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ABSTRACT

	
Background: Laparoscopic cholecystectomy is one of the most frequently performed surgical procedures worldwide. However, clinical and surgical factors can create technically challenging conditions for its execution, resulting in morbidity, mortality, and excessive use of resources.
Aim: To know the implications of clinical and surgical profile of patients undergoing laparoscopic cholecystectomy in the Northern Region of Mexico. 
Methods: This retrospective and descriptive study included patients enrolled in the general surgery service who underwent laparoscopic cholecystectomy between January and April 2022 at a secondary-level public hospital in the Northern Region of Mexico. All medical records of patients of both sexes and over 18 years of age were included. Those in which serious complications were recorded during the procedure were excluded. Those in whom serious complications were recorded during the procedure were excluded, mainly because they were referred to tertiary medical units. To collect demographic, clinical, hematological, biochemical, surgical and radiological data. Descriptive statistics were applied using the Statistical Package for the Social Sciences (SPSS) version 25.
Results: We reviewed 313 medical records. 75.4 % were women. The mean age was 53.7 ± 15.2 years. 56.5 % were overweight. 41.9 % underwent emergency surgery. 26.2 % recorded technically difficult laparoscopic cholecystectomy. The most frequent findings among patients were: abnormalities in liver function (> 47.0 %) and lipid profile (> 35.0 %); jaundice (42.2 %); leukocytosis (55.3 %); hyperbilirubinemia (49.5 %); gallstones larger than 10 mm (48.6 %); gallbladder wall thickness ≥ 4 mm (58.1 %); and hypervascularity on Doppler ultrasound (58.8 %). Seven (2.2 %) patients presented with obstructive jaundice and underwent endoscopic retrograde cholangiopancreatography.
Conclusion: The results show that demographic and epidemiological conditions in the Region Northern Mexico increase the risk of acute cholelithiasis. Therefore, it is important to understand the clinical and surgical risk factors in patients undergoing laparoscopic cholecystectomy to identify conditions that may complicate the procedure, resulting in morbidity and higher hospital costs.
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1. INTRODUCTION

