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Objectives

_|_

m Definition and Diagnosis

= Pathogenesis

m [reatment Options and Data




History

m 1863: Absence of histologic changes to the kidney
In some cirrhotics with renal failure

m 1956: 1°t detalled description of the syndrome By
Hecker and Sherlock

m 1960s: Reversal of renal failure with kKidney
transplant to patients with CKD

m 1970s: Reversal of HRS with liver transplantation




Definition of HRS
_|_

= Functional renal failure
— Absence of histologic changes

= Occurs In patients with chronic liver disease
= Progressive liver failure and ascites

m Can occur acutely in certain settings
— Spontaneous bacterial peritonitis
— Large-volume paracentesis withouit albumin

m Marked renal vasoconstriction
m Reduced GER




Clinical Types of HRS
_|_

m [ype 1
— Rapid decline in renal functien
— Doubling| of serum; Cr to >2.5mg/dL OR
— 50% reduction in 24h CrCl te <20mil/min
— Less than 2 weeks
— Spontaneous

— Associlated with SBP (20%) o lange
volume paracentesis w/o albumin (15%)




Clinical Types of HRS
_|_

m [ype 2
— Slower decline in renall function

— Serum Cr > 1.5mg/dL
— Criteria for type 1 HRS not met

— Development of diuretic-resistant or
refractory ascites




Epidemiology
_|_

m Incidence
— 7-10% In hospitalized cirrhotics with ascites
— 20% at 1 year, 40% at 5 years

m Risk Factors

— Advanced ascites (diuretic-resistant)

— SBP (20%)

— Large-volume paracentesis w/oe albumin (15%)
= Prognosis

— Worst prognosis of all' complications of cirrhosis

— Type 1 median survival: <2 weeks
— Type 2 median survival: —6 months




Diagnosis

m Lack ofi specific testing
= Diagnosis of exclusion

m DDx ofi renal failure in CirrnoesIs
— Hypovolemia (Gl hemorrihage, shoeck)
— Nephrotoxins (drugs, contrast)
— Glomerulonephritis (Hep B and C)
— Acute Tubular Necrosis
— Obstruction




Diagnostic Criteria

_|_

= Major Criteria

— Chronic or acute liver disease with advanced
liver failure or portal HTN

— Low GER (Cr > 1.5mg/dLL OR CrCl < 40mL/min)

— EXclusion of shock, ongoing bacterial infection,
volume depletion, and use of nephretoxic drugs

— No Improvement In renal function despite:
stopping diuretics and volume: repletion With
1.5L of saline

— No proteinuria or ultrasonographic evidence. of
obstruction or parenchymal renall disease

Arroyo et al; Hepatology 1996; 23: 164-76




Diagnostic Criteria

_|_

= Minor Criteria
— Urine volume < 500ml./day
— Urine sodium < 10mEg/L
— Urine esmolality: > plasma esmolality.
— Urine RBCs < 50 per hpf
— Serum soedium < 130mEg/L

Arroyo et al; Hepatology 1996; 23: 164-76




Pathophysiology
_|_

m Severe renal vasoconstriction

s Advanced cirrhosis and poertal 5N
= Splanchnic arteriolar vasedilatation
= Hyperdynamic circulation

m “Cirrhotic cardiomyopathy”




Pathophysiology

Hepatocellular dysfunction
Portosystemic shunting

Increased production of Enhanced sensifivity
vasodilators to vasodilators

Splanchnic artericlar CO1t, SVRY, MAP}

vasodilotation

Activation of
arterial baro receptors

Activation of
SMS RAAS AVP ET RVRY, RBF |, HRt, COt

Renal vasoconstriction
Sodium and water refention

PVt, BVY, CBVY




Pathophysiology.
_|_

m Splanchnic arteriolar vasodilatation
— Progressive portal hypertension
— Portesystemic shunting
— Arteriovenous communications

— Local vasodilator production; (NO, glucagon, VIP)
— I portal pressures »»»I nitric oxide synthase




Pathophysiology
_|_

m Mechanisms for vasodilatation

— Overproduction off NO

— Decreased NO clearance by cirrhotic liver

— Bypass degradation via portesystemic shunting
— Increased splanchnic sensitivity to NO

— Decreased splanchnic sensitivity: to
vasoconstrictors (Angiotensin I1)
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Pathophysiology

m Splanchnic arterielar vasoedilitation

Decreased effective arterial velume: (EAY)
Decreased systemic vascular resistance

Hypotension

— Activation of vasoconstrictor systems

= Renin-Angiotensin-Aldosterone-System
= Sympathetic Nervous System
= Anti-Diuretic Hormone




Pathophysiology
_|_

= Hyperdynamic circulation
— Hypotension from decreased EAV
— Low systemic vascular resistance (SVR)

— Baroereceptor activation

— SNS activation™== increased contractility
— Increased cardiac output

— Patients still remain hypotensive




Why Does Hypotension
Persist?

