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• Briefly define the epidemiology and natural 

history of COVID-19 infection

• Review recent guidance from the American 

Association for the Study of Liver Diseases 

(AASLD) regarding the care of patients with 

COVID-19
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Total Infections and Case Fatality Rates

Confirmed 

Cases

Reported 

Deaths

Case Fatality 

Rate

Worldwide 3,689,887 258,160 7.0%

United States 1,206,323 71,152 5.9%

Spain 219,329 25,613 11.7%

Italy 213,013 29,315 13.8%

China 83,968 4,637 5.5%

https://coronavirus.jhu.edu/data/mortality. Accessed May 6, 2020



Confirmed Cases in the United States 
(CDC.gov as of May 6, 2020)



Timeline of the Operative Patients With COVID-19 
Infection After Hospital Admission

Lei S, et al. EClinicalMedicine, 2020.



Mortality Rate Related to Age

Outcomes Among 5700 Hospitalized in New York City Area

Abbreviations: COVID-19, coronavirus disease 2019; IQR, interquartile range; NA, not applicable. 
a Length of stay begins with admission time and ends with discharge time, time at death, or midnight on the last day of data collection for the study. 

It does not include time in the emergency department.

Richardson S, et al. JAMA. 2020.

Table 4. Discharge Disposition by 10-Year Age Intervals of Patients Hospitalized With COVID-19

Patients discharged alive or dead at the study end point Patients in hospital at study end point

Died, No./No. (%) Length of stay 

among those who 

died, median 

(IQR), da

Discharged alive, No./No. (%) Length of stay 

among those 

discharged alive, 

median (IQR), da
Male Female Male Female No./No. (%)

Length of stay, 

median (IQR), da

Age intervals, y

0 – 9 0/13 0/13 NA 13/13 (100) 13/13 (100) 2.0 (1.7 – 2.7) 7/33 (21.2) 4.3 (3.1 – 12.5)

10 – 19 0/1 0/7 NA 1/1 (100) 7/7 (100) 1.8 (1.0 – 3.1) 9/17 (52.9) 3.3 (2.8 – 4.3)

20 – 29 3/42 (7.1) 1/55 (1.8) 4.0 (0.8 – 7.4) 39/42 (92.9) 54/55 (98.2) 2.5 (1.8 – 4.0) 52/149 (34.9) 3.2 (1.9 – 6.4)

30 – 39 6/130 (4.6) 2/81 (2.5) 2.8 (2.4 – 3.6) 124/130 (95.4) 79/81 (97.5) 3.7 (2.0 – 5.8) 142/353 (40.2) 5.1 (2.5 – 9.0)

40 – 49 19/233 (8.2) 3/119 (2.5) 5.6 (3.0 – 8.4) 214/233 (91.8) 116/119  (97.5) 3.9 (2.3 – 6.1) 319/671 (47.5) 4.9 (2.9 – 8.2)

50 – 59 40/327 (12.2) 13/188 (6.9) 5.9 (3.1 – 9.5) 287/327 (87.8) 175/188 (93.1) 3.8 (2.5 – 6.7) 594/1109 (53.6) 4.9 (2.8 – 8.0)

60 – 69 56/300 (18.7) 28/233 (12.0) 5.7 (2.6 – 8.2) 244/300 (81.3) 205/233 (88.0) 4.3 (2.5 – 6.8) 771/1304 (59.1) 5.0 (2.4 – 8.2)

70 – 79 91/254 (35.8) 54/197 (27.4) 5.0 (2.7 – 7.8) 163/254 (64.2) 143/197 (72.6) 4.6 (2.8 – 7.8) 697/1148 (60.7) 4.5 (2.3 – 8.2)

80 – 89 94/155 (60.6) 76/158 (48.1) 3.9 (2.1 – 6.5) 61/155 (39.4) 82/158 (51.9) 4.4 (2.7 – 7.7) 368/682 (54.1) 4.1 (2.1 – 7.4)

≥ 90 28/44 (63.6) 39/84 (46.4) 3.0 (0.7 – 5.5) 16/44 (36.4) 45/84 (53.6) 4.8 (2.8 – 8.4) 106/234 (45.3) 3.2 (1.5 – 6.4)





• People 65 years and older

• People who live in a nursing home or long-term care facility

• People of all ages with underlying medical conditions, particularly if not well 

controlled, including:

– People with chronic lung disease or moderate to severe asthma

– People who have serious heart conditions

– People who are immunocompromised

– People with severe obesity (body mass index [BMI] of 40 or higher)

– People with diabetes

– People with chronic kidney disease undergoing dialysis 

– People with liver disease

People Who Are at Higher Risk for Severe Illness

https://www.cdc.gov/coronavirus/2019-ncov/need-extra-precautions/people-at-higher-risk.html. Accessed April 20, 2020.



Potential Mechanism of Hepatic Injury

Direct

– Coronavirus infects 

hepatocytes

– Virus found by PCR

– ACE2 present

– Apoptosis on liver biopsy

Indirect

• Reflection of systemic injury

• Drug induced liver damage

Lu J, et al. Chin J Diag Pathol. 2003; Ding, et al. J Pathol. 2004; Hamming I, et al. J Pathol. 2004; Chau T, et al. Hepatology. 2004.



