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ABSTRACT

Aim: To investigate and identify potential 
perioperative risk factors for developing acute 
kidney injury (AKI) in patients undergoing 
liver resection. Methods: This is a retrospective 
analysis of a single cohort centre of 110 patients 
undergoing liver resection. The Kidney Disease: 
Improving Global Outcomes (KDIGO) criteria 
was used for acute kidney injury (AKI) diagnosis. 
Preoperative, intraoperative and postoperative 
variables were recorded. These were then 
statistically analysed through univariate and 
multivariate regression analysis. Results: Acute 
kidney injury occurred in 17 patients (15.45%). 
Twelve patients were stage 1 AKI (70.6%), 
four were reportedly in stage 2 (23.5%) and 
one patient was in stage 3 (5.9%). Risk factors 
were identified through univariate regression 
analysis were ASA status (p=0.023), weight 
(p=0.001), gender (p=0.01) and baseline serum 
creatinine (p=0.031). Weight and Americal 
Society of Anaesthesiologists (ASA) status were 
also identified in the multivariate regression 
analysis as being independent predictors for 
the development of AKI (p=0.014, p=0.021 
respectively). Conclusion: Acute kidney injury 
stage 1–3 is a common complication following 
hepatectomy. Risk factors including obesity and 
presence of comorbidities can contribute to 
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the development of AKI and thus may provide 
appropriate targets for perioperative treatment.
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INTRODUCTION

The development of acute kidney injury (AKI) is a 
common complication following surgery. Various studies 
have identified a variable incidence of 3% and 35% AKI 
after major abdominal surgery [1].

Liver resection surgery differs from all other abdominal 
surgery. In order to reduce intraoperative bleeding from 
the liver, the largest organ which comprises 20% of total 
cardiac output, patients are purposely kept hypovolaemic 
during the resection phase. Additionally, vascular 
clamps which are designed to reduce blood loss during 
liver resection affect haemodynamics. Reduced venous 
return leads to hypoperfusion of all organs, including the 
kidneys. Consequently, there is a belief that AKI is more 
common complication following liver resection surgery 
than any other abdominal surgery. However, it remains 
understudied in terms of its incidence, severity, risk 
factors and impact on the outcome of surgery. The aim 
of this study was to assess the incidence, severity and risk 
factors for the development of postoperative AKI in liver 
resection surgery. 
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MATERIALS AND METHODS

We performed retrospective data analysis in tertiary 
hepato-pancreatic-biliary centre from King’s College 
London which included 110 patients undergoing liver 
resection over a 4-year period (2012-2016). To assess the 
incidence of AKI we used the recently introduced ‘Kidney 
Disease Improving Global Outcomes’ (KDIGO) criteria 
[2].

The demographic data that was obtained included age, 
weight, gender, American Society of Anaesthesiologists 
(ASA) physical status, presence of hypertension and 
diabetes. Baseline laboratory values included serum 
creatinine (SCr), estimated Glomerular Filtration Rate 
(eGFR), aspartate transaminase (AST), albumin and 
bilirubin. They were measured preoperatively and on 
day one of postoperative treatment. SCr was measured 
postoperatively for five days to enable the identification 
of AKI using the KDIGO criteria. 

Surgical data included type of surgery (morphology 
and open vs. laparoscopic), median duration of 
surgery and anaesthesia. Perioperative data recorded 
included epidural vs. intravenous analgesia, median 
lowest intraoperative blood pressure (BP) and 
duration, vasoconstrictors and inotropes that were 
administered intraoperatively, either as infusion or 
bolus (noradrenaline (NA), phenylephrine, metaraminol, 
ephedrine) and the duration of administration. Fluid 
administration, including the volume and whether it 
would be crystalloid or colloid, plus blood transfusion 
was recorded. Postoperative renal function data, length 
of hospital stay (LOS) and mortality were also observed. 

Statistical analysis
Continuous variables are expressed as median 

(25th and 75th percentiles). Categorical variables were 
summarised as frequency (percentage). Student two 
sample t-test was used to compare both groups with all 
the variables. 

