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Abstract

Background: About 10% of patients with decompensated cirrhosis will develop refractory ascites,
which indicates that their cirrhosis is progressing to a more severe stage. Significant hemodynamic
alterations, starting with portal hypertension and progressing to renal hypoperfusion and excessive
salt retention, are associated with its pathophysiology. Portal microthrombi, which inflammation
can cause, keep the portal hypertension going and contribute to the pathophysiology of refractory
ascites. Refractory ascites can lead to a number of problems, the most prevalent of which is renal
failure. Preventing paracentesis-induced circulatory dysfunction begins with maintaining sodium
restriction, which requires regular reviews to ensure adherence. Another component of
management includes performing large-volume paracentesis (5 L or more) with albumin infusions
on a regular basis. The therapy of these patients may use albumin infusions that are not dependent
on paracentesis. If a patient is eligible and has a fair amount of liver reserve, a covered, smaller-
diameter transjugular intrahepatic porto-systemic stent shunt (TIPS) can be inserted to improve
quality of life and survival after ascites clearance. One potential future tool for treating ascites is
an automated low-flow pump. Referral for liver transplant should be considered for patients with
refractory ascites due to their poor prognosis. It is important to incorporate palliative care into the
treatment plans of patients with advanced cirrhosis who are not candidates for definitive ascites
control treatments in order to enhance their quality of life. Midodrine along with octreotide and
albumin, has been shown to better control of ascites in a short-term pilot study in patients with
refractory ascites.
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Introduction

In the natural course of cirrhosis, the development of ascites signals the beginning of decompensation. Newer
UK statistics show that decompensation happens at a rate of 31% in the first year following cirrhosis
diagnosis, and at a rate of 5-7 percent annually thereafter, with ascites being the most prevalent form of
decompensation [1]. In the early stages of ascites, diuretic treatment is typically effective. Renal sodium
retention becomes more ardent as the cirrhotic process progresses, necessitating increased diuretic dosages
to control ascites. At some point, the patient either has diuretic-related side effects or the ascites stops
responding to the medication. Refractory ascites (RA) is the medical diagnosis, and the patient will require
second-line treatment. On any one day, RA affects around 10% of cirrhosis and ascites patients. A continual
sensation of fullness, diminished appetite, the development of different hernias, nutritional deficiencies, and
sarcopenia are some of the specific symptoms that can occur when RA is present alongside the more common
complications of ascites, such as the risk of spontaneous bacterial peritonitis, electrolyte abnormalities, and
renal dysfunction. As aresult, RA patients' quality of life is extremely low [2]. There is a 50% 1-year mortality
rate for RA patients according to older research [3], a slightly improved prognosis according to more recent
data [4], but the mortality rate is still around 20%.
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Tense ascites can be recurrent or refractory. Recurrent ascites is ascites that recurs at least three times a year
despite dietary sodium restriction and diuretic therapy. It may be a forerunner of RA [5]. RA is defined as
ascites that cannot be mobilized or the early recurrence of which (after a large volume paracentesis [LVP])
cannot be prevented by medical therapy [5]. RA can be divided into two subtypes: diuretic resistant or diuretic
intolerant.

PATHOPHYSIOLOGY OF RA

Significant hemodynamic abnormalities are observed in patients with decompensated cirrhosis, which begin
with architectural deformation of the liver caused by cirrhosis. The fixed component of portal flow blockage
is the creation of nodules and fibrous scar tissues within the liver, whereas the dynamic component is
increased resistance to portal flow due to stellate cell activation. Stellate cells contribute to the steady rise in
intrahepatic resistance due to their production of extracellular matrix and collagen, two byproducts of liver
cirrhosis. In addition to distorting the liver's architecture, microthrombi development within the intrahepatic
vasculature might cause parenchymal extinction in certain places [6]. Collateral vascular formation is another
mechanism that leads to the worsening of portal hypertension in cirrhosis. The portal hypertension is
maintained due to angiogenesis induced by vascular endothelial growth factor, which increases the splanchnic
capacitance and, in turn, the portal flow [7].

Numerous secondary consequences result from the onset of portal hypertension. Firstly, the distension of the
splanchnic arteries increases the shear stress on the vessels, and this leads to the formation of several
vasodilators including nitric oxide. Vasodilatation of the splanchnic vessels follows. Systemic vasodilation
can occur when some of these extra splanchnic vasodilators are transported to the systemic circulation through
portosystemic shunts. In response to relatively low effective arterial blood volume (EABV), the body
activates a cascade of vasoconstrictor mechanisms, which aim to limit systemic and splanchnic vasodilation
and encourage the kidneys to retain more sodium and water, so increasing the volume inside the blood vessels.
However, central circulation is relatively inadequate in EABV due to portal hypertension, which
preferentially localizes the extra fluid into the peritoneal cavity as ascites.

Disruption of the gut vascular barrier due to venous congestion caused by splanchnic vasodilatation and
splanchnic neo-angiogenesis is another downstream impact of portal hypertension. The increased
permeability of the gut results in a rise in the translocation of gut bacteria. In addition to aiding in splanchnic
vasodilatation, several of these bacterial byproducts also possess vasodilatory characteristics. There are
additional components of bacterial products that can trigger systemic inflammation by stimulating the innate
immune system. The hemodynamic alterations related to portal hypertension are perpetuated because the pro-
inflammatory milieu in the liver promotes further fibrosis and inflammation promotes splanchnic thrombosis
in the splanchnic circulation [7,8].

The aforementioned alterations, sodium retention, and vasoconstriction of the renal circulation all worsen
with the advancement of the cirrhotic process and the elevation of portal hypertension. In the end, abnormal
renal blood flow occurs [9], renal hypoperfusion follows, chronic renal insufficiency (formerly called type 2
hepatorenal syndrome) develops, and diuretic treatment is no longer effective in treating the ascites..
Management OF ERA

Patients with RA should be managed in a systematic manner, with sodium restriction and LVP being the first
steps. Careful medicine administration may prevent additional problems. Transjugular intrahepatic
portosystemic stent shunts (TIPS) are a potential treatment option for certain patients. There needs to be a
liver transplant evaluation for all RA patients.

Dietary sodium and fluid restriction

All patients with ascites, including those with RA, must adhere to a salt restriction diet since it slows the
buildup of ascites. A daily sodium consumption of no more than 88 mmol, or 2 g, is advised [10]. In
individuals who are rapidly developing ascites, it is helpful to consult with a dietician and evaluate their food
diary frequently. Other techniques that can enhance compliance with sodium limitation include providing
information on where to obtain reduced sodium food items and offering guidance on low sodium dishes. After
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adhering to their sodium restriction, some patients with RA who have previously been diagnosed with ascites
may begin to respond to diuretics again. This is particularly true for patients whose daily renal sodium
excretion exceeds 88 mmol/day.

