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Abstract
CKGROUND

Long-term abdominal drains (LTAD) are a cost-effective palliative measure to manage
malignant ascites in the community, but their use in patients with end-stage chronic
liver disease and refractory ascites is not routine practice. The safety and cost-
effectiveness of LTAD are currently being studied in this setting, with preliminary
positive results. We hypothesised that palliative LTAD are as effective and safe as
repeat palliative large volume paracentesis (LVP) in patients with cirrhosis and

refractory ascites and may offer advantages in patients” quality of life.

AIM
To compare the effectiveness and safety of palliative LTAD and LVP in refractory

ascites secondary to end-stage chronic liver disease.

METHODS
A retrospective, observational cohort study comparing effectiveness and safety

outcomes of palliative LTAD and regular palliative LVP as a treatment for refractory




ascites in consecutive patients with end-stage chronic liver disease followed-up at our
UK tertiary centre between 2018 and 2022 was conducted.

Fisher’s exact tests and the Mann-Whitney U test were used to compare qualitative and
quantitative variables, respectively. Kaplan-Meier survival estimates were generated to

stratify time-related outcomes according to the type of drain.

RESULTS
Thirty patients had a total of 35 indwelling abdominal drains and nineteen patients
derwent regular LVP. The baseline characteristics were similar between the groups.
Prophylactic antibiotics were more frequently prescribed in patients with LTAD (P =
0.012), while the incidence of peritonitis did not differ between the two groups (P =
0.46). The incidence of acute kidney injury (P = 0.014) and ascites/ drain-ﬁelated hospital
admissions (P = 0.004) were significantly higher in the LVP group. The overall survival
was similar in the two groups (log-rank P = 0.26), but the endpoint-free survival was
significantly shorter in the LVP group (P = 0.003, P < 0.001, P = 0.018 for first
ascites /drain-related admission, acute kidney injury and drain related complications,

respectively).

CONCLUSION
The use of LTAD in the management of refractory ascites in palliated end-stage liver
disease is effective, safe, and may reduce hospital admissions and utilisation of

healthcare resources compared to LVP.

INTRODUCTION

In Europe, liver-related mortality has risen from 2.3% of all deaths in 1990 to 3% in
20191, Patients with advanced liver disease who are not eligible for transplant
frequently need palliative care due to their high risk of death, high burden of

symptoms, poor quality of life, and frequent hospitalizations. Early provision of




palliative care can lead to improvements in quality of life and reduction of the physical
and psychological symptom burden, with the potential for reduced utilisation of
healthcare resources and even ilgjroved survival for patients with serious illnesses/2l.
Similarly, timely palliative care can improve health-related quality of life and reduce
the need for hospitalisation of patients with advanced liver cirrhosisB-5l. Ascites
remains the most common complication in cirrhosis that necessitates hospitalisation,
and progresses to refractory ascites (RA) in up to 30% of casesltl. As many as 20% of
patients presenting with ascites die within the first year of diagnosisl’l. RA is classified
as either diuretic resistant or diuretic intractable and, following the onset of RA,
patients have a median lifespan of 6-12 months in the absence of liver transplantation/(sl.
e current guidelines for the management of RA recommend LVPEl with intravenous
albumin infusion to decrease the risk of paracentesis-induced circulatory dysfunction(®l.
Although LVP is considered safe, it requires patient-hospital contact as often as weekly
and is associated with poor quality of life and malnutrition which, together, increase
morbidity and mortality(81011].
In selected patients with RA, transjugular intrahepatic portosystemic shunt (TIPS) and
Automated Low-Flow Ascites Pump System (alfapump O[AP] system) are therapeutic
alternatives to repeated LVPI911 However, TIPS is contraindicated in patients with
marked pulmonary arterial hypertension, heart failure, hepatic encephalopathy,
coagulopathy, and elevated right or left heart pressuresli2l, whereas the alfapump®
system is contraindicated in patients with obstructive uropathy, advanced sarcopenia,
bed confinement and abdominal skin infections(®l. Clinical trials are still being
conducted to determine the best candidates for the alfapump® device and its cost
effectivenessl'4],
Individuals with RA who are not eligible for TIPS or liver transplantation, in particular
those with a limited life expectancy, should be considered for palliative care. Repeated
VP is the conventional main treatment in these cases!®l.
Long-term abdominal drains (LTAD) are tunnelled drains inserted under local

anaesthetic, that enable community nurses or trained caregivers to drain small amounts




