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AIM: Laparoscopic cholecystectomy (LC) is the primary treatment for acute cholecystitis (AC), although various postoperative com-
plications may still occur. Inflammatory composite indices have gained increasing attention in surgical risk assessment; among them,
the C-reactive protein–albumin–lymphocyte (CALLY) index integrates systemic inflammation, immune function, and nutritional status.
This study aimed to investigate the association between preoperative CALLY index and postoperative complications in patients with AC
undergoing cholecystectomy.
METHODS: This retrospective cohort study included 330 patients with AC who underwent cholecystectomy at the Department of Gen-
eral Surgery, Sir Run Run Shaw Hospital, Zhejiang University School of Medicine, between January 2015 and December 2024. Patients
were categorized according to the occurrence of postoperative complications. Clinical characteristics, perioperative variables, and preop-
erative laboratory markers were collected. The CALLY index was calculated using C-reactive protein (CRP), albumin, and lymphocyte
count. Between-group comparisons, Spearman correlation analysis, receiver operating characteristic (ROC) curve analysis, and logis-
tic regression analyses were performed to examine the associations of the CALLY index and related clinical factors with postoperative
complications and to evaluate their discriminative ability.
RESULTS: Among the 330 patients, 83 (25.2%) experienced postoperative complications. Patients with complications were older and
had higher rates of diabetes, gallbladder wall thickness ≥5 mm, and a history of previous cholecystitis (all p < 0.001). Preoperative
CRP levels were elevated, whereas albumin, lymphocyte counts, and CALLY index values were lower in the complication group (all
p < 0.001). ROC analysis demonstrated that the CALLY index had favorable predictive ability (area under the curve [AUC] = 0.720).
Multivariate analysis identified age, diabetes, gallbladder wall thickness, history of cholecystitis, American Society of Anesthesiologists
Physical Status (ASA-PS) classification, the 2018 Tokyo Guidelines (TG18) grade, and CALLY index as independent predictors of
postoperative complications (all p < 0.05).
CONCLUSIONS: Preoperative CALLY index is associated with the occurrence of postoperative complications in patients with AC
undergoing cholecystectomy. CALLY index may serve as a supplementary preoperative marker for identifying patients with a higher
risk of postoperative complications. However, further prospective multicenter studies are needed to validate its clinical applicability.
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Introduction
Acute cholecystitis (AC) is among the most common
acute abdominal emergencies in general surgery, primar-
ily caused by cystic duct obstruction leading to bile stasis
and secondary bacterial infection. It typically presents with
abrupt onset and rapid progression, accounting for approx-
imately 3–10% of patients admitted for acute abdominal
pain [1,2,3]. Without timely intervention, ACmay progress
to subacute or chronic cholecystitis and lead to severe com-
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plications such as gallbladder perforation or pericholecystic
abscess, which can seriously impair quality of life and even
threaten patient survival [4]. According to the 2018 Tokyo
Guidelines (TG18) and recent international consensus state-
ments [5,6], laparoscopic cholecystectomy (LC) is recom-
mended as the preferred treatment for eligible patients with
AC because of its minimally invasive nature and favorable
postoperative recovery.

Nevertheless, LC during the acute phase of AC has lim-
itations. Severe gallbladder wall edema, impacted stones
at the gallbladder neck, and indistinct Calot’s triangle
anatomy significantly increase surgical difficulty [7,8].
Moreover, establishing a clear operative field in the con-
text of severe inflammation and adhesions is often chal-
lenging, increasing the risk of bile duct misidentification
and serious complications such as bile leakage [9]. Con-
sequently, patients undergoing LC for AC remain at a rel-

https://doi.org/10.62713/aic.4683


2 Ann. Ital. Chir., 2026

Huanhuan Chen, et al.

