, p<0.001) than survivors. AP-related complica-

Altundag et al. Comparison of HALP and Ranson Scores in Acute Pancreatitis

tions were identified in 88 out of 598 patients (14.7%).

According to the Ranson scores, severe pancreatitis (>=3) was
detected in 126 patients (21.1%). The mortality rate in these
126 patients with severe pancreatitis was 30.2%, which was
significantly higher (p<0.001). The effectiveness of the Ran-
son and HALP scores in predicting mortality was evaluated
using ROC curve analysis (Fig. 1). The Ranson score and HALP
score demonstrated similar effectiveness in predicting short-
term mortality. The predictive performance of the HALP and
Ranson scores for mortality was compared using ROC curve
analysis. No significant difference was observed between the
two scores for mortality within <1 month (p=0.895) and 1-6
months (p=0.737). However, for long-term mortality at 6-9
months, the HALP score demonstrated a significantly higher
area under the curve (AUC) of 0.800 compared to the Ranson
score (p=0.000), indicating superior predictive accuracy for
long-term outcomes (Table 3).

Table 2. Comparison of vital signs, laboratory results, and outcomes between survivor and non-survivor groups

Total (n=598) Survivor (n=525) Non-survivor (n=73) p
Vital parameters
Systolic blood pressure (mmHg) 121.80+18.69 122.34+18.13 117.88+22.03 0.056
Diastolic blood pressure (mmHg) 70.47+13.79 70.95+13.33 66.99+13.35 0.021
Heart rate (beat/minute) 80.58+16.21 79.73£16.10 86.67+15.87 0.001
Oxygen saturation (%) 95.0 (3.0) 96.0 (3.0) 93.0 (3.0) <0.001
Body temperature (°C) 36.64+0.32 36.64+0.33 36.60+0.26 0.243
Laboratory results
White blood cell (x10°/L) 11.35+4.63 11.25+4.47 12.09+5.64 0.145
Lymphocyte (x10%L) 1.70+0.82 1.79+0.82 1.10£0.51 <0.001
Neutrophils (x10°/L) 8.88+4.43 8.77+4.41 9.71+4.49 0.097
Platelet (x10°/L) 240.2+68.2 241.0+67.4 234.6+73.8 0.480
Hemoglobin (g/dL) 11.99+1.58 12.16+1.48 10.82+1.75 <0.001
Hematocrit (%) 39.51+5.54 39.74+5.39 37.83+6.32 0.006
Blood glucose (mg/dL) 122.0 (55.0) 121.0 (53.0) 134.0 (63.0) 0.001
Blood urea (mg/dL) 14.7 (9.0) 14.0 (8.0) 20.0 (12.0) <0.001
Aspartate transaminase (U/L) 79 (217) 80 (221) 78 (184) 0.484
Alanine transaminase (U/L) 64 (215) 71 (242) 55 (103) 0.042
Albumin (g/dL) 41.13+4.20 41.79+3.74 36.44+4.37 <0.001
C-reactive protein (mg/L) 1.1(3.7) 0.9 (3.4) 2.8 (6.8) 0.001
HALP score 3.34 (2.74) 3.57 (2.68) 1.79 (1.60) <0.001
C-reactive protein-to-albumin ratio 0.25 (0.95) 0.23(0.83) 0.76 (1.84) <0.001
Outcomes
ICU admission (%) 24 (4.0) 8(1.5) 16 (21.9) <0.001
LOS (days) 5.0 (4.0) 5.0 (4.0) 6.0 (6.0) <0.001
Complications (%) 88 (14.7) 64 (12.2) 24 (32.9) <0.001

Values expressed as number (%), MeanzStandard Deviation, median (IQR: Interquartile Range). ICU: Intensive Care Unit; LOS: Length of the Hospital Stay.
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Figure 1. Receiver-operator characteristic curves (ROC curves) of the comparison of
HALP and Ranson scores in predicting mortality. (a) The ROC curve of overall mortality
(p=0.000). (b) The ROC curve showing mortality for <1 month (p=0.895). (c) The ROC
curve showing mortality for 1-6 months (p=0.737). (d) The ROC curve showing mortality
for 6-9 months (p=0.000).

Table 3. The ROC curve analysis of Ranson and HALP scores in predicting mortality in acute pancreatitis

Mortality
Total <1 months 1-6 months 6-9 months
(n=73) (n=16) (n=8) (n=49)
AUC p AUC p AUC p AUC P
Ranson score 0.641 <0.001 0.752 0.001 0.706 0.046 0.577 0.074
(Cl:0.565-0.717) (CI:0.615-0.890) (Cl:0.512-0.899) (Cl:0.484-0.670)
HALP score 0.804 <0.001 0.760 <0.001 0.746 0.017 0.800 <0.001

(CI:0.754-0.854)

(CI:0.673-0.847)

(CI:0.618-0.875)

(CI:0.735-0.864)

AUC: Area Under the Curve; CI: Confidence Interval.
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Figure 2. Distribution of patients with severe pancreatitis,
complications, and mortality across HALP score quartiles.

The prognostic value of HALP score cutoff points for predict-
ing mortality in AP patients was assessed. For a HALP score
lower than 24, sensitivity was 71.2%, specificity was 74.9%, the
PPV was 28.3%, and the NPV was 94.9%.

The frequency of complications, severe pancreatitis, and mor-
tality was analyzed based on the 25™, 50, and 75™ percen-
tiles of the HALP score (Fig. 2). The incidence of complications
(p=0.030), severe AP (p<0.001), and mortality rate (p<0.001)
in the first quartile group of the HALP score (3.0-21.2) were
notably higher than in the other quartile groups.

DISCUSSION

We assessed the predictive performance of the HALP and Ran-
son scores for disease severity and mortality in patients with
AP. Our findings indicated that the HALP score is a robust tool
for stratifying patients with AP by severity during their initial
evaluation in the ED. To date, no studies have compared the
predictive performance of HALP and Ranson scores in patients
with AP.

Papachristou et al.®! determined the mortality rate to be 3.8%
in their prospective cohort study. Gller et al.® reported a mor-
tality rate of 9.1%. In the literature, the mortality rate of com-
plicated pancreatitis has been reported to be between 10%
and 30%.2 In our study, the overall mortality rate was 12%.
The mortality rate in patients with complicated AP was 27.3%.
The mortality rate was found to be 30.2% in cases of severe AP.

Clinicians must diagnose severe AP early and be attentive
during treatment, as severe AP cases are associated with high
mortality rates. This has led clinicians to develop scoring sys-
tems for the early detection of severe AP, resulting in the cre-
ation of numerous different scoring systems. Although the
APACHE-II score is among the most commonly used scoring
systems for evaluating AP patients in the United States,” its
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application in the ED is limited due to the extensive range
of parameters required for evaluation, making it impractical
for rapid clinical decision-making. The Ranson score is deter-
mined by evaluating 11 parameters, with a score of 3 or more
indicating severe disease. However, its reliance on multiple pa-
rameters and the necessity of a 48-h waiting period for calcu-
lation make it challenging to apply in fast-paced ED settings.

The HALP score has been highlighted as a potential indicator
of both inflammatory status and nutritional status in patients.
1 Anemia-related tissue hypoxia can exacerbate inflammato-
ry responses, while thrombosis may further promote inflam-
mation through ischemia-reperfusion mechanisms.”™ Lym-
phocytes play a crucial role in modulating inflammation, and
lymphopenia has been linked to adverse outcomes in various
inflammatory diseases.'? Serum albumin levels are an import-
ant marker for both nutritional status and the severity of the
inflammatory response, with lower levels often associated
with greater severity of inflammatory conditions.™ The HALP
score, calculated using only four parameters, offers the advan-
tage of rapid assessment in ED settings compared to the more
complex Ranson score. Recently, the HALP score has been uti-
lized to predict prognosis in various patient populations, in-
cluding those with gastric cancer, prostate cancer, colorectal
cancer, pancreatitis, and stroke.”-*141%

Pancreatic cancer can be an underlying cause of AP and re-
mains a lethal disease with poor prognosis. It leads to signif-
icant cancer-related mortality, with an overall 5-year survival
rate of about 9%.® In our cohort, pancreatic cancer was sig-
nificantly more frequent among non-survivors. Consequent-
ly, AP patients with underlying pancreatic cancer had higher
mortality rates, suggesting that poor prognosis may be driv-
en by the malignancy rather than AP alone. Components of
the HALP score, such as low hemoglobin and albumin, are
also commonly seen in cancer patients. This indicates that the
HALP score may, in part, reflect the effect of high-risk comor-
bidities such as pancreatic cancer when predicting outcomes.

The superior performance of the HALP score in predicting
6-9-month mortality may be explained by its reflection of lon-
ger term patient factors, such as nutritional status and chronic
inflammation, rather than solely the severity of the AP epi-
sode. In contrast, the Ranson score primarily captures acute
disease severity, which may explain why it is less predictive of
longer-term outcomes.

In a meta-analysis including 5476 AP patients, the AUC for pre-
dicting mortality with the Ranson and BISAP scores was found
to be 0.91 and 0.92 respectively.'” A separate study with 634
AP patients reported an AUC of 0.891 (95% ClI: 0.833-0.949)
for the HALP score in estimating short-term mortality. For
a HALP score <15 cutoff value, the sensitivity and specificity
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were determined to be 82.8% and 86.8%, respectively.® In our
study, the AUC for predicting mortality using the Ranson and
HALP scores were 0.641 and 0.804, respectively. For predicting
mortality between 6 and 9 months, the HALP score demon-
strated superior performance, with an AUC of 0.800 (95% Cl:
0.735-0.864, p<0.001), which was more successful compared
to the Ranson score.

Limitations

This research has some inherent limitations. The main lim-
itation of this study is its retrospective, single-center design,
which may limit the generalizability of the results. In addition,
although the sample size was relatively large, being conduct-
ed in a tertiary care ED may have introduced a selection bias
toward more severe presentations of AP. Third, certain poten-
tial confounding factors - such as variations in treatment pro-
tocols, nutritional status prior to admission, and timing of lab-
oratory measurements — could not be fully controlled due to
the nature of retrospective data collection. Fourth, the HALP
and Ranson scores were calculated based on laboratory val-
ues obtained at admission; serial measurements and dynamic
changes over time were not assessed, which may have provid-
ed additional prognostic information. Fifth, although the HALP
score has been associated with prognosis in various malignan-
cy studies, our analysis did not evaluate the subtypes or sever-
ity of malignancies in the cohort. This represents a limitation
of the study, as differences in malignancy types and severity
could potentially influence HALP scores and their predictive
performance. External validation in multicenter prospective
cohorts is needed to verify the ability of the HALP score to pre-
dict outcomes in AP.

CONCLUSION

The results of our study indicate that the HALP score demon-
strates a predictive value similar to the Ranson score in assess-
ing mortality risk in patients with AP. The reliability of the Ran-
son score has been extensively documented in the academic
literature. However, its use in ED is limited due to the inclusion
of follow-up values obtained 48 h after admission. Given the
high workload in ED, the HALP score, which can be calculated
in a short time, will serve as a valuable tool for predicting mor-
tality and guiding appropriate treatment planning for patients
in the emergency setting.
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ABSTRACT

Objective: This study aimed to evaluate the pathological complete response (pCR) rates and predictors of pCR in human
epidermal growth factor receptor-2 (HER2)-positive, high-risk locally advanced breast cancer (BC) patients treated with
neoadjuvant pertuzumab and trastuzumab combined with chemotherapy in a real-world setting.

Materials and Methods: A retrospective cohort analysis was conducted on 116 patients diagnosed between April 2015 and
April 2021. Pathological response was assessed using the Miller-Payne grading system, with pCR defined as the absence of
invasive tumor cells in the breast and axillary lymph nodes. Univariate and multivariate analyses were performed to identify
predictors of pCR.

Results: The pCR rate was 71.6%, significantly higher than rates reported in pivotal trials. Patients achieving pCR had superior
3-year event-free survival (85% vs. 58%, hazard ratio [HR]: 0.42; *p*=0.002). Younger age (HR: 0.93, *p*=0.03), higher tumor
grade (HR: 0.31, *p*=0.016), androgen receptor positivity (HR: 0.41, ¥*p*<0.001), and right-sided tumors (HR: 0.23, *p*=0.026)
were independently associated with pCR.

Conclusion: Dual HER2 blockade with pertuzumab and trastuzumab in neoadjuvant therapy yields high pCR rates and

improved survival outcomes in HER2-positive BC. Tumor biology and location may influence treatment response, supporting
personalized therapeutic strategies.

Keywords: Event-free survival, Human epidermal growth factor receptor-2 positive breast cancer, Neoadjuvant therapy,
Pathological complete response, Pertuzumab, Predictive factors
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INTRODUCTION proximately 95%) present with localized or locally advanced

Breast cancer (BC) represents the most frequently diagnosed ~ disease at initial diagnosis, highlighting the importance of
malignancy and leading cause of cancer deaths in female pop-  early detection and effective treatment strategies.”” Among
ulations worldwide.! A significant proportion of patients (ap- BC subtypes, human epidermal growth factor receptor-2
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(HER2)-positive tumors, characterized by HER2 gene amplifi-
cation or protein overexpression, account for 15-20% of cas-
es and are associated with aggressive tumor behavior, higher
metastatic potential, and poorer survival outcomes compared
to HER2-negative disease.”

The introduction of pre-operative systemic therapy (neoad-
juvant therapy, neo-adjuvant chemotherapy [NACT]) has rev-
olutionized the management of BC. Initially, NACT was used
primarily to downstage tumors in patients with inoperable
disease, rendering them eligible for surgery. However, clinical
trials have since demonstrated that NACT not only increases
the likelihood of breast-conserving surgery but also provides
comparable survival outcomes to adjuvant therapy.** Trials
found associations between postneoadjuvant pathological
response and prognosis.*” In contemporary oncology prac-
tice, pathological complete response (pCR) — the histological
absence of invasive tumor cells in breast parenchyma and ax-
illary nodal tissue after neoadjuvant systemic therapy - has
emerged as a validated biomarker predicting superior long-
term survival, with particular clinical relevance for HER2-pos-
itive and basal-like BC phenotypes.’®” Persistent activation of
signaling pathways due to amplification of HER2 in BC patients
with HER2 positivity leads to a biologically aggressive malig-
nancy with higher susceptibility to cytotoxic chemotherapy.
Compared with most other BC subtypes, a higher percentage
of HER2-positive patients obtain pCR with NACT even in the
absence of HER2-targeted therapy.®'? Adding trastuzumab
to the neoadjuvant treatment in HER2-positive BC has shown
to be beneficial in terms of pCR rate, event-free survival (EFS),
and overall survival (OS) in several randomized studies and
meta-analyses.°'2

Pertuzumab, which is a monoclonal antibody, binds to HER2
than trastuzumab and prevents the formation of HER2/HER3
heterodimers, which is the resistance mechanism against
trastuzumab. The addition of pertuzumab to NACT and tras-
tuzumab for patients having HER2-positive locally advanced,
early-stage (lymph node-positive or >2 cm) BC was approved
in 2013.%) The addition of pertuzumab to the treatment in-
creases the frequency of diarrhea and hematological toxicities.
Pertuzumab should be routinely added to the patients treat-
ed with NACT and trastuzumab, since pertuzumab increases
pathological responses. Clinical trials such as NeoSphere and
TRYPHAENA established that combining trastuzumab and
pertuzumab as dual HER2-targeted therapy markedly im-
proves pCR rates, which subsequently supported regulatory
approval for treating high-risk, early-stage, and locally ad-
vanced HER2-positive BC.'"*'! However, this treatment regi-
men is linked to higher toxicity, particularly gastrointestinal ef-
fects such as diarrhea and hematologic side effects, which may
restrict its suitability for patients with lower-risk disease.”'"
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Despite these advances, real-world data on the efficacy of
pertuzumab-containing NACT regimens and factors influenc-
ing pCR remain limited. This research investigates the rates
of pathological response and identifies predictive factors for
achieving pCR in HER2-positive, locally advanced BC patients
with high-risk features receiving neoadjuvant therapy com-
bining trastuzumab and pertuzumab under real-world clinical
conditions.

MATERIALS AND METHODS
Study Population

We conducted a retrospective analysis of medical records
from patients diagnosed with HER2-positive BC between April
2015 and April 2021. The study population included individu-
als with locally advanced, inflammatory, or early-stage HER2+
disease identified through hospital databases. HER2 positivity
was determined by immunohistochemistry (IHC 3+ score) or
fluorescence in situ hybridization (for cases with IHC 2+ re-
sults). Additional inclusion criteria required patients to have
an Eastern Cooperative Oncology Group performance status
(ECOG PS) of 0-1 and baseline left ventricular ejection fraction
>55%. Exclusion criteria comprised age under 18 years, non-
HER2+ tumor histology, metastatic disease (Stage V), prior
chemotherapy for metastatic cancer, presence of secondary
malignancies, renal impairment, hepatic or cardiac dysfunc-
tion, and uncontrolled hypertension.

This is a retrospective cohort study. Data of patients were ob-
tained from two high-volume hospitals. Age, hormone status,
ECOG PS, Ki-67, tumor grade, tumor location, clinical tumor
size, and regional lymph node status were obtained from the
medical records of patients. The primary endpoint is patho-
logical evaluation of tumors according to the Miller-Payne
grading (MPG) system.[16] MPG is a pathological evaluation,
comparing the tumor tissue at the diagnosis with the tumor
tissue of the patient who was operated after neoadjuvant
chemotherapy. MPG consists of 5 grades whereas grade 1 is
pathological no response (pNR) to chemotherapy; grade 2, 3,
and 4 are pathological partial response (pPR); and grade 5 is
pCR, which is the absence of invasive tumor in the breast and
axilla. In the present study, pathological responses are divided
into two groups as pCR and non-pCR (pNR+pPR).

Treatment Protocols

Adriamycin 60 mg/m? plus cyclophosphamide 600 mg/m? in-
travenously (i.v.) was repeated every 14 days; treatment was
completed in four cycles. Sequential paclitaxel (T) 80 mg/m?
weekly i.v. was repeated every 21 days, trastuzumab was given
8 mg/kg (cycle 1), followed by 6 mg/kg, and plus pertuzumab
loading dose was 840 mg (cycle 1), followed by 420 mg and
was repeated every 21 days. Treatment was completed in four
cycles (4AC plus thermoplastic polyolefin).
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Ethics Approval

This investigation was performed in compliance with the Decla-
ration of Helsinki, with ethical clearance granted by the Institu-
tional Review Board of the Goztepe Prof. Dr. Siileyman Yalcin City
Hospital Ethics Committee (reference ID:E-23898784-604.01.01).

Statistical Analysis

Continuous variables were analyzed using the Mann-Whitney
U test, while categorical variables were assessed through Chi-
square tests or Fisher's exact test, as appropriate. The primary
study outcome was tumor pathological response evaluated
according to the Miller-Payne grading system following per-
tuzumab-enhanced neoadjuvant chemotherapy. Disease-free
survival was defined as the interval from initial diagnosis to
either confirmed disease recurrence, mortality, or final clinical
assessment. OS was measured from diagnosis until death or the
last documented follow-up. Predictive factors for pCR were ex-
amined using Cox proportional hazards regression modeling. A
95% confidence interval was employed for all analyses, with sta-
tistical significance set at p<0.05. All computations were execut-
ed using the Statistical Package for the Social Sciences statistical
software (version 27.0; IBM Corporation, Armonk, NY).

RESULTS
Patients’ Characteristics

From April 2015 to April 2021, 116 patients diagnosed with
HER2 + BC receiving neoadjuvant chemotherapy treatment
were retrospectively analyzed. All patients had received the
same neoadjuvant chemotherapy protocol. Median age was
51 years (26-77). 35.3% of patients were premenopausal,
46.6% were perimenopausal, and 18.1% were postmenopaus-
al. Distribution of molecular subtypes was 62 patients (53.4%)
were estrogen receptor (ER) positive or partial response (PR)
positive, or both and 54 patients (46.6%) were ER negative
and PR negative. Disease type was 15 patients (12.9%) were
operable, 96 patients (82.8%) were locally advanced, and 5
patients (4.3%) were inflammatory. Clinical tumor sizes were
23.3% cT1, 48.3% cT2, 22.4% cT3, and 6% cT4. Lymph node
status was 56.9% cN1, 38.7% cN2, and 4.4% cN3. 12 patients
were assessed as G1, 48 patients were G2, and 56 patients
were G3. 59 (50.9%) patients had a right tumor, whereas 57
(49.1%) patients had left side tumor. Patients were divided into
two groups according to the MPG system: pCR and non-pCR.
83 patients (71.6%) were in the pCR group, and 33 patients
(28.4%) were in non-pCR group. The patients’ clinical charac-
teristics were summarized in Table 1.