(1-2 L) of ascitic fluid at home, up to three times a week, thus reducing hospital visits
and use of healthcare resourcesl!516l. They represent a reliable and cost-effective
strategic option in the palliative management of recurrent malignant ascites and are
currently being studied as a palliative measure in RA[16-19],

Absolute contraindications to the insertion of LTAD include loculated or chylous
ascites, candidacy for liver transplantation or TIPS, and very short life expectancy,
whilst severe renal impairment, previous life-threatening spontaneous bacterial
éeritonitis and active infection are considered relative contraindications/'8l.

There are currently two types of LTAD available in the UK: PleurX™, recently
rebranded as PeriX™ (UK Medical, Basingstoke, UK) and Rocket® (Rocket Medical plc,
Watford, UK)[201.

In 2022, the British Association for the Study of the Liver/British Society of
aastroenterology (BASL/BSG) End of Life Special Interest Group published a
consensus to help standardise the use of long-term abdominal drains in cirrhosis,
including patient selection and community management(2l. A recent feasibility trial
conducted in the UK compared palliative LTAD with LVP in refractory ascites
secondary to advanced liver disease.['8] The trial yielded positive results on the efficacy,
safety, acceptability, and decreased healthcare resource utilisation of LTADISL.
However, pending the results of a national multicentre randomised controlled trial
(REDUCe2, ISRCTN26993825), LTAD are currently not used as standard of care in
advanced decompensated cirrhosis.

To contribute real-world data to the available scarce evidence, our study aimed to
further investigate this subject by retrospectively evaluating the effectiveness and safety
of LTAD in comparison with recurrent LVP, which is the current standard of care, in
palliated patients with end-stage liver disease and RA followed-up at a UK tertiary

centre.

MATERIALS AND METHODS

Study design




This is a retrospective, single centre, observational cohort study aimed at analysing the
effectiveness and safety of palliative LTAD in comparison with repeat palliative LVP in
patients with end-stage liver disease and RA followed-up at the Oxford University
Hospitals NHS Foundation Trust, Oxford, United Kingdom, between January 2018 and
December 2022.

Patient characteristics

All consecutive patients above 18 years of age referred to palliative care owing to end-
stage liver disease of any aetiology and RA defined according to the International
Ascites Club criterial?!l (but without loculated, chylous, or malignant ascites), who were
not eligible for TIPS and liver transplantation and had undergone palliative treatment
of ascites at our centre during the 5-year study period with either repeat LVP or LTAD,

were included.

Data collection

Data was retrospectively collected from electronic patient records to avoid recollection
bias, and included: age at diagnosis of RA, aetiology of liver disease, Child-Pugh score
at the time of diagnosis of RA, ascites proteins (as a protein concentration of <15 g/L in
ascitic fluid has been associated with an increased risk of developing spontaneous
bacterial peritonitis/®l), use of diuretics, comorbidities, presence of hepatocellular
carcinoma, presence of hepatic encephalopathy, date of LTAD insertion, perioperative
complications, baseline creatinine, eGFR and sodium, date of referral to palliative care,
use of prophylactic antibiotics, occurrence and date of cellulitis, peritonitis, other
localised infections, sepsis, bacteria identified in the case of infection, leakage and
bleeding on the site of the abdominal drain, drain displacement, blockage, hypotension,
acute kidney injury (AKI), date and reason for hospital admissions, total number of
hospital admissions, frequency of ascitic drainage per week, litres of ascites drained

each time, need for additional LVP, date and cause of death. The presence of shortness




of breath, abdominal pain/discomfort, anorexia and poor mobility before and after

insertion of LTAD were also evaluated.

Large Volume Paracentesis

All paracenteses were undertaken in our dedicated Hepatology Day Case Unit by two
Hepatology Advanced Clinical Practitioners (ACPs). In preparation for the paracentesis
drain insertion, patients received appropriate advice regarding withholding current
anticoagulant treatment, according to the local protocols. Bloods including full blood
count and clotting were taken within 5 days of the drain insertion. An INR >2 and/or a
platelet count < 50x109 were considered contraindications to drain insertion requiring
correction.

