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Abstract
Patients who develop hepatic decompensation with
ascites have a poor prognosis and often experience
other complications including spontaneous bacterial
peritonitis, hepatic encephalopathy and variceal
bleeding. We hypothesised that smartphone (SP)enabled remote monitoring of patients with ascites
may enable early detection of infection and acute
decompensation, facilitate timely intervention and
improve patient outcomes. Aim: We aimed to
design, develop and implement a remote monitoring
system (RMS) for outpatients with cirrhotic ascites.
Method: We undertook surveys with patients and
hepatologists to quantify the demand for a RMS and
identify issues regarding implementation. A
smartphone and a web-based application were
developed as a RMS. Patients used the RMS in a 6week prospective non-randomised trial. Results:
We surveyed 27 patients (mean age 56 years, 18
(67%) were male, 16 (59%) had Childs Pugh B
cirrhosis, and 20 (74%) had a history of alcoholic
liver disease) and 5 hepatologists. There were 19
patients (70%) who reported that they would use a
RMS. The RMS was used by 10 patients for a mean
53.8days (11-70), who entered 20.6 (0-71) updates. A
total of 18 automated alerts occurred. 22% of
automated alerts resulted in clinically significant
changes to management, such as inpatient admission
n=1 (6%), early outpatient appointment n=1 (6%)
and reinforced adherence n=2 (11%). Conclusion:
We have successfully designed an internet-enabled
RMS for outpatients with cirrhotic ascites that could
be used as an adjunct to existing outpatient services.
Future studies will optimise the alert thresholds,
assess long-term patient adoption and quantify
clinical impact.
Keywords: telemedicine; cirrhosis; ascites; remote
monitoring
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Introduction
Portal hypertension is a late complication of cirrhosis
that is associated with poor outcomes. Variceal
haemorrhage, hepatic encephalopathy and ascites ensue
as portal hypertension progresses, and these define the
onset of decompensated liver disease. Ascites is the
most common decompensation event and the
surrounding
clinical
picture
is
complex.
Multidisciplinary management is required to address
the subsequent complications of spontaneous bacterial
peritonitis (SBP), hepatorenal syndrome and hepatic
hydrothorax. Current guidelines include the long-term
implementation of a no-added salt diet and diuretic
therapies; primary and secondary antibiotic prophylaxis
is employed to prevent SBP. Paracentesis provides
immediate symptomatic relief while transjugular
intrahepatic portosystemic shunts and liver
transplantation may be appropriate in a select few.1,2
Despite these measures, readmission rates in
patients with decompensated cirrhosis are high. We
performed a retrospective review of 302 patients with
cirrhotic ascites in a tertiary Australian hospital and
found that 71% of patients required readmission for
paracentesis within 90 days of first presentation for
ascites.3 Typical characteristics of patients with
decompensated cirrhosis included older age, male
gender, and alcoholic liver disease (69%). We proposed
that more effective measures at reducing the rate of
preventable readmissions should be implemented.
Given that the mortality of those with cirrhotic
ascites is high, a greater focus on outpatient
management may lead to earlier intervention, decrease
the frequency of hospital admissions and improve
patient outcomes.4,5 We hypothesised that an Internetbased remote monitoring system would be feasible in
the setting of outpatient cirrhotic ascites management
and would allow access to real-time patient information
that would improve patient outcomes by enabling the
early identification of decompensation events.
1
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The aim of this pilot study was to design, develop
and implement a remote monitoring system (RMS) for
outpatients with cirrhotic ascites.

were also asked if they felt unwell and need to be
contacted the liver team. (Figure 1)