+

m Progressive portal HTN
— Increased NO production

m Progressive cirrhosis/liver dysftunction
— Decreased NO clearance

m Cardiac dysfunction




Cardiac Dysfunction In
HRS
_|_

= Reduced cardiac output may contribute toe
effective hypovolemia andi renal
nypoperfusion »»» HRS

m First suggested by Trristani, et al. inf 1967

m Few studies have assessed cardiovascular
function In advanced: cirrnosIs

m Several studies have shown Impaired
cardiac function In patients with HRS




Cardiac Dysfunction In
HRS
+

m 2005: Ruiz-del-Arbol, et al.
= Longitudinal study.
m N = 66 non-azotemic cirrhotics With ascites

m Measures of circulatory function
— Systemic hemodynamics (Swan-Ganz catheter)
— Plasma levels ofi vasoeactive systems

= Repeat measurements made in these who
developed HRS (n = 27)




Table 1. Baseline Measurements in Patients Who Did Not Develop Hepatorenal Syndrome (Group A) and Baseline and
Follow-up Measurements in Patients Who Presented With Hepatorenal Syndrome {Group B)

Group A (n = 39)

Baseline Measurements

Group B (n = 27)

Bazoline Measurements

Follow-up Measurements

Serum biliubin (mg/dL)

Serum albumin {g/L)
Prothrambin index (%)
Child-Turcotte-Pugh score (points)
MELD score (points)

Serum creatinine (mg/dL)

Serum sodium (mmaol/L)

Urinary sodium {mmolfL)

MAP {mmHg)

HR {bpm)

RAP {mmHg)

PAP {mmHg)

PCWP (mmHg)

CO (L min)

SVR (dyne - 5fem™F)

Stroke volume (ml/beat)

Stroke work {gm-m)

Left ventricular stroke work (gm-m)
Plazma renin activity (ng/mL - hr)
Plazma aldosterone (ng/dL)
Plazsma norepinephrine (pg/mL)
WHVP {mmHg)

FHVP {mmHg)

HYPG (mmHg)

HBF {mL/ min)

27x19
24+4
64 +14
97+13
13.7 = 40
0.85 £ 0.18
1345 £ 4.8
174 + 189
889
BT +15
ETx25
152 = 3.8

852 +17.0
913179
140.0 = 32.6
31x23
32.0 £ 30,7
2216 £ 682
280+40
11.5 3.0
16.5 = 3.0
1,123 = 328.0

38x39
24+x45
B9+ 14
99+13
158 = 46
1.05 = 0.26%*
1326 = 48
T
B30
85 £ 13
9+ 28
143 £ 43

fame

732 = 1897
75,3 £ 22.0%*
1142 * 43.5*

9.9 = havtrr
130.5 = g@.4r*
5711 = 241, 1%+

305 = 40*
11.0 £ 40
19.5 = 3.0%**

948 = 2211

43x39
4x4
51 = 13111t
10.8 = 2.1¢
25.7 £ 6.5t
3.03 = 149ttt
127.0 = 5.1ttt
4.0 £ 4.5¢
75 = Tttt
g2+ 14
5.7 +22t
12.8 = 2.8+
i
<
1,096 T22T%
£5.3 = 18.8¢
E2.7 = 213111t
B85 £ 32311t
17.5 = 11441+t
2025 = 130,041 1
965.0 £ B02.5t1 11
295 5.0
B5 =351
21.0 = 401t
713 = 1884411t

MOTE. Data are presented as mean = S0

Abbreviations: MELD, Model for End-Stage Liver Dissase; MAP, mean arterial pressure; HR, heart rate; RAP, right atrial pressure; PAP, pulmonary atery pressure;
PCWP, pulmanary capillary wedged pressure; CO, cardiac output; SVR, systemic vascular resistance; WHVP, wed ged hepatic venous pressure; FHVP, free hepatic venous

pressure; HYPG, hepatic venous pressure gradient; HBF, hepatic blood flow.