Patients achieving pCR exhibited superior outcomes, with a
3-year EFS rate of 85% (95% confidence interval [CI]: 76-92%)
compared to 58% (95% Cl: 45-70%) in the non-pCR group (log-
rank *p*<0.001). The hazard ratio (HR) for events (recurrence,
metastasis, or death) was 0.42 (95% Cl: 0.24-0.73; *p*=0.002),
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Table 1. Patient’s characteristics

n (%)

Age (years) 51 (26-77)
Menstrual status

Premenopausal 41 (35.3)

Perimenopausal 54 (46.6)

Postmenopausal 21 (18.1)
Molecular type

ER positive or PR positive, or both 62 (53.4)

ER negative and PR negative 54 (46.6)
Disease type

Operable 15(12.9)

Locally advanced 96 (82.8)

Inflammatory 5(4.3)
Clinical tumor size

cTl 27 (23.3)

cr2 56 (48.3)

cl3 26 (22.4)

T4 7 (6)
Lymph node status

cN1 66 (56.9)

cN2 45 (38.7)

cN3 5(4.4)
Tumor grade

G1 12(10.3)

G2 48 (41.4)

G3 56 (48.3)
Tumor location

Right 59 (50.9)

Left 57 (49.1)
Miller-Payne Grading

pCR 83 (71.6)

non-pCR 33(28.4)

pCR: Pathological complete response; non-CR: pPR+pNR: Non-complete

response: Pathological partial response + pathological no response.

indicating a 58% reduction in risk for the pCR cohort. The sur-
vival curves diverged early, with non-pCR patients showing a
steeper decline in EFS within the first 24 months.

Predictors of Pathological Response

Univariate analysis identified tumor grade (*p*=0.018), E-cad-
herin expression (*p*<0.001), androgen receptor (AR) status
(*p*<0.001), and tumor location (*p*<0.001) as significant
factors influencing pCR (Table 2). Multivariate Cox regres-
sion confirmed that younger age (HR: 0.93, *p*=0.03), high-
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Table 2. Univariate analysis of pathological response to
neoadjuvant chemotherapy
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Table 3. Multivariate analysis of pathological response to
neoadjuvant chemotherapy

PCR (%) non-PCR (%) P
Age (years) 50 (26-77) 58(30-77) 0.099
Menopause status
Premenopausal 32(78) 9(22) 0.156
Perimenopausal 17 (80) 4 (20)
Postmenopausal 34 (62.9) 20 (37.1)
Grade (G)
G1 12 (100) 0 0.018
G2 29 (60.4) 19 (39.6)
G3 42 (75) 14 (25)
Ki67 40 (13-80) 30(10-75) 0.834
E-cadherin
Positive 32 (55.1) 26 (44.9) 0.000
Negative 31(81.5) 7 (18.5)
Androgen receptor
Positive 70 (88.6) 9(11.4) 0.000
Negative 13 (35.1) 24 (64.9)
Lenfo-vascular invasion
Positive 32(78) 9(22) 0.111
Negative 49 (65.3) 26 (34.7)
Neural invasion
Positive 27 (69.2) 12 (30.8) 0.584
Negative 56 (72.7) 21(27.3)
Molecular type
ER positive or PR positive, 13 (24.1) 20(37.3) 0.222
or both
ER negative and PR negative 41 (75.9) 42 (62.7)
Operable
Locally advanced 72(72.9) 25(27.1) 0.327
Inflammatory 11(57.8) 8(42.2)
Clinical tumor size
cT1 16 (59.2) 11 (40.8) 0.087
cT2 44 (78.5) 12 (21.5)
cT3 20 (76.9) 6 (23.1)
cT4 3 (42.9) 4(57.1)
Lymph node status
cN1 49 (74.2) 17 (25.8) 0.560
cN2 29 (70.7) 12 (29.3)
cN3 4 (50) 4 (50)
Tumor location
Right 20 (48.8) 21(51.2) 0.000
Left 63 (84) 12 (16)

PCR: Pathological complete response; ER: Estrogen receptor; PR: Partial response.

HR 95% CI p
Minimum-Maximum
Age at diagnosis 0.931 0.008-0.993 0.030
Grade 0.031 0.002-0.529 0.016
E-cadherin 1.580 0.412-6.062 0.996
Androgen receptor  0.041 0.007-0.232 <0.001
Clinical tumor size 0.474 0.038-5.850 0.560
Tumor location 0.234 0.065-0.843 0.026

HR: Hazard ratio; Cl: Confidence interval.

er tumor grade (HR: 0.31, *p*=0.016), AR positivity (HR: 0.41,
*p*<0.001), and right-sided tumors (HR: 0.23, *p*=0.026) were
independently associated with pCR (Table 3).

DISCUSSION

This study evaluated the efficacy of neoadjuvant trastuzum-
ab and pertuzumab combined with chemotherapy in 116
HER2-positive BC patients, demonstrating a pCR rate of 71.6%,
which is notably higher than rates reported in pivotal trials
such as NeoSphere (45.8%) and TRYPHAENA (51.9%).1"*' The
3-year EFS advantage in pCR patients (85% vs. 58%, HR: 0.42;
*p*=0.002) reinforces the prognostic value of pCR, aligning
with the CTNeoBC pooled analysis.”! These findings under-
score the clinical benefit of dual HER2 blockade in high-risk
HER2-positive BC, particularly in real-world settings where pa-
tient selection and treatment adherence may differ from con-
trolled trials.

The higher pCR rate observed in our cohort may reflect the
exclusive use of anthracycline-taxane-based chemotherapy
combined with dual HER2 blockade, a regimen supported by
the BERENICE trial."”? Notably, our pCR rates approach those
reported in the JBCRG-20 study (71% with T-DM1/pertuzum-
ab),l'® suggesting that optimized chemotherapy backbones
enhance trastuzumab/pertuzumab efficacy. However, the
lack of survival data due to short follow-up limits our abili-
ty to correlate pCR with long-term outcomes, a critical gap
addressed in trials like KATHERINE, where adjuvant T-DM1
improved survival in residual disease post-neoadjuvant ther-

apy'[19]

Predictors of pCR identified in our study — younger age, high-
er tumor grade, AR positivity, and right-sided tumors - offer
insights into patient selection. The association between AR
positivity and pCR (HR: 0.41; *p*<0.001) contrasts with some
studies,'?>2"! possibly due to differences in tumor biology or
treatment protocols. The right-sided tumor advantage (HR:
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0.23; *p*=0.026) is a novel finding warranting validation, as
prior research focused on prognosis by quadrant rather than
response.

Limitations include the retrospective design, small sample size,
and heterogeneity in tumor characteristics. The absence of
central HER2 testing may have introduced variability, though
all cases met standard IHC/FISH criteria. In addition, toxicity
data were not systematically collected, precluding safety com-
parisons with trials like TRYPHAENA, where diarrhea and he-
matologic toxicities were common.™

Future directions should prioritize prospective studies with
longer follow-up to assess survival and validate predictive
biomarkers. The role of novel agents like trastuzumab derux-
tecan in the neoadjuvant setting (e.g., DESTINY-Breast11 trial
NCT05113251) could further redefine treatment paradigms.

CONCLUSION

Our real-world findings validate the clinical effectiveness of
pertuzumab-based treatment protocols while underscoring
the importance of tailored therapeutic approaches guided by
individual tumor characteristics. Future advancements should
focus on establishing uniform pCR evaluation criteria and in-
corporating novel treatment modalities to further enhance
clinical outcomes in HER2-positive BC management.
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ABSTRACT

Objective: Pes equinovarus is a common congenital foot deformity for which patients and families frequently seek
information on social media platforms, such as YouTube. This study aimed to evaluate and compare the quality, reliability,
and educational value of English- and Turkish-language YouTube videos related to pes equinovarus.

Materials and Methods: On May 16, 2025, systematic searches were conducted on YouTube using standardized English
(“clubfoot,“congenital talipes equinovarus,”“talipes equinovarus”) and Turkish (“carpik ayak,”“dogumsal carpik ayak,”“talipes
equinovarus”) terms. The first 150 videos for each language were screened according to pre-defined inclusion and exclusion
criteria. After eliminating duplicates, non-relevant, or poor-quality content, 65 English and 51 Turkish videos were included.
Video characteristics (duration, views, likes, source, content type) were recorded. Reliability and educational quality were
assessed using the Journal of the American Medical Association (JAMA) benchmarks, the global quality score (GQS), the
DISCERN instrument, and a novel 20-item clubfoot-specific score (CSS). Assessments were independently performed by two

pediatric orthopedic surgeons, with intra- and interobserver reliability tested.

Results: Turkish videos were more often uploaded by physicians (80% vs. 55%, p=0.04), whereas English videos were more
frequently produced by research groups or patients/families. Turkish videos had fewer views and likes but demonstrated
higher educational quality. Intra- and interobserver reliability was excellent for DISCERN, good for CSS, and moderate for
JAMA and GQS. Correlation analysis showed strong positive associations between CSS and DISCERN (r=0.970, p<0.001), CSS
and GQS (r=0.695, p<0.001), and a moderate correlation between CSS and JAMA (r=0.410, p=0.032).

Conclusion: The overall quality of YouTube videos on pes equinovarus remains low. Turkish-language content, despite
lower popularity, demonstrated higher educational value, likely due to greater physician authorship. The CSS showed strong
reliability and may serve as a useful tool for evaluating disease-specific online educational resources.
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INTRODUCTION

Pes equinovarus is one of the most common congenital anom-
alies of the lower extremity and affects approximately 1-2 new-
borns/1,000 births.'"2 This severe foot deformity often causes
anxiety among parents and frequently leads them to seek in-
formation regarding the condition and treatment options via
the Internet. Previous studies have demonstrated that online
health information influences patient decision-making.>*
YouTube has become a widely used platform due to its visual
and auditory content. However, academic content uploaded
to YouTube is not peer-reviewed, which may expose users to
inaccurate or misleading information.”#

The use of the Internet and social media varies across geo-
graphical, linguistic, and cultural contexts, potentially influ-
encing both information-seeking users and content creators.
® This study sought to evaluate and compare the quality, re-
liability, and accuracy of pes equinovarus-related YouTube
videos presented in Turkish and English. Similar to previous
studies in the literature, it was hypothesized that the overall
quality of videos would be low, and that academic authorship
of content might improve quality and reliability.

MATERIALS AND METHODS

This study was conducted in accordance with the principles
of the Declaration of Helsinki. A systematic search of the You-
Tube™ database was performed on May 16, 2025, using Goo-
gle Chrome (version 92.0.4515.159, 64-bit) with cleared cache
and deleted cookies. The search terms “clubfoot,” “congenital
talipes equinovarus,” and “talipes equinovarus” were used. In
the literature, studies analyzing YouTube videos commonly
include the first 50 videos for each search term, as these vid-
eos represent the most accessed content and the most rele-
vant results according to YouTube's algorithm.'? Limiting the
sample to 50 videos also makes the analysis manageable and
comparable. In our study, for each search term, the first 50 vid-
eos ranked by YouTube’s relevance algorithm were screened,
yielding a total of 150 videos.”'"

Inclusion criteria were videos in English, primarily related to
clubfoot, and with acceptable audiovisual quality. Exclusion
criteria were duplicate videos, videos containing only audio or
only visual content, YouTube Shorts, non-English videos, irrel-
evant videos, news, drama, satire, and advertisements unrelat-
ed to clubfoot. Multi-part videos were considered as a single
entry, and no restriction was applied regarding video length.
For the purposes of this study, a YouTube™ account was cre-
ated, and all video links were recorded after eliminating du-
plicates. A total of 34 duplicate videos, 1 non-English video,
38 YouTube Shorts, 4 irrelevant videos, and 8 unrelated adver-
tisement videos were excluded. The remaining 65 videos were
included in the study.
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On the same date, a second standard search was conducted us-
ing the Turkish keywords “carpik ayak,” “dogumsal carpik ayak,”
and “talipes equinovarus."The same methods were applied, and
the first 50 videos for each term (total of 150) were screened.
Inclusion criteria were videos in Turkish, primarily related to pes
equinovarus, and with acceptable audiovisual quality. Exclu-
sion criteria were identical to the English search. A total of 47
duplicate videos, 4 non-Turkish videos, 16 YouTube Shorts, 23
irrelevant videos, and 9 unrelated advertisement videos were
excluded. The remaining 51 videos were included in the study.

For each included video, the following characteristics were re-
corded: (1) Title, (2) duration, (3) number of views, (4) source/
uploader, (5) type of content, (6) number of days since upload,
and (7) number of likes. Uploaders were categorized as fol-
lows: (1) Physician (affiliated with research groups, universi-
ties, or colleges), (2) non-physician healthcare professional, (3)
medical source (health websites or animations), (4) patient or
family, and (5) advertisement related to clubfoot. The content
type was categorized as: (1) Disease-specific information, (2)
patient/family experience, (3) treatment techniques and ap-
proaches, and (4) advertisement.

Video reliability was assessed using the Journal of the Ameri-
can Medical Association (JAMA) benchmarks.!"'? This system
assigns one point for each of four criteria, with a maximum
score of 4 indicating high reliability and a minimum score of 0
indicating low reliability. Although not validated, these criteria
have been widely applied in the literature for evaluating on-
line health information.!'

Educational value was assessed using three different scoring
systems. The global quality score (GQS) provides a five-point
scale to assess overall educational quality.'*'®" Although the
JAMA and GQS are widely used to evaluate online health in-
formation, they were originally designed for written materi-
als rather than video content."” Therefore, they may not fully
capture the audiovisual quality, clarity, or patient-centered as-
pects of YouTube videos."

In addition, the guidelines of the American Academy of Ortho-
paedic Surgeons (AAOS),"” the framework of “What informa-
tion should a person searching the internet about a disease
obtain?’, and the “Clubfoot-Specific Score” (CSS) evaluated by
two orthopedic surgeons were used.

This score aims to assess the educational quality and compre-
hensiveness of the videos related to pes equinovarus. Scoring
systems based on the online AAOS guidelines, similar to those
applied in our study, have also been used in the literature for
various other orthopedic conditions (Table 1).7'" CSS scores
ranged from 0 to 20 and were classified as excellent (16-20),
good (11-15), fair (6-10), and poor (0-5). Finally, the DISCERN
tool, developed in Oxford, UK, was applied. This 16-question
instrument, scored from 1 to 5/item, yields a total score of 16—
80, classified as very poor (16-28), poor (29-41), fair (42-54),
good (55-67), and excellent (68-80).
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Table 1. Clubfoot specific score

Definition « (2 points) Defines the disease. (e.g.,
inward rotation of the foot, equinus
position)

« (1 point) Describes the prevalence of
the disease. (e.g., incidence, male/
female ratio)

- (1 point) Discusses the etiology. (e.g.,
unknown exact cause, genetic and en-
vironmental factors)

Pathoanatomy « (1 point) Describes the bone
pathologies

« (1 point) Describes the soft tissue
pathologies. (e.g., small foot, short/thin
calf muscles)

Diagnosis « (1 point) Describes prenatal
(intrauterine) diagnosis

« (1 point) Discusses the distinction
between idiopathic and non-idiopathic
PEV.

Treatment « (1 point) Answers the question: When
should treatment be initiated?

« (2 points) Provides information on the
Ponseti method and other techniques
(e.g., French method)

« (3 points) Describes the Ponseti
method (e.g., duration and number of
casts, information about Achilles
tenotomy)

« (2 points) Provides information

about orthoses (e.g., duration of use
and im-portance of proper application)
« (2 points) Discusses surgical treatment
and procedures (e.g., management in
case of relapse, types of interventions).
Prognosis and Outcome - (1 point) Describes the consequences
if the condition is left untreated

« (1 point) States that treatment
outcomes are favorable in idiopathic
PEV.

PEV: Pes equinovarus.

Video selection was performed by authors who did not par-
ticipate as observers. Links to these videos were compiled
into a table and shared with the observers. Before evaluation,
the observers received training on the scoring systems. Video
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assessment and scoring according to JAMA, GQS, DISCERN,
and CSS were independently performed in a blinded manner
by two pediatric orthopedic surgeons fluent in both Turkish
and English. To assess intra-observer reliability, videos were
re-evaluated and re-scored 1 month later by the same observ-
ers, blinded to their previous scores. Scores of Turkish and En-
glish videos were compared statistically.

Statistical Analysis

Data were analyzed using IBM Statistical Package for the Social
Sciences (SPSS) Statistics version 27.0 (SPSS Inc., Chicago, IL).
Continuous variables were reported as means with standard
deviations, and categorical variables as absolute and relative
frequencies. Relationships between usefulness scores and
technical features were examined using Pearson correlation.
Inter-rater agreement for video quality was assessed with the
intraclass correlation coefficient (ICC) and 95% confidence
intervals. ICC values <0.5 indicated poor reliability, 0.5-0.75
moderate, 0.75-0.90 good, and >0.90 excellent reliability. The
mean video evaluation scores between the two groups were
analyzed using Student’s t-test. Statistical significance was set
at p<0.05.

RESULTS

The duration of videos, number of views, number of days on-
line, number of likes, and the statistical comparison between
the two groups are presented in Table 2.

The intraobserver and interobserver agreements for all scor-
ing systems were analyzed statistically. The results are present-
ed inTable 3.

When intraobserver agreement according to the scoring sys-
tems was analyzed, a moderate level of agreement was found
for the JAMA score, moderate for the GQS score, excellent for
the DISCERN score, and good for the CSS.

When interobserver agreement was evaluated, a moderate
level of agreement was found for the JAMA and GQS scores,
excellent for the DISCERN score, and good for the CSS.

Table 2. Descriptive statistics of the videos

Turkish English p**
(mean+SD*) (meanSD¥)
Video duration (second) 331.04+782  350.6+340.3 =0.428
Number of views 5249+4261.7 87151+£180.1 =0.003
Number of days since 1285.4+747.9 2204+1193.3 =0.0125
publication
Number of likes 34.3+45.9 644.5+1157.7 <0.001

SD: Standard deviation. *: Meanz*standard deviation; **: Student t-test.
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Correlation analysis among the scoring systems revealed a
strong, statistically significant positive association between
CSS and DISCERN (r=0.970, p<0.001), a strong, statistically sig-
nificant positive association between CSS and GQS (r=0.695,
p<0.001), and a moderate, statistically significant positive as-
sociation between CSS and JAMA (r=0.410, p=0.032).

In Turkish videos, 76.4% scored <2 according to the JAMA cri-
teria, 38.3% scored <2 according to the GQS criteria, 55.9%
were rated as poor or very poor according to DISCERN, and
54.2% were classified as poor according to CSS.

In English videos, 83.07% scored <2 according to the JAMA
criteria, 48.8% scored <2 according to the GQS criteria, 58.4%
were rated as poor or very poor according to DISCERN, and
63.07% were classified as poor according to CSS.

The numerical values and proportions of video sources/up-
loaders in the two groups are summarized in Figure 1. In the
Turkish group, physician uploaders were observed at a higher
proportion (p=0.04), whereas in the English group, videos up-
loaded by medical research groups and patients/family mem-
bers were observed at a higher proportion (p=0.04).

A5
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MEDicAL
RESOURCES

DOCTOR NON-DOCTOR PATIENT /FAMILY ADVERTISEMENT

Figure 1. Comparison of two groups according to video
uploaders.

m Turkish

m English

Figure 2. Comparison of videos based on content type.
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When the types of content were analyzed, the numerical val-
ues and proportions for both groups are presented in Figure
2. In the Turkish videos, disease-specific information videos
were observed at a higher proportion (p=0.184), whereas in
the English videos, compared with the Turkish group, videos
focusing on patient experience and treatment/treatment
techniques were observed at a higher proportion (p=0.184).

The values of the videos according to all scoring systems and
their statistical comparisons are presented in Table 4.

The scores of physician-uploaded videos and their statistical
comparisons are presented in Table 5.

Table 3. Intraobserver and interobserver reliability

Observer 1 Observer 2 Interobserver
Intraob-server Intraob-server ICC* (p**)
ICC* (P**) ICC* (p-x--x-)
JAMA 0.729 (<0.001) 0.707 (<0.001) 0.555 (<0.001)
GQS 0.646 (<0.001) 0.586 (<0.001) 0.591 (<0.001)
DISCERN 0.962 (<0.001) 0.969 (<0.001) 0.981 (<0.001)
CSS 0.844 (<0.001) 0.767 (<0.001) 0.864 (<0.001)

ICC: Intraclass correlation coefficient; JAMA: Journal of the American
Medical Association; GQS: Global quality score; CSS: Clubfoot-specific score.
*: Interclass correlation coefficient; **: Reliability analysis.