Bile helps digest fats by emulsifying them into smaller droplets, making them accessible for enzymes, and aids in absorbing fat-soluble vitamins (A, D, E, K) while eliminating waste like bilirubin and cholesterol. It neutralizes stomach acid, creating an alkaline environment for intestinal enzymes to work and killing some microbes, optimizing overall nutrient absorption (Cai et al., 2022). 
The gallbladder has the function of stored and concentrated bile. However, due to its composition [cholesterol, bile salts, bilirubin, and other substances] and factors such as insufficient gallbladder emptying, inadequate dietary habits, and obesity, the risk of gallstone formation increases. The most frequent are those with a cholesterol structure, which partially or completely obstruct the flow of bile (Adachi et al., 2022). Acute cholelithiasis is a common cause of right upper quadrant pain, which is generally diagnosed appropriately and treated promptly. However, the risk of complications associated with surgical intervention is constant (Maddu et al., 2021).
It is estimated that the risk of cholelithiasis in the general population is 10-15%, with a mortality rate of 1 %. Associated risk factors include Black race, female sex, age ≥ 40 years, obesity, and comorbidities related to metabolic syndrome. In this regard, individuals with a high Body Mass Index (BMI) exhibit greater cholesterol production, which is more pronounced in women, who have a three times greater, risk (Ahmed et al., 2022).
In Mexico, three out of four people ≥ 20 years of age are overweight or obese (SS-INSP, 2020). Similarly, a higher frequency of laparoscopic cholecystectomy has been reported in women (79 %) and in individuals with a mean age of 44.1 ± 13.2 years (Rangel et al., 2022; Díaz et al., 2020). Cholecystectomy is the surgical treatment for gallstones. It can be performed via an open or laparoscopic approach, with the latter being the most common worldwide. The conversion rate from laparoscopic cholecystectomy to an open procedure is 2-15 %; associated factors include age, emergency surgery, acute cholecystitis, peritoneal adhesions, chronic cholecystitis, and infiltration. The application of predictive tools is useful for risk stratification (Warchałowski et al., 2020).
Gallstone formation (cholelithiasis) is a major public health issue in Mexico, with a notably high prevalence that has been rising for several decades. The causes are multifactorial, involving a strong genetic predisposition combined with environmental factors such as diet and lifestyle, with obesity identified as the primary driver in the Mexican population. 
Key causes and risk factors for gallstone formation in Mexico include:
1. Genetic and Ethnic Factors
• Admixture with Native American Ancestry: A primary factor is genetic, specifically high Amerindian admixture, as Native American populations have the highest prevalence of gallstones in the world (Méndez et al., 2004).
• Genetic Polymorphisms: Studies have identified specific genetic markers in the Mexican population, such as the ABCG8 transporter variant, which increases the secretion of cholesterol into bile, and variants of the NR1H4 (FXR) gene, which affects bile salt synthesis (Handelman et al., 2022). 
2. Obesity and Metabolic Syndrome
• High BMI and Obesity: Obesity is the most significant modifiable risk factor, particularly among women, where a Body Mass Index (BMI) higher than 30 significantly increases risk.
• Abdominal Fat: Central or visceral obesity is strongly associated with increased hepatic cholesterol secretion, contributing to cholesterol supersaturation in the bile.
• Insulin Resistance: Type 2 diabetes and metabolic syndrome are highly prevalent in Mexico, and insulin resistance promotes the formation of cholesterol gallstones. 
3. Dietary Habits ("Westernized" Diet)
• High-Caloric and High-Fat Diets: The adoption of a "Westernized" diet, high in refined carbohydrates, saturated fats, and low in fiber, is a major contributor to cholesterol stone formation.
• Low Fiber Intake: A diet low in fiber reduces intestinal transit time, promoting the generation of secondary bile acids that make bile more saturated with cholesterol. 
4. Gender and Hormonal Factors
• Female Gender: Women are significantly more affected than men in Mexico, with prevalence in some studies reaching 20.4% in women compared to 8.4% in men.
• Parity and Pregnancy: Multiple pregnancies (high parity) are a key risk factor, as hormonal changes (increased estrogen and progesterone) during pregnancy increase cholesterol levels in bile and reduce gallbladder motility, leading to "stasis" (sedimentation). 
5. Other Factors
• Rapid Weight Loss: Losing weight too quickly, such as through crash diets or bariatric surgery, is a strong, rapid initiator of gallstone formation.
• Gallbladder Hypomotility: Inactivity of the gallbladder, where it does not empty effectively, leads to bile concentration and crystallization.
• Age: The risk increases with age, particularly after 40. 
6. Stone Composition in Mexico
• Cholesterol gallstones show the highest frequency in Mexico, reflecting the metabolic and diet-related nature of the disease.
The laparoscopic approach is common in outpatient settings. It is performed with CO2 insufflation into the abdominal cavity and abdominal incisions, registering a lower risk of infection (<5 %) and postoperative pain (VAS < 3) (Zhao et al., 2021). However, the presence of preoperative risk factors is associated with a higher conversion rate and intraoperative complications (Di et al., 2021). Difficult laparoscopic cholecystectomy is defined as a surgical intervention with an operative time > 2 hours, the need for conversion to open surgery, significant bleeding and/or use of synthetic hemostatics, vascular and/or biliary injuries, and additional operative procedures (Nassar et al., 2021). A significant association has been found between difficult laparoscopic cholecystectomy and leukocyte count, fibrinogen level; irregular or absent wall, pericholecystic fluid, fat hyperdensity, wall thickening > 4 mm, and hydrops. Preoperative identification of a difficult laparoscopic cholecystectomy provides information for efficient surgical planning and use of technical resources (Ohya et al., 2022).

It is estimated that 17% of laparoscopic cholecystectomies will be technically difficult due to severe inflammation and suspected adhesions and involvement of important adjacent structures, predisposing to a higher risk of vascular and biliary injuries (Stoica et al., 2024; Osailan et al., 2023; Bouassida et al., 2020). Imaging studies (ultrasound and CT scan) and blood tests have been considered first-line predictors of complications (Strohäker et al., 2021). The Parkland scale estimates severity based on intraoperative findings (Romano et al., 2023). It comprises five grades, based on the severity of inflammation, adhesions, and fibrosis of the gallbladder, as found in the initial evaluation:
Grade 1. Gallbladder of normal appearance, without adhesions
Grade 2. Gallbladder with minimal adhesions in the neck or lower third, but without evident inflammation in the wall.
Grade 3. Distended gallbladder, or with wall edema, hyperemia, perivesicular inflammatory fluid, or adhesions in the body.
Grade 4. Gallbladder with adhesions over most of the gallbladder surface, or any grade 1 - 3 with abnormal liver anatomy, intrahepatic gallbladder, or Mirizzi syndrome.
Grade 5. Perforated gallbladder or with necrosis.
The Parkland scale allows for the determination of the initial surgical strategy intraoperatively. In addition to conducting comparisons of outcomes and reporting more reliable complication rates (Sisa et al., 2022). The epidemiological and demographic conditions in Mexico increase the risk of developing cholecystitis and, consequently, of complications in its surgical treatment. The efficient use of clinical, biochemical, and radiological resources plays an essential role in recognizing potential adverse events (Stoica et al., 2024).
2. METHODOLOGY

