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Abstract

Background: Liver resection is a technically demanding procedure with a relatively high risk of morbidity. 
Identifying reliable early predictors of postoperative complications is essential for timely intervention and 
improved outcomes. Objective: The aim of the study was to evaluate the role of initial serum arterial lactate 
concentration (ALC) in predicting early postoperative liver and renal dysfunction following liver resection 
(LR). Methodology: This cross-sectional study was conducted in the Department of Hepatobiliary, 
Pancreatic and Liver Transplant Surgery at Bangladesh Medical University, Dhaka, Bangladesh from 
September 2022 to August 2023. Thirty‑seven patients undergoing LR for various indications were 
included. Pre‑ and postoperative assessments of liver function, coagulation profile, and renal function were 
performed. Renal dysfunction was defined as a creatinine rise >1.5× baseline, while liver dysfunction was 
defined as bilirubin >2 mg/dL, prothrombin time >17 s, or INR ≥1.5. Arterial lactate samples were obtained 
at the end of surgery, prior to abdominal closure or upon arrival in the high dependency ward. Results: The 
mean ALC was 3.97 ± 1.28 mmol/L (range 1.67–6.30), with elevated levels (≥4 mmol/L) observed in 15 
patients (40.5%). Overall, 19 patients (51.3%) had an uncomplicated recovery, while 13 (35.1%) developed 
liver dysfunction and 8 (21.6%) developed renal dysfunction. The probability of dysfunction increased 
progressively with rising lactate concentration, reaching 100% for liver dysfunction and 66% for renal 
dysfunction at lactate ≥6 mmol/L. Chi‑square and Fisher’s exact tests confirmed significant associations 
between lactate ≥4 mmol/L and both liver dysfunction (P = 0.001) and renal dysfunction (P = 0.000). 
Regression analysis demonstrated a strong correlation between initial lactate and peak prothrombin time (P 
= 0.016) and a highly significant correlation with renal dysfunction (P = 0.003), while associations with 
bilirubin and hospital stay were weak. Operative factors such as anatomical and major resections, nodular 
parenchyma, and male gender were independently associated with elevated lactate levels. Conclusion: 
Elevated postoperative arterial lactate (≥4 mmol/L) was a strong independent predictor of liver and renal 
dysfunction, correlating significantly with adverse outcomes and operative factors. [Bangladesh Journal of 
Infectious Diseases, June 2026;13(1):375-385]
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Introduction
Liver resection (LR) is considered the gold standard 
curative approach to numerous liver lesions. In 
recent years, liver surgeries have been steadily 
increasing for treatment of primary and secondary 
liver tumors1. Appropriate patient selection, 
advances in surgical and anesthetic techniques, use 
of minimally invasive surgery, and improvement in 
perioperative care have expanded the indication of 
liver resection2-3. However, despite the/technical 
improvements, major complication rates remain low 
after liver resection still range from 19 to 23.0% 
cases4-6, with mortality rates of approximately 6.0% 
cases6-10. However, postoperative morbidity remains 
high at around 12.5 to 66% cases11-12, including liver 
dysfunction13, renal dysfunction14 and bile leak15.
Early identification of patients at risk of 
complications gives an opportunity to further 
improve post-hepatectomy outcomes16. Multiple 
prognostic models have been developed to stratify 
risk of complication after hepatectomy13,17-19.  
Despite progress, precise prediction remains hard to 
achieve20. Lactic acid, produced during anaerobic 
metabolism in states of tissue hypoxia, is cleared 
mainly by the liver, kidneys21 and skeletal muscle. 
Hyperlactatemia is associated with increased 
mortality and morbidity in a critical care setting22-23 
in patients with liver failure24. Similar relationships 
have been shown in the post-operative setting 
following other major abdominal surgery12 and after 
hepatic transplantation25. Lactate measurement is 
strongly associated with clinical prognosis in 
critically ill patients and has become a central 
criterion for identifying shock26,27. Elevated lactate 
levels are recognized as a significant prognostic 
indicator of adverse postoperative outcomes, 
including mortality, in cardiac surgery patients28-29. 
More recently, arterial lactate levels at the end of 
liver transplantation have been found to predict 
primary liver graft function30. In Liver surgery, 
lactate measurement demands particular attention 
because of the liver’s pivotal role in lactate 
metabolism31. 
Although biochemical monitoring is routinely 
employed after elective hepatectomy to detect 
abnormal postoperative evolution, the reliability of 
current markers remains uncertain. Serum 
transaminase peaks (cytolysis) show no association 
with morbidity or mortality32, while other 
parameters such as prothrombin time, INR, and 
bilirubin become informative only after 
postoperative day 3 to 5. Outcomes after liver 
surgery depend on many different factors, yet no 
single scoring system captures them all. Tools like 

the ASA grade and the P-POSSUM score are widely 
used to estimate surgical risk33 and have also been 
applied to liver surgery. Still, these models may not 
fully reflect the unique challenges of liver resection. 
The ‘50–50 criteria,’ defined as a serum bilirubin 
level greater than 50 μmol/L and a prothrombin 
index below 50% on the fifth postoperative day, 
have been shown to correlate with mortality from 
post-hepatectomy liver failure (PHLF)13. However, 
a system that enables earlier prediction may be more 
clinically valuable in guiding timely interventions. 
In addition, mortality after liver resection is often 
driven by failure of multiple organ systems, 
underscoring the need for a comprehensive 
perioperative measure capable of predicting the risk 
of significant postoperative morbidity and 
mortality.
Clinicians thus require an earlier marker to 
anticipate adverse outcomes and intervene promptly 
to prevent post-hepatectomy liver failure (PHLF). 
In this regard, lactate measurement appears to be a 
promising parameter, as it can be assessed rapidly 
and routinely in clinical practice. There is no studies 
in our country to investigate the role of 
perioperative lactate levels as predictors of 
post-operative liver outcomes. The study aimed to 
evaluate whether serum arterial lactate 
measurement can predict post-hepatectomy early 
morbidity.

Methodology
Study Design: This was a cross-sectional study of 
patients who underwent liver resection at the 
Department of Hepatobiliary, Pancreatic and Liver 
Transplant Surgery at Bangladesh Medical 
University, Dhaka, Bangladesh, from September 
2022 to August 2023. Immunocompromised 
patients, including patients on Steroid therapy and 
patients with emergency surgery, were excluded 
from the study. Sample size calculation by 
Buderer’s formula. The final calculated sample size 
is 39. Before commencing the ethical clearance was 
taken IRB at Bangladesh Medical University, 
Dhaka, Bangladesh. After considering inclusion and 
exclusion criteria, a total of 37 participants 
undergoing liver resection were enrolled in the 
study. All participants received detailed information 
about the study objectives, procedures, potential 
risks, and benefits, and written informed consent 
was obtained prior to enrollment.
Patient evaluation and preparation for surgery: 
All patients underwent proper evaluation and 
prepared for surgery according to Departmental 
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Protocol. All patient evaluated through history 
taking, Physical examinations, laboratory 
investigations, and imaging studies properly. 
Preoperative diagnoses were recorded. Full 
optimization of the general condition of the patient 
to improve performance status was carried out. 
Biochemical parameters regarding anaesthetic 
fitness were within normal limits.
Surgical details:  All patients were operated on 
under general anesthesia in the same standard 
procedure for the LR b by a team of surgeons with 
experience in hepatobiliary and pancreatic surgery. 
The same team of surgeons carried out the 
follow-up. Liver resections were performed 
according to the Brisbane 2000 Terminology of 
Liver Anatomy and Resections. A major liver 
resection was defined as the removal of three or 
more liver segments, whether contiguous or 
non-contiguous. The abdomen was opened using 
one of several standard approaches-bilateral 
subcostal, modified Makuuchi (reverse L), or 
inverted T incision-selected at the discretion of the 
operating surgeon. A comprehensive exploration of 
the abdominal cavity, including careful inspection 
of the liver, was performed in all cases. Hepatic 
inflow and outflow control were applied when 
required, particularly during major resections. 
Parenchymal transection was performed using the 
Cavitron Ultrasonic Surgical Aspirator (CUSA), 
LigaSure, or the crush-and-clamp technique. 
Smaller vascular and biliary structures were divided 
with titanium clips, whereas larger structures were 
securely ligated, with meticulous attention to 
hemostasis and the prevention of bile leakage. All 
resected specimens were submitted for 
histopathological examination.
Blood sample collection: The serum lactate was 
recorded from an arterial blood sample taken 
immediately prior to abdominal closure or early in 
the postoperative room. To collect arterial blood, we 
first selected a hand with adequate radial artery 
pulsation. Disinfected the area by using 70% 
alcohol. We took a pre-heparinized syringe with a 
needle (20/23 or 25 gauge). Holding the syringe and 
needle like a dart, use the index finger to locate the 
pulse again, insert the needle at a 45-degree angle, 
approximately 1 cm distal to (i.e. away from) the 
index finger, to avoid contaminating the area where 
the needle enters the skin. After collecting blood, 
roll the specimen between the hands to gently mix 
it. Care was taken with the puncture site, and the 
sample was sent to the laboratory, maintaining 
standard laboratory protocol. 
Measurement of Arterial Lactate Concentration: 