Table 4. Comparison of videos according to scores

Turkish (mean+SD)*  English (mean+SD)* p**
JAMA 2.01+0.73 1.86+0.76 =0.264
GQS 3.13+1.21 2.8+1.16 =0.171
DISCERN 41.1+£229 23.6x17.1 <0.001
CSS 8.8+£5.17 5.15+4.04 <0.001

SD: Standard deviation; JAMA: Journal of the American Medical Association;
GQS: Global quality score; CSS: Clubfoot-specific score. *: Meanzstandard
deviation; **: Student t-test.

Table 5. Comparison of scores of videos uploaded exclusively by
physicians

Turkish (mean+SD)*  English (mean+SD)* p*
JAMA 2.09+0.73 1.9+0.8 =0.392
GQS 3.34+1.15 2.97£1.13 =0.162
DISCERN 47.34+20.8 26.8£17.2 <0.001
CSS 10.07£4.1 6+4.1 <0.001

SD: Standard deviation; JAMA: Journal of the American Medical Association;
GQS: Global quality score; CSS: Clubfoot-specific score. *: Meanzstandard
deviation; **: Student t-test.
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DISCUSSION

The main findings of our study are that, although Turkish
videos had lower views, likes, and online duration compared
with English videos, they demonstrated similar reliability and
educational quality in terms of JAMA and GQS scores, while
DISCERN and CSS scores were higher in Turkish videos than
in English videos. In recent years, social media has become
one of the primary sources for patients seeking health-related
information.!"®'? In this context, YouTube, with more than two
billion active users, continues to be a leading online video
platform.2% However, the absence of peer review raises con-
cerns regarding the reliability and quality of videos available
on the platform.'*?"! Previous studies have evaluated the qual-
ity of videos related to upper extremity, shoulder, knee, hip,
and spine conditions,”"121422 while there is a limited number
of analyses regarding videos on pes equinovarus.'? Our study
represents the first to compare Turkish and English content
on this topic.

Social media is an important tool for health communication
for both institutions and individuals.?® The online behaviors
of content creators and users are influenced by the sociocul-
tural characteristics of their communities.”® While health-
care professionals primarily use social media for professional
development, patient education, and occasionally for com-
mercial purposes, individuals mainly use it to seek health
information, share personal experiences, and participate in
online support groups.'® In our study, the higher proportion
of physician-generated content in Turkish videos, in contrast
to the predominance of patient-experience-based content
in English videos, may reflect these sociocultural differences.
Furthermore, in Tiirkiye, medical content production is largely
physician-centered, and the online sharing of personal health
experiences is relatively limited compared with Western coun-
tries. This may contribute to the presence of more structured
and systematically presented content in Turkish videos, partic-
ularly regarding diagnostic and therapeutic processes.

Approximately 22-48% of health-related YouTube videos are
reported to be uploaded by physicians.?? In our study, 80%
of Turkish videos and 55% of English videos were produced
by physicians. The literature indicates that physician-gener-
ated content generally demonstrates higher quality.?>2” Qur
findings support this observation, as physician-produced
videos in both groups achieved higher quality scores. The
higher contribution of physicians to Turkish videos may ex-
plain why this group received higher quality scores com-
pared with English videos.

When only physician-uploaded videos were analyzed, Turkish
content continued to demonstrate higher quality compared
with English videos. This can be interpreted as follows: Videos
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focusing on a specific aspect or a single treatment method
for pes equinovarus may score lower in standardized scoring
systems. This does not imply that these videos provide insuf-
ficient information on the discussed topic."" However, em-
phasizing a single topic or specialized information may cause
confusion for patients. Therefore, there is a need for compre-
hensive educational videos that clearly convey the full process
from diagnosis to treatment options.

In most studies of this type, DISCERN and JAMA scores are
widely used evaluation systems.'*'® However, it is known
that these scales were not originally designed to directly as-
sess video sources (DISCERN) or patient education materials
(JAMA).'931 To objectively evaluate pes equinovarus-specific
content, the CSS was developed for this study. Although CSS
was applied for the 1st time in this study, high intraobserver
and interobserver agreement and strong positive correla-
tions with other scoring systems support its applicability and
reliability.

This study is among the first to directly compare English and
Turkish YouTube content related to pes equinovarus. Our find-
ings suggest that language differences may influence not only
terminology but also content comprehensiveness, education-
al value, and the characteristics of video uploaders. In this re-
spect, the study offers a new perspective to the literature by
emphasizing the linguistic and cultural dimensions of online
orthopedic information sources.

Our study has several limitations. First, YouTube is a constantly
evolving platform that presents personalized content through
artificial intelligence algorithms.” To minimize these effects,
searches were conducted using a browser with cleared history
and cookies, and only results from a specific time frame were
analyzed. Second, only the first 50 videos for each search term
were evaluated. Although this represents only a small portion
of YouTube content, this approach has been widely used in
previous studies.'>'? Third, some videos may focus on highly
specific aspects of the condition. While such videos provide
detailed information on specific topics, they may have been
rated as inadequate in our study due to insufficient coverage
of general information. This study is that the CSS was used in
this form for the 1t time. Nevertheless, similar scoring systems
have been utilized in previous studies evaluating YouTube vid-
eo quality for various orthopedic pathologies. Therefore, this
methodological limitation can be considered acceptable and
consistent with approaches reported in the existing literature.

CONCLUSION

YouTube remains an important and widely used platform for
patient education and information; however, existing content
generally lacks standardized and comprehensive educational
materials. Our study suggests that Turkish videos demonstrate
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higher quality than English videos, largely due to a greater
proportion of physician-generated content. Furthermore, the
CSS, developed specifically for pes equinovarus and applied in
this study, appears to be a practical and reliable tool for evalu-
ating content quality.
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Differentiating Physical and Mental Fatigue in Pregnancy:
A Chalder-Based Quantitative Analysis
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ABSTRACT

Objective: The aim of this study was to compare the levels of physical and mental fatigue during pregnancy and to
determine which type of fatigue is dominant. In addition, the relationships between fatigue levels and some demographic
and hematological variables were also investigated.

Materials and Methods: In this cross-sectional study, 222 pregnant women admitted to the obstetrics outpatient clinic
of a tertiary health institution were included. Physical and mental fatigue levels were assessed with the sub-dimensions of
the Chalder Fatigue Questionnaire, and subjective fatigue perception was measured with the Visual Analog Scale (VAS). In
addition, participants’ clinical data such as age, gravida, parity, hemoglobin, iron and ferritin levels were analysed.

Results: The Chalder physical fatigue subscore was significantly higher than the mental fatigue subscore (p<0.001). A
significant positive correlation was found between VAS scores and CHALDER total scores (p=0.469, p<0.001). No statistically
significant correlation was found between fatigue levels and age, gravida, parity, hemoglobin, iron and ferritin levels (p>0.05).
Conclusion: The most prominent type of fatigue in pregnancy is physical fatigue. The level of fatigue may be related to
pregnancy-specific physiological and psychosocial stress factors rather than hematological or demographic factors. It is
recommended that a holistic and multidisciplinary approach should be adopted in the management of fatigue in pregnancy.

Keywords: Chalder, Fatigue, Mental fatigue, Physical fatigue, Pregnancy, Visual analog scale
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INTRODUCTION [ Mood changes may also trigger a mother’s fatigue during
pregnancy. Studies have shown that psychological conditions
such as stress, anxiety and depression are frequently observed
during pregnancy, and these conditions may increase the
feeling of fatigue.”?

Fatigue during pregnancy is a condition that women
frequently experience throughout their pregnancy. This
condition is influenced by various physiological, psychological
and social factors. In the first trimester of pregnancy, all the
attention of the pregnant woman is on herself. Hormonal |n addition, an increase in body mass and changes in physical
changes, metabolic increase and physiological loads in the activity level during pregnancy are also important factors
body during pregnancy may increase the feeling of fatigue. affecting fatigue. Pregnant women may often have to spend
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more energy to perform their daily activities. This may
increase physical fatigue and affect the general quality of life.
M Especially in the prenatal period, restlessness, insomnia
and difficulties encountered in daily activities may increase
physical fatigue.® In addition, it has been emphasised that
fatigue experienced during pregnancy may continue in the
postpartum period.”

Studies show that approximately 20% of pregnant women
experience symptoms of depression during pregnancy, and
this may increase mental fatigue.” In addition, psychological
problems experienced during pregnancy lead to mental
fatigue by making psychological adaptation of many
women difficult.” One of the main causes of mental fatigue
is inadequate social support. Active participation of spouses
or family members in the pregnancy process may positively
affect the psychological well-being of the mother. A positive
social support network may minimise mental fatigue by
reducing the stress levels of pregnant women.” However,
negative communication and conflicts experienced with the
partner during pregnancy may increase anxiety and mental
fatigue.” In addition, physical changes experienced during
pregnancy may also contribute to mental fatigue. Hormonal
changes and physical disorders may lead to mood fluctuations
and affect the mind-body connection.®

In this study, it was aimed to determine the dominant type of
fatigue occurring during pregnancy.

MATERIALS AND METHODS

In this retrospective study, 222 pregnant women who applied
to the pregnancy outpatient clinic of a 3 level hospital were
included. The study protocol was approved by the Istanbul
Esenyurt University Ethics Committee (Approval No: 2025/06,
Date: 05.08.2025), and the study was designed in accordance
with the Declaration of Helsinki.

Healthy pregnant patients were included in the study.
Patients with any muscle disease, using psychological drugs,
diagnosed with fibromyalgia before pregnancy, gestational
diabetes or any type of diabetes, diagnosed with hypertension
or preeclampsia, heart disease, or non-pregnant patients were
not included.

Demographic data and blood analyses during pregnancy were
recorded, and fatigue levels of the patients were evaluated
with the Chalder fatigue scale.

The Chalder fatigue scale is a self-report scale with high
psychometric validity developed to assess the fatigue levels
of individuals. There are two subcategories in this scale
consisting of 11 items in total. Seven questions assess physical
fatigue, and four questions assess mental fatigue. Each item is
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evaluated according to the level of fatigue experienced in the
last 2 weeks.!

Statistical Analysis

The data obtained in this study were analysed using the
Statistical Package for the Social Sciences v.26.0 software.
Descriptive statistics for numerical and categorical variables
were calculated and presented in tables. Meanzstandard
deviation (SD), median, minimum and maximum values
were calculated for continuous variables. Frequency (n)
and percentage (%) distributions were given for categorical
variables. The assumption of normal distribution was
evaluated by Shapiro-Wilk test. When Shapiro-Wilk p<0.05, it
was accepted that the variable was not normally distributed.

RESULTS

The mean age of 222 women included in the study was
28.12+5.84, and demographic data are given in Table 1.

Only 1 of the pregnant women included in the study used folic
acid before pregnancy, and the rest of the patients did not
take folic acid, iron supplements or B12 supplements before
pregnancy. Biochemical values of the pregnant women are
given in Table 2.

Table 1. Distribution of general characteristics of the study

Variable (n=222) Average+SD Median (Min-Max)
Age 28.12+5.84 27.0 (17.0-43.0)
Gestation week 14.74+8.63 12.0 (4.0-38.0)
Gravida 3.42+2.19 3.0(1.0-13.0)
Parity 1.98+1.87 2.0 (0.0-9.0)
Abort 0.43+£0.97 0.0 (0.0-8.0)

SD: Standard deviation; Min: Minimum; Max: Maximum.

Table 2. Distribution of biochemical characteristics

Variable Average+SD Median (Min-Max)
B12 Level 236.22+125.95 212.5 (83.0-1478.0)
Folic acid level 8.99+4.04 8.05 (2.9-20.0)
Hemoglobin 12.36£1.16 12.5(8.7-15.5)
Hematocrit 36.88+2.98 37.15 (28.4-45.86)
MCV 82.38+7.09 83.4 (38.6-95.1)
Iron 80.04+44.87 78.0 (9.0-405.0)
Iron binding 276.35+£96.82 266.0 (19.0-593.0)
Ferritin 25.94+21.48 19.47 (1.0-110.31)

SD: Standard deviation; Min: Minimum; Max: Maximum; MCV: Mean

corpuscular volume.
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Table 3. Distribution of Chalder and visual analog scale scores

Variable Average+SD Median (Min-Max)

Chalder physical fatigue

score 8.15+2.43 7.0 (7.0-21.0)
Chalder mental fatigue score 4.01+0.1 4.0 (4.0-5.0)
Chalder total points 12.15+2.44 11.0(11.0-25.0)
Visual analogue scale 2.14x1.74 1.0 (1.0-8.0)

SD: Standard deviation; Min: Minimum; Max: Maximum.

Fatigue scales of the patients are given in Table 3.

In the study, a strong positive correlation was observed between
Chalder fatigue scores and visual analogue scale (VAS) scores. This
indicates that the subjective fatigue perceptions of individuals
are consistent with the objective fatigue levels measured by
the Chalder scale. As the subjectively reported fatigue level VAS
increases, the objective fatigue level measured by the Chalder
questionnaire also increases. (Spearman correlation coefficient
p=0.71, p<0.0001 in the analysis. Since normal distribution
assumptions were not met (Shapiro-Wilk test p<0.05 for both
variables) Spearman test was preferred (Fig. 1).

In the study, a strong and significant positive correlation was
found between Chalder physical fatigue subscale and VAS
scores. This result shows that the physical fatigue level of the
individual during pregnancy is compatible with subjectively
perceived general fatigue. (Spearman correlation coefficient
p=0.79, p<0.0001 in the analysis).

A statistically significant but weak positive correlation was
found between Chalder mental fatigue score and VAS.
This result suggests that the general fatigue perception of
individuals is associated with physical fatigue rather than

Relationship Between CHALDER Total Score and VAS
8 -
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6.

VAS Score

L L ! | L

12 14 16 18 20 22 24
CHALDER Total Score

Figure 1. Relationship between Chalder total score and
visual analogue scale
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Table 4. Comparison of Chalder total fatigue scores according to
pregnancy trimester

Gestational trimester MeantSD Median (Min-Max) n

15t Trimester 12.01+£2.51 11.0 (11.0-25.0) 126
(1-14 weeks)

2" trimester 12.0+2.18 11.0 (11.0-19.0) 60
(15-28 weeks)

3 trimester 13.26+2.64 13.0(11.0-18.0) 36

(29-42 weeks)

SD: Standard deviation; Min: Minimum; Max: Maximum.

mental fatigue. (Spearman correlation coefficient p=0.177,
p=0.000 in the analysis).

There was a statistically significant difference between Chalder
total scores according to gestational week (p<0.01). The
highest fatigue level was observed in the 3 trimester (29-42
weeks) group. This finding indicates that physical and mental
fatigue increase as the pregnancy progresses (Table 4).

DISCUSSION

In this study, the Chalder Fatigue Scale, which is used to assess
physicaland mental fatigue in pregnantwomen, was compared
with the VAS, which measures the subjective perception of
fatigue, and the relationship between the two different fatigue
measurement methods was analysed. The results showed that
as the subjective fatigue level reported by VAS increased, the
CHALDER total score also increased significantly. This result
supports the usefulness of VAS for rapid screening in the clinic,
but suggests that comprehensive scales such as CHALDER
remain important for multidimensional fatigue assessment.

Pregnancy is a multidimensional and sensitive period in
which many physiological and psychological changes occur
simultaneously in the female body. Hormonal fluctuations,
hematological changes, increased metabolic needs and
compulsory changes in lifestyle facilitate the emergence of
fatigue. In the first trimester of pregnancy, women'’s efforts
to adapt to the rapid changes in their bodies, combined with
symptoms such as a tendency to sleep, nausea, vomiting
and general weakness, lead to an increase in both physical
and mental fatigue levels. Indeed, in the Generation R study
conducted by Bai et al., " it was shown that symptoms such
as nausea, vomiting and fatigue observed in early pregnancy
had negative effects on quality of life. However, Chou et al.'”
emphasised that fatigue, nausea and vomiting experienced
in early pregnancy were closely related with depressive
symptoms. This shows that pregnancy fatigue has not only
biological but also psychological components. In this study, we
did not find a significant relationship between hematological
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data and fatigue, which shows that we obtained similar results
with the literature.

The findings of this study also provide important clinical insight
into the multidimensional structure of antenatal fatigue. The
significantly higher physical fatigue scores compared with
mental fatigue scores highlight the predominance of somatic
burdens during pregnancy, particularly as gestation progresses.
Physiological mechanisms such as increased metabolic
demands, sleep disturbance, musculoskeletal strain, and weight
gain may explain this pattern, suggesting that physical fatigue
should be considered a primary focus in antenatal follow-
up. Although mental fatigue was also detected, its weaker
correlation with subjective fatigue perception indicates that
psychological components, while relevant, may be secondary
to the physical stressors experienced by pregnant women.
These findings support the importance of routine assessment
of physical fatigue symptoms during prenatal care, particularly
in the third trimester, where fatigue appears to peak.

In this study, the relationship between Chalder total scores and
age, gravida, parity, hemoglobin, iron, and ferritin levels was
examined, and none of these parameters showed a statistically
significant relationship with fatigue score (p>0.05). This finding
suggests that the main determinants of fatigue in pregnancy are
not hematological but rather psychosocial and behavioral factors.
However, the weak correlation between the Chalder mental
fatigue score and the VAS suggests that the physical component
of fatigue may also be important. The fact that fatigue increased
in the third trimester of pregnancy in our analysis also supports
this. In the study conducted by Zhang et all'? in the third
trimester, it was shown that pregnancy fatigue was significantly
associated with factors including depression, sleep quality, and
cognitive dysfunction. Similarly, in a study conducted by Wang
et al using the latent class analysis method in 2022, pregnancy
fatigue was classified in different profiles, and it was found that
variables including advanced gestational week, adverse obstetric
history, and poor sleep quality significantly affected the level of
fatigue. In addition, it has been reported that prenatal fatigue
is not limited to the gestational period and may also be related
with depressive symptoms that may develop in the postpartum
period. Fairbrother et al.™ showed that individuals with high
levels of fatigue during pregnancy had a higher risk of developing
major depression in the postnatal period. Therefore, pregnancy
fatigue should be evaluated not only as a symptom but also as a
predictor of postpartum psychological health.

The absence of a significant association between fatigue severity
and hematological or demographic parameters underscores
an important conceptual shift. Routine laboratory markers
frequently used in antenatal practice may not adequately
capture the complexity of pregnancy-related fatigue. Instead,
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psychosocial, behavioral, and physiological contributors are
likely to play a greater role in shaping fatigue perception. This
interpretation aligns with existing evidence, which emphasizes
that sleep quality, emotional state, stress level, and social support
exert stronger effects on fatigue than biological indicators
alone. Accordingly, integrating psychosocial screening tools into
routine antenatal assessments — alongside physical evaluation —
may strengthen early identification and management strategies
for fatigue in pregnancy.

Oneofthekeystrengthsofthisstudyisitsrelativelylargesample
size of 222 pregnant women, which enhances the statistical
reliability and generalizability of the findings. In addition, the
study simultaneously evaluated both physical and mental
components of fatigue, allowing for a more comprehensive
understanding of the multidimensional nature of fatigue
during pregnancy. Another methodological strength lies in
the combined use of the Chalder Fatigue Scale and the VAS,
enabling the integration of both objective multidimensional
fatigue scoring and subjective fatigue perception. This dual-
scale approach strengthens the methodological robustness
of the study and provides a more nuanced interpretation of
fatigue patterns among pregnant women.

Limitation

Limitations of the study: Although the data of 222 pregnant
women in this study are considered sufficient for statistical
analyses, studies with larger samples are needed. Since the
study had a cross-sectional design, the findings obtained
belonged only to a certain period of time, and it was not
possible to evaluate the change in fatigue levels during
pregnancy over time. Psychosocial variables such as
depression, anxiety, social support, sleep quality and stress
level, which may affect the level of fatigue during pregnancy,
were not systematically evaluated in this study. The effects of
these variables on fatigue could not be taken into account.
The study was conducted with a group of patients from a
single health institution, and the generalisability of the results
to different socioeconomic and cultural levels is limited.

CONCLUSION

When evaluating fatigue during pregnancy, it is important to
focus not only on hematological or demographic indicators
but also on parameters such as psychosocial status, sleep
patterns, emotional burden, and level of social support.
However, it should not be forgotten that mental fatigue may
be accompanied by a physical component, especially in third-
trimester pregnancies. Adopting such a holistic approach
in clinical practice will both improve maternal health and
contribute to the prevention of mental health problems that
may develop in the postnatal period.
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Nurses’ Attitudes Toward Patients with Chronic Pain
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ABSTRACT

Objective: Chronic pain represents a complex health issue with biopsychosocial dimensions that requires a multidisciplinary
approach for effective management. Knowledge deficits and negative attitudes of nurses toward patients with chronic pain
constitute significant barriers to quality pain care and adversely affect patient outcomes. This study aimed to determine the
attitudes of nurses toward patients with chronic pain.