The primary endpoint (the development of AKI) was 
compared between the two groups using univariate and 
multivariate regression analysis. Based on their potential 
association with the development of AKI, the following 
factors were selected: age, weight, female sex, baseline 
SCr, baseline eGFR, baseline serum albumin, baseline 
AST, and baseline bilirubin concentration, alongside the 
duration of anaesthesia, duration of hypotension, thoracic 
epidural and ASA status. To avoid multicollinearity, two 
or more highly correlated independent predictor values 
(r > 0.8) were not included in the regression analysis in 
concert.

All tests were two-sided, and we defined statistical 
significance at the level of p<0.05. Statistical analyses 
were conducted using excel version 2016 with ToolPak 
analysis. 

RESULTS

Total 110 patients who underwent liver resection 
were identified for this study. It was observed that AKI 
occurred in 17 patients (15.45%). Total 12 patients were 
stage 1 AKI (70.6%), 4 were stage 2 (23.5%) and 1 patient 
was stage 3 (5.9%). 

Demographic data are presented in Table 1. There 
were significantly more male patients in the group 
that developed AKI, and they had significantly higher 
ASA score and elevated baseline SCr level. Body weight 
(p=0.059) and age (p=0.054) were not statistically 
different between the two groups. 

We divided surgical liver resections into eight 
main categories. Only patients who underwent right 
hemihepatectomy had significantly higher incidence of 
AKI. Only 16% of all operations were laparoscopic and 
we did not find the difference of AKI incidence between 
laparoscopic and open surgery significant (Table 2).

Intraoperatively, no significant differences were seen 
between AKI and non-AKI patients in many parameters 
including lowest systolic BP (p=0.409), duration of 
NA infusion (p=0.980) and administered amount 
of metaraminol (p=0.431). Duration of surgery and 
anaesthesia did not differ significantly between AKI and 
non-AKI patients, alongside the use of epidural analgesia 
(Table 3). 

As shown in Table 4, all five postoperative days of SCr 
and eGFR was significantly lower in non-AKI patients 
(p≤0.001). Patients length of stay was not significantly 
different between the AKI and non-AKI groups (p=0.567). 

Risk factors identified through univariate regression 
analysis (Table 5) were ASA status (p=0.025), weight 
(p<0.001), male gender (p=0.009) and baseline serum 
creatinine (p=0.033). 

Weight and ASA status were also identified in the 
multivariate regression analysis as being independent 
predictors for the development of AKI (p=0.008,  
p=0.047 respectively) as seen in Table 6.

DISCUSSION

This study assessed the risk factors perioperatively 
that may be associated with the development of AKI 
following liver resection surgery. This involved identifying 
potential risk factors for postoperative AKI in 110 patients 
undergoing liver resection surgery during the period of 
30 August 2012 to 27 july 2016. 

Postoperative AKI, defined using the KDIGO criteria, 
occurred in 17 patients undergoing liver resection surgery 
(15.45%). Once these patients were identified as having 
AKI, they were then staged for severity. 12 patients were 
stage 1 (70.6%), 4 patients were stage 2 (23.5%) and 1 
patient was stage 3 (5.9%). 
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Table 1: Preoperative patient characteristics

Preoperative patient characteristics All patients 
(n=109)

AKI patients 
(n=17)

Non-AKI patients 
(n=92)

p-Value

Median age, yr (IQR) 61 (53–69) 62 (60–71) 61 (49–69) 0.054

Female sex, n (%) 54 (50) 3 (18) 51 (55) 0.031

Median body weight, kg (IQR) 75 (65–85) 90 (78–107) 70 (63–81) 0.059

Diabetes and/or hypertension, n (%) 26 (24) 5 (29) 21 (23) 0.530

ASA Classification, n (%) 0.043

1 14 (13) 1 (6) 13 (14)

2 58 (53) 6 (35) 52 (57)

3 35 (32) 10 (59) 25 (27)

4 2 (2) 0 (0) 2 (2)