Objectives

• Briefly define the epidemiology and natural 

history of COVID-19 infection

• Review recent guidance from the American 

Association for the Study of Liver Diseases 

(AASLD) regarding the care of patients with 

COVID-19



Effects of SARS-CoV-2 on the Liver

What We Know (Select)

• It is unknown whether patients with chronic liver disease, especially HBV or HCV, 

may be more susceptible to liver damage from SARS-CoV-2

• It is also unknown whether SARS-CoV-2 infection exacerbates cholestasis in those 

with underlying cholestatic liver disease such as PBC or PSC or with underlying 

cirrhosis. 

• Emerging data suggest that patients with NAFLD may be at higher risk for severe 

COVID-19. 

– Unclear if the risk is specific to NAFLD or to coexisting metabolic risk factors such as 

cardiovascular disease, diabetes mellitus, and obesity, which are known to be associated 

with COVID-19 severity. 

www.aasld.org Clinical Insights for Hepatology and Liver Transplant Providers During the COVID-19 Pandemic. Accessed 4/23/2020.

http://www.aasld.org/


Evaluation of COVID-19 Patients With Elevated 
Liver Biochemistries 

Select Recommendations 

• Patients with cirrhosis, those with AIH on immunosuppressive medications, and post-

transplant patients on immunosuppressant therapy are potentially at increased risk 

for severe COVID-19 and should be prioritized for testing until further data become 

available. 

• Consider etiologies unrelated to COVID-19, including other viruses such as hepatitis 

A, B and C, when assessing patients with elevated liver biochemistries. 

• To limit unnecessary transport of patients with COVID-19, ultrasound or other 

advanced imaging should be avoided unless it is likely to change management, e.g., 

clinical suspicion for biliary obstruction or venous thrombosis. 

• Consider other causes of elevated liver biochemistries, including myositis (particularly 

when AST>ALT), cardiac injury, ischemia, and cytokine release syndrome. 

www.aasld.org Clinical Insights for Hepatology and Liver Transplant Providers During the COVID-19 Pandemic. Accessed 4/23/2020.

http://www.aasld.org/


Evaluation of COVID-19 Patients With Elevated 
Liver Biochemistries 

Select Recommendations (continued) 

• Regular monitoring of liver tests should be performed in 

hospitalized patients regardless of baseline values. 

• In patients with AIH or liver transplant recipients with 

active COVID-19 and elevated liver biochemistries, do 

not presume disease flare or acute cellular rejection 

without biopsy confirmation. 

www.aasld.org Clinical Insights for Hepatology and Liver Transplant Providers During the COVID-19 Pandemic. Accessed 4/23/2020.

http://www.aasld.org/


Stable Outpatients With Liver Disease and/or 
Hepatocellular Carcinoma 

What We Know (Select)

• Information is limited regarding the effects of SARS-CoV-2 infection in patients with 

chronic liver disease. 

• Both immunocompetent and immunosuppressed patients can contribute to SARS-

CoV-2 spread even if they are asymptomatic. 

• There is no evidence that patients with stable chronic liver disease due to HBV and/or 

HCV, or cholestatic syndromes such as PBC or PSC have increased susceptibility to 

SARS-CoV-2 infection.

• It is unknown whether patients with HCC are at increased risk for severe COVID-19 

by virtue of their malignancy.  

www.aasld.org Clinical Insights for Hepatology and Liver Transplant Providers During the COVID-19 Pandemic. Accessed 4/23/2020.

http://www.aasld.org/


Stable Outpatients With Liver Disease and/or 
Hepatocellular Carcinoma 

Select Recommendations 

• Severely limit outpatient visits to only patients who must be seen in person, even in 

areas without significant COVID-19 community spread. Consider seeing in person 

only new patients with urgent issues and clinically significant liver disease (e.g., 

jaundice, elevated ALT or AST >500 U/L, recent onset of hepatic decompensation). 

• Continue treatment for hepatitis B and hepatitis C if already on treatment. 

• Proceed with treatment of hepatitis B and C in patients without COVID-19 as clinically 

warranted. The logistics of monitoring patients during the pandemic should be 

weighed against the urgency of treatment. 

• Initiating treatment of hepatitis B in a patient with COVID-19 is not routinely warranted 

but should be considered if clinical suspicion of a hepatitis B flare or when initiating 

immunosuppressive therapy. 

www.aasld.org Clinical Insights for Hepatology and Liver Transplant Providers During the COVID-19 Pandemic. Accessed 4/23/2020.

http://www.aasld.org/


Stable Outpatients With Liver Disease and/or 
Hepatocellular Carcinoma 

Select Recommendations (continued)

• Continue monitoring in those on or off therapy for HCC and continue surveillance in 

those at risk for HCC as close to schedule as circumstances allow, although an 

arbitrary delay of 2 months is reasonable. 

• Review images of new referrals for patients with liver masses in tumor board or with 

expert radiologists in virtual multidisciplinary conference prior to scheduling an in-

person visit. 