PP 05 YE o 01 YYYP <o 005; *YYYE < 001 with respect to baseline values of group A
TP = .05; +1F < .01; $11P <= .005%; t111P < .001 with respect to baseline values of group B.
1A hepatic extraction greater than 10% was required for the calculation of hepatic blood flow in 15 patients of goup A and 19 patients of goup B.

Ruiz-del-Arbol, et al. Hepatology 2005; 42:439-447




Cardiac dysfunction In

HRS
1

m Results
— No differences in SVR or HR between groups

— 10 variables with significant differences between
both groups (including CO)

— Only 2 variables independently’ asseciated wWith
development of HRS

m Cardiac output (RR: 5.8; 95% CI: 6.5-150.3; p<.05

m Plasma renin activity (RR: 31.3; 95%, CI 1.3-25.2;
p<.05)




Cardiac dysfunction In
HRS
+

= Impaired chronotropic respense?
— No difference in HR between groups
— Marked differences in SNS activation

m Alcoholic cardiemyopathy?
— 35/66 patients with cirrhosis from EtOH

= [ntrinsic LV dysfunction?




Cirrhotic Cardiomyopathy

_|_

Mechanisms not entirely: clear
Distinct from alcoholic heart muscle disease

Blunted contractile response tos Stresses
— Negative inotropic effects ofi NO and bile acids
— Defective or decreased number ofi [3-receptors

Diastolic dysfunction (echo, autopsy)

Systolic dysfunction unmasked by physical or
pharmacological stress?

— TIPS (rapid increase in preload w/portall decempression)
— Normalizes with time




Treatment of HRS

—_— 00 @
Cirrhosis
Portal hypertension

Hepatocellular dysfunction
Portosystemic shunting

Increased production of Enhanced sensitivity
vasedilators to vasodilators

Splanchnic artericlar O4f, SVRE, MAF}

vasodilatation
e E——

Activation of
arterial baro receptors

Activation of
SNS RAAS AVP ET RVRY, RBF}, HRY, COt

Renal vasoconstriction
Sodium and water refention

PV, BV, CBYI




Treatment of HRS
_|_

m \/asoconstrictors
— Often combined with allbumin
— Vasopressin analogues (Terlipressin)
— Midodrine and Octreotide

m [[IPS

= VMIARS (“Liver dialysis™)
m Liver Transplantation




Treatment of HRS
_|_

= Limited data
— < 20 clinical studies with Terlipressin
— Very few RCTs
— Most only assess response te therapy.
— Limited data oni survival

= Varability between studies
— Study design
— Dose titration and schedule
— Duration of therapy.




Terlipressin

m Synthetic vasopressin analegue

= Most studied drug for treatment off HRS

= Mechanism: V-1 receptor agonist

m Splanchnic vaseconstriction

m Adverse events (arrhythmia, Ischemia) <5%
= |V bolus desing




Meta-analysis on
Terlipressin in HRS

m Fabrizi, et al. 2006

m 10 clinical trials (n = 154)
— 5 prospective (2 RCTSs)

m Outcome measures
— Primary: Rate of responders (reversal ofi HRS)
— Secondary: Recurrence of HRS after therapy
Drop-out rate (0%)

m 6/11 studies with data en recurrence
= No predictive factors ofi response to therapy: found




Table 6. Design of clinical trials

Authors

Hadengue er al.”’
Duhamel et al'®
Mulkay et al.'®
Alessandria et a
Colle et al.*’
Halimi et al.®’
Ortega ef al.** (2)
Ortega et al.®” (2]
Solanki et al.**
Danalioglu et al.*®
Saner et al.*®

IIEI

Terlipressin

dose,
mg/day

2.0

1.0-2.0

2.0

6.0

2.0-4.0

4.0 (1.5-12)
5.0 £+ 0.6
4.7 £ 0.5
2.0
2—4
.0

Terlipressin
duration
(days)

LA
26.0 [8-68)
7

9.1 + 1.3
7.0 [2-16)
4.5 + 1
74 £+ 1
15.0
6 [3-14])
6.0

Concomitan
plasma-
expander
therapy

Mo

Mo

12 [100%)
7 [ 100%)
13 (72.2%)