A safe insertion site was confirmed using bedside ultrasound, and usually chosen
slightly above the iliac crest, avoiding the inferior epigastric vessels and any visible
vessels. Local anaesthetic (5-10 mL of 2% lidocaine) was injected and a Bonanno Safe-T-
centesis 18G catheter was inserted with aseptic technique following a small incision
with a sterile scalpel. Human albumin was administered (8-10 g/L of ascitic fluid
removed)[8l to prevent paracentesis-induced circulatory dysfunction.

At the time of the first paracentesis, the ascitic fluid was tested for cell count, bacterial
cultures, proteins, amylase, triglycerides and cytology. Ascitic neutrophil count was
routinely tested at every subsequent LVP.

The drain was left in situ for up to six hours. Long-term antibiotic use was not routinely
administered unless history of spontaneous bacterial peritonitis (SBP) was present. The

frequency of LVP varied depending on clinical need and patients” symptoms.

LTAD

Rocket® (Rocket Medical) LTAD insertion was performed in Interventional Radiology
under local anaesthetic using ultrasound guidance, as previously described(??. Bloods
including full blood count and clotting were taken within 5 days of the drain insertion.

Correction of clotting parameters was considered necessary prior to the procedure if




INR > 2 and/or a platelet count < 50x10%. Active anticoagulation was withheld before
drain insertion according to the local protocols. At the time of LTAD insertion, ascitic
cell count, bacterial cultures and proteins were assessed. Until 2020, the decision to
commence prophylactic antibiotics was made on a case-by case basis. Thereafter, all
patients with a LTAD were prescribed long-term prophylactic ciprofloxacin 250mg
twice a day. The Hepatology ACPs arranged referral to district nurses for ascitic
drainage of 1-2 Litres twice a week in the community. Further follow-up in the

Hepatology Day Case Unit was decided on a case-by case basis.

Outcomes

The primary endpoint was the difference in overall survival between patients with
LTAD and patients undergoing repeat LVP. Secondary endpoints were differences in
the incidence of drain-related complications in the two groups and endpoint-free
survival for first ascites/drain-related hospitalisation, time to AKI (defined as an
absolute increase in serum creatinine of at least 26.5micromol/L within 48h or by a
>50% increase in serum creatinine from baseline within 7 days, or a urinary output of
less than 0.5 mL/kg/hour over >6 h [#l) and time to drain-related complications

between the two groups.

Ethics

This study was conducted in accordance with the Declaration of Helsinki Ethical
Principles and Good Clinical Practice and approved by the Clinical Audit Division at
Oxford University Hospitals NHS Foundation Trust (REC:8587). No ethical approval
and informed consent were required for this study, as the information used was
collected as part of the normal clinical care and data were collected retrospectively by

the care team involved, and were anonymised.

Statistical analysis




Categorical variables were expressed as number and percentage. In the LTAD group,
the percentage of patient-related outcomes was calculated using the total number of
patients with LTAD as a denominator, whilst the percentage of the drain-related
complications was computed using the total number of drains inserted as a
denominator. Time O of follow-up was considered the time of LTAD insertion (for the
LTAD group) or the time of the first LVP since deemed palliative/referred to palliative
care (for the LVP group). Data was analysed based on complete case analysis.
Kolmogorov-Smirnov and Shapiro-Wilk test of normality were used to assess the
distribution of quantitative variables, which were expressed as mean and standard
deviation (SD) or median and interquartile range (IQR), as appropriate. Fisher's Exact
test and Mann-Whitney U test were used to compare qualitative and quantitative
variables, respectively.

Kaplan-Meier survival estimate curves were generated to stratify outcomes according to
type of drainage. Patients were censored at death or at the time of last encounter, in case
they were alive on 31/12/2022 or lost to follow-up. Statistical analysis was performed
using SPSS (v.29.0; IMB® SPSS®, Inc, Chicago, IL). A two-sided P value < 0.05 was

considered statistically significant.

RESULTS

Ovwerall characteristics of patients

Forty-nine patients met the criteria for this study. Thirty (61%) had LTAD and 19 (39%)
were treated with repeated LVP only. The median individual follow-yp after decision to
provide palliative care was 165 days (IQR 360), for the whole cohort. Median follow-up
with LTAD in place or undergoing LVP, age, Child-Pugh score, liver disease aetiology,
baseline renal function, ascitic protein, and the presence of hepatocellular carcinoma

were not significantly different between the two cohorts (Table 1).