This retrospective and descriptive study in patients admitted to the general surgery service that underwent laparoscopic cholecystectomy between January and April 2022 at a secondary-level public hospital in Northern Mexico. All patients of both sexes over 18 years were included. Those in whom serious complications were recorded during the procedure were excluded, mainly because they were referred to tertiary medical units. Data was collected demographic [age ≥ 18 years (classification: 18 - 59; 60 - 74; 75 - 84; and ≥ 85); sex; BMI (classification: normal weight; overweight; grade I obesity; grade II obesity; grade III obesity)]; presence of comorbidities [systemic arterial hypertension, diabetes, heart disease, respiratory pathology]; clinical [body temperature > 37 °C; jaundice]; liver function [lactate dehydrogenase (LDH) (> 350 u/L); glutamic oxaloacetic transaminase (GOT) (> 100 u/L); glutamic pyruvic transaminase (GPT) (> 100 u/L)]; kidney function [urea (> 40 mg/dL); creatinine (> 1.3 mg/dL); lipid profile [triglyceride (> 150 mg/dL); cholesterol (> 200 mg/dL); cholesterol high-density lipoprotein (cHDL) (< 40 mg/dL); cholesterol low-density lipoprotein (cLDL) (> 100 mg/dL); cholesterol very low-density lipoprotein (cVLDL) (> 40 mg/dL)]; hematological [leukocytosis (> 10 x 103 mm3); thrombocytopenia (platelets < 150000 µL); NLR ≥ 6]; biochemical [hyperbilirubinemia (bilirubin in blood (total > 1.2 mg/dL); positive C-reactive protein (> 10 mg/dL); glycated hemoglobin (HbA1c)]; surgical (type of surgery [urgent; elective]; and radiological [ultrasound: increased length of the major axis of the gallbladder (> 10 cm); maximum stone size ≥ 10 mm; gallbladder wall thickness ≥ 4 mm; hypervascularity on Doppler ultrasound]. In addition, data related to the technical difficulty of laparoscopic cholecystectomy [difficult; not difficult] and the Parkland Scale [Grade I, Grade II, Grade III, Grade IV]. Descriptive statistics [mean, standard deviation, frequencies and percentages] were applied using SPSS, version 25.

3. RESULTS AND DISCUSSION

The clinical records evaluated were 313. Women represented 75.4 % (n=236). The age was 53.7 ± 15.2 years [minimum: 29; maximum: 92]. The 29 - 59 age group represented 58.1 % (n=182); 60 - 74, 31.3 % (n=98); 75 - 84, 10.2 % (n=32); and ≥ 85, 0.3 % (n=1). The mean BMI was 29.9 ± 4.6 kg/m2 [minimum: 22.0; maximum: 42.1] (Fig. 1). 


Fig. 1. Age and BMI recorded.

The number of patients who registered normal weight were 20 (6.4 %); 177 (56.5 %) overweight; 60 (19.2 %) grade I obesity; 35 (11.2 %) grade II obesity; and 21 (6.7 %) grade III obesity (Fig. 2). The patients with some degree of obesity represented 37.1% (n=116). 

The emergency surgeries were 131 (41.9 %); and scheduled surgeries 182 (58.1 %). The technically difficult laparoscopic cholecystectomy was recorded in 82 (26.2 %) patients; and without difficulty in 231 (73.8 %). On the Parkland Scale, Grade I represented 23.0 % (n=72); Grade II, 36.4 % (n=114); Grade III, 14.4 % (n=45); Grade IV, 15.0 % (n=47); and Grade V, 11.2 % (n=35) (Fig. 3). In patients with morbid obesity (n=56; 17.9%) surgical approach was required using specialized instruments such as Maryland-Grasper clamps (45 mm) and bariatric trocars.




Fig. 2. Number of patients respect to BMI.


Fig. 3. Number of patients respect to the Parkland Scale.

