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Abstract

The Chinese Society of Hepatology developed the current guidelines for the Management of Ascites and Its Related Compli-
cations in Cirrhosis based on the published evidences and the panelists’ consensus. The guidelines provided recommendations
for the diagnosis and management of cirrhotic ascites emphasizing a step-wise approach with the first-, second-, and third-
line therapy. For refractory ascites, vasoconstrictors and albumin are recommended for splanchnic vasodilation and selective
vasopressin (V2) receptor antagonists for moderate-to-severe hyponatremia. For spontaneous bacterial peritonitis, empirical
anti-infection treatment was recommended based on the local microbiological examination of community- or hospital-
acquired infections. For hepatorenal syndrome, the administration of vasopressor terlipressin and albumin is recommended.
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SAAG Serum-ascites albumin gradient
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Introduction

Ascites is one of the most commonly observed hallmark
manifestations of decompensated cirrhosis. Once ascites
appears, the 1-year mortality rate is approximately 15%,
with a 5-year mortality rate ranging from 44 to 85% [1, 2].
Therefore, prevention and treatment of ascites are an impor-
tant clinical challenge and a key area for research.

Worldwide, a number of clinical practice guidelines have
been published relating to the management of ascites [3-6].
Recommendations on guidelines for ascites in Europe and
America, many of these are not suitable for clinical diag-
nosis and treatment of ascites in patients with hepatitis B
cirrhosis in China clinical practices. The Chinese Society
of Hepatology invited experts on hepatology, gastroenterol-
ogy, infectious disease, clinical pharmacology, and meth-
odology to develop the current guidelines to help clinicians
make appropriate decisions on the diagnosis, treatment, and
prevention of ascites and its complications. This guideline
is not a mandatory standard and cannot cover or solve all
of the clinical challenges in the diagnosis and treatment of
cirrhotic ascites, but can be used as a preferred approach to
formulate a comprehensive and yet individualized diagnosis
and treatment plan.

In these guidelines, the evidences and recommendations
are graded according to the Grading of Recommendations
Assessment, Development and Evaluation (GRADE) system
(Table 1).

Table 1 Grading evidence and recommendations

Ascites is defined as the accumulation of at least 200 mL
of fluid inside the abdominal cavity as a result of a patho-
logical state. It can be a manifestation of many diseases and
can be classified by causes including: hepatic, cancerous,
cardiac, vascular (vein occlusion or constriction), renal, mal-
nutritional, and tuberculous [7]. This guideline only focuses
on cirrhotic ascites and its related complications.

Cirrhotic ascites
Pathogenesis

The formation of cirrhotic ascites is a result of several fac-
tors, with portal hypertension being the main cause and initi-
ating factor. Renin—angiotensin—aldosterone system (RAAS)
imbalance and hypoproteinemia also play important roles
[8, 9].

1. Portal hypertension: Cirrhosis leads to a varying degree
of portal hypertension, through deformation and occlu-
sion of intra-hepatic vessels; blockage of portal venous
blood flow; an increase in both intravascular pressure
in the portal venous system and capillary hydrostatic
pressure, causing fluid to leak into the abdominal
cavity. Ascites rarely occurs at a portal venous pres-
sure < 12 mmHg (< 1.6 kPa). Studies show that the inci-
dence of ascites after devascularization is considerably
higher than after portosystemic shunt.

2. Enhancement of RAAS activity: Portal hypertension
enhances RAAS activity by triggering splenic and sys-
tematic circulation changes, which results in sodium and
water retention. This is a primary cause of ascites forma-
tion and persistence.

3. Increased secretion or enhanced activity of other vaso-
active substances: During cirrhosis, there is an increase
in the secretion and activity of atrial natriuretic peptide,
prostaglandins, and other vasoactive peptides. This stim-
ulates extensive dilation of the splenic arterioles and,

Grading of evidence
High (A)
Medium (B)
the evaluation results themselves

Low or extremely low (C)

Grading of recommendation
Strong (1)

Further research cannot change the reliability of the therapeutic efficacy evaluation results
Further research might change the reliability of the therapeutic efficacy evaluation results, and might also change

Further research will likely change the reliability of the therapeutic efficacy evaluation results, and will likely also
change the evaluation results themselves

Clearly indicates that the advantages of the intervention measures are greater than the disadvantages, or that the

disadvantages are greater than the advantages

Weak (2)

The advantages and disadvantages are indeterminate or the evidence, whether its quality is high or low, which

indicates that the advantages and disadvantages are equivalent
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hence, increases venous inflow. At the same time, there
is an increase in the small intestine capillary pressure
and lymph flow, which can result in increased sodium
retention.

Hypoalbuminemia: During cirrhosis, albumin synthesis
is markedly reduced, which causes a drop in the plasma
colloid osmotic pressure. This promotes the leakage of
fluid from the plasma into the abdominal cavity, forming
ascites.

Obstruction of lymphatic drainage: During cirrhosis,
intra-hepatic vasculature can be obstructed, while the
production of hepatic lymph increases. Ascites is formed
when the lymph reflux exceeds the drainage capacity of
the thoracic ducts. Chylous ascites is formed if there is
obstruction and rupture of the cisterna chyli.

Diagnosis, evaluation, grading, and typing

Diagnosis of ascites

(1) Signs and symptoms: Patients with cirrhosis
develop symptoms including fatigue and loss of
appetite, and underlying symptoms may be further
aggravated. Patients may also develop abdomi-
nal distension, edema in both legs, and oliguria.
Symptoms such as abdominal wall varicosis or
abdominal distension are observed in the physi-
cal examination. A positive test result for shifting
dullness suggests that the fluid inside the patient’s
abdominal cavity is > 1000 mL [10]; however, a
negative test result does not exclude ascites.

(2) Imaging examinations: The most commonly used
examination is abdominal ultrasound, which is
simple, non-invasive, and inexpensive. An ultra-
sound can determine the presence and volume
of ascites, and give a preliminary indication of
the source and location. In addition, ultrasound
can aid positioning for paracentesis. Other imag-
ing examinations include abdominal computed
tomography and magnetic resonance imaging.

2. Evaluation of ascites: After ascites is diagnosed, the

(SBP) identified. The evaluation includes a medical his-
tory, physical examination, laboratory tests, abdominal
imaging examination, and diagnostic paracentesis.

(1) Paracentesis: Paracentesis is a simple and low-
risk procedure used to extract a suitable amount
of ascites for analysis. By analyzing the physi-
ochemical nature, microbiology, and cytology of
the ascites, it is possible to clearly determine their
nature and discover latent infections at an early
stage. There are relatively few contraindications
for abdominal paracentesis; however, potential
complications of abdominal paracentesis include
hematoma of the abdominal wall, leakage at the
puncture site, and intestinal perforation. The pro-
cedure should be conducted by a trained clinician
and carried out using strict aseptic technique to
avoid contamination.

(2) Ascites laboratory tests and analysis: Laboratory
tests for ascites are listed in Table 2.

Ascites can be colorless and transparent (sim-
ple), turbid, purulent, hemorrhagic, or chylous.
The routine laboratory tests for ascites include a
differential white cell count, and quantification
of albumin and total protein levels. Differential
white cell counts are the primary detection indi-
cators of ascites. The total cell count in cirrhotic
ascites without complications is <500 x 10%/L.
Even when no symptoms occur in the patient, SBP
should also be considered if polymorphonuclear
leukocyte (PMNL) counts are > 250 X 10%/L. At
this time, the PMNL proportion is > 50% of the
total leucocyte count in the ascites, and if there
are complications of tubercular peritonitis or a
tumor, the primary manifestation is an increase
in lymph cells. The positive rate of bacterial cul-
ture in ascites is low, generally about 20-40%.
To improve the sensitivity, 10-20 mL of ascites
should be taken at the bedside and immediately
contained in a blood culture bottle. The ascites
fluid should not be precipitated before culture,
because this increases the chance of bacterial

nature and volume of the ascites should be evaluated, phagocytosis by PMNL.
and the presence of spontaneous bacterial peritonitis

Table 2 Laboratory tests for diagnosis of ascites

Routine Optional Unusual

Differential white cell count Culture (bacteria, anaerobic bacteria) Mycobacterium tuberculosis smear and culture
Albumin Glucose Exfoliative cytology
Total protein Lactase dehydrogenase Bilirubin

Amylase Triglycerides

Gram’s stain
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If a diagnosis of cirrhotic uncomplicated ascites
has already been determined, only a routine exam-
ination of the fluid is required. If the patient has a
fever, abdominal pain, or hepatic encephalopathy
of indeterminate cause, and an abdominal cavity
infection is suspected, anaerobic bacterial culture
can be carried out at the bedside with a blood
culture bottle; the specimen should be obtained
before antibiotics are administered to the patient
and submitted for testing immediately.

(3) Common causes of ascites: cirrhosis is the most
common cause of ascites. Extrahepatic diseases
are the cause of approximately 15% of ascites
occurrences, of which the most common are
malignancies, tubercular peritonitis, chronic heart
failure, and nephrotic syndrome. Some types of
ascites have multiple causes. Ascites due to cir-
rhosis can be determined as transudate or exudate
by laboratory tests, and due to portal hypertension
or non-portal hypertension by serum-ascites albu-
min gradient (SAAG).