LTAD Cohort




A total of 35 drains were placed in 30 patients. The amount of ascites drained at each
home visit was 1-2 litres. The median time with drain in place was 135 (IQR 226) days.
This group had a mean age of 71+11 years; 18 (60%) patients were male. The most
common aetiology of liver cirrhosis was alcohol (40%), followed by metabolic
dysfunction-associated steatotic liver disease (MASLD, 30%). At the time of insertion of
the indwelling drains, 9 (30%) patients were classified as Child-Pugh B8, 10 (33%)
patients were classified as B9, and 9 (30%) patients were classified as Child-Pugh
C. The insertion of LTAD was successful in all cases with no procedure-related deaths
or perioperative complications.

Among the 30 patients in the LTAD group, shortness of breath, abdominal discomfort,
anorexia and poor mobility were presentﬁ‘n 11 (37%), 21 (70%), 13 (43%), and 24 (80%),
respectively. Following LTAD insertion, symptomatic relief of shortness of breath and
abdominal pain was seen in 71% and 69% of cases, respectively, while anorexia and
poor mobility resolved in 46% and 37% cases, respectively.

Data on prophylactic antibiotics was available for 31 out of the 35 cases of LTAD
insertion. Prophylactic antibiotics were prescribed in 25 (81%) cases (Table 1).
Ciprofloxacin was the most common choice (88% of cases), while
trimethoprim/sulfamethoxazole was prescribed in 2 (12%) cases. One (4%) patient was
initially ~on  prophylaxis = with  ciprofloxacin = but was switched to
trimethoprim/sulfamethoxazole following development of SBP.

Hospital admission due to ascites or drain-related complications occurred in 11 (37%)
patients with LTAD. The median time to first admission following insertion of the
LTAD was 44 (IQR 93) days.

Drain displacement occurred in 4 (11%) cases and prompted drain removal in 3
patients; catheter blockage occurred in 2 (5%) cases, requiring drain removal in 1. Two
patients (5%) had self-limiting bleed at the drain site, which did not require
hospitalization or removal of the indwelling catheter. Four (11%) patients developed
abdominal cellulitis, one of which was also diagnosed with concurrent bacterial

peritonitis. Blood and ascitic cultures yielded multisensitive Gram-positive S. aureus for




this patient. These infections were treated successfully with antibiotics and resolved
without removal of the catheter. Five out of 30 (17%) patients developed bacterial
peritonitis (total number of peritonitis episodes 10; 3 patients had a single episode, one
patient had 3 episodes and one patient had 4 episodes), despite 2 of them receiving
prophylaxis with ciprofloxacin and 1 with trimethoprim/sulfamethoxazole. Among
these 5 patients, ascitic fluid cultures detected multisensitive E. coli, multisensitive S.
aureus, multi-resistant coagulase negative staphylococci, E. cloacae and

Pseudoglutamicibacter cumminsii. None of these cases resulted in death.

LVP Cohort

The 19 patients in the LVP group had a mean age of 66 +12 years, and 15 (79%) were
male. Alcohol-related liver disease (53%) and MASLD (16%) were again the most
common causes of chronic liver disease. Five (26%) patients were classified as Child-
Pugh B8 and 4 as B7 (21%), while 7 (37%) patients were in Child-Pugh class C. The
median drain frequency was 21 (IQR 7) days. The median follow-up time for these
patients was 80 days (IQR 239).

Twelve (63%) of the 19 patients in this group were on diuretic treatment, and 8 (42%)
were prescribed prophylactic antibiotics (Table 1). In particular, 4 (21%) patients were
prescribed ciprofloxacin and 3 (16%) trimethoprim/sulfamethoxazole. One (5%) patient
developed peritonitis whilst on ciprofloxacin and was then switched to
trimethoprim/sulfamethoxazole.