Arterial lactate concentration (ALC) was measured 
from an arterial blood sample taken either 
immediately before abdominal closure or upon 
arrival in the high-dependency unit (HDU). In the 
normal population, arterial lactate levels are 
typically below 1.6 mmol/L, whereas elevated 
values are frequently observed in critical care 
settings. An ALC ≥ 3.8 mmol/L has been associated 
with adverse outcomes16, and postoperative ALC ≥ 
4.0 mmol/L has been linked to significantly higher 
rates of renal failure and mortality34.
Follow-up: The patients were kept overnight in the 
post-operative ward. All variables of interest were 
noted. Serum biochemistry and coagulation assays 
were performed on all patients within the first 24 
hours of surgery, and the tests were repeated based 
on the clinical course.
Post-operative Complications: The primary 
outcomes were 30-day major morbidity, defined as 
Clavien–Dindo grade III to V complications, and 
90-day mortality. The secondary outcome was the 
length of hospital stay (LOS), calculated from the 
day of surgery until discharge or in-hospital death. 
Surgical complications were considered as any 
deviation from the expected postoperative course 
within 30 days of liver resection, excluding events 
inherent to the procedure or failure to cure. Liver 
dysfunction was defined as an elevation of serum 
bilirubin greater than 2 mg/dl, prothrombin time 
exceeding 17 seconds, and an INR of ≥ 1.535. 
Post-hepatectomy liver failure (PHLF) was defined 
as impaired liver function characterized by elevated 
INR and concomitant hyperbilirubinemia (based on 
local laboratory reference ranges) occurring on or 
after postoperative day 5. Renal dysfunction was 
assessed according to the Risk, Injury, Failure, 
Loss, and End-stage kidney disease (RIFLE) 
criteria. For categorical analyses, renal dysfunction 
was defined as any increase in serum creatinine of ≥ 
1.5-fold from the preoperative baseline36. The 
length of hospital stay was measured from the day 
of surgery to the day of discharge. Stigmata of 
chronic liver disease, including clinical features 
such as spider angiomas, jaundice, scleral icterus, 
palmar erythema, gynecomastia, ascites, 
encephalopathy, and asterixis, were considered 
indicative of chronic liver disease. ASA score 
(2020) defines I – healthy; II – mild systemic 
disease; III – severe systemic disease; IV – severe 
disease, life-threatening; V – moribund, not 
expected to survive without surgery; VI – 
brain-dead, organ donor. Bile leakage is defined as 
a bilirubin concentration in the drain fluid at least 
three times higher than the serum bilirubin on or 
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dysfunction was defined as an elevation of serum 
bilirubin greater than 2 mg/dl, prothrombin time 
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indicative of chronic liver disease. ASA score 
(2020) defines I – healthy; II – mild systemic 
disease; III – severe systemic disease; IV – severe 
disease, life-threatening; V – moribund, not 
expected to survive without surgery; VI – 
brain-dead, organ donor. Bile leakage is defined as 
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alcohol. We took a pre-heparinized syringe with a 
needle (20/23 or 25 gauge). Holding the syringe and 
needle like a dart, use the index finger to locate the 
pulse again, insert the needle at a 45-degree angle, 
approximately 1 cm distal to (i.e. away from) the 
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deviation from the expected postoperative course 
within 30 days of liver resection, excluding events 
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Post-hepatectomy liver failure (PHLF) was defined 
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after postoperative day 5. Renal dysfunction was 
assessed according to the Risk, Injury, Failure, 
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chronic liver disease, including clinical features 
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indicative of chronic liver disease. ASA score 
(2020) defines I – healthy; II – mild systemic 
disease; III – severe systemic disease; IV – severe 
disease, life-threatening; V – moribund, not 
expected to survive without surgery; VI – 
brain-dead, organ donor. Bile leakage is defined as 
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after postoperative day 3, or the need for radiologic 
or operative intervention due to biliary collections 
or bile peritonitis15. Post-hepatectomy hemorrhage 
was defined as a postoperative hemoglobin drop of 
more than 3 g/dl compared with baseline, and/or the 
need for transfusion of packed red blood cells, 
radiological intervention (e.g., embolization), or 
re-laparotomy to control bleeding. All of the 
information was gathered on a well- structured 
questionnaire sheet. The highest level of 
confidentiality and ethical standards were 
maintained during data storage and analysis
Statistical analysis: After compilation and 
cleaning, the dataset for analysis was prepared in 
Microsoft Excel 2019. All statistical analyses were 
performed using IBM SPSS Statistics version 23. 
Categorical variables were reported as percentages, 
and continuous variables with a normal distribution 
were presented as mean ± standard deviation. 
Associations between operative variables and an 
arterial lactate concentration ≥4.0 mmol/L were 
assessed using the chi‑square test or Fisher’s exact 
test as appropriate. All tests were two‑sided; results 
were reported with 95% confidence intervals, and a 
p-value <0.05 was considered statistically 
significant.
Ethical Consideration: Ethical clearance was 
obtained from the Institutional Review Board of 
Bangladesh Medical University (IRB registration 
no. 4013; memo no. BSMMU/2022/9133; dated 
07‑09‑2022).

Results
Among 37 patients who underwent elective liver 
resection, the average age was 47 years (range 
20–74), with a normal mean BMI of 21.8 kg/m². 
Women made up nearly two‑thirds of the group. 
Hypertension and diabetes were common, affecting 
about half and one‑third of patients, respectively. 
Most presented with abdominal pain, while a 
smaller proportion had abdominal lumps, systemic 
symptoms, or were asymptomatic. Benign 
conditions were the leading indication (27 cases, 
78%), most often hepatolithiasis (13 cases, 
predominantly left‑sided). Other benign causes 
included giant hepatic haemangioma and 
gallbladder carcinoma. Malignant disease 
accounted for 8 cases (22%), all due to 
hepatocellular carcinoma. Preoperative blood work 
was generally within normal limits, except for mild 
elevations in ALT and ALP, consistent with 
underlying hepatobiliary disease. Surgically, 29 
(78%) were minor resections, and 8 (22%) were 