Methods
We undertook a prospective study of patients with
cirrhotic ascites and hepatologists at a large tertiary
hospital.
Inpatients and outpatients presenting with cirrhotic
ascites for admission or clinic review were identified by
the principal investigator. These patients were invited
to participate in a structured paper-based survey
evaluating the demand and feasibility of a RMS and
assessed baseline characteristics. The presence of
cirrhosis was confirmed by clinical, laboratory and/or
imaging data. Patients were excluded if the ascites was
related to a cause other than cirrhosis.
Hepatologists and hepatology nurses who were a
part of the Monash Liver Unit were invited to
participate in a semi-structured questionnaire assessing
the issues surrounding practical implementation of a
RMS. This was administered on an individual basis by
the principal investigator.
App development and deployment
Following analysis of survey responses, a smartphone
application for Android smartphones and a web-app for
all other Internet devices were developed using Eclipse
IDE for Java and Google Forms, respectively.6,7 The
application enabled transmission of the patient’s current
weight and symptoms via the internet to a nurse-led
liver team. Our native Android application was
developed using the Parse cloud backend platform,
whereas the Google Forms used Google Drive
functionalities and scripts to run. Both were integrated
with Twilio, a cloud service that allowed for our
automatic cellular text messages to be sent. 8,9
Participants were assigned unique study identification
numbers, and these were used in alerts sent to the liver
team.
Patients who participated in the initial surveys were
invited to use the RMS in a six week non-randomised
prospective trial. We held a one-on-one education
session with all patients at the start of the trial.
Patients were asked to submit an update every
second day. An update consisted of entering the
patient’s current weight, and answering yes/no to
questions regarding abdominal pain, fever, abdominal
distension, peripheral oedema and jaundice. Patients
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Figure 1. Screenshots of Android smartphone
application (left) and Google Forms web application
(right) used to remotely monitor patients with cirrhosis.
Automated text message reminders were sent if patients
missed their scheduled update time by more than 24
hours. Automatic alerts were triggered when abnormal
weight thresholds or the presence of symptoms were
transmitted (Figure 2).

Figure 2. Schematic of remote monitoring system.

If an alert had been triggered, the liver nurse received
an automated cellular text message (using the cellular
network) and email notification (using the Internet) and

2

JOURNAL OF THE INTERNATIONAL SOCIETY FOR TELEMEDICINE AND EHEALTH

contacted the patient directly by telephone. We
designed the alert system to utilise both cellular
networks and the internet to alert the liver team to
reduce the likelihood of alert transmission failure. In
addition, patients were advised via automated text
message to seek immediate attention if feeling
particularly unwell.
General dietary information (No-Added Salt &
High Protein Diet) and information regarding
decompensated liver disease and emergencies were
also available in the application.
Patients using the RMS were surveyed via
telephone at the end of the follow up period for
feedback on the service.
Outcomes and follow-up

Our primary outcome was to assess the feasibility of a
RMS for models of outpatient care. Contacts with
patients, time spent with patients, non-elective
admissions and unscheduled outpatient clinic visits
were recorded during the prospective RMS trial.
Patients were followed from 30 July 2014 until 10
September 2014 or death.
Sample Size
Sample size calculations were not performed for
this pilot study. We estimated that 25 patients and 5
hepatologists would provide adequate qualitative data
to address key issues raised in implementing a RMS.
We estimated that qualitative feedback from 10
patients after using the service would provide valuable
information about the short and long-term feasibility
of this service.
Statistical Analysis
Tabular and graphical descriptive methods were used
to summarise the survey results from patients and liver
clinicians. Outcomes from the prospective trial of the
RMS were analysed basis with descriptive methods
using Microsoft Excel 2011.10
This study was approved by Monash University
Human Research Ethics Committee (MUHREC)
(Project Number: CF14/1358 – 2014000633) and the
Monash Health Human Research Ethics Committee
(Project ID: Ref 14036L).

Results
Surveys with cirrhotic patients
Of 27 patients with cirrhotic ascites, 93% (n=25) were
inpatients at the time of interview; of these, 41% were
not attending outpatient liver care. 7% (n=2) of patients
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were interviewed in outpatient clinics. Baseline
characteristics are presented in Table 1.
Table 1. Baseline characteristics of surveyed.
56.0 y
Age (Mean)
18 (67.0%)
Male
Ethnicity
Caucasian
21 (78.0%)
Asian
5 (19.0%)
African
1 (4.0%)
Employment
Employed
5 (18.5%)
Highest level of education achieved
Primary School
7 (25.9%)
Secondary School
15 (55.6%)
Tertiary
5 (18.5%)
Aetiology of Cirrhosis
Alcohol
20 (74.0%)
HCV
3 (11.1%)
NASH
2 (7.4%)
HBV
2 (7.4%)
Other
4 (14.8%)
Outpatient Care
Public
9 (33.4%)
Private
7 (25.9%)
Nil
11 (40.7%)
Child’s Pugh
A
2 (7.4%)
B
16 (59.2%)
C
9 (33.3%)
14.74 / 18.33
MELD / MELD-Na
Number of previous paracentesis
1
9 (33.3%)
≤5
10 (37.0%)
>5
8 (29.6%)
HCV: Hepatitis C, HBV: Hepatitis B, HDV: Hepatitis D,
NASH: Non-alcoholic steatohepatitis, MELD: model for endstage liver disease, Meld-Na: MELD-Sodium 11,12