Restriction of fluid intake is unnecessary for RA patients. It lacks practicality and is hard to enforce. Patients
with RA typically excrete about 500 mL of fluid daily, therefore fluid restriction is only effective when fluid
consumption is lower than urine production. It is advised to implement some fluid restriction in individuals
with hyponatremia and blood sodium levels of 125 mmol/L or lower [11]. Unfortunately, there is currently
no consensus on what serum sodium level should be used to begin fluid restriction.

Calculating the sodium balance

Patients who are quickly putting on weight following an LVVP would benefit greatly from this information
when trying to gauge their level of compliance with dietary salt restriction. A weight chart and a 24-hour
urine collection are necessary to measure the renal sodium output. The accuracy of a 24-hour urine sample
far outweighs that of a spot urine sample. The daily sodium buildup in patients who are prescribed a sodium
restriction diet of 88 mmol/day and are not excreting any sodium in their urine is 616 mmol/week, or 88
mmol/day. Since the ascitic sodium concentration is the same as serum sodium concentration, the weekly
ascites accumulation is 616 mmol/week + 140 mmol/L or 4.4 L/week. Dietary counselling should be repeated
for any patient who requests an LVP of more than 4.4 L weekly, as this indicates clear non-compliance with
sodium reduction in the diet. A little less ascites builds up because sodium is insensibly lost through the
respiratory tract. Many patients mistakenly believe that "simply not adding salt at the table” constitutes
sodium restriction, failing to realise that numerous prepared foods include a significant amount of sodium.
As a result, a meal record can often provide valuable insights. Patients with sodium excretion rates more than
88 mmol/day should be losing weight on a sodium intake of 88 mmol/day in order to achieve a negative
sodium balance. Dietary reeducation is necessary if this isn't occurring [12].

Albumin infusions

Patients with decompensated cirrhosis have been recommended to have albumin infusions on a regular basis.
Regular albumin infusions, starting at 40 g twice weekly for two weeks and continuing at 40 g weekly for a
total of 18 months, improve overall survival in patients with uncomplicated ascites who are still responding
to diuretic therapy [13]. This is particularly true for patients whose serum albumin levels are maintained at a
minimum of 40 g/L [14]. On the other hand, midodrine and 40 g of albumin every two weeks had no effect
on the risk of complications or survival for patients on the liver transplant waiting list with advanced cirrhosis
[15]. Half of the 70 patients in the sole randomised controlled trial of cirrhosis and RA were assigned to
receive 40 g of albumin twice weekly [16]. Hospitalizations due to cirrhosis complications and death
decreased significantly within 24 months. It appears that these people might benefit from albumin infusions
administered on a regular basis. Before routine albumin infusions are suggested as the gold standard for
cirrhosis and RA patients, additional supportive randomised controlled trials are required. Positive outcomes
may also depend on the dosage and frequency of infusions.

Using beta-blockers that aren't selective (NSBBS)

The treatment of portal hypertension in cirrhosis relies on NSBBs. Heart rate and cardiac output are lowered
by 20% when B1 adrenergic action is blocked. Portal inflow, including that from collateral veins, is reduced
by approximately 15% when B2 adrenergic action is blocked in the splanchnic vasculature, leading to
splanchnic vasoconstriction. Accordingly, using NSBB results in a total reduction of about 35% in portal
venous flow. Labetalol and carvedilol are 2 NSBBs that also have al adrenergic blocking properties, and so
can cause intra-hepatic vasodilatation, with further reduction in portal pressure. According to research, the
risk of decompensation or death is greatly reduced when patients with compensated cirrhosis and clinically
significant portal hypertension (hepatic venous pressure gradient >10 mmHg) get NSBB treatment [17].
Nevertheless, there is greater debate about the use of NABBs in individuals suffering from ascites. Use of
NSBBs in ascites patients, particularly those with RA, was linked to an increased risk of morbidity and death
in the early trials [18-21]. Patients with ascites, including those with RA, who used NSBB did not experience
an increase in renal impairment or death, according to subsequent investigations [22,23]. Additionally, fewer
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bacterial infections were observed when NSBBs were used [24]. Variceal haemorrhage, bacterial infections,
renal failure, hospitalisation, and death were all more common after NSBB discontinuation [25]. Patients with
acute-on-chronic liver failure (ACLF), a common complication of RA, were believed to have a lower ACLF
grade when administered NSBB [26]. Possible explanations for these apparently contradicting results include
substantial study heterogeneity.

A new study that looked at the effects of NSBB on the cardiovascular system in advanced cirrhosis patients
has given us some clues about how to employ these devices with RA patients [27]. Due to their severely
dilated blood vessels, these patients must have sufficient heart systolic function and sympathetic hyper-
activity to keep their kidneys supplied with blood. Consequently, NSBB may decrease renal perfusion
pressure below the threshold for renal blood flow autoregulation and compromise cardiac systolic
performance. To rephrase, when perfusion pressure drops, the kidneys can no longer regulate renal perfusion.
Thus, renal impairment, including hepatorenal syndrome, can develop in RA patients on NSBB [28]. Patients
with hemodynamic abnormalities, such as a low systolic blood pressure of less than 90 mmHg, hyponatremia
with serum sodium levels less than 130 mmol/L, or acute kidney injury, may not be given NSBBs, according
to the 2021 American Association for the Study of the Liver guidelines on the treatment of ascites. If the
circulatory dysfunction improves with the correction of these parameters, NSBBs might be reintroduced [11].
Due to its additional adrenergic blocking effects, carvedilol creates increased systemic hypotension, making
it unsuitable for individuals with RA [29].

Large volume paracentesis (LVP)

Ascites removal of more than 5 L has been arbitrarily designated as LVP. Recurrence of ascites is common
following LVP since the procedure does not address the pathophysiology that leads to the production of
ascites in the first place. This is due to the fact that when ascites is removed with LVP, the intra-abdominal
pressure drops. This, in turn, increases the pressure differential between the abdominal cavity and the cirrhotic
liver, which prompts the abdominal cavity to quickly refill. Because of this, it is common practise to
administer LVPs again when treating these patients. Research has demonstrated that repeat LVPs are a safe
and effective way to control RA in cirrhosis. Compared to ongoing diuretic administration, they are associated
with a decreased incidence of electrolyte abnormalities, renal dysfunction, and hemodynamic instability [30].
There is a danger of developing further renal failure, dilutional hyponatremia, and death due to the
redistribution of circulatory volume to refill the abdominal cavity, which is termed as post-paracentesis
circulatory dysfunction (PPCD) [31]. For this reason, after LVP, it is advised to prevent PPCD by replacing
volume with colloid solutions such albumin [32]. Patients are more likely to develop PPCD when their LVP
volume is larger. Despite reports of using varying amounts of aloumin with LVP in the literature, no dosage
response studies have examined this combination. Although a lower dosage of 4 g of albumin/L of removed
ascites was just as beneficial in preventing PPCD [33], expert opinion advises a higher dose of 6-8 g/L of
removed ascites [11]. Renal impairment can be prevented, even in the presence of PPCD, according to another
study [34], by administering a greater albumin concentration of 9.0+2.5 g/L of evacuated ascites and
restricting LVP to 8 L. Those who had PPCD did not have any impact on survival over a mean follow-up of
2 years.