SAAG is defined as the difference between
serum albumin and ascitic albumin, detected
within the same day (SAAG =serum albu-
min — ascetic albumin). The albumin content indi-
cates the osmotic pressure of ascites, so the SAAG
indirectly reflects the osmotic pressure difference
between the serum and the ascites. This enables
determination of whether or not the ascites was
caused by an increase in portal pressure [11].

There is a positive correlation between SAAG
and portal pressure; the higher the SAAG, the
higher the portal pressure [12]. Ascites where
SAAG is>11 g/L results from portal hyperten-
sion owing to various causes [13]. Ascites where
SAAG is< 11 g/L often results from non-portal
hypertension, with the causes including peri-
toneal malignancy, tuberculous peritonitis, and
pancreatic ascites. Causes of ascites in the United
States are cirrhosis (approximately 85%), perito-
neal malignancy (approximately 7%), heart fail-
ure (approximately 3%), and other infrequently
observed causes such as tuberculous peritonitis
and kidney disease [14]. SAAG can be used in
combination with the ascitic total protein to deter-
mine the cause. (Table 3) [15].

3. Grading and typing of ascites: Clinically, ascites can
be divided into grade 1, 2, or 3 based on the volume of
fluid.

e Grade 1 ascites (small volume): ascites can only be
detectable by an ultrasound examination. Patients
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Table 3 Common causes of ascites with different serum-ascites—albu-
min gradients and concentrations of ascitic total protein

Serum-ascites—albu- Concentration of
min gradient (g/L)  ascitic total protein

(g/L)
Liver cirrhosis >11 <25
Heart failure >11 >25
Peritoneal malignancy <11 >25
Inflammatory ascites <11 >25

generally have abdominal distension and tests for
shifting dullness are negative; ascites detected by
ultrasound are located in multiple gaps with a depth
of <3 cm.

e Grade 2 ascites (moderate volume): The patient often
has moderate and symmetrical abdominal distension.
Tests for shifting dullness can be negative or posi-
tive. The ascites detected by ultrasound floods the
intestine, but does not cross the middle of the abdo-
men, and the depth is 3—10 cm.

e Grade 3 ascites (large volume): The patient has a
significant bloating, tests positive for shifting dull-
ness, and may have abdominal distension leading to
umbilical hernia. The ascites detected by ultrasound
occupy the entire abdominal cavity, the middle abdo-
men is filled with ascites, and the depth is> 10 cm.

Ascites can be clinically divided into ordinary and
refractory cirrhotic ascites based on the volume of ascites,
response to diuretic therapy, renal function, and presence
of accompanying systemic diseases. In 2012, the refractory
ascites diagnostic criteria recommended by the AASLD [4]
were: (1) unresponsive (i.e., an average body weight decline
of < 0.8 kg/day within 4 days, and a natriuresis of <50 mEq/
day; or a recurrence within 4 weeks of controlled ascites,
and the ascites increases to at least 1 grade) to sodium-
restricted (4—6 g/day) diet and high dose of diuretic treat-
ment (spironolactone 400 mg/day; furosemide 160 mg/day)
for at least 1 week OR therapeutic paracentesis (>5000 mL
per procedure); (2) development of clinically significant
diuretic-induced complications or drug adverse reactions:
for example, acute or chronic renal injury, uncontrollable
electrolyte disorders, and gynecomastia. The inclusion of
response to diuretic treatment alone as the definition of
refractory ascites has long been a contentious issue.

In 2014, Chinese researchers reported the reference
diagnostic criteria for refractory cirrhotic ascites: [16]
(1) unresponsive to relatively high-dose diuretic therapy
(spironolactone 160 mg/day, furosemide 80 mg/day) for
at least 1 week OR intermittent therapeutic paracentesis
(4000-5000 mL per procedure) in combination with albu-
min infusion (20—40 g per procedure/day) for 2 weeks; (2)
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patients develop uncontrollable diuretic-induced complica-
tions or drug adverse reactions.

Treatment of ascites

Typically, a clinical decision regarding admission to hos-
pital for treatment is based on the volume of ascites and
the accompanying diseases.

Grade 1 ascites: most patients are asymptomatic; few
have other complications of cirrhosis. They are sensitive
to diuretic therapy, and can be treated on an outpatient
basis and should be urged to schedule regular follow-up
outpatient visits.

Grade 2 ascites: most patients have symptoms, accom-
panied by other complications of cirrhosis and require
hospitalization.

Grade 3 ascites: These patients must be hospitalized for
treatment (Fig. 1).

1. Principles for the treatment of cirrhotic ascites

e Treatment objectives: eliminate or control of ascites,
improvement of clinical symptoms and quality of
life, as well as prolonging survival time. The fol-
lowing sequential approaches should be adopted.

e First-line treatment: (1) etiological treatment; (2)
sodium restriction (4—6 g/day) and diuretic ther-
apy (spironolactone and/or furosemide); (3) avoid
nephrotoxic drugs.

Grade 1 (incipient) ascites

Spironolactone (40-80 mg/d) administered alone,

increased incrementally

Good response Poor response

Furosemide (40-80mg/d)

administered concomitantly,
increased incrementally OR
tolvaptan 15 mg/d

Grades 2/3 ascites

l Starting spironolactone (80-160 mg/d)

Furosemide administered

I concomitantly (40-80 mg/d)

Good response  Poor response

Paracentesis + HSA OR
tolvaptan 15 mg/d

Good Poor

Good é=m Poor <

response response \
Poor

’ Maintenance therapy response

response response

-

TIPS/liver transplant

Paracentesis: 4,000-6,000 mL/time + HSA 4 g/1,000 mL ascites
Vasoactive drugs: Terlipressin 2-4 mg/dl + HSA 20-40g/d

Good
response

Adjustment of dose, maintenance therapy

Fig. 1 Practical treatment process for ascites

Poor
response

Repeated paracentesis and tunneled drainage of the
abdominal cavity
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e Second-line treatment: (1) administration of vaso-
constrictor drugs and other diuretic/aquaretic drugs,
such as terlipressin, midodrine hydrochloride, and
tolvaptan; (2) large-volume paracentesis with sup-
plement of human serum albumin (HSA); (3) tran-
sjugular intra-hepatic portosystemic shunt (TIPS);
(4) discontinuation of non-steroidal anti-inflam-
matory drugs (NSAIDs) and vasodilators, such as
angiotensin-converting enzyme inhibitors (ACEI),
and angiotensin receptor blockers (ARB).

e Third-line treatment: (1) Liver transplantation; (2)
concentration and reinfusion of ascites into perito-
neal cavity or renal replacement therapy (RRT); (3)
abdominal cavity a-drainage pump or peritoneo-
venous Denver shunt.

2. Diuretics and other related drugs
Diuretic drugs are the primary method for treating
cirrhotic ascites. The most commonly used diuretics
are aldosterone antagonists, loop diuretics, and vaso-
pressin V2 receptor antagonists.

(1) Aldosterone antagonists: the most widely used
aldosterone antagonists include spironolactone
and eplerenone. The primary cause of sodium and
water retention in patients with cirrhotic ascites is
an increase in sodium reabsorption by the proxi-
mal and distal convoluted renal tubules. Spirono-
lactone is a competitive inhibitor of aldosterone,
and it acts on the distal convoluted renal tubule
and collecting tubule to block sodium—potassium
and sodium-hydrogen exchange, resulting in an
increase in the excretion of sodium and water.

Adverse reactions to aldosterone antagonists
include hyperkalemia, gynecomastia, amenorrhea,
and uncoordinated walking. Eplerenone is primar-
ily used in the treatment of hypertension, but there
is a lack of evidence regarding its clinical efficacy
and safety in the treatment of cirrhotic ascites.

(2) Loop diuretics: furosemide is the most widely
used loop diuretic. Furosemide primarily inhib-
its the spontaneous reabsorption of NaCl by
inhibiting the Na*/K* ATP enzymes related to
Na*- and Cl -paired transport in the medullary
thick ascending limb of the loop of Henle. This
results in an increase in sodium and water excre-
tion. A substantial dose—effect relationship exists
for furosemide; as the dose increases, the diuretic
effects are markedly strengthened, and the range
of tolerated doses is relatively large. The bioavail-
ability of oral furosemide is relatively good, while
intravenous (IV) administration is even better. For
patients experiencing a recurrence of ascites or
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refractory ascites, the therapeutic efficacy and
safety of loop diuretics combined with spironolac-
tone are superior to those of spironolactone alone
[17]. Adverse reactions include postural hypoten-
sion, low potassium, low sodium, and arrhythmia.
Highly selective V2 receptor antagonists: activa-
tion of vasopressin-2 receptors primarily medi-
ates vasopressin activation of aquaporin-2 in
the collecting duct, which results in an increase
in water reabsorption. V2 receptor antagonists
can competitively bind to V2 receptors on renal
collecting duct principal cells and reduce water
reabsorption; this improves cirrhotic ascites,
diluted hyponatremia, and edema in surrounding
tissues, while having a negligible effect on heart
and renal function. V2 receptor antagonists may
become a new therapy option for treating cirrhotic
ascites, particularly in patients with accompany-
ing hyponatremia.

