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Abstract  
Introduction 

After laparoscopic bariatric surgery, elevated liver values have been reported.  

Aim 

The primary aim of this pilot study was to take one step towards describing the normal course 

of liver values following laparoscopic bariatric surgery, in which Nathanson liver retractors 

were used.  

Methods 

Using data from the participants’ electronic medical record, 16 patients eligible for 

laparoscopic bariatric surgery were included and underwent standardized laparoscopic Roux-

en-Y gastric bypass or laparoscopic Sleeve Gastrectomy. Liver values, including alanine 

aminotransferase (ALAT), alkaline phosphatase (ALP), aspartate aminotransferase (ASAT), 

Lactate dehydrogenase (LD)(all presented as µkat/L), Total bilirubin (µmol/L) and C-reactive 

protein (CRP)(mg/L), were controlled pre-operatively, on post-operative day 1 (POD1) and 

on post-operative day 7 (POD7).  

Results 

ALAT was elevated at POD1 compared to pre-operative levels (mean ± SD) (1,48 ± 0,83 vs 

0,98 ± 0,61; P = 0,003). ASAT showed a similar pattern (1,10 ± 0,62 vs 0,63 ± 0,28; P = 

0,002) and was also elevated at POD7 compared to baseline (0,87 ± 0,37 vs 0,63 ± 0,28; P = 

0,006). CRP was raised at POD1 compared to baseline (19,34 ± 13,26 vs 5,06 ± 4,20; P < 

0,001), and at POD7 when compared to both POD1 (28,03 ± 13,60 vs 19,34 ± 13,26; P = 

0,036) and pre-operative values (28,03 ± 13,60 vs 5,06 ± 4,20; P < 0,001). Bilirubin 

decreased at POD1 (9,96 ± 2,15 vs 11,39 ± 3,41; P = 0,015) compared to baseline and raised 

at POD7 (12,30 ± 4,61 vs 9,96 ± 2,15; P = 0,037) compared to POD1. ALP was elevated at 

POD7 compared to both POD1 (1,33 ± 0,44 vs 1,17 ± 0,32; P = 0,015) and pre-operative 

values (1,33 ± 0,44 vs 1,20 ± 0,31; P = 0,019).  

Conclusion 

The findings suggest that, compared to pre-operative levels, ALAT and ASAT are elevated at 

POD1. ASAT also at POD7. CRP elevates from baseline to POD1 and is still elevated at 

POD7. Total Bilirubin may decrease at POD1 compared to baseline, and may then elevate to 

POD7 compared to POD1. Additional studies are needed to control and replicate our findings, 

and to assess the generalizability of the current results.     
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Introduction  
 

The world-prevalence of obesity is growing [1], reaching around 700 million people 

nowadays [2]. Obesity, defined as a Body mass index (BMI) ≥ 30 kg/m2, is regarded as a risk 

factor for adverse medical illness (e.g. diabetes [3], heart failure [4], cancer [5], sleep-apnea 

syndrome, hypertension and dyslipidemia [6]). It is also associated with a reduced life 

expectancy [7] and a lower quality of life [8].  

 

Bariatric surgery (surgery related to obesity) is among the most common procedures patients 

experience today [9]. During the last decade, the numbers of bariatric surgeries performed 

internationally has been increasing. However, the increase in annual rate is currently not as 

profound [10]. In Sweden, 6200 bariatric procedures were completed year 2015, which was a 

decrease with 500 operations compared to year 2014. 97 % of the bariatric operations were 

laparoscopic and the conversion-rate to open surgery was less than 1 %. In Sweden, during 

year 2015, laparoscopic gastric bypass was the most common bariatric procedure and 

laparoscopic Sleeve Gastrectomy accounted for almost 25 % of all the bariatric procedures 

[11]. 

 

Today, several studies support that surgical treatment is the most effective way to achieve a 

long-term weight loss. For morbidly obese patients, defined as a BMI ≥ 35 kg/m2, studies 

have described numerous benefits of surgery [10, 12]. In bariatric surgery, laparoscopic 

gastric bypass is considered as the gold standard [13].   