Materials and Methods: This descriptive study was conducted with 216 nurses working in a training and research hospital.
Data were collected using a participant information form and the attitudes of healthcare providers toward patients with
chronic pain scale. Data were analyzed using the Statistical Package for the Social Sciences for Windows, Version 22.
Descriptive statistics, Student’s t-test, one-way analysis of variance, Mann-Whitney U-test, and correlation analysis were
used. All results were evaluated at a significance level of p<0.05.

Results: It was found that 57.4% of the nurses had not received training on chronic pain management, 55.1% considered
themselves competent in managing chronic pain, and 65.3% had a family member with chronic pain. The nurses’ overall
mean score on the attitudes toward patients with chronic pain scale was 3.40+0.46. Among the subdimensions, the
sensitivity subscale mean score was 3.99+0.71, and the misconceptions subscale mean score was 2.96+0.77.

Conclusion: It was observed that nurses’ attitude scores toward patients with chronic pain were at a moderate level. It was
determined that receiving education on chronic pain and the unit in which the nurses worked had a positive effect on the
total attitude score.

Keywords: Attitude, Chronic pain, Nurses' attitude, Pain management
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INTRODUCTION associated with, actual or potential tissue damage”!" Although
thereis no clear threshold for when acute pain becomes chronic,
it is generally accepted that pain persisting for 3 months after
the expected recovery period (according to the International
Classification of Diseases, 11t edition criteria) is pathological.
Study of Pain (IASP) defines pain as “an unpleasant sensory @ The fact that chronic pain affects more than 30% of people
and emotional experience associated with, or resembling that  globally reveals the magnitude of this problem.B!

Pain is an inevitable part of human life. It is a comprehensive
health problem that not only affects individuals but also has
societal dimensions. The International Association for the
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Living with chronic pain means struggling with daily
challenges around simple tasks, often being disbelieved and
stigmatized. This situation reaches alarming proportions in
terms of poor mental health, socioeconomic disadvantage,
and societal costs. The Lancet’s chronic pain series refutes
the common misconception that chronic pain is an indicator
of ongoing injury, instead emphasizing that it is a product
of abnormal neural signaling and requires a multimodal
treatment approach due to biopsychosocial dimensions.”’ The
fact that pain is always subjective constitutes the fundamental
paradigm of the assessment process. Although many ways
are considered for the presence and evaluation of pain, the
patient’s pain report should be accepted as it is.”

The presence of pain directs individuals to seek healthcare.
Proper assessment, identification of pain, and planning of
appropriate interventions are fundamental requirements for
effective management. Nurses, as healthcare professionals
who interact most with patients, assume a critical role in pain
management.” The knowledge level and attitudes of nurses
directly affect not only pain control but also the physiological
and psychological well-being of patients.”? The translation
of theoretical knowledge into clinical practice, regular pain
assessments, and documentation form the foundation of quality
pain care.”? In addition, the use of quality indicators related to
pain is important for evaluating the effectiveness of nursing
practices.® However, knowledge deficits and inadequate
attitudes are common among nurses and constitute a significant
barrier to effective pain management.” ' Previous research also
indicates that nurses worldwide have negative attitudes toward
pain assessment and management.'?'3 Despite the ethical
responsibility in pain management, studies conducted in various
clinical settings show that nurses often tend to underestimate
patients’ pain.'*'® Studies reveal that some erroneous attitudes
toward patients with pain still persist among nurses. These
attitudes include the widespread belief that patients exaggerate
their pain, the idea that placebo use can be effective in assessing
the reality of pain, and encouraging patients to show tolerance
to pain before giving analgesics.'>"! The basis of this situation
lies in the difference between the nurse’s perception and the
patient’s self-assessment.?? Furthermore, this problem is not
limited to nursing education alone; similar knowledge deficits
are observed in medical education. Particularly, inadequacies
in chronic pain management make pain management, which
requires a multidisciplinary approach, even more complex.’?>24

Improving nurses’ attitudes toward pain management is of
critical importance for both improving individual patient
outcomes and enhancing healthcare quality. IASP’s declaration
of 2022 as the “Global Year for Translating Pain Knowledge
into Practice” emphasizes the knowledge-practice gap in this
field. The fact that pain management is a nursing-sensitive
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indicator reveals the decisive role of nurses in this process.?>2°
Nurses in contemporary healthcare systems face an intensive
clinical workload characterized by increasing patient acuity
and expanding care responsibilities. The systematic analysis
of this situation’s impact on nursing performance and patient
outcomes represents a critical imperative for healthcare
delivery effectiveness. This research aims to determine nurses’
attitudes toward patients with chronic pain and contribute to
the literature.

MATERIALS AND METHODS
Design
The study is designed as a descriptive research.

Setting and Sample

The population of the study consisted of 490 nurses working
at the Erzincan Binali Yildinm University-affiliated Training and
Research Hospital located. Power analysis was conducted using
G-power 3.1 program, and the sample size was determined
to be 216 nurses with a 95% confidence interval and a=0.05
significance level.

Data Collection Process

The study was conducted between January 2024 and June
2024. Data collection began by providing the participants
with verbal information about the purpose of the study.
Informed consent, both verbal and written, was obtained from
the participants who voluntarily agreed to take part in the
study. Data were collected through face-to-face interviews at
the times convenient for the participants. The data collection
process for each participant took approximately 10 min.

Ethical and Institutional Approvals

To conduct the study, ethical approval was obtained from
the Ethics Committee of the Faculty of Health and Sports
Sciences at Erzincan Binali Yildirnnm University (293321-08/04)
on September 06, 2023, and institutional permission was
granted by the institution where the research was conducted
(231578024). Before data collection, the nurses were provided
with detailed information about the study, and written
and verbal informed consent was obtained from them. The
study adhered to the Helsinki Declaration on Human Rights
throughout the research process, as individual rights must be
protected.

Data Collection Instruments

The research employed two primary data collection tools
administered through direct face-to-face interviews: A
demographic questionnaire and the Healthcare Professionals’
Attitudes toward Patients.
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Table 1. Participant information form.

Variable n %
Sex

Female 169 78.2

Male 47 21.8
Education

High school 10 4.6

Associate degree 39 18.1

Bachelor’s degree 145 67.1

Graduate degree 22 10.2
Marital status

Married 110 50.9

Single 106 49.1
Worked department

Inpatient services 69 31.9

Surgical services 53 24.5

Intensive care unit 52 241

Emergency department 42 194
Work experience

<1 year 13 6.0

1-5 year 94 43.5

6-10 year 41 19.0

11 years and older 68 315
Chronic pain management training

Yes 92 42.6

No 124 57.4
Perceived competence in chronic pain management

Yes 119 55.1

No 97 449
Chronic pain in family members

Yes 75 34.7

No 141 65.3

Age Mean=SD: (Min.imum.: 21,

30.68+6.790 Maximum: 53)

SD: Standard deviation

Participant Information Form

This form consisted of nine items assessing participant
characteristics such as age, gender, relationship status, level of
education, working unit, duration of professional experience,
history of education in chronic pain management, self-
perceived competence in managing chronic pain, and the
presence of a family history of chronic pain.
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Healthcare Professionals’ Attitudes toward Patients with
Chronic Pain Scale (HCPAPCP)

The study utilized a psychometric instrument developed
by Sucu Cakmak et al., ?”! which underwent comprehensive
psychometric validation procedures. This tool demonstrates
established validity and reliability for measuring healthcare
providers’ perspectives regarding individuals experiencing
persistent pain conditions.

The scale’s psychometric properties were confirmed through
multiple analytical approaches. Reliability assessment
incorporated internal consistency measures and test-retest
stability evaluations. Construct validity was established
using both exploratory and confirmatory factor analytical
procedures.The final instrument comprises 18 items measured
on a five-point Likert response format.

Factor analysis identified two distinct dimensions within the
scale structure:

Sensitivity Orientation Dimension

This subscale encompasses items reflecting compassionate,
understanding, and empathetic perspectives toward chronic
pain sufferers. Itincludesitems 1, 3,4,6,7,9, 11,12, 14, 16, and
18, demonstrating strong internal consistency (Cronbach’s
0a=0.88) among healthcare workers.

Misconception Orientation Dimension

This subscale captures negative, judgmental, stigmatizing,
and erroneous beliefs regarding chronic pain patients. It
incorporates items 2, 5, 8, 10, 13, 15, and 17, with acceptable
reliability (Cronbach’s a=0.75) in the healthcare professional
sample.

Scoring Protocol

Each dimension receives independent scoring without
established threshold values. The sensitivity dimension
employs standard scoring methodology, given its positive
item content: 1 (Strongly disagree) through 5 (Strongly agree).
Scores are aggregated and divided by eleven items, yielding
a range from 1 to 5. Higher values reflect greater empathetic
orientation.

The misconception dimension utilizes reverse scoring due
to negative item formulation: 5 (Strongly disagree) through
1 (Strongly agree). Scores are totaled and divided by seven
items, producing a 1-5 range. Elevated scores indicate fewer
misconceptions.

Consequently, higher composite scores across both
dimensions signify more favorable attitudes toward chronic
pain patients, while lower scores suggest less positive
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Table 2. HCPAPCP total and subscale mean scores.
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Scale/Subscale n Minimum Maximum MeanxSD
Sensitivity orientation 216 1.64 5 3.99£0.71
Misconception orientation 216 1 5 2.96+0.77
HCPAPCP scale 216 1.44 478 3.40£0.46

SD: Standard deviation; HCPAPCP: Healthcare professionals’ attitudes toward patients with chronic pain.

Table 3. HCPAPCP scale and subscale score correlations.

1 2 3

HCPAPCP scale =

R

p
Sensitivity orientation 0.781** =

R 0.000

p
Misconception orientation 0.425%* —0.233** -

R

p 0.000 0.001

*#*p<0.01. HCPAPCP: Healthcare professionals’ attitudes toward patients
with chronic pain

professional perspectives. The current study achieved
reliability coefficients of 0=0.907 for sensitivity and 0=0.760
for misconception factors.”?”

Statistical Analysis

Statistical analysis was conducted using the Statistical
Package for the Social Sciences version 22.0 for Windows.
Distribution normality was assessed through Kolmogorov-
Smirnov testing. Descriptive statistics included frequencies,
percentages, means, and standard deviations.

Inferential analyses employed Student’s t-tests and One-
way analysis of variance (ANOVA) for normally distributed
categorical comparisons, while Mann-Whitney U tests
addressed non-parametric data. Pearson correlation analysis
examined bivariate relationships. Post hoc comparisons
following significant ANOVA results utilized Games-Howell
procedures when homogeneity of variance assumptions were
violated. Statistical significance was established at p<0.05 with
95% confidence intervals for all analyses.

RESULTS

Table 1 shows that nurses averaged 30.68+6.790 years of age,
with 78.2% female, 67.1% bachelor’s educated, and 50.9%

married. The findings show 31.9% worked in internal medicine,
43.5% had 1-5 years of experience, 57.4% lacked chronic pain
training, 55.1% considered themselves competent in chronic
pain management, and 65.3% had chronic pain in their
families.

Table 2 shows that the sensitivity orientation dimension
of the HCPAPCP achieved a mean of 3.99+0.71, while the
misconception orientation dimension scored 2.96+0.77, and
the overall mean score of the attitudes toward patients with
chronic pain scale as 3.40+0.46.

Table 3 shows the correlation findings, indicating a robust
positive association between chronic pain patient attitudes
and sensitivity orientation (r=0.781, p<0.01), alongside a
moderate positive correlation with misconception orientation
(r=0.425, p<0.01). Table 3 further shows a statistically
significant weak inverse relationship between sensitivity and
misconception orientations (r=—0.233, p<0.01).

Table 4 shows notable variations in the sensitivity orientation
subscale scores, a component of HCPAPCP, gender, working
unit, and chronic pain management training status. Post-
hoc analysis results displayed in Table 4 revealed statistically
significant differences between internal medicine staff
and those employed in surgical units and intensive care
departments (p<0.05), whereas no meaningful distinctions
emerged among the remaining age categories.

Table 4 presents several significant findings regarding the
HCPAPCP subscales. The misconception subscale showed
notable variations based on professional experience duration
and chronic pain training history. Similarly, overall HCPAPCP
scores differed significantly according to workplace unit and
chronic pain training background (p<0.05). Conversely, no
statistically significant differences were observed between
HCPAPCP and its components in relation to self-assessed
chronic pain management competency or family history of
chronic pain conditions (p>0.05).

DISCUSSION

The evaluation of attitudes toward pain is an important step
in terms of improving nurses’ clinical practices and enhancing
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Table 4. Comparison of participants’HCPAPCP scale scores
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Sensitivity orientation

Misconception orientation HCPAPCP scale

X+SD Testp X+SD Testand p X+SD Testand p
Sex
Female 4.09+0.57 7:1.992 2.46+0.73 t=0.100 3.45+0.35 7:-1.782
Male 3.67+1.00 p:0.046 2.45+0.92 p=0.921 3.19+0.72 p:0.075
Education
High school 4.41+0.36 F:2.412 2.34+0.90 F:0.376 3.61+£0.40 F:1.45
Associate degree 3.79£0.78 p:0.068 0.54+0.66 p:0.770 3.31£0.55 p:0.228
Bachelor’s degree 4.03+0.66 2.46+0.80 3.42+0.40
Graduate degree 3.94+0.91 0.77£0.05 3.32+0.64
Marital status
Married 3.97+0.70 7:0.697 2.49+0.77 t0.564 3.40+£0.47 7:-0.389
Single 4.02+0.72 p:0.486 2.43+0.77 p:0.573 3.40+0.46 p:0.690
Worked department
Inpatient services? 4.23+0.47 F:4.692 2.48+0.67 F:1.547 3.55+0.32 KW:10.249
Surgical services® 3.96%0.65 p:0.003 2.55+0.79 p:0.203 3.41+0.41 p:0.017
Intensive care unit* 3.77£0.86 a>b 2.52+0.78 3.28+0.53
Emergency department? 3.93+0.81 a>c 2.24+0.86 3.27+0.56
Work experience
<1 year 3.97+0.72 F:0.474 2.16+0.79 F:2.678 3.27+0.46 KW:2.822
1-5 year 4.06+0.65 p:0.701 2.43+0.82 p:0.048 3.42+0.42 p:0.420
6-10 year 3.91+0.95 2.31+0.73 3.28+0.66
11 years and older 3.97+0.62 2.65+0.68 3.46+0.36
Chronic pain management training
Yes 4.22+0.59 7:4.259 2.58+0.79 t:2.624 3.47+0.36 :2.208
No 3.83%£0.74 p:0.000 2.30+0.72 p:0.009 3.34+0.52 p:0.028
Perceived competence in chronic pain management
Yes 4.08+0.64 7:1.633 2.43+0.80 t:0.624 3.44+0.40 7:—0.872
No 3.89+0.77 p:0.102 2.50+0.73 p:0.534 3.34+0.53 p:0.383
Chronic pain in family members
Yes 3.98+0.54 7:0.855 2.54+0.70 t:1.141 3.42+0.33 t:0.667
No 4.00+0.79 p:0.392 2.42+0.80 p:0.255 3.38+0.52 p:0.506

X: Mean, SD: Standard deviation, t: Independent t-test, Z: Man-Whitney U test, F: One-way ANOVA, KW: Kruskal-Wallis, HCPAPCP: Healthcare professionals’

attitudes toward patients with chronic pain

care quality© Nurses are in the position of first-line advisors and
supporters for patients suffering from chronic pain. Although
nurses hold a pivotal position in the management of chronic pain,
current evidence indicates that pain continues to be undertreated
and remains a persistent global health concern.®?%! Therefore,
there is a need to examine attitudes toward patients with chronic
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pain and to understand the determinants of attitudes in further
studies. In the literature, there are studies on general pain
and acute pain attitudes, but studies on chronic pain appear to
be limited. This study aims to explore nurses’ attitudes toward
patients experiencing chronic pain and to provide a contribution
to the existing body of literature on the subject.
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In this research, the mean total score on the Nurses’ attitudes
toward patients with Chronic Pain Scale was 3.40+0.46,
indicating a moderate level of attitude. This result, while being
relatively more positive than the negative attitude findings
in Al Omari et al.®" and the poor attitude reports of Jamal et
al.B2, reveals that nurses’ attitudes toward pain management
are weak, similar to other studies in the literature.?'3337 The
findings of our study show that nurses’ attitudes toward
chronic pain management are neither completely negative
nor adequate, indicating that nurses’ need for education and
support in this area continues.

In this research, it was determined that sociodemographic
variables such as nurses’ age, gender, marital status, and
educational status were not effective on attitudes toward
chronic pain. This finding shows great consistency with studies
in the literature, and it is stated in studies that demographic
variables are not effective on nurses’ knowledge and attitudes
regarding pain management.”323® However, a significant
difference was found between the nurses’ sensitivity
orientation factor of the attitude scale and gender, and it was
determined that male nurses’ sensitivity orientation scores
were lower than female nurses. This finding is consistent with
the systematic review by Ortiz et al.®” stated that female nurses
display more empathetic and patient-centered attitudes, while
male nurses show a more distant tendency.This result suggests
that misconceptions such as not trusting the patient’s pain
report and stigmatizing the patient are less common among
female healthcare workers and that their attitudes toward
patients with chronic pain are strongly positive. In addition,
contrary to the finding that general demographic variables
are not effective, it shows that the gender factor can create
differentiation in specific subdimensions.

In this research, nurses who had received training in chronic
pain management were found to have higher scores in
overall attitudes toward patients with chronic pain, as well as
in the misconception orientation and sensitivity orientation
subscales. However, self-perceived competence in chronic pain
management did not significantly influence their attitudes,
and nearly half of the participants (44.9%) did not consider
themselves competent in this area. The literature suggests
that healthcare professionals who receive training and feel
competent in chronic pain management tend to exhibit more
sensitive attitudes toward patients suffering from chronic pain.
272840 \When these findings are considered collectively, it appears
that receiving education plays a determining role in shaping
attitudes toward chronic pain, whereas individual perceptions
of self-efficacy may not consistently align with those attitudes.

In this research, it was determined that nurses with 11 years
or more of professional experience scored higher on the
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misconception orientation factor. This finding shows that
as nurses gain experience, they trust patients’ pain reports
more and move away from stigmatizing or false beliefs.
As working years increase, it can be thought that nurses
develop more conscious and sensitive attitudes toward
chronic pain. However, there are also opposite results in
the literature. For example, AbuBaker et al.?® stated that
nurses with more than 10 years of experience had weaker
pain perception compared to those with 5-10 years of
experience. These contradictory findings show that the
effect of professional experience on attitude and perception
may vary depending not only on duration but also on
factors such as training received, clinical environment, and
individual approaches.

In this research, it was determined that the working unit was
effective on the sensitivity orientation factor and the total
score of attitudes toward chronic pain, with nurses working
in internal medicine departments having higher scores. This
result may be due to more frequent and longer contact with
chronic patients in internal medicine departments. The less
development of sensitivity toward chronic pain due to care
for acute post-operative pain in surgical departments, and
the intensive workload, time pressure, and acute intervention-
focused approaches in intensive care and emergency
departments may be effective on attitudes toward chronic
pain. This situation reveals the necessity of unit-specific
training. A study indicated that emergency department
nurses’ attitudes toward pain management were inadequate
and that the highest perceived barriers to pain management
were overcrowding in the emergency department and
workload."" Another study states that surgical nurses need
special competency development strategies regarding
pain management and require different pain management
approachesfrom other units.*? A study onintensive care nurses
indicated that inadequate pain management knowledge
due to various barriers and difficulties was insufficient, and
unacceptable attitudes emerged.”? It is stated that negative
attitudes toward chronic pain prevent the implementation of
pain management guidelines.*¥

In our study, it was determined that the presence of chronic
pain in nurses’ family members did not affect their attitudes
toward patients with chronic pain and subdimension scores.
This finding contradicts some studies in the literature. For
example, in the study conducted by Martorella et al., ' it was
stated that an individual’s or their close environment’s chronic
pain experience was associated with more positive beliefs
and attitudes toward people with chronic pain. This situation
suggests that personal experiences may strengthen healthcare
professionals’ patient-centered approaches by increasing their
level of empathy.
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Limitations

The findings are limited in their generalizability because the
study was conducted only with nurses working at a specific
hospital. The fact that information was assessed through a
questionnaire poses a limitation in that it isimpossible to verify
whether participants obtained information from external
sources before responding.

