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Abstract

Introduction: The treatment of symptomatic hernia in cirrhotic patients with refractory
ascites is critical but challenging. The objective of this study was to assess the feasibility and
safety of the implantation of alfapump® combined with concomitant hernia repair in

cirrhotic patients with refractory ascites.

Methods: Using data from six European centres, we retrospectively compared patients
treated with alfapump® system implantation and concomitant hernia repair (the combined
treatment group (CT group, n=12)) or with intermittent paracentesis hernia repair (the
standard treatment group (ST group, n=26)). Some patients of the ST group had hernia

repair in an elective setting (STel group) and others in emergency (STem group). The



endpoints were requirement of peritoneal drainage, the rate of infectious complications, the

in-hospital mortality, the length of stay, paracentesis-free survival.

Results: Post operatively, none of the patients in the CT group and 21 patients (80 %) in the
ST group underwent peritoneal drainage for the evacuation of ascites fluid (p<0.0001). The
overall incidence of infectious complications was not different between groups but there
were fewer infections in the CT group than in the STem group (33% vs 81%; p=0.01). There
was no difference for in-hospital mortality. The length of stay was shorter in the CT group
(p=0.03). Paracentesis-free survival was significantly better (p=0.0003) in the CT group than

in the ST group.

Conclusion: Implantation of alfapump combined with concomitant hernia repair seems

feasible and safe in cirrhotic patients however some adverse events must be known.

Keys words: refractory ascites; alfapomp; hernia



INTRODUCTION

Ascites is the most frequent complication of cirrhosis, and has a two-year mortality rate of
50% [1]. The condition becomes refractory to treatment in 10% of patients [2], for whom the
median survival time is 6 months [3-5]. Twenty percent of cirrhotic patients with refractory
ascites develop a hernia, 10 times more than in the general population [6]. The resulting
chronic increase in intra-abdominal pressure, portal hypertension and malnutrition lead to

an elevated frequency of umbilical and inguinal hernias [6-9].

Surgical treatment of an asymptomatic hernia remains a difficult situation and surgery is
avoided whenever possible, due to the elevated associated mortality and morbidity rates,
which can be as high as 8.3% and 21% respectively in cirrhotic patients with ascites [10-12].
However, the morbidity and mortality rates associated with the emergency treatment of a
complicated hernia (mainly for rupture or strangulation or ulceration) and the risk of severe
complications in the absence of treatment have prompted physicians to perform elective
treatment in patients with maintained hepatocellular function and controlled ascites [11, 13-
16] as the morbidity rate associated with elective surgery (about 15%) is similar in
compensated cirrhotic patients and non-cirrhotic patients [14]. Moreover, for patients on a
liver transplant waiting list, it is preferable to perform surgical repair at the same time as

transplantation [17, 18].

Control of ascites before and after surgical hernia repair is essential, in order to avoid ascites
fluid leakage and tension on the scar wall and promote wound healing [14, 16]. To this end,
a peritoneal drain is often left in place for a few days. In the long term, the risk of hernia
recurrence is 45% for poorly controlled ascites and 4% for controlled ascites [10]. Although
repeat paracentesis is currently the first-line treatment for refractory ascites, this approach
can lead to severe complications, such as haemorrhage (in 1%), perforation of the small
intestine (0.4%) or fragmentation of the catheter in the abdominal wall (0.2%) [19, 20].
Decreasing the portal vein pressure with a surgical portosystemic or peritoneovenous shunt
has been recommended as a means of controlling ascites and thus facilitating surgical hernia
repair. Although these shunts are effective for refractory ascites, their use has been limited
by numerous complications. Similarly, a transjugular intrahepatic portosystemic shunt (TIPS)

can be envisaged in a select subset of patients [21].



An automated low flow pump system (alfapump®, Sequana Medical AG, Ziirich, Switzerland)
is an innovative medical device that drains the ascites fluid into the urinary bladder at a low
flow rate, thus avoiding the sudden hemodynamic changes associated with paracentesis. It

has been evaluated in studies without hernia repair during the same procedure [22, 23].

The objective of this retrospective, multicentre, European pilot study was to compare the
combined, concomitant treatment of refractory ascites with alfapump® and surgical repair of
an hernia to a group of cirrhotic patients with refractory ascites and having undergone repair

of a complicated or symptomatic hernia.

Patients and Methods
Population and inclusion criteria

Two groups of patients with cirrhotic refractory ascites were retrospectively studied between
January 2008 and February 2017. Patients were attending one of four university or general hospitals
in France (Amiens, Clichy, Compiegne, and Saint-Quentin) or two in Switzerland (Geneva and Bern).
The first group of patients was the group of patients with a combined treatment (alfapump® and the
repair of a symptomatic or complicated umbilical or inguinal hernia in the same surgical session) (i.e
Combined Treatment group) (CT group). The second group of patients was the group of patients with
a ST (symptomatic or complicated hernia repair without alfapump® insertion during hernia repair
procedure) (ST group). In the CT group, all patients were managed in an elective situation. In the ST

group, patients were managed in an elective situation (STel group) or in emergency (Stem group).

The non-inclusion criteria were age under 18, a time interval between implantation of the alfapump®
and the hernia repair, an asymptomatic hernia, non-refractory ascites, loculated ascites and the use
of other techniques for the treatment of refractory ascites (a TIPS, the PleurX device, or a peritoneo-

venous shunt).

