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Abstract 
Background: Circulatory dysfunction is known in spontaneous bacterial pe-
ritonitis (SBP) patients. We aimed to determine whether degree of hyper-dy- 
namic circulation is significantly correlated with severity of liver disease and 
poor outcome in these patients or not. Methods: 61 patients diagnosed to 
have SBP were enrolled. In addition to routine laboratory investigation, Child 
Pugh and APACHE II scores were calculated for all patients. Degree of renal 
impairment was defined using Acute Kidney Injury Network (AKIN) criteria. 
Stroke volume (SV) was measured by M mode and 2-dimensional Doppler 
echocardiography. Cardiac output (CO) and Systemic vascular resistance (SVR) 
were also calculated. All data were statistically analyzed. Results: SV, CO, SVR 
were significantly correlated with Child Pugh score, p value < 0.001, <0.001, 
and 0.011 respectively. In 46 (75.4%) patients who had AKI, degree of kidney 
injury using AKIN criteria is significantly correlated with SVR, SV, and CO. 
Inpatient mortality occurred in 10 (16.4%) patients. Non-survivors had lower 
SVR and higher SV and CO compared to survivors (1805 ± 105 dyn∙sec/cm2, 
80.3 ± 11.2 ml, and 6.7 ± 1.1 L/min vs 1936 ± 504, 67.6 ± 12.7, and 5.7 ± 0.9, p 
value 0.029, 0.005, 0.007 respectively). Using the Receiver Operating Charac-
teristics (ROC) curve, the cut-off value of CO that predicts mortality was 5.89 
L/min with sensitivity and specificity measuring 80%, 70.6% respectively. The 
area under the curve (AUC) is 0.767 with 95% confidence interval (CI) is 
0.566 to 0.968, p value 0.008. At this value, the odds ratio (OR) is 7.33 with p 
value 0.012. Conclusion: Degree of hyper-dynamic circulation is significantly 
correlated with the severity of liver disease and predicts poor outcome in SBP 
patients. 
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1. Introduction 

Spontaneous bacterial peritonitis (SBP) is a serious and relatively common com-
plication in patients with advanced liver cell failure [1] [2] [3]. Circulatory dys-
function attributed to an increased local release of nitric oxide (NO) and other 
vasodilators related to portal hypertension has been reported which lead to 
splanchnic arterial vasodilatation with subsequent decrease in systemic vascular 
resistance (SVR) [4] [5]. Increased cardiac output (CO) and over-activity of the 
renin-angiotensin system (RAS), sympathetic nervous system, and antidiuretic 
hormone (ADH) are essential compensatory mechanisms in order to maintain 
arterial blood pressure in these patients [2]. Navasa et al., [6] suggested that ren-
al failure in SBP is due to this circulatory dysfunction promoted by cytokines 
that result in further stimulation of the RAS and sympathetic nervous systems 
that lead to renal vasoconstriction, and reduction in glomerular filtration rate [6] 
[7]. The occurrence of renal failure in SBP in association with extremely high 
plasma and ascetic fluid levels of inflammatory mediators such as tumor necro-
sis factor (TNF) and interleukin 6 (IL-6) may indicate that these inflammatory 
mediators may play another role in circulatory dysfunction in these patients [4] 
[8]. 

Our aim was to determine whether degree of hyper-dynamic circulation is 
correlated with severity of the liver disease and poor outcome in SBP patients 
admitted to intensive care unit or not. 

2. Patients and Methods 

This observational prospective study was conducted on 61 patients admitted to 
critical care department of Cairo university Hospitals with SBP during the pe-
riod between March to September 2015. SBP was defined as presence of ≥250 
polymorph nuclear cells with absence of any cause suggestive secondary bacteri-
al peritonitis [9]. 

All patients underwent full clinical examination and laboratory investigation 
including CRP and blood gases. APACHE II, and Child- Pugh scores was calcu-
lated upon admission. Degree of renal impairment was assessed using AKIN 
criteria into grades 1, 2, and 3 [9]. 

Hemodynamic measurements: Stroke volume (SV) was measured by M mode 
and 2-dimensional Doppler echocardiography with an ACUSON X300 equipped 
with 4 - 2 MHz transducer. Cardiac output (CO) was calculated as the product 
of SV and heart rate. Systemic vascular resistance (SVR) was calculated as the ra-
tio of mean arterial pressure to cardiac output x 80. 

Management: All patients were treated with high dose IV albumin and 3rd 
generation cephalosporin. Antibiotics were modified according to culture re-
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sults, or if the cytological response was not achieved. Patients with renal im-
pairment were treated with IV terlipressin and oral midodrine. All patients with 
any of the following were excluded: age < 18 years, admission with hemody-
namic instability, patients underwent large volume paracentesis, hepatocellular 
carcinoma, presence of any source of sepsis other than SBP, pre existing renal 
impairment, any cause of hyperdynamic circulation including sepsis other than 
SBP, thyrotoxicosis, and previous arteriovenous shunts. Patients with hepatic 
encephalopathy were treated with Oral lactulose, lactulose enema and Rifax-
amine at a dose of 4000 mg 3 times a day.  