atively high risk of postoperative complications. Studies
have shown that 10–20% of patients may experience lo-
cal complications such as infection, abscess, or bile fistula,
as well as systemic complications including pulmonary in-
fection, deep vein thrombosis, or multi-organ dysfunction
[10]. These complications not only prolong hospitaliza-
tion and increase healthcare costs but may also necessitate
unplanned reoperations. Therefore, accurate preoperative
identification of patients at high risk of postoperative com-
plications is important for optimizing perioperative man-
agement and potentially reducing complication-related ad-
verse outcomes.
Currently, postoperative risk assessment in AC patients
largely relies on traditional clinical indicators and imaging
features [11,12]. However, conventional indicators typi-
cally reflect a single dimension of patient status, limiting
their ability to comprehensively evaluate the body’s physi-
ological reserve and compensatory capacity under acute in-
flammatory stress [13]. Imaging findings mainly focus on
morphological changes and cannot dynamically assess sys-
temic functional status [14]. In this context, there is grow-
ing interest in evaluating the overall physiological state
of the patients. Persistent inflammatory activation, a key
pathological feature of AC, can exacerbate tissue damage
via the release of inflammatorymediators and interfere with
postoperative healing, thereby increasing the risk of com-
plications such as infection [15]. Nutritional status reflects
metabolic and reparative potential, with malnutrition im-
pairing tissue healing [16]. Immune dysfunction further re-
duces the ability to eliminate pathogens, adversely affecting
postoperative outcomes [17].
Composite inflammation–nutrition indices have recently
received considerable attention in surgical risk assessment.
The C-reactive protein–albumin–lymphocyte (CALLY) in-
dex integrates inflammation, nutrition, and immune func-
tion, providing a more comprehensive reflection of the
body’s compensatory capacity in response to surgical stress
[18]. A previous study demonstrated that in patients with
obstructive colorectal cancer, a lower preoperative CALLY
index was associated with increased intraoperative bleed-
ing and postoperative complications [19]. In gastric can-
cer patients undergoing gastrectomy, a lower preopera-
tive CALLY index was significantly correlated with poorer
overall survival and recurrence-free survival, serving as an
independent predictor of adverse postoperative outcomes
[20]. Therefore, this study aimed to investigate the associa-
tion between the preoperative CALLY index and postoper-
ative complications in AC patients undergoing LC, and to
determine whether this integrated inflammation–nutrition–
immunitymarker could contribute to amore comprehensive
preoperative evaluation when considered together with es-
tablished clinical and surgical risk factors.

Methods
Patient Selection

This retrospective cohort study included AC patients who
underwent cholecystectomy in the Department of General
Surgery, Sir Run Run Shaw Hospital, Zhejiang University
School of Medicine, from January 2015 to December 2024.
A total of 330 eligible patients were included, of whom 83
(25.2%) developed postoperative complications (Fig. 1).
Inclusion criteria included: (1) Diagnosis of AC con-
firmed by clinical symptoms, imaging, and postoperative
pathology; (2) Underwent laparoscopic cholecystectomy;
(3) Completed preoperative blood tests including complete
blood count, inflammatorymarkers, liver and renal function
tests; complete clinical, surgical, and postoperative follow-
up data; (4) Age ≥18 years, any gender.
Exclusion criteria were as follows: (1) Severe pre-existing
or irreversible functional impairment or failure of major or-
gans (including the liver, kidneys, heart or lungs); (2) Con-
current malignancy, autoimmune disease, hematologic dis-
order, or other chronic inflammatory disease; (3) Receipt of
anti-inflammatory or immunosuppressive therapy within 1
month before surgery; (4) Pregnant or lactating women; (5)
Incomplete clinical, laboratory, or follow-up data prevent-
ing analysis.
Patients with TG18 Grade III were not excluded on the ba-
sis of their grade alone; none of the patients of this type in-
cluded in this study had severe pre-existing or irreversible
major organ dysfunction or failure.