major resections. Using Brisbane 2000 terminology, 
the most frequent single procedure was left lateral 
sectionectomy (14 cases, 37.8%), followed by right 
hepatectomy (5 cases, 13.5%) and extended 
cholecystectomy (5 cases, 13.5%) (Table 1).
Blood tests were done on postoperative day (POD) 
1, 3, and 5 to monitor liver and kidney function; all 
patients had samples on POD1, and only those with 
abnormal results were rechecked on later days. 
Bilirubin was highest early after surgery (mean 1.46 
mg/dl on POD1) and showed a steady decline by 
POD5 (1.19 mg/dl), suggesting an early peak with 
gradual recovery. Prothrombin time fell slightly by 
POD3 (14.72 → 13.35 seconds) then rose again on 
POD5 (14.50 seconds), but changes were small and 
not suggestive of progressive coagulopathy. 
Creatinine remained essentially stable across 
measurements (around 1.3 mg/dl), indicating 
preserved renal function (Table 2).
Observing key postoperative measures and 
complications for the 37 patients shows, mean peak 
values were bilirubin 1.46 ± 0.73 mg/dl, 
prothrombin time 14.72 ± 3.23 s, and creatinine 
1.30 ± 0.72 mg/dl; the average length of stay was 
12.24 ± 3.48 days. Regarding renal function, 29 
(78.4%) had no dysfunction, 7 (18.9%) met the 
“risk” criterion (creatinine ≥1.5× baseline), and 1 
(2.7%) met the “injury” criterion (>2× baseline); no 
patients reached the “failure” threshold. Liver 
dysfunction occurred in 13 (35.1%): 10 (27.0%) had 
bilirubin ≥2 mg/dl, and 5 (13.5%) had prolonged 
coagulation (PT >17 s and/or INR ≥1.5). Overall, 19 
(51.3%) patients had an uncomplicated 
postoperative course, while 18 (48.7%) experienced 
one or more complications; 5 (13.5%) had multiple 
morbidities. The most common complications were 
liver dysfunction (13; 35.1%) and renal dysfunction 
(8; 21.6%), with wound problems and minor 
pulmonary issues occurring less frequently. - do not 
integrate the table number (Table 3).
The mean lactate concentration was 3.97 ± 1.28 
mmol/L, with values ranging from 1.67 to 6.30 
mmol/L. A majority of patients (22; 60%) had 
lactate levels below 4 mmol/L, while the remaining 
(15; 40%) demonstrated levels ≥4 mmol/L (Table 
4).
The study further examined how rising arterial 
lactate levels related to postoperative organ 
dysfunction. When lactate remained below 4 
mmol/L, the probability of liver dysfunction was 
low (0.13; 3 of 22 patients) and renal dysfunction 
did not occur. At concentrations between 4.0–4.9 
mmol/L, the likelihood of liver dysfunction 
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(51.3%) patients had an uncomplicated 
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Categorical variables were reported as percentages, 
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significant.
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Results
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resection, the average age was 47 years (range 
20–74), with a normal mean BMI of 21.8 kg/m². 
Women made up nearly two‑thirds of the group. 
Hypertension and diabetes were common, affecting 
about half and one‑third of patients, respectively. 
Most presented with abdominal pain, while a 
smaller proportion had abdominal lumps, systemic 
symptoms, or were asymptomatic. Benign 
conditions were the leading indication (27 cases, 
78%), most often hepatolithiasis (13 cases, 
predominantly left‑sided). Other benign causes 
included giant hepatic haemangioma and 
gallbladder carcinoma. Malignant disease 
accounted for 8 cases (22%), all due to 
hepatocellular carcinoma. Preoperative blood work 
was generally within normal limits, except for mild 
elevations in ALT and ALP, consistent with 
underlying hepatobiliary disease. Surgically, 29 
(78%) were minor resections, and 8 (22%) were 
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preserved renal function (Table 2).
Observing key postoperative measures and 
complications for the 37 patients shows, mean peak 
values were bilirubin 1.46 ± 0.73 mg/dl, 
prothrombin time 14.72 ± 3.23 s, and creatinine 
1.30 ± 0.72 mg/dl; the average length of stay was 
12.24 ± 3.48 days. Regarding renal function, 29 
(78.4%) had no dysfunction, 7 (18.9%) met the 
“risk” criterion (creatinine ≥1.5× baseline), and 1 
(2.7%) met the “injury” criterion (>2× baseline); no 
patients reached the “failure” threshold. Liver 
dysfunction occurred in 13 (35.1%): 10 (27.0%) had 
bilirubin ≥2 mg/dl, and 5 (13.5%) had prolonged 
coagulation (PT >17 s and/or INR ≥1.5). Overall, 19 
(51.3%) patients had an uncomplicated 
postoperative course, while 18 (48.7%) experienced 
one or more complications; 5 (13.5%) had multiple 
morbidities. The most common complications were 
liver dysfunction (13; 35.1%) and renal dysfunction 
(8; 21.6%), with wound problems and minor 
pulmonary issues occurring less frequently. - do not 
integrate the table number (Table 3).
The mean lactate concentration was 3.97 ± 1.28 
mmol/L, with values ranging from 1.67 to 6.30 
mmol/L. A majority of patients (22; 60%) had 
lactate levels below 4 mmol/L, while the remaining 
(15; 40%) demonstrated levels ≥4 mmol/L (Table 
4).
The study further examined how rising arterial 
lactate levels related to postoperative organ 
dysfunction. When lactate remained below 4 
mmol/L, the probability of liver dysfunction was 
low (0.13; 3 of 22 patients) and renal dysfunction 
did not occur. At concentrations between 4.0–4.9 
mmol/L, the likelihood of liver dysfunction 

after postoperative day 3, or the need for radiologic 
or operative intervention due to biliary collections 
or bile peritonitis15. Post-hepatectomy hemorrhage 
was defined as a postoperative hemoglobin drop of 
more than 3 g/dl compared with baseline, and/or the 
need for transfusion of packed red blood cells, 
radiological intervention (e.g., embolization), or 
re-laparotomy to control bleeding. All of the 
information was gathered on a well- structured 
questionnaire sheet. The highest level of 
confidentiality and ethical standards were 
maintained during data storage and analysis
Statistical analysis: After compilation and 
cleaning, the dataset for analysis was prepared in 
Microsoft Excel 2019. All statistical analyses were 
performed using IBM SPSS Statistics version 23. 
Categorical variables were reported as percentages, 
and continuous variables with a normal distribution 
were presented as mean ± standard deviation. 
Associations between operative variables and an 
arterial lactate concentration ≥4.0 mmol/L were 
assessed using the chi‑square test or Fisher’s exact 
test as appropriate. All tests were two‑sided; results 
were reported with 95% confidence intervals, and a 
p-value <0.05 was considered statistically 
significant.
Ethical Consideration: Ethical clearance was 
obtained from the Institutional Review Board of 
Bangladesh Medical University (IRB registration 
no. 4013; memo no. BSMMU/2022/9133; dated 
07‑09‑2022).

Results
Among 37 patients who underwent elective liver 
resection, the average age was 47 years (range 
20–74), with a normal mean BMI of 21.8 kg/m². 
Women made up nearly two‑thirds of the group. 
Hypertension and diabetes were common, affecting 
about half and one‑third of patients, respectively. 
Most presented with abdominal pain, while a 
smaller proportion had abdominal lumps, systemic 
symptoms, or were asymptomatic. Benign 
conditions were the leading indication (27 cases, 
78%), most often hepatolithiasis (13 cases, 
predominantly left‑sided). Other benign causes 
included giant hepatic haemangioma and 
gallbladder carcinoma. Malignant disease 
accounted for 8 cases (22%), all due to 
hepatocellular carcinoma. Preoperative blood work 
was generally within normal limits, except for mild 
elevations in ALT and ALP, consistent with 
underlying hepatobiliary disease. Surgically, 29 
(78%) were minor resections, and 8 (22%) were 

major resections. Using Brisbane 2000 terminology, 
the most frequent single procedure was left lateral 
sectionectomy (14 cases, 37.8%), followed by right 
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Table 1: Distribution Of the Study Population According to Clinic-Demographic Characteristics
Value

46.8±12.6
13(35.1%)
24(64.9%)
21.8 ± 3.4

13(35.1%)
18(48.6%)

1(2.7%)

29(78.3%)
7(18.9%)
6(16.2%)
3(8.1%)
2(5.4%)
3(8.1%)
1(2.7%)
1(2.7%)

13(35%)
7(19%)

8(21.6%)
5(13.5%)
3(11%)
1(2.7%)

11.98 ± 1.21
37.93 ± 1.78
4.35 ± 1.24
8.10 ± 2.56

248.70 ± 98.42
81.82 ± 62.77

151.0 ± 124.66
0.86 ± 0.33

12.43 ± 1.94
1.03 ± 0.19
3.64 ± 0.50
0.75 ± 0.51

11(29.7%)
26(70.3%)

8(21.6%)
6(16.2%)
1(2.7%)
1(2.7%)

29(78.4%)
5(13.5%)
2(5.4%)
2(5.4%)
1(2.7%)