Baseline laboratory values

Median SCr, µmol/L (IQR) 65 (59–80) 83 (61–98) 63 (58–78) 0.045

Median eGFR, mL/min/1.73m2 (IQR) 89 (74–90) 74 (65–90) 90 (75–90) 0.084

Median AST, UI/L (IQR) 28 (22–41) 29 (26–41) 27 (22–42) 0.105

Median albumin, g/L (IQR) 43 (41–45) 43 (41–45) 43 (41–45) 0.930

Median bilirubin, µmol/L (IQR) 9 (6–12) 9 (6–13) 9 (6–11) 0.823

ASA: American society of Anaesthesiologists physical status, SCr: Serum creatinine, eGFR: Estimated glomerular filtration rate, AST: 
Aspartate aminotransferase, IQR: Interquartile range, AKI: Acute kidney injury

Table 2: Detailed surgical procedures, surgery and anaesthesia duration 

Surgical Procedure All patients 
(n=109)

AKI patients 
(n=17)

Non-AKI patients 
(n=92)

p-Value

Excision of liver lesion, n (%) 13 (12) 1 (6) 12 (13) 0.313

Extended left hemihepatectomy, n (%) 1 (1) 0 (0) 1 (1) 0.319

Extended right hemihepatectomy, n (%) 8 (7) 1 (6) 7 (8) 0.802

Left hemihepatectomy, n (%) 8 (7) 1 (6) 7 (8) 0.802

Other liver resection, n (%) 1 (1) 0 (0) 1 (1) 0.158

Right hemihepatectomy, n (%) 28 (26) 9 (53) 19 (21) 0.022

Segmental liver resection, n (%) 43 (39) 4 (24) 39 (42) 0.131

Wedge resection, n (%) 7 (6) 1 (6) 6 (7) 0.930

Median duration of surgery, min (IQR) 233 (173–293) 247 (215–314) 225 (164–288) 0.203

Median duration of anaesthesia, min (IQR) 307 (254–358) 315 (286–395) 304 (239–352) 0.158

Laparoscopy, n (%) 17 (16) 1 (6) 16 (17) 0.906

IQR – interquartile range
AKI: Acute kidney injury
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Table 3: Detailed intraoperative variables, including use and duration of sympathomimetics alongside the use and amount of 
gelofusine or packed red cells patients received 

Intraoperative variables All patients 
(n=109)

AKI patients 
(n=17)

Non-AKI patients 
(n=92)

P-Value

Epidural, n (%) 89 (82) 15 (88) 74 (68) 0.409

Median lowest SBP, mmHg (IQR) 158 (118–190) 55 (51–79) 70 (55–80) 0.409

Median time hypotensive, min (IQR) 15 (7–43) 27 (6–46) 14 (7–42) 0.545

Vasoconstrictors, n (%) 76 (70) 12 (71) 64 (70) 0.956

NA, n (%) 34 (31) 6 (35) 28 (30) 0.753

Median amount of NA, µg (IQR) 1110 (621–1684) 1195 (468–1794) 1072 (626–1785) 0.467

Median duration of NA infusion, min (IQR) 225 (91–287) 239 (104–243) 214 (75–302) 0.980

Phenylephrine, n (%) 49 (45) 8 (47) 41 (45) 0.828

Median amount of phenylephrine, mg (IQR) 5 (3–9) 4 (3–9) 5 (2–8) 0.276

Duration of phenylephrine infusion, min (IQR) 210 (153–366) 194 (145–266) 210 (154–271) 0.895

Vasoconstrictor bolus, n (%) 48 (44) 8 (47) 40 (43) 0.828

Metaraminol, n (%) 43 (39) 7 (41) 36 (39) 0.542

Median amount of metaraminol, n (%) 2 (1–2) 2 (1–4) 2 (1–2) 0.431

Ephedrine, n (%) 10 (9) 1 (6) 9 (10) 0.313

Median amount of ephedrine, mg (IQR) 11 (6–16) 24 (n/a) 9 (9–15) 0.988

Receiving gelofusine, n (%) 60 (55) 9 (53) 51 (55) 0.387

Median amount of gelofusine, mL (IQR) 750 (500–1000) 500 (0–750) 1000 (500–1000) 0.675

