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Abstract

The role of “nephrocongestion” in hemodynamic renal disease is understud-

ied. Intra-abdominal hypertension accompanies liver disease and renal disease.

Our hypothesis states that in those patients with liver disease, hepatic vein

pressure measured during a transjugular intrahepatic portosystemic shunt

(TIPS) procedure reflects intra-abdominal pressure and predicts estimated

glomerular filtration rate (eGFR). We gathered data from our clinical database

and chart review on a cohort of cirrhotic patients who received TIPS at Mon-

tefiore as part of their clinical care between 2004 and 2014. We evaluated

association of demographic and measured variables with eGFR in those sub-

jects without end-stage renal disease (ESRD). Using multivariate regression,

we examined the relationship between eGFR and hepatic vein pressure while

adjusting for age, proteinuria, and ultrasound evidence for parenchymal kid-

ney disease. The mean age of the subjects was 57 years old. Two thirds of the

patients were male, 23% were White, and 20% were Black. A higher percent-

age of patients with chronic kidney disease (CKD), as determined by lower

than 60 mL/min/1.73 m2, had proteinuria and ultrasound evidence for

parenchymal kidney disease. A multivariate linear regression showed a signifi-

cant and negative association between hepatic vein pressure and eGFR when

adjusting for age, race, and proteinuria. Hepatic vein pressure is negatively

and significantly associated with eGFR in those patients with liver failure. This

finding has major implications for the way we evaluate hemodynamic renal

disease.

Introduction

Hemodynamic renal disease, also known as prerenal azo-

temia, is characterized by a reduction in glomerular filtra-

tion rate (eGFR) that is reversible and presumably a

result of decreased renal perfusion (Schrier 2007; Schrier

et al. 2012). Etiologies for hemodynamic renal disease

include conditions wherein total body salt water is

increased but “effective” intravascular volume is reduced.

Examples include cardiorenal syndrome in heart failure

(HF) and hepatorenal syndrome in cirrhosis (Schrier

2007; Schrier et al. 2012). The mechanism for renal dys-

function in these settings is yet to be fully elucidated.

Recently, theories supporting a role for renal venous

hypertension as a causal factor have emerged. A thorough

understanding of hemodynamic mechanisms underlying

renal dysfunction in these disorders is essential for proper

diagnosis and has significant implications for manage-

ment strategies.

There are multiple purported etiologies for kidney fail-

ure in the setting of liver cirrhosis (Epstein 1992, 1994;

Schrier et al. 2012; Adebayo et al. 2015). The mechanisms

by which intra-abdominal hypertension (IAH) from

ascites and portal hypertension cause hemodynamic renal

disease are not well established, but possibilities include

renal interstitial hypertension, efferent arteriolar hyperten-

sion, and afferent arteriolar vasoconstriction (Kostreva

et al. 1980; Cade et al. 1987; Bloomfield et al. 1997;

Chang et al. 2013; Adebayo et al. 2015). Studies have

shown that a reduction in IAP below 17 with paracentesis
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is associated with an improvement in renal blood flow

(RBF) and urine output in this setting (Cade et al. 1987;

Chang et al. 2013; Adebayo et al. 2015). Further studies

have shown that the insertion of a peritoneovenous shunt

leads to improved RBF and renal function (Cade et al.

1987; Adebayo et al. 2015). Chang et al. (2013), in a

murine model of cirrhosis, showed that an increase in

IAP above 10 was associated with renal dysfunction.

Biopsies from affected mice showed constricted tubular

lumens and hyperemia of the interstitium (Chang et al.

2013). Artificially induced elevations in renal venous pres-

sure were associated with decreases in urine output, and

GFR in a number of animal models (Winton 1931, 1964;

Gottschalk and Mylle 1956). Finally, Cade et al. (1987)

were able to measure IVC, hepatic vein, and renal vein

pressures before, during, and after large volume paracen-

tesis in human subjects. They showed that the three

parameters were almost identical at all intervals measured,

and that a pressure decrease from 30 to 12 was associated

with improved renal blood flow and GFR (Cade et al.

1987). A plausible link between intra-abdominal venous

pressure, hepatic vein pressure, renal vein pressure, and

hemodynamic renal disease would dramatically inform

our understanding of cirrhosis and hemodynamic renal

disease.