• Consider virtual visits to discuss diagnosis and management of HCC and other 

liver tumors. 

• Proceed with HCC treatments when able rather than delaying them due to 

the pandemic. 

www.aasld.org Clinical Insights for Hepatology and Liver Transplant Providers During the COVID-19 Pandemic. Accessed 4/23/2020.

http://www.aasld.org/


Patients With Decompensated Cirrhosis, Liver Transplant Evaluations, 

and Patients on the Liver Transplant Waiting List 

What We Know (Select)

• Information is limited regarding the effects of SARS-CoV-2 infection in patients with 

decompensated cirrhosis or those awaiting liver transplantation. 

• The complex decision making involved in whether to proceed with transplantation is 

now significantly more challenging due to the COVID-19 pandemic. 

• Some transplant centers may decide that individual candidates should not receive 

organ offers at this time. 

• A reduction in organ recovery is expected because of COVID-19-related limitations on 

institutional resources and our evolving understanding of the risk of donor-derived 

disease transmission. 

www.aasld.org Clinical Insights for Hepatology and Liver Transplant Providers During the COVID-19 Pandemic. Accessed 4/23/2020.

http://www.aasld.org/


Patients With Decompensated Cirrhosis, Liver Transplant Evaluations, 

and Patients on the Liver Transplant Waiting List 

Select Recommendations 

• Limit the number of patients coming to clinic for transplant evaluations. Consider 

evaluating only patients with HCC or those patients with severe disease and high 

MELD scores who are likely to benefit from immediate liver transplant listing. 

• Obtain labs and imaging only as clinically necessary. 

• Ensure patients have refills available for essential medications. 

• Consider instructing patients to avoid attending in-person community recovery 

support meetings and provide alternative telephone or online resources.

• Have a low threshold for admitting patients on the transplant waiting list who are 

diagnosed with COVID-19.

www.aasld.org Clinical Insights for Hepatology and Liver Transplant Providers During the COVID-19 Pandemic. Accessed 4/23/2020.

http://www.aasld.org/


Summary of Best Practice Statements: Consultative 
Management of COVID-19

1

In outpatients with new onset diarrhea, (i) ascertain information about high risk contact exposure (ii) obtain a detailed history of symptoms 

associated with COVID-19, including fever, cough, shortness of breath, chills, muscle pain, headache, sore throat, or new loss of taste or 

smell (iii) obtain a thorough history for other Gl symptoms, including nausea, vomiting, and abdominal pain. 

2

In outpatients with new onset Gl symptoms (e.g., nausea, vomiting, abdominal pain, diarrhea), monitor for symptoms associated with 

COVID-19 as GI symptoms may precede COVID-related symptoms by a few days. In a high COVID-19 prevalence setting, COVID-19 

testing should be considered. 

3
In hospitalized patients with suspected or known COVID-19, obtain a thorough history of GI symptoms (nausea, vomiting, abdominal pain, 

diarrhea) including onset, characteristics, duration, and severity. 

4 There is presently inadequate evidence to support stool testing for diagnosis or monitoring of COVID-19 as part of routine clinical practice. 

5 In patients (outpatients or inpatients) with elevated LFTs in context of suspected or known COVID-19, evaluate for alternative etiologies. 

6
In hospitalized patients with suspected or known COVID-19, obtain baseline LFTs at the time of admission, and consider LFT monitoring 

throughout the hospitalization, particularly in the context of drug treatment for COVID-19. 

7 In hospitalized patients undergoing drug treatment for COVID-19, evaluate for treatment-related Gl and hepatic adverse effects. 

AGA Institute Rapid Review of the GI and Liver Manifestations of COVID-19, Meta Analysis of International Data, and 

Recommendations for the Consultative Management of Patients with COVID-19. 2020



Conclusion

• COVID-19 infection is a major medical and 

public health concern throughout the world.

• AASLD guidance provides clear cut 

recommendations for optimal care of patients 

infected with COVID-19.
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Case 1: Sylvia

• 46 yo woman with a history of ETOH cirrhosis 

complicated by ascites

• Presents to ED with abdominal pain

• PE:

– Temp 100.6
o

F;  BP 100/56

– Diffuse abdominal tenderness with rebound 

or guarding

– Fluid wave



Case 1: Laboratory Evaluation

• WBC 12,800

• HgB 12,600

• Platelet count 135,000

• INR 1.8

• ALT 56 IU/L

• AST 77 IU/L

• Total bilirubin 1.8 mg/dl

• Alkaline phosphatase 

145 IU/L

• Albumin 3.6

• Na 135

• BUN 30

• Cr 1.9 

– (Baseline outpatient 0.7)

• Urinalysis

– No proteinuria

– No hematuria

– UrineNa < 10



Case 1: Disease Issues

• MELD-Na 24

• Ascites possible SBP

• Abnormal creatinine; possible AKI, HRS



Case 1: Next Steps 

• Paracentesis

• Treatment of HRS-AKI



Case 1: Paracentesis Results

• WBC 850

• 65% neutrophils

• Ascites albumin 1.5

• Ascites total protein 2.3

• SAAG 2.1



Question

Based on the presentation what is the most appropriate 

clinical plan?

