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Abstract An independent association between acute renal 
failure (ARF) and intra-abdominal hypertension (IAH) after 
liver transplantation has not been established previously. 
The aim of this retrospective study was to understand the role 
of IAH as an independent risk factor for ARF in the early 
postoperative period. This study involved 62 subjects who 
underwent liver transplantation. Intra-abdominal pressure 
(IAP) was measured in the first three days after surgery 
by using the urinary bladder technique. An IAP of at least 
20  mmHg per day was defined as IAH. Clinical parameters 
between group IAH and group NO-IAH were compared in 
terms of the incidence of ARF, blood creatinine levels, blood 
urea nitrogen (BUN) levels, urine volume per hour and glo-
merular filtration gradient (GFG). Hemodynamic variations 
were recorded in the first three postoperative days between 
group ARF and group NO-ARF. The perioperative suspected 
risk factors of ARF were determined for statistical evaluation 
using correlation coefficients and logistic regression analysis. 
In group IAH, 45.8% patients developed ARF as against 7.9% 
in group NO-IAH; GFG was significantly lower at 0–72  h 
after surgery; and blood creatinine levels, BUN levels, urine 
volume per hour were significantly different at 24–72  h after 
surgery compared with group NO-IAH. The patients with 
ARF were not significantly different from those without 
ARF in terms of central venous pressure, pulmonary artery 
pressure and mean arterial pressure (MAP) in the first three 
postoperative days despite a significant increase in heart rate 
at 24–72h after operation. Postoperative IAH, intraoperative 
MAP and intraoperative blood transfusion volume of 
more than 15  U were found to be independent risk factors for 
ARF. IAH impaired renal function and was an independent 
risk factor for ARF after liver transplantation. Routine 

measurement should be taken to monitor IAP every eight 
hours postoperatively. 

Keywords liver transplantation; intra-abdominal hyperten-
sion; renal failure, acute

1 Introduction

Orthotopic liver transplantation (OLT) is burdened with 
acute renal failure (ARF), with an incidence ranging from 
10% to 25%, and a mortality rate that exceeds 50% when 
renal replacement therapy is required [1,2]; in this setting, 
even moderate renal dysfunction is significantly associated 
with shortened graft and recipient survival [3]. 

There are many specific characteristics of the liver 
transplant procedure. These include frequent intra-peritoneal 
hemorrhages (surgical or due to coagulopathy), bowel con-
gestion due to portal hypertension and/or large-scale fluid 
administration and accumulation of massive ascitic fluid. 
All these factors put patients at risk for intra-abdominal 
hypertension (IAH) in the immediate postoperative period.

Although it has been known for more than a century that 
IAH is associated with renal impairment, few studies have 
reported on the adverse physiological effects of IAH on renal 
function after OLT [4,5]. To our knowledge, an independent 
association between ARF and IAH after OLT has not been 
established. The aim of this retrospective study was therefore 
to understand the role of IAH as an independent risk factor for 
ARF in patients who underwent OLT.

2 Patients and methods

This retrospective study involved all 62 subjects consecu-
tively undergoing cadaveric OLT in Ruijin hospital from 
September 2003 to January 2005. All subjects signed an 
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informed consent for study participation, which had been 
approved by the local Institutional Human Subjects Commit-
tee and Ruijin hospital Ethics Committee. The exclusion 
criteria included preoperative diagnosis of renal dysfunction, 
the onset of infection, respiratory complications and graft 
function problems based on standard criteria [6–8]. Forty-
eight men and 14 women were included in this research, 
with a mean age of 48.03 years. Twenty-six cases suffered 
from HBV hepatic cirrhosis, 14 from primary carcinoma of 
the liver, 14 from acute severe hepatitis, six from biliary 
cirrhosis and two from alcoholic cirrhosis. Donors had identi-
cal blood types with that of recipients. Classic OLT was 
performed in 17 cases, piggyback OLT in 43 cases, and split 
liver transplantation in two cases. All of the OLTs done 
without extracorporeal venovenous bypass were performed 
by the same group of surgeons.

The immunosuppressive protocol included tacrolimus 
(maintained at a trough blood concentration of 8–12  ng/mL) 
and methylprednisolone (1000  mg intraoperatively, subse-
quently reduced by 50% every day until reaching a predniso-
lone dose of 20  mg/d). Immunosuppression was completed 
after intravenous administration of basiliximab (20  mg) on 
the first and fourth postoperative day. There were no differ-
ences in preventive therapeutical protocols for bacterial, virus 
and fungal infections. 

