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Figure 1. Flow diagram of patient selection and study inclusion.

RESULTS

Patients were divided into two treatment groups: PTGBD
followed by delayed LC and early LC. The clinical and de-
mographic characteristics of both groups are summarized in
Table 1.

Postoperative outcomes were compared between patients
undergoing PTGBD and those undergoing early LC while ac-
counting for demographic and perioperative characteristics.

No significant differences were observed between the groups
in rates of conversion to open surgery (relative risk [RR]
0.47, 95% CI 0.11-1.99; p=0.27), postoperative bleeding
(7.0% vs. 1.5%; RR 4.57, 95% CI 0.79-26.45; p=0.06), or bili-
ary tract complications (4.7% vs. 3%; p=0.638). A statistically
significant difference was observed only in the incidence of
postoperative SIRS, which occurred more frequently in the
PTGBD group than in the early LC group (23.3% vs. 6.9%; RR
3.39, 95% CI 1.47-7.78; p=0.003) (Table 2).

The median interval between PTGBD and subsequent LC was
60 days. Factors associated with length of hospital stay were
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evaluated using linear regression models. In univariable anal-
yses, several factors were significantly associated with pro-
longed length of hospital stay across both treatment groups.
Postoperative complications—including conversion to open
surgery, postoperative bleeding, biliary complications, and
SIRS—were each associated with significantly longer hospital
stays (Table 3). Preoperative PTGBD was not significantly as-
sociated with length of hospital stay in either univariable or
multivariable linear regression models (p=0.304 and p=0.638,
respectively). In median quantile regression analysis, the oc-
currence of any postoperative complication was indepen-
dently associated with a three-day increase in median length
of hospital stay (3=3.0 days, 95% CI 2.36-3.64; p<0.001), af-
ter adjustment for treatment group, age, baseline WBC level,
and major comorbidity status.

Multivariable logistic regression demonstrated that PTGBD
remained independently associated with postoperative SIRS
after adjustment for age, preoperative WBC (log-trans-
formed), and major comorbidity status (aOR 5.27, 95% ClI
1.78-15.65; p=0.003) (Table 4).
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Table 1. Clinical characteristics

Variable PTGBD (n=43) Early LC (n=131) p

Age 61 (56-64) 55 (45-64) 0.010
Preoperative WBC, x10°/L 16.94 (12.18-18.07) 15.38 (12.89-18.01) 0.298
Total bilirubin 0.8 (0.1-3.4) 1.0 (0.1-4.8) 0.177
INR 1.2 (0.9-2.0) 1.2 (0.2-1.7) 0.697
History of abdominal surgery 14 (32.5%) 21 (16.0%) 0.027
CVD 18 (41.9%) 38 (29.0%) 0.134
COPD 8 (18.6%) 7 (5.3%) 0.012
CKD 5 (11.6%) 13 (9.9%) 0.775
Any major comorbidity (CVD/COPD/CKD) 25 (58.1%) 50 (38.2%) 0.032

Values are presented as median (IQR) or n (%). Continuous variables were compared using the Mann—Whitney U test. Categorical variables were compared
using the Fisher’s exact test when expected cell counts were small. PTGBD: Percutaneous transhepatic gallbladder drainage; LC: Laparoscopic cholecystec-
tomy; WBC: White blood cell count; INR: International Normalized Ratio; CVD: Cardiovascular disease; COPD: Chronic obstructive pulmonary disease;
CKD: Chronic kidney disease.

Table 2. Postoperative outcomes

Variable PTGBD Early LC RR (95% CI) OR (95% CI) p
Interval from PTGBD to surgery (days) 60 (20-152) 0.123
Postoperative SIRS 10 (23.3%) 9 (6.9%) 3.39 (1.47-7.78) 4.11 (1.54-10.94) 0.003
Biliary complications

2 (4.7%) 4 (3.0%) 1.52 (0.29-8.03) 1.55 (0.27-8.77) 0.638
Postoperative bleeding

3 (6.9%) 2 (1.5%) 4.57 (0.79-26.45) 4.84 (0.78-29.98) 0.006
Conversion to open surgery 2 (4.7%) 13 (9.9%) 0.47 (0.11-1.99) 0.44 (0.10-2.05) 0.27
Length of hospital stay (days) 3.53 (1-20) 3.5 (2-11) 0.814

Values are presented as n (%). Relative risks (RR) and odds ratios (OR) are reported with 95% confidence intervals (Cl). Group comparisons were performed
using the chi-square test. Statistical significance was defined as p<0.05. PTGBD: Percutaneous transhepatic gallbladder drainage; LC: Laparoscopic cholecys-
tectomy.

Table 3. Length of hospital stay according to postoperative complications

Complication PTGBD - no PTGBD - o] Early LC - no Early LC — p
complication LOS, complication LOS, complication LOS, complication LOS,
median (IQR) median (IQR) median (IQR) median (IQR)
Conversion to open surgery 3(2-4) 8 (6-11) <0.001 3(2-4) 6 (4-8) 0.003
Postoperative bleeding 3(2-4) 6 (5-8) 0.02 3(2-4) 5 (4-7) 0.04
Biliary complications 3(2-4) 8 (6-10) 0.006 3 (2-4) 6 (4-9) 0.01
Postoperative SIRS 3(2-4) 6 (4-8) <0.001 3(2-4) 5 (4-7) <0.001

Values are presented as median (interquartile range). Length of hospital stay was compared between patients with and without each complication within
treatment groups using the Mann-Whitney U test. PTGBD: Percutaneous transhepatic gallbladder drainage; LC: Laparoscopic cholecystectomy; LOS: Length
of hospital stay; IQR: Interquartile range.
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Table 4. Multivariable logistic regression analysis for postop-
erative systemic inflammatory response syndrome
(SIRS)

Predictor aOR 95% ClI p

PTGBD (vs. Early LC) 527 1.78-15.65 0.003

Age (per one-year increase) 099 094-1.04 0.637

In(WBC) (per 1 In-unit increase) 0.18  0.05-0.66 0.010

Any major comorbidity 176  0.58-5.29 0.316

aOR: Adjusted odds ratios; Cl: Confidence intervals; PTGBD: Percutane-
ous transhepatic gallbladder drainage; WBC: White blood cell count.

DISCUSSION

For high-risk patients with AC, PTGBD represents a less inva-
sive therapeutic strategy that may reduce the need for emer-
gency surgery. LC remains the definitive treatment following
stabilization. However, the optimal timing of LC after PTGBD
remains controversial, with observational studies reporting
heterogeneous findings.

Surgical treatment of Stage II/Ill AC carries risks including
bleeding, bile duct injury, and prolonged hospitalization. The
Tokyo Guidelines provide recommendations supporting ear-
lier surgical intervention under appropriate conditions to im-
prove outcomes. Nevertheless, as with previous versions of
the guidelines, these recommendations remain a subject of
ongoing debate. Based on these recommendations, we evalu-
ated the feasibility of early surgery in patients with Grade I
AC. In our study, postoperative complications and length of
hospital stay did not differ significantly between the early LC
and PTGBD groups. These findings support the feasibility of
early surgical intervention in appropriately selected patients
and are consistent with the recommendations of the TG18.
Additionally, our results demonstrated that patients who un-
derwent LC following PTGBD achieved surgical outcomes
comparable to those of patients undergoing early LC despite
a greater burden of comorbidities and more challenging op-
erative conditions.

In current clinical practice, delayed surgery following PTGBD
is often considered a safe strategy for patients with increased
perioperative risk related to comorbidities and general anes-
thesia.l’2 PTGBD is generally regarded as an adjunctive treat-
ment for AC rather than definitive therapy. However, several
studies have suggested that PTGBD may improve survival and
reduce postoperative complications in patients with AC. Ad-
ditionally, elective LC following PTGBD in high-risk patients
with Grade II/lll AC has demonstrated outcomes comparable
to those of early LC.*¥1 However, another study reported
that patients undergoing early LC had higher rates of postop-
erative mortality, intraoperative and postoperative complica-
tions, and conversion to open surgery compared with those
treated with PTGBD."***® These findings suggest that elective
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LC following PTGBD may provide clinical benefit compared
with early LC. Notably, studies involving older patients and
those with multiple comorbidities have demonstrated im-
proved postoperative outcomes in these patient groups.*617
A decision-tree algorithm proposed by previous authors in-
corporates readily available clinical parameters, including C-
reactive protein (CRP) level, gallbladder wall thickness, and
age, to preoperatively predict complicated acute cholecysti-
tis. Incorporating low-cost and accessible risk-stratification
tools may help clinicians individualize treatment decisions be-
tween PTGBD and early LC, particularly in resource-limited
settings.'® Additionally, a recent meta-analysis highlighted
substantial heterogeneity and lack of consensus regarding the
definition of high-risk patients suitable for PTGBD, emphasiz-
ing the need for standardized predictive models.™*"!