Mo

13 [100%)
Mo

11 (91.7%)
7 [100%0)
7 [100%)

Fabrizi et al. Alimenta Pharmacol Ther 2006; 24.: 935-944
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Cifcome: 03 HRS reversal atber 1eiressin therapy
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Hacengus
DiFeEmE
b Akay
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Crieda
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SaEmar

LEEZE (OO 1ET7L)
L5000 (O.1443)
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.6L11 (0.114my
-dddd4 (0.117L)
IeEI (O0.11E8)
SES00 (0. 15300
JESET (0.1707)
L4LoG (00 14E3)
G714 (00 1BT0)

Totsl (25% ) 100 [u.az—n.s.u

Te=l for helerogen=ity; «?=1325, df =10 (2 =021], F =24 0%
Test for averal effect Z=40.28 00 < 0000047

-E7 [0.35-0.837]
50 [O.22—0. 78]
42 [0.14—0.701
B4 [0.35-—-0.532]
Bl [0.32—0.B4]
-dd [0.2L-0.E7]
77 [0.54 —1.00]
&5 [-0.08—0.55]
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OO0 0O 0000000
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Fabrizi et al. Alimenta Pharmacol Ther 2006, 24.: 935-944




Midodrine and Octreotide

+

m Alpha-1 agonist m Somatostatin analegue
m Splanchnic = Inhibits glucagon and
vasoconstrictor VIP activity
= Oral dosing = Subcutaneous desing
m Side effects m Side effects
— Hypertension — Hypoglycemia

— Urinary retention




Midodrine and Octreotide

+

m Esralian, et al. 2007

= Survival and sustained respense to therapy
— 30 day mortality
— Serum Cr < 1.5 at day 30

m Retrospective case-control study.
— 60 cases of Type 1 HRS treated
— 21 matched controls not treated
— Dx off HRS by IAC criteria
— Albumin NOT used in treatment of HRS

s Follow up: 1, 3, and 6: months




Midodrine and Octreotide

+ 30 Day Treatment Control P value
Outcomes Group Group
Reduction in 24/60 2/21 0.01
Creatinine (40%) (9.5%)
Mortality 26/60 15/21 0.03
(43%) (71%)

s High rate of less to follow up at 3 and 6 months
m //10 patients had sustained response at 3 moenths
m /2% of treatment group alive at 3 months (P = 0.03)




_|_

= Reduce portal HTN
m Increase EAV

= Reverse splanchnic
vasodilatation

m Complications
— Encephalopathy.
— Shunt stenosis
— Hemolysis
— Hyperbilirubinemia




TIPS
1

= Small pilot studies
= Improvements in GER and serum Cr shown

= Many patients ineligible or excludead
— Childs-Pugh score (> 11 In most Series)
— Severe encephalopathy

= Combining modalities for treatment?

— Midodrine/Octreotide s=p- 11PS
— Further improved GER In responders post-TIRPS




Liver Transplantation

_|_

m [reatment of choice for HRS

= Limited by organ availability: and mortality’ off HR'S

= Higher rate of complications:

— Higher post-operative mortality.
— More days in the ICU

— Increased need for post-op RRT (85% Vvs. 5% w/6e HRS)
= Improvement in renal function

— Increased GFR post-op vs. decline in non-HRS pts
— Lower overall GFR compared tor non-HRS pts




Survival after Transplant

+

= Pre-transplant renal function
m UNOS: 50% at 5 years w/baseline Cr = 2.0

= Single center studies
— 60% at 3 years vs. 70-80% without HRS
— 7-10% Incidence of ESRD

m [reatment of HRS may Improve outcemes




MARS

s Molecular Adsorbent Recirculating System

s Removes albumin-bound particles (bile acids; cytokines, ete.)
m Developed in Germany; available in the US since 2005

m FDA approval for drug overdoses and poIsonings

m Limited experience in US centers

MARS®EFLUX DIALYZER diaMARS®ADSORPTION diaFLUX DIALYZER
COLUMNS

PATIEMNT BLOOD CIRCUIT MARSEALBLUMIN CIRCLIT DIALYSATE CIRCUIT



MARS
1

m Use In acute on chronic liver failure

m Studies in type 1 HRS
— Decreased serum Cr (filtration effiect?)
— Few measured hemodynamics

= Experimental therapy
= Role as a bridge to transplant?
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