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A young lady with liver cirrhosis 

 and severe ascites 



Oedema formation in liver cirrhosis 

RENAL FUNCTIONAL ABNORMALITIES 

 

•  Sodium retention 

•  Water retention 

•  Renal vasoconstriction (reduction RBF and GFR) 



Sodium retention in liver cirrhosis 

•  Renin-angiotensin system 

•  Sympathetic nervous system 

•  Antidiuretic hormone 

•  Other mechanism(s) 



Time course of renal functional abnormalities in patients  
with cirrhosis (HRS: hepatorenal syndrome) 
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Plasma renin activity and plasma aldosterone concentration  
in different stages of cirrhosis 

Supine position, sodium restriction 40 mmol per day 
M. Bernardi, 1999 
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Imbalance of Capacitance and Volume 
„Relative“ Underfilling 
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Control mice (left side) and cirrhotic mice (right side) 



Na+, K+-ATPase activity is increased in cirrhotic 

corticosteroid clamped BDL mice 

Na,K-ATPase activity 

BDL + BDL - CTL 

α Na,K-ATPase mRNA 

BDL + BDL - CTL 

Ackermann D, et al. Hepatology 2007; 46:9-11 



Sodium retention in liver cirrhosis 

•  Renin-angiotensin system adrenal dependent  

•  Sympathetic nervous system adrenal dependent  

•  Antidiuretic hormone 

•  Other mechanism(s) 

• inhibition of 11b-HSD2 -> aldosterone independent 

• GR ? 

• pendrin, PAR2, ROS ?  -> adrenal independent  

     mechanism(s) 
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Tolvaptan, an oral vasopressin antagonist, in the treatment of 

hyponatremia in cirrhosis 

A. Cárdenas, et al. Journal of Hepatology 2012; 56:571–578 
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Evaluation du patient avec 
cirrhose et insuffisance rénale 
aïgue 

- Mesurer fonction rénale 

- Evaluation fonction hépatique 

- Infection bactérienne ? 

N Engl J Med 2009;361:1279-90 



Patient cirrhotique avec insuffisance rénale  

- Syndrome hépatorénale ? 

- Hypovolémie ? 

- Maladie parenchymateuse – glomérulonéphrite ?  

- Médicaments ?  

N Engl J Med 2009;361:1279-90 



Syndrome hépatorénale 

 
 
Maladie hépatique aigue ou chronique avec 
insuffisance rénale et hypertension protale.  
 
Fonction rénale diminuée sans autre cause 



SNS: Sympathetic nervous system; RAAS: The reninangiotensin- 
aldosterone system; AII: Angiotensin II; ET-1: Endothelin-1; NO: Nitric oxide; PGs: Prostaglandins. 

Pathophysiological mechanisms in the development of ascites and the hepatorenal 
syndrome 

Møller S, Krag A. Cardiorenal syndrome - A new entity? In: Gerbes A, editor. Hyponatremia and hepatorenal 
syndrome: Progress in treatment. Basel: Karger, 2011: 102-111 



The hepatorenal syndrome is classified into two types:  
 
- Type 1 is characterized by a doubling of the serum 
creatinine level to more than 2.5 mg/dl (221 μmol/liter) in 
less than 2 weeks 
 
- Type 2 is characterized by a stable or less rapidly progressive 
course than in type 1 



Hepatorenal syndrome Type I and II 



Angeli P, et al. Gut April 2015  
und J Hepatology 2015 
 

Proposed algorithm for the management of acute kidney injury (AKI) 
according to International Club of Ascites—AKI (ICA-AKI) classification  



Specific Therapies for the Hepatorenal Syndrome in Patients 
with Cirrhosis 
  
Vasoconstrictor drugs  
- Terlipressin  
- Norepinephrine 
- Midodrine 
 
Albumin 
 
Other therapies 
-Transjugular intrahepatic portosystemic shunts (TIPS)  
-Liver transplantation 



Noradrenaline vs. terlipressin in the treatment 

of hepatorenal syndrome: A randomized study 

 

V. Singh et al. Journal of Hepatology 2012; 56:1293–1298 



Lack of Renal Improvement with Nonselective 

Endothelin Antagonism with Tezosentan in Type 2 

Hepatorenal Syndrome 

HEPATOLOGY 2008;47:160-168 

Serum creatinine and 24-hour urinary 

volume in the 5 patients who received 

more than 1 day of tezosentan 

infusion. *P " 0.05 versus the baseline. 
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Renal Blood Flow (RBF) in relation to Mean Arterial Blood Presure 

(MAP) in normal subjects and in patients with cirrhosis 

Adapted from Jens H. Henriksen 



Ring-Larsen H, et. al. Scand J Clin Lab Invest 

1977;37:635–42 

Renal blood flow in relation to systemic and portal 

haemodynamics and liver function 



Renal perfusion evaluation with contrast enhanced 

ultrasonography: A pilot study on 10 healthy subjects 

A. Schneider, el al., NDT 2011 

Screenshot from Sonoperf® illustrating localization of region of 
interest and determining perfusion indices. Only PI is shown 



Renal perfusion evaluation with contrast enhanced 

ultrasonography: A pilot study on 10 healthy subjects 

A. Schneider 



Effective renal plasma flow (estimated by PAH clearance) 
ERPF: Effective Renal Plasma Flow (ml/min), AngII Low: Angiotensin II 1 ng/kg/min,  AngII High: 
Angiotensin II 3 ng/kg/min, Vol: Volunteer, PAH = para-aminohippurate 

Renal perfusion evaluation with contrast enhanced 

ultrasonography: A pilot study on 10 healthy subjects 

Terlipressin 

cirr 



Study design

Once enrolled, a baseline renal CEUS examination was
performed and perfusion indices (PI) were calculated
(detailed procedure below). At the end of the procedure,
1mg of terlipressin was administered. After 2h, renal CEUS
wasrepeated under strict identical conditions (same examiner,
patient’s position, bed head angulation, ultrasound probe
position and angulation, and ultrasound settings).