Endpoints
The endpoints were:
- short term outcomes: length of the procedure, requirement of surgical peritoneal

drainage; the rate of infectious complications, the rate of local complications related to

hernia repair, the in-hospital mortality and the length of stay.

- long-term outcomes: hernia recurrence rate, renal status, evaluation of mortality,

requirement of paracenteses.



- complications related specifically to the insertion of the pump

A comparison was performed between the overall population of both group and a subgroup
analysis was performed to compare the CT group to patients managed electively or in

emergency in the ST group.
Diagnosis of cirrhosis

Cirrhosis was diagnosed on the basis of a set of clinical, biochemical, radiographic, endoscopic and
histological datasets and/or the results of non-invasive assessments (the Fibroscan or Fibrotest).
Refractory ascites was defined as ascites that could not be mobilized by a low-sodium diet or optimal
diuretic treatment (400 mg/day spironolactone plus 160 mg/day furosemide) or cases of diuretic-

associated complications [24].

Treatment protocols

In the CT group, the implantation of an alfapump® was indicated in cases of refractory ascites for
which a TIPS was contra-indicated (i.e. hepatic encephalopathy, heart failure and portal thrombosis).
The alfapump® was contra-indicated in cases of (i) poorly controlled spontaneous bacterial
peritonitis or systemic infections, (ii) severe portal hypertension with large oesophageal varices, (iii)
kidney failure, (iv) severe malnutrition, and (v) bladder or prostate diseases with dysuria. The
alfapump® was implanted during an elective, scheduled surgical session as recently published
(figurel) [25]. On the day before implantation, each patient was admitted to hospital and underwent
paracentesis - although the abdominal cavity was not totally emptied and diuretics and any
potentially nephrotoxic drugs were withdrawn. Long-term antibiotic prophylaxis (with norfloxacin)
was initiated. On the next day, the alfapump® was implanted, by digestive surgeon under general
anaesthesia, in the abdominal wall, along with its peritoneal catheter and its tunnelled subcutaneous
catheter leading to the bladder. In this same operative time, elective hernia repair was performed. It
consisted of reduction of the hernia (after checking for vitality), removal of the herniated sac, and
omphalectomy. If the small intestine was trapped in the hernia orifice or the segment was necrotic,
segmental resection (and, in some cases, anastomosis) was performed. The surgeon was free to
decide mesh associated, and whether or not drainage was required. In the first few days after
implantation and hernia repair, each patient was taught how to charge the alfapump® daily. The
hepatologist team in each centre was responsible for clinical follow-up and adjustment of the

alfapump®’s flow rate.



In the ST group, the paracentesis were performed as needed, at a mean of 2 to 3 times a month. The
removal of five or more litres of ascites fluid by paracentesis was compensated by albumin perfusion
(8 g per litre removed). A low-sodium diet and diuretics were allowed, depending on the patient’s

renal status.

Data collection

Data were collected retrospectively. The day of inclusion (D0) was defined as the day of surgery (i.e.
combined alfapump® implantation and hernia repair) in the CT group, and the day of hernia repair in
the ST group. The follow-up period was 6 months in the two groups. The total length of stay in

hospital (in days) for each patient was noted.

The clinical parameters collected at inclusion were as follows: age (years), gender, height (cm),
weight (kg), body mass index (kg/m?), alcohol intake (g/L), the aetiology of cirrhosis, the history of
ascites (frequency of paracentesis, volume per paracentesis, and use of diuretics), complications of
cirrhosis (such as hepatic encephalopathy, hepatocellular carcinoma, portal thrombosis, rupture of
oesophageal varices, hydrothorax, spontaneous bacterial peritonitis, previous urinary tract or lung
infections, and bacteraemia). The following surgical parameters were recorded: emergency or
elective status, the indication for hernia repair (rupture of a strangulated hernia, symptomatic
hernia, trophic disorders, etc.), the requirement for intraperitoneal drainage, and the latter’s
duration (in days) if applicable. The patient’s clinical biochemistry parameters prior to surgery and
then after surgery (weekly for the first month, and then monthly until the end of the 6-month follow-
up period) were recorded: aspartate aminotransferase (ASAT), alanine aminotransferase (ALAT),
gamma-glutamyl transferase (GGT), alkaline phosphatases, total bilirubin, conjugated bilirubin,
prothrombin time level (PT), the international normalized ratio (INR), the platelet count,
albuminaemia, the leukocyte count, haemoglobin, the C-reactive protein and creatinine levels. The
severity of cirrhosis was evaluated using the Child-Pugh and Model of End-Stage Liver Disease (MELD)

scores.

Complications related to cirrhosis were noted: spontaneous bacterial peritonitis, urinary tract and/or
blood infections, hepatic encephalopathy, liver failure, hepatocellular carcinoma, acute kidney injury
(AKI). The latter was defined according to the International Club of Ascites’s latest criteria; AKI stage
1: an increase in serum creatinine 1.5-1.9 times from baseline within 7 days or > 26.5 pmol/I within
48 hours; AKI stage 2: an increase 2.0-2.9 times from baseline; AKI stage 3: an increase 3.0 times
from baseline or > 353.6 pmol/l, or the initiation of renal replacement therapy [26]. Complications
related to implantation of the alfapump® (site infection, operating failure, malfunction, blockage,

catheter fragmentation, etc.) and complications of hernia repair (surgical site infections, local



hematoma, hernia recurrence, effusion of ascites fluid through the wound, etc.) were also noted. We
noted the date of the first paracentesis after surgery or after removal of the peritoneal drainage.