A. Begin IV ceftriaxone empirically

B. Begin IV ceftriaxone and aggressive hydration with NS

C. Await culture results and replenish intravascular space 

with albumin

D. Begin IV ceftriaxone empirically and replenish 

intravascular space with albumin



Case 1: Diagnosis

• Acute Kidney Injury

• Spontaneous Bacterial Peritonitis



Case 1: Treatment of Spontaneous 
Bacterial Peritonitis

• Begin IV ceftriaxone empirically and replenish 

intravascular space with albumin

• Assess acute kidney injury



New Definition of Acute Kidney Injury (AKI) 
in Cirrhosis

•  in SCr ≥ 0.3 mg/dL within 48 hours or 

•  SCr ≥ 50% from baseline that is known or 

presumed to have occurred within the prior 

7 days

Angeli P, et al. J Hepatol. 2015;62:968-974; EASL Practice Guidelines. J Hepatol. 2018;69:406-460.



AKI in Cirrhosis: Differential Diagnosis

• Prerenal

– Hypovolemia: diuretics, GI bleeding, diarrhea

– Hepatorenal syndrome

• Intrinsic renal disease

– Acute tubular necrosis

– Glomerulonephritis

– Interstitial nephritis

• Obstructive

Graupera I, et al. Clin Liver Dis. 2013;2:128-131.



AKI in Cirrhosis: When is it HRS?

• Diagnosis of exclusion in patients with cirrhosis and ascites

• Diagnosis of AKI according to International Club of Ascites – AKI criteria

• No response after 2 consecutive days of diuretic withdrawal and plasma volume 

expansion with albumin (1 g per kg of body weight, 100g max)

• Absence of shock

• No current or recent use of nephrotoxic drugs

• No macroscopic signs of structural kidney injury defined as:

– Absence of proteinuria (>500 mg/day)

– Absence of hematuria (>50 RBCs/hpf)

– Normal findings on renal ultrasonography

Angeli, et al. Journal of Hepatology. 2015 vol. 62 968–974.



Pathogenesis of AKI-HRS

Ginès P, et al. Nat Rev Dis Primers. 2018;4:23.



Case 1: Update

• Progressive renal failure despite albumin, creatinine 

rises to 2.5 mg/dL

• Oliguria worsens

• Hypotension worsens to 80/40

• MELD upgraded

• Discussions regarding renal replacement therapy



Options to Consider

• Transfer to ICU, begin dopamine

• Continue IV albumin 1 gm/kg/24h

• Continue IV albumin 1 gm/kg/24h and add 

midodrine 7.5 mg TID, octreotide 100 mcg 

SC TID

• Continue IV albumin 1 gm/kg/24h, introduce 

terlipressin



Pharmacologic Therapy for AKI-HRS

IV Albumin

• 0.5-1gm/kg (max 100 gm/d) for resuscitation; then 25 to 50 g/day

Plus

Vasoconstrictors

• Midodrine (+/- octreotide)

• Norepinephrine

• Terlipressin

Ginès P, et al. Nat Rev Dis Primers. 2018;4:23.



Midodrine and Octreotide

Midodrine

• Midodrine binds to alpha-1-

adrenergic receptors

– Improves systemic blood pressure 

and hence improves renal 

perfusion pressure

• Start at 7.5 mg TID

• Titrate midodrine up to 15 mg TID 

on consecutive doses to a mean 

arterial pressure of >80 mmHg

Octreotide

• Octreotide is a splanchnic 

vasoconstrictor that antagonizes 

the action of various 

splanchnic vasodilators  

– Not effective alone

• Start octreotide 100-200 mcg TID 

or IV infusion 50 mcg/hr to raise 

MAP by 15 mm Hg

• Maximum dose 200 mcg SC TID



Terlipressin: Under FDA Review in US*

• Approved in many ex-US countries for years

• Synthetic 12 amino acid peptide

• Pro-drug 

• Constrictive activity via V-1 receptors

– Vascular and extra vascular smooth muscle cells

• Splanchnic vasoconstriction reduces portal 

blood flow and portal pressure

• Systemic vasoconstriction

– Increases effective blood volume

– Reduces renin and angiotensin

• Can lead to renal vasodilation

• Can lead to improvement in serum creatinine

• V-2 agonist activity

– Could possibly cause hyponatremia
*FDA PDUFA date is September 12, 2020



Terlipressin + Albumin vs Midodrine/Octreotide + 
Albumin: Improvement in Renal Function

• Randomized controlled study 

(not blinded)

• 27 patients received terlipressin (IV 3 

mg/24 hrs, progressively increased to 

12 mg/24 hrs if no response) 

• 22 patients received midodrine (orally 

at 7.5 mg TID with dose increased to 

max of 12.5 mg TID) and octreotide 

SC 100 mcg TID up to 200 mcg TID)

• Both groups received albumin IV 1 

g/kg of body weight on day 1 and 20-

40 g/day thereafter
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Terlipressin + Albumin vs Albumin Alone for HRS-1 
(CONFIRM Study)

• Randomized, placebo-controlled study in 300 patients

• 2:1 to terlipressin (1 mg IV every 6 hours) or placebo, plus albumin in both groups

• Treatment for up to 14 days unless one of the following occurred: 

– Verified HRS reversal (VHRSR) (decrease in SCr to ≤ 1.5 mg/dL)

– Renal replacement therapy (RRT)

– Liver transplantation (LT) or 

– SCr at or above baseline (BL) at Day 4

• Primary Endpoint

– VHRSR defined as 2 consecutive SCr values ≤ 1.5 mg/dL, at least 2 hours apart, with patient alive without 

RRT for ≥ 10 days after the second SCr ≤1.5 mg/dL

Wong F, et al. The Liver Meeting. Boston, MA. 2019. Abstract LO5.



