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Abstract: Introduct ion: Acute cholecystitis (AC) is a condition that requires surgical treatment. Laparo-
scopic cholecystectomy (LC) is considered the gold standard. Based on routine blood tests, it is possible to 
determine the neutrophil-to-lymphocyte ratio (NLR), which accurately characterizes the body’s systemic 
inflammatory response. The NLR is used as a prognostic tool in many gastrointestinal diseases and may 
therefore be useful in the diagnosis of AC. 
Aim: The objective of this study is to assess the prognostic value of the NLR index in the course of AC.
Mater ia ls  and Methods: This is a retrospective analysis of patients with AC who underwent LC. The 
study analyzed the following factors: emergency or elective admission, white blood cell count and bilirubin 
levels which are the part of preoperative laboratory tests, intraoperative complications such as gallbladder 
perforation and empyema formation, surgery duration, and length of hospital stay.
Results: The study involved 306 patients treated with LC. In the group of patients with NLR >5, there was 
a statistically significant correlation with higher risk of emergency admission, elevated bilirubin levels, high-
er risk of empyema, longer surgery time and hospital stay. We did not find an association between the NLR 
index and the risk of gallbladder perforation or patient gender.
C onclusions: High NLR values are associated with an increased risk of complications during AC. There-
fore, this predictor can be successfully used in clinical practice to identify the severe course of cholecystitis.
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Introduction

Acute cholecystitis (AC) is an inflammatory disease that affects the gallbladder [1]. AC is also one 
of the most frequent gastrointestinal conditions that requires surgical intervention [2]. Laparo-
scopic cholecystectomy is considered to be the gold standard for the treatment of AC [3]. Nowa
days, there are a variety of methods used to assess the prognosis, severity and individualize the 
management of AC. However, not all of these methods are cheap, simple and easy to use. Complex 
biochemical and hematological indicators such as neutrophil-to-lymphocyte ratio (NLR) can be 
the solution to this problem offering clinically efficient and cost-effective risk stratification method.

The NLR is calculated by dividing the number of neutrophils by the number of lymphocytes 
in whole blood per 1 ml. Both components of the aforementioned ratio are basic and inexpensive 
laboratory parameters, which are a part of standard hematological laboratory tests performed 
upon admission to all emergency or surgical departments. This makes the application of NLR 
possible in the context of many diseases. It is considered that the NLR index accurately assesses 
the systemic inflammatory response of the body [4]. Additionally, it provides a measure of both 
the innate and adaptive regulatory response of the immune system to inflammation, infection, 
and tissue damage [5].

Predictive value of NLR has been described in gastrointestinal conditions, such as acute pan-
creatitis [6] and acute appendicitis [7]. For that reason it is reasonable to evaluate the prognostic 
value of NLR in AC as well. The literature on that particular application of NLR is scant. Therefore 
we had conducted a study based on the unselected group of patients admitted to the general sur-
gical department in order to test the utility of NLR.

The aim of this study was to determine the prognostic value of NLR in the assessment of the 
severity of AC and the likelihood of intraoperative complications during laparoscopic cholecys-
tectomy.

Materials and Methods

A retrospective study was conducted at the Department of General and Oncological Surgery, 5th 
Military Hospital, Cracow, Poland, from January 2016 to December 2017. The study population 
consisted of 306 patients operated on for AC by laparoscopic cholecystectomy. We recorded base-
line preoperative laboratory tests (WBC, bilirubin level), mode of surgery (elective or emergency), 
intraoperative complications (i.e. gallbladder perforation and/or empyema formation), time of 
surgery and length of hospital stay. 

NLR was calculated by dividing the absolute number of neutrophils by the absolute number of 
lymphocytes in the whole blood. Laboratory tests used for NLR calculations were performed on 
the admission day. 

The cutoff value of 5 for NLR was determined based on the literature; according to the majority 
of studies, NLR values equal to or greater than 4 [2, 8] or greater than 5 [4, 9, 10] indicate the risk 
of complications and severe course of gastrointestinal diseases. 