Lastly, the date and the cause of death were extracted from deceased patients’ medical records.
Statistical analysis

Quantitative variables were expressed as the mean + standard deviation (SD) or the median (range)
and then compared using Student’s t-test or a Mann-Whitney test. Qualitative variables were
expressed as the number (percentage) and then compared using a chi-squared test or (for small
samples) Fisher’s exact test. The curves for overall survival and paracentesis-free survival were
plotted and compared using a log-rank test. The threshold for statistical significance was set to
p<0.05. The statistical analysis was performed using the BiostaTGV application in R software

(https://marne.u707.jussieu.fr/biostatgv/).

All patients gave their verbal, informed consent for this retrospective study, and patients having
received an alfapump® additionally gave their written, informed consent. The study was performed

in accordance with the tenets of the Declaration of Helsinki and good clinical practice.

RESULTS

Population

In the CT group there were 12 patients from the investigating centres in Amiens (France; n=2), Bern
(Switzerland; n=3), Clichy (France; n=1), and Geneva (Switzerland; n=6). In the ST group there were
26 patients from Amiens (n=13), Geneva (n=1), Compiegne (France; n=11) and Saint-Quentin, France

(n=1) (Figure 2).

Baseline characteristics of the study population

The study population’s clinical and biochemical characteristics are summarized in Table 1. The
proportion of patients with viral cirrhosis was higher in the CT group than in the ST group (p=0.02).
The two groups did not differ significantly with regard to age, the Child-Pugh or MELD severity
scores, the type of hernia, the paracentesis variables or the length of follow-up.

All the patients in the CT group underwent elective surgery for a symptomatic but non-complicated
umbilical or inguinal hernia, whereas 16 patients (61%) in the ST group had undergone emergency
surgery (Stem group) (p<0.05). The indications in both groups were summarized in table 1. In two
patients having undergone emergency surgery for a strangulated hernia, small intestine ischemia

necessitated a segmental bowel resection.



Endpoints
Short-term outcomes

Requirement of surgical peritoneal drainage

During the post-operative period, none of the patients in the CT group underwent peritoneal
drainage for the evacuation of ascites fluid vs 21 patients (80 %) in the ST group (p<0.0001). In the
ST group, the mean duration of peritoneal drainage was 11.7 £ 7.6 days (median (range): 10 (1-28)).

The rate of infectious complications

The overall incidence of infectious complications was 33% (4 out of 12 patients) in the CT group vs.
57% (15 out of 26 patients) in the ST group (p=0.29). There was no difference between the two
groups with regard to the type of infection (Table 2). When comparing the CT group with the STel
group (n=10), there was no significant difference in the incidence of infectious complications (33%
and 20%, respectively; p=0.6). There were fewer infections in the CT group than in the Stem group
(33%, 4 out of 12, and 81%, 13 out of 16, respectively; p=0.01).

The rate of local complications related to hernia repair

None of the patients in the CT group and 8 of the 26 patients (30%) in the ST group presented local
complications related to the hernia repair (p=0.03). When comparing the CT group with the Stem
(n=16), the incidence of local complications was respectively 0% (0 out of 12) and 37% (6 out of 16;
p=0.02). The following complications were observed in the ST group: 2 cases of wound dehiscence
(7%), 1 case of leakage of ascites fluid through the wound (3%), 4 cases with a local abscess (15%),
and 3 cases with local hematoma (11%).

In-hospital mortality

No patients dying in the CT group. In the ST group, one of the 26 patients (4%) dying. This patient was
treated for a strangulated hernia with small intestine resection dying as a result of stomal bleeding.

The length of stay

The mean * SD length of stay was 12.8 + 11 days (median (range): 6.5 (3-76)) in the CT group and 20
+ 12 days (median (range): 15.5 (2-114)) in the ST group (p=0.03). In the ST group, the mean length of
stay in the subsets of patients having undergone emergency and elective surgery was respectively 27

days (median (range): 21.5 (8-114)) and 8.1 days (median (range): 7 (4-25)) (p=0.03).

Long-term outcomes

Hernia recurrence rate

Hernia recurrence affected one patient (8%) in the CT group and 4 patients (15%) in the ST group
(p=1); a ruptured hernia recurred in one of the latter patients.

Renal status



With regard to renal status, 11 of the 12 patients in the CT group (91%) and 23 of the 26 patients in
the ST group (88%; p=1) developed AKI (Table 3). For the 11 patients in the CT group with AKI, 2
patients were put on dialysis, and renal function was normalized in 5 patients and stabilized in
another 5. Five patients (41%) in the CT group presented with AKI stage I, including 2 with chronic
kidney failure prior to implantation of the alfapump®.