Perceptions of a Remote Monitoring Service
There were 19 (70%) patients who reported that they
wanted a RMS for outpatient care. Of these patients,
89% (n=17) had access to the internet via smartphones
and the remainder had access via computer.
Of the participants keen to use a RMS, 8 (47%)
patients stated that they would self-report weights,
while family members would perform the updates for
the remainder. All patients stated that they were willing
to send at least 2 updates per week and have our liver
team automatically notified if abnormal values were
present. There were 24 (89%) patients who requested
information regarding diet and/or liver disease to be
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included in the service. All patients desired an
outpatient appointment reminder service, however only
one (5%) patient requested a medication reminder
service.
Of the 8 patients who did not want a RMS, 6 (75%)
desired a telephone service which could be called when
required.
Surveys with gastroenterologists and liver nurses
All five hepatologists (consultants n=3, specialist
nurses n=2) believed that a RMS could prove useful.
There was consensus that the symptoms of acute
decompensation and SBP should be monitored. All
deemed a weight gain of 3kg to be an appropriate alert
threshold, and that an outpatient nurse service should
oversee the RMS.
Implementation of Remote Monitoring Service
Of the original 27 patients interviewed, four died and
one was transferred to palliative care before the sixweek trial began. We recruited patients for the RMS
trial from those who had expressed interest in using the
service.
We closed recruitment of patients for the RMS trial
once we had had recruited 10 patients. One patient
stopped using the RMS because of issues with English
proficiency, and one patient was transferred into
palliative care a few days into the commencement of
trialling the RMS.
Table 2. Baseline characteristics of participants in the
remote monitoring service (n=10).
Age (mean)
Male
Aetiology
Alcohol
HCV
HBV
Child Pugh (Mean)
A
B
C
MELD (Mean)
MELD-Na (Mean)
Past History of:
Spontaneous Bacterial Peritonitis
Upper Gastrointestinal Bleed
Hepatic Encephalopathy
Hepatocellular Carcinoma
Who was performing the updates
Patient
Family

Patients were followed up for a mean of 53.8 days
(range 11-70). Patients using the RMS entered a mean
of 20.6 updates (range 0-71) over the follow up period.
There were 4 (40%) patients who entered an average of
at least two updates per week, 4 (40%) patients who
entered less than two updates per week, and 2 (20%)
patients entered no updates (these patients stopped the
trial early due to issues with language proficiency and
being transferred into palliative care).
There were a total of 25 telephone contacts, of which
18 were triggered by automated alerts based on
abnormal patient updates and 7 were nursing initiated
(due to a lack of recent updates). These telephone
contacts lasted a total time of 193 minutes, of which 115
minutes (60%) were spent with two patients.
The automated alerts were most commonly triggered
for isolated increases in weight (n=10, 56%), symptoms
(n=7, 39%) or both (n=1, 6%). (Table 3) There were 15
(83%) automated alerts triggered within business hours
(weekdays between 8am-5pm). Of all the automated
alerts, 22% resulted in a change to patient management
(n=1 admission, n=1 early outpatient review, n=2
reinforced adherence to therapies).
Table 3. Automatically triggered alerts and their
outcomes.
Reason for
Automated Alert
Weight Alert

n
10

51.2
8 (80%)
9 (90%)
2 (20%)
1 (10%)
7.9
2 (20%)
6 (60%)
2 (20%)
12.5
15.3
1 (10%)
3 (30%)
1 (10%)
0 (0%)
6 (60%)
4 (40%)
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Abdominal Pain