We hypothesized that an increase in free hepatic

venous pressure (FHVP) correlates with GFR in those

patients with cirrhosis suspected of having hemodynamic

renal disease. To test our hypothesis, we examined a

cohort of cirrhotic patients who received transjugular

intrahepatic portosystemic shunt (TIPS) procedures at

Montefiore Medical Center between 2004 and 2014.

Methods

We used “Clinical Looking Glass (CLG)”, Montefiore’s

clinical and claims database, to search for all TIPS proce-

dures performed between the years 2004 and 2015. We

used procedure codes utilized by our interventional radi-

ology department. We identified a total of 439 procedures

and utilized chart review to collect the following demo-

graphic variables: age, sex, race, history of diabetes melli-

tus (DM), history of hepatitis C, the most recent

echocardiogram derived ejection fraction (EF) before the

procedure, and the most recent serum creatinine and

CLG derived estimated glomerular filtration rate (eGFR)

using the Modification of Diet in Renal Disease (MDRD)

formula. We also tallied use of loop diuretics in the

3 days prior to the index procedure, use of angiotensin

converting enzyme inhibitors (ACEIs)/angiotensin recep-

tor blockers (ARBs) in the preceding 3 days, evidence of

renal parenchymal disease on most recent renal sonogram

report (i.e., small kidney size, scarring, echogenicity),

presence of proteinuria (greater than trace, where avail-

able) in most recent urinalysis, and hepatic wedge pres-

sure and FHVP measurements during the TIPS

procedure. We utilized renal ultrasound evidence for

parenchymal renal disease and proteinuria as a way to

refine our definition of hemodynamic renal disease. TIPS

procedures were done in the interventional radiology

suite, under fluoroscopy, and with conscious sedation, as

clinically indicated. Measurement of hepatic vein and

hepatic wedge pressures are done routinely in this setting.

Patients with a history of end-stage renal disease (ESRD)

were excluded.

STATA version 14.0 was used for all data analyses.

Bivariate analyses were performed to examine the associa-

tion between eGFR, FHVP, ejection fraction (EF) from

echocardiogram done closest in date to the TIPS proce-

dure, and demographic attributes such as age, gender,

and race. Those values for eGFR and FHVP that were

over 3 standard deviations (outliers) from the mean were

excluded in the testing. We used Pearson’s correlation, T-

test, and one-way ANOVA for those normally distributed

continuous variables such as age, EF, eGFR, and FHVP.

Nonparametric testing included Spearman’s rho and

Mann–Whitney tests. Chi-square testing was used for all

categorical variables.

A linear regression model was built with eGFR as the

outcome variable and FHVP as the variable of interest.

We used backward stepwise regression with a two-sided

P-value of 0.1 to eliminate variables that were not signifi-

cant after including only those variables that were signifi-

cant from bivariate testing. The variables in the final

model were FHVP, age, and proteinuria. Postestimation

testing was carried out using residual testing and RVP

plots. Interactions were tested between the variable of

interest and each of the other variables in the model, and

no significant interactions were found.

Results

A total of 439 TIPS procedures were identified. The mean

age of the cohort was 57 years old and 67% of the cohort

was male. Twenty-three percent of the patients were

White, 20% were Black, 6% identified as Hispanic, and

another 8.7% identified as multiracial (Table 1). Thirty

percent of the cohort had CKD stage 3 or greater. Seven-

teen percent of all patients had evidence of parenchymal

renal disease on renal sonogram, while 33.2% of the

patients had proteinuria. The mean eGFR of the entire

cohort was 84 mL/min/m2. In those patients identified as

having CKD stage 3 or above, the prevalence of parenchy-

mal renal disease was 25% and that of proteinuria was

55%. The mean ejection fraction for all subjects was 64%

and the mean hepatic vein pressure was 14.0 mmHg.

2017 | Vol. 5 | Iss. 11 | e13301
Page 2

ª 2017 The Authors. Physiological Reports published by Wiley Periodicals, Inc. on behalf of

The Physiological Society and the American Physiological Society.

Hepatic Venous Pressure Predicts GFR in Cirrhosis N. Desai et al.



We examined bivariate associations of variables with

eGFR and found that with every year increase in age there

is a negative 0.72 difference in eGFR, and for every

1 mmHg increase in hepatic vein pressure there is a nega-

tive 0.67 difference in eGFR, but the latter did not reach

statistical significance (Table 2). There was no difference

in eGFR between genders, White patients had lower

eGFRs and patients with proteinuria and ultrasound evi-

dence for kidney disease had significantly lower eGFRs

(Table 1).