V2 receptor antagonists include tolvaptan,
satavaptan, and lixivaptan. One study reported a
significant decrease in abdominal girth and more
weight reduction with satavaptan, but, because
the follow-up duration was very short (14 days),
more studies are needed to validate this drug [18].
Tolvaptan has relatively good therapeutic effi-
cacy and safety for patients with cirrhotic ascites
and/or hyponatremia, late-stage liver disease
complicated by ascites or refractory ascites [16,
19]. Short-term (less than 30 days) administra-
tion of tolvaptan is well tolerated and effective
in treating patients with cirrhotic ascites and/or
hyponatremia. Tolvaptan significantly increases
the survival rate of patients by correcting serum
sodium levels [20]. The initial dosage is 15 mg/
day, which can be adjusted based on the patient’s
serum sodium concentration and urine volume
at 8 h and 24 h after administration. The maxi-
mum dosage is 60 mg/day, and the duration of
treatment should not exceed 30 days. Tolvaptan
is contraindicated in patients with hypovolemic
hyponatremia. The common adverse reactions to
tolvaptan include thirst, hypernatremia, and renal
failure. Serum sodium and hepatic function should
be closely monitored in all patients administered
tolvaptan [21]. The diuretics, except for tolvaptan,
clinical studies have shown that diuretics cannot
increase the urine volume in patients with HRS,
and may even increase renal injury. Tolvaptan
does not affect renal function or increase the inci-
dence of hepatic encephalopathy, HRS or rupture,
and bleeding of esophagogastric varices [22].
What time to administer V2 receptor antagonists
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in patients with ascites? It is not recommended
to administer tolvaptan for patients with grade
1 ascites. For patients with grade 2/3 ascites or
recurrent ascites who have poor therapeutic
response to routine diuretics (furosemide 40 mg/
day and spironolactone 80 mg/day), tolvaptan can
be administered [16, 23].

Other diuretic drugs: these include amiloride and
triamterene.

Amiloride and triamterene: Both are potas-
sium-sparing diuretics and synergistic with thi-
azide or loop diuretics. If a patient cannot tolerate
spironolactone, amiloride can be used at a dose of
10-40 mg/days.

Vasoconstrictors:

Terlipressin: visceral vasodilation is a key fac-
tor in the occurrence of ascites, particularly for
refractory ascites, or post-paracentesis circu-
latory dysfunction (PICD) after large-volume
paracentesis [24]. Administering terlipres-
sin (6-12 mg/day) in combination with HSA
(1 g/kg/day) after large-volume paracentesis
can effectively prevent PICD and HRS [25].
Compared with HSA alone, terlipressin com-
bined with HSA could significantly improve
the renal function in patients with type 1 HRS
and systemic inflammatory response syndrome.
Terlipressin can also be used in the treatment
of refractory ascites and HRS in patients with
cirrhosis [26]. Terlipressin is contraindicated
in pregnant women and people with uncon-
trolled hypertension. Relative contraindications
include ischemic cardiovascular diseases. Pos-
sible adverse reactions include abdominal colic,
increased defecation frequencies, headache,
and arterial hypertension. These reactions are
related to the dose and the IV infusion rate.
Usage: it can be given intravenously at a slow
rate (for at least 15 min) or infused continuously
at 1-2 mg/every 12 h; if there is a therapeutic
response, it can be used for 57 days. If there
is no response, the dose can be increased to
1-2 mg/every 6 h; if therapeutic response is
produced, it can be used for 5-7 days. If clini-
cal relapse occurs after stopping this drug, the
same or increased dose can be used again, with
a maximum dose of 12 mg/day.
Midodrine: This is an a-1 receptor agonist fre-
quently used to treat hypotension, which can
increase the 24-h urine volume and sodium
excretion of patients with refractory cirrhotic
ascites. It also has good therapeutic efficacy

for patients with non-azotemic cirrhotic ascites
[27]. Usage: 12.5 mg, three times a day, p.o.
In China, there are a lack of data and experi-
ence regarding the clinical administration of
midodrine.

Indicators of therapeutic responses to active
vasoconstrictors [28]:

e Full response: within 72 h, the serum creatinine
(SCr) level decreases to below the baseline
value of 0.3 mg/dL (26.5 pmol/L) or by > 50%
compared with before administration.

e Partial response: within 72 h, acute kidney
injury (AKI) stage improvement and SCr level
decrease to baseline value of 0.3 mg/dL or
by >25% compared with before administration.

¢ No response: no improvement in AKI.

Diuretic drugs and dose selection: randomized-con-
trolled studies are lacking for both the recommended
dose of furosemide and spironolactone and the course
of treatment for patients with cirrhotic ascites [29].
Therefore, diuretic drug and dose should be chosen
based on physician experience and expert opinions,
including clinical and pharmaceutical experts.

Grade 1 (incipient) ascites: spironolactone is admin-
istered alone; the recommended initial dose is
40-80 mg, 1-2 times/day, p.o. If there is no response
to therapy, spironolactone can be increased by 40 mg
over 3-5 days or co-administered with furosemide.
The upper limit of the routine dosage of spironol-
actone is 100 mg/day with a maximum dosage of
400 mg/day. The recommended initial dose of furo-
semide is 20—40 mg/day and can be increased by
40 mg over 3-5 days. The upper limit of the routine
dosage of furosemide is 80 mg/day up to a maximum
of 160 mg/day.
Grade 2/3 (recurrent) ascites: spironolactone com-
bined with furosemide is markedly higher in thera-
peutic efficacy than that of either sequential treat-
ment or dose escalation of spironolactone alone,
and lowers the incidence rate of hyperkalemia [30].
Therefore, it is recommended to use a combination
of spironolactone and furosemide. The initial dosage
of spironolactone and furosemide should be 80 mg/
day and 40 mg/day, respectively; the doses of both
can be increased incrementally for 3-5 days until the
maximum dose is reached. If it was failure, tolvaptan
was recommended.

Diuretic-related complications mostly occur
within the first week of treatment. Therefore, the
SCr, serum sodium, and potassium ion concentration
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should be monitored within 3 days of administra-
tion. By randomly monitoring the urinary sodium/
potassium ratio, it is possible to assess the treatment
response to diuretics [31]. A clinical response to diu-
retics is indicated if the urinary sodium/potassium
ratio is > 1 or the natriuresis is > 50 mEq/day.

Incompatibility of diuretics: several guidelines have
recommended that patients with cirrhotic ascites
should be cautious in the use of NSAIDs, such as
ibuprofen and aspirin [3, 4, 32]. NSAIDs can lead to
renal prostaglandin synthesis, which reduces renal per-
fusion, and increases the risks of acute renal failure
and hypokalemia. ACEIs and ARBs can cause a fall in
blood pressure and renal function injury [33]. The sole
use of aminoglycoside antibiotics or in combination
with antibiotic drugs such as ampicillin, mezlocillin,
or cephalosporins, can increase renal toxicity. Note that
contrast agents may increase the risk of renal function
injury in patients with abnormal renal function [34].
Assessment of response to diuretic treatment and the
timing of drug discontinuation:

(1) Assessment of response to diuretic treatment [16,
35]: The diuretic response to treatment (Markedly
effective, Effective, or Ineffective) is comprised
of three main indicators including 24-h urine vol-
ume, edema in the legs, and abdominal circumfer-
ence.

e 24-h urine volume:

— Markedly effective: an increase of > 1000 mL
from baseline.

— Effective: an increase of 500-1000 mL from
baseline.

— Ineffective: an increase of < 500 mL from base-
line.

e Edema in the legs: assessment of the tibial crest or
dorsum of the foot with more severe edema.

— Markedly effective: no indentations are visible at
all, and there is no edema.

— Effective: indentations are visible, and there is
mild edema.

— Ineffective: there are clear indentations, and there
is severe edema.

e Abdominal circumference: the patient lies in
supine position for horizontal measurement of
the abdominal circumference at the level of the
umbilicus.
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— Markedly effective: the abdominal circumference
is reduced by >2 cm from baseline.

— Effective: the abdominal circumference is
reduced by 0-2 cm from baseline.

— Ineffective: The abdominal circumference does
not change from baseline.

(2) Assessment of non-response to ascites treatment:

e Body weight declines <0.8 kg/day on an average
within 4 days and natriuresis is <50 mEq/day,
or controlled ascites recurs within 4 weeks and
ascites worsens by at least one grade.

e Uncontrollable complications or adverse reactions
to diuretics.

e Poor response in a patient with grade 1 ascites was
defined as the ascites still existed by ultrasound
examination.

(3) When to discontinue diuretic treatment: In theory,
long-term maintenance therapy with diuretics is
required for patients with cirrhotic ascites to avoid
recurrence of ascites. So far, there is still not con-
sensus on when to stop diuretics after control of
ascites at any guidelines. Generally speaking, in
Child A/B patients, if the ascites disappears and
no ascites recurrence during a maintain treatment
of 3—6 months, the diuretic drug can be stopped.
In patients with Child C or chronic liver failure
with refractory ascites, it is difficult to completely
eliminate ascites. These patients need long-term
diuretics treatment. This is particularly true in the
case of patients with Child—Pugh grade B/C cir-
rhosis. Discontinuing the administration of diuret-
ics during HRS is contentious; there is currently
no evidence assessing the safety of furosemide
administration for type 1 HRS, but diuretics can
help to maintain an adequate urine volume [36].