Another study reported that preoperative PTGBD before
planned LC significantly reduced operative duration, intra-
operative blood loss, postoperative length of hospital stay,
conversion to open surgery, and postoperative complications
in elderly patients with AC. These findings suggest that PT-
GBD followed by planned LC may be the optimal treatment
strategy.”?

Consistent with current guideline recommendations, our
findings demonstrated that surgical outcomes in the PTGBD
group were not substantially inferior to those in the early LC
group. Furthermore, our results suggest that early LC may be
safely performed in clinically stable patients without routinely
delaying surgery for 6-8 weeks after PTGBD.

Therefore, the timing of surgery should not be determined
solely by prior PTGBD status but should also consider pa-
tient comorbidities, physiologic reserve, and operative toler-
ance. Collectively, these findings support a personalized, risk-
based approach to optimize treatment timing and modality in
moderate to severe acute cholecystitis.

There is currently no consensus regarding the optimal in-
terval between PTGBD and LC, with previous studies re-
porting heterogeneous findings. Some studies have demon-
strated that LC performed within one week after PTGBD
achieves comparable intraoperative outcomes, postoperative
complication rates, and conversion rates to open cholecys-
tectomy, suggesting that early intervention is feasible and
safe.*?? In contrast, other studies have proposed that the
optimal timing for LC ranges from 7 to 26 days after PTGBD
and have suggested that surgery performed within 216 hours
may be technically more challenging.*?! Future revisions of
the Tokyo Guidelines and incorporation of emerging evidence
may help clarify the optimal timing of surgical intervention.

Recent studies have continued to expand treatment ap-
proaches beyond current guideline recommendations for
moderate to severe AC. Specifically, a recent study of pa-
tients with moderate to severe AC reported that a more
aggressive surgical strategy, including subtotal cholecystec-
tomy following PTGBD, was associated with a higher rate of
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successful laparoscopic completion. The authors concluded
that laparoscopic partial cholecystectomy is a feasible and
safe treatment option in selected patients.?! Another study
evaluated the association between a predictive scoring sys-
tem and perioperative complications and developed a model
to estimate the likelihood of requiring additional emergency
interventions and conversion to open surgery during LC fol-
lowing PTGBD. The authors concluded that this scoring sys-
tem may be a useful tool for identifying patients at increased
risk of conversion and additional surgical intervention and for
predicting perioperative outcomes.?"!

Several recent studies have investigated emerging approaches
for the management of AC. One study evaluated the use of
PTGBD-guided cholangiography to improve preoperative de-
lineation of biliary anatomy.?® This approach may facilitate
surgical planning and optimize outcomes in patients undergo-
ing subsequent procedures. Another investigation examined
the impact of improving gallstone mobility after PTGBD in pa-
tients with AC caused by impacted gallstones.? Collectively,
these studies advance our understanding of AC management
and its potential treatment approaches. Their findings may
contribute to future refinements of clinical recommendations
and support improvements in patient care and decision-mak-
ing. However, additional validation and further investigation
are necessary before broader implementation and incorpora-
tion into clinical guidelines.

Supplementary Figures 1-3 provide descriptive visual summa-
ries of outcome prioritization and the relationship between
postoperative complications and length of hospital stay.
These figures are intended for descriptive purposes only and
do not replace inferential statistical analyses.

When interpreting the results, it is important to consider the
limitations of this study. First, the retrospective design and
investigation of a single-center cohort limit the generalizabil-
ity of the findings. Therefore, large-scale prospective studies
are required to confirm our results. Second, this study dem-
onstrated a lower incidence of biliary complications than is
generally reported in the literature, which may be explained
by the relatively small overall sample size.

Due to the limited number of cases and the inclusion of
multiple variables in the regression analysis, there are some
limitations regarding the interpretation of these analyses. A
larger sample size is needed to obtain more robust and reli-
able results. Small sample sizes may lead to unstable and less
reliable estimates, emphasizing the need for larger studies to
strengthen the statistical findings. Lastly, the broad interval
between PTGBD and LC in the PTGBD group may have in-
troduced variability that affected the accuracy of the results.
Despite these limitations, we believe this study provides valu-
able clinical insights.

Our study contributes to the ongoing discussion by directly
comparing early LC and LC following PTGBD in patients with
Grade Il acute cholecystitis and by incorporating detailed
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analyses of postoperative complications, length of hospital
stay, and patient comorbidity burden.

CONCLUSION

Our findings suggest that early laparoscopic cholecystectomy
is a feasible treatment strategy for most patients with Grade
Il AC. For patients with substantial comorbidity burden or
increased perioperative risk related to general anesthesia, PT-
GBD may serve as an alternative initial treatment approach.
Additional large-scale prospective studies are needed to de-
termine the optimal interval between PTGBD and LC. Con-
tinued evaluation of management approaches may improve
patient outcomes and long-term prognosis.
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Akut orta dereceli kolesistitte tedavi yontemlerinin sonuglari: Perkiitan transhepatik safra
kesesi drenaji ve erken laparoskopik kolesistektomi

AMAGC: Akut kolesistit (AK), cerrahi miidahale gerektiren yaygin bir hepatobiliyer rahatsizliktir. Tokyo 2018 Kilavuzu (TG18), orta dereceli AK (De-
rece 1) icin erken laparoskopik kolesistektomi (LK) ve yiiksek riskli hastalar igin perkiitan transhepatik safra kesesi drenaji (PTGBD) 6nermektedir.
Ancak, PTGBD sonras! LK'nin optimal zamanlamas hala tartismalidir.

GEREC VE YONTEM: Bu retrospektif calismada, Ocak 2022 ile Subat 2024 tarihleri arasinda yilksek hacimli bir merkezde tedavi edilen Derece |1
AK'li 432 hastanin verileri analiz edilmistir. Hastalar iki gruba ayriimistir: erken LK (n=131) ve PTGBD sonrasi gecikmis LK (n=43). Klinik sonuglar,
postoperatif komplikasyonlar ve hastanede kalis siresi, dogrusal regresyon modellemesi de dahil olmak zere istatistiksel analizler kullanilarak
karsilastiriimistir.

BULGULAR: iki grup arasinda agik cerrahiye gecis (%4.7-%9.9, p=0.27), postoperatif kanama (%6.9-%1.5, p=0.097) veya safra yolu komplikas-
yonlari (%4.7-%3, p=0.638) agisindan anlamli bir fark gdzlenmemistir. Ancak, postoperatif sistemik inflamatuar yanit sendromu (SIRS), PTGBD
grubunda anlamli derecede daha yiiksek saptanmistir (%23.3-%6.9, p=0.003). Dogrusal regresyon analizi, acik cerrahiye gegis, postoperatif SIRS ve
safra yolu komplikasyonlarini hastanede kalis siiresinin uzamasi icin risk faktorleri olarak belirlerken, PTGBD'nin kendisi daha uzun hastanede kalis
stiresiyle iliskili gorilmemistir (p=0.304).

SONUC: Erken LK, ¢ogu Evre Il AK vakasl i¢in uygulanabilir bir yaklasimdir ve sonuglar PTGBD ve ardindan gelen gecikmis LK ile karsilastirilabilir
diizeydedir. PTGBD, yuksek riskli hastalar icin degerli bir alternatif olmaya devam etmektedir. Tedavi stratejilerini gelistirmek ve PTGBD sonrasi LC
icin optimal zamanlamay! belirlemek icin daha genis olcekli prospektif calismalara ihtiyac vardir.

Anahtar sozclikler: Akut kolesistit; perkiitan transhepatik kolesistostomi; laparoskopik kolesistektomi.
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Supplementary Figure 1. Heatmap summarizing p-values for
comparisons between treatment groups across postoperative out-
comes. Color intensity reflects longer duration of hospitalization.
These figures are intended for descriptive visual interpretation only
and do not represent effect sizes or inferential statistical analyses.