IAP was measured by using the urinary bladder technique 
modified by Kron et al. [9], after the patients had been placed 
in a supine position and disconnected from the ventilator. 
The symphysis pubis was used as reference line. IAP was 
measured twice before OLT was done, and at least every eight 
hours in the first three postoperative days. 

IAH was defined as a mean intra-abdominal pressure (IAP) 
per day of equal to or more than 20 mmHg in the first three 
days after OLT. The 62 patients were divided into two groups: 
those with IAH (group IAH) and those without IAH (group 
NO-IAH). Time was recorded at the emergence of IAH. 
Hepatic function in both groups was assessed as activated 
partial thromboplastin time ratio, prothrombin time, alanine 
aminotransferase, aspartate aminotransferase, blood total 
bilirubin and connect bilirubin on the fourth day after OLT.

According to Sugrue’s definition [6], ARF was identified 
as a postoperative blood creatinine (Cr) level of more 
than 130  µmol/L or an increase in blood Cr of greater than 
100  µmol/L within 72 hours after surgery. The 62 patients 
were thus accordingly divided into two groups: group ARF 
and group NO-ARF. Hemodynamic variables [heart rate 
(HR), central venous pressure (CVP), pulmonary artery pres-
sure (PAP) and mean arterial pressure (MAP)] of both groups 
were recorded in the first three postoperative days.

The incidence of ARF and cases that required continuous 
renal replacement in group IAH and group NO-IAH were 
documented. Blood creatinine levels, blood urea nitrogen 
(BUN) levels and urine volume per hour were recorded in the 
first three postoperative days. MAP was measured at the same 
time points when postoperative IAP was recorded. The 

glomerular filtration gradient (GFG) was calculated 
according to the formula: GFG = MAP-(2xIAP) [10].

We analyzed the perioperative suspected risk factors of 
ARF such as age, preoperative hypertension, intraoperative 
MAP, unit of intraoperative blood transfusion, operative 
pattern (classic/piggyback/split transplantation), anhepatic 
time as well as postoperative sepsis, respiratory failure, initial 
poor graft function (based on the Nanashima’s suggestion 
[11]), relaparotomy (for abdominal hematoma cleaning or 
hemostasia), mean administration dose of diuretics and 
postoperative IAH in the first three days. ARF and IAH were 
considered to be potentially related with each other if they 
occurred within 48 hours postoperatively.

All data were analyzed with SPSS 11.0 software (SPSS, 
Inc., Chicago, USA). The results were presented as xrPs 
or percent rate. The student’s t test was used for unpaired 
numerical data analysis, and either the Pearson x2 test or 
Fisher’s exact test was used for nominal data. Correlation 
coefficients were adopted to determine the correlation 
between continuous variables. Logistic regression and for-
ward stepwise regression were used to evaluate the indepen-
dent risk factors for ARF. Statistical significance was set at 
P<0.05.

3 Results

Of the 62 patients, none of the patients’ preoperative IAP 
exceeded 6 mmHg. Twenty-four (38.7%) had IAH and 
38 (61.3%) did not show a high IAP after operation. Of the 
24 patients with IAH, 19 (79.2%) developed IAH at 0–24  h 
postoperatively, with the other five (20.8%) at 24–48  h 
postoperatively. In both groups, the values lasted at least until 
the third day after surgery.

Eleven (45.8 %) patients in group IAH developed ARF, 
four of whom demonstrated oliguria or anuria, against three 
(7.9%) ARF cases in group NO-IAH (x2 = 12.11, P = 0.01). 
Continuous renal replacement therapy was required in three 
members of group IAH but none for group NO-IAH 
(P = 0.054). Hospital mortality rates were 12.5% and 5.3% 
in group IAH and group NO-IAH, respectively (P = 0.366). 
Statistical differences between group IAH and group 
NO-IAH were noted in blood Cr levels, BUN levels and 
urine volume per hour at 24–48  h and at 48–72h (P<0.01 or 
P<0.05, Table  1) postoperatively. GFG in group IAH was 
significantly lower than that in group NO-IAH in the first 
three days postoperatively (P<0.01, Table  1), revealing that 
renal function was impaired quickly and continuously in 
IAH.

There were no significant differences in activated partial 
thromboplastin time ratio, prothrombin time, alanine 
aminotransferase, aspartate aminotransferase and blood total 
bilirubin levels between the two groups, but blood connect 
bilirubin levels of patients with IAH were significantly higher 
than those with a normal IAP on the fourth day after OLT 
(P<0.05, Fig. 1).
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Of the 62 patients, 14 (22.6%) patients developed ARF, 
and 48 subjects did not develop ARF (NO-ARF). The patients 
with ARF were not significantly different from those without 

ARF in terms of CVP, PAP and MAP in the first three days 
after OLT, despite a significant increase in HRs at 24–72h 
(P<0.01 or P<0.05, Table 2).