All data were analyzed using IBM SPSS Statistics v29 software (IBM, Armonk, New York, 
USA). Results were presented as numbers with percentage or median with minimum and maxi-
mum ranges. The study of categorical variables used the chi-square test of independence. Normal 
distribution was checked using the Shapiro-Wilk test. Quantitative data were compared using the 
Mann–Whitney test. Results were considered statistically significant at p <0.05.
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Results

In the total group of 306 patients undergoing laparoscopic cholecystectomy there were 195 wom-
en (63.7%) and 111 men (36.3%). The median age was 56.6 (19–96) years. Fifty two (17%) patients 
were admitted as an emergency, while the remaining 254 (83%) were admitted electively. All 306 
patients were operated by laparoscopy. The median operation time was 60 (24–230) minutes. The 
median length of stay was 4 (2–24) days. Laboratory tests detected elevated levels of bilirubin in 46 
patients (15%). Intraoperative complications like gallbladder perforation or empyema, occurred 
in 70 (23%) and 39 (13%) patients respectively.

There was a significant correlation between the NLR score and the majority of analyzed factors. 
In the group of patients with NLR >5, the length of surgery (p <0.001) and hospital stay were 
significantly longer (p <0.001). NLR >5 also correlated with a higher risk of empyema (p <0.001), 
high bilirubin levels (p <0.001) and emergency admission (p <0.001). There was no statistically 
significant difference according to gender or gallbladder perforation (Table 1).

Discussion

The aim of this study was to determine the prognostic significance of the NLR in the course of 
acute cholecystitis (AC). Although the clinical significance of the NLR has been described in vari-
ous both malignant and non-malignant disorders, including gastrointestinal malignancies [4, 11], 
acute appendicitis [7], and gallstone pancreatitis [12], its potential application in the context of 
AC is not supported by sufficient data. The results of our study point out that NLR could also be 
applied in patients with AC diagnosis, showing prognostic value.

According to epidemiological studies, female gender is a risk factor for developing cholelithi-
asis, which can lead to AC [13]. However, no data suggest an association between the NLR index 
and gallstones. Both our study and the literature [2] conclude that the level of NLR in AC is not 
related to the gender of the patient. However, one study showed a statistically significant associ-
ation between NLR >3 and male gender [14]. Due to these conflicting results, further studies are 
needed to analyze the association of gender with NLR levels in the course of AC.

In our study, we found that emergency surgery mode was significantly associated with NLR >5. 
However, it is important to note that in the literature, even lower NLR values, such as NLR >3, 

Table 1. Correlation between NLR score and analyzed factors in the study group.

Total NLR >5 NLR <5 p
Total 306 32 274

Females 195 17 178 0.187

Emergency 52 20 32 <0.001
Perforation 70 7 63 0.887
Empyema 39 16 23 <0.001
Bilirubin 46 14 32 <0.001
Operative time 60 (24–230) 87.5 (35–230) 60 (24–210) <0.001
Length of stay 4 (2–24) 5 (2–16) 4 (2–24) <0.001
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correlate with emergency department admission [14]. Therefore, the NLR index may be a useful 
tool in making decisions about further treatment and ultimately the mode of presumed surgery.

Our study also showed that higher NLR values were associated with a longer hospitalization 
time. The median length of hospitalization for patients with NLR >5 was 5 days, which was 1 day 
longer than the group of patients with NLR <5. This prolongation of hospitalization time was also 
confirmed by another study, which found that an NLR value >5 was associated with a hospital-
ization time of up to 7 days [9]. Importantly, an NLR >3 also increases hospital length of stay by 
approximately 1 day [14].

The NLR index also correlates with time of surgery. In our study, the median surgery time in 
patients with NLR >5 was 90 minutes, which was approximately 30 minutes longer than in pa-
tients with NLR <5. Other studies suggest that the median operative time may reach 100 minutes 
in patients with NLR >5 [9]. The NLR index, as an indicator of prolonged surgery and hospitaliza-
tion time, can be useful in the management of hospital departments and operating rooms.

Bilirubin level is part of the routine admission tests for the diagnosis of AC [15]. This is the first 
study to report a direct correlation between NLR >5 and markedly elevated bilirubin levels in the 
course of AC. The bilirubin level has previously been shown to be prognostically significant for 
the severity of AC [15, 16].