Data Extraction

Clinical data extraction was conducted in strict accordance
with standardized protocols. All data were obtained from
the electronic medical records and paper charts of the study
participants.
The following variables were included for analysis:
General clinical characteristics: age, sex, body mass index
(BMI), diabetes, hypertension, gallbladder wall thickness,
history of prior abdominal surgery, history of biliary colic,
and previous episodes of cholecystitis.
Preoperative inflammatory and nutritional markers: C-
reactive protein (CRP), albumin (ALB), neutrophil count
(NEU), lymphocyte count (LY), monocyte count (MONO),
and platelet count (PLT). All laboratorymeasurements were
derived from routine preoperative venous blood tests. Pe-
ripheral venous blood samples were collected in the early
morning after an overnight fast to minimize the influence of
dietary factors. Based on these laboratory parameters, the
CALLY index was calculated using the formula: CALLY =
[ALB (g/L)* LY (109/L)] / [CRP (mg/L)*10] [21].
Surgical parameters included timing of surgery within 72
hours of symptom onset, American Society of Anesthe-
siologists Physical Status (ASA-PS) classification, TG18
grade, operative duration, and intraoperative blood loss.
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Fig. 1. Study flowchart and participant selection.

Study Outcomes
To objectively assess the severity of complications and en-
hance clinical interpretability, postoperative adverse events
were classified according to the internationally recognized
Clavien–Dindo (CD) classification system (Table 1).
In this study, postoperative adverse events of Clavien–
Dindo grade II or higher were defined as complications
[22]. Patients with one or more CD grade II–V events were
uniformly included in the complication group, whereas
patients without CD grade II or higher events were in-
cluded in the non-complication group. The CD classifica-
tion was used to define and standardize the severity thresh-
old for postoperative complications. Additionally, specific
types of complications were analyzed, including bleeding,
edema, necrosis, abscess, infection, bile leakage, intestinal
obstruction, and ascites [23].

Statistical Analysis
All statistical analyses were performed using R software
(version 4.5.1; R Foundation for Statistical Computing,
Vienna, Austria), with a significance threshold set at α
= 0.05; p < 0.05 was considered statistically significant.
Continuous variables were first assessed for normality us-
ing the Shapiro–Wilk test and for homogeneity of vari-
ance using Levene’s test. Normally distributed data with
equal variance were expressed as mean ± standard devia-
tion (SD), and intergroup comparisons were conducted us-
ing independent-samples t-tests. Non-normally distributed
data were expressed as median (interquartile range, IQR),
with comparisons performed using the Mann–Whitney U
test. Categorical variables were presented as counts and
percentages (n, %), with intergroup differences analyzed
using the chi-square (χ2) test.



4 Ann. Ital. Chir., 2026

Huanhuan Chen, et al.

Table 1. Definition of the Clavien–Dindo classification.
CD classifications Definitions

Grade I Any deviation from the normal postoperative course without the need for pharmacological treatment or surgical intervention.
Grade II Complications requiring pharmacological treatment.
Grade IIIa A complication requiring surgical or radiological intervention rather than general anesthesia.
Grade IIIb A complication requiring surgical or radiological intervention under general anesthesia.
Grade IVa A life-threatening complication requiring intensive care management, including single-organ dysfunction.
Grade IVb A life-threatening complication requiring intensive care management, including multiple organ dysfunction.
Grade V Death.

Abbreviation: CD, Clavien–Dindo.

After initial two-group comparisons, Spearman correla-
tion analysis was conducted to evaluate associations be-
tween preoperative laboratory markers and various types
of postoperative complications, clarifying the direction and
strength of these relationships and identifying clinically rel-
evant predictive indicators.
Subsequently, receiver operating characteristic (ROC)
curve analysis was used to assess the discriminatory ability
of CALLY, albumin, lymphocyte counts, and CRP for post-
operative complications, thereby evaluating their potential
clinical utility in risk assessment.
Variables with statistically significant differences in base-
line characteristics were included in univariate logistic re-
gression analysis to identify factors associated with post-
operative complications. To reduce multicollinearity and
minimize the risk of model overfitting, overlapping individ-
ual indicators were excluded. Only statistically significant
composite indices and non-overlapping variables from uni-
variate analysis were included in multivariate logistic re-
gression to identify factors independently associated with
postoperative complications, with odds ratios (ORs) and
95% confidence intervals (95% CIs) calculated.