Requirement for paracenteses

At 6 months, In the CT group, 8 patients (66%) had undergone paracentesis at least once whereas in
the ST group all 26 patients (100%) had undergone paracentesis at least once (p=0.006; odds ratio
[95% confidence interval] = Inf [1.68-Inf]). Paracentesis-free survival was significantly better
(p=0.0003) in the CT group than in the ST group (Figure 3).

Evaluation of mortality

The survival curves for the two groups of patients did not differ significantly at 6 months (Figure 4),
p=0.1. There was no significant difference between the CT and ST treatments groups with regard to
in-hospital mortality (0 out of 12 (0%) vs. 5 out of 26 (19%), respectively; p=0.15) or mortality at 1
month (0 out of 12 (0%) vs. 4 out of 26 (15%), respectively; p=0.2), 3 months (0 out of 12 (0%) vs. 4
out of 26 (15%), respectively; p=0.2) and 6 months (1 out of 12 (8%) vs. 9 out of 26 (34%),
respectively; p=0.12). When comparing the CT group (n=12) with the subset of patients in the ST
group having undergone emergency surgery (n=16), the mortality rate was 1 out of 12 (8%) and 8 out
of 16 (50%), respectively (p=0.03) (Table 4).

The causes of death in the ST group were rupture of oesophageal varices in one case (11%), acute-
on-chronic liver failure in 3 cases (33%), intracerebral haemorrhage in 1 case (11%), stomal bleeding
in 1 case (11%), and acute kidney failure in 1 case (11%). The cause could not be determined in 2

cases (22%). In the CT group, the cause of death was rupture of oesophageal varices.

Complications during the follow-up period related to the pump insertion

The complications related specifically to implantation of the alfapump® included 2 cases of infection
of the device associated with concomitant bacterial peritonitis, 6 cases of malfunction or intermittent
blockage (i.e. the alfapump was obstructed by debris or the omentum), and 1 case in which the
device had to be replaced. Three alfapump® devices (25%) were removed as a result of a liver
transplant (in two cases) or an antibiotic-refractory infection of the device (in one case). In a fourth
patient, the alfapump® failed and had to be replaced. Three patients (25%) reported abdominal pain
(due to infection of the alfapump® in two cases and spontaneous bacterial peritonitis in the other

case).

DISCUSSION

10



This is the first series that reported a combined treatment of refractory ascites and hernia repair

showing the feasibility of this procedure.

Indeed, in the present study, we found that the need for evacuation of ascites fluid was significantly
lower in the CT group than in the ST group (80% vs 0%, p<0.0001), this was not associated with a
difference of risk of infectious complications but led to a significant reduction of long-term

paracentesis and thus a better paracentesis-free survival in the CT group.

The mean prevalence of hernia in cirrhotic patients is 20% but it may be as high as 40% in patients
with refractory ascites [6]. Indeed, refractory ascites is a real challenge for the surgical treatment of
abdominal wall defects in cirrhotic patients. Inadequate ascites control increases the post-operative
complication rate and the hernia recurrence rate, which may be as high as 73% [6, 27]. After surgery,
poorly controlled ascites is an independent risk factor for hernia recurrence; an OR [95%Cl] of 8.51

[2.69-26.9] was determined in a meta-analysis [10].

The timing of hernia repair in the cirrhotic patient (elective repair vs. emergency repair), the use of
Mesh and the laparoscopic approach have all been widely debated over the last few years. The “wait
and see” attitude (with an underlying increase in morbidity and mortality due to refractory ascites
[6]) must be weighed against more recent data showing that elective abdominal wall surgery in the
cirrhotic patient with ascites can indeed be performed before the hernia becomes complicated [28].
However, most literature studies of hernia repair in cirrhotic patients are retrospective and have
small sample sizes; this is why guidelines with a high supporting level of evidence are very limited

[10].

Conventional management of cirrhotic refractory ascites is based on repeated paracentesis, TIPS
placement or liver transplant. More recently, the PleurX [29] and alfapump® devices have been
developed [30]. In a context of hernia repair in patients with refractory ascites, ascites can be better
controlled by the implementation of peritoneal drainage after surgery [31], the use of peritoneo-
venous shunting, or the pre or post-operative implantation of a TIPS [32], however, there is no
consensus on the optimal approach. The alfapump® is a programmable, rechargeable, implantable
device for low-flow drainage of ascites fluid from the peritoneal cavity to the urinary bladder. It was
specifically developed for the management of refractory ascites. The feasibility, efficacy and safety
results of a pilot clinical study of 40 patients were published [30]. It has also been described an
implantation by interventional radiologists with neither general anaesthesia nor surgery [33].
Complications such as catheter blockage and infections of the ascites fluid, the urinary tract or the
device itself were initially reported. However, these complications became less frequent after the

systematic implementation of long-term antibiotic prophylaxis. The recent data from the

11



multicentre, randomized controlled trial confirmed that the alfapump® was associate with a
significant reduction in the requirement for paracentesis, better paracentesis-free survival, and
better quality of life but also a greater incidence of at least one serious adverse events especially
acute kidney failure and nervous system disorders [23, 34]. These adverse events must be known by
the clinician. The information must be given to the patient and balanced with the outcomes of other
techniques. In this randomised control trial, no patients had a hernia repair during the same

procedure than alfapump® implantation.

