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Might simple peripheral blood parameters be an early
indicator in the prediction of severity and morbidity of
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Purpose: The aim of this study is to examine the effectiveness of the neutrophil-lymphocyte ratio (NLR) and CRP/albumin
ratio (CAR) in evaluating disease severity and predicting clinical outcomes in patients diagnosed with acute cholecystitis (AC).
Methods: A total of 186 patients with AC were evaluated retrospectively. NLR, CAR, Mannheim Peritonitis Index (MPI), and
P-POSSUM (Portsmouth Physiological and Operative Severity Score for the enUmeration of Mortality and Morbidity) scores
were compared with AC severity grade.

Results: The rates of the grade 1 patients (group 1) and the grade 2-3 patients (group 2) were 57.5% (n = 107) and 42.5%
(n = 79) according to the disease severity according to Tokyo Guidelines criteria (TG) 18/TG13, respectively. The morbidity
rates determined in groups 1 and 2 were 26.7% (n = 28) and 51.9% (n = 41), respectively. No mortality was found in group
1, whereas the mortality rate in group 2 was 6.3% (n = 5). According to multivariate analysis, CAR (odds ratio [OR], 1.234; P
< 0.001) and MPI (OR, 1.175; P = 0.001) were found to be associated with moderate-severe disease while CAR (OR, 1.109;
P = 0.035) and P-POSSUM morbidity (OR, 1.063; P = 0.007) variables were found to be associated with the presence of
morbidity.

Conclusion: We have demonstrated that CAR can be used in predicting severity of AC and that CAR is an alternative
simple parameter of P-POSSUM morbidity score in prediction of morbidity in these cases. In addition to other assessment
methods, these scores can provide valuable and complementary information in assessment of disease severity and

prognosis in AC.
[Ann Surg Treat Res 2023;104(6):332-338]
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INTRODUCTION

Hospital admissions due to acute cholecystitis (AC) are
common, making it one of the most prevalent surgical
disorders. AC ranks in the 6th place among gastrointestinal
diseases in patients who are admitted to emergency service [1].
Differentiation between AC and cholelithiasis is important with
respect to both emergency surgery as well as hospitalization in
patients admitted to emergency and general surgery polyclinics

with the complaint of right upper quadrant pain. Besides,
accurate evaluation of disease severity is essential for treatment
optimization, decision-making for emergency surgery, and
achievement of a favorable prognosis [2]. The updated Tokyo
Guidelines criteria (TG18/TG13) are the commonly used clinical,
laboratory, and imaging evidence-based criteria in the diagnosis
and clinical severity assessment of AC [3]. According to the
TGI18/TG13 criteria, grade 1 disease presents a mild-degree
inflammation in the gallbladder, grade 2 involves moderate-
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degree inflammation without organ dysfunction, whereas a
severe inflammation accompanied by organ dysfunction exists
in grade 3. Emergency/early gall bladder drainage or urgent/early
laparoscopic cholecystectomy in cases of medical treatment
failure is recommended in grade 2 patients while emergency
early gall bladder drainage is also suggested, as well as medical
treatment and organ support in grade 3 patients [4]. Therefore,
the accurate assessment of inflammation severity is essential
in treatment management.

Numerous cancer types have shown a correlation between
systemic inflammatory response and an unfavorable prognosis;
and, accordingly, various inflammation-based prognostic
scorings have been defined again in many cancer types, and
prognostic value of these scores has been reported in various
studies (neutrophil-lymphocyte ratio [NLR], CRP/albumin
ratio [CAR], and Glasgow prognostic score) [5,6]. Additionally,
it has been shown that these prognostic scores based on
inflammation have been linked to the severity of the disease
and outcomes in gastrointestinal disorders such as acute
appendicitis, acute pancreatitis, ulcerative colitis, and Crohn
disease [7,8].

Among these inflammatory scores, CAR is a novel parameter
researched in recent times, and increased CAR value has been
demonstrated to be associated with inflammation severity,
poor prognosis, and mortality [9,10]. There is a limited number
of studies that have addressed the relationship of CAR with
disease severity and clinical outcomes in AC [11].

The other methods in the literature used to predict mortality
and morbidity for inflammatory diseases and some cancer
types are POSSUM (Physiological and Operative Severity
Score for the enUmeration of Mortality and Morbidity) and
P-POSSUM (Portsmouth POSSUM) scoring systems calculated
based on evaluation of the physiological and surgical state of
the patients [12].

The purpose of this study is to investigate the effectiveness
of NLR and CAR as simple peripheral parameters in the
assessment of disease severity and prediction of clinical
outcomes (morbidities) in patients with AC.