6. Nutritional support and sodium restriction

(1) Reasonable sodium restriction: sodium supple-
mentation and sodium restriction have always
been controversial in the treatment of cirrhotic
ascites. Sodium restriction refers to a sodium
intake of 80-120 mmol/day (4-6 g/day) [3, 4].
Further sodium restriction might significantly
relieve ascites, and reduce sodium and water
retention in 10-20% of patients with incipient
ascites, decreasing the risk of ascites recurrence.
However, long-term sodium restriction is likely to
lead to loss of appetite, hyponatremia, and exacer-
bation of malnutrition. Furthermore, RAAS activ-
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ity is enhanced and natriuresis is reduced when
sodium restriction is strictly conducted and the
plasma sodium level is low, leading to a vicious
cycle that is hard to correct. Research indicates
that treatment of cirrhotic ascites with short-term
large doses of diuretic drugs and appropriate
sodium supplementation is effective and well tol-
erated [37]. Therefore, many scholars believe that
it is not necessary to severely restrict sodium for
cirrhotic ascites.

Patients with cirrhosis should consume > 2000
calories/day, mainly derived from carbohydrate,
to ensure that blood glucose levels are maintained
[38, 39]. Patients with cirrhosis and hypoal-
buminemia should consume 1-1.2 g/kg/day of
high-quality protein and receive vitamin supple-
mentation. Patients with obvious hepatic enceph-
alopathy should limit protein intake to < 0.5 g/
kg/day, along with appropriate nutritional sup-
plements according to guidelines [40]. If nutri-
tional supplementation is given over 3 months in
patients with cirrhosis, the serum albumin level
and nitrogen balance could return to normal in
most patients.

Managing hyponatremia: there is no need to
restrict fluid for most patients with cirrhotic
ascites, but appropriate fluid restriction is recom-
mended if serum sodium is < 125 mmol/L. Isov-
olemic or hypervolemic hyponatremia is present
in about 60% of patients with cirrhotic ascites in
clinical practice. Cirrhotic hyponatremia com-
monly develops slowly and it is often concealed by
the other symptoms of cirrhosis. Administration
of hypertonic saline can rapidly correct hypona-
tremia, but may itself result in greater water and
sodium retention; therefore, this approach is gen-
erally not recommended. If a patient with cirrhotic
ascites experiences severe hyponatremia (serum
sodium < 110 mmol/L) or develops hypona-
tremic encephalopathy, IV 50-100 mL of 3-5%
sodium chloride solution could be appropriately
supplemented. Tolvaptan can also be used to cor-
rect hyponatremia. While the patient is receiving
tolvaptan, urine volume, vital signs, and elec-
trolytes should be closely monitored, and 24-h
serum sodium levels kept below 12 mmol/L to
avoid aggravating circulatory load or damage to
the nervous system due to demyelination.

HSA and fresh plasma: HSA possesses important
physiological functions [41]. In the treatment of
patients with cirrhotic ascites, particularly those
with refractory ascites and HRS, supplementa-
tion of HSA is important for improving patient

prognosis and improving the efficacy of diuretics
and antibacterials [42]. International guidelines
recommend [3, 4] 6-8 g albumin which should
be administered for each 1000 mL of ascites
removed, which can prevent PICD and increase
survival rates. Clinical trials have shown that
the incidence of PICD is similar when doses of
8 g or 4 g HSA per 1000 mL are administered
immediately following paracentesis of ascites
by abdominal puncture [43]. For patients with
cirrhotic ascites accompanied by SBP, 1.5 g/kg
HSA is administered on Day 1 and then 1 g/kg
on days 2-5. There was a marked decline in the
incidence of renal failure, mortality during hos-
pitalization, and 3-month mortality in patients
with cirrhosis who received HSA compared with
those who did not (4.7, 3.1, and 7% compared
with 25.6, 38.2, and 47%, respectively) [44]. In
recently ANSWER study, long-term HA (40 g
twice weekly for 2 weeks, and then 40 g weekly
for up to 18 months) administration prolongs over-
all survival and might act as a disease modifying
treatment in patients with decompensated cirrho-
sis [45].

The therapeutic efficacy and safety of HSA are
superior to those of other expanders, such as dex-
tran and polygeline [46]. In China, most inpatients
with cirrhosis present with serious comorbidities.
For patients undergoing large-volume paracentesis
(>5 L) or whose ascites is accompanied by SBP,
there is insufficient clinical evidence for supple-
mented doses of HSA. Experts have not reached
consensus and further studies are warranted.

Abdominal paracentesis: abdominal paracentesis is
still an effective treatment for refractory ascites and
rapidly relieves bloating [47]. Common complications
of large-volume paracentesis include hypovolemia,
kidney injury, and PICD. Studies have confirmed that
continuous large-volume paracentesis (4—-6 L/day)
with HSA supplementation (8 g/1000 mL ascites) is
more effective than administering a diuretic alone, with
fewer complications. For patients who have a large
volume or tension ascites, large-volume paracentesis
in combination with HSA therapy can substantially
relieve symptoms. Large-volume paracentesis at an
early stage in patients with cirrhotic refractory ascites
can markedly reduce 30-day rehospitalization rates and
90-day mortality rates [48]. Currently, most reports
related to paracentesis of ascites by placing a drain-
age tube in the abdominal cavity involve cancer-related
ascites. The only advantage of placing a drainage tube
in the abdominal cavity compared with repeated para-
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centesis (interval 10 days, 5000 mL per procedure)
is a cost reduction for patients undergoing more than
nine paracentesis procedures with a predicted survival
time <90 days [49]. Therefore, even in the case of can-
cer-related ascites, if the patient’s expected survival
time exceeds 90 days, use of a drainage tube in the
abdominal cavity is not recommended [50].

TIPS: TIPS is an effective method for treating refrac-
tory ascites [51]. So far, however, there is still no con-
sensus on whether an early or late TIPS should be used
for treatment refractory ascites. It can serve as transi-
tion therapy for patients who require regular paracen-
tesis, frequent hospitalization (>3 times/month), or a
liver transplant. TIPS can also relieve the symptoms of
60-70% of patients with refractory hepatic hydrotho-
rax [52]. Research has demonstrated that TIPS lowers
portal pressure, relieves ascites, and improves natriu-
resis and kidney function. However, the incidence of
hepatic encephalopathy after TIPS is 25-50%, with a
higher risk in patients > 60 years. Therefore, hepatic
encephalopathy, cardiopulmonary disease, liver fail-
ure (bilirubin > 5.8 mg/dL), and pyemia are regarded
as absolute contraindications of TIPS. In the 2012
AASLD treatment guidelines, a Child—Pugh score
of > 12 points for patients > 70 years is a contraindica-
tion for TIPS.

Reinfusion of concentrated ascites after ultrafiltration
and RRT

(1) Cell-free and concentrated ascites reinfusion ther-
apy (CART) can be used to treat refractory ascites.
CART can improve the quality of life in patients
with decompensated cirrhosis and refractory
ascites, as well as the symptoms in some of these
patients. CART does not significantly affect renal
function and can also serve as an effective pal-
liative treatment method. However, most patients
develop fever [53].

(2) Abdominal cavity a-drainage pump: An auto-
mated ascites drainage pump system re-infuses
the ascites to the bladder via an abdominal cavity
tunneled drainage catheter, such as a PleurX™,
allowing ascites to be eliminated through normal
urination. This is an effective method for malig-
nant ascites, but there is little experience with its
application in patients with cirrhosis and refrac-
tory ascites [50].

(3) Peritoneovenous shunt: In the 1970s, the Denver
peritoneovenous shunt was a common method for
treating ascites surgically [54]. However, there
were more complications with peritoneovenous
shunts compared with medical treatment, but no
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improvement in survival. Therefore, peritoneo-
venous shunts are not recommended.

(4) RRT: there have been reports of bedside hemodi-
alysis and continuous venous hemofiltration in the
treatment of cirrhotic refractory ascites and HRS,
but there has been no research comparing these
methods with the other treatment methods such
as vasoconstrictors.

Liver transplant: patients with Child—Pugh grade C cir-
rhosis with refractory ascites should be considered for
liver transplantation; chronic kidney injury and infec-
tion should be controlled as much as possible prior to
surgery. Patients who respond to vasoactive drug ther-
apy may be able to delay liver transplant [25]. Does the
window of opportunity open for liver transplantation?
In this guideline, open window for liver transplantation
were: poor response to drugs treatment in patients with
refractory ascites, need frequently abdominal ascites
paracentesis (more than 3 times/week); frequently hos-
pitalizationed (more than 3/month).

Treatment of the cause of the disease and follow-up:
the causes of cirrhotic ascites include viruses, alcohol,
cholestasis, auto-immune disorders, inherited metabo-
lism, drugs, and parasites. Treatment should focus on
the primary cause and should be aggressive to alleviate
fibrosis, reduce portal vein pressure, and prevent and
reduce the progression of fibrosis and cirrhosis [55,
56].