The objective of the present multicentre, retrospective pilot study was to evaluate the putative
benefit of combining elective abdominal hernia repair with refractory ascites control via alfapump®
implantation during the same surgical session. We constituted a CT group and a ST group, which
were similar with regard to the proportion of patients with alcoholic cirrhosis, age, and severity of
cirrhosis. However, the groups were not balanced with regard to the indication for surgery (elective
for 100% of the patients in the CT group but for 38% of those in the ST group). Although we built the
control (standard treatment) group by using data bases screening technique, we found relatively few
refractory ascites patients having undergone elective hernia repair. This is related to the reluctance
of anaesthetists and surgeons to operate on patients with severe cirrhosis (with a score of MELD >14
and a Child C score [35]) and poorly controlled ascites[10]. However it is a major bias in the analysis

of the results as morbidity cannot be strictly compared between groups.

The mean length of stay in the CT group (12.8 days) was significantly shorter than in the ST group (20
days, with medians of 6.5 and 15.5 days, respectively). This difference can be explained by the
absence of post-operative peritoneal drainage, fewer infectious complications, fewer hernia-related
post-operative complications and no emergency procedures in the CT group. We observed a greater
difference between the mean and median lengths of stay in the CT group, suggesting the presence of
greater heterogeneity than in the standard treatment. The mean length of stay in the two groups
was similar to the literature data. In a study of ten refractory ascites patient having received an
alfapump®, the mean length of stay was 11 days [36]. The median length of stay of the cirrhotic
patients with elective hernia repair varied from 3 to 5 days [13, 35], whereas the patients having

undergone emergency surgery were hospitalized for longer (between 5 and 14 days)[15, 28].

Our study results revealed a statistically significant advantage for the alfapump® with regard to the
requirement (or not) for paracentesis in 6 months after surgery. Thirty-three percent of the patients
in the CT group no longer required paracenteses, whereas all the patients in the ST group underwent
at least one paracentesis. In the preliminary study of 40 patients with an implanted alfapump®, 40%

of the patients no longer required paracenteses. Furthermore, the number of paracenteses per

12



month fell from 3.4 before alfapump® implantation to 0.24 paracenteses after implantation [30]. A
second study confirmed this result, and showed a fall in the number of paracenteses per month from
3.36 paracenteses before alfapump® implantation to 0.45 after the implantation[36]. Lastly, in the
randomized trial, the mean number of paracenteses over 6 months was 1.1 for patients with an
implanted alfapump® and 8.6 in a group of patients without an alfapump® [23]. The same results are
reported in a post marketing registry [37]. Lastly, it is important to note the absence of a
requirement for immediate post-operative peritoneal drainage in the CT group studied here in the

period, which thereby eliminates the risk of secondary infections and haematoma.

In the three literature studies, kidney failure after implantation of alfapump® occurred in 27.5%, 50%
and 51% of cases [23, 30, 36]. A study by Sola et al. specifically assessing renal function after
alfapump insertion in ten patients also found that treatment with alfapump system was associated
with impairment of renal function [38]. In the present study, we have observed higher but similar
frequencies of kidney failure (91% and 88% in the CT and ST groups respectively). In the CT group,
16% of the patients with AKI were dialysed, renal function was stabilized in 16% and normalized in
66% after albumin perfusion and volume expansion. It should be noted that the evaluation of renal
complications included selection bias because some centres implanted an alfapump® in patients with
pre-existing chronic kidney failure. Lastly, we used the International Club of Ascites’ criteria for AKI,
which are more sensitive for the detection of kidney failure in cirrhotic patients (relative to a

creatinine threshold of 133 umol/I [26]).

Local/regional post-operative complications related to hernia repair were significantly more frequent
in the ST group (30%) than in the CT group (0%). Controlling ascites through continuous drainage by
the alfapump® promoted good skin healing and helped to avoid leakage of ascites through the
wound, early dehiscence, and long-term recurrence. However, this advantage was not significant for
patients in the ST group having undergone elective surgery. The alfapump®’s impact on
local/regional complications may be similar to that of a TIPS. In a cohort of 21 patients having
undergone surgery for a complicated hernia (including 8 cases with prior or subsequent TIPS
implantation), the incidence of wound healing complications was 17% in the TIPS group and 27% in
the non-TIPS group. Hence, TIPS placement did not influence the mid- or long-term mortality but
appeared to decrease the occurrence of wound healing complications [32]. However, a TIPS is not
applicable in all patients - heart failure, severe hepatocellular insufficiency, portal thrombosis and
hepatocellular carcinoma are contraindications - and the surgical procedure is performed separately
from hernia repair (i.e. two sessions of general anaesthesia, compared with just one for alfapump®

implantation in the CT protocol). The infectious complication rates were similar in both groups

13



studied here, although the rate was lower in the CT group than in the subset of patients in the ST

group having undergone emergency surgery.