 

As an essential part of laparoscopic Roux-en-Y gastric bypass (LRYGB) and laparoscopic 

Sleeve Gastrectomy (LSG), liver retraction is performed in order to ensure the availability of 

an appropriate working space and operative view. The retraction of the left liver lobe 

facilitates the process of identifying anatomic landmarks, for instance the lesser and greater 

curvature of the stomach, the angle of His and the gastroesophageal junction, during the 

surgery [14].  

 

To perform the liver retraction, one additional wound is required for insertion of the 

traditional liver retractor, among one is named the Nathanson liver retractor. The traditional 

retractors are also described as bulky and may contribute to iatrogenic liver damage [15]. 

Additional wounds are risk factors for a local wound infection and may contribute to 



discomfort post-operatively [14]. The Nathanson liver retractor is a bent metal rod. It is 

supported by an external metal arm and by the diaphragm when retracting the liver. The 

retraction compresses the liver parenchyma between the diaphragm and the retractor. Previous 

studies have classified liver damage due to retraction, based on the frequency. The most 

common type is due to compression of the liver, leading to a reversible discoloration of the 

liver and a higher aspartate aminotransferase (ASAT) [16]. 

 

In morbidly obese patients, the retraction process is more challenging for the surgeons due to 

the hypertrophic fatty left liver lobe [17]. Therefore, the patients are recommended to reduce 

their weight, pre-operatively, by 10 % with the help of a low-calorie diet treatment. An 

approximate decrease of liver volume by 18 % is observed during the commencing two weeks 

of treatment with a low-calorie diet. During four weeks of dieting, a gradual decline of 

intrahepatic fat is observed [18]. Pre-operative weight loss is linked to a shorter duration of 

surgery [19] and a lower complication-rate [20].    

 

Up to now, several studies have explored the relationships between laparoscopic gastric 

bypass and its risk factors. In one large prospective cohort register study, the risk of 

postoperative complications was 3,4 % within 30 days after undergoing laparoscopic gastric 

bypass, and the strongest risk factors for complications were conversion to open surgery 

together with intraoperative adverse events [10].   

 

Early complications may be detected by altered vital sign (for example fever or tachycardia) 

together with post-operative pain. These are important symptoms that surgeons consider when 

evaluating the patient [21]. This may lead to control of liver values, including CRP. However, 

the interpretation of these indicators could be difficult for the clinician because of the 

probability that these values are effected by the surgical process.  

 

A randomized controlled trial has linked the Nathanson liver retractor to increased liver 

dysfunction and increased post-operative pain compared to other liver retractors used during 

LRYGB [14]. Liver dysfunction is generally measured with alanine aminotransferase 

(ALAT), aspartate aminotransferase (ASAT) and total bilirubin levels. ALAT- and ASAT-

levels raised post-operatively compared to baseline levels, reached their peak between 18 h to 

24 h and the levels did not return to the normal range within one month [14, 22]. Total 

bilirubin levels decreased post-operatively, before rising significantly at post-operative day 1 



(POD1) and nearly returned to pre-operative levels after 1 month [14]. Importantly, this 

publication had several limitations, for example incomplete follow-up data and a small study 

cohort (n = 20) that underwent LRYGB using a Nathanson liver retractor [14].        

 

Following a LRYGB, a short-term elevation of liver enzymes may be linked to multiple 

factors, e.g. local hepatic mechanical injury from the use of a liver retractor, the effects of 

anesthetic agents and CO2 pneumoperitoneum pressure [14, 22, 23]. The local hepatic injury 

may be observed as visual signs that indicate liver ischemia [14]. Increased intraabdominal 

pressure, during the induced pneumoperitoneum (defined as existence of trapped air inside the 

peritoneal cavity) to secure an appropriate operative working area, may influence and 

transiently decrease portal venous blood flow. A potential decrease of portal venous blood 

flow could contribute to the post-operative elevation of hepatic transaminases, which is a sign 

of hepatocyte injury [22].  

 

The carbon dioxide pneumoperitoneum pressure of 10-15 mmHg is higher than the pressure 

of the portal venous blood flow of 7-10 mmHg. It also causes a temporary reduction of 

hepatic blood flow. At the end of the surgical procedure when the retraction is ended, the 

reperfusion may generate free radicals that damage endothelial cells of the hepatic sinusoids 

and the Kupffer cells [24, 25]. This mechanism may be responsible for a smaller part of the 

elevation of liver values. The local mechanical hepatocyte damage resulting from the 

retraction may be responsible for a bigger part of the elevation [24]. The retraction may also 

reduce the hepatic blood flow temporarily, when the parenchyma becomes compressed [26]. 