METHODS

The study protocol was approved by the Clinical Research
Ethics Committee of University of Pamukkale Faculty of
Medicine (No. 60116787-020/48514, date: August 18, 2020). The
study was conducted in accordance with the 1964 principles of
the Declaration of Helsinki and written informed consent was
obtained from all the patients.

The hospital records of the patients who were treated with
AC between January 2015 and December 2020 in the clinic of
Department of General Surgery, Pamukkale University Faculty
of Medicine were retrospectively evaluated. The demographic

and clinical parameters of the patients, diagnostic radiological
findings, treatment methods, and follow-up outcomes were
reviewed from the hospital records. The patients with a
history of congestive heart disease, hepatic and renal failure at
diagnosis of hospital admission, ongoing use of anticoagulant
and immunosuppressive drugs, history of malignancy, and the
patients who received blood transfusion treatment and had a
systemic infection within the last 4 weeks were excluded from
the analysis.

The diagnosis of AC was confirmed using CT. TG18/TG13
criteria were used to group AC severity [3]. Moderate- (grade 2)
and severe-degree (grade 3) inflammations were combined in
a separate group as high-degree inflammation (grade 2-3) and
further compared with mild-degree (grade 1) inflammation.

Data collection
The clinical and demographic data involving age, gender,

comorbid diseases, and treatment methods were obtained from
the medical files. WBC count, neutrophil count, lymphocyte
count, thrombocyte (platelet) count, CRP, international
normalized ratio of PT, and hemoglobin levels along with AST,
ALT, LDH, y-GT, ALP, total bilirubin, direct bilirubin, creatinine,
and albumin were assessed from blood samples taken at
hospital admission and recorded.

NLR was calculated by dividing neutrophil count by
lymphocyte count while CAR was calculated by dividing serum
CRP level by serum albumin level.

The P-POSSUM risk scores of the patients were calculated
at the website (www.riskprediction.org.uk) [13]. Mannheim
Peritonitis Index (MPI) scores were calculated using the
information in the patient files [14].

Management and patient follow-up
Management of the patients was made taking into

consideration the general condition, comorbid diseases, and
disease severity. All patients received medical therapy as initial
treatment. Emergency gallbladder drainage or emergency
cholecystectomy was performed in patients with insufficient
treatment outcomes or treatment failure. The patients who
recovered with medical therapy or had no contraindication
were recommended elective cholecystectomy 6—8 weeks later
and laparoscopic elective cholecystectomy was performed in
the patients who accepted surgery.

Statistical analysis
Statistical analyses were performed using IBM SPSS Statistics

ver. 25.0 (IBM Corp.). The continuous variables were presented
as mean + standard deviation. The categorical variables
were demonstrated in terms of number and percentage. The
Kruskal-Wallis test was used for the intergroup comparisons
of continuous variables. The logistic regression analysis was
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used to evaluate the relationship of disease severity (grade) and
presence of morbidity with laboratory parameters and odds
ratio (OR) values with 95% confidence intervals were given
in the table. The laboratory parameters that can be used in
the receiver operating characteristic curve (ROC) analysis for
prediction of moderate-severe grade disease and presence of
morbidity were determined. The area under the ROC (AUC),
cutoff, sensitivity, and specificity values were presented by the
ROC analysis results. A P-value less than 0.05 was accepted as
statistically significant.

RESULTS

Our study included 186 patients who were treated for
AC. Of the patients, 83 (44.6%) were female and 103 (55.4%)
were male with a mean age of 601 years (range, 17-94 years).
No comorbidity was detected in 76 patients (40.9%) whereas
hypertension, diabetes mellitus, ischemic heart disease (IHD),
chronic renal failure, chronic obstructive pulmonary disease
(COPD), comorbidity of hypertension and diabetes mellitus, and
comorbidity of IHD and COPD were encountered in 28 (15.1%),
11 (59%), 10 (5.4%), 3 (1.6%), 1 (0.5%), 36 (19.4%), and 21 (11.3%),
respectively.

Percutaneous transhepatic drainage was performed in 48
patients (25.8%) while 129 (66.2%) received medical therapy. No
complication was experienced in 118 patients (63.8%) whereas

hematoma, cholecystitis attack, cholangitis attack, pancreatitis
attack, lesion site infection, biliary leakage, hemobilia, and
gastrocutaneous fistula developed in 24 (12.9%), 17 (9.1%), 13
(7%), 1 (0.5%), 4 (2.2%), 3 (1.6%), 2 (1.1%), and 1 (0.5%), respectively.
Five patients (2.7%) became exitus during hospital admission.