CONCLUSION

This research revealed that nurses’ attitudes toward patients with
chronic pain are at a moderate level, with training and working
unit significantly affecting attitude scores. Pain management
is directly dependent on nurses’ approach in care processes,
making their leadership role crucial for improving care quality.
Therefore, revising nursing curricula with emphasis on pain
education, implementing continuous professional development
programs, and integrating evidence-based protocols into clinical
practice are recommended as effective strategies to enhance
nurses’ knowledge and attitudes in pain management. Future
studies should explore attitude changes over time, examine
differences across healthcare settings, and investigate how
attitudes influence actual pain management practices.
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ABSTRACT

Objective: “Screen time” refers to the time spent using all screen-enabled devices throughout the day. When considering
sleep patterns and quality, daily screen use is thought to be effective in enuresis due to its impact on cognitive and physical
functions. The study aimed to evaluate the relationship between enuresis and screen exposure.

Materials and Methods: One hundred forty-five children aged 6-18 years who applied to Pediatric Nephrology and
Pediatric Urology outpatient clinics due to primary enuresis and whose daily screen time was over 60 min were evaluated
with questions.

Results: A total of 145 patients, 72 girls and 73 boys, were evaluated with a mean age of 9.3+3.2 years. One hundred
twelve patients had a family history of enuresis, and 109 first-degree relatives had a history of enuresis. The children’s mean
screen exposure time was 5.7+1.6 h/day, and 66% (98 patients) reported screen exposure immediately before sleep. All
were observed to have computer or tablet exposure. At 3 months of treatment, all 47 patients with ongoing enuresis were
observed to have screen exposure before bedtime, all were observed to have used computers or tablets, and all those
with ongoing complaints were observed to have played games. At 6 months of treatment, all 27 patients whose enuresis
persisted despite behavioral therapy and medical treatment were observed to have continued screen exposure before
bedtime, exceeding 120 min by playing games.

Conclusion: Enuresis is multifactorial, and the effects of screen time are known. In children, in addition to behavioral therapy
and medical treatment, reducing screen time, especially gaming time, should be considered in the treatment of enuresis.
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INTRODUCTION

The International Pediatric Urinary Incontinence Society
(ICCS) defines enuresis as the incontinence of urine during
sleep in children aged five and older.!" Enuresis is classified
as monosymptomatic in children without lower urinary tract
symptoms (e.g., frequency, daytime incontinence, urgency,
genital or lower urinary tract pain) and a history of bladder
dysfunction; it is classified as secondary in children with
symptoms. Children with monosymptomatic enuresis who
have not yet achieved satisfactory dryness are classified as
primary; children who develop symptoms after six months or
more of dryness are classified as secondary.™

Primary monosymptomatic enuresis has a high rate of
spontaneous resolution, with prevalence rates decreasing
from approximately 15% at age 5-5% at age 10 and from
1% to 2% in individuals aged 15 years and older.” However,
the longer enuresis lasts, the lower the rate of spontaneous
recovery.B! Enuresis is a clinical condition characterized by
the inability to arouse from sleep. It may be caused by one
or more factors, including delayed maturation in the child,
genetic factors, nocturnal polyuria, sleep disturbance, low
bladder capacity, and detrusor overactivity.”! Psychological
and behavioral abnormalities are encountered as both the
cause and the consequence of enuresis. Sleep quality, ability
to wake up from sleep, and distinctions between REM and
non-REM sleep stages are factors that affect enuresis in terms
of the sleep-wake cycle.”! Studies have been conducted to
examine the effects of childhood screen exposure on sleep
disturbances. The literature has shown that screen use leads to
an increase in sleep disturbances and behavioral problems.”
With the developing world and technology, internet and tablet
usage are increasing; the age of usage is decreasing all over the
world, and the time spent in front of the screen is increasing
day by day.”? As internet use and time spent online increase,
behavioral problems also increase. As patients’ sleep patterns
and sleep-wake cycles change, increasing eating disorders
and inactivity also become a problem.® Decreased physical
activity and increased obesity are negative parameters in
enuresis, leading to increased bladder and intra-abdominal
pressure, fluid intake at inappropriate times, and disruption
of the antidiuretic hormone secretion cycle.®® Enuresis is a
common and treatable condition, and in addition to medical
treatment, it is also essential to manage the patient’s behavior.
In these cases, behavioral changes include regulating hourly
water intake, avoiding junk food and eating at set times, and
preventing constipation.®®! In addition, research is ongoing to
evaluate reducing television, tablet, and internet use before
bed as a treatment approach. It is known that all types of
screen use affect all types of enuresis diseases and enuresis at
all ages.oM
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This study aimed to evaluate the use of tablets and television
in patients receiving medical treatment for enuresis, to
determine the duration of gaming and video viewing, and to
assess their impact on treatment outcomes. The aim was to
provide evidence-based recommendations to guide patients
in monitoring without medication or with shorter-term
medication use by recommending behavioral changes before
or in conjunction with medical treatment.

MATERIALS AND METHODS
Study Design and Patient Selection

Only cases diagnosed with monosymptomatic enuresis were
evaluated. Patients aged 60 months to 18 years who were still
receiving treatment but had completed at least 3 months of
enuresis treatment between February 2025 and May 2025
were evaluated. Patients who were evaluated in pediatric
nephrology and pediatric urology clinics, who were using
regular medication, had no known nephrological or urological
problems, were not diagnosed with neurodevelopmental or
neuropsychiatric diseases, and were not using neurological or
psychiatric medications, were evaluated for screen exposure
using survey questions. No artificial intelligence (Al)-supported
technologies (such as large language models [LLM], chatbots,
or image generators) were used in the production of the
presented work. This retrospective cross-sectional study was
approved by the institutional ethics committee (approval
number: 2014, date: February 6, 2025) and was in accordance
with the principles of the Declaration of Helsinki. Written
consent was obtained from all participants in accordance with
ethical rules.

Evaluation

’

A questionnaire was used to collect information on patients
age at presentation, family history of enuresis, age at toilet
training, average sleep duration, difficulty falling asleep due
to screen exposure, daily screen time, type of screen exposure
(tablet, phone, television), presence of a social media account,
time spent gaming, time spent watching videos/movies, type
and duration of the last screen exposure before sleep, and
whether the previous stimulus was used to induce sleep.
Patients were evaluated at the 3" month of treatment. Patients
who still had symptoms at the 3 month were reevaluated at
the 6" month.

Statistical Analysis

No Al-supported technologies (such as LLM, chatbots,
or image generators) were used in the production of the
presented work. The Statistical Package for the Social Sciences
(SPSS) package program (IBM SPSS Statistics for Windows,
version 25.0. Armonk, NY: IBM Corp, 2017) was used for
statistical analyses. Variables with normal distribution are
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shown as mean valueststandard deviation, variables with
abnormal distribution are shown as median (range), and
the rest are expressed as frequency. The Chi-square test was
used to compare categorical variables between groups. The
Kolmogorov-Smirnov test was used to evaluate the normal
distribution of continuous variables between groups. All
parameters were distributed abnormally, so they were
evaluated by the Mann-Whitney U test.

RESULTS

Three hundred and forty-two patients receiving medical
treatment for enuresis were considered. Patients who spent
more than 60 min/day in front of screens were identified. A
total of 145 patients, 72 women and 73 men, were evaluated
via questionnaire. The mean age was 9.3+3.2 years. Of the
145 patients, 112 (77%) had a family history of enuresis, and
109 had a first-degree relative with enuresis. The mean age
at which patients began toilet training was 2.5+0.8 years.
Patients with symptoms of frequent urination, urgency,
urinary incontinence, urinary retention, or recurrent urinary
tract infections were excluded from the evaluation. Mean
daily sleep duration was 9.4 (7-10.5) h. The average time
children spent in front of the screen was found to be 5.7+1.6
h/day. It was observed that all patients were exposed
to computer or tablet use, 42 patients had social media
accounts, and all boys played games. It was observed that
patients who spent 3.5 h or more in front of the screen per
day had difficulty falling asleep. Sixty-six percent (98 patients)
of patients reported exposure to screens immediately before
sleep, and all of these patients had difficulty falling asleep.
In the 3" month of treatment, all 47 patients with persistent
enuresis were observed to be exposed to screens before
bed. All were using computers or tablets, and all those with
persistent complaints were observed to be playing games.
In the 6" month of treatment, all 27 patients with persistent
enuresis, despite behavioral therapy and medical treatment,
were observed to continue to be exposed to screens by
playing games before bed.

DISCUSSION

Enuresis treatment is divided into two groups: Medical and
paramedical. It is known that the patients who benefit most
are those who share a common denominator between these
two groups: Those who are treated with both medication and
behavioral modification. Even if full compliance with medical
treatment is achieved, if behavioral changes are not made,
the treatment response will not be sufficient, and the rate of
recurrence of the disease will increase at the end of treatment.
03T Enuresis behavioral therapy involves establishing nutritional
habits, ensuring adequate fluid intake during daylight hours,
meeting physiological sleep needs, maintaining regular sleep
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patterns, and adhering to appropriate bedtime routines.
04 Prolonged or increased screen use causes children and
adolescents to drift away from their daily routine and prevents
behavioral changes in treatment.'¥ A study examining screen
exposure, sleep quality, and behavioral problems in 374
children found that children with screens in their bedrooms
experienced more sleep and behavioral issues. The same
study also showed that increased exposure, particularly in
the evening, led to more sleep disruptions, which were in
turn associated with behavioral problems.” Screen presence
in the bedroom is also associated with obesity in children.
Lifestyle behaviors (television viewing time, diet, physical
activity, and sleep duration) determine the association with
obesity. This is considered a mediating behavior. Reducing
screen use has been shown to reduce obesity and behavioral
problems.®! Eating disorders and excessive social media
engagement are significant problems among young people.
This study assessed the prevalence of eating disorders and
their relationship to social media addiction among 350 young
people aged 14-25."' The American Psychiatric Association
recently included Internet Gaming Disorder (IGD) among its
potential diagnoses. While the etiology of IGD is not yet fully
understood, impulsivity and excessive gaming appear to be
risk factors.”? Another study evaluating 1.713 children showed
that screen exposure and sleep duration were inversely
proportional, and that increased exposure led to behavioral
and adaptation disorders.'? Experimental studies measuring
physiological and polysomnographic information related to
screen exposure and sleep disruption have shown that screen
light significantly disrupts sleep continuity and quality. In
particular, short-wavelength light emitted from monitors has
been shown to inhibit or delay normal melatonin production.
Light exposure in the evening has been shown to directly
affect melatonin’s circadian cycle, leading to circadian rhythm
disturbances and insomnia, with this effect being more
pronouncedinadolescents.'® Children whose parents watched
television or played video games in their rooms reported more
sleep disturbances. Furthermore, evening screen exposure has
been linked to impaired daytime attention and behavior and
has been shown to exacerbate sleep disturbances in children
ages 6-16. In this digital age, children are often exposed to
both screens and activities like internet use and gaming from
early childhood. Research shows that young children are
particularly vulnerable to screen exposure.'”!

In our study, we found that patients with prolonged screen
exposure either did not respond fully to treatment or
subsequently experienced relapses. In other words, there
was a statistically negative correlation between treatment
benefit and screen exposure duration, consistent with the
literature.
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Study Limitations

This study has several limitations. First, its retrospective design
may have led to missing data or selection bias. Second, the
study was conducted as a single-center, cross-sectional study,
which may limit the generalizability of the findings to other
populations. In this context, a limitation of the study is that the
questionnaire used to evaluate the patients is not an accepted,
well-established tool with proven reliability and validity, but
rather a short questionnaire we created ourselves. Information
regarding the activation of yellow light or “night mode” filters
on the devices was not collected during the study. We are
aware that light color temperature may affect sleep quality,
but this was not assessed. This could be considered another
limitation of our study.

CONCLUSION

Enuresis is a multifactorial pathology, and screen use is known
to be a significant factor. Both direct and indirect effects of
screen use are known. Literature has shown that it causes
cognitive, physical, and neuropsychiatric decline in patients.
In addition to behavioral therapy and medical treatment,
reducing screen use in children, especially gaming time,
should be considered. Considering all this data, our study is
cross-sectional, and studies with larger patient numbers and
more data are needed.
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ABSTRACT

Objective: This study aimed to assess the ability of radiomics features extracted from grayscale B-mode dermatologic
ultrasound images to distinguish benign from malignant skin lesions and to compare the performance of multiple machine
learning (ML) classifiers trained on different radiomics feature domains, including original, Laplacian-of-Gaussian (LoG), and
wavelet-transformed images.

Materials and Methods: This retrospective study analyzed 190 skin lesions (129 benign, 61 malignant) from a publicly
available dermatologic ultrasound dataset. Manual lesion segmentation was performed by an experienced radiologist.
Radiomics features were extracted from original grayscale, LoG-filtered, and wavelet-transformed images using PyRadiomics.
Low-variance descriptors and highly correlated features were removed, and mutual information-based feature selection
was conducted within stratified five-fold cross-validation to avoid information leakage. Logistic regression, support vector
machine (RBF), and random forest classifiers were trained using balanced class weights. Performance metrics were computed
by pooling predictions from all folds.

Results: A total of 851 radiomics features per lesion were initially extracted and reduced to 143 non-redundant descriptors
after preprocessing. Across all models and feature domains, the area under the receiver operating characteristic curve (AUC)
ranged from 0.64 to 0.71. The highest performance was achieved by the random forest classifier using the combined feature
set (AUC: 0.706; accuracy: 0.716). Wavelet-only features also performed well, with random forest achieving an AUC of 0.705
and the highest accuracy (0.742). Logistic regression applied to original features yielded an AUC of 0.697 and comparatively
better sensitivity. Specificity was consistently higher than sensitivity across classifiers.

Conclusion: Radiomics-based analysis of dermatologic ultrasound provides moderate discriminatory ability for benign-
malignant classification. Although limited by dataset size and manual segmentation, the findings support radiomics as a
quantitative, operator-independent adjunct for ultrasound-based skin lesion evaluation.
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INTRODUCTION

Skin cancer is one of the most rapidly increasing malignancies
worldwide, and early diagnosis remains critical for improving
patient outcomes.™ Although dermoscopy and clinical
examination are widely used in the initial evaluation of
suspicious lesions, imaging modalities such as ultrasound (US)
have gained increasing importance due to their accessibility,
lack of ionizing radiation, real-time capability, and ability
to visualize subcutaneous extension.”s High-frequency
ultrasound, in particular, provides valuable morphological and
structural information that assists clinicians in differentiating
benign from malignant cutaneous lesions.®! However,
sonographic assessment is inherently operator-dependent,
and subtle textural patterns that may be diagnostic are often
beyond the threshold of human perception.®

Radiomics offers a solution to these limitations by converting
medical images into high-dimensional, mineable quantitative
data.” Through the extraction of texture, intensity, and
wavelet-based features, radiomics can reveal microstructural
heterogeneity that correlates with the biological characteristics
of tumors. Although radiomics has been extensively studied in
computed tomography and magnetic resonance imaging, the
number of studies applying radiomics analysis to ultrasound
for skin lesions remains very limited.® The acoustic properties
and speckle patterns inherent to ultrasound present a unique
opportunity for texture-based characterization but also
introduce technical challenges that require careful feature
extraction and model optimization.®

In recent years, machine learning (ML) algorithms have
demonstrated promising performance across various
oncologic imaging tasks.”” However, the optimal feature
domains and model types for ultrasound-based skin lesion
radiomics remain unclear. Prior studies have typically focused
on handcrafted features from original images without
systematically exploring theimpact of filtered feature sets, such
as Laplacian-of-Gaussian (LoG) or wavelet transformations,
which may provide additional discriminatory power by
emphasizing different textural scales.”® Moreover, comparative
evaluations of multiple machine learning classifiers applied to
different radiomics feature domains in skin lesion ultrasound
imaging are scarce.”

Given these gaps, there is a need for a comprehensive analysis
that examines how different radiomics feature sets and
machine learning models influence diagnostic performance
in distinguishing benign from malignant skin lesions. Such
an approach would not only provide insights into the most
informative texture domains of ultrasound images but
also highlight which ML methods are most robust for this
classification task.

Ayyildiz. Ultrasound Radiomics for Skin Lesion Classification

Therefore, this study aimed to evaluate and compare the
performance of multiple radiomics feature groups, including
original, Laplacian-of-Gaussian-filtered, and  wavelet-
transformed features, combined with different machine
learning classifiers for differentiating benign and malignant
skin lesions on ultrasound. By systematically assessing these
combinations using a standardized cross-validated framework,
we sought to identify effective radiomics-machine learning
strategies for non-invasive lesion characterization.

MATERIALS AND METHODS
Dataset and Study Design

This retrospective radiomics analysis was performed using an
openly available dermatologic ultrasound dataset published
by Laverde-Saad et al."® and hosted on the Kaggle platform.
M The dataset consists of grayscale B-mode and color Doppler
dermatologic ultrasound images acquired according to DERMUS
guidelines. A total of 235 surgically excised or biopsied skin lesions
were scanned, and seven diagnostic categories representing
the most common benign and malignant cutaneous lesions
were included. All images were de-identified before release and
contained no patient-identifying information. For the present
study, grayscale B-mode images and corresponding lesion masks
were used; cases without grayscale B-mode ultrasound images
or complete data were excluded, resulting in 190 lesions (129
benign, 61 malignant) for final analysis.

All ultrasound scans in the source dataset were acquired using
a single ultrasound platform (MyLab Class C, Esaote, Geneva)
with 10-22 MHz or 18 MHz linear probes to maintain image
homogeneity, as described in the original publication.'”

The images were obtained from a publicly available and
fully de-identified dataset; therefore, no institutional ethical
approval or informed consent was required for this study.

Lesion Segmentation

All images were segmented manually by a radiologist with 8
years of experience in diagnostic ultrasound. Segmentation
was performed in a blinded manner, without any knowledge
of the histopathological diagnosis (benign or malignant) of
the lesions, to prevent reader bias.

Segmentation was carried out using 3D Slicer software. A
freehand region of interest (ROI) was drawn on the grayscale
B-mode ultrasound image containing the largest cross-
sectional diameter of the lesion. The ROl was carefully
adjusted to include the entire lesion while excluding adjacent
normal tissues or artifacts. Segmentation masks were
exported in NRRD labelmap format and reviewed for accuracy
before radiomics feature extraction. The radiomics feature
domains used in this study are illustrated in Figure 1, which
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Figure 1. Visualization of multi-domain radiomics filters applied to a grayscale ultrasound
image of a cutaneous lesion. The first row demonstrates the original image and Laplacian
of Gaussian (LoG) filters with o = 2, 4, and 6. The second row shows single-level Haar
wavelet decompositions (LL, LH, HL, HH). The manually-drawn segmentation mask is
overlaid on allimages to illustrate the correspondence of texture-derived features within

the lesion boundaries.

displays the original ultrasound image, LoG filters (0=2, 4, 6),
and Haar wavelet sub-bands (LL, LH, HL, HH) with the lesion
segmentation overlaid.

Radiomics Feature Extraction

Radiomics features were extracted using the PyRadiomics
framework implemented in Python. Before feature extraction,
images were preprocessed using the default PyRadiomics
pipeline: Z-score normalization within the ROI, gray-level
discretization using a bin width of 10, B-spline interpolation,
and binary mask thresholding to maintain segmentation
integrity.

To investigate the impact of different texture domains,
radiomics features were calculated from original grayscale
images, Laplacian-of-Gaussian  (LoG)-filtered  images,
and wavelet-transformed images (eight directional
decompositions).

A total of 851 features per lesion were initially extracted,
including first-order statistics, shape features, gray-level
co-occurrence matrix (GLCM), gray-level run-length matrix
(GLRLM), gray-level size-zone matrix (GLSZM), gray-level
dependence matrix (GLDM), and neighboring gray-tone
difference matrix (NGTDM) features. Automatic diagnostic
metadata generated by PyRadiomics were excluded.

Feature Processing and Machine Learning Workflow

Following feature extraction, all radiomics variables underwent
a structured preprocessing workflow to ensure robustness

190

and reduce dimensionality. Initially, the dataset was examined
for non-informative descriptors, and features with zero
variance were removed. This step eliminated attributes that
did not contribute measurable variability between lesions.
Subsequently, redundancy among the remaining features was
addressed by constructing a Pearson correlation matrix. When
two features demonstrated a correlation coefficient exceeding
0.85, one of them was discarded to prevent multicollinearity
and ensure a more stable learning environment. After this
unsupervised reduction process, three distinct feature groups
were retained for modeling: original grayscale features,
wavelet-transformed features, and a combined feature set
incorporating both domains.

Statistical Analysis and Model Evaluation

Machine learning analyses were then conducted using Python-
based pipelines. To avoid information leakage, all supervised
feature selection procedures were embedded strictly within
the training folds of the cross-validation framework. Mutual
information (SelectKBest) was employed to identify the
most informative features, with a maximum of 30 variables
selected in each fold, depending on feature availability after
unsupervised filtering. This ensured that each classifier was
trained on an optimized subset of radiomics descriptors
without exposing the test folds to any stage of the feature
selection process.