When comparing the pneumoperitoneum pressure between different laparoscopic procedures, 

previous research suggest that the liver retraction is more important for the elevated liver 

values after LRYGB [24]. 

 

With varying reported specificity and sensitivity, the acute phase protein C-reactive protein 

(CRP), is valuable as a predictor of immediate post-operative complications. The reported 

optimal POD to control CRP-levels varies between POD1-POD5. There is no consensus 

regarding the ideal cutoff levels and it is an area of active research [27-30]. Patients with low 

risk of post-operative complications generally have a CRP-peak between 48-72 h post-

operatively [27, 31]. It is assumed that not declining CRP-levels after the post-operative peak 

indicates an active inflammatory process that is unrelated to the surgical-trauma, but may 

raise suspicion for complications, leading to supplementary radiological imaging [27].      



 

Baseline CRP-levels are elevated in obese patients due to the amount of adipose tissue and 

free fatty acids stimulating the release of pro-inflammatory cytokines as well as the hepatic 

production and release of CRP [27]. 

 

The normal course for alkaline phosphatase (ALP) and lactate dehydrogenase (LD) after 

minimally invasive bariatric surgery has, to our knowledge, not been described. 

 

Research has, to a certain extent, described the effects of liver retractors being used during 

laparoscopic bariatric surgery. However, the natural course of liver values (e.g. ALAT, 

ASAT, ALP, Bilirubin, LD and CRP) following laparoscopic bariatric procedures has not yet 

been described to its full extent.   

 

Aim  
The primary aim of this study was to take one step towards describing the normal course of 

liver values following laparoscopic bariatric surgery, in which Nathanson liver retractors were 

used.  

 

The secondary aim was to investigate if differences in the post-operative course of liver 

values could be observed on the basis of: 

- The total operation time.  

- The livers visual appearance.  

 

 

 

 

 

 

 

 

 

 



Material and Methods  
 

Study design and Setting 

This study was performed as an observational pilot study at Lindesberg Hospital, in 

collaboration with Örebro University. All patients underwent standardized LRYGB or LSG 

during a period of three months, from 2016-11-15 to 2017-02-01. Liver values, including 

CRP, were controlled prior to laparoscopic bariatric surgery (on the morning of the date of 

surgery), at post-operative day 1 (POD1) and at post-operative day 7 (POD7). The values of 

interest included ALAT, ASAT, ALP, Total Bilirubin, LD and CRP. These values were 

important for describing the normal course following laparoscopic bariatric surgery. The 

normal range for these liver values were; ALAT (women < 0,75 µkat/L; men < 1,10 µkat/L), 

ASAT (women < 0,60 µkat/L; men < 0,75 µkat/L), ALP (0,8-4,6 µkat/L), Total Bilirubin (< 

25 µmol/L), LD (1,8-3,4 µkat/L) and CRP (< 3 mg/L).   

 

Based on the median operation time, in our study cohort, patients were divided into one group 

with short duration of surgery and one group with longer duration of surgery. The aim was to 

observe if any of the two groups had a statistically significant difference in post-operative 

liver-parameters.  

 

Furthermore, the livers visual appearance, at the end stage of surgery, was analyzed for 

statistically significant differences in post-operative liver values. At the end stage of 

laparoscopic bariatric surgery, involving a liver retractor, the retractor has been effecting the 

liver during a major part of the surgery. If there was a liver discoloration, it would be clearly 

observed in the late phases. Therefore, based on the colour of the patient’s liver, the surgeon 

placed the patient in one of two groups;  

- Visually discolored liver (indicating liver ischemia). 

- Visually normal liver.   

The process of placing the patients in two groups was done immediately after each surgery. A 

picture of the liver was also taken before removing the Nathanson liver retractor via its port. 