Results
General Characteristics and Intraoperative Parameters
Baseline characteristics of the study population are pre-
sented in Table 2. Significant differences were observed
between the complication and non-complication groups for
some variables. Age distribution differed significantly be-
tween groups (p < 0.001), with a higher proportion of older
patients in the complication group. Sex and BMI showed
no significant differences (p > 0.05).
Among comorbidities, diabetes was more prevalent in the
complication group (p < 0.001), whereas hypertension did
not differ significantly (p = 0.751). Gallbladder wall thick-
ness ≥5 mm and a history of previous cholecystitis were
significantly more common in the complication group (both
p < 0.001). History of prior abdominal surgery and biliary
colic did not differ significantly (p > 0.05).
Regarding preoperative inflammatory and nutritional mark-
ers, the complication group had higher CRP levels, lower
albumin and lymphocyte counts, and significantly reduced
CALLY index values (all p < 0.001). Neutrophil count,

monocyte count, and platelet count did not differ signifi-
cantly between groups (p > 0.05).
For surgical parameters, the proportion of patients undergo-
ing surgery within 72 hours differed significantly between
groups (p = 0.005). ASA-PS classification and TG18 grade
were higher in the complication group (both p < 0.001). Op-
erative duration and intraoperative blood loss showed no
significant differences (p > 0.05).

Distribution of Postoperative Complications

Among patients who developed postoperative complica-
tions (Table 3), the types of complications included edema,
abscess, necrosis, bleeding, infection, bile leakage, intesti-
nal obstruction, ascites, and other events. Edema, abscess,
and necrosis accounted for the highest proportions, fol-
lowed by bleeding and infection, whereas bile leakage, in-
testinal obstruction, and ascites were relatively less com-
mon.
Spearman’s correlation analysis was performed to evaluate
the associations between preoperative inflammatory mark-
ers and different types of postoperative complications (Fig.
2). Ascites and other complications were not included in
the heatmap because of the limited number of ascites events
and the heterogeneous nature of the “Others” category. The
CALLY index was negatively correlated with most post-
operative complications, particularly edema (r = –0.55),
necrosis, and abscess, whereas CRP showed positive cor-
relations with most postoperative complications, with the
strongest correlation observed for necrosis (r = 0.60). In
contrast, ALB, LY, PLT, MONO, and NEU showed weaker
or inconsistent correlations with specific complications.
ROC curves were constructed based on the overall inci-
dence of postoperative complications to compare the dis-
criminatory ability of the CALLY index with its individ-
ual components (Fig. 3). Neutrophil count, monocyte
count, and platelet count were not included in the pri-
mary ROC comparison because they were not components
of the CALLY index and did not differ significantly be-
tween patients with and without postoperative complica-
tions. The results demonstrated that preoperative CALLY
index, albumin, lymphocyte count, and CRP exhibited pre-
dictive value for postoperative complications in patients
with acute cholecystitis undergoing cholecystectomy. The
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Table 2. Baseline clinical characteristics, preoperative laboratory markers, and perioperative parameters of patients.
Variables No complications (N = 247) Complications (N = 83) Statistic p value

Age, n (%) χ2 = 32.28 <0.001
<60 years 191 (77.33) 38 (45.78)
60–70 years 36 (14.57) 22 (26.51)
>70 years 20 (8.10) 23 (27.71)

Sex, n (%) χ2 = 2.46 0.117
Female 188 (76.11) 70 (84.34)
Male 59 (23.89) 13 (15.66)

BMI (kg/m2) 22.46 ± 1.89 22.03 ± 1.89 t = 1.81 0.072
Diabetes, n (%) 49 (19.84) 33 (39.76) χ2 = 13.20 <0.001
Hypertension, n (%) 123 (49.80) 43 (51.81) χ2 = 0.10 0.751
Gallbladder wall thickness, n (%) χ2 = 15.52 <0.001
<5 mm 175 (70.85) 39 (46.99)
≥5 mm 72 (29.15) 44 (53.01)