Hospital admission due to ascites or drain-related complications occurred in 13 (68%)
patients undergoing LVP, with a median time to first admission of 7.5 (IQR 35) days.
Two (11%) patients had drain related cellulitis, 1 of which required hospitalization for
concurrent confusion. One (5%) LVP was complicated by abdominal wall hematoma
requiring interventional radiology-guided embolization of the bleeding vessel. Five
(28%) patients developed bacterial peritonitis despite receiving antibiotic prophylaxis,
i.e, 4 patients with ciprofloxacin and 1 with trimethoprim/sulfamethoxazole. In 2

cases, these infections resulted in death. Ascitic cultures identified E. coli in one case,




while in another case there was no growth despite elevated white cell count on the
ascitic fluid and the presence of symptoms compatible with peritonitis. Streptococcus

species (S. orallis, S. gordonii and S. anginosus) were isolated in the remaining 3 cases.

Comparison of Outcomes

The comparison of the outcomes of interest in the two cohorts is reported in Table 2.
Long-term prophylactic antibiotics were moge frequently prescribed in the LTAD group
compared to the LVP group (81% vs. 42%; P = 0.012). The incidence of peritonitis did
not differ between the two groups (P = 0.46).

Despite a similar use of diuretics, non-selective beta-blockers, antihypertensive,
metformin and laxative in the two groups (Table 1; concomitant pharmacological
treatments for individual patients are listed in Supplementary Table 1), the incidence of
AKI was significantly lower in patients with LTAD (P = 0.014). Furthermore,
ascites /drain-related hospital admissions occurred less frequently in the LTAD cohort
(P =0.004) (Table 2). Median time to first hospitalisation was also significantly longer in
these patients, compared to the LVP cohort (44 vs. 10 days, respectively; P = 0.002).
Other clinical endpoints, such as cellulitis, peritonitis, site leakage, bleeding at drain site
and hypotension were not significantly different between the groups (Table 2).

The overall survival (since palliation) was not significantly different between the two
groups (log-rank P = 0.26), Figure 1. Nevertheless, endpoint-free survival was
significantly shorter in the LVP group for time to first ascites/drain-related
hospitalisation (P = 0.003), time to AKI (P < 0.001) and time to the development of
drain-related complications (P = 0.018) (Figure 2).

A “safety” composite endpoint including (1) death secondary to drain-related
complications, (2) bleeding at the insertion site, (3) bacterial peritonitis, and (4) cellulitis
was also compared between the two cohorts. Again, this was significantly shorter for

the LVP group (log-rank P = 0.018) (data not shown).

DISCUSSION




In our single-centre retrospective e‘ﬁluation of the use of palliative LTAD in
comparison with repeat palliative LVP for the management of RA in patients with end-
stage liver disease, LTAD was associated with a reduced incidence of AKI, as well as a
reduced number of ascites- or drain-related hospital admissions and time to first
hospitalisation. Time to the development of AKI and of drain-related complications was
also significantly shorter in patients with LTAD.

The scarcity of real-world data on indwelling abdominal drains precludes international
societies from making strong recommendations on their use. In its guidelines on the
outpatient therapy of cirrhosis, the British Society of Gastroenterology (BSG)has
mentioned long-term abdominal drains as an experimental approach that may be
considered for patients with advanced liver disease in palliative carel??l.

Following promising results from the REDUCe triall®®l, a 12-week feasibility
randomised controlled trial comparing the use of LVP (19 patients) vs LTAD (17
patients) in RA due to end-stage liver disease, which showed preliminary evidence that
LTAD are acceptable and safe in end-stage liver disease and lead to a reduction in
healthcare resource utilisation, the use of LTAD is currently being evaluated in the
REDUCe2 study, a UK multicentre randomised controlled clinical trial. To our
knowledge, our study represents the largest set of real-world data comparing the use of
LVP vs Rocket® indwelling peritoneal catheters in a cohort of palliated cirrhotic
patients with RA.

We found no significant difference in the incidence of peritonitis between the 2 groups.
All the microorganisms identified were typical for SBP. This is likely the consequence of
the more frequent administration of prophylactic antibiotics in patients with indwelling
catheters compared to those undergoing LVP (83% vs 42%, P = 0.012). In a systematic
review from 2019 assgssing the use of LTAD in end-stage liver diseasel?’, the rates of
bacterial peritonitis (BP) varied from 0% to 42% across individual studies, with an
overall combined rate of 17%, similarly to our study findings. However, it is unclear
whether all reported cases of BP in this systemic review were true BP or there were

cases of positive bacterial cultures secondary to colonisation. The more regular follow-