Supplementary Figure 3. HHeatmap illustrating the relative distri-
bution of variables between the two treatment groups. For continu-
ous variables, mean values were calculated, whereas categorical
variables are presented as percentages. To ensure comparability,
variables were reindexed across both groups.

Ulus Travma Acil Cerrahi Derg, July 2026, Vol. 32, No. 7

Supplementary Figure 2. Heatmap illustrating the median length
of hospital stay according to individual postoperative complica-
tions, stratified by treatment group (percutaneous transhepatic
gallbladder drainage [PTGBD] vs. early laparoscopic cholecystec-
tomy [LC]). Color intensity reflects longer duration of hospitaliza-
tion. This figure is intended for descriptive visualization.
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ABSTRACT

BACKGROUND: Gastroduodenal perforation is a life-threatening surgical emergency associated with substantial postoperative
morbidity and mortality. In the emergency setting, rapid and objective preoperative risk stratification remains challenging. This study
aimed to evaluate the prognostic value of the hemoglobin, albumin, lymphocyte, and platelet (HALP) score for predicting postoperative
outcomes in patients undergoing emergency surgery for gastroduodenal perforation.

METHODS: This retrospective cohort study included 115 adults who underwent emergency surgery for gastroduodenal perfora-
tion at a tertiary referral center between January 2021 and December 2025. The HALP score was calculated using laboratory values
obtained at admission before surgery. The primary endpoint was a composite adverse outcome defined as postoperative mortality, re-
operation, or prolonged hospital stay (=8 days). Clinical, laboratory, and operative variables were compared between patients with and
without the composite outcome. Predictive performance was assessed using receiver operating characteristic (ROC) curve analysis.

RESULTS: Postoperative mortality occurred in five patients (4.3%). Non-survivors were older and had higher American Society of
Anesthesiologists (ASA) classification than survivors (p<0.05). Patients who experienced the composite adverse outcome had signifi-
cantly lower HALP and prognostic nutritional index (PNI) values and higher inflammatory indices on univariate analysis (p<0.05). In
ROC analysis, the HALP score demonstrated modest discriminatory ability for predicting the composite adverse outcome (area under
the curve [AUC] 0.619, 95% confidence interval [Cl]: 0.511-0.719). Increasing age was associated with adverse outcomes, whereas a
multivariable model incorporating age, ASA classification, and HALP score demonstrated improved discrimination (AUC 0.748).

CONCLUSION: The HALP score is an inexpensive and readily available preoperative marker that reflects both inflammatory and
nutritional status. In this cohort, lower HALP values were associated with adverse postoperative outcomes on univariate analysis.
Although HALP was not identified as an independent predictor in multivariable analysis, it may provide complementary information
regarding patients’ immunonutritional vulnerability when interpreted alongside established clinical risk factors. Further prospective
multicenter studies are needed to validate its prognostic utility and establish clinically relevant cutoff values.

Keywords: Emergency surgery; gastroduodenal perforation; HALP score; prognostic factors; postoperative outcomes.

INTRODUCTION generalized peritonitis, a pronounced systemic inflammatory
response, and a high risk of postoperative complications and
Despite advances in perioperative care, gastroduodenal per-  death. Although early diagnosis and prompt surgical interven-
foration remains a critical surgical emergency associated with  tion are essential, surgical outcomes vary considerably and
substantial morbidity and mortality. Most cases are related to are influenced by several patient-related factors, including
peptic ulcer disease and typically present with sudden-onset  age, comorbidities, and overall physiological reserve.™!
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Various clinical scoring systems, including the American So-
ciety of Anesthesiologists (ASA) classification and several
sepsis-related indices, have been proposed to assess peri-
operative risk in patients with gastrointestinal perforation.
However, many of these tools require intraoperative findings,
incorporate variables that may not be immediately available
at admission, or involve complex calculations, limiting their
practicality in emergency settings where rapid and objective
assessment is essential. In particular, traditional risk scores
have demonstrated variable accuracy and practical limitations
in emergency gastrointestinal surgery, highlighting the need
for simpler and more readily available biomarkers for early
risk stratification.

Inflammation- and nutrition-based indices derived from
routine laboratory parameters have increasingly been inves-
tigated as prognostic tools across a variety of clinical set-
tings, including oncology and acute illness.®! Among these,
the hemoglobin, albumin, lymphocyte, and platelet (HALP)
score combines markers of nutritional status, immune com-
petence, and systemic inflammation into a single composite
index.! Although initially developed in oncological popula-
tions, emerging evidence suggests that the HALP score may
also have prognostic relevance in non-malignant acute condi-
tions, supporting its potential applicability in emergency sur-
gical patients.®!

Patients with gastroduodenal perforation commonly present
with acute inflammation, catabolic stress, and impaired nu-
tritional status, factors that are collectively reflected by the
HALP score, a composite index of systemic inflammatory
and nutritional status. The HALP score has demonstrated
prognostic value across a wide range of clinical conditions,
including critical illness and surgical populations, where lower
scores have been associated with adverse outcomes such as
increased morbidity and mortality.[®! Despite this theoretical
relevance, data specifically evaluating the role of the HALP
score in predicting postoperative outcomes after emergency
surgery for gastroduodenal perforation remain limited, and
large-scale studies in this patient population are lacking.[”
Furthermore, because mortality alone is often infrequent in
single-center cohorts, composite outcome measures that in-
corporate morbidity and clinically meaningful complications
may provide a more comprehensive assessment of postop-
erative risk in this patient population.®!

Therefore, the present study aimed to investigate the prognos-
tic value of the HALP score in patients undergoing emergency
surgery for gastroduodenal perforation. We hypothesized
that lower preoperative HALP scores would be associated
with adverse postoperative outcomes, defined as a compos-
ite of mortality, reoperation, and prolonged hospital stay. The
HALP score is a composite biomarker derived from hemoglo-
bin, albumin, lymphocyte, and platelet levels that reflects both
inflammatory and nutritional status. Previous studies have
demonstrated associations between the HALP score and clini-
cal outcomes across a variety of patient populations, including
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both oncological and non-oncological settings.! In particular,
lower HALP values have been associated with increased mor-
tality and adverse clinical outcomes in non-oncological co-
horts, such as patients with cardiovascular disease and other
acute medical conditions.*! By evaluating this readily available
index, we sought to determine its utility as a practical tool for
early risk stratification and perioperative decision-making in
patients with acute gastroduodenal perforation.

MATERIALS AND METHODS

Study Design and Patient Selection

This retrospective cohort study included adult patients (=18
years) who underwent emergency surgery for gastroduode-
nal perforation at a tertiary referral center between January
2021 and December 2025. Patients with a confirmed diagno-
sis of gastroduodenal perforation and complete preoperative
clinical and laboratory data were eligible for inclusion. Pa-
tients with missing laboratory parameters required for calcu-
lation of the HALP score were excluded.

The study was conducted in accordance with the principles
of the Declaration of Helsinki and was approved by the local
Institutional Ethics Committee (Approval No. E-30785963-
020-373119). Given the retrospective nature of the study, the
requirement for informed consent was waived.

Data Collection

Demographic characteristics (age and sex), preoperative
risk status assessed using the ASA classification, laboratory
parameters, operative details, and postoperative outcomes
were extracted from electronic medical records. Preopera-
tive laboratory tests obtained at admission before surgery
included white blood cell count, hemoglobin level, platelet
count, neutrophil count, lymphocyte count, C-reactive pro-
tein (CRP), and serum albumin level. For reproducibility, labo-
ratory units used in index calculations were standardized as
follows: hemoglobin (g/dL), albumin (g/dL), lymphocyte count
(103/pL), and platelet count (103/uL). These units were ap-
plied consistently across all calculations.