Receiving packed red cells, n (%) 13 (12) 2 (12) 11 (12) 0.335

Median amount of packed red cells, mL (IQR) 586 (440–850) 0 (0) 595 (562–1088) 0.728

SBP: Systolic blood pressure, NA: Noradrenaline, IQR: Interquartile range, AKI: Acute kidney injury

Table 4: Postoperative variables in all patients using blood test results and anaesthetic charts 

Postoperative variables All patients 
(n=109)

AKI patients 
(n=17)

Non-AKI patients 
(n=92)

P-Value

Vasoconstrictor, n (%) 42 (39) 9 (53) 33 (36) 0.208

Of which was NA, n (%) 36 (33) 7 (78) 29 (32) 0.458

Median SCr day 1, µmol/L (IQR) 68 (51–90) 110 (86–137) 63 (48–80) p<0.001

Median SCr day 2, µmol/L (IQR) 64 (48–84) 117 (108–141) 59 (47–77) p<0.001

Median SCr day 3, µmol/L (IQR) 55 (45–79) 101 (86–158) 50 (43–64) p<0.001

Median SCr day 4, µmol/L (IQR) 54 (42–68) 84 (66–109) 51 (40–60) 0.001

Median SCr day 5, µmol/L (IQR) 50 (38–64) 73 (60–96) 46 (37–59) 0.006

Median CRP, mg/L (IQR) 35 (24–54) 43 (21–62) 35 (24–53) 0.718

Median eGFR, mL/min/1.73m2 (IQR) 90 (72–90) 53 (39–78) 90 (78–90) p<0.001

Median AST, IU/L (IQR) 232 (155–393) 341 (182–538) 218 (152–369) 0.161

Median albumin, g/L (IQR) 30 (27–33) 29 (24–31) 31 (27–33) 0.930

Median bilirubin, µmol/L (IQR) 15 (11–25) 26 (12–43) 14 (11–23) 0.823

Median LOS, days (IQR) 7 (6–10) 9 (7–11) 7 (6–9) 0.567

NA: Noradrenaline, CRP: C-reactive protein, eGFR: Estimated glomerular filtration rate, AST: Aspartate aminotransferase,  
LOS:  Length of stay, IQR: Interquartile range, AKI: Acute kidney injury
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The variables that were associated with the outcome 
of postoperative AKI in the univariate regression analysis 
were weight, being of the male sex, preoperative SCrand 
ASA status. The variables that were identified in the 
multivariate regression model to be independently 
associated with the outcome of postoperative AKI were 
weight and ASA status. 

The incidence of postoperative AKI in this present 
study is similar to that of the study carried out by 
Slakamenac et al. in 2009 (86/569 patients, 15.1%) and 
in their further study in 2013 (82/549 patients, 15%), 
where postoperative AKI was defined using the risk, 
injury, failure, loss of kidney function and end-stage 
kidney disease (RIFLE) criteriawithin 48 hours following 
surgery [3, 4]. They identified blood transfusions, 
hepaticojejunostomy, and oliguria to be the strongest 
predictors for AKI following liver resection. In our study, 
blood transfusions were not statistically different between 
AKI and non-AKI patients. In addition, oliguria/urine 

output was not used here due to inconsistent recordings 
of urine output on patient charts. 

A retrospective study was investigated perioperative 
risk factors for AKI after liver resection in 642 patients 
[5]. AKI occurred in 78 patients (12.1%) using the Acute 
Kidney Injury Network (AKIN) criterion. The risk 
factors identified that were independently associated 
with postoperative AKI were intraoperative red blood 
cell (RBC) transfusion, preoperative hypertension and 
preoperative eGFR, somewhat different to this study. A 
similar incidence was also identified by Ishikawa et al. 
They found that AKI occurred in 27/228 patients (11.8%), 
where AKI patients had significantly lower preoperative 
Hb concentrations, higher SCr, lower eGFR and lower 
serum albumin concentrations [6]. However, in another 
study investigating the incidence and risk factors for 
AKI, the incidence of such differed from the above 
with only 10 out of 131 patients (7.6%) developing AKI, 
using the AKIN criterion [7], with fluid balance during 