According to a suggestion, minor paracenteses (<5 L) do not cause a major disruption to systemic and renal
hemodynamics, thus there's no need to restore intravascular volume with these procedures [35]. Nevertheless,
research has demonstrated that reducing the frequency of PPCD and related consequences, including acute
renal injury, hyponatremia, and high mortality, in patients with ACLF can be achieved by using albumin with
small volume paracentesis [36]. This is due to the fact that aloumin can considerably alleviate the acute
inflammatory response and profoundly abnormal hemodynamics frequently seen in ACLF patients due to its
volume-expanding, anti-inflammatory, and immune-modulatory characteristics.

Lastly, it should not be disregarded as a reason to avoid LVP if coagulopathy is present. In fact, minimal
bleeding was observed with LVP in patients with PT-INR values greater than 1.5 and platelet counts lower
than 50x109/L [37]. Plaque or clotting factor infusion is thus unnecessary for LVP.
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TIPS

An extremely efficient prosthesis for lowering portal pressure is a transhepatic intrahepatic shunt (TIPS),
which connects two branches of the portal vein. In a physiological sense, the EABV fills up gradually when
the splanchnic volume returns to the central circulation as a result of a decrease in portal pressure [38]. As a
result, the sympathetic nervous system and the activated renin-angiotensin-aldosterone pathways are
progressively dampened, and the severity of renal sodium retention in these patients is progressively reduced
[39]. Ascites will drain away as the neurohormonal systems' activity levels drop below the levels at which
they retain sodium. Three to six months is the typical time frame for this [40]. Half of RA patients experience
full remission six months after TIPS implantation, and two-thirds experience partial remission [41]. About
80% of patients experience successful ascites control with TIPS in the long run. Ascites will progressively
decline till it disappears after TIPS, thus it is crucial to moderate patient anticipation. The ascites will not
clear instantaneously. Dietary sodium restriction must be maintained until the ascites is completely cleared,
even if it is still present. Since diuretics lower the EABV and may conceivably postpone ascites clearance,
their use after TIPS is contentious.

When it comes to managing ascites, TIPS is far superior to LVP, according to multiple randomised controlled
trials that compared the two methods [42-47]. Although careful patient selection is essential, the survival
benefit of TIPS over LVP in RA patients was only recently proven [48]. Great transplant-free survival at 3
years is common among younger patients with low Model of End-stage Liver Disease (MELD) scores [50].
If portal hypertension, rather than liver disease, is the patient's primary concern, this is particularly the case.
Patients' chances of surviving without a transplant drop dramatically for every year that their age, MELD
score, or hemodynamic parameters go up [50]. The first patient can use TIPS to finally put an end to their
RA, while the second patient can use it to get them through the time it takes for a liver transplant to take
effect. Patients with recurrent ascites (requiring three or more LVPs within a 12-month period with a gap of
more than four weeks between each LVP) may benefit from a TIPS insertion rather than an LVP, according
to a recent study [51]. The study found fewer side effects and better survival rates overall (93 percent vs. 52
percent, P=0.003). In particular, the incidence of hepatic encephalopathy (HE) after a TIPS insertion was
comparable in both groups. At this time, we cannot advise TIPS implantation at the stage of recurrent ascites
as standard of care as this study has not been reproduced.

There are a lot of potential problems with inserting TIPS. Arrhythmia, hemoperitoneum, and rupture of the
liver capsule are immediate risks of the treatment; nevertheless, these consequences are uncommon in skilled
hands. Shunt migration, shunt kinking, ischemic hepatitis (shown by a sharp increase in liver enzymes and
hemolytic anaemia), and other problems might occur in the early post-TIPS period. Consequently, jaundice
may persist in patients for a few weeks to months after TIPS. Shunt stenosis was common when metal stents
were the norm. These are associated with a decrease in neointima thickness and are currently infrequent with
PTFE-covered stents [52]. Regardless of the type of stent utilised, the greatest clinical consequence is HE,
which can occur in 30-50 percent of patients [53,54]. This can be either newly onset or worsening of existing
HE. Age, higher Child-Pugh and MELD scores, history of spontaneous HE episodes, sarcopenia, and a
smaller portal systemic pressure gradient after TIPS are all risk factors for the development of HE [55]. The
latter is commonly linked to a TIPS that is fully dilated. Without affecting variceal bleeding, ascites
recurrence, or the frequency of stent thrombosis, a recent study confirmed that patients whose PTFE stents
were intentionally under-dilated to 6 mm had a lower incidence of HE (27 percent) compared to those whose
stents were dilated to 8-10 mm (54%). Hence, it seems that stents with smaller diameters or under-dilation
are better options to decrease the risk of post-TIPS HE. There is evidence that preemptive administration of
lactulose and rifaximin improves HE management after TIPS [57,58]. Cardiac failure following TIPS
insertion is another possible consequence of the procedure. The cardiac output can rise by as much as 50%
after TIPS implantation, which restores a substantial volume to the systemic circulation from the splanchnic
circulation [38]. This means that post-TIPS cardiac decompensation can occur in patients who already have
pulmonary hypertension, systolic incompetence, or aberrant diastolic relaxation. Electrocardiograms,
echocardiograms, and measurements of brain natriuretic peptide (BNP) are the suitable cardiac investigations
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to be performed before to TIPS [59]. In order to rule out cardiac decompensation after TIPS, a normal cardiac
evaluation with a BNP level of less than 40 pg/mL and a pro-N-terminal BNP of less than 125 pg/mL have
been documented [60].

Locating potential infection sites is another pre-TIPS inquiry, with a focus on the biliary and oral systems.
Endotipsitis can occur after a TIPS has been implanted if any infection can enter the TIPS through the
bloodstream. Rare as it may be, endotipsitis can cause bacteremia to return, which may not go away no matter
how long you take antibiotics [61].

To maximise the effectiveness of TIPS in clearing ascites and minimise the risk of complications, it is crucial
to choose patients appropriately. There are certain medical conditions that should not be treated with a TIPS,
including being over the age of 70, having a MELD score greater than 18, having a history of spontaneous
HE grade 2 or higher, or having cardiac failure, pulmonary hypertension, liver cancer, sepsis, or occlusive
portal vein thrombosis [11,62]. Ascites clearance with TIPS is linked to better nitrogen balance [64],
substantial muscle development [65], enhanced quality of life [63], and improved survival [48,66,67]. To
determine who would be at high risk for death after TIPS, a newly validated index called the Freiburg Index
of Post-TIPS Survival (FIPS) took age, bilirubin, albumin, and creatinine into account. The median post-TIPS
survival for patients in the high-risk category was 5 months, while the low-risk group had 48 months
(P<0.001) [68]. Having said that, FIPS's prognostic ability isn't as good in patients who have gotten an early
TIPS for non-refractory ascites. A further study showed improved post-TIPS survival in patients who received
an 8 mm covered stent compared to those who received a 10 mm covered stent [69].