HALP Score and Other Inflammatory Indices

The HALP score was calculated for all patients using admis-
sion laboratory values according to the following formula:

HALP = hemoglobin (g/dL) x albumin (g/dL) x lymphocyte
count (103/uL) / platelet count (103/uL)

In addition to the HALP score, several inflammation- and
nutrition-based indices were calculated for comparative
analyses, including the neutrophil-to-lymphocyte ratio (NLR),
platelet-to-lymphocyte ratio (PLR), prognostic nutritional
index (PNI), and C-reactive protein-to-albumin ratio (CAR).
The PNI was calculated using the following formula:

PNI = (10 x serum albumin (g/dL)) + (0.005 x total lympho-
cyte count (103/pL))

To ensure consistency and reproducibility, lymphocyte and
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platelet counts were used in units of 103/uL, as reported by
the institutional laboratory system.

Surgical Management

All patients underwent emergency surgical intervention fol-
lowing the diagnosis of gastroduodenal perforation. The sur-
gical approach (open, laparoscopic, or conversion to open
surgery) was selected by the attending surgeon according
to the patient’s clinical condition and intraoperative findings.
Postoperative care was provided in accordance with institu-
tional protocols.

Outcome Measures

The primary outcome was a composite adverse endpoint
defined as the occurrence of at least one of the following:
postoperative mortality, reoperation, or prolonged hospital
stay. Prolonged hospital stay was defined as a length of stay
of =8 days, exceeding the cohort median of 7 days, consis-
tent with previous studies evaluating composite outcomes in
emergency surgery. Because length of stay may be influenced
by both clinical and system-level factors, it was included to
capture the overall postoperative burden.

Statistical Analysis

Continuous variables were reported as mean + standard
deviation or median with interquartile range (IQR), depend-
ing on the type of distribution. Categorical variables were
presented as counts and percentages. Comparisons between
patients with and without the composite adverse outcome
were performed using the Mann-Whitney U test for continu-
ous variables and the chi-square test or Fisher’s exact test
for categorical variables, as appropriate. Receiver operating
characteristic (ROC) curve analysis was used to evaluate the
predictive performance of the HALP score and other indi-
ces for the composite endpoint. A two-sided p-value <0.05
was considered statistically significant. Multivariable logistic
regression analysis was additionally performed to identify
independent predictors of the composite adverse outcome.

Age, ASA classification, and HALP score were entered into
the model. Adjusted odds ratios (OR) with 95% confidence
intervals (CI) were calculated. Model discrimination was as-
sessed using ROC curve analysis, and the optimal cutoff value
was determined using the Youden index. Variables included
in the multivariable analysis were selected a priori according
to their clinical relevance. All analyses were performed us-
ing IBM SPSS Statistics version 26 (IBM Corp., Armonk, NY,
USA).

Methodological Considerations

Given the limited number of mortality events, multivariable
regression analyses focusing exclusively on mortality were not
prioritized. Consequently, findings were interpreted primarily
on the basis of univariate analyses and exploratory multivari-
able modeling of the composite endpoint. This approach was
adopted to better capture clinically relevant postoperative
risk in this single-center cohort.

RESULTS

Patient Characteristics

During the study period, 115 patients who underwent emer-
gency surgical treatment for gastroduodenal perforation
were included in the analysis. The median age was 44 years
(IQR, 33.5-57.5 years), and the majority of patients were
male (85.2%). According to the ASA classification, most pa-
tients were categorized as ASA Il or lll. Open surgery was
the most commonly performed procedure (83.5%), followed
by laparoscopic surgery (14.8%), whereas conversion to open
surgery was required in only a small proportion of cases
(1.7%) (Table 1).

Postoperative Outcomes

Postoperative mortality occurred in five patients (4.3%), and
reoperation was required in two patients (1.7%). The median
length of hospital stay was 7 days (IQR, 6-9 days). Based on
the predefined criterion, prolonged hospital stay was defined

Table 1. Baseline demographic and clinical characteristics

Variable Survivors Non-survivors p
(n=110) (n=5)

Age, median (IQR) 43.5 (33-56) 71 (65-78) 0.028

Male sex, n (%) 96 (87.3) 2 (40.0) 0.023t

ASA classification, median (IQR) 2 (2-3) 3(3-4) 0.003

Open surgical approach, n (%) 92 (83.6) 4 (80.0) 1.000t

Length of hospital stay, median (days), IQR 7 (6-9) 8 (6-9) 041

Reoperation, n (%) 1(0.9) 1 (20.0) 0.085t

ASA: American Society of Anesthesiologists; IQR: Interquartile range. Data are presented as median (IQR) or number (%), as appropriate. Continuous vari-
ables were compared using the Mann-Whitney U test. Categorical variables were compared using the chi-square test or Fisher’s exact test, as appropriate.

tFisher’s exact test.
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Table 2. Inflammation- and nutrition-based indices according to composite adverse outcome
Variable No adverse outcome Adverse outcome o]
(median, IQR) (median, IQR)

HALP score 42 (19-70) 23 (9-44) 0.028
PNI 50.5 (46-55) 44.8 (40-49) 0.014
NLR 7.13 (4.6-10.8) 9.49 (6.2-14.1) 0.114
PLR 160.1 (120-210) 218.8 (160-300) 0.064
CAR 0.05 (0.02-0.11) 0.20 (0.08-0.35) <0.001

HALP: Hemoglobin—albumin—lymphocyte—platelet score; PNI: Prognostic nutritional index; NLR: Neutrophil-to-lymphocyte ratio; PLR: Platelet-to-lymphocyte
ratio; CAR: C-reactive protein—to—albumin ratio; IQR: Interquartile range. Data are presented as median (IQR). Comparisons between groups were performed
using the Mann-Whitney U test.

Table 3. Multivariable logistic regression analysis for the composite adverse outcome

Variable Adjusted OR 95% ClI o]
Age (per 1-year increase) 1.05 1.02-1.08 0.0008
ASA classification 1.30 0.72-2.34 0.38
HALP score (per 10- unit increase) 0.96 0.86-1.07 0.48

OR: Odds ratio; CI: Confidence interval; ASA: American Society of Anesthesiologists; HALP: Hemoglobin—albumin-lymphocyte—platelet score. Multivariable
logistic regression analysis was performed to identify independent predictors of the composite adverse outcome. Adjusted odds ratios and 95% confidence

intervals are presented.

as =8 days. The composite adverse outcome (postoperative
mortality, reoperation, or prolonged hospital stay) occurred
in 53 patients (46.1%).

Comparison According to Outcomes

When patients were stratified according to postoperative
mortality, non-survivors were significantly older than survi-
vors (median age, 71 vs. 43.5 years, p=0.028) and had higher
ASA classifications (p=0.003). Sex distribution also differed
between groups; however, given the small number of mortal-
ity events, the clinical significance of this finding should be in-
terpreted cautiously. No significant association was observed
between surgical approach and mortality (p>0.05).

Prognostic Value of the HALP Score in Gastroduodenal
Perforation

The HALP score was successfully calculated for all patients
using preoperative laboratory values. Patients who expe-
rienced adverse outcomes had significantly lower HALP
scores than those without adverse outcomes (median, 23
vs. 42, p=0.028). Similarly, PNI values were significantly low-
er (p=0.014), whereas CAR values were significantly higher
(p<0.001) in the adverse outcome group. These univariate
findings suggest a potential association between impaired
immunonutritional status and increased postoperative risk
(Table 2).
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Predictive Performance of the HALP Score

Receiver operating characteristic curve analysis demonstrat-
ed that the HALP score had modest discriminatory ability for
predicting the composite adverse outcome, with an area un-
der the curve (AUC) of 0.619 (95% CI: 0.511-0.719) (Fig. 1).
Lower HALP values were more frequently observed among
patients who developed adverse outcomes, consistent with

Figure 1. Receiver operating characteristic (ROC) curve of the
HALP score for predicting composite adverse outcomes.
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Figure 2. Receiver operating characteristic (ROC) curve of the
multivariable model for predicting composite adverse outcomes.
The multivariable model (age, ASA, and HALP) demonstrated im-
proved discrimination (AUC 0.748).

the expected direction of the association. The optimal HALP
cutoff value, determined using the Youden index, was 19.9,
corresponding to a sensitivity of 47.2% and a specificity of
80.6%.

In multivariable logistic regression analysis, increasing age re-
mained an independent predictor of the composite adverse
outcome (OR, 1.05 per year increase; 95% CI. 1.02-1.08;
p=0.0008). In contrast, neither ASA classification (OR, 1.30;
95% CI: 0.72-2.34; p=0.38) nor HALP score (OR, 0.96 per
10-unit increase; 95% CI: 0.86-1.07; p=0.48) was indepen-
dently associated with the composite endpoint. The Hos-
mer—-Lemeshow goodness-of-fit test indicated adequate cali-
bration of the multivariable model (x2=7.70, df=8, p=0.464).