Model construction was performed using three commonly
applied algorithms in radiomics research: logistic regression
with L2 regularization, support vector machine with a radial
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basis function kernel, and random forest classifier with 500 trees.
Because of the class imbalance between benign and malignant
lesions, all models were trained using balanced class weights to
prevent bias toward the majority class. Model performance was
evaluated using five-fold stratified cross-validation, allowing
malignant lesions to be proportionally represented across
folds. Probabilistic outputs from all folds were aggregated to
compute pooled performance metrics, including accuracy,
sensitivity, specificity, and the area under the receiver operating
characteristic curve. By assessing each combination of feature
group and classifier, the workflow enabled a comprehensive
comparison to identify the most discriminative radiomics-
based approach for distinguishing benign from malignant skin
lesions. A visual summary of the overall workflow, including
dataset curation, segmentation, feature extraction, and model
evaluation, is presented in Figure 2.

RESULTS
Dataset Characteristics

A total of 202 dermatologic ultrasound lesions were initially
reviewed. Twelve lesions were excluded due to missing or invalid
segmentation masks, yielding a final cohort of 190 analyzable
lesions, including 129 benign and 61 malignant cases. All
remaining lesions successfully underwent radiomics processing.

Radiomics Feature Extraction and Reduction

Radiomics extraction from the original, LoG, and wavelet-
transformed images produced 851 features per lesion. The
dimensionality of this feature set was subsequently reduced
through a multistep process. Low-variance filtering removed
two near-constant features, followed by Pearson correlation
filtering, which eliminated highly collinear variables and
reduced the dataset to 143 non-redundant features. Further
refinement was performed inside the training folds of a
stratified five-fold cross-validation framework using mutual
information-based SelectKBest, resulting in the selection of the
top 30 discriminative features for each classifier during model
training.

Machine Learning Model Performance

Three classifiers—logistic regression, a support vector
machine with an RBF kernel, and random forest—were trained
on the original, LoG, wavelet, and combined feature sets using
stratified five-fold cross-validation. Model performance varied
across feature domains and algorithms. The highest overall
performance was observed with the random forest model
trained on the combined feature set, which achieved an AUC
of 0.706 and an accuracy of 0.716. This model demonstrated
high specificity (0.891) for benign lesions but more modest
sensitivity (0.344) for malignant lesions.
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Figure 2. Workflow of the radiomics pipeline, including
dataset selection, segmentation, radiomics feature
extraction (original, LoG, and wavelet), and machine learning
model development.

Wavelet-derived features also showed strong discriminative
value. The random forest model trained solely on wavelet
features reached an AUC of 0.705 and the highest accuracy
amongallmodelsat0.742.Original featuresyielded intermediate
performance, with logistic regression achieving an AUC of
approximately 0.697 and offering relatively better malignant
sensitivity compared with the other models. SVM-based models
consistently showed high specificity but lower sensitivity,
indicating stronger performance in identifying benign lesions.
Table 1 summarizes model performance across classifiers and
feature sets, while Figure 3 presents the corresponding ROC
curves for each feature domain and classifier.

Overall Classification Trends

Across all model-feature combinations, AUC values ranged
from 0.64 to 0.71, and accuracy ranged from 0.63 to 0.74. A
consistent pattern was observed in which specificity exceeded
sensitivity across classifiers, reflecting better performance in
correctly identifying benign lesions than malignant ones.
Despite thisimbalance, the stable results across feature groups
and algorithms support the conclusion that quantitative
radiomics features derived from dermatologic ultrasound
images contain diagnostically relevant information for benign/
malignant differentiation (Table 1).

DISCUSSION

In this study, we demonstrated the feasibility of using
radiomics analysis of grayscale B-mode ultrasound images to
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Figure 3. Receiver operating characteristic (ROC) curves for logistic regression and
random forest models across different radiomics feature domains. The top row displays
ROC performance for logistic regression using original features, wavelet features, and all
combined features. The bottom row shows corresponding ROC curves for random forest
using original and all combined feature sets. The area under the curve (AUC) is reported

for each model.

classify skin lesions as benign or malignant. Using a dataset
of approximately 190 ultrasound images, we extracted a high-
dimensional set of quantitative imaging features and built
machine learning models to distinguish malignant lesions. Our
accuracy is comparable to the ~77% test accuracy reported for
a deep learning classifier on a similar image set and, notably,
is in the same range as expert dermatologist performance.
19 Their deep learning model achieved 77.1% accuracy in
differentiating benign from malignant lesions, which was not
significantly different from the performance of an experienced
dermatologist (74.1%) on the same cases. Thus, our radiomics
approach performs on par with advanced deep learning and
expert interpretation, underscoring that ultrasound radiomics
can capture diagnostically relevant information in skin lesions.
This comparison is encouraging because it indicates that the
diagnostic signal present in skin ultrasound images can be

extracted through different methodological approaches. In
fact, our radiomics model slightly exceeded the dermatologist-
level accuracy reported by Laverde-Saad et al.,"”albeit within
asimilar range. Given that the radiomics and CNN models were
tested on comparable images, our study provides evidence
that machine learning based on engineered radiomics features
is a feasible alternative to deep learning for this task.

It is noteworthy that the random forest classifier performed
best when using wavelet-transformed features alone.
Wavelet radiomics features likely captured multiscale textural
patterns and vascular detail in the ultrasound images, which
may be particularly indicative of malignancy. This finding
aligns with radiomics studies in other domains showing
that multifrequency texture features can enhance lesion
discrimination.!'?

Table 1. Performance of Radiomics-Based Machine Learning Models for Classifying Benign and Malignant Skin Lesions on Ultrasound (SVM:

Support Vector Machine RBF:Radial Basis Function)

Radiomics Feature Set Classifier AUC Accuracy Sensitivity Specificity
All features Random Forest 0.706 71.6% 34.4% 89.1%
Wavelet features Random Forest 0.705 74.2% 40.9% 89.9%
Original features Logistic Regression 0.697 66.8% 62.3% 68.9%
All features SVM (RBF Kernel) 0.687 73.2% 29.5% 93.8%
Original features Random Forest 0.674 66.3% 26.2% 85.3%

192



Eur Arch Med Res 2026;42(2):188-196

Our radiomics-based ultrasound classification of skin lesions
demonstrates competitive diagnostic performance in line
with recent literature. For example, a 2025 study by Qin et al.®!
extracted grayscale ultrasound radiomics features and used
LASSO-selected inputs for machine learning, achieving a high
AUC of ~0.96 in distinguishing benign from malignant skin
tumors. The higher AUC in studies such as that by Qin et al.®®
may reflect differences in dataset homogeneity, lesion types,
or optimization strategies, whereas our real-world dataset
presents a broaderand more challenging diagnostic spectrum.
This is comparable to state-of-the-art deep learning models:
a 2025 CNN approach combining B-mode and Doppler high-
frequency ultrasound images reached approximately 95%
accuracy (AUC ~0.98) in binary lesion classification. In a
broader prospective study, a deep multimodal network that
fused clinical photographs with ultrasound slightly trailed
those figures (binary AUC ~0.88), but its performance nearly
matched that of expert dermatologists. It should be noted
that these performance differences likely reflect variations in
model complexity, dataset size, and study design; therefore,
direct comparison of AUC values across radiomics- and
deep learning-based studies should be interpreted with
caution. Accordingly, the contribution of this study lies not
in outperforming deep learning models but in providing a
systematic and transparent comparison of radiomics feature
domains and machine learning classifiers for ultrasound-
based lesion characterization.

Overall, both radiomics-based models and modern CNNs have
achieved strong accuracy and AUC in dermatologic ultrasound,
often markedly outperforming diagnoses based only on clinical
features.®'Key differences lie in feature extraction and modeling.
Our radiomics pipeline relies on manual ROI delineation and
predefined features, which are statistically filtered and fed
into classifiers.® This approach can be advantageous for small
datasets and offers some interpretability, but it may miss
subtle imaging patterns. In contrast, deep learning methods
automatically learn abstract features from raw ultrasound
images; recent studies have trained CNNs on single-modality
ultrasound or dual inputs to capture more information.!'!
Others have integrated ultrasound with clinical photographs in
a fusion model to improve the classification of skin diseases.™
Hybrid strategies are also emerging; one 2024 study combined
clinical data, radiomics features, and CNN-extracted features
using an SVM, yielding an AUC of ~0.95 in external test sets."™'In
comparison, our radiomics and ML method remains robust and
relatively data-efficient, but it may be outperformed by deep
learning in multiclass or highly varied lesion scenarios. Asatrade-
off, radiomics models have proven their value by significantly
improving diagnostic accuracy over clinical assessment alone,
whereas deep learning approaches offer higher automation
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and the ability to leverage richer image information at the cost
of greater complexity.® This approach allows direct inspection
of feature categories and their relative contributions, offering
greater transparency and interpretability compared with
deep learning models, which often function as “black boxes.”
In addition, radiomics-based methods can be more data-
efficient and robust in smaller datasets, where training complex
deep learning architectures may be impractical or prone to
overfitting. Each approach has complementary strengths,
and the handcrafted feature model used in this study can be
viewed as a solid, interpretable baseline against which newer
deep learning or fusion techniques achieve incremental
gains in diagnostic performance. Accordingly, the proposed
models should be viewed as decision-support tools rather
than standalone screening systems, and their outputs must be
interpreted in conjunction with clinical and imaging findings.

Several limitations likely contributed to the moderate
performance and constrain the generalizability of our
findings. First, the dataset was relatively small, which limits
lesion diversity and may predispose the models to overfitting
or dataset-specific bias. This restricts the generalizability of the
results, particularly across different institutions, ultrasound
devices, and acquisition protocols. No external validation
was performed; therefore, it remains unknown how well
the radiomics model would perform on independent data
from other institutions or ultrasound devices. This lack of
external testing is a critical weakness, as models that perform
adequately on internal data can falter when faced with
variations in imaging settings or patient populations.

Additionally, our workflow relied on manual lesion
segmentation performed by a single radiologist with 8 years
of experience, an inherently time-consuming process that can
introduce interoperator variability. Interobserver variability
was not formally assessed, which represents a limitation of this
study. In fact, the requirement for precise ROl segmentation is
a known bottleneck in radiomics; it is cumbersome and highly
dependent on the operator’s experience."® This dependency
not only affects the reproducibility of the features but also
contrasts with deep learning models, which can learn directly
from image data without a separate segmentation step.

Taken together, the limited sample size, single-center data, lack
of external validation, and reliance on manual segmentation
indicate that our reported AUC of ~0.71 should be interpreted
with caution. The dataset also showed class imbalance (129
benign vs. 61 malignant lesions), which likely contributed to
the relatively low sensitivity observed across models. SMOTE
oversampling was evaluated within the training folds and
improved sensitivity but resulted in reduced specificity and a
slight decrease in AUC; therefore, class-weighted non-SMOTE
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models were retained as the primary analysis, with SMOTE
results reported in the supplementary material (Suppl 1). The
model’s generalizability is likely moderate at best, and further
work is needed before it can be considered for clinical use.

Despite these limitations, our study highlights that radiomics
analysis of high-frequency skin ultrasound is a viable approach
for lesion characterization. The performance, although
not superior to deep learning benchmarks, confirms that
handcrafted ultrasound features contain relevant diagnostic
information. With improvements, such as larger multicenter
datasets, automated or standardized segmentation, and
prospective validation, the accuracy of radiomics-based models
may be enhanced. Future investigations might also explore
hybrid approaches, such as combining radiomics features with
deep learning or clinical data, to improve performance.

CONCLUSION

Radiomics proved moderately effective in classifying
dermatologic ultrasound lesions as benign or malignant,
providing a foundation for quantitative image analysis in this
emerging field. Achieving the higher accuracy levels reported
with deep learning (AUC ~0.77) will require further research
and validation, given the current model’s limitations in data
scope and generalizability. Our findings encourage ongoing
efforts to refine radiomics and integrate it with advanced Al
techniques so that non-invasive ultrasound can be used more
reliably as a diagnostic tool in dermatologic oncology.
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Appendix 1. Effect of SMOTE on Random Forest model performance across key radiomics feature sets

Feature Set Variant AUC Accuracy (%) Sensitivity (%) Specificity (%)
All combined No SMOTE 0.706 71.6 344 89.1
All combined SMOTE 0.688 71.1 47.5 82.2
Wavelet only No SMOTE 0.705 74.2 40.9 89.9
Wavelet only SMOTE 0.709 71.6 50.8 814
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ABSTRACT

Objective: Adenoma detection rate (ADR) is the strongest quality indicator of colonoscopy and is inversely associated with
interval colorectal cancer risk. Although computer-aided detection (CADe) improves ADR in randomized trials, evidence
from routine practice and its impact on concurrent endoscopist-performed optical biopsy remains limited. This study
evaluated whether real-time deep learning—based CADe improves ADR in routine colonoscopy and assessed the diagnostic
performance of endoscopist-performed optical biopsy.

Materials and Methods: This non-randomized prospective pragmatic study was conducted at a tertiary referral center in
Turkiye between October 2025 and February 2026. A total of 2,122 consecutive colonoscopies were allocated by weekly
alternation to Al-assisted detection (CADe-on, n=1,061) or standard colonoscopy (CADe-off, n=1,061). The CADe system was
used exclusively for lesion detection, whereas optical diagnosis was performed by the endoscopist. The primary outcome
was ADR; secondary outcomes included polyp detection rate (PDR), adenomas per colonoscopy (APC), lesion characteristics,
withdrawal time, and optical biopsy accuracy using histopathology as the reference standard.

Results: Baseline characteristics were comparable between groups. ADR increased from 13.0% to 19.0% (absolute increase,
6% points; p<0.001), and Al assistance remained independently associated with adenoma detection (adjusted odds ratio
1.56; 95% confidence interval [CI] 1.22-1.99). PDR and APC were also higher in the Al-assisted group (35.4% vs. 28.7%,
p=0.002; 0.32+0.71 vs. 0.21+0.54, p=0.004). Detection gains were mainly driven by diminutive and non-polypoid lesions,
while withdrawal time did not differ significantly (p=0.11). Endoscopist-performed optical biopsy (428 polyps) showed
sensitivity 88.4%, specificity 81.2%, positive predictive value 84.7%, negative predictive value (NPV) 85.4%, and overall
accuracy 85.1% (95% Cl 81.4-88.3). For diminutive rectosigmoid polyps, NPV was 91.2%, meeting the preservation and
Incorporation of valuable endoscopic innovations threshold.

Conclusion: Real-time CADe was associated with higher adenoma detection without prolonging withdrawal time.
Endoscopist-performed optical characterization during Al-assisted colonoscopy showed reliable diagnostic performance,
suggesting that this combined approach may be feasible in routine clinical practice.
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INTRODUCTION

Colorectal cancer (CRC) remains a major cause of cancer-related
morbidity and mortality worldwide despite the widespread
implementation of screening programs.! Colonoscopy
reduces both CRC incidence and mortality primarily through
the detection and removal of adenomatous polyps. However,
the protective effect of colonoscopy depends critically on
the quality of mucosal inspection. The adenoma detection
rate (ADR) has emerged as the most widely accepted quality
indicator of colonoscopy performance and demonstrates a
strong inverse association with the risk of interval CRC.” Even
modest absolute improvements in ADR translate into clinically
meaningful reductions in post-colonoscopy cancer risk.

Despite advances in high-definition imaging and enhanced
visualization technologies, adenomas continue to be missed
in a considerable proportion of examinations. Tandem
colonoscopy studies consistently report miss rates ranging
from 20% to 26%, with diminutive and non-polypoid
(flat) lesions accounting for a disproportionate share of
overlooked neoplasms.®! These limitations have stimulated
the development of artificial intelligence (Al)-based
computer-aided detection (CADe) systems designed to assist
endoscopists in real time. A growing body of randomized
controlled trials and subsequent meta-analyses has shown
that CADe increases ADR and reduces adenoma miss rates
compared with standard colonoscopy.*® However, most of
the available evidence originates from controlled efficacy
trials. Whether these benefits persist under the heterogeneous
conditions of routine clinical practice - where bowel
preparation quality, patient characteristics, and endoscopist
experience vary substantially - remains uncertain.

In parallel with advances in lesion detection, real-time
optical characterization remains an important component
of colonoscopy practice. When sufficiently accurate, optical
biopsy may facilitate risk-stratified management strategies
such as the “resect-and-discard” or “leave-in situ” approach
for diminutive rectosigmoid polyps.”? Nevertheless, the
performance of optical diagnosis performed by endoscopists
in routine clinical settings, which involves considerable
variability in bowel preparation, lesion morphology, and
operator experience, remains incompletely characterized,
particularly when combined with concurrent Al-assisted
detection.

To date, prospective studies evaluating the combined
clinical impact of integrating both real-time Al-assisted
polyp detection and endoscopist-performed optical biopsy
into routine colonoscopy practice are scarce. In particular, it
remains unclear whether implementation outside controlled
research environments can simultaneously improve adenoma
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detection while maintaining reliable histologic prediction by
the endoscopist.

Therefore, the aim of this prospective pragmatic comparative
study was twofold: first, to determine whether real-time
deep learning-based CADe improves ADR in routine clinical
practice; and second, to evaluate the diagnostic accuracy of
endoscopist-performed optical biopsy during Al-assisted
colonoscopy using histopathology as the reference standard.

MATERIALS AND METHODS
Study Design and Setting

This non-randomized prospective pragmatic comparative
study was conducted at Kayseri City Hospital, a tertiary referral
center in Turkiye, between October 01, 2025, and February 01,
2026. The study evaluated the clinical impact of integrating
a deep learning-based real-time CADe system into routine
colonoscopy practice.

To preserve routine clinical workflow while minimizing
allocation bias, allocation to Al-assisted or standard
colonoscopy was performed by weekly alternation rather than
individual patient randomization. During Al-on weeks, the
CADe platform was connected to the endoscopy video output,
whereas during Al-off weeks, it remained disconnected.
Consecutive patients undergoing colonoscopy within a
given week were therefore allocated to the corresponding
study arm. This design maintained routine scheduling while
facilitating balanced distribution of patient characteristics and
endoscopist workload across study periods. The distribution
of endoscopists and colonoscopy indications was monitored
throughout the study to ensure a comparable case mix
between groups. No changes in endoscopic equipment,
staffing, or bowel preparation protocols occurred during the
study period.

Ethics Approval

The study protocol was approved by the Institutional Ethics
Committee (Kayseri City Hospital Non-interventional Clinical
Research Ethics Committee; Approval No: 585; September
26, 2025). All procedures were conducted in accordance with
the Declaration of Helsinki. Written informed consent was
obtained from all participants before colonoscopy.

Study Population and Eligibility Criteria

Consecutive adult patients (=18 years) undergoing elective
colonoscopy for screening, surveillance, or diagnostic
indications during the study period were eligible for inclusion.

Exclusion criteria were:
«  Known inflammatory bowel disease
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+  Known CRC

«  Hereditary CRC syndromes
«  Prior colorectal resection

- Emergency colonoscopy.

Bowel preparation quality was assessed using the Boston
Bowel Preparation Scale (BBPS) and recorded as a baseline
covariate.® No patient was excluded solely on the basis of BBPS
score, because bowel preparation quality was analyzed as a
clinical variable in the primary comparative analysis. Baseline
characteristics included age, sex, colonoscopy indication,
bowel preparation quality, and withdrawal time.

Al-Assisted Colonoscopy Protocol

All colonoscopies were performed using high-definition
colonoscopes (ELUXEO endoscopy system with EC-760Z-V/L
colonoscopes, Fujifilm, Tokyo, Japan) in standard endoscopy
units by one of five experienced gastroenterologists. Each
endoscopist had more than 5 years of independent practice
and had performed more than 1,000 colonoscopies before the
study.

Before study initiation, all participating endoscopists
completed a brief familiarization session with the CADe
system to standardize interpretation of visual alerts.

During Al-on weeks, a proprietary deep learning-based CADe
system implemented on a graphics processing unit-equipped
workstation was connected to the endoscopy video output
through a video capture interface for real-time lesion detection.
The platform processed the live video stream during the
withdrawal phase and displayed a visual alert on a dedicated
monitor positioned within the endoscopist’s field of view when
a suspected lesion was identified. Because the system was used
as a deployed clinical tool rather than developed in-house,
detailed information regarding internal model architecture,
training dataset composition, and algorithm-level validation
metrics was not accessible to the investigators.