 

Description of liver values 

ALAT is a cytoplasmic enzyme found primarily in hepatocytes and is used as an indicator of 

hepatocyte damage. ASAT is an enzyme found in mitochondrion and in the cytoplasm of 



different cell types, including hepatocytes. It is useful as a more unspecific marker of 

hepatocyte damage. ALP is a group of membrane-associated enzymes that are found in 

several cell types. In the liver, ALP is found in vessel endothelium and mainly in the bile 

ducts. Serum-ALP levels in adults predominantly stem from the bile ducts. The degree of bile 

stasis influences the ALP synthesis on the occasion of hepatocyte damage. Total bilirubin is 

used as a marker of liver function and its capability of conjugating bilirubin. LD is an enzyme 

found in the cytoplasm of all cell types and is useful as an unspecific marker of tissue 

damage. Hepatocytes are an example of a cell type rich in LD. CRP is an acute phase protein 

that is synthetized in the liver as a response to an acute phase reaction, involving various 

cytokines, fibroblasts, macrophages and endothelial cells, following tissue damage. It has a 

role in phagocytosis in the classical pathway of the complement system. CRP can bind 

various substances from damaged cells and microorganisms in order to activate the 

complement system. Serum CRP is useful for monitoring the post-operative period and for 

differentiating between bacterial and viral infections.      

 

Data collection 

The data containing the liver values, the total operation time, height, weight, age, gender, 

post-operative complications within 30 days, type of surgery, co-morbidity and length of 

hospital stay was obtained from all participants’ electronic medical record. BMI was 

calculated as weight (kg) divided by height2 (m2).   

 

Study participants 

All patients meeting the national and international criteria for bariatric surgery [32] and who 

were accepted for surgery, between 2016-11-15 to 2017-02-01, were potentially eligible for 

the study. Oral information and consent was retrieved prior to surgery. The study size was 

decided by the number of patients that gave blood test involving the values of interest, pre-

operatively, at POD1 and at POD7 during the period of data-collection.  

 

The general criteria for bariatric surgery included a BMI > 35 kg/m2, multiple previous 

serious weight reduction efforts, an abuse-free period of two years prior to surgery, a 

capability to process and understand information regarding the surgery as well as an ability to 

understand the risks associated with the procedure [32].     

 



Operative procedure  

Laparoscopic Roux-en-Y gastric bypass (LRYGB) 

The participants underwent a standardized LRYGB with an ”antecolic and antegastric Roux-

en-Y-loop” [33]. Antecolic is defined as in front of the colon and antegastric refers to in front 

of the stomach.  

  

Six ports were used, including one for the Nathanson liver retractor placed in the Xiphoid 

region, two 12 mm working ports in the epigastric region, one 12 mm camera port in the 

upper midline and one 5 mm port in the left hypochondriac region. In order to achieve a safe 

access to the abdomen, a first optic was placed in the umbilical region with the Hasson open 

technique at the beginning of the operative procedure [34].  

 

The Hasson open technique was used for creating the first port. At the base of the umbilicus, 

in the inferior umbilical fold, a longitudinal incision was completed [35, 36]. After elevating 

the skin edges, incisions following the lining of the umbilical ligament were made. The 

umbilical ligament and the fascial layer were passed before passing peritoneum and an access 

to the peritoneal cavity was established [35].  

 

Liver retraction of the left liver lobe was performed using the Nathanson liver retractor. With 

the help of a cutting stapler, the stomach was partitioned between the lesser curvature and the 

angle of His, creating a 15-25 ml gastric pouch [33].  

 

Furthermore, two anastomoses were created. One connecting the posterior wall of the gastric 

pouch with jejunum, using one linear stapler. This anastomosis is named the gastro-

jejunostomy (GE) and functions as a bypass. The second anastomosis connects a part of 

jejunum to a more distal part of the small intestine, in order to connect the road from the 

original stomach to the new road from the previously constructed gastric pouch [33]. This 

second anastomosis is known as the jejuno-jejunostomy (JJ). Both the mesenteric defect 

beneath the JJ and at Peterson’s space were closed in order to reduce the risk for internal 

hernia [13].  

 

The part of the small intestine that links the gastric pouch, via GE, to the JJ is labelled the 

Roux limb [33]. The length of it was carefully decided to 100 cm.  

 



To complete the creation of the Roux-en-Y, a cutting stapler was used to divide the loop of 

the small intestine between the two described anastomoses [33]. The small intestine was now 

arranged into a Y-shape.    

 

Laparoscopic Sleeve Gastrectomy (LSG)  

Analogously, after creating the six ports, liver retraction of the left lobe was performed using 

the Nathanson liver retractor. 