ROC analysis of the multivariable model demonstrated im-
proved discriminatory performance (AUC 0.748) (Fig. 2).
The optimal predicted probability cutoff for the multivariable
model, determined using the Youden index, was 0.45, yielding
a sensitivity of 67.9% and a specificity of 74.2%. The cutoff
value corresponds to the predicted probability derived from
the multivariable logistic regression model.

DISCUSSION

Gastroduodenal perforation is widely recognized as a criti-
cal surgical emergency associated with substantial morbidity
and mortality despite advances in diagnostic and therapeutic
strategies.'”! Early identification of high-risk patients is es-
sential for optimizing perioperative management and clinical
decision-making. However, practical and reliable prognostic
tools that can be readily applied in emergency settings are
still limited.? In the present study, we evaluated the prog-
nostic value of the HALP score, a simple inflammation- and
nutrition-based index, in patients undergoing emergency sur-
gery for gastroduodenal perforation. Previous studies have
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suggested that the HALP score may provide prognostic in-
formation across diverse surgical and critically ill populations,
with lower scores generally associated with worse outcomes,
including increased morbidity and mortality.[**!

Several key findings emerged from this study. First, postoper-
ative mortality was relatively low (4.3%), although advanced
age and higher ASA classification were significantly associated
with mortality, supporting their established role as major
determinants of outcome after gastroduodenal perforation.
[ Second, patients who experienced adverse postoperative
outcomes (composite endpoint) had lower HALP and PNI
values and higher inflammatory indices. In the present co-
hort, patients who experienced composite adverse outcomes
had significantly lower HALP and PNI values and significantly
higher CAR levels, suggesting a potential association between
impaired immunonutritional status and increased postopera-
tive risk.'®! Finally, ROC analysis showed that the HALP score
had modest discriminatory value for predicting the compos-
ite adverse outcome (AUC, 0.619; 95% CI 0.511-0.719), sug-
gesting that it may provide limited but potentially valuable
additional prognostic information when interpreted alongside
established clinical predictors.*®! As a stand-alone marker,
however, HALP showed limited ability to discriminate be-
tween patients with and without adverse outcomes. The rela-
tively low sensitivity (47.2%) observed at the optimal cutoff
value suggests that HALP may be more useful for identifying
a subset of patients at particularly high risk (high specificity),
rather than serving as a broad screening tool.

Multivariable analysis identified age as the only independent
predictor of the composite adverse outcome, reinforcing
the well-established importance of physiological reserve and
baseline health status in determining surgical prognosis.i*”
Although ASA classification was associated with mortality
in univariate analysis, it did not remain independently signifi-
cant after adjustment, suggesting that chronological age may
better capture overall vulnerability in this cohort. The loss
of statistical significance for ASA classification in the multi-
variable model may be partly explained by collinearity with
age, as older patients frequently have higher ASA classifica-
tion and reduced physiological reserve. The multivariable
model consistently demonstrated improved discriminatory
performance (AUC 0.748) (Fig. 2), underscoring the value of
integrating clinical and laboratory variables rather than rely-
ing on individual biomarkers alone. Although the odds ratio
for HALP was calculated per 10-unit increase, interpretation
across clinically meaningful ranges may be more informative
given the wide distribution of HALP values within the cohort.

The HALP score integrates hemoglobin, albumin, lympho-
cyte count, and platelet count into a single index reflecting
nutritional status and immune competence, and has recently
gained attention as a potential biomarker of immunonutri-
tional status.*8® Previous studies have suggested that the
HALP score may serve as a practical indicator of mortality
risk in older adults with low muscle massi??! and as a promis-
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ing prognostic biomarker in patients with digestive system
malignancies.?!! Patients with gastroduodenal perforation
frequently present with acute inflammation, catabolic stress,
and impaired nutritional status, making HALP a biologically
plausible preoperative risk marker. Furthermore, related im-
munonutritional indices have demonstrated prognostic value
across a variety of medical and surgical populations.?? Con-
sistent with these observations, lower HALP values were as-
sociated with adverse postoperative outcomes in the present
study. However, this association did not persist after adjust-
ment for age and ASA classification, suggesting that HALP
may primarily reflect overall physiological vulnerability rather
than function as an independent risk factor.

The modest predictive performance of HALP observed
in ROC analysis warrants careful interpretation. Although
lower HALP values were associated with worse outcomes,
the observed AUC indicates only limited discrimination be-
tween patients with and without adverse events, consistent
with findings from other non-oncological populations in
which HALP has provided incremental rather than definitive
prognostic information.?¥ Furthermore, the composite end-
point included prolonged hospital stay, defined as a length
of stay exceeding the cohort median, which may reflect not
only postoperative complications but also healthcare utiliza-
tion and variability in recovery patterns. Consequently, HALP
should be regarded as a complementary marker rather than
a stand-alone prognostic tool. Its greatest clinical utility may
lie in combination with established clinical risk factors. The
cohort-derived HALP cutoff value of 19.9, identified using the
Youden index, demonstrated moderate specificity but limited
sensitivity, suggesting that very low HALP values may identify
patients at increased risk. Nevertheless, this threshold is ex-
ploratory and requires external validation.

The inclusion of prolonged hospital stay as a component of
the composite endpoint may have influenced overall predic-
tive performance, as length of stay can be affected by both
clinical severity and local healthcare system factors. However,
given the low mortality rate observed in this single-center
cohort, use of a composite outcome was considered meth-
odologically appropriate to improve statistical power and
capture a broader spectrum of clinically relevant postopera-
tive burden.

Compared with traditional risk assessment tools, the HALP
score offers several practical advantages. It can be calculated
rapidly from routine admission laboratory tests and does
not require intraoperative variables or complex calculations,
both of which may limit the applicability of other prognostic
models in emergency general surgery.?4 Accordingly, HALP
may serve as a useful adjunct during initial assessment to sup-
port early triage decisions, such as identifying patients who
may benefit from closer monitoring, more aggressive resus-
citation, or early intensive care evaluation.®™ Future studies
integrating HALP with other scoring systems, such as the
National Early Warning Score (NEWS), may further improve
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risk stratification in this patient population and help guide
more targeted perioperative management strategies.?%!

The relatively low postoperative mortality rate (4.3%) ob-
served in this cohort may reflect early surgical intervention
and standardized perioperative management at our institu-
tion. Nevertheless, the small number of mortality events lim-
ited statistical power and may have contributed to the lack
of an independent association between HALP and adverse
outcomes.

Limitations

Several limitations should be acknowledged. First, the retro-
spective, single-center design may limit the generalizability of
the findings. Second, the low number of mortality events re-
stricted robust multivariable modeling for mortality-specific
outcomes and reduced statistical power. Third, although the
composite endpoint was selected to capture overall post-
operative risk in a cohort with low mortality, it may have
been influenced by prolonged length of stay, which can reflect
both clinical and non-clinical factors. Finally, dynamic changes
in laboratory parameters over time were not assessed, and
potential confounding related to disease severity, including
time to surgery, perforation characteristics, and physiologic
derangement at presentation, could not be fully accounted
for. Despite these limitations, the study provides preliminary
evidence regarding the role of the HALP score in an under-
studied emergency surgical population and may serve as a
basis for future prospective investigations.

CONCLUSION

In this retrospective cohort of patients undergoing emergen-
cy surgery for gastroduodenal perforation, lower preopera-
tive HALP scores were significantly associated with adverse
postoperative outcomes in univariate analysis. However,
HALP did not retain independent prognostic significance af-
ter adjustment for age and ASA classification. Although the
HALP score demonstrated modest discriminatory perfor-
mance, it may provide complementary information regarding
patients’ immunonutritional status when interpreted along-
side established clinical risk factors. Prospective multicenter
studies are needed to validate these findings and establish
clinically relevant cutoff values.
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Gastroduodenal perforasyon nedeniyle acil cerrahi uygulanan hastalarda halp skorunun
prognostik degeri

AMAC: Gastroduodenal perforasyon, 6nemli derecede postoperatif morbidite ve mortalite ile iliskili, yasami tehdit eden bir cerrahi acildir. Acil
durumlarda hizli ve objektif preoperatif risk siniflandirmasi yapmak hélen zorluk olusturmaktadir. Bu ¢alismanin amaci, gastroduodenal perforasyon
nedeniyle acil cerrahi uygulanan hastalarda postoperatif sonuglari 6ngérmede hemoglobin, albimin, lenfosit ve trombositten olusan HALP skoru-
nun prognostik degerini degerlendirmektir.