Through treatment of the cause of the disease in
patients with decompensated cirrhosis, it is possible
to stabilize or reverse the condition to compensate cir-
rhosis, or even to remove cirrhosis by liver transplan-
tation. When patients with decompensated cirrhosis
related to hepatitis B or C are given anti-viral and anti-
inflammatory hepatoprotective treatment in a timely
manner, liver function can be markedly improved
and the occurrence of complications such as ascites
can be reduced, and compensated cirrhosis can be
achieved. For patients with decompensated cirrhosis
in which ascites has not yet developed, treatment of
the primary disease will similarly improve liver func-
tion, reverse fibrosis, and cirrhosis. This is the key to
preventing the occurrence of cirrhotic decompensation
and ascites. Research has shown that some traditional
Chinese medicines may have protective effects against
liver fibrosis and cirrhosis, such as the evidence that
anluo huaxian pills can reverse liver fibrosis induced
by carbon tetrachloride in rats. In this example, the
mechanism involved may be that hepatic stellate cell
activation is inhibited by affecting transforming growth
factor B1 production, with the result that anti-fibrosis
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action is exhibited; the traditional Chinese medicines
such as anluo huaxian pills, fuzheng huayu capsules,
and biejiaruangan tablets have also demonstrated adju-
vant therapy effects for liver cancer [57-59].

For patients with stable conditions of cirrhosis and

ascites, biochemical tests, routine blood tests coagula-
tion function test, alpha-fetoprotein test, and abdomi-
nal ultrasound should be conducted every 3 months.
Patients should also have gastroscopy every 12 months
to check for the presence and extent of esophagogas-
tric varices. Long-term and potentially lifelong clinical
management programs for patients with decompen-
sated cirrhosis need to be followed.
Prognosis: when ascites develops rapidly, there is often
a clear cause and the prognosis is relatively good. If
the ascites is related to portal vein pressure, a good
response to treatment is typically observed. When liver
failure is the cause of ascites, clinical manifestations
include jaundice and hepatic encephalopathy, and
the prognosis is poor. In patients with renal failure,
oliguria, and azotemia, the 3-month mortality rate is
50-70%. Patients with decompensated cirrhosis have
an extremely high risk of liver cancer.

Recommendation 1: paracentesis and a routine exam-
ination for ascites, including ascites differential cell
count, total protein, and albumin levels, should be
conducted for patients with newly developed ascites
and those whose ascites is grades 2, 3, or above.
SAAG should be calculated on the same day as para-
centesis. A SAAG of > 11 g/L is classified as portal
hypertension ascites (B, 1).

Recommendation 2: when an abdominal cavity infec-
tion is suspected, blood culture bottles can be used to
culture ascites and anaerobic bacteria at the bedside.
Specimens should be collected using aseptic tech-
nique prior to administering antibiotics. Approxi-
mately 10-20 mL of ascites should be decanted
into the blood culture bottle at the bedside and then
immediately sent for testing (A, 1).
Recommendation 3: diagnosis of refractory ascites
should be based on the following observations: (1)
no response after diuretic (spironolactone 160 mg/
day, furosemide 80 mg/day) treatment for at least
1 week OR paracentesis (4000-5000 mL per proce-
dure) combined with HSA (20—40 g/time/day) treat-
ment for 2 weeks; (2) development of uncontrollable
complications or adverse reactions related to diuretic
drugs; note that malignant ascites and ascites caused
by presinusoidal portal hypertension are excluded
B, 1).

Recommendation 4: the initial dosage of spironolac-
tone (aldosterone antagonist) should be 40-80 mg/
day; the dosage should be increased by 40 mg/day
for 3—5 days. The upper limit of routine dosage is
100 mg/day, with a maximum daily dose of 400 mg.
The initial dosage of furosemide should be
20-40 mg/day and the dosage should be increased
by 40 mg/day for 3-5 days. The upper limit of the
routine dosage of furosemide is 80 mg/day, with a
maximum daily dose of 160 mg (B, 1).
Recommendation 5: tolvaptan (V2 receptor antag-
onist) is an effective drug for the treatment of cir-
rhotic ascites, particularly when it is accompanied by
hyponatremia. The initial dosage should be 15 mg/
day and the dosage should be adjusted based on the
blood sodium level to avoid a too rapid elevation of
the blood sodium. The minimum dosage is 3.75 mg/
day and the maximum dosage is 60 mg/day (A, 1).
Recommendation 6: terlipressin (vasoconstric-
tor) can be used for treatment of refractory cir-
rhotic ascites. The dosage should be 1-2 mg once
every 12 h either by one slow IV injection (at least
15 min) or continuous IV drip. If there is a treat-
ment response, then administration should be con-
tinued for 5-7 days. If there is no response, treatment
should be switched to 1-2 mg once every 6 h either
by one slow IV injection or continuous I'V drip. If the
condition recurs after the drug is discontinued, the
same dose can be repeated (B, 1).
Recommendation 7: the administration of NSAIDs
and aminoglycoside antibiotics should be avoided in
patients with cirrhotic ascites (C, 1).
Recommendation 8: patients with refractory ascites
should be educated about sodium restriction to
4-6 g/day (B, 1). If blood sodium is < 125 mmol/L,
patients should restrict their fluid intake, but this is
not necessary if blood sodium is > 125 mmol/L (C,
2).
Recommendation 9: HSA infusions (20-40 g/day)
may improve the prognosis of patients with cirrhotic
ascites, especially in patients with refractory ascites
and SBP (A, 1).
Recommendation 10: large-volume paracentesis
(4000-5000 mL/procedure/day) combined with
HSA (4 g for every 1000 mL removed) is an effec-
tive method for treating refractory ascites (B, 1).
Recommendation 11: TIPS therapy can be used
for treatment of the early stage refractory cirrhotic
ascites that has poor response to diuretics, as long as
the patient has no contraindications (B, 1).
Recommendation 12: generally, placing a peritoneal
drainage tube for paracentesis of ascites is not rec-
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ommended (B, 1). Patients with refractory cirrhotic
ascites should be prioritized for liver transplant (B,
2).

e Recommendation 13: if possible, etiological treat-
ment should be actively applied in eligible candi-
dates, to stabilize the patient’s condition, reverse
decompensated cirrhosis, achieve compensated cir-
rhosis, or to a state where there is no cirrhosis (e.g.,
by liver transplantation) (A, 1).

e Recommendation 14: when necessary, it is possi-
ble to add the traditional Chinese medicines such
as anluo huaxian pills, fuzheng huayu capsules, and
biejiaruangan tablets, which may have protective
effects against liver fibrosis and cirrhosis (B, 2).

Spontaneous bacterial peritonitis (SBP)

Spontaneous bacterial peritonitis is an abdominal cavity
infection that can develop in patients with cirrhosis and
refers to peritonitis that has no obvious cause of intra-
abdominal lesion, for example, intestinal perforation or
abscess. It is a common complication in patients with end-
stage liver disease, such as cirrhosis (40-70% of patients),
and the incidence of SBP is approximately 27% for patients
with cirrhosis undergoing paracentesis after hospitalization.
In patients with cirrhosis and a history of SBP, the recur-
rence rate within 12 months is 40-70%. SBP can rapidly
develop into liver and kidney failure, and is a major cause
of death in patients with end-stage liver disease. In recent
years, the early diagnosis and treatment with effective, well-
tolerated antibiotics have reduced the mortality rate related
to SBP infection from 90% in the 1970s to approximately
20-60% at present. However, in patients with SBP who
have not been treated in a timely fashion, or have hospital-
acquired SBP, the mortality rate approaches 50-60% [60,
61].

Clinical manifestations

SBP in patients with cirrhosis is often underdiagnosed owing
to insidious onset and diverse clinical signs. Approximately
one-third of patients exhibit typical signs and symptoms
of peritonitis, including fever, abdominal pain or diarrhea,
abdominal tenderness, and/or rebound tenderness. However,
most patients do not present with typical signs and symp-
toms, and the disease can manifest itself as refractory ascites,
shock, and hepatic encephalopathy. Risk factors for SBP
include a history of SBP, > 65 years of age, diabetes, liver
cancer or other tumors, use of immunosuppressive drugs,
severe liver function impairment (Child—Pugh grades B/C
liver failure), and history of bleeding esophageal varices.
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A diagnosis of SBP should be considered in patients with
ascites who exhibit fever with a suspected bacterial cause
that does not improve with antibiotics; atypical symptoms
of liver failure, pyemia with an unknown cause or long-term
hypotension (systolic pressure < 80 mmHg for > 2 h) and do
not respond to fluid resuscitation.

SBP diagnosis and differential diagnosis

The clinical presentation of SBP is not specific and it is
extremely important to actively search for an additional evi-
dence to support the diagnosis. The early diagnosis should
be based on the following considerations:

1. One or more of the following signs or symptoms are
present: (1) acute peritonitis: abdominal pain, abdomi-
nal tenderness or rebound tenderness, an increase in
abdominal muscular tension, vomiting, and diarrhea
or intestinal obstruction; (2) systemic inflammatory
response syndrome: fever or normothermia, shiver-
ing, tachycardia, and tachypnea; (3) deterioration of
liver function due to an unknown underlying cause; (4)
hepatic encephalopathy; (5) shock; (6) refractory ascites,
no response to diuretics, or renal failure; (7) acute gas-
trointestinal tract bleeding.