Table 5: Univariate regression analysis of potential predictors of postoperative acute kidney injury 

Variable Coefficient Standard error t-value p-value

Baseline SCr 0.005 0.002 2.155 0.033

Baseline eGFR -0.006 0.004 -1.517 0.132

Sex -0.271 0.102 -2.669 0.009

Age 0.004 0.004 1.103 0.273

Weight 0.008 0.002 3.625 <0.001

ASA status 0.170 0.075 2.276 0.025

Time spent as hypotensive (<90mmHg) 0 0.001 0.279 0.781

Duration of anaesthesia 0.001 0.001 1.621 0.108

Epidural -0.048 0.136 -0.352 0.725

Laparoscopic surgery -0.180 0.144 -1.255 0.212

SCr: Serum creatinine, eGFR: Estimated glomerular filtration rate, AST: Aspartate aminotransferase, ASA: American society of 
anaesthesiologist’s status

Table 6: Multivariate regression analysis of potential predictors of postoperative acute kidney injury 

Variable Coefficient Standard error t-value P-value

Baseline SCr 0 0.003 0.018 0.986

Baseline eGFR -0.006 0.006 -0.891 0.375

Sex -0.131 0.128 -1.027 0.307
Age -0.004 0.005 -0.894 0.373
Weight 0.005 0.002 2.730 0.008
ASA status 0.162 0.162 1.927 0.047
Time spent as hypotensive (<90 mmHg) 0.001 0.001 0.584 0.560
Duration of anaesthesia 0 0.001 0.696 0.488
Epidural -0.084 -0.654 -0.654 0.514
Laparoscopic surgery -0.251 0.174 -1.438 0.153

SCr: Serum creatinine, eGFR – Estimated glomerular filtration rate, AST: Aspartate aminotransferase, ASA: American society of 
anaesthesiologist’s physical status
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surgery, urine neutrophil gelatinase-associated lipocalin 
(NGAL) and liver transplantation being independently 
associated with a poor six months renal outcome. 
Similarly, Kambakamba et al., identified an incidence of 
8.2%, with 94/1153 patients developing AKI after major 
liver resection alongside Moon et al., who identified an 
incidence of 6.6% (77/1173 patients) using the KDIGO 
criteria [8, 9]. Kambakamba et al. also found that CKD and 
major liver resection were significantly different between 
AKI and non-AKI patients, similar to our findings [8]. 
Moon et al. also identified being of the male sex, elevated 
preoperative SCr and increased weight to be associated 
with the development of AKI post liver resection 
[9]. A greater incidence of AKI was found by Correa-
Gallego et al. with 338/2116 (16%) patients developing 
postoperative AKI [10]. In addition, they similarly 
found larger resections and lower eGFR preoperatively 
to be statistically significant between the two groups of 
patients. Similar incidence was seen in the study carried 
out by Lim et al. who identified 67/457 (15%) patients that 
developed AKI following liver resection [4]. This study 
also identified major hepatectomy, increased weight 
and elevated baseline SCr to be statistically significant 
between the two groups of patients. In addition, they 
identified surgical approach as being significant, however 
we did not. A retrospective study involving 424 liver 
transplant recipients and the incidence of postoperative 
AKI identified similar predisposing factors to those 
studies mentioned above and this current study [11]. The 
factors identified to be associated with the development 
of postoperative AKI were weight, liver disease severity, 
female sex, pre-existing diabetes mellitus and the number 
of blood or fresh frozen plasma units during surgery that 
were transfused. 

An issue, however, with comparing the incidence of 
AKI in the liver resection surgical setting is the use of 
different AKI definitions. For example, Slakamenac et al. 
defined AKI using the RIFLE criteria [12]. Tomozawa et 
al., also used a different criterion: AKIN [5]. In our study, 
we defined AKI using the KDIGO criteria and this was 
used over a 5 day postoperative period rather than within 
a 48 hour period post-surgery. The different definitions 
of AKI make the comparison of incidence and prevalence 
of the development of AKI among different studies 
increasingly difficult. Several risk scores and prediction 
models for AKI exist for cardiac surgery. However, 
predictors in these models are generally specific to their 
particular specialities, rendering some inapplicable to a 
liver resection surgery setting.