GEREC VE YONTEM: Bu retrospektif kohort calismasina, Ocak 2021 ile Aralik 2025 tarihleri arasinda iigiincii basamak bir merkezde gastroduo-
denal perforasyon nedeniyle acil cerrahi uygulanan 115 yetiskin hasta dahil edildi. HALP skoru, ameliyat dncesinde hastaneye basvuru sirasinda elde
edilen laboratuvar degerlerinden hesaplandi. Birincil sonlanim noktasi; postoperatif mortalite, yeniden ameliyat gereksinimi veya uzamis hastanede
yatis suresi (=8 giin olarak tanimlandi) durumlarindan en az birinin gortilmesi seklinde tanimlanan bilesik olumsuz sonug idi. Klinik, laboratuvar ve
operatif degiskenler, bilesik sonlanim gelisen ve gelismeyen hastalar arasinda karsilastirildi. Prediktif performans receiver operating characteristic
(ROC) analizi kullanilarak degerlendirildi.

BULGULAR: Postoperatif mortalite 5 hastada (%4.3) gorildi. Hayatta kalmayan hastalar, hayatta kalanlara gére daha ileri yasta olup daha yiiksek
American Society of Anesthesiologists (ASA) siniflamasina sahipti (p<0.05). Bilesik olumsuz sonlanim gelisen hastalarda tek degiskenli analizde
HALP ve prognostik beslenme indeksi (PNI) degerleri anlamli derecede daha distik, inflamatuvar indeksler ise daha yiiksek bulundu (p<0.05).
ROC analizinde HALP skoru, bilesik olumsuz sonlanimi 6ngdrmede sinirl ayirt edici gii¢ gosterdi (AUC 0.619; %95 GA: 0.511-0.719). Yas olumsuz
sonuglarla iliskili bulunurken, cok degiskenli model (yas, ASA ve HALP) daha iyi ayirt edici performans gosterdi (AUC 0.748).

SONUGC: HALP skoru, inflamatuvar ve beslenme durumunu yansitan, ucuz ve kolay erisilebilir bir preoperatif belirtectir. Bu kohortta diisiik HALP
degerleri tek degiskenli analizde olumsuz postoperatif sonuclarla iliskili bulunmustur. Her ne kadar ¢ok degiskenli analizde HALP bagimsiz bir pre-
diktor olarak belirlenmemis olsa da, yerlesik klinik risk faktorleri ile birlikte degerlendirildiginde hastalarin immiinnitrisyonel kirllganhigi hakkinda
tamamlayici bilgi saglayabilir. HALP skorunun prognostik degerinin daha iyi ortaya konulabilmesi ve klinik olarak anlamli kesim noktalarinin belirle-
nebilmesi igin prospektif ve cok merkezli arastirmalar gereklidir.

Anahtar sozcikler: Acil cerrahi; Gastroduodenal perforasyon; HALP skoru, prognostik faktorler; postoperatif sonuclar.
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Emergency department evaluation of immature
granulocytes for complicated acute appendicitis:
a retrospective cohort study

Burak Katipoglu, ® Hamdi Haluk Gali, ©® ismail Borazan

Department of Emergency Medicine, Ankara Etlik City Hospital, Ankara-Tiirkiye

ABSTRACT

BACKGROUND: Preoperative identification of complicated acute appendicitis (CAA) is important for reducing morbidity. We
assessed the diagnostic value of immature granulocyte (IG) count and percentage (IG%) for predicting CAA and histopathologically
confirmed perforation in adults presenting to the emergency department.

METHODS: We retrospectively reviewed consecutive adults (=18 years) with histopathologically confirmed appendicitis admitted to
a tertiary care center between January 1, 2025 and January 1, 2026. Cases were classified as CAA or non-complicated acute appendici-
tis (NAA). Perforation was analyzed as a separate secondary endpoint. Diagnostic performance was assessed using receiver operating
characteristic (ROC) analysis, the Youden index, and multivariable logistic regression.

RESULTS: A total of 891 patients were included (58.6% male; median age, 35 years [IQR 25-47]); 466 (52.3%) had CAA and 105
(11.8%) had perforation. For discrimination of CAA, the highest area under the curve (AUC) was observed for the neutrophil-to-lym-
phocyte ratio (NLR) (0.547; 95% confidence interval [CI]: 0.508-0.586), whereas the AUC for IG% was 0.519 (95% CI: 0.479-0.556).
Among patients with perforation, lymphocyte counts were lower (p=0.032) and NLR values were higher (p=0.018). Although 1G%
was numerically higher and demonstrated a small-to-moderate effect size (Cohen’s d=0.257), the difference did not reach statistical
significance (p=0.116). In multivariable analysis, IG% did not reach independent statistical significance for perforation (adjusted odds
ratio [aOR]=1.66; 95% CI: 0.99-2.76; p=0.053), although the point estimate suggested a possible positive association.

CONCLUSION: IG count and IG% did not provide clinically meaningful discrimination between CAA and NAA. The non-significant
association observed for IG% in the multivariable perforation model should be considered hypothesis-generating rather than confirma-
tory. These findings challenge the high diagnostic performance reported in previous smaller studies and do not support the use of IG
count or IG% as standalone preoperative biomarkers in adult acute appendicitis.

Keywords: Acute appendicitis; biomarker; complicated appendicitis; emergency department; immature granulocytes; perforation.

INTRODUCTION

Acute appendicitis, an inflammation of the vermiform ap-
pendix, remains the most common cause of acute abdo-
men worldwide and continues to be the most frequently
performed emergency surgical procedure. The lifetime cu-
mulative risk is approximately 7%-9%, and its incidence has

increased steadily over the past three decades.*? In a system-
atic review, Ferris et al.?! reported a 21st-century incidence
of acute appendicitis/appendectomy ranging from 100 to 206
cases per 100,000 person-years. Likewise, the Global Burden
of Disease study by Stewart et al.®! identified acute appen-
dicitis as one of the leading contributors to the workload
of emergency surgical services worldwide. In Turkiye, appen-
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dectomy is among the most commonly performed emergen-
cy general surgical procedures.

The clinical spectrum of acute appendicitis ranges from sim-
ple catarrhal inflammation to transmural necrosis and free
perforation. Complicated acute appendicitis (CAA) encom-
passes phlegmonous or gangrenous inflammation, localized
or generalized peritonitis, periappendicular abscess, and per-
foration. Published series report CAA rates of approximately
20%-30% among all cases, increasing to as high as 50% in
older adults.: CAA is associated with longer hospital stays,
higher healthcare costs, and an increased risk of intra-abdom-
inal abscess, surgical-site infection, paralytic ileus, and mor-
tality.*S1 Consequently, accurate preoperative prediction of
CAA is a key component of clinical decision-making, influenc-
ing operative planning, antibiotic selection, and the consider-
ation of non-operative management in selected patients.>¢

The pathophysiological cascade of acute appendicitis is initi-
ated by luminal obstruction, leading to increased intraluminal
pressure, mucosal ischemia, bacterial translocation across the
compromised mucosa, and neutrophilic infiltration of the ap-
pendiceal wall. Progression to transmural necrosis and un-
controlled inflammation ultimately results in perforation.i!
Numerous laboratory markers—including white blood cell
count (WBC), C-reactive protein (CRP), neutrophil-to-lym-
phocyte ratio (NLR), procalcitonin, and bilirubin—have been
investigated as indicators of disease severity. However, none
has demonstrated sufficient accuracy to reliably distinguish
CAA from non-complicated acute appendicitis (NAA) when
used in isolation.”® Consistent with these findings, the sys-
tematic review by Acharya et al.,® which evaluated 65 labora-
tory tests, concluded that no single biomarker currently pro-
vides adequate discriminative performance for this purpose.