A multivariate linear regression model included 176

data points. For every 1 mmHg increase in hepatic vein

pressure there is a negative 0.75 mL/min/1.73 m2 differ-

ence in GFR at P = 0.02. The other two variables signifi-

cantly associated with GFR in the final model were age

and the presence of proteinuria. Every 1 year increase in

age was associated with a negative 0.87 mL/min/1.73 m2

difference in eGFR which is significant at P < 0.001, and

with a transition from no proteinuria to having trace pro-

teinuria or greater is associated with a negative 18.3 mL/

min/1.73 m2 difference in eGFR with P = 0.01 (Fig. 1).

Furthermore, univariate analysis showed that the associa-

tion between FHVP and eGFR is significant only above

FHVP of 10 mmHg, below which there is a nonsignificant

association. The association between eGFR and FHVP

seems linear above FHVP of 15 mmHg (Fig. 2).

Discussion

Our data suggest that in patients with cirrhosis undergo-

ing TIPS there is a significant negative association

between FHVP and eGFR, when adjusting for proteinuria

Table 1. Demographic data for the cohort of patients who had a

TIPS procedure at Montefiore Medical Center during the study

period.

Variable in total cohort (N = 439)

Age (years), mean (�SD) (n = 438) 57.0 (11.4)

Gender (%) (n = 427)

Female 141 (33.0)

Male 286 (67.0)

Race (%) (n = 439)

White 102 (23.2)

Black 88 (20.1)

Hispanic 29 (6.6)

Multiracial 38 (8.7)

Other 182 (41.5)

Calculated GFR (mL/min/1.73 m2),

mean (SD) (n = 430)

84 (40.0)

Presence of CKD (%) (n = 439)

No CKD 307 (70.0)

Stage 3 100 (22.8)

Stage 4 16 (3.6)

Stage 5 16 (3.6)

Evidence of parenchymal disease

on renal sono (%) (n = 301)

52 (17.3)

Patients with proteinuria (%) (n = 310) 103 (33.2)

Mean baseline EF (� SD) (%) (n = 300) 64.3 (0.1)

FHVP (mmHg), mean (� SD) (n = 200) 14.2 (6.4)

Table 2. Bivariate associations of study variables with eGFR.

Variable Association with eGFR P

Age (n = 416) for

every 1 year increase

�0.72 <0.001

Ejection fraction

(n = 283) for every

1% increase

0.03 0.65

FHVP (n = 188) for

every one mmHg

increase

�0.67 0.06

Mean eGFR by

gender (N = 400)

Female

78.1 (3.0)

Male

79.5 (2.0)

60
70
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90
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0

11
0

eG
FR

0 10 20 30 40
Hepatic vein pressure

95% CI Fitted values

eGFR association with hepatic vein pressure

Figure 1. Fitted line representation of eGFR and free hepatic vein

pressure (n = 176).

Figure 2. Scatter plot of association between eGFR and free

hepatic vein pressure in those with FHVP >15.0 mmHg (n = 117).
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and age. This association was significant only at the

FHVP level of 10 mmHg or greater. IAH is defined above

an IAP of 12 mmHg. These results suggest a role for

venous congestion in the pathophysiology of hemody-

namic renal disease, in the setting of severe liver failure.

They also suggest that venous congestion affects renal

hemodynamics beyond a certain threshold.