2

Bloating + Jaundice

3

Weight Alert &
Bloating
Bloating
Ankle Swelling
Fever

1
1
1
0

Outcome
Change weight
threshold
Reinforced adherence
to therapies
Continue monitoring
Not contactable
Inpatient Admission
Continue Monitoring
Continue Monitoring
Uncontactable
Early Outpatient
Appointment
Continue Monitoring
Continue Monitoring

n
6
2
1
1
1
1
2
1
1
1
1

All of the patients who continued to use the RMS (n=8)
stated that they would use the service in the future and
send updates every second day. Of the 5 patients who
were sent at least one reminder text, all were satisfied
with the implementation of the automatic reminder.
One patient would have preferred the service to be
available for extended hours, rather than limited to
business hours. Four patients reported that they would
4
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like a scheduled call from an outpatient liver nurse.
Access to medical advice was a positive feature of the
RMS although there was uncertainty among patients
about reporting persistent baseline symptoms. Internet
accessibility was a barrier at times.

Discussion
In this pilot study we have demonstrated that remote
monitoring of outpatients with cirrhotic ascites is
feasible. In our original cohort of 27 patients only 21
were alive and not in palliative care at the conclusion
follow up, thus avoidance of hospital admissions is
particularly important in this group of patients who
have particularly poor prognoses. The RMS detected
one episode requiring inpatient intervention, and
importantly, we were able to potentially avoid three
inpatient admissions with early unscheduled outpatient
appointments and telephone consultations.
Telemedicine and smartphone integration into
healthcare
Demand for smartphones and smartphone
applications has grown exponentially in the past decade
due to their convenience and connectivity.13,14 Health
and medical apps are expanding in number, and while
the majority track exercise, weight loss, medication and
women’s health issues, an increasing proportion is
dedicated to the management of chronic disease.
Unfortunately, many apps are limited in their
integration to existing healthcare provider networks,
and this may be a contributing factor to the lack of
evidence for their clinical usefulness.15–17 Bridging this
gap between patient and healthcare provider and
allowing two-way data transmission, remote
monitoring and potentially immediate feedback could
allow these apps to become more clinically useful.18
The concept of enhancing models of outpatient care
with the integration of smartphones and Internet based
services builds upon previous research into
telemedicine and remote monitoring which have
traditionally relied upon landline and cellular services.
While the real-time data provided by telemedicine can
be difficult to interpret accurately, countless
opportunities exist in this emerging smartphone era.
Remote monitoring of both subjective data on
patient symptoms and objective physiological data (e.g.
blood glucose levels, oxygen saturation) has been
implemented to varying levels of success in a variety of
clinical settings, including chronic respiratory disease,