 

A bougie with a size of 35 French (Fr) (a surgical instrument for dilating passages), along the 

lesser curvature, was used to reach the correct sleeve size. Before transection of the stomach, 

the fundus was mobilized [37]. The transection of the stomach started from a distance of 5 cm 

proximally to the pylorus and was continued to the angle of His [12, 37]. A margin was kept 

from the gastroesophageal junction when performing the last firings [37] and absorbable 

running sutures were used to oversew the staple line manually [38]. The detached part of the 

stomach was retrieved through one of the ports [39].            

 

Statistics  

Microsoft Office Excel with Analysis ToolPak add-in, was used for paired T-test, unpaired T-

test, descriptive statistics (for example n, median, mean and SD), diagrams and tables.  

 

For the following description of the statistical methods used, the data was considered as 

normally distributed. Paired T-test was used to investigate if there was a statistically 

significant difference between the parameters of interest pre-operatively, at POD1 and at 

POD7. We had one nominal variable with two categories, as well as one ratio variable, and 

we were following the same cohort at three different occasions.   

 

Unpaired T-test was used to investigate if there was a statistically significant difference in 

baseline characteristics and in the liver values of interest, between the group with longer 

operation time and the group with shorter duration of surgery. The data was also considered 

as normally distributed and we followed two groups at specific occasions, at a time. We had 

one nominal variable with two categories and one ratio variable to assess.    

 



To examine whether the group with liver-discoloration had a statistically significant 

difference regarding the baseline characteristics and the post-operative liver values, multiple 

unpaired T-tests were used. The rationale for choosing unpaired T-test was similar to the 

description above.    

 

Values were presented as mean ± SD, if not stated. To be considered statistically significant, a 

P-value less than 0.05 was required.  

 

Ethical considerations 

This study involved data collection regarding the participants’ baseline characteristics and 

their liver values, from their electronic medical records. The data was handled with care and 

was presented on a group-level, in order to respect the confidentiality of the participants’ 

personal information. It should not be possible for the participants or their relatives to connect 

individual liver values with a specific patient. Generally, the ethical principles described in 

the declaration of Helsinki (6th rev) was followed.    

 

Every patient was tested with one venous blood test at three specific occasions (pre-

operatively, at POD1 and at POD7). This was a routine procedure for all patients going 

through bariatric surgery and did not contribute to additional test occasions for the 

participators.    

 

All participants were orally informed about the study and were asked for their consent. They 

were also given the opportunity to withdraw at any stage from the study, without stating any 

reason.  

 

 

 

 

 

 

 

 



Results  
 

During the period of 2016-11-15 to 2017-02-01, 48 patients were potentially eligible for this 

study and underwent laparoscopic bariatric surgery. However, only 16 patients, 4 men and 12 

women, were included and analyzed for the aims of this study. The excluded 32 patients were 

lost to follow-up. The reason was that few surgeons followed the temporary guidelines for 

post-operative follow-up of patients, during the period of data collection, and included all the 

values of interest when blood-samples were taken.  

 

At the time of surgery, the youngest patient was 23 year old and the oldest was 67 year old. 

The pre-operative data containing the baseline characteristics of the study population is 

summarized in Table 1. Pre-operative weight reduction was the reason behind the observed 

difference between pre-operative BMI and operative BMI. 

 
Table 2 summarizes the perioperative data for the participants.  

 



Throughout this report, the levels of ALAT, ALP, ASAT and LD were presented as µkat/L. 

Total Bilirubin levels were reported as µmol/L and CRP concentrations as mg/L.     

 

The normal course of liver values 

The ALAT- (1,48 ± 0,83 vs 0,98 ± 0,61; P = 0,003), ASAT- (1,10 ± 0,62 vs 0,63 ± 0,28; P = 

0,002) and CRP-elevation (19,34 ± 13,26 vs 5,06 ± 4,20; P < 0,001) at POD1 compared to 

pre-operative levels was statistically significant. Bilirubin-values were lower at POD1 

compared to pre-operative values and the difference was also statistically significant (9,96 ± 

2,15 vs 11,39 ± 3,41; P = 0,015).  

 

ALP- (1,33 ± 0,44 vs 1,17 ± 0,32; P = 0,015), Bilirubin- (12,30 ± 4,61 vs 9,96 ± 2,15; P = 

0,037) and CRP-levels (28,03 ± 13,60 vs 19,34 ± 13,26; P = 0,036) were raised at POD7 

compared to POD1. The difference was statistically significant.  