The automated low flow ascites pump (alfapump)

The alfapump is a programmable and rechargeable device that is implanted subcutaneously. It gradually
removes the ascites from the abdominal cavity by use of a peritoneal catheter and then releases it into the
bladder as urine using a bladder catheter. Continuous small volume paracentesis is being done effectively.
Therefore, the patient won't have to worry about getting up in the middle of the night to urinate the ascites
because the device is set to pump the fluid for up to 16 hours while the patient is awake. A number of sensors
in the bladder and peritoneum allow the device to cease pumping in the absence of significant ascites. It is
also possible to modify the ascites discharge rate based on the sodium intake of the patient's diet. Thus, ascites
care is tailored to each patient's unique needs. In most cases, albumin infusions are not necessary while using
the alfapump system.

A meta-analysis [77] and other investigations (randomised controlled trial [70], prospective [71-75], and
retrospective [76]) have demonstrated that the alfapump effectively reduces the frequency and volume of
paracenteses, making it a viable tool for ascites control. Infection of the alfapump system, pump failure, and
catheter dislodging were among the several problems that were found in the first trial [71]. These issues have
become less common as a result of improvements in implantation techniques, refinements to pump design,
and the usage of prophylactic antibiotics. Despite the gradual and constant drainage of ascites, some patients
nevertheless experience renal impairment. Although the volume is minimal, the various vasoconstrictor
systems are nevertheless activated during continuous paracentesis, according to a physiological research [78].
It has been proposed that patients should be closely observed for the onset of renal impairment and
administered albumin intermittently as needed. Hence, patients suffering from renal failure who have a blood
creatinine level above 132 pumol/L (1.5 mg/dL) or an estimated glomerular filtration rate below 30
mL/min/1.32 m2 should probably not have an alfapump implanted [79]. The following are additional reasons
why alfapump insertion is not recommended: a history of bladder cancer, bilirubin levels >85 pmol/L, recent
intra-abdominal surgery, at least two systemic or local abdominal infections in the past six months, and any
other medical conditions [79].

After their ascites is under control, patients notice a marked improvement in their mobility and overall well-
being [75,80]. Although formal studies on the alfapump's effects on survival have not been conducted, it has
been demonstrated that they are at least equivalent to those of patients who receive standard LVP [66].
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Liver transplantation

For patients suffering from both rheumatoid arthritis and liver impairment, the gold standard therapy option
is a liver transplant. Nevertheless, patients whose primary liver cirrhosis issues are due to portal hypertension
without substantial liver damage are not given high priority for liver transplantation. Patients with ascites and
a MELD score below 15 were shown to have an infectious cause-related mortality risk of 47.5% one year
after not receiving a liver transplant, according to a recent report [81]. When calculating a patient's MELD, it
IS necessary to add 4.5 MELD [82] or 3.5 MELD-Na [83] points for persistent ascites. This is particularly
true for patients with a MELD score below 21 [83,84]. Thus, even though the MELD score is quite low, liver
transplantation should still be considered for individuals with RA as the sole sign of cirrhosis. Liver
transplantation will be given more priority to patients with RA and hyponatremia who also have a high
MELD-Na score. Ascites may linger for weeks or months following a liver transplant because the systemic
and renal hemodynamics need time to normalise, particularly in cases where excessive portal input continues
[85]. Patients should continue to follow a sodium-restricted diet after a transplant until the ascites goes away.
Midodrine

Midodrine, an alpha-1 agonist acting directly on the peripheral alpha-receptors, has been widely used in the
therapy of orthostatic hypotension and various secondary hypotensive disorders. It has recently been shown
that single dose administration of midodrine leads to a significant improvement in systemic and renal
hemodynamics in non-azotemic cirrhotic patients with ascites, the beneficial effects of midodrine have been
attributed to its modulating effects on autonomic function and increased peripheral blood vessel resistance
[86].

Midodrine has been found to decrease nitrite and nitrate activity in patients with ascites with or without HRS
who had decreased plasma renin activity and decreased levels of antidiuretic hormone [87]. This could be a
possible mechanism for decreasing portal pressure and decreasing ascitic fluid accumulation. There is also
evidence that a similar reduction in fluid accumulation may occur with use of vasoconstrictors in patients
with end-stage liver disease without a significant renal function improvement [88].

Angeli et al. reported that 15 mg of oral midodrine increased renal plasma flow by 40%, GFR by 21% and
urinary sodium excretion by 28%. When combined, the studies by Villeneuve et al. and Angeli et al. suggest
that diuretic resistance in cirrhotic patients with ascites is possibly due to diminished GFR, and orally
administered midodrine could significantly improve GFR in non-azotemic cirrhotics with ascites [ 88; 89].
Midodrine along with octreotide and albumin, has been shown to better control of ascites in a short-term pilot
study in patients with refractory ascites [88].Summary of Select Studies Using Midodrine for Various
Indications in Patients with Liver Cirrhosis showed in the next table.

Table 1 Summary of Select Studies Using Midodrine for Various Indications in Patients with Liver Cirrhosis
HRS=hepatorenal syndrome; IVV=intravenous; LT=liver transplantation; MELD=Model for End-Stage Liver
Disease; PICD=paracentesis-induced circulatory dysfunction; RF=renal function; SH=systemic
hemodynamic [90].
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Indication |Reference |Concomitant drugsResults
Angeli P, etOctreotide, albumin Effective
all10 [91]
Wong F, etOctreotide, albumin Reduction of serum creatinine level
alll [38]
Angeli P, et
al9 [91]
Kalambokis
G, et al5 [20]
Misra VL, etlV furosemide
al13 [92]
Singh V, et
al6 [93]
Appenrodt
B, et all2
[94]

Type 1 HRS

Type 2 HRS Modest effect on SH No effect on RF

Improved SH and sodium excretion
Natriuretic
effect

No increase in natriuretic response to
furosemide
As effective as albumin

PICD

Not as effective as albumin

Reduction in the volume of ascites
Tandon P, etOctreotide, albumin removed No effect on RF
al [88]. Reversible deterioration
score

Post-LT renalRice JP, etOctreotide, aloumin Pre-LT treatment did not
outcomes all14 [95]. superior post-L T renal function

Refractory

ascites in MELD

have

References

1.