Systemic arterial hypertension was recorded in 149 (47.6%) patients; and diabetes in 110 (35.1%). The clinical data were body temperature > 37 °C were present in 106 (33.9 %) patients; and jaundice in 132 (42.2 %) (Table 1).







Table 1. Frequency of comorbidities and abnormalities in clinical data.

	Variable
	n
	%

	Comorbidities
	
	

	   Systemic arterial hypertension
	149
	47.6

	   Diabetes
	110
	35.1

	Clinical 
	
	

	   Body temperature > 37 °C
	106
	33.9

	   Jaundice
	132
	42.2




The liver function data indicated LDH > 350 u/L in 47.3 % (n=148); GOT > 100 u/L in 49.2 % (n=154); and GPT > 100 u/L in 47.9 % (n=150). The kidney function showed urea > 40 mg/dL in 1.9 % (n=6); and creatinine > 1.3 mg/dL in 1.6% (n=5) (Table 2).

Table 2. Frequency of abnormalities in liver and kidney function.

	Variable
	n
	%

	Liver function 
	
	

	   LDH > 350 u/L
	148
	47.3

	   GOT > 100 u/L
	154
	49.2

	   GPT > 100 u/L
	150
	47.9

	Kidney function 
	
	

	   Urea > 40 mg/dL
	6
	1.9

	   Creatinine > 1.3 mg/dL
	5
	1.6




The lipid profile showed tryglyceride > 150 mg/dL in 142 (45.4 %); cholesterol > 200 mg/dL in 138 (44.1 %); cHDL < 40 mg/dL in 134 (42.8 %); cLDL > 100 mg/dL in 132 (42.2 %); and cVLDL > 40 mg/dL in 110 (35.1 %). The hematological data indicated leukocytosis in 173 (55.3 %); thrombocytopenia in 60 (19.2 %); NLR ≥ 6 in 49 (15.7 %); hyperbilirubinemia in 155 (49.5 %); positive C-reactive protein in 39 (12.5 %); and HbA1c ≥ 6.5 % in 127 (40.6 %) (Table 3). 

Table 3. Frequency of abnormalities hematological and lipid profile.

	Variable
	n
	%

	Lipid profile
	
	

	   Tryglyceride > 150 mg/dL
	142
	45.4

	   Cholesterol > 200 mg/dL
	138
	44.1

	   cHDL < 40 mg/dL
	134
	42.8

	   cLDL > 100 mg/dL
	132
	42.2

	   cVLDL > 40 mg/dL
	110
	35.1

	Hematological
	
	

	   Leukocytosis
	173
	55.3

	   Thrombocytopenia
	60
	19.2

	   NLR ≥ 6
	49
	15.7

	   Hyperbilirubinemia
	155
	49.5

	   Positive C-reactive protein
	39
	12.5

	   HbA1c ≥ 6.5 %
	127
	40.6




The radiological date showed increased length of the major axis of the gallbladder > 10 cm in 72 (23.0 %); maximum stone size ≥ 10 mm in 152 (48.6 %); gallbladder wall thickness ≥ 4 mm in 182 (58.1 %); and hypervascularity on Doppler function in 184 (58.8 %) (Table 4).

Table 4. Frequency of abnormalities in radiological data.

	Variable
	n
	%

	Radiological - Ultrasound
	
	

	   Increased gallbladder length > 10 cm
	72
	23.0

	   Largest stone size ≥10 mm
	152
	48.6

	   Gallbladder wall thickness ≥4 mm
	182
	58.1

	   Hypervascularity on Doppler ultrasound
	184
	58.8




Five (1.6 %) cases of intrahepatic gallbladder were recorded; 10 (3.2%) cases of gallbladder perforation; and 22 (7.0 %) cases of gallbladder wall gangrene. Seven (2.2 %) patients presented with obstructive jaundice and underwent endoscopic retrograde cholangiopancreatography.

The results show that patients undergoing laparoscopic cholecystectomy in the Northern Region of Mexico were primarily women. Overweight and age > 53 years were common. Laparoscopic cholecystectomy without technical difficulty predominated. Patients were mostly classified as Grade I and Grade II on the Parkland Cholecystectomy Scale. At least 30 % of patients presented with fever, jaundice, abnormalities in liver function and lipid profile, leukocytosis, hyperbilirubinemia, largest stone size ≥ 10 mm, gallbladder wall thickness ≥ 4 mm, and hypervascularity on Doppler ultrasound. Patients who underwent technically difficult laparoscopic cholecystectomy were older and had a higher BMI. This research achieved all of its proposed objectives. However, as it was a single-center study, the results are limited in relation to the demographic and epidemiological conditions of the Northern Region of Mexico. It is estimated that the population aged 40-60 years represents 22.1 % of the national total [10 % men; 12.1 % women] (INEGI, 2020). 75.2 % of the population aged 20 years or older are overweight or obese (SS-INSP, 2020); and 8.5 million suffer from diabetes (INEGI, 2021). The aging of the population and the high prevalence of obesity, overweight, and diabetes significantly increase the risk of developing gallstones.