Statistical Analysis 

Data were analyzed using SPSS (Statistical Package for the Social Sciences) soft-
ware package version 18.0 (SPSS, Chicago, IL, USA). Quantitative data were ex-
pressed using Range, Mean, standard deviation and Median while Qualitative 
data was expressed in frequency and percent. Qualitative data was analyzed us-
ing Chi-square test also exact tests such Fisher exact and Monte Carlo was ap-
plied to compare different groups. Quantitative data was analyzed using student 
t-test to compare between two groups. Non-normally distributed quantitative 
data were analyzed using Mann Whitney test for comparing two groups. P value 
was assumed to be significant at 0.05. 

3. Results 

61 patients with mean age of 56.8 ± 5.9 years admitted to the critical care medi-
cine department and diagnosed to have SBP were enrolled. Baseline general 
characteristics, standard laboratory results, and hemodynamic measurements of 
the studied patients are shown in Table 1, and Table 2. 

Pearson correlation showed that SV, CO, SVR were significantly correlated 
with Child Pugh score, p value < 0.001, <0.001, and 0.011 respectively (Figure 1, 
Figure 2, Figure 3). 

AKI occurred in 46 (75.4%) patients. Of them, 18 (29.5%), 17 (27.9%), 18 
(29.5%) had AKIN grade 1, 2, and 3 respectively. Degree of renal impairment as 
defined with AKIN criteria was associated with more derangement in hemody-
namic indices namely: SVR, SV, and CO (Table 3). 

Inpatient mortality occurred in 10 (16.4%) patients. All mortality exclusively 
occurred in patients AKI during their hospital course: 9 (90%) and 1 (10%) pa-
tients had AKIN grade 3 and 2 respectively (Figure 4). 

Non-survivors had lower SVR and higher SV and CO compared to survivors 
(1805 ± 105 dyn∙sec/cm2, 80.3 ± 11.2 ml, and 6.7 ± 1.1 L/min vs 1936 ± 504, 67.6 
± 12.7, and 5.7 ± 0.9, p value 0.029, 0.005, 0.007 respectively) (Table 4). 

Using the Receiver Operating Characteristics (ROC) curve, the cut-off value 
of CO that predict mortality was 5.89 with sensitivity and specificity measuring 
80%, 70.6% respectively. The area under the curve (AUC) is 0.767 and 95% con-
fidence interval (CI) is 0.566 to 0.968, p value 0.008 (Figure 5). At this value, the 
odds ratio (OR) is 7.33 with p value 0.012. 
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Table 1. General characteristics and standard laboratory results for studied patients. 

Variables Mean ± SD 

Age (years) 56.86 ± 5.97 

Sex (♂%) 65.6% 

APACHE II score (points) 17.24 ± 2.61 

Child Pugh (points) 9.52 ± 1.42 

Hb (mg/dl) 9.48 ± 1.07 

Bilirubin. T (mg/dl) 4.20 ± 2.26 

Bilirubin. D (mgl/dl) 2.69 ± 1.76 

PLT (×103/cmm) 79.21 ± 28.22 

PC (%) 50.16 ± 12.45 

Na (mmol/l) 128.75 ± 4.93 

Cr (mg/dl) 1.85 ± 1.48 

CRP (mg/dl) 91.54 ± 26.47 

Lactate (mmol/l) 1.77 ± 0.59 

Abbreviations: Hb: hemoglobin, PLT: platelets, PC: prothrombin concentration, Cr: Creatinine, CRP C- 
reactive protein. Data are presented as mean ± SD or percentage %. 

 
Table 2. Hemodynamic measurements of the studied patients. 

Hemodynamic variables Mean ± SD 

SV (ml) 69.69 ±1 3.3 

CO (L/min) 5.93 ± 1.01 

SVR (dyn∙sec/cm5) 1914 ± 464 

Abbreviations: SV: stroke volume, CO: cardiac output, SVR: systemic vascular resistance. Data are pre-
sented as mean ± SD. 

 

 
Figure 1. Correlation between SV and child pugh in the studied patients. 
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Figure 2. Correlation between CO and child pugh in the studied patients. 

 

 
Figure 3. Correlation between SVR and child pugh in the studied patients. 

 
Table 3. Hemodynamic measurements in relation to degree of renal impairment of the 
studied patients. 

 AKIN 0 AKIN 1 AKIN 2 AKIN 3 P value 

SV (ml) 64.0 ± 12.07 67.5 ± 11.9 71.6 ± 13.8 78.0 ± 13.0 0.046 

CO (L/min) 5.3 ± 1.09 5.6 ± 0.61 6.36 ± 0.83 6.61 ± 1.1 0.001 

SVR (dyn∙sec/cm5) 1987 ± 195 2142 ± 438 1678 ± 659 1810 ± 103 0.018 

Abbreviations: AKIN: Acute Kidney Injury Network, SV: stroke volume, CO: cardiac output, SVR: systemic 
vascular resistance. Data are presented as mean ± SD. 
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Table 4. Hemodynamic indices in relation to mortality. 