The rates of grade 1 patients and grade 2-3 patients were
575% (n = 107) and 42.5% (n = 79) according to the disease
severity and TG18/TG13, respectively. The morbidity rates
determined in grade 1 patients and grade 2-3 patients were
26.7% (n = 28) and 51.9% (n = 41), respectively. No mortality
was found among grade 1 patients whereas the mortality rate
in grade 2-3 patients was 6.3% (n = 5).

As can be seen in Table 1, a statistically significant difference
between severity grades of AC in terms of demographic and
clinical data such as age (P < 0.001), LDH (P = 0.002), ALP (P
= 0.008), total bilirubin (P = 0.023), creatinine (P = 0.011),
albumin (P < 0.001), WBC (P < 0.001), CRP (P < 0.001), CAR (P
< 0.001), neutrophil (P < 0.001), lymphocyte (P = 0.048), NLR (P
< 0.001), MPI (P < 0.001), P-POSSUM morbidity (P < 0.001), and
P-POSSUM mortality (P < 0.001).

According to the evaluation of multivariate logistic
regression analysis results in Table 2, the variables CAR (OR,
1.234, P < 0.001) and MPI (OR, 1.175, P = 0.001) were found
significantly associated with moderate-severe disease (grade
2-3). Additionally, the variables CAR (OR, 1.109; P = 0.035) and
P-POSSUM morbidity (OR, 1.063 P = 0.007) were determined to

Table 1. The comparison between the demographic and clinical data of the patients grouped according to disease severity

Variable Grade 1 Grade 2-3 P-value
No. of patients 107 79
Age (yr) 58.0 (17.0-89.0) 67.0 (17.0-94.0) <0.001*
AST (IU/L) 31.0(11.0-340.0) 31.0(11.0-495.0) 0.751
ALT (IU/L) 24.0 (6.0-829.0) 24.0 (3.0-756.0) 0.785
LDH (IU/L) 254.0 (0.89-892.0) 292.0 (173.0-900.0) 0.002*
ALP (IU/L) 76.0 (7.0-562.0 88.0 (39.0-609.0) 0.008*
Total bilirubin (mg/dL) 0.58 (0.14-5.05 0.78 (0.26-9.93) 0.023*
Creatinine (mg/dL) 0. 82 (0.40-15.0 0.95 (0.43-17.0) 0.011*
Albumin (g/L) 0(2.68-29.0 3.53 (0.60-34.4) <0.001*
WBC count (cells/mm?) 1 1 1 (5.47-27.1 14.86 (1.7-34.17) <0.001*
CRP (mg/L) 21 (0.10-31.0 23.0 (0.54-62.0) <0.001*
CRP/albumin 0 (0.03-10.87) 6.25 (0.12-51.67) <0.001*
Neutrophil count (cells/mm?) 8. 23 (3.25-56.30) 12.04 (1.39-30.20) <0.001*
Lymphocyte count (cells/mm®) 1.73 (0.42-282) 1.44 (0.25-11.10) 0.048*
NLR 4.55 (0.02-65.47) 8.44 (0.91-30.88) <0.001*
Platelet count (cells/mm?®) 248 0 (100.0-542.0) 251.0 (86.0-492.0) 0.418
MPI 0 (0.00-18.0) 13.0 (0.00-26.0) <0.001*
P-POSSUM morbidity 9. 90 (4.40-78.8) 18.4 (5.50-89.20) <0.001*
P- POSSUM mortality 0.40 (0.20-15.40) 0.95 (0.20-29.70) <0.001*

Values are presented as number only or mean (range).

NLR, neutrophil-lymphocyte ratio; MPI, Mannheim Peritonitis Index: P-POSSUM, Portsmouth Physiological and Operative Severity

Score for the enUmeration of Mortality and Morbidity.
*P < 0.05, statistically significant.
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Table 2. The analysis of predictor factors for moderate and severe disease (grade 2-3) and occurrence of morbidity

Grade
Variable
OR (95% ClI)
CAR 1.234 (1.100-1.383)
NLR 1.025 (0.978-1.075)
MPI 1.175 (1.066-1.294)

P-POSSUM morbidity -
P-POSSUM mortality -

R* = 0.402, -2 log-likelihood = 186.224

Values are presented as number only or mean (range).