The demographic characteristics of the study region coincide with Pérez et al. (2022), who mention that in the regions of North America, the prevalence of cholelithiasis has been estimated between 11 - 36%; of which 7 % will require cholecystectomy; and 1 - 4 % will present complications. In this sense, Fujita et al. (2023), mentions that the cholelithiasis affects women more than men, with a ratio of 3:1. Risk factors include female sex, age > 40 years, poor diet, obesity, family history, and metabolic diseases (diabetes).

The values ​​found for age [53.7 ± 15.2 years] and BMI [29.9 ± 4.6 kg/m2; overweight 56.5 %], as well as the frequency of sex [women 75.4 %], were similar to those reported by Shrestha et al. (2023) and Lee et al. (2020), who conducted studies to validate the Parkland scale in correlation with the severity of acute cholecystitis. However, they point out that these factors are influenced by the sociocultural and epidemiological conditions of each country.

Roesch et al. (2023) emphasize that demographic and epidemiological conditions in various regions of Mexico increase the risk of cholelithiasis. In their study related to laparoscopic cholecystectomy, they found that patients with normal weight (42.3 %) had a mean age of 45.8 ± 14.6 years, predominantly female (83.6 %), BMI of 22.6 ± 4.6 kg/m², 17.2 % presented comorbidities, and no complications recorded. Patients with overweight (28.1%) were older (51.26 ± 13.23 years), had a high proportion of females (85.4 %), BMI of 28.6 ± 4.50 kg/m², 23.59 % had comorbidities, and complication rate of 3.7 %. Patients with obesity (29.6 %) were older (58.5 ± 9.8 years), predominantly female (77.8 %), BMI of 32.5 ± 6.9 kg/m², and complication rate of 10.63 %. No mortality was recorded in any group. The sociodemographic and epidemiological conditions are similar to those in our study, highlighting the importance of generating clinical information that allows for preventive measures against cholecystitis or surgical treatment.

The frequency of emergency (41.9 %) and technically difficult (26.2 %) surgeries did not coincide with that reported by Serrano et al. (2024), who reported values ​​of 27.5 % for emergency surgeries and 62.5 % for technically difficult surgeries. This is likely due to local epidemiological conditions and the level of hospital care.

The percentage of patients found with respect to the evaluated indicators was fever (33.9 %); jaundice (42.2 %); adnormalities in liver function (> 47.0 %) and lipid profile (> 35.0 %); leukocytosis (55.3 %); thrombocytopenia (19.2 %); NLR ≥ 6 (15.7 %); hyperbilirubinemia (49.5 %); positive C-reactive protein (12.5 %); increased gallbladder major axis length (23 %); largest stone size ≥10 mm (48.6 %); gallbladder wall thickness ≥ 4 (58.1 %); and hypervascularity on Doppler function (58.8 %) were similar to those reported by Stoica et al. (2024) and Di et al. (2021) who highlight that abnormal clinical, biochemical, and radiological factors are frequent in patients undergoing laparoscopic cholecystectomy, and even more so in those with complications.

5. Conclusion

The results show that patients undergoing laparoscopic cholecystectomy in the Northern Region of Mexico were primarily women. Overweight and age > 53 years were common. Laparoscopic cholecystectomy with technical difficulty was significant. At least 30 % of patients presented with fever, jaundice, abnormalities in liver function and lipid profile, leukocytosis, hyperbilirubinemia, largest stone size ≥ 10 mm, gallbladder wall thickness ≥ 4 mm, and hypervascularity on Doppler ultrasound. Patients who underwent technically difficult laparoscopic cholecystectomy were older and had a higher BMI. The demographic and epidemiological landscape in Mexico increases the risk of acute cholelithiasis. The descriptive nature and geographical limitations of our research require continuous epidemiological surveillance, in addition to continuing the study of biomarkers related to cholelithiasis in order to provide greater surgical safety in this type of patient.
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