Complications related to implantation or operation of the alfapump® (infections, malfunction or
blockage) affected 58% of the patients in our CT group (vs. 52% in the randomized trial [23]). CT does
not appear to increase the frequency of alfapump®-related complications. Three alfapumps® (25%)
had to be removed due to liver transplant (in 2 cases) and infection of the device (1 case). In the
original study, 13 of the 40 alfapumps® (32%) were removed due to non-controlled infections (7
cases), catheter disconnection (3 cases), wound dehiscence (1 case), and withdrawal of consent (2
cases)[30]. In another study of 10 patients, five alfapump® (50%) were removed, due to death (3
patients), liver transplant (1 patient) and device failure (1 patient) [36]. Lastly, in the randomized
trial, 3 alfapumps® (11%) were removed due to non-controlled infections (2 cases) and dehiscence (1
case) [23]. Even though a case of sclerosing peritonitis has been reported [30], alfapump®
implantation is not a contraindication for liver transplant. Recently, complications and outcomes
after alfapump® implantation have been shown to decrease after technical modifications (especially

concerning catheter) [39].

The 6-month mortality rate was higher in the ST group than in the CT group (34% vs. 8%,
respectively), although the difference was not statistically significant. In fact, the difference was
statistically significant only when patients having undergone emergency surgery were considered.
This result is not surprising because it has already been shown that patients having undergone
emergency surgery have higher mortality and post-operative complication rates than electively
operated patients. A literature review of 16 retrospective studies in cirrhotic patients with refractory
ascites and an hernia reported a mortality rate of 2.7% and a morbidity rate of 21% [10]. This
encouraging result must be interpreted with caution because the numbers of patients having
undergoing emergency vs. elective surgery were not reported. Hence, we cannot conclude that
alfapump® implantation influenced the mortality or morbidity rates and the adverses events at
implantation are pitfalls that should be address by a radnomised control trial comparing hernia repair
with or without alfapump. In the same study, the hernia recurrence rate was 44% for non-controlled
ascites and 4% for controlled ascites, as assessed over a follow-up period ranging from 6 to 24
months [10]. In the present study, a hernia recurred in only one of the 12 patients (8%) in the CT
group (vs. 4 patients (15%) in the ST group), after median follow-up periods of 5 and 4 months,

respectively.

Our study had several limitations. It was a non-randomized, retrospective study, with a small sample

size and a lack of statistical power - particularly for patients in the ST group having undergone

14



elective hernia repair. A study comparing the alfapump® with repeated paracentesis or a TIPS in

electively operated patients is required.

In conclusion, the present pilot study established the feasibility of simultaneous treatment of the
cirrhotic refractory ascites with an alfapump®, enabling the elective hernia repair. This combination
is associated with a shorter mean length of stay, and provides effective ascites control. It is
associated with fewer local/regional complications, fewer infections, and better survival, relative to
ST(i.e. repeated paracentesis and emergency surgery). However, the advantages over ST with
elective hernia repair have yet to be established. The value of this combination treatment
(particularly with regard to both elective hernia repair and a TIPS) should now be investigated in a

randomized trial.

15



REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Moore KP, Aithal GP. Guidelines on the management of ascites in cirrhosis. Gut 2006; 55
Suppl 6: vil-12.

Singhal S, Baikati KK, Jabbour, Il, Anand S. Management of refractory ascites. Am J Ther 2012;
19: 121-32.

Salerno F, Borroni G, Moser P, Badalamenti S, Cassara L, Maggi A, et al. Survival and
prognostic factors of cirrhotic patients with ascites: a study of 134 outpatients. Am J
Gastroenterol 1993; 88: 514-9.

Guardiola J, Baliellas C, Xiol X, Fernandez Esparrach G, Gines P, Ventura P, et al. External
validation of a prognostic model for predicting survival of cirrhotic patients with refractory
ascites. Am J Gastroenterol 2002; 97: 2374-8.

Moreau R, Delegue 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: 457-64.
Belghiti J, Durand F. Abdominal wall hernias in the setting of cirrhosis. Semin Liver Dis 1997,
17:219-26.

Baron HC. Umbilical hernia secondary to cirrhosis of the liver. Complications of surgical
correction. N Engl J Med 1960; 263: 824-8.

Shlomovitz E, Quan D, Etemad-Rezai R, McAlister VC. Association of recanalization of the left
umbilical vein with umbilical hernia in patients with liver disease. Liver Transpl 2005; 11:
1298-9.

Oh HK, Kim H, Ryoo S, Choe EK, Park KJ. Inguinal hernia repair in patients with cirrhosis is not
associated with increased risk of complications and recurrence. World J Surg 2011; 35: 1229-
33; discussion 34.

McKay A, Dixon E, Bathe O, Sutherland F. Umbilical hernia repair in the presence of cirrhosis
and ascites: results of a survey and review of the literature. Hernia 2009; 13: 461-8.

Hansen JB, Thulstrup AM, Vilstup H, Sorensen HT. Danish nationwide cohort study of
postoperative death in patients with liver cirrhosis undergoing hernia repair. Br J Surg 2002;
89: 805-6.

Leonetti JP, Aranha GV, Wilkinson WA, Stanley M, Greenlee HB. Umbilical herniorrhaphy in
cirrhotic patients. Arch Surg 1984; 119: 442-5.

Eker HH, van Ramshorst GH, de Goede B, Tilanus HW, Metselaar HJ, de Man RA, et al. A
prospective study on elective umbilical hernia repair in patients with liver cirrhosis and
ascites. Surgery 2011; 150: 542-6.

Carbonell AM, Wolfe LG, DeMaria EJ. Poor outcomes in cirrhosis-associated hernia repair: a
nationwide cohort study of 32,033 patients. Hernia 2005; 9: 353-7.