Primary Endpoint: Verified HRS Reversal 
(CONFIRM Study)
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Incidence of Adverse Events 
(>10% Terlipressin Patients) (CONFIRM Study)

Preferred Terma Terlipressin (N=200)b

% (n)

Placebo (N=99)b

% (n)

Abdominal pain 19.5 (39) 6.1 (6)

Nausea 16.0 (32) 10.1 (10)

Diarrhea 13.0 (26) 7.1 (7)

Dyspnea 12.5 (25) 5.1 (5)

Respiratory failure 10.5 (21) 5.1 (5)

Hepatic encephalopathy 10.0 (20) 13.1 (13)

Respiratory Failure higher in both cohorts in CONFIRM than REVERSE trial; 

REVERSE T 5.4% vs P 2.1%; none of the respiratory failure were reported as related to 

study drug.

AEs, adverse events; N, number of subjects in the treatment group; n, number of subjects in the category of subjects in the treatment group.
aUp to 7 days posttreatment. bSubjects experiencing multiple episodes of a given adverse event are counted once within each preferred term.

Wong F et al. The Liver Meeting, Boston, MA 2019, Abstract LO5.



RCT (Open Label): Terlipressin vs Norepinephrine 
in Patients With ACLF and HRS-AKI

Continuous IV infusion of terlipressin (2 to 12 mg/day) vs. norepinephrine (0.5 to 3 mg/hour)

• Terlipressin reduced need for RRT

• Terlipressin improved survival

Response Rate, n/N (%)

Norepinephrine Terlipressin P Value

Day 4 7/60 (11.7%) 16/60 (26.7%) 0.03

Day 7 12/60 (20%) 25/60 (41.7%) 0.01

Reversal 

of HRS-

AKI (Day 

14)

10/60 (16.7%) 24/60 (40%) 0.004

p=0.001 at Day 28

Time in Days

Intention to Treat Analysis
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Arora V, et al. Hepatology. 2019; 0:1-11.



Take Home Points

• HRS is defined as AKI that does not respond to volume resuscitation 

upon correction of sepsis and in the absence of other 

renotoxic insults.

• Current classification expedites the recognition of HRS-AKI and 

allows for potential earlier intervention.

• Vasoactive agents (terlipressin and norepinephrine) can reverse 

HRS-AKI in a significant percentage of patients. 

• Terlipressin is superior to other agents in reversing HRS with 

expected survival benefits.

– Phase 3 CONFIRM US study results now available.
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Case 2: Brian 

• Brian is a 62-year-old man with cirrhosis related to nonalcoholic fatty 

liver disease, who presents to the office for routine follow up

• He has a history of ascites, hepatic encephalopathy, and grade 2 

esophageal varices on primary prophylaxis with propranolol

• Over the past few months, his abdomen has become more 

distended despite compliance with a low sodium diet and his 

diuretic therapy

• He denies fevers, chills, chest pain, shortness of breath, abdominal 

pain, diarrhea, or constipation



Case 2: Brian 

• His past medical history is notable for diabetes on oral hypoglycemic 

therapy, hyperlipidemia, and hypertension

• His current medications are 

– Furosemide 40 mg daily

– Spironolactone 100 mg daily

– Propranolol 20 mg twice daily

– Metformin 1000 mg twice daily

– Atorvastatin 10 mg daily

– Lactulose 20 gm twice daily

– Rifaximin 550 mg twice daily



Case 2: Brian 

• Physical Exam: afebrile, weight 23 pounds higher than 3 

months ago, HR 59, BP 110/65

• His abdomen is distended with shifting dullness at 

the flanks

• He has 1+ lower extremity edema

• Labs are notable for a sodium of 131, BUN 42, creatinine 

1.8 mg/dL (baseline creatinine three months ago 0.8 

mg/dL)

• MELD-Na 21 (increased from 10 three months ago)



Case 2: Brian 

• He is admitted to the hospital

– Paracentesis done without evidence of SBP

– Diuretics held

– Albumin given 50 grams twice a day

• Day two of hospitalization, creatinine improved to 1.3 

mg/dL with sodium of 134, and patient discharged with 

close outpatient follow up and diuretics withheld

• Large volume paracentesis done prior to discharge of 

5.3 liters



Case 2: Brian 

• At his follow up visit in one week, his creatinine is now 1.4 mg/dL, 

and his ascites has returned

• Diuretics are restarted at furosemide 20 mg daily and spironolactone 

50 mg daily

• Over the next three months, he continues to have difficulties 

with ascites requiring intermittent paracenteses, and fluctuating 

renal function
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HRS-CKD

• Previously called Type 2 HRS

• Slow, progressive impairment in renal function over weeks 

to months

• Patients have cirrhosis and refractory ascites

• Can be difficult to diagnose

• CKD from other causes may occur in conjunction

• Role for TIPS?