Eur. Chem. Bull. 2023, 12(Special Issue 12), 2609-2621

Fleming KM, Aithal GP, Card TR, West J. The rate of decompensation and clinical progression of disease in people with
cirrhosis: a cohort study. Aliment Pharmacol Ther. 2010;32:1343-1350. [PubMed] [Google Scholar]

Macdonald S, Jepsen P, Alrubaiy L, Watson H, Vilstrup H, Jalan R. Quality of life measures predict mortality in patients
with cirrhosis and severe ascites. Aliment Pharmacol Ther. 2019;49:321-330. [PubMed] [Google Scholar]

Moreau R, Delégue P, Pessione F, Hillaire S, Durand F, Lebrec D, et al. Clinical characteristics and outcome of patients
with cirrhosis and refractory ascites. Liver Int. 2004;24:457-464. [PubMed] [Google Scholar]

Jepsen P, Watson H, Macdonald S, Vilstrup H, Jalan R. MELD remains the best predictor of mortality in outpatients
with cirrhosis and severe ascites. Aliment Pharmacol Ther. 2020;52:492-499. [PubMed] [Google Scholar]

Salerno F, Guevara M, Bernardi M, Moreau R, Wong F, Angeli P, et al. Refractory ascites: pathogenesis, definition and
therapy of a severe complication in patients with cirrhosis. Liver Int. 2010;30:937-947. [PubMed] [Google Scholar]

Gracia-Sancho J, Marrone G, Fernandez-Iglesias A. Hepatic microcirculation and mechanisms of portal hypertension.
Nat Rev Gastroenterol Hepatol. 2019;16:221-234. [PubMed] [Google Scholar]

Iwakiri Y, Trebicka J. Portal hypertension in cirrhosis: pathophysiological mechanisms and therapy. JHEP Rep.
2021;3:100316. [PMC free article] [PubMed] [Google Scholar]

Engelmann C, Claria J, Szabo G, Bosch J, Bernardi M. Pathophysiology of decompensated cirrhosis: portal hypertension,
circulatory dysfunction, inflammation, metabolism and mitochondrial dysfunction. J Hepatol. 2021;75 Suppl 1:549—
S66. [PMC free article] [PubMed] [Google Scholar]

Stadlbauer V, Wright GA, Banaji M, Mukhopadhya A, Mookerjee RP, Moore K, et al. Relationship between activation
of the sympathetic nervous system and renal blood flow autoregulation in cirrhosis. Gastroenterology. 2008;134:111—

2616



Recent Lines of Management of Refractory Ascites

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Section A-Research paper

119. [PubMed] [Google Scholar]

Moore KP, Wong F, Gines P, Bernardi M, Ochs A, Salerno F, et al. The management of ascites in cirrhosis: report on the
consensus conference of the International Ascites Club. Hepatology. 2003;38:258—-266. [PubMed] [Google Scholar]

Biggins SW, Angeli P, Garcia-Tsao G, Gines P, Ling SC, Nadim MK, et al. Diagnosis, evaluation, and management of
ascites, spontaneous bacterial peritonitis and hepatorenal syndrome: 2021 practice guidance by the American
Association for the Study of Liver Diseases. Hepatology. 2021;74:1014-1048. [PubMed] [Google Scholar]

Adebayo D, Neong SF, Wong F. Refractory ascites in liver cirrhosis. Am J Gastroenterol. 2019;114:40—-47. [PubMed]
[Google Scholar]

Caraceni P, Riggio O, Angeli P, Alessandria C, Neri S, Foschi FG, et al. Long-term albumin administration in
decompensated cirrhosis (ANSWER): an open-label randomised trial. Lancet. 2018;391:2417-2429. [PubMed] [Google
Scholar]

Caraceni P, Tufoni M, Zaccherini G, Riggio O, Angeli P, Alessandria C, et al. On-treatment serum albumin level can guide
longterm treatment in patients with cirrhosis and uncomplicated ascites. J Hepatol. 2021;74:340—-349. [PubMed]
[Google Scholar]

Sola E, Solé C, Simdn-Talero M, Martin-Llahi M, Castellote J, Garcia-Martinez R, et al. Midodrine and albumin for
prevention of complications in patients with cirrhosis awaiting liver transplantation. A randomized placebo-controlled
trial. ) Hepatol. 2018;69:1250-1259. [PubMed] [Google Scholar]

Di Pascoli M, Fasolato S, Piano S, Bolognesi M, Angeli P. Longterm administration of human albumin improves survival
in patients with cirrhosis and refractory ascites. Liver Int. 2019;39:98—-105. [PubMed] [Google Scholar]

Villanueva C, Albillos A, Genesca J, Garcia-Pagan JC, Calleja JL, Aracil C, et al. B blockers to prevent decompensation of
cirrhosis in patients with clinically significant portal hypertension (PREDESCI): a randomised, double-blind, placebo-
controlled, multicentre trial. Lancet. 2019;393:1597-1608. [PubMed] [Google Scholar]

Sersté T, Melot C, Francoz C, Durand F, Rautou PE, Valla D, et al. Deleterious effects of beta-blockers on survival in
patients with cirrhosis and refractory ascites. Hepatology. 2010;52:1017-1022. [PubMed] [Google Scholar]

Sersté T, Francoz C, Durand F, Rautou PE, Melot C, Valla D, et al. Beta-blockers cause paracentesis-induced circulatory
dysfunction in patients with cirrhosis and refractory ascites: a crossover study. J Hepatol. 2011;55:794-799. [PubMed]
[Google Scholar]

Kalambokis GN, Christodoulou D, Baltayiannis G, Christou L. Propranolol use beyond 6 months increases mortality in
patients with Child-Pugh C cirrhosis and ascites. Hepatology. 2016;64:1806—1808. [PubMed] [Google Scholar]

Mandorfer M, Bota S, Schwabl P, Bucsics T, Pfisterer N, Kruzik M, et al. Nonselective B blockers increase risk for
hepatorenal syndrome and death in patients with cirrhosis and spontaneous bacterial peritonitis. Gastroenterology.
2014;146:1680-1690. el. [PubMed] [Google Scholar]

Scheiner B, Parada-Rodriguez D, Bucsics T, Schwabl P, Mandorfer M, Pfisterer N, et al. Non-selective beta-blocker
treatment does not impact on kidney function in cirrhotic patients with varices. Scand J Gastroenterol. 2017;52:1008—
1015. [PubMed] [Google Scholar]

Leithead JA, Rajoriya N, Tehami N, Hodson J, Gunson BK, Tripathi D, et al. Non-selective B-blockers are associated with
improved survival in patients with ascites listed for liver transplantation. Gut. 2015;64:1111-1119. [PubMed] [Google
Scholar]

Sasso R, Rockey DC. Non-selective beta-blocker use in cirrhotic patients is associated with a reduced likelihood of
hospitalisation for infection. Aliment Pharmacol Ther. 2021;53:418-425. [PubMed] [Google Scholar]

Bossen L, Krag A, Vilstrup H, Watson H, Jepsen P. Nonselective B-blockers do not affect mortality in cirrhosis patients
with ascites: post hoc analysis of three randomized controlled trials with 1198 patients. Hepatology. 2016;63:1968—
1976. [PubMed] [Google Scholar]

Mookerjee RP, Pavesi M, Thomsen KL, Mehta G, Macnaughtan J, Bendtsen F, et al. Treatment with non-selective beta
blockers is associated with reduced severity of systemic inflammation and improved survival of patients with acute-
on-chronic liver failure. J Hepatol. 2016;64:574-582. [PubMed] [Google Scholar]

Téllez L, Albillos A. Non-selective beta-blockers in patients with ascites: the complex interplay among the liver, kidney
and heart. Liver Int. 2022;42:749-761. [PubMed] [Google Scholar]

Eur. Chem. Bull. 2023, 12(Special Issue 12), 2609-2621 2617



Recent Lines of Management of Refractory Ascites

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.
40.