Gray SH, Vick CC, Graham LA, Finan KR, Neumayer LA, Hawn MT. Umbilical herniorrhapy in
cirrhosis: improved outcomes with elective repair. J Gastrointest Surg 2008; 12: 675-81.
Marsman HA, Heisterkamp J, Halm JA, Tilanus HW, Metselaar HJ, Kazemier G. Management
in patients with liver cirrhosis and an umbilical hernia. Surgery 2007; 142: 372-5.

Mateo R, Stapfer M, Sher L, Selby R, Genyk Y. Intraoperative umbilical herniorrhaphy during
liver transplantation. Surgery 2008; 143: 451-2.

de Goede B, van Kempen BJ, Polak WG, de Knegt RJ, Schouten JN, Lange JF, et al. Umbilical
hernia management during liver transplantation. Hernia 2013; 17: 515-9.

Castellote J, Girbau A, Maisterra S, Charhi N, Ballester R, Xiol X. Spontaneous bacterial
peritonitis and bacterascites prevalence in asymptomatic cirrhotic outpatients undergoing
large-volume paracentesis. J Gastroenterol Hepatol 2008; 23: 256-9.

De Gottardi A, Thevenot 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: 906-9.

Copelan A, Kapoor B, Sands M. Transjugular intrahepatic portosystemic shunt: indications,
contraindications, and patient work-up. Semin Intervent Radiol 2014; 31: 235-42.

16



22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Stirnimann G, Berg T, Spahr L, Zeuzem S, McPherson S, Lammert F, et al. Treatment of
refractory ascites with an automated low-flow ascites pump in patients with cirrhosis.
Aliment Pharmacol Ther 2017; 46: 981-91.

Bureau C, Adebayo D, Chalret de Rieu M, Elkrief L, Valla D, Peck-Radosavljevic M, et al.
Alfapump(R) system vs. large volume paracentesis for refractory ascites: A multicenter
randomized controlled study. J Hepatol 2017; 67: 940-9.

European Association for the Study of the L. EASL clinical practice guidelines on the
management of ascites, spontaneous bacterial peritonitis, and hepatorenal syndrome in
cirrhosis. J Hepatol 2010; 53: 397-417.

Dembinski J, Aranovich D, Banz V, Ehmann T, Klein |, Malago M, et al. Surgical technique for
placement of the automated low flow ascites pump (Alfapump). Langenbecks Arch Surg
2020; 405: 117-23.

Angeli P, Gines P, Wong F, Bernardi M, Boyer TD, Gerbes A, et al. Diagnosis and management
of acute kidney injury in patients with cirrhosis: revised consensus recommendations of the
International Club of Ascites. J Hepatol 2015; 62: 968-74.

Maniatis AG, Hunt CM. Therapy for spontaneous umbilical hernia rupture. Am J
Gastroenterol 1995; 90: 310-2.

Chatzizacharias NA, Bradley JA, Harper S, Butler A, Jah A, Huguet E, et al. Successful surgical
management of ruptured umbilical hernias in cirrhotic patients. World J Gastroenterol 2015;
21:3109-13.

Reinglas J, Amjadi K, Petrcich B, Momoli F, Shaw-Stiffel T. The Palliative Management of
Refractory Cirrhotic Ascites Using the PleurX ((c)) Catheter. Can J Gastroenterol Hepatol
2016; 2016: 4680543.

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: 922-7.

Elsebae MM, Nafeh Al, Abbas M, Farouk Y, Seyam M, Raouf EA. New approach in surgical
management of complicated umbilical hernia in the cirrhotic patient with ascites. J Egypt Soc
Parasitol 2006; 36: 11-20.

Telem DA, Schiano T, Divino CM. Complicated hernia presentation in patients with advanced
cirrhosis and refractory ascites: management and outcome. Surgery 2010; 148: 538-43.
Karkhanis S, Jones R, Willis A, McCarthy E, Zia Z, Mehrzad H, et al. Radiological insertion of
automated low flow ascitic pump (alfapump((R))) system for management of medically
refractory ascites. BJR Case Rep 2017; 3: 20170025.

Stepanova M, Nader F, Bureau C, Adebayo D, Elkrief L, Valla D, et al. Patients with refractory
ascites treated with alfapump(R) 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: 1513-20.

Andraus W, Pinheiro RS, Lai Q, Haddad LBP, Nacif LS, D'Albuquerque LAC, et al. Abdominal
wall hernia in cirrhotic patients: emergency surgery results in higher morbidity and mortality.
BMC Surg 2015; 15: 65.

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: 979-83.

Stirnimann G, Banz V, Storni F, De Gottardi A. Automated low-flow ascites pump for the
treatment of cirrhotic patients with refractory ascites. Therap Adv Gastroenterol 2017; 10:
283-92.

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: 583-93.

17



39.

Solbach P, Honer Zu Siederdissen C, Wellhoner 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: 1082-9.