To date, studies have investigated the relationship between the NLR index and the risk of post-
operative complications. Different results have been obtained, postulating a lack of statistical sig-
nificance [14] or poor predictive value, with the exception of the good predictive value of NLR for 
Clavien-Dindo grade IV complications [16].

Our study analyzed the risk of intraoperative complications. We showed for the first time that 
an NLR >5 on admission in patients with AC indicates an increased risk of empyema, whereas 
we found no correlation between the risk of gallbladder perforation and NLR level, which is also 
confirmed in the literature [9].

Our study has some limitations, including: heterogeneous structure of the studied population, 
limited number of parameters analyzed, retrospective type of the study. On the other hand this 
study is based on an unselected AC population that represents the typical profile of AC patients 
admitted to ER/surgical departments and thus our conclusion supporting the use of NLR as 
a prognostic indicator can be generalized and applied in routine practice.

We have shown that elevated NLR values (>5) at admission in patients with AC were asso-
ciated with emergency mode of surgery, prolonged surgery time, prolonged hospital stay and 
increased risk of empyema. In clinical practice, this means that NLR could serve as an easily 
accessible predictor of more severe course of AC. In addition, the NLR value is easy to calculate 
and does not require any additional tests beyond the standard ones, performed in every patient 
in every ER. As a result, the NLR can be added to the diagnostic work-up, resulting in faster and 
more accurate diagnosis of cases of severe AC, thus increasing the chances of successful treat-
ment for patients.

Author Contributions

Study Design and Conceptualization: Wojciech M. Wysocki, Data Collection: Katarzyna A. Ko
walczyk, Rafał Robak, Jakub Pośpiech, Statistical Analysis and Methodology: Tomasz Stefura, 
Wojciech M. Wysocki, Data Interpretation: Katarzyna A. Kowalczyk, Wojciech M. Wysocki, Jakub 
Pośpiech, Tomasz Stefura, Manuscript Preparation: Jakub Pośpiech, Katarzyna A. Kowalczyk, 



75Prognostic significance of NLR in acute cholecystitis, treated with laparoscopic cholecystectomy

Tomasz Stefura, Wojciech M. Wysocki, Resources and literature search — Rafał Robak, Jakub 
Pośpiech, Supervision: Wojciech M. Wysocki.

Funding

This research received no external funding.

Conflict of interest

None declared. 

Abbreviations

AC 	 — acute cholecystitis 
ER 	 — emergency department
LC 	 — laparoscopic cholecystectomy
NLR 	 — neutrophil-to-lymphocyte ratio

References
1.	 Kimura Y., Takada T., Kawarada Y., Nimura Y., Hirata K., Sekimoto M., et al.: Definitions, pathophysiol-

ogy, and epidemiology of acute cholangitis and cholecystitis: Tokyo Guidelines. J Hepatobiliary Pancreat 
Surg. 2007; 14 (1): 15–26. doi: 10.1007/s00534-006-1152-y.

2.	 Micić D., Stanković S., Lalić N., Đukić V., Polovina S.: Prognostic Value of Preoperative Neutro-
phil-to-lymphocyte Ratio for Prediction of Severe Cholecystitis. J Med Biochem. 2018 Apr 1; 37 (2): 
121–127. doi: 10.1515/jomb-2017-0063. 

3.	 Kowalczyk K.A., Owsianka I., Lechowicz D., Kalek M., Trybulska A.: The analysis of complications in 
patients undergoing laparoscopic cholecystectomy — authors’ own material. Przegląd Lekarski. 2019; 
76 (6): 351–357.

4.	 Wysocki W.M.: Wybrane wskaźniki hematologiczne i biochemiczne w ocenie rokowania chorych opero
wanych z powodu raka jelita grubego. Medycyna Praktyczna; Kraków 2015. ISBN: 978-83-7430-449-8.

5.	 Pilaczyńska-Cemel M., Gołda R., Dąbrowska A., Przybylski G.: Analiza poziomu wybranych parametrów 
stanu zapalnego, krążących kompleksów immunologicznych oraz związanych z nimi wskaźników (neu-
trofil/limfocyt, płytki/limfocyt, CRP/KKI) w raku płuc. Państwo i Społeczeństwo. 2019; 19 (4): 9–25. 
doi: 10.34697/2451-0858-pis-2019-4-001.