History of abdominal surgery, n (%) 10 (4.05) 6 (7.23) χ2 = 0.76 0.383
History of biliary colic, n (%) 209 (84.62) 74 (89.16) χ2 = 1.05 0.306
History of cholecystitis, n (%) 103 (41.70) 52 (62.65) χ2 = 10.95 <0.001
Preoperative inflammatory markers
CRP (mg/L) 9.30 (6.05, 13.85) 13.70 (6.45, 17.70) Z = –4.07 <0.001
Albumin (g/L) 41.40 (38.85, 44.55) 38.90 (36.45, 40.00) Z = –5.23 <0.001
Neutrophils (×109/L) 5.62 (4.29, 7.17) 6.32 (5.19, 7.30) Z = –1.59 0.112
Lymphocyte count (×109/L) 1.93 (1.51, 3.10) 1.57 (1.40, 1.92) Z = –4.93 <0.001
Monocytes (×109/L) 0.49 (0.38, 0.64) 0.55 (0.41, 0.68) Z = –1.81 0.070
Platelet count (×109/L) 236.00 (205.00, 272.00) 231.00 (202.50, 260.50) Z = –1.20 0.231
CALLY index 1.02 (0.57, 1.55) 0.49 (0.30, 0.97) Z = –6.00 <0.001

Surgical parameters
Surgery within 72 h, n (%) 142 (57.49%) 33 (39.76%) χ2 = 7.84 0.005
ASA-PS classification, n (%) χ2 = 21.54 <0.001
I–II 198 (80.16) 45 (54.22)
III–IV 49 (19.84) 38 (45.78)

TG18 grade, n (%) χ2 = 27.01 <0.001
I–II 204 (82.59) 45 (54.22)
III 43 (17.41) 38 (45.78)

Operative time (min) 75.71 ± 11.77 78.31 ± 13.18 t = –1.69 0.092
Intraoperative blood loss (mL) 159.34 ± 40.96 167.77 ± 41.60 t = –1.62 0.107

Abbreviations: BMI, body mass index; CRP, C-reactive protein; CALLY, C-reactive protein–albumin–lymphocyte index;
ASA-PS, American Society of Anesthesiologists Physical Status; TG18, 2018 Tokyo Guidelines.

Table 3. Types and distribution of postoperative complications.
Type of complication Number of cases (n) Proportion (%)

Bleeding 18 21.69
Edema 28 33.73
Necrosis 20 24.10
Abscess 27 32.53
Infection 16 19.28
Bile leakage 6 7.23
Intestinal obstruction 5 6.02
Ascites 2 2.41
Others 15 18.07

corresponding area under the curve (AUC) values were
0.720 for CALLY, 0.692 for albumin, 0.681 for lymphocyte

count, and 0.649 for CRP, respectively. Among these indi-
cators, the CALLY index showed the best predictive perfor-
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Fig. 2. Correlation analysis between preoperative laboratory markers and postoperative complications. CALLY, C-reactive
protein–albumin–lymphocyte; PLT, platelet count; MONO, monocyte count; LY, lymphocyte count; NEU, neutrophil count; ALB,
albumin; CRP, C-reactive protein.

mance. According to the Youden index, the optimal cut-off
value of the CALLY index was 0.70, with a sensitivity of
65.1%, specificity of 68.8%, and Youden index of 0.339.