Additional outcomes of interest included peak and nadir
serum creatinine concentration during hospitalization, need
for renal replacement therapy, as well as location, vital status,
and receipt of liver transplant at days 30 and 90.

CEUS procedure

We used SonovueÕ (Bracco, Milano, Italy) as the ultrasound
contrast agent (UCA). Low mechanical index renal ultrasound
was performed with a Philips IU22Õ ultrasound machine
(United Medical Instruments, San Jose, CA) and a C5-1Õ

probe. A long axisview of the kidney wasobtained by placing
the transducer probe over the lower back of the subject. Once
adequate images of the kidney were obtained, the UCA
infusion was started at 1mL/min using a dedicated syringe
pump (VueJectÕ, Bracco, Milano, Italy). Image depth, focus,
gain, and frame rate were optimized at the first examination
and held constant throughout the study. During both CEUS
examinations, five destruction–replenishment sequences were
obtained.12

Sequences analyses

Ultrasound data sets were analyzed off line with dedicated
software (VueBoxÕ, Bracco Research, Geneva, Switzerland)
(Figure 1). For each sequence, one region of interest (ROI)
was drawn (details for ROI selection and sequence exclusions
have been described elsewhere11). Based on the time–
intensity curve, the software generated a perfusion index
(PI), thought to be proportional to perfusion within the ROI.
This PI is the ratio of the relative blood volume (RBV) over
the mean transit time (mTT) and is expressed in arbitrary
units (a.u.). These parameters have been described else-
where.12,13 For each patient and each study time, the median
value for interpretable measurements was considered for
analysis.

Results

Four patients were included in the study (Table 1). Two
patients had severepresentations and required ICU admission.
One required a noradrenaline infusion and renal replacement
therapy (prior to terlipressin administration). All patients had
severe acute kidney injury.

Three patients (one, two, and four in Table 1) clinically
responded to terlipressin as their serum creatinine decreased
to less than 150mmol/L. All patients were alive at hospital
discharge and at day 90. Two patients underwent orthotopic
liver transplantation.

CEUS results

All CEUS studies were well tolerated and no adverse
event was noted. CEUS-derived parameters are presented in

Figure 1 and still CEUS images obtained before and after
terlipressin administration are presented in Figure 2.

Perfusion indices

As shown in Figure 1, terlipressin administration was
associated with a 213% and 548% increase in perfusion
indices in patients 1 and 2 (respectively, from 2777 to
8703a.u. and from 304 to 1974a.u.). It was associated with a
46% and 19% decrease in patients 3 and 4 (respectively, from
6991 to 3804a.u. and from 7786 to 6344a.u.).

Raw parameters

Consistent with the overall changes in PI (Figure 1),
terlipressin administration was associated with an increase
in the RBV parameter (consistent with an increase in
microcirculation perfusion) in patients 1 and 2 (respectively,
from 5882 arbitrary units (a.u.) to 17362 (+195%) and from
2253 to 9034a.u. (+301%)). Terlipressin administration was
associated with a decrease in RBV patients 3 and 4

Figure 1. CEUS-derived parameters. Panel (a): RBV indicates contrast
agent intensity—increases with higher perfusion. Panel (b): mTT (mean
Transit Time) indicates time taken for contrast agent to travel through
tissue—increases with lower perfusion. Panel (c): Perfusion index: ratio of
RBV/mTT.

176 A.G. Schneider et al. Ren Fail, 2015; 37(1): 175–179
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BRIEF REPORT 
Contrast-enhanced ultrasound evaluation of the renal 

microcirculation response to terlipressin in hepato-renal 

syndrome: a preliminary report 

Schneider A., et al. Ren Fail, 2015; 37(1): 175–179 



Sans RIFLE et sans AKIN, les 
auteurs d’époque étaient beaucoup 
plus attentivs au problème de 
l’insuffisance rénale aïgue ! 



Insuffisance rénale chez le patient avec cirrhose 

- Syndrome hépatorénale ? 

- Hypovolémie ?  

- Maladie parenchymateuse ?  

- Médicaments ? 

N Engl J Med 2009;361:1279-90 

- Infection – sépticémie ? 



Administration of indomethacin, a non-steroidal anti-inflammatory 
drug (NSAID), to patients with cirrhosis AND ascites, caused a 
significant reduction in renal plasma flow (not shown) and 
glomerular filtration rate, as assessed by creatinine clearance 

Boyer T, Zia P, Reynold T. Effect of indomethacin and prostaglandin A, on  
renal function and plasma renin activity in alcoholic liver disease. Gastroen-  
terology 1979;77:215–22. 
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