6.	 Zhou H., Mei X., He X., Lan T., Guo S.: Severity stratification and prognostic prediction of patients with 
acute pancreatitis at early phase: A retrospective study. Medicine (Baltimore). 2019 Apr; 98 (16): e15275. 
doi: 10.1097/MD.0000000000015275.

7.	 Hajibandeh S., Hajibandeh S., Hobbs N., Mansour M.: Neutrophil-to-lymphocyte ratio predicts acute ap-
pendicitis and distinguishes between complicated and uncomplicated appendicitis: A systematic review 
and meta-analysis. Am J Surg. 2020 Jan; 219 (1): 154–163. doi: 10.1016/j.amjsurg.2019.04.018.

8.	 Beliaev A.M., Angelo N., Booth M., Bergin C.: Evaluation of neutrophil-to-lymphocyte ratio as a poten-
tial biomarker for acute cholecystitis. J Surg Res. 2017 Mar; 209: 93–101. doi: 10.1016/j.jss.2016.09.034.

9.	 Díez Ares J.Á., Martínez García R., Estellés Vidagany N., Peris Tomás N., Planells Roig M., Valenzuela 
Gras M., Ripollés González T.: Can inflammatory biomarkers help in the diagnosis and prognosis of 
gangrenous acute cholecystitis? A prospective study. Rev Esp Enferm Dig. 2021 Jan; 113 (1): 41–44. doi: 
10.17235/reed.2020.7282/2020.



76 Jakub Pośpiech, Katarzyna A. Kowalczyk, et al.

10.	 Turhan V.B., Gök H.F., Ünsal A., Akpınar M., Güler Şimşek G., Buluş H.: Pre-operative neutrophil/lym-
phocyte and platelet/lymphocyte ratios are effective in predicting complicated acute cholecystitis. Ulus 
Travma Acil Cerrahi Derg. 2022 Apr; 28 (4): 471–476. doi: 10.14744/tjtes.2021.49956.

11.	 Lin Z.Q., Ma C., Cao W.Z., Ning Z., Tan G.: Prognostic Significance of NLR, PLR, LMR and Tumor Infil-
trating T Lymphocytes in Patients Undergoing Surgical Resection for Hilar Cholangiocarcinoma. Front 
Oncol. 2022 Jun 3; 12: 908907. doi: 10.3389/fonc.2022.908907.

12.	 Cho S.K., Jung S., Lee K.J., Kim J.W.: Neutrophil to lymphocyte ratio and platelet to lymphocyte ratio can 
predict the severity of gallstone pancreatitis. BMC Gastroenterol. 2018 Jan 25; 18 (1): 18. doi: 10.1186/
s12876-018-0748-4.

13.	 Knab L.M., Boller A.M., Mahvi D.M.: Cholecystitis. Surg Clin North Am. 2014 Apr; 94 (2): 455–470. doi: 
10.1016/j.suc.2014.01.005. 

14.	 Lee S.K., Lee S.C., Park J.W., Kim S.J.: The utility of the preoperative neutrophil-to-lymphocyte ratio 
in predicting severe cholecystitis: a retrospective cohort study. BMC Surg. 2014 Nov 27; 14: 100. doi: 
10.1186/1471-2482-14-100.

15.	 Xia Z., Liu Y., Sun S., Shan E., Liu Y.: The value of preoperative neutrophil/lymphocyte ratio in predict-
ing the severity of cholecystolithiasis with cholecystitis in elderly patients. BMC Surg. 2023 Nov 27; 
23 (1): 360. doi: 10.1186/s12893-023-02267-1.

16.	 Serban D., Stoica P.L., Dascalu A.M., Bratu D.G., Cristea B.M., Alius C., et al.: The Significance of Preop-
erative Neutrophil-to-Lymphocyte Ratio (NLR), Platelet-to-Lymphocyte Ratio (PLR), and Systemic In-
flammatory Index (SII) in Predicting Severity and Adverse Outcomes in Acute Calculous Cholecystitis. 
J Clin Med. 2023 Nov 6; 12 (21): 6946. doi: 10.3390/jcm12216946. 