It is important to note that the CADe system was utilized
exclusively for lesion detection. When a lesion was detected,
the endoscopist - not the Al system - performed optical
characterization based on mucosal and vascular pattern
assessment using standard endoscopic criteria and recorded
the predicted histologic classification before lesion resection.
Clinical decision-making, including whether to resect or
biopsy a lesion, was left to the discretion of the endoscopist.

During Al-off weeks, the CADe system was disconnected, and
no automated feedback was provided.

All detected lesions were removed or biopsied according
to current clinical guidelines. Resected specimens were
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submitted for histopathological examination, which served
as the reference standard. Pathologists were blinded to study
allocation and to the endoscopists’ optical predictions.

Withdrawal time was defined as the time from cecal intubation
to scope withdrawal, excluding time spent on therapeutic
interventions.

Outcomes

The primary outcome was the ADR, defined as the proportion
of colonoscopies in which at least one histologically confirmed
adenoma was detected.”

Secondary outcomes included:

«  Polyp detection rate (PDR)

«  Adenomas per colonoscopy (APC)

«  Lesion size, morphology, and location (Paris classification)
«  Withdrawal time

- Diagnostic accuracy of endoscopist-performed optical
biopsy.
Optical biopsy performance was evaluated on a per-polyp
basis during Al-on weeks. Endoscopists documented their
optical diagnosis for resected polyps before histopathological
evaluation. The analysis included all resected polyps during
Al-on weeks for which an endoscopist’s optical diagnosis had
been prospectively recorded (n=428). Sensitivity, specificity,
positive predictive value (PPV), and negative predictive value
(NPV) were calculated with corresponding 95% confidence
intervals (Cls) using histopathology as the reference standard.

Statistical Analysis

Normality of continuous variables was assessed using
the Shapiro-Wilk test. Normally distributed variables are
presented as mean * standard deviation, whereas non-
normally distributed variables are reported as median with
interquartile range. Categorical variables are presented as
counts and percentages.

Between-group comparisons were performed using the
Student’s t-test or the Mann-Whitney U test for continuous
variables and the Chi-square test or Fisher’s exact test for
categorical variables, as appropriate.

Toevaluate theindependentassociation between Al assistance
and adenoma detection, a multivariable logistic regression
model was constructed adjusting for age, sex, colonoscopy
indication, bowel preparation quality, and withdrawal time.
Withdrawal time was included as a covariate because longer
inspection time is an established predictor of adenoma
detection, and we aimed to isolate the effect of Alindependent
of minor procedural time variations. Adjusted odds ratios (ORs)
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with 95% Cls were reported. Model calibration was assessed
using the Hosmer-Lemeshow goodness-of-fit test.

All statistical tests were two-sided, and a p<0.05 was
considered statistically significant. Statistical analyses were
performed using the Statistical Package for the Social Sciences
version 28.0 (IBM Corp., Armonk, NY, USA).

Sample Size Calculation

Based on our institution’s baseline ADR of 13% observed in
the year preceding the study, we aimed to detect an absolute
increase of 6% points (13-19%), consistent with effect sizes
reported in meta-analyses of CADe trials.

Assuming a two-sided alpha level of 0.05 and 80% power,
approximately 1,000 patients per group were required. We
enrolled 1,061 patients in each arm (total n=2,122), providing
adequate statistical power for the primary analysis.

RESULTS
Study Population

A total of 2,122 consecutive colonoscopies were included in the
analysis, with 1,061 procedures allocated to the Al-off group and
1,061 to the Al-on group. The study flow diagram is presented in
Figure 1. Briefly, 2,345 colonoscopy procedures were assessed
for eligibility; 223 were excluded due to inflammatory bowel
disease (n=28), known CRC (n=17), hereditary syndromes (n=5),
prior colorectal resection (n=41), emergency colonoscopy
(n=33), or declined consent (n=99). No procedure was excluded
based on bowel preparation quality. Baseline characteristics
were comparable between groups (Table 1). The mean age was
58.4+12.1 years in the Al-off group and 57.9+11.8 years in the Al-
on group (p=0.38). The proportion of male patients was 52.1% and
53.4%, respectively (p=0.56). Colonoscopy indications (screening,
surveillance, or diagnostic) were similarly distributed between
groups (p=0.72). Adequate bowel preparation (BBPS score >6) was
achieved in 94.6% of procedures in the Al-off group and 95.2% in
the Al-on group (p=0.49). Mean withdrawal time was 7.8+2.1 min
in the Al-off group and 8.0 £+ 2.3 min in the Al-on group (p=0.11).

Primary Outcome: ADR

Al assistance significantly improved adenoma detection. At
least one histologically confirmed adenoma was detected
in 138 of 1,061 colonoscopies (13.0%) in the Al-off group
and in 202 of 1,061 colonoscopies (19.0%) in the Al-on
group, corresponding to an absolute increase of 6.0% points
(p<0.001) and a relative increase of 46%. The difference in ADR
between groups is illustrated in Figure 2.

Secondary Outcomes

PDR was higher in the Al-on group than in the Al-off group
(35.4% vs. 28.7%, p=0.002). Similarly, the mean number of APC
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Absolute difference: 6.0 percentage points (p < 0.001)
25% —

19.0%
202/1,061

20%

13.0%
138/1,061

15%

10%

Adenoma detection rate (%)

5%

0%

Al-off group Al-on group

Figure 1. Study flow diagram. Flow diagram illustrating
patient inclusion and allocation to study groups. A total of
2,345 colonoscopy procedures were assessed for eligibility
between October 01, 2025, and February 01, 2026. Of these,
223 were excluded due to inflammatory bowel disease
(n=28), known colorectal cancer (CRC) (n=17), hereditary
CRC syndromes (n=5), prior colorectal resection (n=41),
emergency colonoscopy (n=33), or declined consent (n=99).
No procedure was excluded based on bowel preparation
quality. The remaining 2,122 colonoscopies were allocated
by weekly alternation: 1,061 to the Al-off group and 1,061 to
the Al-on group

increased from 0.21£0.54 in the Al-off group to 0.32+0.71 in
the Al-on group (p=0.004).

The increased detection rate was primarily driven by diminutive
(<5 mm) and non-polypoid lesions. The proportion of detected
polyps measuring <5 mm increased from 58% in the Al-off group
to 67% in the Al-on group (p=0.008). Non-polypoid lesions (Paris
classification 0-ll) were detected in 2.1% of Al-on colonoscopies
compared with 1.1% in the Al-off group (p=0.02). Detailed lesion
characteristics are presented in Table 2, and the distribution of
polyp size categories across groups is illustrated in Figure 3.

Multivariable Analysis

After adjustment for age, sex, colonoscopy indication, bowel
preparation quality, and withdrawal time, Al assistance
remained independently associated with adenoma detection.
Al-assisted colonoscopy was associated with higher odds
of detecting at least one adenoma (adjusted OR 1.56; 95%
Cl 1.22-1.99; p<0.001). Older age, screening indication, and
longer withdrawal time were also independently associated
with adenoma detection. The complete regression model is
presented in Table 3.
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Table 1. Baseline characteristics of the study population
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Variable Al-off (n=1.061) Al-on (n=1.061) p
Age, years (mean+SD) 58.4+12.1 57.9+11.8 0.38
Male sex, n (%) 553 (52.1) 567 (53.4) 0.56
Indication for colonoscopy, n (%)

Screening 412 (38.8) 426 (40.1) 0.72

Surveillance 265 (25.0) 251(23.7)

Diagnostic 384 (36.2) 384 (36.2)
Adequate bowel preparation (BBPS =6), n (%) 1003 (94.6) 1011 (95.2) 0.49
Withdrawal time, minutes (mean=+SD) 7.8+2.1 8.0+2.3 0.11

SD: Standard deviation, BBPS: Boston bowel preparation scale, Al: Artificial intelligence

Optical Biopsy Performance

During Al-on weeks, endoscopists were instructed to
prospectively record optical diagnosesforresected polypsbefore
histopathological evaluation. A total of 428 resected polyps with
complete prospective optical diagnosis documentation were
included in this sub-analysis. On a per-polyp basis, endoscopist-
performed optical biopsy demonstrated a sensitivity of 88.4%
(95% Cl 83.6-92.1), specificity of 81.2% (95% Cl 74.9-86.3), PPV
of 84.7% (95% Cl 80.1-88.5), and NPV of 85.4% (95% Cl 80.8-
89.1). Overall diagnostic accuracy was 85.1% (95% Cl 81.4-88.3).
For diminutive rectosigmoid polyps (<5 mm), the NPV for
adenomatous histology was 91.2% (95% Cl 86.5-94.8). Table
4 summarizes the diagnostic performance of endoscopist-

Assessed for eligibility
(n = 2,345 colonoscopies)

v '

Allocated by weekly alternation (n = 2,122)

——

Excluded (n = 223)

- Inflammatory bowel disease (n = 28)

- Known colorectal cancer (n = 17)

- Hereditary colorectal cancer syndromes (n = 5)
- Prior colorectal resection (n = 41)

- Emergency colonoscopy (n = 33)

- Declined consent (n = 99)

Al-off group Al-on group
(n=1,061) (n=1,061)
A 4 Y
luded in analy in analysi
(n=1,061) (n=1,061)

Figure 2. Comparison of adenoma detection rate between
study groups. Adenoma detection rate (ADR) according to
the study group. ADR was higher in the artificial intelligence
(Al)-on group (19.0%, 202/1,061) compared with the Al-off
group (13.0%, 138/1,061), corresponding to an absolute
difference of 6.0% points (p<0.001)

performed optical biopsy, and Figure 4 illustrates these
estimates with corresponding Cls.

DISCUSSION

In this prospective pragmatic comparative study, implementation
of a deep learning—based CADe system in routine colonoscopy
practice was associated with a significant increase in ADR. ADR
improved from 13% to 19%, corresponding to an absolute
increase of six percentage points and a relative increase of 46%.
Importantly, thisassociation remainedsignificantafteradjustment
for potential confounders, with Al assistance independently
associated with higher odds of adenoma detection.

The observed improvement in ADR is consistent with a
growing body of randomized evidence. Multiple randomized

Al-off group Al-on group
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Figure 3. Distribution of polyp size categories in artificial
intelligence (Al)-off and Al-on groups. Distribution of
detected polyps according to size category. The proportion
of diminutive polyps (<5 mm) was higher in the Al-on group
(67%) than in the Al-off group (58%) (p=0.008)
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Table 2. Primary and secondary detection outcomes

Eur Arch Med Res 2026;42(2):197-205

Outcome Al-off (n=1,061) Al-on (n=1,061) p
ADR, n (%) 138 (13.0) 202 (19.0) <0.001
PDR, n (%) 305 (28.7) 376 (35.4) 0.002
APC, mean£SD 0.21+£0.54 0.32+0.71 0.004
Diminutive polyps (<5 mm), n (% of detected polyps) 177 (58) 252 (67) 0.008
Non-polypoid lesions (Paris 0-ll), n (% of colonoscopies) 12(1.1) 22 (2.1) 0.02
Withdrawal time, minutes (mean+SD) 7.8+2.1 8.0+2.3 0.11

ADR: Adenoma detection rate; PDR: Polyp detection rate; APC: Adenomas per colonoscopy; SD: Standard deviation; Al: Artificial intelligence.

Table 3. Multivariable logistic regression analysis for adenoma detection

Variable Adjusted OR 95% ClI p
Al assistance (Al-on vs. Al-off) 1.56 1.22-1.99 <0.001
Age (per year increase) 1.02 1.01-1.03 0.01
Male sex 1.18 0.95-1.46 0.12
Screening indication (vs. diagnostic) 1.24 1.01-1.54 0.04
Adequate bowel preparation 1.31 0.90-1.89 0.15
Withdrawal time (per minute increase) 1.06 1.01-1.12 0.03

OR: Odds ratio; Cl: Confidence interval; Al: Artificial intelligence.

controlled trials have demonstrated that CADe systems
improve the detection of colorectal neoplasia (4-6). A
comprehensive meta-analysis of randomized trials reported
that Al-assisted colonoscopy significantly increases ADR
(relative risk [RR] 1.19; 95% Cl 1.14-1.25),/'® while another
meta-analysis reported a similar magnitude of effect (RR 1.27;
95% Cl 1.14-1.41)." Qur findings extend this evidence by
evaluating Al implementation in a pragmatic clinical setting
using a non-randomized weekly alternation design rather
than in tightly controlled experimental environments. The
consistency between our results and those from randomized
trials suggests that the benefits of CADe can be maintained in
routine clinical practice.

The increase in detection observed in our cohort was primarily
driven by diminutive (<5 mm) and non-polypoid lesions. This
pattern is consistent with previous studies showing that Al
systems preferentially improve the detection of subtle lesions
that are easily overlooked during conventional inspection.'2
Non-polypoid morphology has been associated with higher
miss rates in tandem colonoscopy studies.®! By facilitating
the detection of these lesions, Al-assisted colonoscopy may
contribute to reducing the risk of interval CRC. Although
long-term oncologic outcomes cannot be determined from
the present study, ADR is a validated surrogate marker for
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Figure 4. Diagnostic performance of endoscopist-performed
optical biopsy.Forest plot showing diagnostic performance of
endoscopist-performed optical biopsy, including sensitivity,
specificity, positive predictive value, and negative predictive
value, with corresponding 95% confidence intervals. Overall
accuracy was 85.1% (95% confidence interval [Cl] 81.4-88.3).
For diminutive rectosigmoid polyps (<5 mm), the negative
predictive value was 91.2% (95% Cl 86.5-94.8).
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Table 4. Diagnostic performance of endoscopist-performed optical
biopsy (per-polyp analysis)

Overall performance (n=428 polyps)

Metric Estimate (%) 95% CI
Sensitivity 88.4 83.6-92.1
Specificity 81.2 74.9-86.3
PPV 84.7 80.1-88.5
NPV 85.4 80.8-89.1
Overall accuracy 85.1 81.4-88.3
Subgroup: Diminutive rectosigmoid polyps (<5 mm)

Metric Estimate (%) 95Cl
NPV 91.2 86.5-94.8

NPV: Negative predictive value; PPV: Positive predictive value; Cl:
Confidence interval.

CRC risk reduction.?™ Furthermore, a recent meta-analysis
demonstrated that CADe significantly reduces adenoma
miss rates (OR 0.58; 95% Cl 0.45-0.74)," supporting the
mechanistic basis of our findings.

Importantly, the implementation of Al assistance did
not significantly prolong withdrawal time. This finding is
consistent with prior randomized trials and pooled analyses
indicating that CADe integration does not substantially
increase procedure duration or disrupt endoscopic workflow.
01516 In our study, withdrawal times in both groups remained
within accepted quality standards, supporting the practical
feasibility of Al-assisted colonoscopy in routine practice.

In addition to detection performance, we evaluated
endoscopist-performed optical biopsy within an Al-assisted
detectionenvironment.Optical characterization demonstrated
robust diagnostic performance, with a sensitivity of 88% and a
specificity of 81%. For diminutive rectosigmoid polyps, the NPV
exceeded 90%, meeting the preservation and incorporation
of valuable endoscopic innovations threshold required for
adopting a “leave-in situ” strategy.”’ Although our study was
not designed to alter resection strategies, these findings
suggest that endoscopist-performed optical diagnosis during
Al-assisted colonoscopy may be feasible in routine clinical
practice. Similar diagnostic performance has been reported
in prospective multicenter studies evaluating real-time optical
diagnosis of colorectal polyps.''”!

Structured diagnostic frameworks may further improve optical
biopsy performance. Recent studies suggest that standardized
approaches - such as the “3-s rule” for high-confidence
optical diagnosis — can enhance diagnostic accuracy when
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combined with Al assistance.® In an ex vivo study including
35 endoscopists, Al-assisted optical characterization increased
high-confidence diagnostic accuracy from 78.3% to 89.8%, with
the largest improvements observed among less experienced
endoscopists.'® Although such structured decision rules were
not implemented in our study, these findings may inform future
strategies for improving optical diagnosis in clinical practice.

While controlled trials have demonstrated promising results
for Al-assisted detection and optical diagnosis, real-world
validation remains comparatively limited.>?? Soleymanjahi
et al.2" emphasized the importance of pragmatic evaluations
beyond efficacy trials. Our findings contribute to this emerging
evidence by demonstrating improved adenoma detection and
stable diagnostic performance in a heterogeneous patient
population representative of routine clinical practice. In
addition, network meta-analyses indicate that improvements
in adenoma detection appear consistent across different
CADe platforms, suggesting that the observed benefit is
not restricted to a specific device.”? It should be noted that,
as the present study employed a commercially available
CADe system, detailed technical specifications regarding the
underlying algorithm (e.g., architecture, training data) were
not accessible to the investigators; this limitation should be
considered when interpreting the findings.

Recent real-world investigations have also raised the
possibility of unintended consequences associated with
Al implementation. A retrospective study evaluating CAD
integrationreportedthatalthough ADRand PDRimproved with
Al-assisted colonoscopy, detection rates in non-Al procedures
performed after Al introduction declined compared with the
pre-implementation baseline.”® This phenomenon may reflect
changes in endoscopist attention or increased reliance on Al
alerts. Although our study was not designed to evaluate such
carryover effects, this observation highlights the importance
of careful implementation strategies and ongoing quality
monitoring.

Several limitations should be acknowledged. First, although
the relative increase in ADR was substantial, the absolute
increase was modest, consistent with pooled estimates
reporting absolute improvements of approximately 5-10%
depending on baseline ADR and study design.?* Second, the
non-randomized weekly alternation design, while pragmatic,
may introduce temporal confounding despite the comparable
case mix observed between groups; residual confounding
cannot be entirely excluded. Third, the single-center design
may limit generalizability to other settings with different patient
populations or endoscopist experience levels. Fourth, long-
term effects on interval CRC incidence cannot be evaluated in
this study. Fifth, cost-effectiveness was not assessed, although
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previous modeling studies suggest potential economic benefits
of Al-assisted colonoscopy in screening programs.?”! Finally, as
a pragmatic study using a commercial CADe platform, detailed
technical parameters of the Al system were not available for
analysis, which precludes algorithm-specific comparisons.

Despite these limitations, the study has several strengths.
The pragmatic design reflects routine clinical workflow,
participating endoscopists were experienced and evenly
distributed between study groups, histopathology served as the
reference standard, and multivariable analysis confirmed the
independent association between Al assistance and improved
adenoma detection. Moreover, the simultaneous evaluation of
CADe performance and endoscopist-performed optical biopsy
within the same cohort provides a comprehensive assessment
of Al integration into routine colonoscopy practice.

Overall, these findings suggest that integration of Al-based
detectionand endoscopist-performed optical characterization
into routine colonoscopy is feasible and may improve
detection of colorectal neoplasia without compromising
procedural efficiency.

CONCLUSION

In this prospective pragmatic comparative study of 2,122
colonoscopies, integration of real-time CADe into routine
colonoscopy practice was associated with a significant increase
in ADR from 13% to 19%. Endoscopist-performed optical
characterization during Al-assisted colonoscopy demonstrated
reliable diagnostic performance, with an NPV exceeding 90% for
diminutive rectosigmoid polyps. These findings suggest that Al-
assisted colonoscopy may be feasible in routine clinical practice,
although further multicenter studies with longer follow-up are
required to determine whether improved detection translates
into sustained reductions in CRC incidence and mortality.
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ABSTRACT

Objective: To evaluate the development of polycystic ovary syndrome (PCOS) during adolescence in girls with a history of
premature adrenarche (PA) and to identify clinical, biochemical, and familial factors associated with subsequent PCOS.

Materials and Methods: This retrospective longitudinal cohort study included 88 girls diagnosed with PA in childhood who
were followed until adolescence. PCOS was evaluated during adolescence in clinically indicated participants according to
contemporary guideline-based diagnostic criteria.

Results: During follow-up, 15 of 88 girls developed PCOS (cumulative incidence, 17.0%). At PA diagnosis, age, birth weight
SDS, and body mass index (BMI)-SDS were similar between the PCOS and non-PCOS groups, and baseline androgen
measures did not differ (dehydroepiandrosterone sulfate [DHEA-S], p=0.35; DHEA-S SDS, p=0.80; total testosterone, p=0.87;
A4-androstenedione, p=0.69). At adolescent/final evaluation, BMI-SDS and ABMI-SDS were comparable between the groups
(p=0.84 and p=0.58, respectively). Girls who developed PCOS also had menstrual irregularity and clinical hyperandrogenism,
with a median modified Ferriman-Gallwey score of 15 (IQR, 11-21). Maternal history of PCOS was more frequent among girls
who developed PCOS than among those who did not (7/15 [46.7%] vs. 13/65 [20.0%], p=0.047; OR, 3.50). Total testosterone
levels were significantly higher in the PCOS group (p=0.005), whereas DHEA-S and A4-androstenedione levels did not differ
significantly between the groups.