41.

42.

43.

44,

45.

Section A-Research paper

Téllez L, Ibafiez-Samaniego L, Pérez Del Villar C, Yotti R, Martinez J, Carrién L, et al. Non-selective beta-blockers impair
global circulatory homeostasis and renal function in cirrhotic patients with refractory ascites. J Hepatol. 2020;73:1404—
1414. [PubMed] [Google Scholar]

Reiberger T, Mandorfer M. Beta adrenergic blockade and decompensated cirrhosis. J Hepatol. 2017;66:849-859.
[PubMed] [Google Scholar]

Ginés P, Arroyo V, Quintero E, Planas R, Bory F, Cabrera J, et al. Comparison of paracentesis and diuretics in the
treatment of cirrhotics with tense ascites. Results of a randomized study. Gastroenterology. 1987;93:234-241.
[PubMed] [Google Scholar]

Ruiz-del-Arbol L, Monescillo A, Jimenéz W, Garcia-Plaza A, Arroyo V, Rodés J. Paracentesis-induced circulatory
dysfunction: mechanism and effect on hepatic hemodynamics in cirrhosis. Gastroenterology. 1997;113:579-586.
[PubMed] [Google Scholar]

Bernardi M, Caraceni P, Navickis RJ, Wilkes MM. Albumin infusion in patients undergoing large-volume paracentesis:
a metaanalysis of randomized trials. Hepatology. 2012;55:1172-1181. [PubMed] [Google Scholar]

Alessandria C, Elia C, Mezzabotta L, Risso A, Andrealli A, Spandre M, et al. Prevention of paracentesis-induced
circulatory dysfunction in cirrhosis: standard vs half albumin doses. A prospective, randomized, unblinded pilot study.
Dig Liver Dis. 2011;43:881-886. [PubMed] [Google Scholar]

Tan HK, James PD, Wong F. Albumin may prevent the morbidity of paracentesis-induced circulatory dysfunction in
cirrhosis and refractory ascites: a pilot study. Dig Dis Sci. 2016;61:3084—-3092. [PubMed] [Google Scholar]

Peltekian KM, Wong F, Liu PP, Logan AG, Sherman M, Blendis LM. Cardiovascular, renal, and neurohumoral responses
to single large-volume paracentesis in patients with cirrhosis and diuretic-resistant ascites. Am J Gastroenterol.
1997;92:394-399. [PubMed] [Google Scholar]

Arora V, Vijayaraghavan R, Maiwall R, Sahney A, Thomas SS, Ali R, et al. Paracentesis-induced circulatory dysfunction
with modest-volume paracentesis is partly ameliorated by albumin infusion in acute-on-chronic liver failure.
Hepatology. 2020;72:1043-1055. [PubMed] [Google Scholar]

De Gottardi A, Thévenot T, Spahr L, Morard |, Bresson-Hadni S, Torres F, et al. Risk of complications after abdominal
paracentesis in cirrhotic patients: a prospective study. Clin Gastroenterol Hepatol. 2009;7:906—909. [PubMed] [Google
Scholar]

Wong F, Sniderman K, Liu P, Allidina Y, Sherman M, Blendis L. Transjugular intrahepatic portosystemic stent shunt:
effects on hemodynamics and sodium homeostasis in cirrhosis and refractory ascites. Ann Intern Med. 1995;122:816—
822. [PubMed] [Google Scholar]

Rossle M. TIPS: 25 years later. J Hepatol. 2013;59:1081-1093. [PubMed] [Google Scholar]

Tan HK, James PD, Sniderman KW, Wong F. Long-term clinical outcome of patients with cirrhosis and refractory ascites
treated with transjugular intrahepatic portosystemic shunt insertion. J Gastroenterol Hepatol. 2015;30:389-395.
[PubMed] [Google Scholar]

Russo MW, Sood A, Jacobson IM, Brown RS., Jr Transjugular intrahepatic portosystemic shunt for refractory ascites:
an analysis of the literature on efficacy, morbidity, and mortality. Am J Gastroenterol. 2003;98:2521-2527. [PubMed]
[Google Scholar]

Lebrec D, Giuily N, Hadengue A, Vilgrain V, Moreau R, Poynard T, et al. Transjugular intrahepatic portosystemic shunts:
comparison with paracentesis in patients with cirrhosis and refractory ascites: a randomized trial. French Group of
Clinicians and a Group of Biologists. J Hepatol. 1996;25:135-144. [PubMed] [Google Scholar]

Rossle M, Ochs A, Gllberg V, Siegerstetter V, Holl J, Deibert P, et al. A comparison of paracentesis and transjugular
intrahepatic portosystemic shunting in patients with ascites. N Engl J Med. 2000;342:1701-1707. [PubMed] [Google
Scholar]

Ginés P, Uriz J, Calahorra B, Garcia-Tsao G, Kamath PS, Del Arbol LR, et al. Transjugular intrahepatic portosystemic
shunting versus paracentesis plus albumin for refractory ascites in cirrhosis. Gastroenterology. 2002;123:1839-1847.
[PubMed] [Google Scholar]

Sanyal AJ, Genning C, Reddy KR, Wong F, Kowdley KV, Benner K, et al. The North American study for the treatment of
refractory ascites. Gastroenterology. 2003;124:634—641. [PubMed] [Google Scholar]

Eur. Chem. Bull. 2023, 12(Special Issue 12), 2609-2621 2618



Recent Lines of Management of Refractory Ascites

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Section A-Research paper

Salerno F, Merli M, Riggio O, Cazzaniga M, Valeriano V, Pozzi M, et al. Randomized controlled study of TIPS versus
paracentesis plus albumin in cirrhosis with severe ascites. Hepatology. 2004;40:629-635. [PubMed] [Google Scholar]

Narahara Y, Kanazawa H, Fukuda T, Matsushita Y, Harimoto H, Kidokoro H, et al. Transjugular intrahepatic
portosystemic shunt versus paracentesis plus albumin in patients with refractory ascites who have good hepatic and
renal function: a prospective randomized trial. ] Gastroenterol. 2011;46:78-85. [PubMed] [Google Scholar]

Bai M, Qi XS, Yang ZP, Yang M, Fan DM, Han GH. TIPS improves liver transplantation-free survival in cirrhotic patients
with refractory ascites: an updated meta-analysis. World J Gastroenterol. 2014;20:2704—-2714. [PMC free article]
[PubMed] [Google Scholar]