2. One or more of the following laboratory test abnormali-
ties are present: (1) ascites polymorphonuclear (PMN)
cell count>0.25x 10°/L; (2) positive ascites bacteria
culture; (3) procalcitonin (PCT) > 0.5 ng/mL, and infec-
tion of other sites is excluded. Chinese reports indicate
that the combination of five indices (body temperature,
abdominal tenderness, peripheral blood neutrophil per-
centage, total bilirubin, and ascites PMN cell count) has
a prognostic value for the early screening of asympto-
matic SBP [62].

Any of the following clinical presentations or labora-
tory abnormalities in a patient with SBP are suggestive
of severe infections: (1) fever (> 39.5 °C) or chills; (2)
septic shock; (3) acute respiratory distress syndrome; (4)
unexplained stage 3 acute kidney failure; (5) peripheral
blood leukocytes > 10 x 10°/ul; (6) PCT > 2 ng/mL.

In patients who already received antibiotics, the
diagnosis of SBP could be based on the comprehensive
assessment of symptoms, signs, complete blood count,
ascites test, and other infection indicators such as proc-
alcitonin.

SBP special clinical types

1. Culture-negative neutrocytic ascites (CNNA): diagnostic
criteria: (1) culture-negative ascites; (2) ascitic PMN
count>0.25x10°/L; (3) secondary peritonitis excluded;
(4) no antibiotic drug therapy used within 30 days.
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Culture-positive SBP and CNNA have similar clinical
signs and symptoms, ascites results, mortality rates, and
response to antibiotic treatment. Therefore, CNNA and
SBP may be variants of the same disease.

2. Monomicrobial non-neutrocytic bacterial ascites,
also known as bacterial ascites: diagnostic crite-
ria: (1) culture-positive ascites; (2) ascitic PMN
count<0.25x 10°/L; (3) no significant intra-abdominal
infection foci. It was believed that most cases of bac-
terial ascites were asymptomatic, therefore, there was
no need for treatment and SBP or CNNA would not
develop. However, recent studies have found that a con-
siderable number of patients with bacterial ascites are
symptomatic, and their clinical presentation, laboratory
results, ascites examination results, and hospital mor-
tality rates are similar to those of SBP and CNNA. It
is now believed that symptomatic bacterial ascites is a
variant of SBP, and its long-term prognosis is similar to
that of patients with culture-positive ascites; therefore,
therapy should be the same as for SBP. As patients with
asymptomatic bacterial ascites are similar to those with-
out bacterial ascites, some believe that asymptomatic
bacterial ascites represent a transitory bacterial coloni-
zation. [63]

If the ascetic cell count is high, with lymphocyte pre-
dominant but polymorph count > 250/dL, the diagnosis
of SBP is still considered. However, the etiology could
be a special type of SBP, such as tuberculous peritonitis
or cancer-associated ascites with SBP.

Anti-infective treatment for SBP

The early diagnosis and initiation of empirical anti-infective
therapy for SBP are still major clinical challenges [64]. Dis-
tinguishing between community- and hospital-acquired SBP
infections is extremely important for the empirical selection
of antibiotics [65]. Patients are classified as having hospital-
acquired SBP if they present with cirrhotic ascites, exhibit
SBP signs and symptoms, or meet the conditions for a SBP
laboratory diagnosis 48 h after admission.

1. Empirical anti-infective therapy: A single broad-spec-
trum antibiotic can increase the culture-negative ascites
rate to 86%, at which point only drug-resistant strains
can be detected. As the mortality rate is high in patients
with cirrhosis and SBP, appropriate early empirical use
of antibiotics is important to decrease mortality risk
[26].

For community-acquired SBP, empirical treatment
must cover Gram-negative Escherichia coli, Gram-
positive cocci, and a selection of antibiotics that can
cover anaerobic bacteria. When the initial treatment has
achieved satisfactory clinical effects, there is no need

to alter the treatment plan, even if subsequent reviews
indicate the presence of uncontrollable pathogens.

The recommended treatment for mild-to-moderate
community-acquired SBP is either: monotherapy with
cefoxitin, moxifloxacin, or ticarcillin/clavulanate; or
cefazolin, cefuroxime, ceftriaxone, cefotaxime, or
fluoroquinolones in combination with metronidazole.
Treatment for severe community-acquired SBP should
be either: monotherapy with imipenem/cilastatin, mero-
penem, biapenem, or piperacillin/tazobactam; or ceftazi-
dime, cefepime, or fluoroquinolone in combination with
metronidazole [66].

Empirical antibiotic drug therapy for hospital-
acquired SBP should be determined based on identifi-
cation of the bacteria present. It is often necessary to use
a multi-drug combined therapy plan to cover a broad-
spectrum of Gram-negative bacteria and anaerobic bac-
teria; for example, imipenem/cilastatin, meropenem,
biapenem, piperacillin/tazobactam, and ceftazidime or
cefepime in combination with metronidazole. Treatment
may also require tigecycline or mycin drugs [67].

Drugs for treating severe community- and hospital-
acquired infections should not be used in the treatment
of mild or moderate community infections.

In cases of suspected SBP, cefotaxime or a similar
third-generation cephalosporin antibacterial drug can
be used to cover 95% of bacteria. However, long-term
empirical use of a third-generation cephalosporin will
increase the risk of antibiotic resistance and may result
in a relatively poor clinical prognosis [68]. Clinical stud-
ies have shown that meropenem in combination with
daptomycin is more effective than cefotaxime in treat-
ing patients with cirrhotic hospital-acquired SBP [69].
Therefore, carbapenem is the first choice of empirical
anti-infective therapy for hospital-acquired SBP, which
can significantly reduce the mortality rate.

Assessment of non-responsiveness to antibiotics ther-
apy for SBP: So far, there was still not consensus on the
definition of non-responsiveness to antibiotics for SBP.
In general, it was defined as no significant improvement
or deterioration of the symptoms and signs of peritonitis,
systemic inflammatory response syndrome, or infection-
related laboratory abnormalities after 72 h of antibac-
terial therapy. In this condition, antibiotics-resistant or
mixed bacterial infection or fungal peritonitis should
be suspected. For patients with positive ascites culture,
high ascites neutrophil count or high ascites protein con-
centration, and poor response to antibiotics, secondary
bacterial peritonitis should be suspected.

The third-generation cephalosporins in combination
with HSA: some studies have shown that the mortal-
ity rate was markedly lower in patients with SBP who
received 1.5 g/kg HSA within 6 h of cefotaxime fol-
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lowed by 1.0 g/kg HSA on day 3 compared with cefo-
taxime alone. It was also possible to control the compli-
cations of cirrhosis with this treatment [70]. Antibiotics
in combination with HSA could delay the occurrence of
AKI in patients with cirrhotic SBP, but had no effect on
the long-term prognosis [71].

Terlipressin and HSA in combination with the third-
generation cephalosporin antibiotics: Cirrhotic SBP is
a major cause of AKI and HRS. Terlipressin in combina-
tion with HSA and third-generation cephalosporins can
significantly improve survival rate in patients who are
hospitalized [72].

Targeted therapy for drug-resistant bacteria: bacte-
rial ascites strains have evolved over time due to the
widespread use of fluoroquinolones, frequent patient
hospitalization, and the use of broad-spectrum antibi-
otics. The increased presence of drug-resistant strains,
such as Gram-positive bacteria and extended-spectrum
B-lactamase-producing Escherichia coli, is seriously
impairing the effectiveness of anti-infective therapy and,
therefore, the prognosis for patients [63, 73]. In China,
drugs that are still effective against Gram-negative bac-
teria include piperacillin/tazobactam, cefoperazone/sul-
bactam, imipenem, meropenem, biapenem, amikacin,
minocycline hydrochloride, and sulfa drugs. Effective
drugs for Staphylococcus aureus include vancomycin,
daptomycin, teicoplanin, linezolid, and rifampicin.
Effective drugs for enterococcus include vancomycin,
teicoplanin, linezolid, and daptomycin. Vancomycin-
resistant enterococcus, mainly Enterococcus faecium,
should be treated with daptomycin, linezolid, minocy-
cline, or high-dose ampicillin. Drugs with a relatively
low drug resistance rate in common fungi, such as Can-
dida albicans, include voriconazole, fluconazole, and
amphotericin B.

The risk factors for multi-drug resistance and infec-
tion with drug-resistant pathogenic bacteria include:
hospitalization, long-term prophylactic administration
of fluoroquinolone drugs, infection with a drug-resistant
bacterium, and recent use of a -lactam antibiotic. Infec-
tion with these drug-resistant bacteria is associated with
a high mortality rate. To reduce drug resistance, antibi-
otic prophylaxis should be restricted. Once the infect-
ing strain has been identified, antibiotic administration
time should be shortened and replaced with a narrow-
spectrum antibiotic based on antibiotic sensitivity test-
ing. Patients with SBP with a suspected drug-resistant
infection should be treated with piperacillin/tazobactam,
cefoperazone/sulbactam, or a carbapenem in combina-
tion with daptomycin, vancomycin or linezolid. Fungal
peritonitis should be suspected in patients with cirrhotic
ascites who do not respond to antibiotic treatment [74,
75].
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5. Non-absorbable intestinal antibiotics: Rifaximin is a
broad-spectrum antibiotic derivative of rifamycin. It is
particularly effective against enteric bacteria, and pos-
sesses bactericidal/bacteriostatic, immunomodulatory,
and anti-inflammatory activity. There is evidence that
rifaximin does not interact with the intestinal microbial
environment.