The prevalence of risk factors for ARF is summarized in 
Table 3. Analysis of correlation coefficients showed that ARF 
was significantly correlated with factors such as age more 
than 60 years, intraoperative blood transfusion volume more 
than 15  U, intraoperative MAP, postoperative IAH, postop-
erative sepsis and postoperative respiratory failure in the first 
three days (P<0.01 or P<0.05, Table  3). On the other hand, 
no significant correlation was found with the following 
factors: preoperative hypertension, anhepatic time, operative 
pattern, initial poor graft function, postoperative relaparo-
tomy and mean administration dose of diuretics (0–72h 
postoperative).

Logistic regression analysis revealed that ARF was 
significantly and independently correlated with postoperative 

Table 1 Comparison of the IAP and renal function between group IAH and group NO-IAH in the first three days after OLT

Postoperative IAP and 0–24 h 24–48 h 48–72 h
renal function

 Group IAH Group NO-IAH Group IAH Group NO-IAH Group IAH Group NO-IAH

IAP (mmHg) 24.35P6.06a) 14.63P3.51 26.25P5.99a) 14.21P3.25 23.22P4.59a) 13.16P4.37
Cr (µmol/L) 124.67P53.89 104.74P54.33 143.08P84.81a) 97.18P34.01 137.21P83.0a) 91.50P44.34
BUN (mmol/L) 12.19P6.44 9.67P5.04 13.63P8.99a) 7.91P4.47 13.63P9.29b) 10.09P4.50
Urine volume/h (mL/h) 96.68P51.87 106.15P41.15 74.49P56.64a) 114.0P39.21 77.13P51.39a) 115.0P36.88
GFG (mmHg) 30.14P16.52a) 52.9P11.66 29.61P17.42a) 58.36P12.48 35.28P18.60a) 61.32P11.71

a)P<0.01 versus group NO-IAH; b)P<0.05 versus group NO-IAH.

Table 2 Analysis of hemodynamic variations between group ARF and group NO-ARF in the first three days after OLT

Variables 0–24 h 24–48 h 48–72 h

 Group ARF Group NO-ARF Group ARF Group NO-ARF Group ARF Group NO-ARF

HR/min 109.71P18.57 102.77P19.77 109.64P22.00b) 96.38P15.37 108.64P18.77a) 95.29P12.54
CVP (mmHg) 9.94P4.56 9.07P4.10 9.56P3.35 8.38P3.08 8.43P3.97 7.79P2.91
PAP (mmHg) 22.21P5.01 20.27P4.67 17.86P3.97 17.63P4.90 16.50P4.23 17.19P4.80
MAP (mmHg) 79.30P12.43 80.77P10.81 82.86P10.27 85.06P12.53 81.37P13.83 86.27P12.49

a)P<0.01 versus group NO-ARF; b)P<0.05 versus group NO-ARF.

Fig.  1 Comparsion of liver function between group IAH 
and group NO-IAH on the fourth day after OLT. P<0.05. APTT: 
activated partial thromboplastin time ratio; PT: prothrombin time; 
ALT: alanine aminotransferase; AST: aspartate aminotransferase; 
TB: total bilirubin; CB: connect bilirubin

Table 3 Analysis of the prevalence of risk factors for ARF after OLT

Risk factors assessed ARF (n = 14) NO-ARF (n = 48) P RRc) 95%CId)

Age (>60 y) (n%) 5 (35.7%)b) 4 (8.3%) 0.01 6.11 1.36–27.32
Preoperative hypertension (n%) 2 (14.3%) 5 (10.4%) 0.693 1.43 0.24–8.33
Intraoperative MAP (mmHg) 75.0P7.81b) 81.76P9.59 0.019 – –
Intraoperative blood transfusion volume  9 (64.3%)a) 9 (18.8%) 0.001 7.80 2.10–28.95
 more than 15 U (n%)
Operative pattern: 6/8/0 11/35/2 0.115 – –
 classic/piggyback/split (n%) (42.9%/57.1%/0%) (22.9%/72.9%/4.2%)
Anhepatic time (min) 45.79P7.50 45.33P7.48 0.843 – –
Postoperative IAH (n%) 11 (78.6%)a) 13 (27.1%) 0.0003 9.87 2.37–41.10
Initial poor graft function (n%) 4 (28.57%) 8 (12.9%) 0.329 2.00 0.50–7.99
Postoperative sepsis (n%) 4 (28.6%)b) 4 (8.3%) 0.048 4.40 0.93–20.66
Postoperative respiratory failure (n%) 7 (50.0%)a) 5 (10.4%) 0.001 8.60 2.12–34.81
Postoperative relaparotomy (n%) 3 (21.4%) 5 (10.4%) 0.287 2.34 0.48–11.35
Diuretics (mg/d) 31.42P12.92 26.67P5.77 0.052 – –