In the cardiorenal literature, venous congestion’s role

in decreasing eGFR has been suggested. Although mecha-

nisms for renal hypoperfusion in the setting of liver fail-

ure have been proposed including reflex vasoconstriction

in response to a hyperdynamic circulation and the effects

of hormonal and vasoactive mediators, renal venous con-

gestion and IAH’s contributions also merits attention

(Epstein 1992, 1994; Umgelter et al. 2009; Mohmand and

Goldfarb 2011). Other cardiorenal studies showed that

renal venous congestion resulted in neurohormonal

manipulation of the renal arterial perfusion pressure via

increased flow in the efferent arteriole, and this mecha-

nism affected GFR (Adebayo et al. 2015). Our study

shows that hepatic venous pressure exceeding 10 mmHg

is the threshold after which higher hepatic vein pressure

correlates negatively with eGFR. In studies by Ichikawa

and Brenner, the researches manipulated aortic and

venous pressures to examine intraglomerular hemody-

namics (Blake 1951; Ichikawa and Brenner 1980; Bloom-

field et al. 1997). Efferent arteriolar hypertension was

associated with glomerulotubular balance and was

thought to be a result of peritubular capillary starling

forces and their effects on the proximal tubular reabsorp-

tive capacity (Blake 1951; Bloomfield et al. 1997). The

relationship between efferent arteriolar pressure and

glomerular capillary pressures seems to be linear without

a threshold effect. Early studies done on dog kidneys by

Winton, however, showed that a minimum rise of

20 mmHg in venous pressure was required for a decrease

in urine flow to occur, referring to threshold effect

(Winton 1931). There is sensitivity to arterial flow varia-

tions at higher renal venous pressures as well, such that a

smaller decrease in renal perfusion pressure results in a

decrement in urine flow (Cade et al. 1987; Chang et al.

2013).

Our data speak to the prevalence of IAH in this cohort

as evidence by a high mean FHVP, and to the detrimental

role of renal venous hypertension in liver related kidney

disease. This is important because it leads to reevaluation

of our understanding of hemodynamic renal disease in

the setting of heart failure, liver failure, and IAH. Portal

hypertension occurs where there is resistance in portal

blood flow, and occurs most frequently in the setting of

liver cirrhosis. Changes in the liver architecture produce

structural barriers to hepatic sinusoidal blood flow which

in turn increase pressure in the portal system (Epstein

1994; Mohmand and Goldfarb 2011). Portal hypertension

is accompanied by increased cardiac output to compen-

sate for the concomitant vasodilatation (Epstein 1992,

1994; Mohmand and Goldfarb 2011). The hepatic venous

pressure gradient quantifies the degree of portal hyperten-

sion. It is the difference between inferior vena cava pres-

sure and the hepatic vein wedge pressure (meant to

approximate portal pressure). Kostreva et al. induced

increases in hepatic venous pressure by vena cava ligation

in anesthetized dogs and showed a reflexive increase in

renal sympathomimetic activity followed by renal vaso-

constriction (Cheatham 2009). In animal studies with

hepatic congestion induced by IVC constriction, renal

vein pressures were shown to increase in parallel with

IVC pressures (Winton 1931; Gottschalk and Mylle 1956;

Kostreva et al. 1980; Priebe et al. 1980). Upregulation of

sympathomimetic activity were observed, as was a reduc-

tion in eGFR (Kostreva et al. 1980; Priebe et al. 1980).

Gottschalk and Mylle (1956) showed that elevation of

renal venous pressure beyond a certain threshold of

intratubular and peritubular capillary pressures created a

decrease in urinary flow rate. In fact venous congestion

resulted in an increase in kidney size, an increase in per-

itubular capillary pressure, and compression of the

tubules. By way of ligature-induced renal vein constric-

tion, they also demonstrated a correlation between high

renal vein pressures and intratubular and peritubular cap-

illary pressures (Eggleton et al. 1940; Winton 1951;

Gottschalk and Mylle 1956). At high levels of venous

pressure, intratubular fluid movement decreased signifi-

cantly suggesting a decrease in glomerular filtration

(Eggleton et al. 1940; Winton 1951). This phenomenon

was later showed to be particularly true in saline loaded

animals with intravascular congestion. Furthermore,

experiments done in dogs showed that elevation of renal

venous pressure to greater than 20–55 cm of water caused

diminution in urine volume and a reduction in GFR

(Eggleton et al. 1940; Blake 1951). One must be cautious

with using animal studies and single nephron models as a

reference point for patients with complex systemic physi-

ologic processes. These models only form a foundation to

begin to understand human renal physiology.