Normal Range
 -
 -
 -
 -

 -
 -
 -

 -
 -
 -
 -
 -
 -
 -
 -

 -
 -
 -
 -
 -
 -

12-16 g/dl
37-50 %

4.5-5.5 x 1012 /L
4.5-11 x 109 /L

150-450 x 109 /L
< 45 U/L

20-120 U/L
0.7-1.2 mg/dl
12.00 Seconds

<1.2 
3.5-5.2 g/L

0.12-1.2 mg/dl

-
-

-
-
-
-
-
-
-
-
-

Variables
Age(years), Mean±SD
Male, n (%)
Female, n (%)
BMI (kg/m²), Mean ± SD
Comorbidities
• Diabetes mellitus
• Hypertension
• Ischaemic Heart disease
Other Complaints(multiple response), n (%)
• Abdominal pain
• Abdominal lump
• Fever
• Weight loss 
• Anorexia
• Asymptomatic
• Early satiety
• Jaundice
Preoperative diagnosis, n (%)
• Hepatolithiasis 
• Giant Haemangioma
• Hepatocellular Carcinoma
• Gallbladder Carcinoma  
• Post-operative Biliary Stricture
• Simple cyst
Laboratory findings
• Haemoglobin, gm/dl
• Haematocrit
• Red blood cell
• White blood cell
• Platelet
• Alanine Aminotransferase (ALT)
• Alkaline Phosphatase (ALP)
• S. Creatinine
• Prothrombin time
• International Normalized Ratio (INR)
• Serum albumin
• Serum total bilirubin
Liver resection type, n (%)
• Anatomical
• Non-anatomical
Extent of resection, n (%)
  Major (≥ 3 segments)
• Right hepatectomy
• Left hepatectomy
• Trisectionectomy
Minor (< 3 segments)
• Extended cholecystectomy
• Liver resection for Hepatocellular carcinoma
• Liver resection for Haemangioma
• Liver resection for simple cyst



increased to 0.25 (1 of 4), and renal dysfunction 
appeared at the same rate (0.25; 1 of 4). With higher 
lactate levels, the risk rose progressively. At ≥6 
mmol/L, the probability of liver dysfunction 
reached 1.0 (3 of 3), while renal dysfunction was 
present in two‑thirds of patients (0.66; 2 of 3). In 
summary, the data demonstrate a clear 
dose‑response relationship: higher postoperative 
lactate concentrations were strongly associated with 
increased risk of both liver and renal dysfunction, 
with the greatest risk observed at levels ≥6 mmol/L 
(Figure I).
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Table 4: Distribution of Arterial Lactate 
Concentration Following Liver Resection (n=37)

Lactate concentration
(mmol/L) 
Mean (±Standard deviation) 
Range(min-max)
< 4
≥ 4

Value

3.97 (±1.28) 
1.67 to 6.30

22(60%)
15(40%)

Table 2: Post-operative hematological and biochemical parameters of patients undergoing Liver Resection (LR)
Blood parameter
Bilirubin (mg/dl)

Prothrombin time, Second

Creatinine(mg/dl)

POD 1
N=37

1.46± 0.73
N=37

14.72 ± 3.23
N=37

1.30 ± 0.72 

POD 5
N=16

1.19±0.63
N=10

14.50 ± 1.64
N=9

1.27 ± 0.38

POD 3
N=28

1.23 ± 0.50
N=33

13.35 ± 2.30
N=11

1.32 ± 0.48

Table 3: Post-operative outcomes after liver resection (N=37)
Variables
Peak Bilirubin (mg/dl)
Peak Prothrombin time (s)
Peak creatinine
Length of hospital stay
*Renal Dysfunction 
• None
• Risk (>1.5x Preoperative creatinine)
• Injury (>2x Preoperative creatinine)
• Failure (>3x Preoperative creatinine)
ηLiver Dysfunction
• None
• Bilirubin ≥ 2
• Prothrombin time> 17
• INR≥ 1.5
Operative Outcomes
 No complication
Complications (Multiple responses)
• Liver dysfunction
• Renal dysfunction
• Wound infection
• Wound dehiscence 
• Atelectasis
• Bile Leak
• Ascites

Median(range)
1.4 (0.5-3.0)
13.8 (11-25)

1.1 (0.48-3.10)
12 (6-21)

0

Mean ± SD
1.46 ± 0.73

14.72 ± 3.23
1.30 ± 0.72

12.24 ± 3.48

29(78.38%)
7(18.92%)
1(2.70%)

0

24(64.8%)
10(27.0%)
5(13.5%)
5(13.5%)

19(51.3%)
18(49.7%)
13(35.1%)
8(21.6%)
4(13.8%)
4(13.8%)
1(2.7%)
1(2.7%)
1(2.7%)

* means   Creatinine 1.5 times higher than preoperative value (Risk), Injury (>2x Preoperative creatinine), Failure (>3x Preoperative 
creatinine); η means Bilirubin ≥ 2, PT >17, INR 1.5   preoperative value.
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Regression analysis revealed that the initial lactate 
concentration was noted to be associated with all 
recorded outcome measures. In this study, we found 
that there was a weak correlation between initial 
lactate and both bilirubin (P < 0.648) and length of 
hospital stay (P <0.178). But there is a strong 
association between initial lactate and peak 
prothrombin time ( P < 0.016). However, renal 
dysfunction after liver resection has a highly 
positive correlation with lactate concentration (P < 
0.003) (Table 5).

Chi‑square and Fisher’s exact tests were performed 
to assess the relationship between arterial lactate 
levels and postoperative organ dysfunction. Among 
the 13 patients with liver dysfunction, 10 (67%) had 
lactate concentrations ≥4 mmol/L, a statistically 

significant association (P = 0.001). Similarly, renal 
dysfunction was observed only in patients with 
lactate ≥4 mmol/L, while none of those with lactate 
<4 mmol/L developed renal impairment. This 
association was highly significant (P = 0.000).In 
summary, elevated lactate concentrations (≥4 
mmol/L) were strongly linked to both liver and 
renal dysfunction, underscoring lactate as a reliable 
predictor of adverse postoperative outcomes (Table 
6).
The study also examines the relationship between 
lactate concentration (≥4 vs <4 mmol/L) and 
selected patient and operative characteristics. 
Among demographic variables, male sex was 
significantly associated with higher lactate levels (P 
<0.001). Age, hypertension, diabetes, and ischemic 
heart disease showed no significant associations. In 
terms of operative factors, patients undergoing 
anatomical resections (P = 0.009), major resections 
(P <0.001), and those with nodular liver 
parenchyma (P = 0.007) were significantly more 
likely to have lactate concentrations ≥4 mmol/L. In 
summary, elevated lactate levels were strongly 
linked to male gender and specific operative 
features—particularly anatomical and major 
resections, as well as nodular liver—while baseline 
comorbidities did not show significant associations 
(Table 7).
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Figure I:  Probability of renal and liver dysfunction after liver resection according to lactate 
concentration.

Table 2: Post-operative hematological and biochemical parameters of patients undergoing Liver Resection (LR)
Lactate Concentration
(N=37)
Lactate con. <4
Lactate con. ≥ 4
Total

Yes
3(14.0%)

10(67.0%)
13

No
19(86.0%)
5(33.0%)

24

Liver dysfunction Renal dysfunction
P value
0.001

Yes
0(0.0%)

8(53.0%)
8

No
22(100.0%)

7(47.0%)
29

P value
0.00

Table 5: Univariate Analysis of the Association 
Between Lactate and Postoperative Outcomes Of 
The Study Participants Undergoing Liver Resection

Postoperative outcome
Variables
Peak bilirubin
Peak prothrombin time
Length of hospital stay
Renal dysfunction