Morbidity
P-value OR (95% Cl) P-value
<0.001* 1.109 (1.008-1.222)) 0.035*
0.298 - 0.438
0.001* - 0.769
0.509 1.063 (1.017-1.111) 0.007*
0.905 - 0.062

R* = 0.166, -2 log-likelihood = 219.431

OR, odds ratio; Cl, confidence interval; CAR, CRP/albumin ratio; NLR, neutrophil-lymphocyte ratio; MPI, Mannheim Peritonitis Index;
P-POSSUM, Portsmouth Physiological and Operative Severity Score for the enUmeration of Mortality and Morbidity.

*P < 0.05, statistically significant.

Table 3. A comparison regarding the area under the curve to assess the differentiation between grade 1 and grade 2-3

disease
Severity grade AUC 95% ClI Cutoff Sensitivity (%)  Specificity (%) P-value
NLR 0.689 0.61-0.76 >6.61 62.0 61.7 <0.001
CAR 0.742 0.67-0.81 >2.61 65.8 65.4 <0.001
MPI 0.737 0.66-0.80 >9.50 57.0 77.6 <0.001

AUC, area under the receiver operating characteristic curve; Cl, confidence interval; NLR, neutrophil-lymphocyte ratio; CAR, CRP/

albumin ratio; MPI, Mannheim Peritonitis Index.
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.04 == =
0.8 1 r
2 0.6
=
.*(%
e
$ 0.4
Source of the curve
= — NLR
0.2 ---- CAR
T MPI
—— Reference line
0 0.2 0.4 0.6 0.8 1.0
1-Specificity

Fig. 1. A comparison regarding the area under the
receiver operating characteristic (ROC) curve to assess the
differentiation between grade 1 and grade 2-3 disease. NLR,
neutrophil-lymphocyte ratio; CAR, CRP/albumin ratio; MPI,
Mannheim Peritonitis Index.

be significantly associated with the occurrence of morbidity.

As shown detailed in Fig, 1 and Table 3, NLR, CRP/albumin,
and MPI were found statistically significant regarding
differentiation ability between grade 1 disease and grade 2-3
disease (P < 0.001, respectively). As shown in Fig, 2 and Table 4,
the prediction of morbidity with CAR and P-POSSUM morbidity
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/,’ Source of the curve
024 o
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Fig. 2. A comparison regarding the area under the receiver
operating characteristic (ROC) curve to assess the prediction
of morbidity. CAR, CRP/albumin ratio; P-POSSUM, Portsmouth
Physiological and Operative Severity Score for the enUmeration
of Mortality and Morbidity.

were determined to be statistically significant (P = 0.003 and P
< 0.001, respectively). Aside from that, the predictive ability of
P-POSSUM morbidity regarding the presence of morbidity was
found higher than the other parameter (AUC, 0.670; sensitivity,
63.2%; specificity, 59.0%).
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Table 4. A comparison regarding the area under the curve to assess the prediction of morbidity

Morbidity AUC 95% Cl
CAR 0.630 0.54-0.71
P-POSSUM morbidity 0.670 0.58-0.75

Cutoff Sensitivity (%)  Specificity (%) P-value
22.67 63.2 62.4 0.003
>13.05 63.2 59.0 <0.001

AUC, area under the receiver operating characteristic curve; Cl, confidence interval; CAR, CAR, CRP/albumin ratio; P-POSSUM,
Portsmouth Physiological and Operative Severity Score for the enUmeration of Mortality and Morbidity.

DISCUSSION

AC is one of the common causes among patients admitted
to the emergency department and general surgery polyclinics
with the complaint of abdominal pain [1]. Distention in
the gallbladder due to obstruction of the cystic duct and
inflammatory entities on the bladder wall are responsible for
its pathophysiology and symptoms [15]. TG18/TGI3 criteria are
the clinical, laboratory, and imaging evidence-based criteria
used in the diagnosis of AC and assessment of disease severity
[3]. However, delays are still experienced in the diagnosis,
more commonly in some patient groups (particularly in
elderly patients and cases with comorbidities), despite all the
improvements in diagnostic and therapeutic methods in the
present time [16,17]. Particularly, more commonly in these
patient groups, disease progression and serious complications
such as gangrenous cholecystitis, abscess, and perforation may
develop; consequently, morbidity and mortality rates may
increase [17,18]. Therefore, assessment of inflammation severity
has critical importance in the determination of treatment
approach and prognosis [3,4,19]. Recently, inflammatory
indicators have been shown to be associated with disease
severity and prognosis in many cancer types and inflammatory
diseases, and there is still a need for novel parameters on that
subject [5,8,10,20]. In the present study, NLR and CAR, which
are the simple peripheral blood parameters, were evaluated as
inflammatory markers in the assessment of disease severity
and prediction of morbidity in patients with AC. Multivariate
analysis revealed that CAR was independently associated with
the severity of the disease and effective in the prediction of
morbidity.