A reduction in IAP below 17 via paracentesis led to

improved renal function in cirrhotic patients (Adebayo

et al. 2015). IAH correlates with renal dysfunction and

IAH has increasingly been recognized as a factor correlat-

ing with significant morbidity and mortality in the criti-

cally ill hospitalized patients over the past decade (Doty

et al. 2000; Malbrain et al. 2006). Animal data and

human observational studies dating back over 100 years

indicate that oliguria and acute kidney injury (AKI) are

frequent complications of IAH/ACS (Kostreva et al. 1980;

Richards et al. 1983; Cheatham 2009). The mechanism by
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which renal impairment occurs is thought to be mediated

via renal vein compression which impairs renal venous

drainage and causes renal venous congestion (Bloomfield

et al. 1997; Doty et al. 1999, 2000). In turn, renal venous

congestion increases intra- and peritubular capillary pres-

sure (Doty et al. 1999, 2000). By raising renal interstitial

pressure and compressing ureters, elevated intra-abdom-

inal pressure may also increase intratubular and ulti-

mately glomerular capillary hydrostatic pressure which in

turn would reduce the transglomerular filtration gradient

and eGFR (Bloomfield et al. 1997; Doty et al. 1999, 2000;

Malbrain et al. 2006; Mohmand and Goldfarb 2011).

Increased renal interstitial pressure may also activate the

renin–angiotensin axis, stimulate the sympathetic nervous

system, promote release of inflammatory cytokines, and

induce tubulointerstitial inflammation and hypoxia (Le

Roith et al. 1982; Bloomfield et al. 1997; Mohmand and

Goldfarb 2011). Systemic venous congestion has been

shown to correlate with endothelial stretch which in turn

may contribute to endothelial dysfunction, reduced nitric

oxide bioavailability, activation of neurohormonal path-

ways, and increased production of inflammatory cytokine

and reactive oxygen species (Le Roith et al. 1982; Bloom-

field et al. 1997; Doty et al. 2000). Mullens et al. (2008b)

studied patients admitted to a specialized ICU for man-

agement of heart failure and found a high prevalence of

elevated IAP and documented a correlation between ele-

vated IAP and renal dysfunction. Reduction in IAP corre-

lated with improved renal function in those with baseline

elevated values. In contrast, there was no correlation

between improvement in renal function on the one hand

and changes in indices of right- or left-sided cardiac func-

tion or filling pressures (mean arterial pressure, cardiac

index, pulmonary capillary wedge pressure, or central

venous pressure). In another group of patients presenting

with ADHF and ascites, and studied by the same investi-

gators, abdominal decompression by paracentesis led to

improved renal function in the absence of changes in sys-

temic blood pressure, PCWP, or CI (Mullens et al.

2008a). Finally, Umgelter et al. (2009) showed that after

paracentesis there was a significant decrease in IAP and

systemic vascular resistance index and a significant

increase in creatinine clearance and urine output. These

data are important to consider because they make the

argument for IAP’s role in renal venous congestion and

dysfunction more plausible.

In our studies, the mean EF was higher than normal in

this cirrhotic cohort, which is consistent with the vasodi-

lated state described in liver failure; however, the EF did

not meaningfully change the association between eGFR

and FHVP in our model. Importantly, GFR did not asso-

ciate with EF in the multivariate regression model, but

did associate with age, evidence for parenchymal renal

disease, and FHVP. In the overall cohort, age, proteinuria,

and ultrasound evidence for renal disease associated sig-

nificantly with eGFR. This was reassuring since these vari-

ables are established risk factors for renal disease, which

validates our regression model. The prevalence of protein-

uria and abnormal renal sonogram findings was higher in

the CKD cohort further validating our data.

There were many limitations to our study. The sample

size was small, and the study design was cross-sectional and

did not elucidate dynamic changes in eGFR with increasing

central vein pressures, thus limiting causal inference. The

measured eGFRs did not necessarily correspond to the day

of the procedure, but were the last available measurements

before the TIPS. MDRD was used to calculate eGFR which

is not very accurate for eGFR greater than 60 mL/min/m2.

Furthermore, our database, though comprehensive, may

have hidden important confounders such as systemic

hemodynamics, nephrotoxic medications, and other poten-

tial determinants of renal function.

Conclusion

Our study is the first to show a significant association

between hepatic vein pressures and eGFR in a cohort of

cirrhotic patients undergoing TIPS. This association sup-

ports a role for venous congestion in the pathophysiology

of hemodynamic renal disease in cirrhosis in humans.

Our findings support a novel and important approach to

evaluating the pathophysiology of hemodynamic renal

disease in the setting of intravascular volume overload,

and call into question the classic description of renal

vasoconstriction as the sole mechanistic explanation. We

advocate for a novel, more inclusive, approach to the

complex interplay of hemodynamic renal disease and one

that holds promise for new therapeutic options.
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