Coefficient
± SE

0.12± 0.27
0.14 ± 0.06
0.07 ± 0.05
0.75 ± 0.24

P value

0.648
0.016
0.178
0.003
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Discussion
The principal findings of this study is that higher 
initial serum lactate concentration after liver resection 
is associated with an increased risk of liver and renal 
dysfunction. Our univariate analysis showed that 
higher perioperative lactate was linked to worse 
postoperative outcomes after liver resection, most 
notably with peak prothrombin time and 
postoperative renal dysfunction. This finding fits with 
earlier observations that hepatectomy causes a 
transient drop in the liver’s synthetic capacity, 
reducing production of clotting factors and regulatory 
proteins and producing a characteristic rise in PT 
INR37. A systematic review has further shown that 
early postoperative lactate reliably predicts morbidity 
and mortality after hepatectomy, supporting its use as 
a simple bedside biomarker to identify patients who 
may need closer monitoring for hepatic and renal 
complications31. On the other hand, postoperative 
renal dysfunction is a major complication following 

liver resection, of which the incidence is reported to 
be approximately 8.7 to 15% cases38.
About 22.0% of patients in our cohort developed both 
liver and renal dysfunction after hepatectomy. 
Arterial lactate concentration higher than 4.0 mmol/L 
after liver resection is associated with an increased 
risk of liver and renal dysfunction and may result in a 
longer hospital stay. Several authors have shown that 
high lactate concentration at the end of hepatectomy 
or in the early postoperative phase can be variably 
associated with renal and hepatic dysfunctions, 
postoperative peaks in serum bilirubin concentration, 
length of hospital stay, and mortality31,39.
Previous studies reported similar findings in a series 
of patients with a very low postoperative mortality 
rate. However, Watanabe et al38 in 2007 examined for 
the first time the relationships between lactate level 
and outcome in liver resection. Similarly, Lemke et 
al16 suggested that a lactate value ≥ 3.8 mmol/L was 
associated with an adverse outcome. Also, Wiggans et 
al34 reported a significantly higher rate of renal 
failure and mortality in patients with a postoperative 
arterial lactate concentration ≥ 4.0 mmol/L in 
comparison with those with arterial lactate levels less 
than 4 mmol/L, and risk rose further at very high 
values (for example, ≥6.0 mmol/L). 
In univariate analysis, an arterial lactate concentration 
≥4.0 mmol/L at the end of surgery was significantly 
associated with anatomical resection, major 
hepatectomy, and a nodular liver. Anatomical 
resections often require earlier and longer vascular 
inflow occlusion to minimize blood loss, leaving the 
remnant segment relatively hypoxic; major resections 
take longer and entail greater blood and fluid 
replacement and a smaller residual liver volume; 
nodularity on inspection commonly reflects chronic 
liver disease with reduced metabolic reserve. 
Together, these issues increase lactate production 
through tissue hypoxia and reduce hepatic lactate 
clearance, thereby raising the risk of postoperative 
hepatic and renal dysfunction. These observations are 
consistent with prior reports linking perioperative 
hyperlactatemia to worse postoperative liver and 
kidney outcomes and longer hospital stay.
This study found that 61.5% of males and 16.7% of 
females developed liver dysfunction after liver 
resection, and this was statistically significant. 
Studies found that sex-specific hormonal conditions 
can also affect recovery and outcome after surgery40. 
For instance, it has been reported that estrogen is 
hepatoprotective and improves survival following 
liver ischemia-reperfusion (IR), possibly by 
suppressing cellular oxidative stress41.
We have performed elective liver resections chiefly 

Discussion
The principal findings of this study is that higher 
initial serum lactate concentration after liver resection 
is associated with an increased risk of liver and renal 
dysfunction. Our univariate analysis showed that 
higher perioperative lactate was linked to worse 
postoperative outcomes after liver resection, most 
notably with peak prothrombin time and 
postoperative renal dysfunction. This finding fits with 
earlier observations that hepatectomy causes a 
transient drop in the liver’s synthetic capacity, 
reducing production of clotting factors and regulatory 
proteins and producing a characteristic rise in PT 
INR37. A systematic review has further shown that 
early postoperative lactate reliably predicts morbidity 
and mortality after hepatectomy, supporting its use as 
a simple bedside biomarker to identify patients who 
may need closer monitoring for hepatic and renal 
complications31. On the other hand, postoperative 
renal dysfunction is a major complication following 

liver resection, of which the incidence is reported to 
be approximately 8.7 to 15% cases38.
About 22.0% of patients in our cohort developed both 
liver and renal dysfunction after hepatectomy. 
Arterial lactate concentration higher than 4.0 mmol/L 
after liver resection is associated with an increased 
risk of liver and renal dysfunction and may result in a 
longer hospital stay. Several authors have shown that 
high lactate concentration at the end of hepatectomy 
or in the early postoperative phase can be variably 
associated with renal and hepatic dysfunctions, 
postoperative peaks in serum bilirubin concentration, 
length of hospital stay, and mortality31,39.
Previous studies reported similar findings in a series 
of patients with a very low postoperative mortality 
rate. However, Watanabe et al38 in 2007 examined for 
the first time the relationships between lactate level 
and outcome in liver resection. Similarly, Lemke et 
al16 suggested that a lactate value ≥ 3.8 mmol/L was 
associated with an adverse outcome. Also, Wiggans et 
al34 reported a significantly higher rate of renal 
failure and mortality in patients with a postoperative 
arterial lactate concentration ≥ 4.0 mmol/L in 
comparison with those with arterial lactate levels less 
than 4 mmol/L, and risk rose further at very high 
values (for example, ≥6.0 mmol/L). 
In univariate analysis, an arterial lactate concentration 
≥4.0 mmol/L at the end of surgery was significantly 
associated with anatomical resection, major 
hepatectomy, and a nodular liver. Anatomical 
resections often require earlier and longer vascular 
inflow occlusion to minimize blood loss, leaving the 
remnant segment relatively hypoxic; major resections 
take longer and entail greater blood and fluid 
replacement and a smaller residual liver volume; 
nodularity on inspection commonly reflects chronic 
liver disease with reduced metabolic reserve. 
Together, these issues increase lactate production 
through tissue hypoxia and reduce hepatic lactate 
clearance, thereby raising the risk of postoperative 
hepatic and renal dysfunction. These observations are 
consistent with prior reports linking perioperative 
hyperlactatemia to worse postoperative liver and 
kidney outcomes and longer hospital stay.
This study found that 61.5% of males and 16.7% of 
females developed liver dysfunction after liver 
resection, and this was statistically significant. 
Studies found that sex-specific hormonal conditions 
can also affect recovery and outcome after surgery40. 
For instance, it has been reported that estrogen is 
hepatoprotective and improves survival following 
liver ischemia-reperfusion (IR), possibly by 
suppressing cellular oxidative stress41.
We have performed elective liver resections chiefly 

Discussion
The principal findings of this study is that higher 
initial serum lactate concentration after liver resection 
is associated with an increased risk of liver and renal 
dysfunction. Our univariate analysis showed that 
higher perioperative lactate was linked to worse 
postoperative outcomes after liver resection, most 
notably with peak prothrombin time and 
postoperative renal dysfunction. This finding fits with 
earlier observations that hepatectomy causes a 
transient drop in the liver’s synthetic capacity, 
reducing production of clotting factors and regulatory 
proteins and producing a characteristic rise in PT 
INR37. A systematic review has further shown that 
early postoperative lactate reliably predicts morbidity 
and mortality after hepatectomy, supporting its use as 
a simple bedside biomarker to identify patients who 
may need closer monitoring for hepatic and renal 
complications31. On the other hand, postoperative 
renal dysfunction is a major complication following 