Rifaximin-a is a crystal polymorph approved by the
US Food and Drug Administration for treatment of
hepatic encephalopathy. It reduces endotoxemia and
improves the hemodynamics in patients with cirrhosis.
In addition, rifaximin-a has a role in the prevention and
treatment of cirrhotic SBP and refractory ascites [76].

e Recommendation 15: in patients with cirrhosis,
abdominal signs, and symptoms (such as fever,
abdominal pain, or tenderness) or abnormal labora-
tory test results of infection can serve as indicators
for the early empirical anti-infective treatment (B, 1).

e Recommendation 16: for patients with community-
acquired mild-to-moderate SBP who have recently
received a P-lactam, the first choice of treatment
should be a third-generation cephalosporin (A, 1).
A fluoroquinolone can be used alone if patients have
not previously received it (B, 2).

e Recommendation 17: for patients with SBP who are
either hospitalized or who have recently received a
B-lactam, empirical anti-infective therapy should be
based on antibiotic sensitivity testing or include a
carbapenem (A, 1).

e Recommendation 18: patients should receive empiri-
cal anti-infective therapy if the ascites PMN count
is <250/mm? and they are exhibiting symptoms of
infection such as abdominal pain or tenderness (B,
1).

e Recommendation 19: adverse reactions should be
closely monitored in patients with cirrhotic ascites
receiving anti-infective drugs (C, 1). Rifaximin can
help to prevent the recurrence of SBP (B, 2).

Hepatorenal syndrome
Definitions

When renal impairment occurs in patients with cirrhosis
complicated with ascites, AKI should be considered and
the etiology of AKI should be investigated as early as pos-
sible, and precipitating factors of AKI should be identified
and treated, including screening and treatment of infection,
volume expansion when appropriate, and discontinuation
of all renal toxicity drugs, such as vasodilators or NSAIDs.
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On this basis, it can be diagnosed as hepatorenal syndrome
according to the traditional criteria.

HRS can be classified into two types, based on disease
progression and prognosis [77]:

e Type 1 HRS(HRS-AKI: rapid and progressive renal
injury characterized by a doubling of the initial SCr
or > 226 umol/L (2.5 mg/dL) within 2 weeks, and an
estimated GFR (eGFR) decline by more than 50%
to <20 mL/min. Patients with severe or repeated epi-
sodes of AKI have a higher risk of developing CKD.
In addition, renal tubular damage can occur in patients
with HRS-AKI and HRS-AKI can occur in patients
with underlying CKD.

e Type 2 HRS (non-AKI-HRS, NAKI): slowly progres-
sive renal injury, moderate kidney failure, SCr levels of
133-226 pmol/L (1.5-2.5 mg/dL), often accompanied
by refractory ascites, slow renal function decline, and
is often a spontaneous process, sometimes with induc-
ing factors. Type 2 HRS now includes renal impair-
ment which fulfills the criteria of HRS but not of AKI,
namely non-AKI-HRS (NAKI), and only HRS-CKD.

Pathogenesis

The pathogenesis of cirrhotic HRS is currently unknown.
It is generally believed that renal function is mainly
affected by hemodynamic changes caused by severe liver
dysfunction.

Severe liver dysfunction reduces the inactivation of vaso-
active mediators, such as cysteinyl leukotrienes and throm-
boxane A2. In patients with portal hypertension, vasoac-
tive mediators enter the circulation through a portosystemic
shunt that causes vasodilation. This results in a decrease in
the effective arterial blood volume and a fall in the mean
arterial pressure. The decrease in the effective blood volume
causes intra-renal vasoconstriction, and sodium and water
retention through activation of the neurohumoral system.
Activation of the sympathetic nervous system and RAAS
causes changes in renal vasoconstriction and autoregulation,
resulting in renal blood flow becoming more sensitive to the
changes of mean arterial pressure. In addition, endotoxemia
is an important risk factor for HRS in patients with severe
liver disease. The detoxification function of liver cells is
decreased in patients with severe liver disease, so a large
number of endotoxins absorbed through the intestine may be
allowed to enter into systemic circulation through the liver or
collateral circulation. Endotoxins can cause constriction of
both renal and peripheral blood vessels, a decrease in renal
blood flow, and a decline in GFR. Ultimately, this results in
oliguria and azotemia [78].

In recent years, not all patients presenting with severe
liver dysfunction will develop HRS. Therefore, some suggest
a “two-strike” hypothesis. The “first strike” constitutes sinus
portal hypertension and hepatic function decompensation,
causing systemic peripheral vasodilation and a decrease of
the effective circulating blood volume. The “second strike”,
including any initiating factor that exacerbates hemody-
namic abnormalities (e.g., upper digestive tract bleeding,
excessive urination, SBP, or extraction of a large volume of
ascites), promotes HRS formation [79].

Diagnosis

Diagnostic criteria for HRS: (1) cirrhosis complicated by
ascites; (2) no shock; (3) rise of SCr>50% of the base-
line level and > 1.5 mg/dL (133 umol/L); (4) no sustained
improvement in renal function (SCr< 133 pmol/L) in
patients treated with: HSA (1 g/kg/day) until the volume
expands, to a maximum of 100 g/day if a diuretic was
initiated but has been discontinued for at least 2 days; (5)
no previous use of nephrotoxic drugs, such as NSAIDs,
aminoglycoside antibiotics, or contrast agents; (6) no renal
parenchymal disease.

There is debate about the significance of urine volume
in the diagnosis of HRS when cirrhosis is complicated
by ascites. Patients with cirrhotic ascites often experience
oliguria and severe sodium retention, but maintain rela-
tively normal GFR values. In addition, diuretic use can
lead to an increase in urine volume in some patients.

In 2015, the ICA argued that dynamic monitor-
ing of SCr can accurately reflect the course of AKI in
patients with HRS; specifically that SCr increases
sharply within 48 h by > 50% of the baseline level, and
finally reaches > 1.5 mg/dL (133 umol/L) [28]. There are
three AKI stages. Stage 1; SCr increases by > 0.3 mg/dL
(26.5 umol/L), OR SCr increases to 1.5-2.0-times the
baseline value. Stage 2; either SCr increases by > 2.5 mg/
dL (226 umol/L), or SCr increases to > 2.0-3.0-times
the baseline value. Stage 3; SCr increases by > 3.0
times the baseline value, SCr increases to >4.0 mg/dL
(353.6 umol/L), there is an acute rise of >0.3 mg/dL
(26.5 umol/L), or sustained blood filtration is started.

Compared with HRS, AKI caused by other factors has a
better prognosis and is far easier to alleviate; for example,
the duration of the injury is shorter, the 30-day mortality
rate is lower, and the non-transplant survival rate is higher.
Therefore, the early diagnosis and intervention should be
considered with even a slight elevation of SCr to prevent
the occurrence of HRS.

HRS should be considered if patients present with
upper digestive tract bleeding, electrolyte disorder, poor
control of ascitic infection, large-volume paracentesis,
polyuria, severe vomiting, and diarrhea or rapid renal
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function decline. The following measures could be con-
sidered when diagnosing HRS: (1) recent medication his-
tory and a reduction or discontinuation of any diuretics,
vasodilators, or NSAIDs; (2) expansion therapy such as a
crystalloid fluid, HSA, or a blood product in patients with
suspected hypovolemia is ineffective; (3) anti-infective
therapy to treat a confirmed diagnosis of a bacterial infec-
tion is ineffective; (4) SCr continues to rise to > 50% of the
baseline level and is > 1.5 mg/dL (133 umol/L).

Treatment

The prognosis for HRS is poor, so treatment should be
initiated as soon as possible following confirmation of the
diagnosis to prevent the further deterioration of kidney
failure.

1. Care management: patients should rest in bed and eat
an easily digestible, high-calorie diet. Blood pressure,
urine output, fluid balance, liver and kidney function,
and the complications of cirrhosis should be monitored
frequently. Excessive intake of fluids should be avoided
to prevent the occurrence of fluid overload and diluted
hyponatremia.

2. Drug therapy: based on the pathophysiological char-
acteristics of HRS, therapy with vasoconstrictors aims
to improve the hyperdynamic circulation and increase
peripheral arterial pressure by constricting the already
markedly dilated vascular bed, and thereby increasing
renal blood flow and GFR. These drugs include vaso-
pressin and its analogs (terlipressin), a-adrenergic recep-
tor agonists (midodrine and norepinephrine), and soma-
tostatin analogs (octreotide).

