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ABSTRACT 
Aim: The purpose of this study to predict adhesion related technical difficulties during operation by comparing preoperative 
CRP, WBC, Monocyte/Lymphocyte ratio (Mo/Ly) and intra-operative adhesion findings. 
Material and Method: This was a retrospective study. This study includes 116 elective and emergency cholelithiasis cases 
whose operation performed at Çorum Erol Olçok Training and Research Hospital in 2020 and 2021. Adhesions on gallbladder 
were graded during operation and divided into two groups. Groups graded based on intra-operative findings were compared 
with preoperative CRP, WBC, and monocyte/lymphocyte ratio. 
Results: The patients were divided into two groups based on the adhesion grade as Grade 1-2 (n=84) and Grade 3-4 (n=32).
Mean WBC count of Grade 3-4 group was mean 11.05±4.45 10⁹/L and this value was statistically significantly higher (p=0.01) 
than Grade 1-2 group. Mean CRP value of Grade 3-4 group was found as 50.91±77.25 mg/L and this value was significantly 
elevated (p<0.001) when compared with Grade 1-2 group. Mean monocyte/lymphocyte ratio was found as 0.29±0.18 and 
0.52±0.33 for Grade 1-2 and Grade 3-4 groups, respectively and these values were found statistically significant (p<0.001). 
Adhesions were significantly higher for CRP (>24.5 mg/l), WBC (>11.55 10⁹/L), monocyte/lymphocyte ratio (>0.2693) cut-off 
values. 
Conclusion: Preoperative estimation of adhesion grade helps the surgeon considerably. This study shows that high CRP, WBC, 
and Mo/Ly ratio values can help the estimation of intensity of adhesions and challenges during operation. 
Keywords: Cholecystectomy, intra-operative adhesion, C-reactive protein, white blood cell, monocyte/lymphocyte ratio
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INTRODUCTION 
Laparoscopic cholecystectomy (LC) is considered 
golden standard all over the world for the treatment of 
cholelithiasis (1). 

LC can be used both for cholelithiasis cases and also for 
cases with acute cholecystitis. Adhesions developed as a 
result of inflammations and fibrosis in acute cholecystitis 
cases may cause difficulties during cholecystectomy. 
In these cases, there is risk of converting to open 
cholecystectomy. 

Inflammation and fibrosis can be observed both in 
elective cholelithiasis and also in acute cholecystitis 
cases. Certain technical difficulties may arise during 
operation due to this inflammation and fibrosis. In these 
cases, it becomes difficult to discern anatomy, to dissect 
Calot’s triangle, and uncontrolled bleeding and biliary 

tract injury may occur. Studies have shown that these 
factors are effective in conversion from laparoscopic 
cholecystectomy to open cholecystectomy (2). 

CRP (C-reactive protein), procalcitonin, WBC (white 
blood cell) values are elevated in inflammation cases. 
Studies have shown that procalcitonin values higher than 
1.5 ng/ml is a predictive value for difficult cholecystectomy 
(3). Furthermore, studies have shown that CRP value is 
the best inflammation marker to identify severity of acute 
cholecystitis and conversion to open cholecystectomy 
during operation (4). 