Univariate and Multivariate Logistic Regression Analyses
The results of the univariate logistic regression analysis are
presented in Table 4. Age stratification was significantly
associated with the occurrence of postoperative complica-
tions. Compared with patients aged <60 years, those aged
60–70 years and >70 years had significantly increased risks
of complications (both p < 0.001).
Comorbid diabetes (p < 0.001), gallbladder wall thickness
≥5mm (p< 0.001), and a history of cholecystitis (p= 0.001)
were all significantly associated with a higher risk of post-

operative complications. Regarding perioperative assess-
ment indicators, higher ASA-PS classification and TG18
grade III were identified as significant risk factors (both p
< 0.001). Surgery performed within 72 hours was identi-
fied as a protective factor (p = 0.006). Among laboratory
parameters, higher albumin levels and lymphocyte counts
were associated with a reduced risk of complications (both
p < 0.001), whereas elevated CRP levels were significantly
associated with increased risk (p < 0.001). A lower CALLY
index was also significantly associated with the occurrence
of postoperative complications (p < 0.001).
Since the CALLY index is derived from albumin, CRP,
and lymphocyte count, these individual variables were ex-
cluded from the multivariate model to avoid multicollinear-
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Fig. 3. ROC curves of the CALLY index and its individual components for postoperative complications. ROC, receiver operating
characteristic.

ity. Only the composite index and non-overlapping vari-
ables were included in the multivariate analysis. The results
of the multivariate logistic regression analysis are presented
in Table 5. Age remained independently associated with
postoperative complications, with significantly increased
risks observed in patients aged 60–70 years (p = 0.003) and
>70 years (p < 0.001). Diabetes (p < 0.001), gallbladder
wall thickness ≥5 mm (p < 0.001), and a history of chole-
cystitis (p < 0.001) were identified as independent risk fac-
tors. Higher ASA-PS classification and TG18 grade III also
remained significantly associated with increased complica-
tion risk (both p < 0.001). Surgery within 72 hours was
no longer statistically significant in the multivariate model
(p = 0.627). Importantly, the CALLY index remained sig-
nificantly associated with postoperative complications after
adjustment for other covariates (p < 0.001).

Discussion
In this retrospective cohort study, we evaluated the associ-
ation between the preoperative CALLY index, related clin-
ical and perioperative factors, and postoperative compli-
cations in patients with AC undergoing cholecystectomy.
The results showed that a lower CALLY index was signif-
icantly associated with an increased risk of postoperative
complications and remained independently associated with
complications after adjustment for potential confounders.
In addition, older age, diabetes, increased gallbladder wall
thickness, previous episodes of cholecystitis, higher ASA-
PS classification, and higher TG18 grade were also asso-
ciated with postoperative complications. Although female
patients accounted for a relatively high proportion in both
groups, sex was not significantly associated with postoper-
ative complications, suggesting that the observed sex dis-
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Table 4. Univariate logistic regression analysis of factors associated with postoperative complications.
Variable β S.E Z p value OR (95% CI)

Age
<60 years — — — — 1.00 (Reference)
60–70 years 1.12 0.32 3.47 <0.001 3.07 (1.63–5.79)
>70 years 1.75 0.35 4.96 <0.001 5.78 (2.89–11.56)

Diabetes
No — — — — 1.00 (Reference)
Yes 0.98 0.28 3.56 <0.001 2.67 (1.55–4.57)

Gallbladder wall thickness
<5 mm — — — — 1.00 (Reference)
≥5 mm 1.01 0.26 3.87 <0.001 2.74 (1.65–4.57)

History of cholecystitis
No — — — — 1.00 (Reference)
Yes 0.85 0.26 3.27 0.001 2.35 (1.41–3.91)

ASA-PS classification
I–II — — — — 1.00 (Reference)
III–IV 1.23 0.27 4.51 <0.001 3.41 (2.00–5.82)

TG18 grade
I–II — — — — 1.00 (Reference)
III 1.39 0.28 5.01 <0.001 4.01 (2.33–6.89)

Surgery within 72 h
No — — — — 1.00 (Reference)
Yes –0.72 0.26 –2.77 0.006 0.49 (0.29–0.81)

Albumin (ALB) –0.14 0.03 –3.92 <0.001 0.87 (0.82–0.93)
CRP 0.11 0.02 5.05 <0.001 1.12 (1.07–1.17)
Lymphocyte count (LY) –1.12 0.23 –4.92 <0.001 0.32 (0.21–0.51)
CALLY index –1.35 0.28 –4.81 <0.001 0.26 (0.15–0.45)

Abbreviations: S.E, standard error; OR, odds ratio; CI, confidence interval.

tribution may primarily reflect the sample composition of
this cohort rather than a sex-specific effect.