Salerno F, Camma C, Enea M, Rdssle M, Wong F. Transjugular intrahepatic portosystemic shunt for refractory ascites:
a meta-analysis of individual patient data. Gastroenterology. 2007;133:825-834. [PubMed] [Google Scholar]

Trebicka J. Does transjugular intrahepatic portosystemic shunt stent differentially improve survival in a subset of
cirrhotic patients? Semin Liver Dis. 2018;38:87—96. [PubMed] [Google Scholar]

Bureau C, Thabut D, Oberti F, Dharancy S, Carbonell N, Bouvier A, et al. Transjugular intrahepatic portosystemic shunts
with covered stents increase transplant-free survival of patients with cirrhosis and recurrent ascites. Gastroenterology.
2017;152:157-163. [PubMed] [Google Scholar]

Barrio J, Ripoll C, Bafares R, Echenagusia A, Catalina MV, Camufiez F, et al. Comparison of transjugular intrahepatic
portosystemic shunt dysfunction in PTFE-covered stent-grafts versus bare stents. Eur J Radiol. 2005;55:120-124.
[PubMed] [Google Scholar]

Casadaban LC, Parvinian A, Minocha J, Lakhoo J, Grant CW, Ray CE, Jr, et al. Clearing the confusion over hepatic
encephalopathy after TIPS creation: incidence, prognostic factors, and clinical outcomes. Dig Dis Sci. 2015;60:1059—
1066. [PubMed] [Google Scholar]

Fonio P, Discalzi A, Calandri M, Doriguzzi Breatta A, Bergamasco L, Martini S, et al. Incidence of hepatic encephalopathy
after transjugular intrahepatic portosystemic shunt (TIPS) according to its severity and temporal grading classification.
Radiol Med. 2017;122:713-721. [PubMed] [Google Scholar]

Schindler P, Heinzow H, Trebicka J, Wildgruber M. Shunt-induced hepatic encephalopathy in tips: current approaches
and clinical challenges. J Clin Med. 2020;9:3784. [PMC free article] [PubMed] [Google Scholar]

Schepis F, Vizzutti F, Garcia-Tsao G, Marzocchi G, Rega L, De Maria N, et al. Under-dilated TIPS associate with efficacy
and reduced encephalopathy in a prospective, non-randomized study of patients with cirrhosis. Clin Gastroenterol
Hepatol. 2018;16:1153—-1162. e7. [PubMed] [Google Scholar]

Seifert LL, Schindler P, Schoster M, Weller JF, Wilms C, Schmidt HH, et al. Recurrence of hepatic encephalopathy after
TIPS: effective prophylaxis with combination of lactulose and rifaximin. J Clin Med. 2021;10:4763. [PMC free article]
[PubMed] [Google Scholar]

Bureau C, Thabut D, Jezequel C, Archambeaud |, D’Alteroche L, Dharancy S, et al. The use of rifaximin in the prevention
of overt hepatic encephalopathy after transjugular intrahepatic portosystemic shunt : a randomized controlled trial.
Ann Intern Med. 2021;174:633-640. [PubMed] [Google Scholar]

Garcia-Pagan JC, Saffo S, Mandorfer M, Garcia-Tsao G. Where does TIPS fit in the management of patients with
cirrhosis? JHEP Rep. 2020;2:100122. [PMC free article] [PubMed] [Google Scholar]

Billey C, Billet S, Robic MA, Cognet T, Guillaume M, Vinel JP, et al. A prospective study identifying predictive factors of
cardiac decompensation after transjugular intrahepatic portosystemic shunt: the toulouse algorithm. Hepatology.
2019;70:1928-1941. [PubMed] [Google Scholar]

Mizrahi M, Adar T, Shouval D, Bloom Al, Shibolet O. Endotipsitispersistent infection of transjugular intrahepatic
portosystemic shunt: pathogenesis, clinical features and management. Liver Int. 2010;30:175-183. [PubMed] [Google
Scholar]

European Association for the Study of the Liver EASL clinical practice guidelines for the management of patients with
decompensated cirrhosis. J Hepatol. 2018;69:406—460. [PubMed] [Google Scholar]

Gulberg V, Liss |, Bilzer M, Waggershauser T, Reiser M, Gerbes AL. Improved quality of life in patients with refractory
or recidivant ascites after insertion of transjugular intrahepatic portosystemic shunts. Digestion. 2002;66:127-130.
[PubMed] [Google Scholar]

Eur. Chem. Bull. 2023, 12(Special Issue 12), 2609-2621 2619



Recent Lines of Management of Refractory Ascites

64

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Section A-Research paper

. Allard JP, Chau J, Sandokji K, Blendis LM, Wong F. Effects of ascites resolution after successful TIPS on nutrition in
cirrhotic patients with refractory ascites. Am J Gastroenterol. 2001;96:2442—-2447. [PubMed] [Google Scholar]

Jahangiri Y, Pathak P, Tomozawa Y, Li L, Schlansky BL, Farsad K. Muscle gain after transjugular intrahepatic
portosystemic shunt creation: time course and prognostic implications for survival in cirrhosis. J Vasc Interv Radiol.
2019;30:866—872. e4. [PubMed] [Google Scholar]

Will V, Rodrigues SG, Berzigotti A. Current treatment options of refractory ascites in liver cirrhosis - a systematic review
and meta-analysis. Dig Liver Dis. 2022;54:1007-1014. [PubMed] [Google Scholar]

Tsien C, Shah SN, McCullough AJ, Dasarathy S. Reversal of sarcopenia predicts survival after a transjugular intrahepatic
portosystemic stent. Eur J Gastroenterol Hepatol. 2013;25:85-93. [PubMed] [Google Scholar]

Bettinger D, Sturm L, Pfaff L, Hahn F, Kloeckner R, Volkwein L, et al. Refining prediction of survival after TIPS with the
novel Freiburg index of post-TIPS survival. J Hepatol. 2021;74:1362-1372. [PubMed] [Google Scholar]

Trebicka J, Bastgen D, Byrtus J, Praktiknjo M, Terstiegen S, Meyer C, et al. Smaller-diameter covered transjugular
intrahepatic portosystemic shunt stents are associated with increased survival. Clin Gastroenterol Hepatol.
2019;17:2793-2799. el. [PubMed] [Google Scholar]

Bureau C, Adebayo D, Chalret de Rieu M, Elkrief L, Valla D, PeckRadosavljevic M, et al. Alfapump® system vs. large
volume paracentesis for refractory ascites: a multicenter randomized controlled study. J Hepatol. 2017;67:940-949.
[PubMed] [Google Scholar]

Bellot P, Welker MW, Soriano G, von Schaewen M, Appenrodt B, Wiest R, et al. Automated low flow pump system for
the treatment of refractory ascites: a multi-center safety and efficacy study. J Hepatol. 2013;58:922-927. [PubMed]
[Google Scholar]