The purpose of this study to predict technical difficulties 
during operation by comparing preoperative CRP, 
WBC, Monocyte/Lymphocyte ratio and intra-operative 
adhesion findings. 
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MATERIAL AND METHOD 
Ethical approval was obtained from the Hitit University 
Non-interventional Clinical Research Ethics Committee 
(Date: 30.04.2021, Decision No: 2021-66). All procedures 
were carried out in accordance with the ethical rules and 
the principles of the Declaration of Helsinki.
This study includes 116 elective and emergency 
cholelithiasis cases whose operation performed at 
Corum Erol Olcok Training and Research Hospital in 
2020 and 2021. All patients with their ages over 18 and 
who had undergone laparoscopic cholecystectomy by 
Members of Gastroenterology Surgery Subspeciality of 
Department of General Surgery between February 2020 
and April 2021 were included in this study, and their 
data were collected from Hospital Data Management 
System retrospectively. Hospitals with ages under 18 and 
conversion cholecystectomy cases were excluded in this 
study. All cases were laparoscopically operated on by a 
single expert surgeon. 
Data included in this study are age, gender, admission 
complaint, diagnosis, white blood cell count (WBC), 
monocyte count (MO), lymphocyte count (LY), platelet 
count (PLT), serum C-reactive protein level (CRP), 
additional diseases, emergency level of operation at the 
time of their admission, and time from admission to 
operation, operation duration, intra-operative adhesion 
grade, necessity to place drain and post-operative 
complication status. Monocyte and lymphocyte values 
and Monocyte/Lymphocyte ratio (MO/LY) were 
calculated and included as well. 
Findings observed intra-operatively were graded by a 
single expert surgeon and recorded. Grades are defined 
as, Grade 1: No adhesion; Grade 2: light adhesion, 
peritoneal adipose tissue allowing easy dissection; 
Grade 3: chronic pericholecystitis and pericholecystic 
fibrosis, dissection is hard but anatomy can be traced; 
Grade 4: duodenum, colon adhesion to gallbladder 
causing anatomic distortion along with gallbladder wall 
thickening which does not allow safe dissection(5). 
Patients were divided into two groups as Group 1: Grade 
1-2 (n=84) and Group 2: Grade 3-4 (n=32) based on their 
intra-operative adhesion grades. WBC, CRP, MO/LY 
ratio, PLT and other parameters were compared between 
the groups in order to identify operation difficulty level. 
Blood was drawn from patients preoperatively and 
laboratory tests were conducted on the samples. CRP, 
WBC and MO/LY ratios were recorded. Cholelithiasis 
status of each patient was confirmed via preoperative 
ultrasonography. 
Groups graded based on intra-operative findings were 
compared with CRP, WBC and monocyte/lymphocyte 
ratio. 

Statistical Analyses 
Descriptive statistics such as age, gender, number 
of additional diseases were presented as number 
and percentage for categorical variables, and as 
mean±standard deviation or median (minimum-
maximum) based on the data distribution for quantitative 
variables. Normal distribution of data was assessed with 
Shapiro Wilks test. Based on the distribution of the 
data, paired sampling t-test (Student’s t-test) or Mann-
Whitney U test was utilized for independent two groups 
and ANOVA or Kruskal-Wallis test was employed for 
more than two groups for the comparison of quantitative 
variables with the sociodemographic properties and 
research groups. Relationship between quantitative 
variables was investigated with Pearson or Spearman 
correlation coefficient based on data distribution. Ratio 
comparisons or correlation tests based on research 
groups were performed with Chi-square or Fisher 
exact test. Level of statistical significance was selected 
as p<0.05. Statistical analyses were performed by using 
IBM SPSS Statistics for Windows software (Version 26, 
IBM Corp., Armonk, N.Y., USA). 

RESULTS 
Out of total of 116 patients, 30 of them were male 
(25.9%) and 86 of them were female (74.1%). Age mean 
of entire patient group was found as 51.21±15.35 where 
median was 50.5, and youngest and oldest patients were 
21 and 81 years old, respectively. In terms of additional 
diseases, 74 (63%) of the patients had no foreknown 
additional disease whereas 34 patients (29.3%) had 1 
systemic disease and 8 patients (6.9%) had 2 systemic 
diseases. 

The clinical features of the patients, comorbidities, 
grading of intraoperative adhesions, WBC, CRP, MO/
LY mean, mean operation times and complications are 
summarized in Table 1.

Pre-operative and post-operative parameters were 
compared for the patients divided into two groups 
based on the adhesion grade as Grade 1-2 (n=84) and 
Grade 3-4 (n=32). 

Most of the Group 1 patients with light adhesion were 
asymptomatic at the time of visit (71.4%), whereas 
abdominal pain was statistically significant for Group 2 
patients (p<0.001) where adhesions were considerably 
higher. While cholelithiasis diagnosis was frequent 
in Grade 1-2 group patients (73.8%), cholecystitis 
diagnosis was more frequent in Grade 3-4 patients 
(75%) (Table 2). 

Mean white blood cell count of Grade 3-4 group was 
mean 11.05±4.45 109/L and this value was statistically 
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significantly higher (p=0.01) than the mean value of 
Grade 1-2 group, which was found as 8.43±2.77 10⁹/L. 
Similarly, mean C-reactive protein value of Grade 3-4 
group was found as 50.91±77.25 mg/L and this value 
was significantly elevated (p<0.001) when compared 
with the mean values of Grade 1-2 group, which was 
found as 10.98±35.37 mg/L. Lymphocyte count was 
identified as 1.99±0.57 10⁹/L for Grade 1-2 group and 
1.48±0.70 10⁹/L for Grade 3-4 group and difference was 
statistically significantly identified (p<0.001) (Table 
2). Monocyte count was found as 0.63±0.24 109/L 
and 0.53±0.20 10⁹/L for Grade 3-4 and Grade 1-2, 
respectively, and the difference, although high, was 
not statistically significant (p=0.055) (Table 2). Mean 
monocyte/lymphocyte ratio was found as 0.29±0.18 
and 0.52±0.33 for Grade 1-2 and Grade 3-4 groups, 
respectively and these values were found statistically 
significant (p<0.001) (Table 2). 