Various risk factors for AKI have been discussed as 
follows:

Obesity
Increased weight and obesity have profound effects 

on morbidity and mortality. It has been identified in 
many studies that the risk of developing postoperative 

AKI increases with increasing body mass index (BMI). 
In a retrospective analysis, carried out by Glance et al. 
351,000 patients from the American College of Surgeons 
National Surgical Quality Improvement database were 
investigated and it was found that there was a two- to 
three-fold increased risk of postoperative AKI in the 
obese population [13]. When compared to normal weight 
patients, this risk was around seven times higher if the 
obese patients also had metabolic syndrome [13]. In 
addition, a recent study by Shashaty et al.  showed AKI to 
be correlated with abdominal fat, measured by computed 
tomography, in ICU patients [14]. Negative effects of a 
higher BMI on the development of AKI following liver 
resection was also identified by Moon et al. [9]. Heavier/
obese patients often possess comorbidities such as 
hypertension, diabetes, and coronary artery disease. This 
can further complicate perioperative care.  

Obesity-related glomerulopathy is common in over 
weight patients and are characterised by increased 
GFR, glomerulomegaly with/out evidence of focal 
segmental glomerulosclerosis, and increased renal 
plasma flow [15]. These changes put these patients at 
higher risks of developing postoperative AKI due to pre-
existing glomerular pathologic conditions and lack of its 
recognition. 

Female gender
This study identified being of the female sex to 

be statistically significant to the development of 
postoperative AKI following liver resection; in that being 
female reduced the odds of outcome. Several studies have 
identified that the female sex is associated with lower 
incidence of postoperative AKI after noncardiac surgery 
[16, 17]. This finding may be suggestive of the beneficial 
effects of oestrogens in the cardiovascular system and in 
renal disease - in that they exert an immunoprotective 
effect, whilst testosterone is thought to exert an 
immunosuppressive effect [18]. This is supported by 
some studies that have found that the progression of 
CKD is typically slower in women compared to men [19, 
20]. In addition, male sex is seen to double the propensity 
for developing post-resectional liver failure and post-
resectional morbidity [21, 22].

Contradictory to this, most of the patients undergoing 
liver resection surgery in this study are older and the 
women are most likely to be postmenopausal meaning 
that their oestrogen levels are similar to that of a male 
patient. In addition, it has been repeatedly identified 
that being a woman increases the risk of developing 
AKI following both non-cardiac and cardiac surgery. 
For example, a study carried out by Hilmi et al. which 
investigated the development of AKI following liver 
transplant surgery, identified that being of the female sex 
increased the risk of developing postoperative AKI [11]. 
In addition, being of the female gender increased the 
patient’s risk of developing postoperative AKI following 
cardiac surgery [23]. The increased risk of developing 
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AKI with being female is thought to be related to the 
overestimation of preoperative renal function in the 
context of lower muscle mass [24]. 

Elevated serum creatinine (SCr)
Elevated SCr preoperatively was identified as being a 

risk factor for the development of AKI in the univariate 
regression analysis in this study. 

Higher baseline SCr is usually reflective of a reduced 
GFR and the possible progression of CKD. However, SCr 
is also altered if the patient is dehydrated, hypovolemic or 
has eaten a large amount of meat. 

Baseline SCr is reflective of the patient’s pre-morbid 
kidney function and thus if it is elevated this may be 
suggestive of renal dysfunction and the presence of 
CKD. Clear knowledge of preoperative kidney function 
is essential to distinguish AKI from CKD. Grading 
AKI severity requires known baseline function; as 
a reference for identifying if recovery has finished; 
and as a way for stratifying patients with and without 
underlying CKD [25]. It is intuitive that patients 
who develop postoperative AKI but who also have 
underlying CKD may present and behave differently 
due to the complex interaction that occurs among 
AKI and CKD, in that CKD predisposes patients to 
an increased risk of AKI, whereas, regardless of renal 
baseline function, patients with AKI are more likely to 
suffer from post-AKI CKD [26, 27]. Contrary to this 
is the finding that a patient in this study developed 
AKI preoperatively and was admitted to liver ICU for 
inotropic support and CVVH but was identified as a 
non-AKI patient postoperatively. This may reflect the 
benefit of using preoperative optimisation to preserve 
and improve kidney function. However, this patient did 
have pre-existing CKD and had a greater length of stay 
in hospital (26 days) supporting the hypothesis that 
CKD can influence the development of complications, 
pre-, intra- and postoperatively, in patients undergoing 
liver resection surgery. 