Thomas MN, Sauter GH, Gerbes AL, Stangl M, Schiergens TS, Angele M, et al. Automated low flow pump system for
the treatment of refractory ascites: a single-center experience. Langenbecks Arch Surg. 2015;400:979-983. [PubMed]
[Google Scholar]

Stirnimann G, Berg T, Spahr L, Zeuzem S, McPherson S, Lammert F, et al. Treatment of refractory ascites with an
automated lowflow ascites pump in patients with cirrhosis. Aliment Pharmacol Ther. 2017;46:981-991. [PMC free
article] [PubMed] [Google Scholar]

Solbach P, Honer Zu Siederdissen C, Wellhdner F, Richter N, Heidrich B, Lenzen H, et al. Automated low-flow ascites
pump in a real-world setting: complications and outcomes. Eur J Gastroenterol Hepatol. 2018;30:1082—-1089.
[PubMed] [Google Scholar]

Wong F, Bendel E, Sniderman K, Frederick T, Haskal ZJ, Sanyal A, et al. Improvement in quality of life and decrease in
largevolume paracentesis requirements with the automated lowflow ascites pump. Liver Transpl. 2020;26:651-661.
[PMC free article] [PubMed] [Google Scholar]

Will V, Rodrigues SG, Stirnimann G, Gottardi A, Bosch J, Berzigotti A. Transjugular intrahepatic portosystemic shunt
and alfapump® system for refractory ascites in liver cirrhosis: outcomes and complications. United European
Gastroenterol J. 2020;8:961-969. [PMC free article] [PubMed] [Google Scholar]

Lepida A, Marot A, Trépo E, Degré D, Moreno C, Deltenre P. Systematic review with meta-analysis: automated low-
flow ascites pump therapy for refractory ascites. Aliment Pharmacol Ther. 2019;50:978-987. [PubMed] [Google
Scholar]

Sola E, Sanchez-Cabus S, Rodriguez E, Elia C, Cela R, Moreira R, et al. Effects of alfapump™ system on kidney and
circulatory function in patients with cirrhosis and refractory ascites. Liver Transpl. 2017;23:583-593. [PubMed]
[Google Scholar]

Aagaard NK, Malago M, De Gottardi A, Thomas M, Sauter G, Engelmann C, et al. Consensus care recommendations for
alfapump® in cirrhotic patients with refractory or recurrent ascites. BMC Gastroenterol. 2022;22:111. [PMC free
article] [PubMed] [Google Scholar]

Stepanova M, Nader F, Bureau C, Adebayo D, Elkrief L, Valla D, et al. Patients with refractory ascites treated with
alfapump® system have better health-related quality of life as compared to those treated with large volume
paracentesis: the results of a multicenter randomized controlled study. Qual Life Res. 2018;27:1513—-1520. [PubMed]
[Google Scholar]

Eur. Chem. Bull. 2023, 12(Special Issue 12), 2609-2621 2620



Recent Lines of Management of Refractory Ascites

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

Section A-Research paper

Mazumder NR, Atiemo K, Daud A, Kho A, Abecassis M, Levitsky J, et al. Patients with persistently low MELD-Na scores
continue to be at risk of liver-related death. Transplantation. 2020;104:1413-1418. [PMC free article] [PubMed]
[Google Scholar]

Heuman DM, Abou-Assi SG, Habib A, Williams LM, Stravitz RT, Sanyal AJ, et al. Persistent ascites and low serum sodium
identify patients with cirrhosis and low MELD scores who are at high risk for early death. Hepatology. 2004;40:802—
810. [PubMed] [Google Scholar]

Somsouk M, Kornfield R, Vittinghoff E, Inadomi JM, Biggins SW. Moderate ascites identifies patients with low model
for endstage liver disease scores awaiting liver transplantation who have a high mortality risk. Liver Transpl.
2011;17:129-136. [PMC free article] [PubMed] [Google Scholar]

Prohic D, Mesihovic R, Vanis N, Puhalovic A. Prognostic significance of ascites and serum sodium in patients with low
meld scores. Med Arch. 2016;70:48-52. [PMC free article] [PubMed] [Google Scholar]

Hadengue A, Lebrec D, Moreau R, Sogni P, Durand F, Gaudin C, et al. Persistence of systemic and splanchnic
hyperkinetic circulation in liver transplant patients. Hepatology. 1993;17:175-178. [PubMed] [Google Scholar]

Kashani, A., Landaverde, C., Medici, V., & Rossaro, L. J. Q. A. I. J. o. M. (2008). Fluid retention in cirrhosis:
pathophysiology and management. 101(2), 71-85.

Lin, Y.-F., Lin, S.-H., Wang, J.-Y., & Dengq, J.-C. J. T. A. j. 0. t. m. s. (2003). Midodrine improves chronic hypotension in
hemodialysis patients. 325(5), 256-261

Tandon, P., Tsuyuki, R. T., Mitchell, L., Hoskinson, M., Ma, M. M., Wong, W. W., ... Bain, V. G. J. L. I. (2009). The effect
of 1 month of therapy with midodrine, octreotide-LAR and albumin in refractory ascites: a pilot study. 29(2), 169-174

Villeneuve, J. P., Verbeeck, R. K., Wilkinson, G. R., Branch, R. A. J. C. P., & Therapeutics. (1986). Furosemide kinetics
and dynamics in patients with cirrhosis. 40(1), 14-20

Werling, K., Chalasani, N. J. G., & Hepatology. (2011). What is the role of midodrine in patients with decompensated
cirrhosis?, 7(2), 134

Angeli, P, Volpin, R., Gerunda, G., Craighero, R., Roner, P., Merenda, R., . . . Maffei-Faccioli, A. J. H. (1999). Reversal of
type 1 hepatorenal syndrome with the administration of midodrine and octreotide. 29(6), 1690-1697

Misra, V., Vuppalanchi, R., Jones, D., Hamman, M., Kwo, P., Kahi, C., . . . therapeutics. (2010). The effects of midodrine
on the natriuretic response to furosemide in cirrhotics with ascites. 32(8), 1044- 1050.

Singh, V. J. L. I. (2017). Midodrine and tolvaptan in patients with cirrhosis and refractory or recurrent ascites: a
randomised pilot study. 37(3), 406-414.

Appenrodt, B., Wolf, A., Griinhage, F., Trebicka, J., Schepke, M., Rabe, C,, . . . Heller, J. J. L. I. (2008). Prevention of
paracentesis-induced circulatory dysfunction: midodrine vs albumin. A randomized pilot study. 28(7), 1019-1025

Rice, J. P., Skagen, C., & Said, A. J. H. (2010). OCTREOTIDE, MIDODRINE, AND ALBUMIN TRIPLE THERAPY DOES NOT
INFLUENCE POST-LIVER TRANSPLANT RENAL OUTCOMES IN PATIENTS WITH HEPATORENAL SYNDROME: 1118. 52,
858A

Eur. Chem. Bull. 2023, 12(Special Issue 12), 2609-2621 2621