Operations were statistically significantly longer 
with 14 minutes longer for cases with high adhesion 
(57.19±19.42 min. for Grade 3-4 vs. 34.40±7.69 min. for 
Grade 1-2, p<0.001). 

Adhesions were more frequent at emergency operations, 
however, there was no relation between duration until 
operation and observation of adhesions (p<0.001 and 
p=0.522, respectively). 

Table 1. Properties of Entire Group
Entire Group (n=116) 

Gender Male 30 (25.9%) 
Female 86 (74.1%) 

Age  51.21±15.35 (50.50) 
Number of 
Additional 
Disease 

0 74 (63%) 
1 34 (29.3%) 
2 8 (6.9%) 

Complaint 
Asymptomatic 66 (56.9%) 
Abdominal Pain 48 (41.4%) 
Hepatitis 2 (1.7%) 

Diagnosis 

cholelithiasis 66 (56.9%) 
cholecystitis 38 (32.8%) 
Post-cholecystitis 4 (3.4%) 
Pancreatitis 8 (6.9%) 

WBC  9.15±3.50 (8.00) 
CRP  21.99±53.23 (3.42) 
MO  0.56±0.22 (0.52) 
LY  1.86±0.65 (1.93) 
PLT  258.93±63.75 (245) 
MO/LY  0.36±0.25 (0.25) 
Operation Duration 40.69±15.78 (35) 
Number of Open Surgery 44 (37.9%) 
Duration Until Emergency  Operation 3.45±1.48 (3) 

Intra-operative 
Grade 

1 58 (50%) 
2 26 (22.4%) 
3 16 (13.8%) 
4 16 (13.8%) 

Necessity to place Drain 68 (58.6%) 
Complication   6 (5.2%) 
White blood cell count (WBC), monocyte count (MO), lymphocyte count (LY), platelet 
count (PLT), serum C-reactive protein (CRP), Monocyte/Lymphocyte ratio (MO/LY) 

Table 2. Comparison of Grade 1-2 and Grade 3-4 Groups
Entire Group (n=116) 
Properties of Entire Group Grade 1-2 (n=84) Grade 3-4 (n=32) Statistical Significance 

Gender 
Male 18 (21.4%) 12 (37.5%) 

p=0.77 
Female 66 (78.6%) 20 (62.5%) 

Age  48.02±13.98 (46.50) 59.56±15.86 (63) p<0.001 

Number of 
additional 
disease 

0 64 (76.2%) 10 (31.3%) 
p<0.001 1 18 (21.4%) 16 (50%) 

2 2 (2.4%) 6 (18.8%) 

Complaint 
Asymptomatic 60 (71.4%) 6 (18.8%) 

p<0.001 Abdominal pain 22 (26.2%) 26 (81.3%) 
Hepatitis 2 (2.4%) 0 (0%) 

Diagnosis 

cholelithiasis 62 (73.8%) 4 (12.5%) 

p<0.001 
cholecystitis 14 (16.7%) 24 (75%) 
Post-cholecystitis 2 (2.4%) 2 (6.3%) 
Pancreatitis 6 (7.1%) 2 (6.3%) 

WBC  8.43±2.77 (7.70) 11.05±4.45 (10.06) p=0.01 
CRP  10.98±35.37 (3.13) 50.91±77.25 (16.50) p<0.001 
MO  0.53±0.20 (0.50) 0.63±0.24 (0.62) p=0.055 
LY  1.99±0.57 (2) 1.49±0.70 (1.35) p<0.001 
PLT  266.90±66.89 (248) 238.00±49.71 (240.50) p=0.073 
MO/LY  0.29±0.18 (0.22) 0.52±0.33 (0.42) p<0.001 
Operation duration  34.40±7.69 (35) 57.19±19.42 (47.50) p<0.001 
Number of open surgery  18 (21.4%) 26 (81.3%) p<0.001 
Duration until emergency operation  3.22±1.43 (3) (n=18) 3.62±1.52 (3) (n=26) p=0.522 
Necessity to place drain  36 (42.9%) 32 (100%) p<0.001 
Complication   2 (2.4%) 4 (12.5%) p=0.28 
White blood cell count (WBC), monocyte count (MO), lymphocyte count (LY), platelet count (PLT), serum C-reactive protein (CRP), Monocyte/Lymphocyte ratio (MO/LY) 
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Although drain was required to be placed to all of 
the patients with high adhesion grade was observed, 
only 36 of the patient (42.9%) of Grade 1-2 group 
were required drain placement (p<0.001). Number of 
complications were not statistically significant between 
groups (p=0.28). Since MO/LY ratio was statistically 
significantly different between groups, ROC analysis 
was performed in order to distinguish adhesion grades 
and area under the curve was calculated. Cutoff value 
sensitive and specific for differentiation of MO/LY ratio 
for the two groups was identified as 0.2693 with 81% 
sensitivity and 64% specificity (p<0.001). 