The mean age was 61 years and 55.4% of the patients were
male in our study consistent with the literature [21]. Also, in
a study by Gokee and Gékee [22], the rate of male gender was
higher than female gender in the patients with AC, similar to
our study.

The assessment of disease severity grade is important for
both treatment planning and the determination of patient
prognosis in patients with AC. It has been demonstrated in
a recent study that disease severity grade assessed according
to TG13 criteria is an independent predictor of mortality in
patients with AC [19]. Likewise, it has been reported in the
studies carried out in recent years that there is a significant

relationship between disease severity grade based on TG13
criteria and 30-day mortality rates [2,11]. Also in our study,
disease severity has been graded according to updated TG18/
TGI3 criteria, consistent with the literature, and no mortality
was encountered in grade 1 disease whereas 57.1% mortality
was detected in grade 3 disease.

It has been shown in many studies that inflammation-based
prognostic markers have a prognostic value for many cancer
types [6,7]. It has been reported that these inflammation-
based markers may be an indicator in the prediction of disease
severity and outcomes of also various inflammatory diseases
in the gastrointestinal tract such as acute appendicitis and
chronic inflammatory bowel disorders. It has been manifested
that high NLR values are related to gangrenous appendicitis,
hospitalization duration, and the risk of surgical complications
in patients with acute appendicitis [8,23]. The study by Qin et
al. [9] exhibited the benefit of CAR in the assessment of disease
activity in Crohn disease while Kim et al. [24] reported in their
study that CAR is an independent predictor for mortality in
sepsis patients. In the literature, some studies have evaluated
WBC and CRP as the inflammatory parameters in patients
with AC [25,26]. High WBC and CRP values were found to
be associated with severe forms of AC and particularly high
CRP level has been detected to be a predictor of gangrenous
cholecystitis [25]. Beliaev et al. [26] have presented in a large
series of 1,843 cases that a high level of CRP is a useful marker
in the diagnosis and disease severity assessment of AC, and
CRP value was found superior to WBC in the diagnosis of AC in
their study.

Also in our study, consistent with the literature, there is an
association between simple peripheral inflammatory markers
and disease severity grade [11,20]. Beliaev et al. [20] reported
in their study that NLR was a more useful marker than WBC
in the assessment of disease severity for AC, disease severity
was determined by histopathological findings in that study. On
the other side, disease severity grade was identified based on
TG criteria in the study by Sato et al. [11], similar to our study.
Similar to our outcomes, it has been shown by multivariate
analyses in their study that CAR was associated with grade 2-3
AC as well as modified Glasgow Prognostic Score as another
inflammatory marker, this outcome was explained by the
fact that a high WBC value is one of the diagnostic criteria of
grade 2 AC. In our study, the univariate ROC analysis results
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suggested that NLR, CAR, and MPI were statistically significant
in the prediction of moderate and severe grades. However,
multivariate logistic regression analyses revealed only CAR
and MPI to be associated with the grade of the disease. The
association of MPI with disease severity in patients with
peritonitis has become more prominent in previous studies
regarding the prediction of [27]. Our findings indicate that CAR
values are more important than NLR. Additionally, CAR along
with P-POSSUM morbidity index may play a complementary
role in the prediction of morbidity.

The decreased albumin synthesis as a result of the
hypercatabolic state due to the inflammatory process and
downregulation of cytokines such as tumor necrosis factor-
alpha and interleukin-6 is inversely proportional with the grade
of the inflammatory response [28]. Additionally, albumin level
is also associated with nutritional state [27]. High CRP and
low albumin levels may be indicators of severe inflammation.
Hypercytokinemia due to chronic and severe inflammation
leads to inadequate nutrition and weight loss [29]. CAR shows
the combination of systemic inflammation and nutritional state
are used in the prediction of patient outcomes in many diseases
such as sepsis, acute pancreatitis, activation of ulcerative colitis,
and hepatocellular and pancreatic cancer [29,30]. In our study,
simple peripheral blood parameters, MPI, and P-POSSUM scores
were evaluated as parameters in the prediction of morbidity.
CAR and P-POSSUM morbidity scores were determined to
be statistically significant by multivariate logistic regression
analyses in the prediction of morbidity.

The retrospective design of our study and the small number
of patients particularly in the grade 3 AC group were the
limitations of our study. However, we conclude that the use
of scoring systems in which efficacies have been accepted in
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