 

ALP- (1,33 ± 0,44 vs 1,20 ± 0,31; P = 0,019), ASAT- (0,87 ± 0,37 vs 0,63 ± 0,28; P = 0,006) 

and CRP-values (28,03 ± 13,60 vs 5,06 ± 4,20; P < 0,001) were all significantly elevated at 

POD7 compared to pre-operative values.  

 

Figure 1-6 Post-operative course of liver values, after laparoscopic bariatric surgery.  

 



 

 
 

Duration of surgery and post-operative liver values 

The subsequent comparison of liver values was performed between a group with long 

duration of surgery (≥72 min, n = 9) (79,6 ± 8,6 min) and a group with short duration of 

surgery (< 72 min, n = 7) (58,9 ± 6,4 min). The classification was based on the median 

operation time of 72 minutes, in our study population.  

 

There was no difference in operative BMI between the group with short duration of surgery 

(37,73 ± 4,12 kg/m2) and the group with long operative time (37,70 ± 3,12 kg/m2; P = 0,494). 

However, we could observe a tendency of a higher age (48 ± 2,57 years compared to 39 ± 

5,64 years; P = 0,092) in the group with longer duration of surgery, but there was no 

significant difference in co-morbidity between the groups. 

 

A statistically significant elevation of ASAT at POD1 (1,33 ± 0,69; P = 0,032) was observed 

in the group with long duration of surgery compared to the group with short duration of 

surgery (0,79 ± 0,37). A tendency (P = 0,083) of higher ASAT-levels pre-operatively, in the 



group with longer duration of surgery (0,71 ± 0,32) compared to the group with short 

operation time (0,52 ± 0,20), was observed.  

 

The group with long duration of surgery also had a tendency of ALAT-elevations at POD7 

(1,36 ± 0,53 vs 1,02 ± 0,42; P = 0,084).  

 

Furthermore, the group with long duration of surgery had a tendency of higher LD-levels at 

POD7 (3,27 ± 1,67 vs 2,39 ± 0,25; P = 0,078). 

 

Liver colour-groups and post-operative liver values 

The following comparison of the liver values of interest was made between the group with a 

visually normal liver (n = 11) and the group with visual liver discoloration (n = 5).  

 

There was no significant difference in age between the group with liver discoloration (44,80 ± 

11,30 years) and the group with a visually normal liver (43,73 ± 12,71 years; P = 0,435). 

Also, no significant difference in duration of surgery (P = 0,436) was observed. The group 

with liver discoloration had a mean operation time of 69,4 ± 20,3 min, compared to the group 

without discoloration with a mean operation time of 71 ± 9,35 min. A tendency of a higher 

operative BMI in the group with liver discoloration (39,54 ± 1,67 kg/m2 vs 36,88 ± 0,95 

kg/m2; P = 0,105) was observed. 

 

Pre-operatively, the group with a visually normal liver had statistically significant higher 

levels of ASAT (0,69 ± 0,32 vs 0,48 ± 0,10; P = 0,031) and ALAT (1,13 ± 0,69 vs 0,67 ± 

0,13; P = 0,029).   

 

At POD1 and at POD7 the ALP levels were higher in the group without liver discoloration 

(1,25 ± 0,34 vs 1,00 ± 0,20; P = 0,047 and 1,43 ± 0,51 vs 1,12 ± 0,13; P = 0,042, 

respectively). The difference was statistically significant. 

 

 

 

 

 

 



Discussion  
 

Main results  

The changes in the ALAT-, CRP-, ASAT- and the Bilirubin-course are sufficient for being 

considered as clinically important. The changes in ALP are not considered as clinically 

important due to small changes between the test occasions within the reference interval. The 

same can be said for LD, because of small differences over the time period, not statistically 

significant differences and because the majority of the patients were within the normal range. 

As a summary, compared to baseline levels, ALAT and ASAT may be elevated at POD1. 

ASAT may also be elevated at POD7 compared to levels at baseline. CRP may elevate from 

baseline to POD1 and is still elevated at POD7. Total Bilirubin may decrease at POD1 

compared to baseline, and may then elevate to POD7 compared to POD1.     