up schedule in the setting of a clinical trial and the universal treatment with
prophylactic antibiotics in both groups are likely accountable for the lower rates of
peritonitis recorded in the REDUCe study (6% wvs 11% in the LTAD vs LVP group,
respectively)!8], compared to real-world data. In the trial, the LTAD group did not
show an increased rate of peritonitis compared to the LVP group. The incidence of
peritonitis reported in our study may further decrease in the future, as since 2020,
antibiotic prophylaxis is prescribed to all palliated patients with RA undergoing LTAD
insertion at our centre, as per BSG recommendation!20l.
When comparing the occurrence of complications between the two treatment
modalities, there was a significantly lower rate of AKI in the LTAD group (P = 0.014)
despite similar use of diuretics between the two cohorts. Previous studies have focused
on changes in creatinine over time, which hinders a direct comparison between our
findings and other published reports?®l. Contributing factors to the higher incidence of
AKI in the LVP group are likely a higher rate of circulatory dysfunction following
drainage of larger quantities of ascites (despite regular administration of intravenous
albumin), as well as the higher rate of ascites and drain-related admissions seen in this
group, underlining the multifactorial cause of AKI in these patients.
Episodes of leakage and cellulitis were comparable in both groups. These were typically
managed with minimal medical intervention and did not require LTAD removal in any
of the cases. Though higher rates of site leakage and cellulitis were noted in the LTAD
group in our study (34% and 11%, respectively) compared to the aforementioned
systematic review (8% and 6%, respectively)l®l, a comparable incidence of
&llulitis/ Leakage (41% collectively) was observed in the REDUCe study!'8l.
There was no significant difference in the overall survival between the LVP and LTAD
groups. However, the endpoint-free survival for all other time-related events (time to
first ascites/drain-related hospitalisation, time to AKI, and time to drain-related
mplications) was significantly longer for patients with LTAD.
Symptomatic relief of shortness of breath and abdominal discomfort was seen in 70% of

cases following LTAD placement, while anorexia resolved in 50% of patients. These




findings corroborate the results of the REDUCe trial, showing that LTAD improves
quality of life for patients with RA. Furthermore, the trial has shown that indwelling
drains are also cost-effective, as they reduce healthcare resource utilisation and
inpatient burden. In fact, median fortnightly total costs were about 15% lower in the
LTAD group, as the overall hospital costs were higher in the LVP groupl'8l. We did not
undertake a cost analysis, as our hospital and community databases are not merged and
tariffs for community support workers and community costs were not available. As the
REDUCe trial was also undertaken in the UK setting, we would not expect significant
differences with regards to costs, in our study.

A consensus on the palliative management of patients with decompensated cirrhosis
and RA was published only in 202324, Until then, the treatment of these patients
exclusively replied upon local standard operating protocols and the discretion of the
individual specialist teams. Accordingly, despite our cohort coming from a single
centre, the lack of a unified approach may have resulted in differences in antibiotic
prophylaxis, time of referral for LTAD and/or specialist palliative treatment, and
management of complications associated with RA. Timing and duration of follow-up
might have also led to differences in patients’” management, as new technologies and
evidence arose between 2018 and 2022. Moreover, the type and dose of diuretics might
have changed over time for each individual patient (according to symptoms, creatinine
and electrolyte levels), and this may represent a confounding factor. The variable
frequency of LVP and amount of ascites removed on each occasion, as well as the
concomitant use of other medications (such as non-selective beta-blockers,

metformin, anti-hypertensive and laxatives, although these were not significantly
different between the two groups), or possible episodes of hepatic encephalopathy, all
of which can favour the occurrence of AKI, are further potential confounding factors.
Given the limited sample size, multivariate regression analysis was deemed unsuitable.
The single-centre observational design and the relatively small sample size

are limitations of our study that should be taken into consideration in interpreting the




results. Larger, more heterogeneous cohorts and randomised controlled trials are

needed to validate our findings.

CONCLUSION

In conclusion, our study demonstrates that the use of palliative LTAD is effective and
overall safe for the management of RA in patients with end-stage liver disease.
Compared to LVP, LTAD may reduce the incidence of renal dysfunction, hospital
admissions and healthcare resource utilisation. Results are eagerly awaited from a

randomised controlled trial currently recruiting in the UK, comparing LVP and LTAD.
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