liver resection, of which the incidence is reported to 
be approximately 8.7 to 15% cases38.
About 22.0% of patients in our cohort developed both 
liver and renal dysfunction after hepatectomy. 
Arterial lactate concentration higher than 4.0 mmol/L 
after liver resection is associated with an increased 
risk of liver and renal dysfunction and may result in a 
longer hospital stay. Several authors have shown that 
high lactate concentration at the end of hepatectomy 
or in the early postoperative phase can be variably 
associated with renal and hepatic dysfunctions, 
postoperative peaks in serum bilirubin concentration, 
length of hospital stay, and mortality31,39.
Previous studies reported similar findings in a series 
of patients with a very low postoperative mortality 
rate. However, Watanabe et al38 in 2007 examined for 
the first time the relationships between lactate level 
and outcome in liver resection. Similarly, Lemke et 
al16 suggested that a lactate value ≥ 3.8 mmol/L was 
associated with an adverse outcome. Also, Wiggans et 
al34 reported a significantly higher rate of renal 
failure and mortality in patients with a postoperative 
arterial lactate concentration ≥ 4.0 mmol/L in 
comparison with those with arterial lactate levels less 
than 4 mmol/L, and risk rose further at very high 
values (for example, ≥6.0 mmol/L). 
In univariate analysis, an arterial lactate concentration 
≥4.0 mmol/L at the end of surgery was significantly 
associated with anatomical resection, major 
hepatectomy, and a nodular liver. Anatomical 
resections often require earlier and longer vascular 
inflow occlusion to minimize blood loss, leaving the 
remnant segment relatively hypoxic; major resections 
take longer and entail greater blood and fluid 
replacement and a smaller residual liver volume; 
nodularity on inspection commonly reflects chronic 
liver disease with reduced metabolic reserve. 
Together, these issues increase lactate production 
through tissue hypoxia and reduce hepatic lactate 
clearance, thereby raising the risk of postoperative 
hepatic and renal dysfunction. These observations are 
consistent with prior reports linking perioperative 
hyperlactatemia to worse postoperative liver and 
kidney outcomes and longer hospital stay.
This study found that 61.5% of males and 16.7% of 
females developed liver dysfunction after liver 
resection, and this was statistically significant. 
Studies found that sex-specific hormonal conditions 
can also affect recovery and outcome after surgery40. 
For instance, it has been reported that estrogen is 
hepatoprotective and improves survival following 
liver ischemia-reperfusion (IR), possibly by 
suppressing cellular oxidative stress41.
We have performed elective liver resections chiefly 

Discussion
The principal findings of this study is that higher 
initial serum lactate concentration after liver resection 
is associated with an increased risk of liver and renal 
dysfunction. Our univariate analysis showed that 
higher perioperative lactate was linked to worse 
postoperative outcomes after liver resection, most 
notably with peak prothrombin time and 
postoperative renal dysfunction. This finding fits with 
earlier observations that hepatectomy causes a 
transient drop in the liver’s synthetic capacity, 
reducing production of clotting factors and regulatory 
proteins and producing a characteristic rise in PT 
INR37. A systematic review has further shown that 
early postoperative lactate reliably predicts morbidity 
and mortality after hepatectomy, supporting its use as 
a simple bedside biomarker to identify patients who 
may need closer monitoring for hepatic and renal 
complications31. On the other hand, postoperative 
renal dysfunction is a major complication following 

liver resection, of which the incidence is reported to 
be approximately 8.7 to 15% cases38.
About 22.0% of patients in our cohort developed both 
liver and renal dysfunction after hepatectomy. 
Arterial lactate concentration higher than 4.0 mmol/L 
after liver resection is associated with an increased 
risk of liver and renal dysfunction and may result in a 
longer hospital stay. Several authors have shown that 
high lactate concentration at the end of hepatectomy 
or in the early postoperative phase can be variably 
associated with renal and hepatic dysfunctions, 
postoperative peaks in serum bilirubin concentration, 
length of hospital stay, and mortality31,39.
Previous studies reported similar findings in a series 
of patients with a very low postoperative mortality 
rate. However, Watanabe et al38 in 2007 examined for 
the first time the relationships between lactate level 
and outcome in liver resection. Similarly, Lemke et 
al16 suggested that a lactate value ≥ 3.8 mmol/L was 
associated with an adverse outcome. Also, Wiggans et 
al34 reported a significantly higher rate of renal 
failure and mortality in patients with a postoperative 
arterial lactate concentration ≥ 4.0 mmol/L in 
comparison with those with arterial lactate levels less 
than 4 mmol/L, and risk rose further at very high 
values (for example, ≥6.0 mmol/L). 
In univariate analysis, an arterial lactate concentration 
≥4.0 mmol/L at the end of surgery was significantly 
associated with anatomical resection, major 
hepatectomy, and a nodular liver. Anatomical 
resections often require earlier and longer vascular 
inflow occlusion to minimize blood loss, leaving the 
remnant segment relatively hypoxic; major resections 
take longer and entail greater blood and fluid 
replacement and a smaller residual liver volume; 
nodularity on inspection commonly reflects chronic 
liver disease with reduced metabolic reserve. 
Together, these issues increase lactate production 
through tissue hypoxia and reduce hepatic lactate 
clearance, thereby raising the risk of postoperative 
hepatic and renal dysfunction. These observations are 
consistent with prior reports linking perioperative 
hyperlactatemia to worse postoperative liver and 
kidney outcomes and longer hospital stay.
This study found that 61.5% of males and 16.7% of 
females developed liver dysfunction after liver 
resection, and this was statistically significant. 
Studies found that sex-specific hormonal conditions 
can also affect recovery and outcome after surgery40. 
For instance, it has been reported that estrogen is 
hepatoprotective and improves survival following 
liver ischemia-reperfusion (IR), possibly by 
suppressing cellular oxidative stress41.
We have performed elective liver resections chiefly 

Discussion
The principal findings of this study is that higher 
initial serum lactate concentration after liver resection 
is associated with an increased risk of liver and renal 
dysfunction. Our univariate analysis showed that 
higher perioperative lactate was linked to worse 
postoperative outcomes after liver resection, most 
notably with peak prothrombin time and 
postoperative renal dysfunction. This finding fits with 
earlier observations that hepatectomy causes a 
transient drop in the liver’s synthetic capacity, 
reducing production of clotting factors and regulatory 
proteins and producing a characteristic rise in PT 
INR37. A systematic review has further shown that 
early postoperative lactate reliably predicts morbidity 
and mortality after hepatectomy, supporting its use as 
a simple bedside biomarker to identify patients who 
may need closer monitoring for hepatic and renal 
complications31. On the other hand, postoperative 
renal dysfunction is a major complication following 

liver resection, of which the incidence is reported to 
be approximately 8.7 to 15% cases38.
About 22.0% of patients in our cohort developed both 
liver and renal dysfunction after hepatectomy. 
Arterial lactate concentration higher than 4.0 mmol/L 
after liver resection is associated with an increased 
risk of liver and renal dysfunction and may result in a 
longer hospital stay. Several authors have shown that 
high lactate concentration at the end of hepatectomy 
or in the early postoperative phase can be variably 
associated with renal and hepatic dysfunctions, 
postoperative peaks in serum bilirubin concentration, 
length of hospital stay, and mortality31,39.
Previous studies reported similar findings in a series 
of patients with a very low postoperative mortality 
rate. However, Watanabe et al38 in 2007 examined for 
the first time the relationships between lactate level 
and outcome in liver resection. Similarly, Lemke et 
al16 suggested that a lactate value ≥ 3.8 mmol/L was 
associated with an adverse outcome. Also, Wiggans et 
al34 reported a significantly higher rate of renal 
failure and mortality in patients with a postoperative 
arterial lactate concentration ≥ 4.0 mmol/L in 
comparison with those with arterial lactate levels less 
than 4 mmol/L, and risk rose further at very high 
values (for example, ≥6.0 mmol/L). 
In univariate analysis, an arterial lactate concentration 
≥4.0 mmol/L at the end of surgery was significantly 
associated with anatomical resection, major 
hepatectomy, and a nodular liver. Anatomical 
resections often require earlier and longer vascular 
inflow occlusion to minimize blood loss, leaving the 
remnant segment relatively hypoxic; major resections 
take longer and entail greater blood and fluid 
replacement and a smaller residual liver volume; 
nodularity on inspection commonly reflects chronic 
liver disease with reduced metabolic reserve. 
Together, these issues increase lactate production 
through tissue hypoxia and reduce hepatic lactate 
clearance, thereby raising the risk of postoperative 
hepatic and renal dysfunction. These observations are 
consistent with prior reports linking perioperative 
hyperlactatemia to worse postoperative liver and 
kidney outcomes and longer hospital stay.
This study found that 61.5% of males and 16.7% of 
females developed liver dysfunction after liver 
resection, and this was statistically significant. 
Studies found that sex-specific hormonal conditions 
can also affect recovery and outcome after surgery40. 
For instance, it has been reported that estrogen is 
hepatoprotective and improves survival following 
liver ischemia-reperfusion (IR), possibly by 
suppressing cellular oxidative stress41.
We have performed elective liver resections chiefly 