a)P<0.01 versus group NO-ARF; b)P<0.05 versus group NO-ARF; c)RR: relative risk; d)CI: confidence interval.
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IAH, intraoperative MAP and intraoperative blood transfu-
sion volume of more than 15  U (P<0.05, Table  4). Multi-
variate forward stepwise regression model showed identical 
outcomes: intraoperative MAP (P = 0.007), postoperative 
IAH (P = 0.012) and intraoperative blood transfusions of 
more than 15  U (P = 0.017) were the high-risk factors for 
ARF after OLT.

diagnosed only when IAP exceeded 12 mmHg [15]. We 
therefore decided to use 20 mmHg as the threshold to high-
light the possible deleterious effects of IAH, coinciding with 
suggestions of most specialists [16,17].

The etiology of ARF after OLT is multifactorial. Among 
these factors, hypovolemia and massive blood loss at the 
intraoperative and/or postoperative phase can cause a 
decrease in renal perfusion, which in turn may be the major 
trigger for evoking ARF [18]. However, we found no signifi-
cant differences in the hemodynamic variables (CVP, PAP, 
MAP) in the first three days after OLT, compared with that 
before OLT was done, despite of a significant increase in HRs 
at 24–72  h postoperatively. This suggests that ARF was not 
caused by postoperative hypovolemia in our population. In 
1876, Wendt reported that IAH could reduce urinary flow 
[19]. But, only in the last few years has the importance of IAH 
been recognized by its association with renal impairment 
[6,16]. Recently, a few studies have shown the adverse 
physiological effects of IAH on ARF after OLT [4,5]. To our 
knowledge, the independent effects of IAH on ARF have not 
been previously investigated in subjects undergoing OLT. 

In the present study, 11 (45.8%) patients in group IAH 
developed ARF, and four of them demonstrated oliguria 
or anuria, compared with three (7.9%) ARF cases in group 
NO-IAH. Continuous renal replacement therapy was required 
in three of those in group IAH but none in group NO-IAH. 
Statistical differences were noted in blood Cr levels, BUN 
levels and urine volume per hour between group IAH and 
group NO-IAH postoperatively at 24–48  h and at 48–72  h. 
These results reveal that renal function is quickly and con-
tinuously impaired by IAH. Sugrue suggested that the mean 
time of IAH onset and renal impairment after general abdom-
inal surgery is 1.7P1.4 days [6]. In our study, we obtained 
similar results.

Ulyatt suggested that GFG was a key to renal impairment 
in patients with IAH [10]. GFG is a mechanical force across 
the glomerulus and it is equal to the difference between the 
glomerular filtration pressure and the proximal tubular pres-
sure. In some circumstances, especially when IAP is elevated, 
proximal tubular pressure can be equated with IAP, and 
glomerular filtration pressure is estimated as the difference 
between MAP and IAP. GFG can, therefore, be calculated by 
the following formula: GFG = MAP−(2xIAP). Thus, chang-
es in IAP will have a much greater effect on urine formation 
than that from a corresponding alteration in MAP. In our 
sample, we found that group IAH had significantly lower 
GFG than group NO-IAH during the first 0–72  h postopera-
tively. These outcomes suggest that GFG is a special and 
early parameter for renal impairment in patients with IAH.

Multivariate correlation analysis on perioperative risk 
factors for ARF showed that ARF was significantly correlated 
with such factors like age more than 60 years, intraoperative 
blood transfusion volume over 15  U, intraoperative MAP, 
postoperative IAH, sepsis and respiratory failure. Logistic 
regression analysis revealed that ARF was significantly 
and independently associated with postoperative IAH, 

Table  4 Logistic regression analysis of independent risk factors for 
ARF

Variables Wald P ORb) 95%CI
 statistic

Age (>60 y) 0.363 0.547 2.15 0.17–25.95
Intraoperative blood transfusion  3.972a) 0.046 15.75 1.04–237.11
 volume of more than 15 U
Intraoperative MAP 5.046a) 0.025 1.15 1.01–1.30
Postoperative IAH 5.809a) 0.016 18.36 1.72–195.80
Postoperative sepsis 2.857 0.091 9.85 0.69–139.80
Postoperative relaparotomy 1.191 0.275 0.19 0.01–3.73
Postoperative respiratory failure 2.269 0.132 0.073 0.002–2.19
Diuretics 1.444 0.229 0.93 0.83–1.04

a)P<0.05; b)OR: odds ratio.