18



Table 1: Baseline characteristics of the participants in each of the two study groups

Combined treatment group

Standard treatment group

(alfapump® plus surgery) (paracentesis plus surgery) p
(n=12) (n=26)

Female sex, n (%) 5 (41%) 3(11%) 0.08
\Age (years) mean (range) 56 (44-68) 58 (34-84) 0.4
Body mass index (kg/m?) 244 £3.7 24+3 0.9
Aetiology of cirrhosis
Alcohol, n (%) 8 (66%) 22 (84%) 0.2
INASH, n (%) 0 (0%) 3(11%) 0.5
Viral infection, n (%) 3 (25%) 0 (0%) 0.02
Autoimmune hepatitis, n (%) 1 (8%) 1 (3%) 0.5
Severity scores
IProthrombin time (%) PT, mean = SD 63 +10 60 +12 0.09
Creatinine (umol/L), mean + SD 88 +42 89 +55 0.9
[Total bilirubin (umol/L), mean + SD 47 £ 45 36 + 25 0.4
Kidney failure, n (%) 3 (25%) 7 (26%) 1
Child-Pugh score, mean + SD 9+1.02 9+1.6 0.3
Child-Pugh A/B/C, n 0/9/3 0/18/8 1
MELD score, mean + SD 14+4.3 13+6.1 0.7
Hepatocarcinoma, n (%) 2 (16%) 6 (23%) 1
Oesophageal varices, n (%) 12 (100%) 23 (88%) 0.5
Variceal ligation, n (%) 6 (50%) 5 (19%) 0.06
Portal vein thrombosis, n (%) 1 (8%) 4 (15%) 1
[Infections before surgery n (%)
Urinary tract, n (%) 2 (16%) 1 3%) 0.2
Spontaneous bacterial peritonitis, n (%) 6 (50%) 6 (23%) 0.1
Bacteraemia, n (%) 0 (0%) 1 3%) 1
History of paracentesis
IParacenteses per month, (n) mean + SD 29+1.5 2.19+09 0.14
]S)];ratlon of repeated paracentesis (years), mean + 125405 135408 06
Ascites volume per paracentesis (L), mean + SD 6.08£2.3 6.26+2.3 0.8
Type of hernia
\Umbilical, n (%) 10 (83%) 25 (96%) 0.2
Inguinal, n (%) 2 (16%) 1 (3%) 0.2
Nature of the intervention
[Emergency, n (%) 0 (0%) 16 (61%) 0.0002
Elective (scheduled), n (%) 12 (100%) 10 (38%) 0.0002
[Indications for surgery (hernia repair)
[Trophic skin changes, n (%) 2 (16%) 10 (38%) 0.2
Symptomatic hernia, n (%) 10 (83%) 1 (3%) 0.0001
Ruptured umbilical hernia, n (%) 0 (0%) 10 (38%) 0.01
Strangulated umbilical hernia, n (%) 0 (0%) 5 (19%) 0.1
Mean length of follow-up (months), mean + SD 5.04+1.2 4.6+1.6 0.5
ILength of the procedure (min) 75+5 55+3 0.04
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Table 2: Follow-up of infectious complications in both groups

Combined treatment group Standard treatment group P
(alfapump® plus surgery) (paracentesis plus surgery)
(n=12) (n=26)

All infections, n (%) 4 (33%) 15 (57%) 0.29
Urinary tract infection 0 (0%) 2 (7%) 1
Spontaneous bacterial 4 (33%) 12 (46%) 0.5

peritonitis
Local infection 0 (0%) 4 (15%) 0.2
(abscess)
Bacteraemia 2 (16%) 4 (15%) 1
Fever 1 (8%) 3(11%) 1
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Table 3: Acute kidney injury (AKI) during follow-up in both groups

Combined treatment group | Standard treatment group p
Acute kidney injury (alfapump® plus surgery) | (paracentesis plus surgery)
stage, n (%) (n=12) (n=26)

AKI>1 11 (91%) 23 (88%) 1
AKI1 3 (25%) 15 (57%) 0.08
AKIII 3 (25%) 5 (19%) 0.6
AKI 1T 5 (41%) 3(11%) 0.08
Hepatorenal syndrome 0 2 (7%) 1
Renal replacement therapy 2 (16%) 0 (0%) 0.09
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Table 4: Mortality in both groups

Mortality Combined treatment group | Standard treatment group p
(alfapump® plus surgery) | (paracentesis plus surgery)
(n=12) (n=26)
1 month 0/12 4/26 (15%) 0.2
3 months 0/12 4/26 (15%) 0.2
6 months 1/12 (8%) 9/26 (34%) 0.12
In-hospital 0/12 5/26 (19%) 0.15
(alfapump® plus surgery) | (paracentesis plus surgery)
(n=12) (emergency surgery, n=16)
1 month 0/12 4/16 (25%) 0.1
3 months 0/12 4/16 (25%) 0.1
6 months 1/12 (8%) 8/16 (50%) 0.03
In-hospital 0/12 5/16 (31%) 0.05
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Legend of the figures

Figure 1: Peroperative vues for pump insertion : upper line (from left to right) bladder
catheter and peritoneal catheter insertion, pump pocket creation. Lower line : before and
after hernia repair.

Figure 2: Flow chart

Figure 3: 6-months paracentesis-free survival in the combined treatment group and the standard
treatment group

Figure 4: 6-month survival in the combined treatment group and the standard treatment group
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Figure 1:
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Figure 2: Flow chart
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Figure 3: 6-months paracentesis-free survival in the combined treatment group and the standard

treatment group
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Figure 4: 6-month survival in the combined treatment group and the standard treatment group
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