Hemihepatectomy
In this study, right hemihepatectomy was identified 

as being significantly different between AKI and non-
AKI patients. Right hemihepatectomy involves the 
resection of V-VIII segments of which is a large part 
of liver being that only 1/7th of the liver is left. Death 
and regeneration of the remaining hepatocytes occurs 
following resection of liver mass [28]. It needs to 
be noted that in this study, KCH is a specialist liver 
transplant centre and surgeons are highly experienced. 
Physiologically, regeneration is greater than the death 
of hepatocytes and liver mass and function is usually 
restored rapidly through increased metabolic demand. 
There is evidence that liver mass restorate of up to 74% 
of the initial volume during the first ten days after right 
hemihepatectomy [29].  However, the ability of the 
liver to regenerate after resection is dependent on the 

quantity and quality of the residual liver parenchyma 
and a variety of intraoperative and postoperative 
factors, for example ischaemia-reperfusion injury and 
hepatic parenchymal congestion. These factors can also 
contribute to an increased risk for developing AKI. 

Bredt & Peres investigated AKI risk factors after 
partial hepatectomy and identified that the extent of 
liver resection was independently associated with the 
development of postoperative AKI [30]. They identified 
that patients who developed postoperative AKI 
underwent more extensive surgeries, and especially, 
had significantly higher rates of RBC transfusion and 
hemodynamic instability during liver resection than non-
AKI patient, 28.8% vs 8.5%, 31.2% vs 7.1% respectively 
(p<0.001 for both variables) [30]. Furthermore, in the 
analysis of a large series of liver resection surgeries, 
major liver resection was an identified risk factor for 
postoperative AKI [4]. This may reflect that minor 
hepatectomies can frequently be carried out safely 
without measures such as fluid restriction and thus have 
a lower impact on hemodynamics which may preserve 
renal autoregulation and maintain renal perfusion. 

Consideration must be given to the surgical technique 
planned and thus the implications the procedure may 
have on renal function. Kidneys can become vulnerable 
if the procedure decreases renal perfusion, either 
through global reduction in perfusion pressure (as may 
occur in pneumoperitoneum at laparoscopy) or regional 
reduction in blood flow (e.g. during cross-clamping). The 
majority of patients who developed AKI underwent open 
surgery (n=16, 94.12%), however there was no significant 
difference found between laparoscopic surgery in AKI 
and non-AKI patients in this study (p=0.906). 

In contrast, an observational study by Moon et al. 
identified that the incidence of postoperative AKI was 
lower after laparoscopic liver resection compared to 
open liver resection: 1.8% vs 6.3%, p=0.026 [9]. In 
previous studies it has been suggested that laparoscopic 
surgery induces less systemic inflammation 
when compared to open surgery, as supported by 
inflammatory markers such as white blood cell (WBC) 
count, interleukin-6 (IL-6) and CRP level being 
significantly reduced in laparoscopic procedures vs 
open surgery [31, 32]. It is thus conceivable that the use 
of laparoscopic surgery and its immunological benefit 
may facilitate the prevention of the development of 
postoperative AKI following liver resection. However, 
laparoscopic techniques usually involve longer periods 
of pneumoperitoneum and therefore increase the risk 
of developing AKI. The potential risk of bleeding during 
laparoscopic parenchymal dissection could contribute 
to hypovolemia and intraoperative hypotension and 
thus increase patients’ susceptibility to develop AKI. 
This can be compensated for by adequate volume status 
and intra-abdominal pressure maintenance. 