Immature granulocytes (IGs)—including myelocytes, meta-
myelocytes, and promyelocytes—are granulocytic precursor
cells released from the bone marrow into the peripheral cir-
culation before reaching full maturity. They are rarely detect-
ed in the peripheral blood of healthy individuals. In contrast,
severe infection, sepsis, and marked systemic inflalmmation
stimulate bone marrow activity and increase their release into
the circulation.®@ The widespread adoption of automated
hematology analyzers, particularly the Sysmex XN series, has
enabled routine measurement of IG count and IG% as part of
the complete blood count without additional cost or work-
load. This accessibility has generated interest in I1Gs as poten-
tial biomarkers in busy emergency department settings.04

Evidence regarding the role of IGs in acute appendicitis has
expanded considerably over the past five years, but findings
remain inconsistent. In a retrospective study of 438 adult pa-
tients, Unal reported significantly higher 1G% values in pa-
tients with CAA and an exceptionally high area under the
curve (AUC) of 0.795.% In a prospective cohort of 252 pa-
tients, Yazla et al.*¥ suggested that an 1G% cut-off of 0.6%
could aid in identifying CAA, with a specificity of 92%.In a
pediatric cohort of more than 80 patients, Dogan and Giir-
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leyen®! reported that IG% was a significant predictor of per-
foration, with a sensitivity of 81.8%, a specificity of 85.2%, and
an AUC of 0.83. However, most available studies are limited
by relatively small sample sizes, and reported AUC values
vary widely from 0.55 to 0.98. This variability underscores
the need for validation in larger and more homogeneous
adult emergency department cohorts.

The present study had two primary objectives. First, we
evaluated the association of preoperative IG count and 1G%
with (i) complicated acute appendicitis and (ii) histopatho-
logically confirmed perforation in adult patients presenting
to the emergency department of a tertiary care hospital
with acute appendicitis. Second, we compared the diagnostic
performance of these markers with that of commonly used
inflammatory markers, including WBC, absolute neutrophil
count, NLR, and CRP. We hypothesized that 1G% would dem-
onstrate discriminatory performance at least comparable to
that of established inflammatory markers.

MATERIALS AND METHODS
Study Design and Ethics

This single-center retrospective observational cohort study
was conducted and reported in accordance with the Strength-
ening the Reporting of Observational Studies in Epidemiology
(STROBE) guidelines. The study protocol was approved by the
Ankara Etlik City Hospital Scientific Research Evaluation and
Ethics Committee (decision no. AESH-BADEK1-2026-403,
date: 15/04/2026). All procedures were performed in accor-
dance with the ethical standards of the 1964 Declaration of
Helsinki and its subsequent amendments, as well as the Good
Clinical Practice Guideline issued by the Republic of Turkiye
Ministry of Health and implemented on February 1, 2024.
Owing to the retrospective design and use of anonymized
data, the requirement for informed consent was waived by
the Ethics Committee.

Patient Selection

We included consecutive adult patients who presented to the
emergency department of a tertiary care hospital between
January 1, 2025 and January 1, 2026 with abdominal pain, re-
ceived an initial diagnosis of acute appendicitis, underwent
appendectomy at the same institution, and subsequently had
acute appendicitis confirmed histopathologically. Eligibility
criteria were: (i) age =18 years; (ii) availability of complete
blood count and CRP measurements obtained during the
initial emergency department visit; and (iii) histopathological
confirmation of acute appendicitis. Patients were excluded
if they met any of the following criteria; pregnancy; trans-
fer from another institution or initial laboratory testing per-
formed elsewhere; known immunodeficiency or hematologi-
cal disorder; immunosuppressive or steroid therapy; blood
transfusion within the preceding three months; hematological
malignancy; or incomplete data. Negative appendectomies,
defined as cases in which histopathological examination yield-
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ed a diagnosis other than appendicitis, were also excluded.

Sample size was estimated a priori using G*Power version
3.1. Assuming a medium effect size (Cohen’s d=0.5), «a=0.05,
and 1-B=0.95, a minimum of 105 patients per group (210
total) was required for comparison of means between two
independent groups. Allowing for a 20% data-loss rate, the
target sample size was increased to 252 patients. Because all
consecutive eligible patients during the study period were in-
cluded, the final cohort comprised approximately three times
the target sample size. Although the sample size calculation
was based on comparison of means, the achieved cohort of
891 patients, including 466 CAA cases and 105 perforation
events, provided acceptable precision for diagnostic accuracy
analyses, with 95% confidence interval half-widths of <0.06
for AUC estimates, consistent with Hanley—McNeil sample
size considerations.

Data Collection and Laboratory Analysis

Demographic characteristics, clinical assessment records,
imaging findings, operative reports, and pathology reports
were extracted from the hospital electronic medical record
system. Each patient was assigned a unique code indepen-
dent of personal identifiers, and all data were entered into
a standardized data collection form. Complete blood count
and CRP measurements were obtained from venous blood
samples collected during the initial emergency department
evaluation. Hematological parameters were analyzed using
an automated Sysmex XN-series analyzer (Sysmex Corpora-
tion, Kobe, Japan) according to the manufacturer’s instruc-
tions. WBC, absolute neutrophil count, absolute lympho-
cyte count, IG count (x10°%/L), and IG percentage (%) were
recorded directly from the analyzer output. The NLR was
calculated by dividing the absolute neutrophil count by the
absolute lymphocyte count. CRP concentrations were mea-
sured using an immunoturbidimetric method.

Endpoints

The primary endpoint was histopathologically confirmed
complicated acute appendicitis. Cases were classified as CAA
if the pathology report documented at least one of the fol-
lowing findings: perforation, gangrenous inflammation, phleg-
monous inflammation, localized or generalized peritonitis,
plastron, or periappendicular abscess. Cases lacking any of
these findings and reported as catarrhal acute appendicitis
alone were classified as non-complicated acute appendicitis.
The secondary endpoint was histopathologically confirmed
perforation. Because perforation represents the most severe
manifestation within the spectrum of complicated appendici-
tis, it was analyzed separately in the overall cohort.

Statistical Analysis

Most statistical analyses were performed using IBM SPSS Sta-
tistics for Windows, version 27 (IBM Corp., Armonk, NY,
USA). Receiver operating characteristic (ROC) analyses re-
quiring bootstrap confidence intervals and permutation test-
ing were conducted in R version 4.3 (R Foundation for Statis-
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tical Computing, Vienna, Austria) using the pROC and boot
packages. Normality of continuous variables was assessed us-
ing the Shapiro-Wilk test and visual inspection of histograms
and quantile—quantile (Q-Q) plots. For non-normally distrib-
uted variables, data are presented as both mean * standard
deviation and median (interquartile range [IQR]). Categorical
variables are presented as n (%).

Continuous variables were compared using the Mann-Whit-
ney U test, whereas categorical variables were compared us-
ing Pearson’s x2 test or Fisher’s exact test, as appropriate.
Effect sizes for pairwise comparisons were expressed as Co-
hen’s d, calculated from raw means and standard deviations
to facilitate comparison with previous studies. Cohen’s d val-
ues were interpreted as small (0.2), medium (0.5), and large
(=0.8). When applied alongside non-parametric tests, Cohen’s
d should be considered an approximate measure of effect
size. Diagnostic performance was evaluated using the AUC
with corresponding 95% confidence intervals. Confidence in-
tervals were derived from 2,000 bootstrap resamples, and
p-values for the null hypothesis of AUC=0.5 were obtained
using 2,000 permutation iterations. Pairwise comparisons of
AUCs were performed using the paired bootstrap method.
Optimal cut-off values were identified using the Youden index
(J = sensitivity + specificity — 1). For each cut-off, sensitivity,
specificity, positive predictive value (PPV), and negative pre-
dictive value (NPV) were calculated.

Variables associated with the outcome at p<0.20 in univari-
able analyses, together with prespecified clinically relevant
covariates (age, sex, WBC, absolute neutrophil count, CRP,
and 1G%), were entered simultaneously into two separate
multivariable logistic regression models: one evaluating CAA
and the other evaluating perforation. Results are reported as
adjusted odds ratios (aOR) with 95% confidence intervals.
Goodness-of-fit was assessed using the Hosmer—Lemeshow
test and McFadden’s pseudo-R2. Multicollinearity was as-
sessed using variance inflation factors (VIF), all of which were
<2.0. All statistical tests were two-sided, and p<0.05 was
considered statistically significant.