Older age may reflect reduced physiological reserve and
lower tolerance to surgical stress, which has been associ-
ated with worse postoperative outcomes after cholecystec-
tomy [24]. Diabetes may increase postoperative vulnera-
bility through impaired immune response, delayed tissue
repair, and greater susceptibility to infection, and has also
been reported as a factor associated with adverse outcomes
after laparoscopic cholecystectomy [24]. Increased gall-
bladder wall thickness may indicate more severe local in-
flammation and greater operative difficulty, consistent with
previous evidence linking gallbladder wall thickness >5
mm to complications after laparoscopic cholecystectomy
[25]. Higher American Society of ASA-PS classification
and the TG18 grade reflect greater systemic disease bur-
den and more severe acute cholecystitis, respectively, and
are clinically relevant in the TG18 surgical decision-making
framework [5,24]. These factors may therefore help iden-
tify patients who require more careful preoperative assess-
ment and postoperative monitoring.

AC is characterized by an inflammatory and immune re-
sponse secondary to cystic duct obstruction, with patholog-
ical features including gallbladder wall edema, inflamma-

tory cell infiltration, microcirculatory disturbance, and lo-
cal tissue necrosis [26]. The occurrence of postoperative
complications is closely related to the patient’s preopera-
tive inflammatory status, immune function, and nutritional
condition [27]. In the present study, a lower CALLY in-
dex was significantly associated with an increased risk of
postoperative complications.

The CALLY index integrates CRP, albumin, and lympho-
cyte count. CRP is a classical acute-phase protein that re-
flects the severity of systemic inflammation. In AC, cystic
duct obstruction and bacterial infection trigger the release
of inflammatory mediators, leading to markedly elevated
CRP levels. Persistent inflammation may impair gallblad-
der wall perfusion and promote tissue necrosis, while also
increasing surgical difficulty, thereby predisposing patients
to postoperative complications such as infection, abscess,
and bleeding [7,28].

Albumin, an important indicator of nutritional status and
hepatic synthetic function, reflects both metabolic reserve
and inflammatory burden. Hypoalbuminemia may indi-
cate malnutrition or systemic inflammatory consumption
[29]. Reduced albumin levels can impair immune re-
sponse, decrease tissue repair capacity, and lower colloid
osmotic pressure, thereby increasing the risk of postopera-
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Table 5. Multivariate logistic regression analysis of factors associated with postoperative complications.
Variable β S.E Z p value OR (95% CI)

Age
<60 years — — — — 1.00 (Reference)
60–70 years 1.22 0.41 2.99 0.003 3.39 (1.52–7.52)
>70 years 1.60 0.46 3.43 <0.001 4.93 (1.98–12.26)

Diabetes
No — — — — 1.00 (Reference)
Yes 1.29 0.39 3.31 <0.001 3.64 (1.69–7.81)

Gallbladder wall thickness
<5 mm — — — — 1.00 (Reference)
≥5 mm 1.13 0.34 3.30 <0.001 3.09 (1.58–6.05)

History of cholecystitis
No — — — — 1.00 (Reference)
Yes 1.26 0.35 3.58 <0.001 3.52 (1.77–7.02)

ASA-PS classification
I–II — — — — 1.00 (Reference)
III–IV 1.20 0.35 3.38 <0.001 3.31 (1.65–6.61)

TG18 grade
I–II — — — — 1.00 (Reference)
III 1.43 0.36 3.99 <0.001 4.18 (2.07–8.43)

Surgery within 72 h
No — — — — 1.00 (Reference)
Yes –0.16 0.33 –0.49 0.627 0.85 (0.44–1.64)