We had a small number of laparoscopic procedures 
and that may cause no statistical significant differences 
in the development of AKI post liver resection. 
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Epidural analgesia (EDA) is the standard analgesia 
for many types of major surgery including liver resection. 
Liver resection patients are purposely kept hypovolemic in 
order to reduce blood loss. This is also carried out alongside 
a low central venous pressure (CVP), which is maintained 
between 0 and 5 mmHg, through fluid management. 
EDA commonly induces arterial hypotension because 
of sympathicolysis and subsequent vasodilation. This 
combined with LCVP can lower mean arterial pressure 
(MAP) even further, possibly compromising renal blood 
flow autoregulation thus contributing to the development 
of postoperative AKI [8]. 

Mandatory fluid restriction thus requires the use of 
vasoactive drugs to maintain MAP; however, this can 
further contribute to renal hypoperfusion through the 
constriction of afferent arterioles. Inadequate renal 
perfusion can induce inflammation, renal hypoxia, and 
fibrosis, which increases microvascular dysfunction in 
hemodynamically compromised conditions, i.e. during 
hepatectomy surgery [33, 34]. In our study, there were no 
significant differences between the amount or duration 
of vasoactive drug administration in AKI and non-AKI 
patients (Table 5). In addition, all patients in this study 
were treated with tazocin as an antibiotic prophylaxis 
treatment three days postoperative.

Hypotensive effects of EDA can remain postoperatively 
and can exacerbate AKI and may require large volumes of 
intravenous fluid to be administered - another risk factor 
for AKI and other postoperative complications including 
pulmonary oedema. Sakowska et al.  found that there 
was a 10-fold increased risk of adverse respiratory events 
due to large intravenous fluid changes in liver resection 
patients with EDA [35]. Kambakamba et al. identified 
EDA as an independent risk factor for AKI following major 
liver resection [8]. It has also been found that EDA was 
associated with increased use of intraoperative colloids 
and catecholamines which have both been previously 
reported as risk factors for AKI [12]. 

A common side effect of EDA is sympathetic blockage 
which usually requires greater intravenous fluid loads 
or catecholamine administration. This agrees with the 
theory that EDA, associated with fluid restriction to 
maintain LCVP, reduces MAP below a threshold that 
affects and lowers GFR and induces AKI. This is further 
supported by the well documented relation between the 
duration and severity of hypotension in patients in the 
ICU and the risk of AKI [36].

EDA does have it benefits and most studies have 
confirmed satisfactory analgesia with EDA for liver 
resection [37]. This is consistent with the finding by 
Kambakamba et al.who found that there was a 75% 
reduction in early postoperative opioid administration 
in EDA patients [8]. However, there is some remaining 
controversy surrounding the most effective delivery 
of analgesia during liver resection in that alternate 
approaches, such as local infiltration combinations with 
PCA, or bupivacaine intramuscular infusions with EDA, 
seem hopeful [38, 39].

LIMITATIONS

The findings in this study should be viewed in light of 
its limitations. As in any observational and retrospective 
study, the influence of any unmeasured factors on 
the risk for developing AKI cannot be considered. In 
addition, it has only highlighted associations between 
the development of AKI and various risk factors; it has 
not proved a definite causative relationship, something 
that limits observational studies. Therefore, data was 
only extracted on variables for which there is a plausible, 
biologically causative relationship with the development 
of AKI. 

In addition, the data was derived from a single cohort 
centre with a small patient sample size, limiting reliability 
and validity. Data entry errors on anaesthetic charts 
limited the extent of some of the analysis, including fluid 
administration and blood and urine losses. 

CONCLUSION

There is a compelling evidence for potential risk 
factors in the development of AKI following liver 
resection and as such with further data collection and 
analysis, it would be easier to investigate deeper into 
the physiological causes of AKI following hepatectomy. 
The identification of perioperative risk factors would 
allow for the refinement of existing care pathways and 
the development of new ones where current approaches 
are not fit for purpose. As such, this would enable the 
delivery of the best and most appropriate preoperative, 
intraopertive and postoperative care to meet the needs of 
patients who are at a greater risk of developing AKI in the 
liver resection surgical setting. 
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