• Median survival 4-6 months

Ochs, et al. N Engl J Med. 1995;332:1192-7; Guevara, et al. Hepatology. 1998;28:416-22.



SCr Is an Independent Predictor of Mortality in 
Patients With Cirrhosis

Any increment increase in SCr within 48 hours from hospitalization is associated with a higher mortality, 

provided the peak SCr within 48 hours is >1.2 mg/dL.

Time scale: Days since patient’s first admission.

Data from 636 admissions were used. Deaths were recorded for 169 and out of 339 patients in this sample.

Nuthalapati A, et al. J Clin Exp Hepatol. 2017;7:290-299.



Relationship Between SCr and GFR in Patients 
With Cirrhosis

Serum creatinine (mg/dL)
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Evaluating Renal Function in Cirrhosis

Chromogens like bilirubin interfere with creatinine assays

Decreased hepatic production of creatine in cirrhosis

Increased volume of distribution of creatinine with anasarca

Poor muscle mass 

Lower Serum Creatinine

Overestimates GFR



Diagnostic Criteria of HRS

New classification of HRS subtypes

Old classification New classification Criteria

HRS-1# HRS-AKI

a) Absolute increase in sCr ≥0.3 mg/dl within 48 and/or

b) Urinary output ≤0.5 ml/kg B.W. ≥ 6 h* or

c) Percent increase in sCr ≥50% using the last available value of outpatient sCr within 

3 months as the baseline value

HRS-2# HRS-CKD

a) eGFR <60 ml/min per 1.73 m2 for <3 months in the absence of other (structural) 

causes

b) Percent increase in sCr <50% using the last available value of outpatient sCr within 

3 months as the baseline value

c) eGFR <60 ml/min per 1.73 m2 for ≥3 months in the absence of other (structural) 

causes

AKD, acute kidney disease; AKI, acute kidney injury; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; HRS, hepatorenal syndrome;

sCr, serum creatinine.

# Fulfillment of all the new international Ascites Club criteria for the diagnosis of HRS (Box 1).

*the evaluation of this parameter requires a urinary catheter. 

Angeli, et al. JHep. 2019.



Diagnostic Criteria of HRS

Angeli, et al. JHep. 2019.



HRS-CKD Has a High Chance of Relapse After 
Withdrawal of Therapy

HRS type 1 HRS type 2
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Workup of Renal Insufficiency in Patients With Cirrhosis

Lum, et al. Clin J Gastro. 2020.

• Medical history review for the cause of renal dysfunction/renal disease

– Diuretic use and dosage

– Recent abdominal paracentesis, volume of ascites removal

– Bleeding: especially massive upper gastrointestinal bleeding

– Fluid loss: diarrhea, vomiting

– Hypotension: hypovolemia, over antihypertensive drug use, or beta-blocker used to prevent variceal bleeding

– Infection: fever, site of infection (cellulitis, SBP, sepsis, etc.) and severity 

– Nephrotoxin exposure: radiocontrast media especially CT scan, medications, herbal medicine use

– Previous medical condition: diabetes, metabolic syndrome, NAFLD

– Chronic viral hepatitis B and C infection, HIV coinfection

– Previous glomerular disease: diabetic nephropathy, other glomerulonephritis

– Systemic symptoms: vasculitis

– Obstructive symptom (benign prostatic hyperplasia, prostate cancer), history of KUB stone or passing stone

– Massive ascites that potentiate increase IAH

– Worsening cirrhosis



Evaluation of Patients With Cirrhosis and Renal Failure

• Urinalysis to assess proteinuria/hematuria

– Spot urine protein / creatinine or 24hr urine collection

– Spot urine sodium / creatinine → FENa

– Granular casts or renal tubular epithelial cells

– Urine eosinophil stain if indicated

• Infections must be ruled out

– Ascitic fluid should be sampled to rule out SBP

• Renal ultrasound

• Renal biopsy may be helpful when parenchymal disease is suspected

• Pertinent histories of GI bleed, diuretic use, or large volume paracentesis



Prognosis of Patients With Cirrhosis at Onset of Ascites 
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Survival in Patients With Ascites and HRS
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TIPS vs LVP for Refractory Ascites

Probability of survival without liver transplantation in patients allocated to covered TIPS group and in 

those allocated to LVP+A group.

Bureau, et al. Gastro. 2017.



TIPS: Patient Selection

p < 0.001
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Indications for Simultaneous Liver-Kidney Transplantation

CKD, chronic kidney disease; GFR, glomerular filtration rate; SLK, simultaneous liver-kidney.

Carrion and Martin. AJG. 2019.