CALLY index –1.65 0.36 –4.58 <0.001 0.19 (0.10–0.39)

tive edema, infection, and poor wound healing [30,31,32].
Lymphocytes are key components of adaptive immunity,
and decreased lymphocyte counts may indicate immuno-
suppression, which compromises the host’s ability to elim-
inate pathogens and increases susceptibility to postopera-
tive infections. In addition, recurrent episodes of cholecys-
titis may lead to pericholecystic adhesions and fibrosis, re-
sulting in a distorted Calot’s triangle and increased surgical
complexity, thereby elevating the risk of intraoperative in-
jury and postoperative complications [25,33].
In recent years, composite inflammation-based indices have
gained increasing attention in surgical risk assessment. A
previous study has shown that in patients undergoing col-
orectal cancer surgery, a lower preoperative CALLY index
is significantly associated with a higher incidence of post-
operative complications and worse perioperative outcomes
[34]. Similarly, in gastric cancer, the preoperative CALLY
index has been identified as an important predictor of over-
all survival and recurrence risk [35]. These findings suggest
that the CALLY index, by incorporating markers of inflam-
mation, immune status, and nutritional status, can compre-
hensively reflect patients’ physiological reserve and may
provide supplementary information for identifying patients
at a higher risk of postoperative complications.
Despite growing evidence on inflammation-based compos-
ite indices, studies focusing on acute inflammatory condi-
tions remain limited. Existing research on acute calculous
cholecystitis has largely focused on the diagnostic value or

disease severity of single inflammatory or nutritional mark-
ers [36], rather than systematically evaluating their inde-
pendent predictive value for postoperative complications.
Moreover, most studies on composite indices in cardio-
vascular and critical care settings have primarily focused
on overall prognosis or long-term outcomes [37], rather
than specific perioperative complications. In addition, pre-
vious studies have often overlooked the specific associa-
tions between preoperative markers and different types of
postoperative complications. To address these gaps, the
present study systematically evaluated the predictive value
of the CALLY index for postoperative complications in AC
patients and, through multivariate analysis, provided pre-
liminary evidence supporting the association between the
CALLY index and postoperative complications in this clin-
ical setting.

This study has several strengths. First, it systematically
evaluated the predictive value of the CALLY index in AC
patients undergoing cholecystectomy, expanding its appli-
cation beyond oncological settings to acute inflammatory
diseases. Second, a comprehensive set of clinical variables,
including baseline characteristics, laboratory parameters,
and perioperative factors, was included, and independent
predictors were identified usingmultivariate logistic regres-
sion, thereby reducing potential confounding. Third, mul-
tiple statistical approaches, including correlation analysis
and ROC curve analysis, were applied to assess the rela-
tionship between inflammatory markers and postoperative
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complications from different perspectives, providing com-
plementary perspectives on the observed associations.
However, several limitations should be acknowledged.
First, this was a single-center retrospective study, which
may be subject to selection bias, information bias, and
residual confounding. Although multivariate logistic re-
gression was performed to adjust for potential confounders,
unmeasured or incompletely recorded variables could not
be fully excluded. Second, the sample size was relatively
limited, particularly for specific complication subtypes,
which may affect the stability of complication-specific
analyses. Third, all laboratory indicators were derived from
a single preoperative measurement, although inflammatory
and nutritional markers may fluctuate dynamically during
disease progression and perioperative treatment. Finally,
no formal model validation, calibration analysis, or deci-
sion curve analysis was performed in this study. Future
multicenter prospective studies with larger sample sizes and
formal external validation are needed to confirm the clini-
cal utility and generalizability of the CALLY index in this
setting.

Conclusions
This study demonstrated that a lower preoperative CALLY
index was significantly associated with postoperative com-
plications in patients with acute cholecystitis undergoing
cholecystectomy. In addition, age, diabetes, gallbladder
wall thickness, previous episodes of cholecystitis, ASA-PS
classification, and TG18 grade were also associated with
complication risk. These findings suggest that the CALLY
index may provide supplementary information when evalu-
ating patients before surgery. Further prospective multicen-
ter studies with formal model validation are needed before
this index can be applied as a clinical risk assessment tool.
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