Discussion
The principal findings of this study is that higher 
initial serum lactate concentration after liver resection 
is associated with an increased risk of liver and renal 
dysfunction. Our univariate analysis showed that 
higher perioperative lactate was linked to worse 
postoperative outcomes after liver resection, most 
notably with peak prothrombin time and 
postoperative renal dysfunction. This finding fits with 
earlier observations that hepatectomy causes a 
transient drop in the liver’s synthetic capacity, 
reducing production of clotting factors and regulatory 
proteins and producing a characteristic rise in PT 
INR37. A systematic review has further shown that 
early postoperative lactate reliably predicts morbidity 
and mortality after hepatectomy, supporting its use as 
a simple bedside biomarker to identify patients who 
may need closer monitoring for hepatic and renal 
complications31. On the other hand, postoperative 
renal dysfunction is a major complication following 

liver resection, of which the incidence is reported to 
be approximately 8.7 to 15% cases38.
About 22.0% of patients in our cohort developed both 
liver and renal dysfunction after hepatectomy. 
Arterial lactate concentration higher than 4.0 mmol/L 
after liver resection is associated with an increased 
risk of liver and renal dysfunction and may result in a 
longer hospital stay. Several authors have shown that 
high lactate concentration at the end of hepatectomy 
or in the early postoperative phase can be variably 
associated with renal and hepatic dysfunctions, 
postoperative peaks in serum bilirubin concentration, 
length of hospital stay, and mortality31,39.
Previous studies reported similar findings in a series 
of patients with a very low postoperative mortality 
rate. However, Watanabe et al38 in 2007 examined for 
the first time the relationships between lactate level 
and outcome in liver resection. Similarly, Lemke et 
al16 suggested that a lactate value ≥ 3.8 mmol/L was 
associated with an adverse outcome. Also, Wiggans et 
al34 reported a significantly higher rate of renal 
failure and mortality in patients with a postoperative 
arterial lactate concentration ≥ 4.0 mmol/L in 
comparison with those with arterial lactate levels less 
than 4 mmol/L, and risk rose further at very high 
values (for example, ≥6.0 mmol/L). 
In univariate analysis, an arterial lactate concentration 
≥4.0 mmol/L at the end of surgery was significantly 
associated with anatomical resection, major 
hepatectomy, and a nodular liver. Anatomical 
resections often require earlier and longer vascular 
inflow occlusion to minimize blood loss, leaving the 
remnant segment relatively hypoxic; major resections 
take longer and entail greater blood and fluid 
replacement and a smaller residual liver volume; 
nodularity on inspection commonly reflects chronic 
liver disease with reduced metabolic reserve. 
Together, these issues increase lactate production 
through tissue hypoxia and reduce hepatic lactate 
clearance, thereby raising the risk of postoperative 
hepatic and renal dysfunction. These observations are 
consistent with prior reports linking perioperative 
hyperlactatemia to worse postoperative liver and 
kidney outcomes and longer hospital stay.
This study found that 61.5% of males and 16.7% of 
females developed liver dysfunction after liver 
resection, and this was statistically significant. 
Studies found that sex-specific hormonal conditions 
can also affect recovery and outcome after surgery40. 
For instance, it has been reported that estrogen is 
hepatoprotective and improves survival following 
liver ischemia-reperfusion (IR), possibly by 
suppressing cellular oxidative stress41.
We have performed elective liver resections chiefly 

Discussion
The principal findings of this study is that higher 
initial serum lactate concentration after liver resection 
is associated with an increased risk of liver and renal 
dysfunction. Our univariate analysis showed that 
higher perioperative lactate was linked to worse 
postoperative outcomes after liver resection, most 
notably with peak prothrombin time and 
postoperative renal dysfunction. This finding fits with 
earlier observations that hepatectomy causes a 
transient drop in the liver’s synthetic capacity, 
reducing production of clotting factors and regulatory 
proteins and producing a characteristic rise in PT 
INR37. A systematic review has further shown that 
early postoperative lactate reliably predicts morbidity 
and mortality after hepatectomy, supporting its use as 
a simple bedside biomarker to identify patients who 
may need closer monitoring for hepatic and renal 
complications31. On the other hand, postoperative 
renal dysfunction is a major complication following 

liver resection, of which the incidence is reported to 
be approximately 8.7 to 15% cases38.
About 22.0% of patients in our cohort developed both 
liver and renal dysfunction after hepatectomy. 
Arterial lactate concentration higher than 4.0 mmol/L 
after liver resection is associated with an increased 
risk of liver and renal dysfunction and may result in a 
longer hospital stay. Several authors have shown that 
high lactate concentration at the end of hepatectomy 
or in the early postoperative phase can be variably 
associated with renal and hepatic dysfunctions, 
postoperative peaks in serum bilirubin concentration, 
length of hospital stay, and mortality31,39.
Previous studies reported similar findings in a series 
of patients with a very low postoperative mortality 
rate. However, Watanabe et al38 in 2007 examined for 
the first time the relationships between lactate level 
and outcome in liver resection. Similarly, Lemke et 
al16 suggested that a lactate value ≥ 3.8 mmol/L was 
associated with an adverse outcome. Also, Wiggans et 
al34 reported a significantly higher rate of renal 
failure and mortality in patients with a postoperative 
arterial lactate concentration ≥ 4.0 mmol/L in 
comparison with those with arterial lactate levels less 
than 4 mmol/L, and risk rose further at very high 
values (for example, ≥6.0 mmol/L). 
In univariate analysis, an arterial lactate concentration 
≥4.0 mmol/L at the end of surgery was significantly 
associated with anatomical resection, major 
hepatectomy, and a nodular liver. Anatomical 
resections often require earlier and longer vascular 
inflow occlusion to minimize blood loss, leaving the 
remnant segment relatively hypoxic; major resections 
take longer and entail greater blood and fluid 
replacement and a smaller residual liver volume; 
nodularity on inspection commonly reflects chronic 
liver disease with reduced metabolic reserve. 
Together, these issues increase lactate production 
through tissue hypoxia and reduce hepatic lactate 
clearance, thereby raising the risk of postoperative 
hepatic and renal dysfunction. These observations are 
consistent with prior reports linking perioperative 
hyperlactatemia to worse postoperative liver and 
kidney outcomes and longer hospital stay.
This study found that 61.5% of males and 16.7% of 
females developed liver dysfunction after liver 
resection, and this was statistically significant. 
Studies found that sex-specific hormonal conditions 
can also affect recovery and outcome after surgery40. 
For instance, it has been reported that estrogen is 
hepatoprotective and improves survival following 
liver ischemia-reperfusion (IR), possibly by 
suppressing cellular oxidative stress41.
We have performed elective liver resections chiefly 

Bangladesh J Infect Dis 382 June 2026│ Volume 13│Number 1

Early Detection of Morbidity following Liver Resection Islam et al

Discussion
The principal findings of this study is that higher 
initial serum lactate concentration after liver resection 
is associated with an increased risk of liver and renal 
dysfunction. Our univariate analysis showed that 
higher perioperative lactate was linked to worse 
postoperative outcomes after liver resection, most 
notably with peak prothrombin time and 
postoperative renal dysfunction. This finding fits with 
earlier observations that hepatectomy causes a 
transient drop in the liver’s synthetic capacity, 
reducing production of clotting factors and regulatory 
proteins and producing a characteristic rise in PT 
INR37. A systematic review has further shown that 
early postoperative lactate reliably predicts morbidity 
and mortality after hepatectomy, supporting its use as 
a simple bedside biomarker to identify patients who 
may need closer monitoring for hepatic and renal 
complications31. On the other hand, postoperative 
renal dysfunction is a major complication following 