 

In the group with long duration of surgery, the ASAT-elevation at POD 1 is regarded as 

clinically important. A longer duration of surgery may be a risk factor for developing elevated 

serum ASAT at POD1.  

 

In the group with a visually normal liver, the pre-operative serum ASAT and ALAT elevation 

may be regarded as clinically important. The elevation of ALP at POD1 and POD7 is not as 

important since the values are still within the reference interval. These results suggest that a 

liver discoloration, at the end of the operative procedure, does not increase the risk for 

additional elevations of post-operative liver values. However, these results must be 

interpreted with caution since only five patients had a liver discoloration.      

 

The normal course of liver values 

Partly in contrast to our findings, Goel et al. [14] described an initial post-operative drop in 

Bilirubin-levels before an increase at 18h. An increase at POD1, although lower levels 

compared to baseline, may be possible in our study population because of the schedule of our 

post-operative blood test monitoring. The minimum value could have been observed before 

the blood samples were taken at POD1, and we can therefore not determine whether an 

increase was observed between the minimum value and the POD1-value. The elevation of 

Bilirubin at POD7 match the results observed by Goel et al. [14].  

 



Compared to baseline, the ALAT and ASAT-elevations at POD1 are consistent with 

previously reported results [14, 22]. The ASAT-elevation at POD7, compared to pre-operative 

levels, is in line with the results of a previous study [14]. 

 

The CRP-elevation at POD1 further supports the results in a recent publication [27]. At 

POD7, neither of ASAT nor CRP have returned to baseline levels. Instead, the CRP-values 

are rising from pre-operative levels to POD1 and is still elevated at POD7. A CRP-peak 

between POD1-POD7 is likely and the assumption is supported by earlier findings where 

CRP-levels peak between POD2 to POD4 [27, 40]. Williams et al. [27] hypothesized that 

their CRP-elevation observed at POD5 may relate to the small number of patients still at 

hospital at POD5 and that they probably had complications resulting in the second CRP-

elevation at POD5. However, in our study cohort, every patient (except one leading to one 

missing CRP-value) was tested at POD7 after being discharged from hospital. In addition, 

only one patient had a post-operative complication within 30 days. These findings may 

suggest that it is possible that serum CRP elevates at POD1 and continues to be elevated to 

POD7. Our findings are partly supported by Csendes A et al. [41] who found continuously 

elevating serum CRP to POD5 in a study population without complications.  

 

Duration of surgery and post-operative liver values  

The group with long duration of surgery had an elevation of ASAT at POD1 compared to the 

group with short duration of surgery. Previous research on open RYGBP has shown that 

ASAT and ALAT have a smaller increase when the liver retraction period is shorter and 

effecting the liver less time [42]. It could be possible that operation time, as an indicator for 

the period of liver retraction, is important for ASAT and ALAT-elevation. A shorter duration 

of surgery also shortens the duration of the pneumoperitoneum pressure, which could have a 

smaller impact on post-operative liver values, but the previous reports are not completely 

consistent and not restricted to LRYGB or LSG [22, 24, 43, 44]. It is possible that a longer 

time of retraction and pneumoperitoneum pressure leads to more hepatocyte damage and thus 

ASAT and ALAT elevations.  

 

The observed tendency of a higher age (48 ± 2,57 years compared to 39 ± 5,64 years; P = 

0,092) in the group with longer duration of surgery, leads to the hypothesis that higher age 

could be a risk factor for longer duration of surgery and accordingly elevated ASAT. Previous 



publications have reported that age increases the risk for post-operative complications [10, 

45]. Further research is required to evaluate the viability of these findings.   

 

Liver colour-groups and post-operative liver values 

Pre-operatively, the group with no liver discoloration had higher levels of ASAT and ALAT 

compared to the group with liver discoloration. This outcome is slightly contrary to that of 

Tamhankar et al. [16] who discussed that patients with liver discoloration often had raised 

post-operative levels of ASAT. These results may indicate that liver discoloration is not 

associated with additional post-operative elevations of liver values and possibly that the liver 

is relatively sustainable to a shorter period with ischemia. Interestingly, we could observe a 

tendency of a higher operative BMI in the group with liver discoloration (39,54 ± 1,67 

kg/m2 vs 36,88 ± 0,95 kg/m2; P = 0,105). A higher operative BMI could increase the risk for 

developing a liver discoloration at the end of the surgery. A lower operative BMI could, on 

the other hand, be a risk factor for elevated ASAT and ALAT pre-operatively. These findings 

raise intriguing questions and should be interpreted with caution due to a small study cohort.   