Conditions that qualify for SLK Transplantation

Conditions Definition and criteria to qualify

CKD

GFR ≤60 mL/min for >90 consecutive days before listing AND meet at least one of 

the following criteria: 

(a) dialysis has been started as standard treatment for end-stage renal disease

(b) GFR ≤ 30 mL/min at the time of listing and during the time the patient is on the 

waiting list

Sustained acute kidney injury

Defined as requirement for dialysis and GFR <25 mL/min for ≥6 consecutive weeks 

AND meet at least one of the following criteria: 

(a) dialysis at least once every 7 days 

(b) GFR ≤25 mL/min at least once every 7 days

Metabolic diseases
Hyperoxaluria, atypical hemolytic uremic syndrome from mutations in factor H or 

factor I, familial nonneuropathic systemic amyloidosis, and methylmalonic aciduria



HRS-CKD Pre-Liver Transplant is Associated With 
Decreased Renal Function After Liver Transplant

Tan, et al. Transplantation. 2015.

0

20

40

60

80

100

< 60 ml/min/1.73m ≥ 60 ml/min/1.73m

%
 p

a
ti

e
n

ts
 s

tr
a

ti
fi

e
d

 b
y
 

re
n

a
l 
fu

n
c
ti

o
n

A HRS2 Control

2 2
0

20

40

60

80

100

< 60 ml/min/1.73m ≥ 60 ml/min/1.73m

%
 p

a
ti

e
n

ts
 s

tr
a

ti
fi

e
d

 b
y
 

re
n

a
l 
fu

n
c
ti

o
n

B HRS2 Control

2 2

53.8%

28.4%

46.2%

71.6%

59.5%

38.2% 40.5%

61.8%

eGFR at 3 months post-transplant eGFR at 12 months post-transplant

p = 0.007 p = 0.03



Back to Brian…

• Brian was evaluated for liver transplant

• TIPS was performed after discussion of risks 

and benefits

• Three months after the TIPS, his ascites 

has resolved and creatinine has stabilized at 

1.1 mg/dL



HRS-CKD

• HRS-CKD is a difficult to treat condition in patients with cirrhosis

• Prevention is key

• Beta blockers should be discontinued if patients develop HRS-CKD 

and low blood pressure

• A full evaluation must be performed to rule out other causes of CKD

• TIPS may be appropriate in carefully selected patients

• Patients with CKD who are appropriate candidates may require 

simultaneous liver-kidney transplantation



Maintaining Renal Health

in Patients With Cirrhosis

Marcelo Kugelmas, MD, FACP, FAASLD
Director of Hepatology and Research

South Denver Gastroenterology

Englewood, Colorado



Disclosure Information 

• Consultant: Mallinckrodt Pharmaceuticals



Case: DH

• 64-year-old female

• HCV-1a

• MELD 7, CTP B

• Hx EVs with bleed

– Functioning TIPS in place

• Ascites and edema

• Used diuretics to fit into heels
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Etiology of AKI in Real Life

• 21 Italian centers from 4/07 to 2/09

• All hospitalized cirrhotic patients with SCr > 1.5 mg/dl on 2 

consecutive measurements

No HRS (n=137) HRS-CKD (n=40) HRS-AKI (n=76)

SBP 8% 20% 15%

Other bacterial infections 23.4% 12.5% 23.7%

LVP in 4 weeks 24.8% 45% 36.8%

NSAIDs 6.6% 5% 6.6%

Other meds 4.4% 0 3.9%

GIB past 6 weeks 10.9% 17.5% 13.2%

Salerno F. et al. J. Hepatol. 2011; 55: 1241.



HRS-triggers Are (Somewhat) Preventable

• The setting: 

– Splanchnic vasodilation and renal vasoconstriction

• The triggers: 

– Infections

– Bleeding

– LVP without albumin

• Contributing:

– Insufficient cardiac output

Salerno F. Gut. 2007; 56: 1310.



Outpatient Opportunities



Renal Health for Patients With Liver Cirrhosis

• Medications

– NSAIDs

– Diuretics

– ACE inhibitors

– Angiotensin receptor 

blockers

– Beta blockers

– Others

• Portal hypertension

– Βeta blockers

– Albumin

– TIPS

• Sodium

• Water



The Nutrition Paradigm:
Emphasize Good Nutrition, But…

• Reduce Na intake when ascites or edema are present

– 80 mmol/day

– 2 gm/day

• Reduce fluids intake in particular when there is 

dilutional hyponatremia

– 2 liters/day

– Water and coffee are best



Medications 
EASL Clinical Practice Guidelines

• Discontinue diuretics

• Discontinue ACE inhibitors and ARBs 

– These induce hypotension and reduce GFR

• Discontinue non-selective beta blockers 

– Decrease cardiac output and reduce renal perfusion

– Increase mortality in SBP and diuretic-resistant ascites

• Discontinue NSAIDs

– Reduce renal blood flow and GFR, impair Na and free water excretion

• Others: Iodinated contrast media, aminoglycosides

J. Hepatol. 2018; 69: 406-460.



Diuretics

• Diuretic toxicity

• Dilutional hyponatremia

• Dehydration (Iatrogenic) + diarrhea

• Hypokalemia

• These worsen encephalopathy

• Risk for central pontine myelinolysis



NSAIDs-induced AKI in a Tertiary Center

• 780 consecutive patients with cirrhosis and AKI 

managed as inpatient over 13 years

– Average NSAID use was 9 days

• 30 (3.8%) related to outpatient NSAID use

• In 19/30 AKI was transient after NSAID discontinuation

• In 11/30 AKI persisted and 7/11 (64%) died within 

90 days

Elia C. et al. J. Hepatol. 2015; 63: 593.