Positive and negative predictive values were found as 
46% and 90%. Performed risk analysis have shown 
that MO/LY value higher than 0.2693 have increased 
observation of adhesion 680% (OR 7.80  95% CI 2.888-
21.067, p<0.001) (Figure 1) (Table 3) (Table 4). 

As for WBC, 12.55 10⁹/L value was 43.8 sensitive and 
92.9% specific, and positive and negative predictive 
values were calculated as 70% and 81.3%, respectively. 
WBC values higher than 12.55 10⁹/L have increase 
observation of adhesion 911% (OR 10.111 %95 CI 
3.416-29.924, p<0.001) (Figure 1) (Table 3) (Table 4). 

Cut-off value of 24.5 mg/L calculated for CRP value have 
shown to explain adhesion with 50% sensitivity and 
97% specifity. Positive and negative predictive values 
were found as 88% and 83.7%. CRP values higher than 
24.5 mg/L have increase observation of adhesion 4100% 
(95% CI 8.577-195.998, p<0.001) (Figure 1) (Table 3) 
(Table 4). 

DISCUSSION 
Laparoscopic cholecystectomy has become golden 
standard both in elective cholelithiasis and also in 
acute cholecystitis cases. Operation would be harder 
especially in acute cholecystitis cases due to certain risk 
factors. However, as suggested at Tokyo Guideline 2018, 
laparoscopic cholecystectomy is the primary method of 
treatment in acute cholecystitis cases as well (6). Certain 
factors which causes gallbladder operation to be more 
difficult and causes conversion to cholecystectomy. 
Lipman et al. (7) Stated these factors as male gender, 
high WBC value, low albumin value, diabetic patient, 
pericholecystic fluid on ultrasonography, and high 
bilirubin value. Kama et al. (8), on the other hand, added 
previous surgery, acute cholecystitis, and increased 
gallbladder wall thickness on ultrasonography. 

Operation is more difficult in acute cholecystitis cases 
than elective cholelithiasis cases. The main reason for 
this is difficult. visualization of anatomy due to intra-
abdominal and perihepatic adhesions, and difficulty in 
dissection of Calot’s triangle (5). The number of patients 
operated on due to acute cholecystitis was significantly 
higher in the group with higher grade of adhesion in our 
study as well. 

Table 3. Distribution of groups based on cut-off value

Inflammatory 
marker  

  Entire Group 
Statistical 

significance Cut-off 
value 

Grade 1-2 
(n=84) 

Grade 3-4 
(n=32) 

MO/LY 
<0.2693 54 (64.3%) 6 (18.8%) 

p<0.001 
≥0.2693 30 (35.7%) 26 (81.2%) 

WBC 
<12.55 78 (92.9%) 18 (56.3%) 

p<0.001 
≥12.55 6 (7.1%) 14 (43.8%) 

CRP 
<24.5 82 (97.6%) 16 (50%) 

p<0.001 
≥24.5 2 (2.4%) 16 (50%) 

White blood cell count (WBC), serum C-reactive protein (CRP), Monocyte/
Lymphocyte ratio (MO/LY) 

Table 4. Diagnostic values and Odds Ratios of Markers

 
Inflam 
matory 
marker  

 ROC Analysis Odds Ratio 

Cut-off Sensitivity Specifity PPV NPV Alan (SE) %95 CI p (ROC) OR 95% CI p (OR) 

CRP 24.500 0.500 0.970 0.889 0.837 0.734 (0.061) 0.614-0.853 <0.001 41.000 8.577-195.998 <0.001 
MO/LY 0.269 0.813 0.643 0.464 0.900 0.740 (0.054) 0.635-0.845 <0.001 7.800 2.888-21.067 <0.001 
WBC 12.550 0.438 0.929 0.700 0.813 0.654 (0.062) 0.532-0.776 0.011 10.111 3.416-29.924 <0.001 
White blood cell count (WBC), serum C-reactive protein (CRP), Monocyte/Lymphocyte ratio (MO/LY)  

Figure 1. Diagonal segments are produced by ties. 