(1) Terlipressin in combination with HSA: a meta-
analysis has demonstrated that terlipressin
improves the renal function of patients with
type 1 HRS and has a therapeutic efficacy of
approximately 40-50% [80]. A small number of
randomized-controlled studies have shown that
treatment with terlipressin can also improve renal
function in patients with type 2 HRS. Interna-
tional studies have demonstrated that the effects
of terlipressin in combination with HSA (1 g/kg
on day 1, 20-40 g/day thereafter) are improved
compared with either terlipressin or HSA alone
[25, 65]. Another study showed similar results,
but at a lower dose of HSA (10-20 g/day) [81].

The initial dosage of terlipressin should be 1 mg
every 4—6 h, which can be gradually increased
up to a maximum of 2 mg every 4-6 h if SCr
level does not decrease by >25% after 3 days of
treatment. Treatment should be sustained until

@ Springer

SCr falls to < 133 umol/L. Treatment response
is defined as a slow but progressive fall of SCr
to < 133 umol/L associated with an increase in
arterial pressure, urine volume, and sodium con-
centration. The median time to response for terli-
pressin is 14 days; and treatment time decreases
and response rate increases with a decrease in the
patient’s baseline SCr. In general, recurrence is
rare after terlipressin discontinuation, but treat-
ment can be reinitiated if HRS recurs.

Predictive factor: in patients with type 1 HRS,
the baseline serum bilirubin of < 10 mg/dL and
the increased mean arterial pressure >5 mmHg
after 3 days of treatment are two independent
predictive factors of response to vasoconstrictors
[82].

(2) Octreotide and midodrine in combination with
HSA: The treatment of type 1 HRS with octreo-
tide in combination with midodrine and HSA is an
alternative to terlipressin [83]. The initial dose for
oral administration of midodrine should be 2.5-
7.5 mg every 8 h, and 100 pg of octreotide should
be subcutaneously injected every 8 h. If there is
no improvement in renal function, the dose can
be increased to 12.5 mg and 200 pg, respectively,
every 8 h.

(3) Norepinephrine in combination with HSA: In a
meta-analysis, treatment with norepinephrine
(0.5-3 mg/h) in combination with HSA (10-20 g/
day) over the course of 7-14 days had the same
results as terlipressin for patients with type 1 or
type 2 HRS. However, the meta-analysis only
included non-randomized-controlled studies
[84]. In a non-randomized trial with a small sam-
ple number in China, norepinephrine alone had a
similar effect to norepinephrine in combination
with terlipressin [85].

(4) Vasodilators: peripheral vasoconstriction is the
primary mechanism that leads to cirrhotic HRS.
Currently, the use of vasodilators is not recom-
mended for cirrhotic HRS.

TIPS: TIPS can improve the kidney function of patients
with type 1 HRS [86]. However, if patients with cir-
rhotic ascites develop type 1 HRS, their condition is
often serious and many are contraindicated for TIPS
therapy. Theoretically, TIPS can control ascites and
alleviate portal pressure; therefore, it may have good
therapeutic efficacy for patients with type 2 HRS [87].

RRT: RRT, such as hemodialysis or continuous venous
hemofiltration, cannot improve the overall prognosis of
patients with type 1 HRS, but it may improve renal func-
tion [88]. Therefore, RRT is only used for HRS com-
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plicated by severe hyperkalemia or metabolic acidosis,
and as emergency treatment for fluid overload. The
Molecular Adsorbent Recirculating System (MARS®)
can be effective for some patients with type 1 HRS,
with a significant renal function improvement achieved
in approximately 40% of patients [89].

5. Liver transplant: a liver transplant is the preferred
intervention for patients with type 1 and type 2 HRS.
Compared with patients with cirrhosis without HRS,
the post-transplant survival rate (approximately 65%)
in patients with type 1 HRS is lower, primarily due to
potential renal failure [90]; however, terlipressin therapy
and/or RRT after transplant can improve the survival
rate. Patients with type 1 HRS have a high short-term
mortality rate, so they are the preferred candidates for
liver transplantation.

Prevention of HRS

In patients with cirrhotic ascites, HRS may be induced
by bacterial infection, excessive use of diuretics, large-
volume paracentesis, upper gastrointestinal bleeding,
cholestatic jaundice, and other secondary complications.

1. Preventing infections: prophylactic antibiotics can
improve the survival rate in patients with cirrhotic
ascites who are susceptible to bacterial infections, such
as those with variceal bleeding. Approximately 30%
of cases of cirrhotic ascites with SBP can develop into
HRS, with prophylactic administration of antibiotics in
combination with HSA lowering this incidence to 10%.
The 2009 AASLD and 2018 EASL guidelines both rec-
ommend the infusion of HSA in combination with an
antibiotic to reduce the incidence of HRS and improve
the survival rate [3, 5, 65].

2. Careful use of high-dose diuretics and large-volume
paracentesis: the treatment of cirrhotic ascites normally
consists of sodium restriction and reasonable adminis-
tration of diuretics. In patients with cirrhotic ascites and
hyponatremia, diuretics should be used with caution and
sodium restriction is not necessary. However, patients
with cirrhotic ascites and serum sodium levels in the
normal range should restrict their sodium intake to avoid
renal injury caused by hypernatremia.

3. Rational use of non-selective -blockers: in patients
with cirrhosis, non-selective p-blockers lower the portal
venous pressure, and can reduce the risk of rupture and
bleeding of varicose veins. However, the use of non-
selective B-blockers can worsen hemodynamic disorders
in patients with cirrhotic ascites complicated by SBP
who have an arterial systolic pressure < 90 mmHg and
a serum sodium < 130 mmol/L or renal dysfunction.

Therefore, in this situation, non-selective -blockers for
the prevention of esophagogastric variceal rupture and
bleeding should be discontinued temporarily. The use of
B-blockers should be resumed after circulatory and renal
function have improved [91].Therefore, it can be used as
primary or secondary prophylaxis of variceal bleeding
in patients with ascites but normal renal function.

Future Perspectives

The distinction between HRS-AKI and acute tubular necro-
sis (ATN) is difficult, because the kidney biopsy is rarely
performed in the setting of AKI in clinical practice, so the
diagnosis based on a combination of multiple biomarkers
may be interesting but needs further evaluation. Further-
more, it is meaningful to find more effective drugs by mul-
ticenter, randomized-controlled clinical trials, especially for
type 2 HRS (non-AKI-HRS).

e Recommendation 20: HRS should be considered if a
patient with cirrhotic ascites presents with upper diges-
tive tract bleeding, electrolyte disorder, ascites infection,
large-volume paracentesis, polyuria, severe vomiting and
diarrhea, or a rapid decline in renal function (C, 2).

e Recommendation 21: diagnosis of HRS: (1) cir-
rhosis complicated by ascites; (2) no shock; (3) rise
of SCr>50% of the baseline level or> 1.5 mg/dL
(133 umol/L); (4) renal function is not improved after
volume expansion and the withdrawal of diuretics
(SCr < 133 umol/L); (5) no recent history of nephrotoxic
drug use; (6) no renal parenchymal disease (A, 1).

e Recommendation 22: Type 1 HRS: rapid and progressive
renal injury characterized by a doubling of the initial
SCr or>226 umol/L (2.5 mg/dL) within 2 weeks, and
an eGFR decline by > 50% to <20 mL/min.

Type 2 HRS: there are some characteristics includ-
ing slowly progressive renal injury, SCr levels of 133—
226 pmol/L (1.5-2.5 mg/dL), often accompanied by
refractory ascites (A, 1).

e Recommendation 23: terlipressin (1 mg every 4-6 h) in
combination with HSA (20—40 g/day) can be used to treat
type 1 or type 2 HRS. If, after treatment for 3 days, SCr
does not decline by at least 25%, the dose of terlipres-
sin can be gradually increased to a maximum dose of
2 mg every 4-6 h. If effective, the course of treatment is
7-14 days; terlipressin should be discontinued if treat-
ment is ineffective over this period. If treatment is effec-
tive and the condition recurs, terlipressin treatment can
be reinitiated (A, 1).

e Recommendation 24: patients with HRS, refractory cir-
rhotic ascites, and hyponatremia can receive tolvaptan.
Non-selective B-blockers should be temporarily discon-
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tinued and the use of vasodilators is not recommended
for HRS (C, 2).

e Recommendation 25: if patients with type 1 HRS do not
respond to vasoconstrictor therapy, RRT or an artificial
liver support system can be used (if patients meet the
criteria). Patients with type 2 HRS should not receive
RRT (B, 1).

e Recommendation 26: patients with type 2 HRS and a
large volume of ascites who do not respond to vasocon-
strictor therapy can receive TIPS therapy. TIPS therapy
for type 1 HRS is not recommended. Patients with type
1 or type 2 HRS should be prioritized for liver transplant
B, 1).

Topics requiring further research

1. The advancement of early stage diagnosis and rapid
diagnostic methods to improve the sensitivity and speci-
ficity for detection of the pathogenic microorganisms in
ascites.

2. Evaluation of dose, course of treatment, and safety of
diuretics, vasoactive drugs, HSA, and the maximum vol-
ume of paracentesis during each procedure.

3. Evaluation of dose, course of treatment, and safety of
empirical antibiotics.

4. New treatment programs for patients with cirrhotic
ascites, such as novel diuretics and stem cell therapy.

5. Relationship between intestinal microflora and preven-
tion or treatment of cirrhosis complications.
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