 Survivors Non survivors P value 

SV (ml) 67.6 ± 12.7 80.3 ± 11.2 0.005 

CO (L/min) 5.7 ± 0.9 6.7 ± 1.1 0.007 

SVR (dyn∙sec/cm5) 1936 ± 504 1805 ± 105 0.029 

Abbreviations: SV: stroke volume, CO: cardiac output, SVR: systemic vascular resistance. Data are pre-
sented as mean ± SD. 

 

 
Figure 4. Degree of AKIN grade in relation to mortality. 

 

 
Figure 5. ROC curve for CO as a predictor of mortality. 

4. Discussion 

Hyper-dynamic circulation in patients with liver cirrhosis arises from portal 
hypertension and portosystemic shunts developed to counterbalance the in-
creased intra-hepatic vascular resistance to portal blood flow with subsequent 
increase in venous return to heart. Increased shear stress in vascular endothelial 
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cell related high blood flow by portosystemic shunting contributes to this 
up-regulation of eNOS resulting in NO overproduction. Nonetheless, bypassing 
through portosystemic collaterals and escaping degradation of over-produced 
circulating vasodilators in the diseased liver can promote the peripheral arterial 
vasodilation that lead to a reduced SVR, and increased SV, CO and splanchnic 
blood flow [10]. 

The present study showed that the degree of hyper-dynamic circulation was 
significantly correlated with Child pugh score, degree of renal impairment, and 
mortality in SBP patients admitted to ICU which was in concordance with Fer-
nandez-Seara, et al. and Iwao, T., et al. [11] [12] who demonstrated that the de-
gree of hepatic decompensation directly correlates with the degree of hy-
per-dynamic circulation and inversely correlates with the arterial BP. These re-
sults were supported by many studies reported improvement in the hemody-
namic and neurohormonal parameters and reversal of renal impairment with 
systemic vasoconstrictor administration [13]-[18]. Studies in animal models and 
humans with cirrhosis consistently demonstrate that the splanchnic circulation 
is the main vascular bed responsible for the peripheral vasodilation, especially in 
advanced liver disease [11] [19] [20] [21].  

In contrast to our results, Ruiz-del-Arbol, et al., [22] demonstrated reduction 
in CO without a change SVR in SBP patients who developed HRS. This contra-
diction could be explained by the difference of etiology of liver cirrhosis in their 
patients compared to our patients, as the majority (15/23) of their patients had 
alcoholic cirrhosis and only 8/23 had HCV related cirrhosis. In contrast, all of 
our patients had HCV related cirrhosis and none had alcoholic cirrhosis. Thus, a 
variable degree of alcoholic cardiomyopathy could be a contributing factor in 
hemodynamic alteration of their patients. Moreover, we excluded all patients 
with previous renal impairment while they included any patients who had serum 
creatinine level below 3 mg/dl on admission.  

This study also showed that the overall mortality in the studied patients was 
16.4% patients and it was exclusively happened in patients who developed AKI. 
In agreement with our results, Tsung-Hsing, H., et al., [22] proved that acute 
renal failure is a better determinant of short and long term mortality in SBP pa-
tients. Similarly, Folo, et al., [8] reported that with renal impairment, the mor-
tality rate increased from 9% to 54% in SBP patients.  

In the present study, the parameters of hyper-dynamic circulation were sig-
nificantly higher in non survivors compared to survivors. To the best of our 
knowledge, no previous studies correlate the parameters of hyper-dynamic cir-
culation with mortality in cirrhotic or SBP patients. However, Navasa, M., et al., 
[6] noted that cirrhotic patients who developed renal function impairment, 
which was the main predictor of mortality in these patients as mentioned before, 
had higher levels of cytokine in the serum and ascitic fluid. In addition, they also 
mentioned that SBP induced higher serum renin levels in cirrhotic patients with 
acute renal failure, compared with those without ARF. Thus, it is postulated that 
cytokines lead to NO release, which in turn results in arterial vasodilatation and 
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hemodynamic alterations that may cause ARF. Therefore, the occurrence of ARF 
after SBP may present a combination of infection-induced circulatory failure 
and cirrhosis-related circulatory failure. Hence, we recommend to routinely as-
sessing the parameters of hyper-dynamic circulation in all SBP patients admitted 
to ICU.  

Study limitations: In addition to relatively small sample size, we measured 
the parameters of hyper-dynamic circulation once on admission, and we didn’t 
monitor them during the hospital stay to assess their trends and correlate these 
trends with mortality. Also, we didn’t study the effect of various vasoactive 
agents on these parameters. 

We concluded from this study that the degree of hyper-dynamic circulation 
was significantly correlated with the severity of liver disease and predicted poor 
outcome of SBP patients admitted to ICU. 
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