690

Durak et al. Predictive estimation of adhesions that may be encountered in cholecystectomyJ Health Sci Med 2021; 4(5): 686-691

According to Lee et al. (9), old age is a predictive variable 
in difficult cholecystectomy. In our study, it was observed 
that elderly were grouped in higher adhesion group 
(Group 2) and therefore their operations were more 
difficult (G3-4:59.56±15.86 min. vs G1-2:48.02±13.98 
min., p<0.001). 

Studies have shown that elevated WBC is correlated 
with increase in acute cholecystitis and post-operative 
complications (10). Furthermore, elevated WBC is 
correlated with the severity of acute cholecystitis (6). 
However, no data could be identified in the literature 
regarding relationship between elevated WBC and 
gallbladder adhesions. In our study, WBC was identified 
to be statistically significantly higher in Grade 3-4 
higher adhesions. Furthermore, the cut-off calculation 
have yielded 12.55 109/L value with 43.8% sensitivity 
and 92.9% specifity. Analyses have shown that WBC 
values higher than 12.55 10⁹/L increases observation of 
adhesions on gallbladder 911%. 

Similarly, CRP values higher than 30 g/L is considered 
to be a criteria for acute cholecystitis according to 
Tokyo Guidelines. However, according to Tokyo 
Guidelines, CRP value is not a criteria that identifies 
severity of acute cholecystitis. On the contrary, Beliaev 
et al. (11) considered CRP level as an important factor 
in identification of severity. Diaz-Flores et al. have 
mentioned that CRP values higher than 110 g/L is 
correlated with difficult laparoscopic cholecystectomy. 
Multivariant analyses conducted by Tianchong Wu et 
al. (12) concluded that CRP value is an effective factor 
in prediction of difficult laparoscopic cholecystectomy. 
In our study, CRP value was found to be statistically 
significantly higher (p<0.001) in highly adhesive group 
of Grade 3-4. Cutoff value of 24.5 mg/L calculated for 
CRP value have shown to explain adhesion with 50% 
sensitivity and 97% specifity. CRP value higher than 24.5 
mg/L increases encountering intraoperative adhesion 
frequency 4100% (95% CI 8.577-195.998). This indicates 
that pre-operative CRP values higher than this cut-off 
value indicates a difficult laparoscopic cholecystectomy 
may occur. 

Study conducted by Micic et al. found a relation between 
increasing neutrophile/lymphocyte ratio (NLR) and 
acute cholecystitis. This study reported that estimating 
NLR value higher than 4.18 pre-operatively is important 
to predict difficult cholecystectomy (13). The study 
conducted by Ahmed et al. (14) concludes that cases with 
NLR values higher than 5 had longer and more difficult 
cholecystectomy operation. The study conducted by 
Lee et al. (7) have concluded that high NLR values were 
observed in acute cholecystitis cases higher than chronic 
cholecystitis and mortality was observed more in cases 
with NLR values higher than 3. In our study, sensitive 

and specific Monocyte/lymphocyte ratio (Mo/Ly) cut-off 
value to differentiate the two groups was found as 0.2693 
with 81% sensitivity and 64% specifity. Mo/Ly ratio 
higher than 0.2693 have increase observation of adhesion 
911%. Furthermore, mean monocyte/lymphocyte ratio 
was found as 0.29±0.18 and 0.52±0.33 for Grade 1-2 and 
Grade 3-4 groups, respectively and these values were 
found statistically significant (p<0.001). Therefore, it can 
be predicted that cholelithiasis cases with Mo/Ly ratio 
higher than this cut-off value may cause operation to be 
more difficult due to advanced adhesions. 

CONCLUSION 
Adhesions on gallbladder, either acute cholecystitis 
or elective cholelithiasis, causes operation to be 
more difficult during laparoscopic cholecystectomy. 
Preoperative estimation of adhesion grade helps the 
surgeon considerably. This study shows that high CRP, 
WBC and Mo/Ly ratio values can help the estimation of 
intensity of adhesions and challenges during operation. 
We believe that this study shall pave way to more 
comprehensive studies in the future.
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