 

The generalizability of the findings in this study is subject to multiple limitations. The number 

of participants in our study cohort was small (n = 16). A larger study population would 

probably contribute to achieving statistically significant results in the areas where a tendency 

is observed but the P-value does not reach < 0,05. A larger study population would also 

contribute to an increase of the statistical power of the study. On the other hand, this is 

considered as a pilot study that supplies a basis for estimating a study size in potential future 

studies. Although a small study cohort, generally, the post-operative course of each liver-

value was relatively homogenous. Despite the variation within the standard deviation, the 

majority of the patients followed “their channel” during the post-operative period. As an 

example, a patient with higher CRP-levels at baseline was more likely to also have higher 

CRP-levels at POD1 and at POD7.  

 

Another limitation is that two patients underwent laparoscopic Sleeve Gastrectomy (LSG). In 

this case, there is no difference in time during which the Nathanson liver retractor is used. The 

inclusion criteria for surgery is similar and the two patients did not differ greatly in baseline 

characteristics or in duration of surgery, when compared to the patients undergoing LRYGB. 

It is unlikely that the surgical method (when performing a LSG or a LRYGB), as such, effect 

the liver values differently, as we consider the Nathanson liver retractor (used in both 



methods) for being responsible for the major part of the effects. Previous research has 

reported varying effects on liver values depending on the type of retractor [14] and a lesser 

increase of ALAT and ASAT when the duration of retraction is reduced during the surgical 

process [26, 42]. This further supports the assumption regarding the importance of the liver 

retractor for the post-operative course of ALAT and ASAT.      

  

This study is limited to the Nathanson liver retractor and its combined effects with the carbon 

dioxide pneumoperitoneum pressure and the anesthetic agents, on liver values. The 

Nathansons liver retractor is widely used and the surgeons are familiar with the liver 

retraction technique. The CO2-pressure in the pneumoperitoneum may influence the post-

operative liver values and was therefore standardized to 16 mmHg in this study. Also, the 

anesthetic management was standardized.  

 

A possible limitation could be the classification of livers depending on their visual 

appearance. Although the criterion is binary and implemented by highly competent and 

experienced bariatric surgeons, the evaluation is still subjective and to a certain extent 

operator dependent. In addition, our results suggest that there is no association between the 

livers visual appearance and the post-operative course of liver values.  

 

Two key strengths of the present study are the prospective study design, and the almost 

complete follow up of all study participants (except one, leading to a missing CRP-value at 

POD7).  

 

A deeper understanding of the normal course of liver values in the immediate post-operative 

period may contribute to a multifaceted approach when considering the liver values. We agree 

with Csendes et al. [41] that it is essential to describe the normal course of these parameters 

after surgery, particularly for patients having a post-operative course without complications. 

This would be useful for early detection of patients at risk for developing complications in the 

immediate post-operative period, when the post-operative course is regarded as “abnormal” 

[41].   

 

Our findings should be replicated and controlled for other probable contributing factors. 

There is abundant room for further progress in describing the normal course of liver values 

after laparoscopic bariatric surgery. The progress would be facilitated by a bigger study 



cohort, after performing a power analysis, and by monitoring the values with a shorter time 

interval, in future publications. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

 



Conclusion   
 

With this pilot study, we took one step towards describing the normal course of liver values 

after laparoscopic bariatric surgery. The findings suggest that, compared to pre-operative 

levels, ALAT and ASAT are elevated at POD1, and ASAT also at POD7. CRP elevates from 

baseline to POD1 and is still elevated at POD7. Total Bilirubin may decrease at POD1 

compared to baseline, and may then elevate to POD7 compared to POD1. A longer duration 

of surgery may increase the risk for developing elevated serum ASAT at POD1.  

 

Furthermore, our results suggest that there is no association between the livers visual 

appearance and the post-operative course of liver values. The findings may indicate that the 

liver is relatively sustainable to a shorter period with ischemia. These findings raise intriguing 

questions. Additional studies with a larger study cohort, based on a power analysis, are 

needed to control and replicate our findings, and to assess the generalizability of the current 

results. 
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