4 Discussion

Since the abdominal cavity is a limited space considered as a 
single compartment, any variations in its content can influ-
ence abdominal cavity pressure [12]. These variations may 
result from any step in OLT intraoperatively or postopera-
tively as follows: (1) bleeding and/or hematoma developing 
from coagulopathy and massive collateral circulation resulting 
from long-term hepatic function lesions and the destructive 
OLT procedure; (2) bowel congestion and edema from 
clipping of the portal vein at the anhepatic phase; (3) aggrava-
tion of bowel edema from massive fluid resuscitation at the 
anhepatic and new liver phase [4,12]; (4) accumulation of 
massive ascitic fluid due to refractory hypoalbuminemia at 
the early period of OLT [13]. Unlike ascites accumulating 
slowly before surgery, there is not enough time for any com-
pensatory mechanism to take effect. IAP increases dramati-
cally and steeply in some patients [4,5]. Our data showed that 
preoperative IAP of all patients did not exceed 6 mmHg, but 
the incidence of postoperative IAH reaching 38.7%, and 
79.2% occurred on the first postoperative day, and usually 
lasted until the third day after OLT. 

The urinary bladder is an extraperitoneal and intra-
abdomianal organ with a very compliant wall. The pressure in 
the urinary bladder closely approximates IAP and it is thus 
very useful in indirectly reflecting any changes in intraperito-
neal pressure [9]. The estimation of IAP via bladder pressure 
measurement is also a noninvasive and highly reproducible 
method [9,14]. Therefore, the urinary bladder technique was 
employed to measure IAP in our research. However, there is 
still no agreement in setting the standards for IAH according 
to IAP levels. Malbrain suggested that IAH should be 
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intraoperative MAP and intraoperative blood transfusion 
volume over 15 U. Multivariate forward stepwise model 
revealed identical results.

A decrease in cardiac output is observed after an increase 
in afterload, which in turn can be due to mechanical compres-
sion of the abdominal vascular beds. On the other hand, a 
decrease in preload may occur due to direct compression of 
the inferior vena cava [12,20,21]. Increased IAP causes eleva-
tion of the diaphragm, which causes an increase in pleural and 
hence intrathoracic pressure [20,21]. A decrease in preload 
is exacerbated by this increase in intrathoracic pressure, 
not only hindering venous return but also causing cardiac 
compression leading to a decrease in ventricular end-diastolic 
volume [20]. As a result, these will cause a reduced stroke 
volume, hypovolemia and a subsequent decrease in renal per-
fusion and glomerular filtration rate [12,21]. However, in our 
study, the reversal of hemodynamic disturbance by volume 
expansion therapy did not ameliorate renal function, indicat-
ing that a decrease in cardiac output cannot completely 
explain the manifestations of renal function deterioration in 
IAH. There are some other possible mechanisms causing the 
decrease in glomerular filtration rate, such as direct compres-
sion of the renal vessels or renal parenchyma with diminished 
renal blood flow, or an increase in renal vascular resistance 
and the redistribution of blood from the renal cortex to the 
medulla [4,5,22,23]. Increases in both plasma renin levels 
and aldosterone levels have been reported in animals with 
increased IAP. Plasma renin activity and aldosterone levels 
were both reported to be significantly decreased by decom-
pression of the abdomen [24]. Recently, Edil reported that 
IAH caused changes in gene up- and down-regulation in the 
kidney [25]. Further investigation on renal gene expression 
may provide insight into the molecular pathophysiology of 
ARF caused by IAH. 

A correlation between elevated IAP and impairment of 
hepatic perfusion and high hospital mortality rates has been 
found in various studies [26–29]. However, there were no 
significant differences in graft function and mortality between 
group IAH and group NO-IAH. This may be because of the 
small sample in our study.

In conclusion, this study demonstrates that IAH is an 
independent risk factor causing ARF during the early postop-
erative period after OLT. A routine measurement of IAP, such 
as at every eight hours postoperatively, should be considered. 
Perhaps IAP should be measured at the end of abdominal 
closure. It may be helpful to adopt corresponding interven-
tions to ameliorate or prevent renal impairment by IAH at an 
early period after OLT.
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