SBP Prophylaxis Prevents HRS

• Norfloxacin (n=35) vs. placebo (n=33) 

• Low protein ascites, CTP B9 or greater

Norfloxacin Placebo P value

SBP 7% 61% <0.001

HRS 28% 41% 0.2

1-year survival 60% 48% 0.05

Fernandez J et al. Gastroenterol. 2007; 133(3): 818.



Albumin Replacement in Decompensated Cirrhosis

• 1.5 gm/kg (20% sln) weekly for 12 weeks

• Improved cardiac function

• Decreased serum cytokines/systemic inflammation

• No impact on portal HTN

Fernandez F. et al. Gastroenterol. 2019; 157: 149.



SGLT2-I Ameliorate Ascites and Peripheral Edema 
in Patients With Cirrhosis and Diabetes

• 3 patients with cirrhosis, DM2 and fluid retention, normal 

baseline creatinine but intolerant of diuretics

• SGLT2 inhibitors had a beneficial effect on fluid  

retention with improvement in serum Na, without 

development of AKI or HE and without evidence of 

hepatotoxicity 

Montalvo-Gordon I et al. Accepted Hepatology. 2020.



TIPS

• Prevents and treats variceal bleeding

• Improves ascites control

• Decreases RAA system activation

• Prevents and treats HRS

• May cause HE

• Timing

• Cost



Inpatient Opportunities



AKI in Cirrhosis

• 20% of hospitalized cirrhotic patients suffer AKI

• In-hospital mortality for patients with decompensated 

cirrhosis ~10%

• Common causes for AKI in cirrhotics:

– Pre-renal azotemia

– Acute tubular necrosis

– Hepatorenal syndrome

• Early diagnosis is essential

Garcia-Tsao et al. Hepatology. 2008; 48: 2064; Kanwal et al. Am J Gastro. 2017: 112: 1287.



Timely Interventions Save Kidneys

• Early recognition of AKI 

• The higher the peak serum creatinine, the higher 

the mortality rate

• The longer the course of AKI correlates with 

decreased 90-day survival

Angeli P. et al. J. Hepatol. 2015; 62: 968; Fagundes C. et al. J. Hepatol. 2013; 59: 474.



Timely Admission Interventions Save Kidneys

• Diagnostic paracentesis if ascites present

– If done, mortality is reduced 25-29%

– If delayed more than 12 hours, mortality risk goes up 2.7-fold

• Start antibiotics and IV albumin for SBP

• Monitor renal function

• Start treatment of HRS soon!

– The lower baseline creatinine the better survival

• Treat variceal bleeding and OHE promptly

Orman et al. Clin Gastro Hepatol. 2014; 12:496; Kim et al. Am J Gastro. 2014; 109: 1436.



Albumin Prevents HRS-I (HRS-AKI) in Patients With SBP

• Albumin 1.5 g/kg body weight on day one + 

1g/kg body weight on day three 

• 66% reduction in incidence of HRS 

– 10% vs 33% 

• Reduced in-hospital and 90-day mortality

– 10% vs 29%, p<0.01

– 22% vs 41%, p<0.03

Brinch K. et al. J Hepatol. 2003;39: 24.



From AKI to CKD: India

• 818 consecutive patients with cirrhosis

– MELD 19.9 +/- 9.9

• 36% had AKI at enrollment

– 27% had previous AKI

– 61% developed AKI on F/U

• CKD developed in 33%

• High baseline MELD, # AKI episodes and elevated Cystatin C at baseline 

predicted developing CKD

• 55 had postmortem kidney histology

– Various findings, mostly tubulo-interstitial

Maiwall R. et al. Hepatology. 2020; 71: 1009.



From AKI to CKD: Spain

• 409 patients

• CKD developed in 25% of AKI vs 1% no AKI patients (OR 31, 

P < 0.0001)

• Risk factors associated with developing CKD

– Nosocomial AKI

– Severity of AKI

• Transition from AKI to CKD was associated with readmission, new 

AKI episodes, bacterial infections and ascites

Bassegoda O. et al. J. Hepatol. 2020, in press.



Recommendations

• Better to preserve renal health

– Prevent AKI

– Prevent HRS

– Prevent CKD

• Teamwork

– PCP

– ER

– Radiology

– Nephrology



Recommendations

• Prevent cirrhosis 

• Prevent progression/decompensation of cirrhosis

• Monitor patients closely

• Manage medications, Na and fluids intake

• ER/hospitalist to do paracentesis, start antibiotics, 

albumin, +/- octreotide before the hepatologist and 

nephrologist see the patient in the morning 





Thank you!