Conclusion: In girls with PA, adrenal androgen levels at diagnosis did not predict subsequent PCOS. Familial susceptibility
was associated with later PCOS development. At adolescent evaluation, total testosterone distinguished girls with PCOS
from those without PCOS better than DHEA-S or A4-androstenedione. These findings support the continued follow-up of
girls with PA through adolescence, with particular attention to familial predisposition, menstrual regularity, and clinical or
biochemical hyperandrogenism.
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INTRODUCTION

Premature adrenarche (PA) is characterized by early clinical
signs of androgen action (pubic/axillary hair, acne, and body
odor) before 8 years of age in girls and before 9 years of age
in boys, after the exclusion of congenital adrenal hyperplasia,
androgen-producing tumors, and other rare causes of
androgen excess."" PA accounts for most isolated premature
pubarche (PP) presentations and is usually considered
a developmental variant but has been linked to later
hyperandrogenic and metabolic risk in selected phenotypes.

Polycystic ovary syndrome (PCOS) is among the most common
endocrine disorders and carries a substantial reproductive and
metabolic burden; guideline data estimate a global prevalence
of ~10-13% and highlight persistent under-recognition.” In
adolescents, diagnosis requires caution because physiological
puberty may mimic PCOS; thus, recommendations require
persistent menstrual irregularity (by years since menarche) and
clinical or biochemical hyperandrogenism after the exclusion
of mimicking disorders, while pelvic ultrasonography and
AMH are not recommended for diagnosis in this age group.®

A biologically plausible link between PA and the later
development of PCOS has long been proposed. Early follow-up
studies suggested increased postpubertal hyperandrogenic
ovarian  phenotypes after premature  pubarche.*?
However, more recent longitudinal cohorts have reported
heterogeneous outcomes, with some showing limited
ovarian dysfunction and others reporting a higher PCOS risk
and highlighting maternal PCOS history and adiposity as
correlates.®” Accordingly, whether PA represents a benign
variant or an early marker of future PCOS in specific subgroups
remains clinically important. Therefore, we aimed to evaluate
adolescent PCOS outcomes after PA and to identify clinical
and biochemical predictors at presentation and during follow-
up that may improve risk stratification.

MATERIALS AND METHODS

This retrospective longitudinal cohort study included girls
diagnosed with premature adrenarche (PA) in childhood
and followed through adolescence at a tertiary pediatric
endocrinology center. At presentation, alternative causes of
androgen excess were excluded, including classic/non-classic
congenital adrenal hyperplasia, androgen-secreting tumors,
Cushing syndrome, and central precocious puberty, using
appropriate clinical, biochemical, and imaging assessments.!'#!

Clinical history and follow-up data included age at symptom
onset, birth weight, gestational age, maternal PCOS history,
and maternal age at menarche. These data were obtained from
medical records. Missing maternal history data were verified
by telephone interview with the mother when possible.

Helvacioglu et al. PCOS Risk After Premature Adrenarche

Physical examination and anthropometric assessment were
performed at 3-6-month intervals. Height and weight were
measured using standardized methods; BMI was calculated
as kg/m? and converted to age- and sex-specific SDS using
Turkish reference data.”? Auxologic and skeletal assessment
included BMI-SDS change, bone age, and birth weight SDS.
ABMI-SDS was defined as BMI-SDS at outcome evaluation
minus BMI-SDS at PA diagnosis. Birth weight was expressed as
SDS for gestational age; small for gestational age (SGA) was
defined as birth weight <—2.0 SDS.I"

Bone age (BA) and chronological age (CA) were recorded at
PA diagnosis, and BA was assessed using the Greulich-Pyle
method.l"!

Adolescent PCOS evaluation followed the 2023 International
Evidence-based Guideline and adolescent-specific
recommendations.>¥ PCOS diagnosis required both ovulatory
dysfunction, based on years-since-menarche criteria, and
clinical and/or biochemical hyperandrogenism after the
exclusion of mimicking disorders. Physical examination findings
related to androgen action, including pubic/axillary hair, acne,
body odor, and hirsutism during adolescence, were reviewed.
Clinical hyperandrogenism was assessed by the presence of
hirsutism and/or severe acne; hirsutism was quantified using
the modified Ferriman-Gallwey (mFG) score.'”

Laboratory assessment at PA diagnosis included serum
DHEA-S, androstenedione, total testosterone, and
17-hydroxyprogesterone (17-OHP). At the adolescent/final
evaluation, biochemical assessment for comparison between
the PCOS and non-PCOS groups included total testosterone,
DHEA-S, and androstenedione. DHEA-S was measured using
an automated chemiluminescence immunoassay (ADVIA
Centaur, Siemens Diagnostics, Erlangen, Germany). DHEA-S
concentrations >1084 nmol/L (40 pg/dL) were considered
indicative of adrenal activation, and age- and sex-adjusted
DHEA-S SDS values were calculated.™! Total testosterone
and androstenedione were measured using automated
immunoassays on a Beckman Coulter platform (Beckman
Coulter, Brea, CA, USA).

Imaging and metabolic assessments were performed during
the PCOS work-up when clinically indicated. Metabolic testing
included fasting glucose, fasting insulin, HOMA-IR, and HbAc
when available. HOMA-IR was calculated according to the
homeostasis model assessment described by Matthews et al.l'”
using the following formula: fasting insulin (uU/mL)xfasting
plasma glucose (mg/dL)/405. Pelvic ultrasonography was
used to assess ovarian morphology and ovarian volume.
Ovarian volumes were calculated using the ellipsoid formula:
volume=lengthxwidthxthicknessx0.523.1'
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Statistical Analysis

Statistical analyses were performed using GraphPad Prism
version 5.0 (GraphPad Software, San Diego, CA, USA). Normality
was assessed using the Shapiro-Wilk test. Continuous
variables are presented as meanSD or median (IQR), as
appropriate, and categorical variables as n (%). Between-
group comparisons were performed using Student’s t-test for
normally distributed data, the Mann-Whitney U test for non-
normally distributed data, and the chi-square test or Fisher’s
exact test for categorical variables, as appropriate. Two-sided
p values <0.05 were considered statistically significant.

Ethics

This study was conducted in accordance with the principles of the
Declaration of Helsinki. The study protocol was approved by the
Marmara University Institutional Ethics Committee (Approval No.:
09.2009.1020; Date: December 06, 2019), and written informed
consent was obtained from the legal guardians.

RESULTS

A total of 88 girls were followed for PA diagnosed at a mean
age of 6.6+1.1 years. The mean BMI SDS at presentation was
0.7£1.1. Most patients (81.9%) were born at term, and 8.0%
were born SGA. The mean maternal age at menarche was
12.6+1.4 years; the corresponding mean age at menarche
in the girls was 11.8+0.9 years. The mean BA/CA ratio was
1.0+0.2, and the mean DHEA-S concentration was 82.8+45.7
mcg/dL. The mean follow-up duration was 8.0+2.6 years, and
PCOS was diagnosed in 15/88 girls (17.0%). Age at PA diagnosis
was similar in the PCOS and non-PCOS groups (6.6+1.1 vs.
6.6+1.0 years; p=0.97). BMI-SDS at PA diagnosis did not differ
between the PCOS and non-PCOS groups (0.9+1.2 vs. 0.6+1.1;
p=0.47). Birth weight SDS did not differ between the groups
(=0.57+1.10 vs. —0.54+0.96; p=0.93). SGA was observed in
2/15 (13.3%) girls in the PCOS group and 4/73 (5.5%) in the
non-PCOS group (p=0.27). ABMI-SDS was similar between the
groups (—0.08+1.3 vs.0.09+1.0; p=0.58). In girls who developed
PCOS, the mean age at menarche was 12.0+0.6 years, and the
mean time from menarche to adolescent/final evaluation
was approximately 5 years. Menarcheal age did not differ
between girls who later developed PCOS and those who did
not (p=0.70). At adolescent/final evaluation, age was 17.0+2.0
years in the PCOS group and 15.9+1.8 years in the non-PCOS
group (p=0.057), while BMI-SDS was similar between the
groups (0.70+2.3 vs. 0.8+1.6; p=0.84). At PCOS evaluation,
all girls in the PCOS group reported menstrual irregularity,
and clinical hyperandrogenism was evident, with a median
Ferriman-Gallwey score of 15 (IQR, 11-21). Maternal history of
PCOS was more frequent in girls who developed PCOS than in
those who did not (7/15 [46.7%] vs. 13/65 [20.0%]; p=0.047;
OR, 3.50; 95% Cl, 1.07-11.42).
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Maternal age at menarche did not differ between the PCOS
and non-PCOS groups (13.0+0.8 vs. 12.6+1.4 years; p=0.40).
In the non-PCOS group, daughters’ age at menarche did not
differ from maternal age at menarche (p=0.72). In contrast, in
the PCOS group, daughters reached menarche significantly
earlier than their mothers (p=0.001).

At PA diagnosis, neither DHEA-S concentration nor DHEA-S SDS
differed between girls who later developed PCOS and those
who did not (DHEA-S: 72.3+47.1 vs. 84.9+45.5, p=0.35; DHEA-
S-SDS: 0.9+2.5 vs. 1.0+2.0, p=0.80); similarly, total testosterone
and A4-androstenedione were comparable between the
groups (p=0.87 and p=0.69, respectively) (Table 1).

Consistent with this clinical hyperandrogenic phenotype, total
testosterone was significantly higher in the PCOS group than
in the non-PCOS group (60.6+11.3 vs. 39.0+17.6, p=0.005),
whereas A4-androstenedione (3.0+0.7 vs. 2.6+0.8, p=0.17)
and DHEA-S (252+112 vs. 219497.1, p=0.26) did not differ
significantly between the groups. In the PCOS group, mean
LH and FSH levels were 11.7+3.8 and 6.1+1.9, respectively.
Metabolic assessment revealed a mean HOMA-IR of 3.7+2.2
and a mean HbAT1c of 5.4+0.2%. Pelvic ultrasonography
demonstrated mean ovarian volumes of 12.0+8.5 mL and
12.3£10.5 mL for the right and left ovaries, respectively, while
peripheral follicular distribution was present in 40% of cases.

DISCUSSION

In this longitudinal cohort of girls with PA, 16.9% developed
PCOS during adolescent follow-up. The main findings were that
baselineclinicaland biochemical characteristicsat PAdiagnosis,
including age at presentation, birth weight, BMI-SDS, DHEA-S,
DHEA-S SDS, total testosterone, and A4-androstenedione,
did not differ between girls who subsequently developed
PCOS and those who did not. In contrast, maternal history of
PCOS was more frequent among girls who developed PCOS,
and total testosterone at adolescent/final evaluation was the
biochemical parameter that best differentiated PCOS status.

In the general adolescent population, the prevalence of PCOS
is substantially lower than that observed after premature
adrenarche, with recent meta-analytic data estimating a pooled
prevalence of 6.3% using guideline-consistent adolescent criteria
and 9.8% using the original Rotterdam criteria.'® Our study
found that 16.9% of girls with a history of PA developed PCOS
during follow-up. This estimate falls within the range reported
in longitudinal studies from Spain (15-40%).""® Taken together,
these findings support the view that premature adrenarche is
associated with an increased risk of subsequent PCOS. Rather
than representing only a benign variation in pubertal timing,
PA may serve as an early clinical marker of susceptibility to later
hyperandrogenism and PCOS development.
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Table 1. Baseline and adolescent/final characteristics according to subsequent PCOS outcome

Variable PCOS Non-PCOS p
Birth weight SDS —0.57+1.10 —0.54+0.96 0.93

At PA diagnosis
Age at PA diagnosis, years 6.6x1.1 6.6£1.0 0.97
BMI SDS 0.9£1.2 0.6£1.1 0.47
DHEA-S, mcg/dL 72.3447.1 84.9+45.5 0.35
DHEA-S SDS 0.9+2.5 1.0£2.0 0.80
Total testosterone, ng/ml 0.09+0.06 0.09£0.08 0.87
A4-androstenedione, pg/L 0.6+0.4 0.6+0.4 0.69
17-hydroxyprogesterone (17-OHP), ug/L 1.1£0.9 0.8+£0.5 0.10

At adolescent/final evaluation
Age at adolescent/final evaluation, years 17.0£2.0 15.9£1.8 0.057
Age at menarche, years 12.0+£0.6 11.7£1.0 0.70
BMI SDS 0.70+2.3 0.8£1.6 0.84
ABMI SDS —0.08+1.3 0.09+1.0 0.58
Total testosterone, ng/dl 60.6+11.3 39.0+17.6 0.005
A4-androstenedione, pg/L 3.0+£0.7 2.6+£0.8 0.17
DHEA-S, mcg/dL 2524112 219+97.1 0.26

PCOS: Polycystic Ovary Syndrome; PA: Premature Adrenarche; SDS: Standard Deviation Score; BMI: Body Mass Index; DHEA-S: Dehydroepiandrosterone

Sulfate.

In our cohort of girls with premature adrenarche, birth weight SDS
did not differ between those who developed PCOS and those who
did not (p=0.93), and although SGA was numerically more frequent
in the PCOS group than in the non-PCOS group, this pattern was
not statistically robust. These findings are consistent with the
heterogeneous literature on prenatal growth and later PCOS risk.
A prospective birth cohort study reported that women born SGA
had approximately double the prevalence of PCOS compared with
AGA peers (adjusted RR, 2.44; 95% Cl, 1.39-4.28), supporting a
developmental contribution of fetal growth restraint."”

However, more recent long-term follow-up data in premature
adrenarche did not confirm SGA as an independent predictor
(univariate OR, 0.94; p=0.92), with baseline BMI z-score and
maternal PCOS history emerging as more relevant predictors.”

In our cohort, a maternal history of PCOS was present in 20/80
participants (25.0%) with available data and was more frequent
among girls who developed PCOS than among those who did
not (7/15 [46.7%)] vs. 13/65 [20.0%]; OR, 3.50). This finding is
consistent with the established familial aggregation of PCOS
in first-degree relatives.”” Maternal PCOS history has also been
highlighted in PA/PP cohorts. Olgun et al.?" reported maternal
PCOS in ~15% of girls with premature pubarche. Efthymiadou et

al?2found maternal PCOS in 33/89 (37.1%) girls with premature
adrenarche. Differences across studies may reflect variation in
the definition of family history, under-recognition of PCOS in
mothers, and differences in outcome ascertainment.

Moreover, in the long-term follow-up of girls with premature
adrenarche, Saroufim et al.” identified maternal PCOS history
as the strongest risk factor for subsequent self-reported PCOS
(OR, 4.1). Differences across studies likely reflect variation in
the definition of family history, under-recognition of PCOS in
mothers, and outcome ascertainment.

At the adolescent/final evaluation (mean age, 17.0+2.0 years
in the PCOS group and 15.9+1.8 years in the non-PCOS group;
p=0.057), the PCOS work-up in the PCOS group was performed
approximately 5 years after menarche (mean age at menarche,
12.0£0.6 years), reducing the likelihood of misclassification
due to normal pubertal maturation. With respect to pubertal
tempo, age at menarche did not differ by later PCOS status in
our cohort. While Guarnotta et al.> reported earlier menarche
in girls with precocious pubarche who later developed PCOS
(p=0.015). Menarche timing appears to be an inconsistent
standalone predictor of PCOS risk and may be shaped by
genetic background and adiposity.?*
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Maternal age at menarche was similar between girls who
developed PCOS and those who did not (13.0+0.8 vs.
12.6+1.4 years; p=0.40). Although maternal PCOS has been
associated with earlier pubertal development in daughters,
this effect appears to be driven predominantly by adrenarche-
related milestones rather than menarche.” In our cohort,
an intergenerational shift toward earlier menarche was
observed only among daughters who later developed PCOS.
Nevertheless, Mendelian randomization data suggest that the
inverse association between age at menarche and PCOS risk
is modest, limiting the usefulness of menarcheal timing as a
clinical discriminator.12¢!

Girls diagnosed with PCOS in our cohort had a median mFG
score of 15 (11-21), which is clearly above the recommended
ethnicity-specific threshold (4-6) for detecting hirsutism.
231 This indicates that hirsutism was a major clinical feature
at PCOS evaluation. As self-treatment is common and may
reduce visible terminal hair growth, the recorded mFG values
may underestimate the true severity of hirsutism.2*

The laboratory findings showed that adrenal androgen levels
at PA diagnosis had limited prognostic value. DHEA-S and
DHEA-S SDS measured at the time of PA diagnosis did not
differ between girls who later developed PCOS and those who
did not (p=0.35 and p=0.80, respectively). Similarly, baseline
total testosterone and A4-androstenedione were comparable
between the groups. This aligns closely with Guarnotta et
al., who evaluated girls with precocious pubarche both at
diagnosis and again 10 years after menarche and reported
similar DHEA-S values in those who later developed PCOS
versus those who did not at both time points.

Likewise, in a long-term PA follow-up cohort, baseline
androgen levels were not associated with later self-reported
PCOS." Taken together, these data suggest that the degree
of adrenal androgen excess at PA presentation alone is
insufficient to predict later PCOS.

In contrast, the adolescent biochemical profile was more
informative. Importantly, most adolescents reach adult-range
androgen concentrations by 12—15 years of age.?This supports
the interpretability of biochemical hyperandrogenism
assessed in our cohort at these ages. Total testosterone was
significantly higher in the PCOS group, whereas DHEA-S and
A4-androstenedione did not differ significantly between
the groups. This pattern is clinically plausible and consistent
with contemporary international recommendations, which
prioritize total and free testosterone as the main biochemical
markers of hyperandrogenism in adolescent PCOS, while
DHEA-S and androstenedione are considered secondary
markers with lower specificity.?s) Our findings are also
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consistent with longitudinal PA/PP literature suggesting that
adrenal androgen markers, particularly DHEA-S, may reflect
adrenarchal activation but do not reliably distinguish later
PCOS phenotype on their own.?¥! Accordingly, biochemical
assessment in girls with a history of premature adrenarche
should be interpreted together with menstrual pattern and
persistent clinical hyperandrogenism rather than isolated
adrenal androgen values.??!

The hormonal profile in the PCOS group, characterized by
higher LH relative to FSH (mean LH/FSH ratio =1.9), is consistent
with the relative LH predominance described in PCOS. This
pattern is thought to reflect altered hypothalamic-pituitary-
ovarian regulation, with increased GnRH pulse frequency
favoring LH secretion, thereby enhancing ovarian theca-cell
androgen production and contributing to follicular arrest.
However, as LH and the LH/FSH ratio are not recommended
diagnostic criteria in adolescents, these findings should be
interpreted as supportive of the underlying neuroendocrine
phenotype rather than diagnostically specific.?”? The mean
HOMA-IR of 3.7£2.2 in the PCOS group is consistent with
increased insulin resistance in late/postpubertal adolescence,
although interpretation should remain cautious given the
known effects of pubertal stage and adiposity on HOMA-IR and
the absence of a universally accepted adolescent threshold.
Published pediatric cutoffs have ranged from 3.82 in pubertal
girls to 2.91 in postpubertal adolescents.2%3

Hyperinsulinemia is pathophysiologically relevant in PCOS,
as it may enhance ovarian androgen production and
suppress hepatic SHBG synthesis, thereby aggravating the
hyperandrogenic milieu; accordingly, the normal mean HbA1c
in our cohort does not exclude early metabolic dysfunction.”

Pelvic ultrasonographic findings were described in girls with
PCOS; however, ovarian morphology is not recommended as a
diagnostic criterion for adolescent PCOS, particularly within 8
years after menarche.>® Therefore, ultrasonographic findings
in this cohort should be considered supportive descriptive
data rather than diagnostic evidence.

This study has certain limitations. First, its retrospective single-
center design may have led to missing data and variability
in the timing of adolescent/final assessments. Second,
adolescent PCOS evaluation was performed in clinically
indicated participants rather than systematically in the entire
cohort. Third, maternal PCOS history was unavailable for a
subset of participants and was partly verified by telephone
interview. Finally, metabolic parameters such as HOMA-IR
and HbA1c were not systematically available for the non-
PCOS group, limiting direct comparison of metabolic profiles
between the groups.
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Nonetheless, the long-term follow-up and the application of
contemporary adolescent-specific diagnostic criteria provide
clinically meaningful insight into the relationship between
premature adrenarche and the later development of PCOS.

CONCLUSION

Our findings indicate that premature adrenarche is not
uniformly benign and may represent an early clinical marker
of the later development of PCOS in a susceptible subgroup.
Early adrenal androgen levels at presentation were not
predictive, whereas maternal PCOS history emerged as a more
informative risk marker. These data support a longitudinal
surveillance approach in girls with PA that extends beyond
childhood and focuses on familial background, menstrual
pattern, and evolving hyperandrogenic features during
adolescence.
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