RESULTS

Patient Flow and Baseline Characteristics

During the study period, 915 consecutive adult patients
admitted to the general surgery service with a preliminary
diagnosis of acute appendicitis were screened. Twenty-four
patients (2.6%) were excluded because histopathological end-
point data were unavailable, leaving 891 patients for analysis.
Of these, 522 (58.6%) were male, and the median age was
35 years (IQR 25-47). Histopathological examination classi-
fied 466 patients (52.3%) as having CAA and 425 (47.7%) as
having NAA. Perforation, a subset of CAA, was identified in
105 patients (11.8%). All continuous variables deviated from
normality according to the Shapiro-Wilk test (all p<0.001);
therefore, the Mann-Whitney U test was used for group
comparisons.
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Baseline demographic characteristics are presented in Table
1. Sex distribution was similar between groups (p=0.947).
Patients with CAA were slightly older than those with NAA
(36 vs. 33 years; p=0.035), although the effect size was small
(Cohen’s d=0.144), suggesting limited clinical relevance.

Primary Endpoint: CAA Versus NAA

Comparisons of inflammatory markers between groups are
shown in Table 2. WBC, absolute neutrophil count, lympho-
cyte count, and CRP did not differ significantly between pa-
tients with CAA and NAA (p=0.125, 0.063, 0.142, and 0.756,
respectively), and effect sizes for all markers were small (0.15).
The study variables of primary interest, IG and 1G%, were
nearly identical between groups (p=0.103 and p=0.318, re-
spectively), with effect sizes of only 0.070 and 0.084, respec-
tively. Although the NLR was slightly higher in the CAA group
(p=0.015), the effect size was negligible (Cohen’s d=0.048).

Diagnostic performance for CAA is summarized in Table 3
and Figure 1A. The AUCs of all six markers clustered near
the line of no discrimination (0.5). The lowest AUC was
observed for CRP (0.506; 95% confidence interval [CI]:
0.467-0.545), whereas the highest was observed for NLR
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(0.547; 95% CI: 0.508-0.586). The AUCs for IG count and
IG% were 0.531 (95% CI: 0.492-0.569) and 0.519 (95% ClI:
0.479-0.556), respectively. Using the Youden index, the op-
timal 1G% cut-off was =0.7%, yielding a specificity of 93.9%,
but a sensitivity of only 9.7%. All pairwise comparisons of
AUCs were non-significant in the paired bootstrap analysis
(all p>0.10), indicating that no marker demonstrated superior
discriminatory performance for CAA.

Secondary Endpoint: Perforation

The perforation subgroup analysis yielded somewhat different
findings from those observed for the overall CAA endpoint
(Table 4). Lymphocyte count was significantly lower in pa-
tients with perforation (p=0.032; Cohen’s d=0.250), whereas
NLR was significantly higher in this group (p=0.018), although
the corresponding effect size was minimal (d=0.044), and the
statistical significance should be interpreted in the context
of the large sample size. IG% was numerically higher in pa-
tients with perforation and demonstrated a small-to-mod-
erate effect size (Cohen’s d=0.257), although the difference
did not reach statistical significance (p=0.116). In contrast,
CRP, WBC, absolute neutrophil count, and age did not differ

Table 1. Sociodemographic characteristics of the patients
NAA (n=425; 47.7%) CAA (n=466; 52.3%) p Cohen’s d
Sex, n (%)
Male 248 (58.4%) 274 (58.8%) 0.947 —
Female 177 (41.6%) 192 (41.2%) —
Age (years), median (IQR) 33 (24-46) 36 (25-49) 0.035 0.144

NAA: Non-complicated acute appendicitis; CAA: Complicated acute appendicitis; IQR: Interquartile range. Sex was compared with Pearson’s x2 test and age

with the Mann—Whitney U test.

Table 2.  Comparison of laboratory parameters between the CAA and NAA groups

Parameter NAA (n=425) CAA (n=466) p Cohen’sd
WBC (x10°/L) 13.49+4.39 13.93+4.16 0.125 0.102
Absolute neutrophils (x10°/L) 10.43+4.34 10.91+4.10 0.063 0.115
Lymphocytes (x10°/L) 2.07x0.94 1.96+0.83 0.142 0.123
NLR 6.83+6.08 7.10£5.12 0.015 0.048
IG (x10°/L) 0.059+0.075 0.064+0.065 0.103 0.070
IG (%) 0.41+0.32 0.43+0.32 0.318 0.084
CRP (mg/L) 47,03+£51.03 51.54+63.22 0.756 0.078

Data are presented as mean + standard deviation for ease of comparability with the existing literature; all continuous variables were non-normally distributed
on the Shapiro-Wilk test (p<0.001), and group comparisons were performed with the Mann-Whitney U test on the raw distributions. Cohen’s d was reported
as an approximate effect size and should be interpreted alongside the non-parametric p-values. WBC: White blood cell count; NLR: Neutrophil-to-lymphocyte
ratio; IG: Immature granulocytes; CRP: C-reactive protein.
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A. ROC — complicated vs non-complicated acute appendicitis
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B. ROC — perforated vs non-perforated acute appendicitis
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Figure 1. Receiver operating characteristic (ROC) curves for six laboratory markers in the prediction of (A) complicated versus non-
complicated acute appendicitis and (B) perforated versus non-perforated acute appendicitis. Area under the curve (AUC) values were
estimated using 2,000 bootstrap resamples, and pairwise comparisons were performed using the paired bootstrap method. The diagonal
dashed line represents the line of no discrimination (AUC=0.500). WBC: White blood cell count; NLR: Neutrophil-to-lymphocyte ratio; 1G:

Immature granulocytes; CRP: C-reactive protein.

Table 3. Receiver-operating-characteristic (ROC) analysis of laboratory parameters in the diagnosis of CAA.

Marker AUC (95% ClI) o] Cut-off Sensitivity Specificity PPV NPV
WBC (x10°/L) 0.530 (0.491-0.568) 0.123 11.27 74.2% 33.0% 55% 54%
Absolute neutrophils 0.536 (0.496-0.575) 0.057 7.73 78.8% 29.7% 55% 56%
NLR 0.547 (0.508-0.586) 0.016 334 78.1% 32.1% 56% 57%
IG (x10°/L) 0.531 (0.492-0.569) 0.095 0.04 76.4% 30.2% 55% 54%
IG (%) 0.519 (0.479-0.556) 0.311 0.70 9.7% 93.9% 63% 49%
CRP (mg/L) 0.506 (0.467-0.545) 0.746 224.49 3.7% 99.5% 89% 48%

The 95% Cls for AUC were obtained from 2 000 bootstrap resamples; p-values relative to the null hypothesis of AUC=0.5 were obtained from 2 000 permuta-
tion iterations. Cut-offs were determined with the Youden index. WBC: White blood cell count; PPV: Positive predictive value; NPV: Negative predictive value.

significantly between perforated and non-perforated patients
(all p=0.17), and sex distribution was similar between the two
groups (p=0.401).

Diagnostic performance for perforation is shown in Table 5
and Figure 1B. NLR demonstrated the highest discriminatory
ability (AUC 0.571; 95% CI. 0.519-0.621), followed by 1G%
(AUC 0.546; 95% CI: 0.490-0.603) and IG count (AUC 0.542;
95% CI: 0.486-0.599). The AUC of NLR was significantly
greater than that of WBC (AAUC=+0.060; 95% CI: +0.005
to +0.119; p=0.035). The Youden-derived cut-off for IG%
(=0.5%) yielded a sensitivity of 33.3%, specificity of 73.8%,
and an NPV of 89.2%. For IG count, a cut-off of >0.10 x10°/L
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produced a specificity of 89.8% and an NPV of 89.0%. The
high NPVs observed across markers (89.0%—-92.9%) largely
reflect the relatively low prevalence of perforation in the
study population (11.8%).

Multivariable Analysis

Results of the multivariable logistic regression models are
presented in Table 6. Both models included age, sex, WBC,
absolute neutrophil count, CRP, and IG%. In the model evalu-
ating CAA, none of the inflammatory markers independently
predicted the outcome. For IG%, the aOR was 1.12 (95% CI:
0.70-1.78; p=0.642). The McFadden pseudo-R?2 of the model
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