Ha P, et al., J Int Soc Telemed eHealth 2018;6:e7

diabetes mellitus, diseases affecting mobility,
perioperative care and psychiatric conditions.19–31
Telemedicine can be used to supplement a PatientCentred Care approach to management of cirrhosis. The
American Association for the Study of Liver Diseases
have recently outlined the importance individualising
the care provided to cirrhotic patients, while also
empowering patients to become more involved in their
management.32 Part of this model includes utilising
telemedicine and remote monitoring to optimise
outpatient cirrhosis management.33
Although smartphones have been used to diagnose
encephalopathy with Stroop testing, we could find no
published literature implementing telemedicine
specifically in the setting of cirrhotic ascites. However,
remote monitoring has been studied in a
pathophysiologically similar condition, congestive
cardiac failure (CCF).34,35
Five large RCTs examining the implementation of
telemedicine using telephones in CCF have shown no
benefit in regard to mortality, hospitalisation or length
of stay in hospital.36–40 Two issues that arose were
declining patient adherence and an incomplete
understanding of weight fluctuations preceding
decompensation, although using dynamic baseline
weights may improve the clinical utility of monitoring
weights.41,42
Emphasis on symptomatology, qualitative patient
assessments and education may also yield better results.
Giordano’s outpatient heart failure model used
scheduled weekly or fortnightly consultations to
qualitatively assess patients on wellbeing and health
prevention.38 Patients were able to contact the care team
at any time for ‘teleassistance’, and this model showed
a 40% reduction in episodes of haemodynamic
instability and in cardiovascular mortality at one-year
follow-up. From a morbidity perspective, Seto showed
that the implementation of remote monitoring resulted
in better quality of life for patients.43
Many past RMSs have relied on landlines or direct
telephone calls for the reporting of physiological and
symptomatic data. We believe that smartphone apps
have an advantage over more traditional systems
because apps can be more convenient for patients and
care-providers, have built-in reminder systems and
allow for multiple different alert pathways to be
activated simultaneously. Additionally, having patients
‘check-in’ with normal updates can provide useful
information to caregivers who would otherwise have no
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means to monitor their patients in real-time.
Remote monitoring of patients with cirrhotic ascites
Our Android specific smartphone app and the generic
web-based app based on Google Forms allowed patients
with any phone, tablet or computer to participate in this
service. Australia has seen rapid uptake of smartphone
usage and smart devices in recent years, with the most
marked smartphone growth occurring in older
generations. Currently the demographic of middle to
older aged patients is rapidly transitioning to take up
more internet-enabled devices.44–46 We were initially
uncertain of how patients would adopt this technology,
and although some initial telephone contacts were for
technical difficulty, most were for minor issues that
were quickly resolved.
Long-term patient adherence is essential if remote
monitoring is be of benefit. The frequency of updates is
a balance between patient convenience, being able to
obtain useful clinical information and maintaining a
routine for patients. Based on survey data, updates
every second day seemed reasonable and our automated
reminder system was only activated if the second daily
update had been missed by 24h (and daily
subsequently). We found that choosing the preferred
timing of scheduled updates to be important. Given that
our small service only operated during business hours,
during which we captured 15 (85%) of all automated
alerts, asking patients to transmit updates on weekdays
allowed changes in management before the weekend.
We were encouraged by the level of family
involvement in this trial. Patients with family members
who were actively involved in using the RMS had a
higher frequency of updates than patients who used the
system independently. We believe that another
advantage of familial involvement is the indirect
education of household contacts about the red flags of
decompensation. Ultimately, even with all the measures
used in our RMS to reduce the risk of data and alert
transmission error education is key in aiding early
presentation to medical services.
Alerts triggered by symptomatic patients were more
useful than alerts from isolated weight gain. Our intent
for the RMS was to detect pending decompensation and
facilitate early admission or ideally to prevent inpatient
admission completely. To improve the specificity of
automated alerts in future models, we would assess
changes in symptoms (rather than the presence of
symptoms which may be a patient’s norm), and also ask
patient’s to grade symptoms such as abdominal
distension. Furthermore, while implementation of more
Ha P, et al., J Int Soc Telemed eHealth 2018;6:e7

dynamic and complex interpretations of weight
thresholds may improve the clinical utility of
monitoring weight patterns, this may be confounded by
measurement errors, fluctuations in lean muscle mass,
fluid retention and normal daily variation.
An issue we encountered in deploying this service
was low participation rates by our higher risk patients.
One particular patient entered a total of one update for
the follow up period despite our attempts to engage him
further. This patient had a history of alcoholic cirrhosis,
social isolation and detachment from medical services
– not an uncommon clinical picture in patients
presenting with decompensated liver disease.
Successfully implementing an RMS with high
participation and long term adherence from this
demographic will be quite challenging; avenues to
better engage these patients with medical services will
be particularly important.
Limitations and future direction
Two limitations of our pilot study were its size and short
follow up period, and it is difficult to draw conclusions
without more data. Furthermore, there was inherent bias
in our study given that the participants who were
involved in the initial surveys were the same group who
participated in the RMS implementation and
commented on its success/failures.
We recognise that the results from the follow up
survey suggesting that all patients would be keen to
continue using the RMS were not necessarily accurate.
Given that not all patients completely adopted the
service and regularly sent updates, it is unlikely that all
patients would truly continue to use a RMS. We
anticipate that long term adherence is predicted to be an
issue in this group of patients.
Future Direction
This study provides support for future randomised trials
to investigate long term patient adoption, and whether
an internet-based adjunct to outpatient care offers
clinical or economic benefit over traditional models of
outpatient care in cirrhosis. In particular, the sensitivity
and specificity of weight thresholds and symptoms for
detecting impending decompensation should be
investigated. Screening measures for hepatic
encephalopathy could also be implemented.

Conclusion
We have successfully designed a prototype internetenabled remote monitoring system for outpatients with
cirrhotic ascites. Ideally this system would be an
6
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adjunct to existing outpatient services. Optimisation of
weight and symptom alert thresholds is essential to
future implementation. Assessment of long-term patient
adoption and the clinical benefits of a remote
monitoring system requires more research.
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