liver resection, of which the incidence is reported to 
be approximately 8.7 to 15% cases38.
About 22.0% of patients in our cohort developed both 
liver and renal dysfunction after hepatectomy. 
Arterial lactate concentration higher than 4.0 mmol/L 
after liver resection is associated with an increased 
risk of liver and renal dysfunction and may result in a 
longer hospital stay. Several authors have shown that 
high lactate concentration at the end of hepatectomy 
or in the early postoperative phase can be variably 
associated with renal and hepatic dysfunctions, 
postoperative peaks in serum bilirubin concentration, 
length of hospital stay, and mortality31,39.
Previous studies reported similar findings in a series 
of patients with a very low postoperative mortality 
rate. However, Watanabe et al38 in 2007 examined for 
the first time the relationships between lactate level 
and outcome in liver resection. Similarly, Lemke et 
al16 suggested that a lactate value ≥ 3.8 mmol/L was 
associated with an adverse outcome. Also, Wiggans et 
al34 reported a significantly higher rate of renal 
failure and mortality in patients with a postoperative 
arterial lactate concentration ≥ 4.0 mmol/L in 
comparison with those with arterial lactate levels less 
than 4 mmol/L, and risk rose further at very high 
values (for example, ≥6.0 mmol/L). 
In univariate analysis, an arterial lactate concentration 
≥4.0 mmol/L at the end of surgery was significantly 
associated with anatomical resection, major 
hepatectomy, and a nodular liver. Anatomical 
resections often require earlier and longer vascular 
inflow occlusion to minimize blood loss, leaving the 
remnant segment relatively hypoxic; major resections 
take longer and entail greater blood and fluid 
replacement and a smaller residual liver volume; 
nodularity on inspection commonly reflects chronic 
liver disease with reduced metabolic reserve. 
Together, these issues increase lactate production 
through tissue hypoxia and reduce hepatic lactate 
clearance, thereby raising the risk of postoperative 
hepatic and renal dysfunction. These observations are 
consistent with prior reports linking perioperative 
hyperlactatemia to worse postoperative liver and 
kidney outcomes and longer hospital stay.
This study found that 61.5% of males and 16.7% of 
females developed liver dysfunction after liver 
resection, and this was statistically significant. 
Studies found that sex-specific hormonal conditions 
can also affect recovery and outcome after surgery40. 
For instance, it has been reported that estrogen is 
hepatoprotective and improves survival following 
liver ischemia-reperfusion (IR), possibly by 
suppressing cellular oxidative stress41.
We have performed elective liver resections chiefly 

Table 7: Association between Lactate Category 
and the Selected Independent Variables (n=37)

Variables 

Age Group 
≤Years
≤48
Gender
Male
Female
HTN
Yes
No
DM
Yes
No
IHD
Yes
No
Resection
type
Anatomical
Non
anatomical
Resection
extent
Major
Minor
Liver
assessment
Nodular
Normal

≥4

7 (46.7%)
8 (53.3%)

10 (66.7%)
5 (33.3%)

6 (40.0%)
9 (60.0%)

6 (40.0%)
9 (60.0%)

1 (6.7%)
14 (93.3%)

8 (53.3%)
7 (46.7%)

8 (53.3%)
7 (46.7%)

6(40%)
9(60%)

Lactate category
<4

11 (50.0%)
11 (50.0%)

3 (13.6%)
19 (86.4%)

12 (54.5%)
10 (45.5%)

7 (31.8%)
15 (68.2%)

0
22 (100.0%)

3 (13.6%)
19 (86.4%)

0
22 (100.0%)

1 (4.5%)
21(95.5%)

P value

0.842

<0.001

0.385

0.609

0.22

0.009

<0.001

0.007
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for benign diseases, notably hepatolithiasis. This is 
because of the high prevalence of these diseases in 
this region. We had no 30-day mortality, though the 
morbidity rate was slightly on the higher side (49.7%) 
compared to the literature11. This relatively high rate 
of morbidity may be due to the careful identification 
and documentation provided by both clinical and 
biochemical examinations performed in the 
post-operative period at our hospital, so that no minor 
complications were overlooked.

Conclusion
Initial arterial lactate concentration is a clinically 
meaningful predictor of postoperative liver and renal 
dysfunction undergoing hepatectomy. Incorporating 
initial arterial lactate into routine postoperative 
assessment can help guide early escalation of 
monitoring and supportive care. Because 
postoperative lactate correlates with organ 
dysfunction and mortality, it may serve as a single, 
practical metric to evaluate the effect of new surgical 
techniques or perioperative care pathways on patient 
outcomes. However, these findings should be 
interpreted with caution because our analysis was 
limited to univariate comparisons and the cohort 
included heterogeneous indications for resection, so 
future work using multivariable models and more 
homogeneous or larger validation cohorts is needed 
to confirm thresholds and guide clinical decision 
making.
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techniques or perioperative care pathways on patient 
outcomes. However, these findings should be 
interpreted with caution because our analysis was 
limited to univariate comparisons and the cohort 
included heterogeneous indications for resection, so 
future work using multivariable models and more 
homogeneous or larger validation cohorts is needed 
to confirm thresholds and guide clinical decision 
making.
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for benign diseases, notably hepatolithiasis. This is 
because of the high prevalence of these diseases in 
this region. We had no 30-day mortality, though the 
morbidity rate was slightly on the higher side (49.7%) 
compared to the literature11. This relatively high rate 
of morbidity may be due to the careful identification 
and documentation provided by both clinical and 
biochemical examinations performed in the 
post-operative period at our hospital, so that no minor 
complications were overlooked.

Conclusion
Initial arterial lactate concentration is a clinically 
meaningful predictor of postoperative liver and renal 
dysfunction undergoing hepatectomy. Incorporating 
initial arterial lactate into routine postoperative 
assessment can help guide early escalation of 
monitoring and supportive care. Because 
postoperative lactate correlates with organ 
dysfunction and mortality, it may serve as a single, 
practical metric to evaluate the effect of new surgical 
techniques or perioperative care pathways on patient 
outcomes. However, these findings should be 
interpreted with caution because our analysis was 
limited to univariate comparisons and the cohort 
included heterogeneous indications for resection, so 
future work using multivariable models and more 
homogeneous or larger validation cohorts is needed 
to confirm thresholds and guide clinical decision 
making.
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for benign diseases, notably hepatolithiasis. This is 
because of the high prevalence of these diseases in 
this region. We had no 30-day mortality, though the 
morbidity rate was slightly on the higher side (49.7%) 
compared to the literature11. This relatively high rate 
of morbidity may be due to the careful identification 
and documentation provided by both clinical and 
biochemical examinations performed in the 
post-operative period at our hospital, so that no minor 
complications were overlooked.

Conclusion
Initial arterial lactate concentration is a clinically 
meaningful predictor of postoperative liver and renal 
dysfunction undergoing hepatectomy. Incorporating 
initial arterial lactate into routine postoperative 
assessment can help guide early escalation of 
monitoring and supportive care. Because 
postoperative lactate correlates with organ 
dysfunction and mortality, it may serve as a single, 
practical metric to evaluate the effect of new surgical 
techniques or perioperative care pathways on patient 
outcomes. However, these findings should be 
interpreted with caution because our analysis was 
limited to univariate comparisons and the cohort 
included heterogeneous indications for resection, so 
future work using multivariable models and more 
homogeneous or larger validation cohorts is needed 
to confirm thresholds and guide clinical decision 
making.
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because of the high prevalence of these diseases in 
this region. We had no 30-day mortality, though the 
morbidity rate was slightly on the higher side (49.7%) 
compared to the literature11. This relatively high rate 
of morbidity may be due to the careful identification 
and documentation provided by both clinical and 
biochemical examinations performed in the 
post-operative period at our hospital, so that no minor 
complications were overlooked.

Conclusion
Initial arterial lactate concentration is a clinically 
meaningful predictor of postoperative liver and renal 
dysfunction undergoing hepatectomy. Incorporating 
initial arterial lactate into routine postoperative 
assessment can help guide early escalation of 
monitoring and supportive care. Because 
postoperative lactate correlates with organ 
dysfunction and mortality, it may serve as a single, 
practical metric to evaluate the effect of new surgical 
techniques or perioperative care pathways on patient 
outcomes. However, these findings should be 
interpreted with caution because our analysis was 
limited to univariate comparisons and the cohort 
included heterogeneous indications for resection, so 
future work using multivariable models and more 
homogeneous or larger validation cohorts is needed 
to confirm thresholds and guide clinical decision 
making.
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