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Abstract

Background Patients with cirrhosis and ascites experience frequent hospital admissions, leading to poor quality of life and
high healthcare costs. Monitoring weight is a component of ascites care and telemonitoring may improve outcomes and costs.
Goals

We aimed to evaluate the cost and outcomes of current care compared to a telemonitoring system for ascites.

Study

We developed a decision-analytic model that examined 100 simulated patients over a 6-month horizon. We compared usual
care to a new telemonitoring program, which we estimate costs $50,000/6 months.

Results The cost of standard of care for 100 patients with cirrhotic ascites over a 6-month period is $167,500 more expen-
sive than telemonitoring. By varying parameter probabilities by + 10% and outcome costs by +20%, we found that standard
of care remains more expensive than care with a telemonitoring intervention by $9400 to $340,200 per 6-month period.
Standard of care leads to 9 more admissions (range 4 to 12) than a telemonitoring intervention, while telemonitoring leads
to 9 more outpatient visits (range 6 to 9) and 28 additional outpatient large volume paracenteses (LVPs) (range 17 to 28).
With more and less expensive telemonitoring interventions, standard of care remained more expensive. With 50% adherence
to the intervention, standard of care was $89,848 more expensive.

Conclusions In almost all probability and cost scenarios, a telemonitoring intervention is cost-saving for the management
of cirrhotic ascites. Using hospital admissions as a surrogate for quality of care, patient outcomes are improved primarily
though more proactive medical intervention and more LVPs.
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Abbreviations Introduction

LVP Large volume paracentesis

TIPS Transjugular intrahepatic portosystemic shunt Patients with cirrhosis experience a large number of hospital
DRG Diagnosis-related group admissions and at a significant financial cost [1-3]. Ascites
CPT Current procedural terminology is the most common reason for hospitalization [1]. Nearly

one-quarter of early hospital readmissions for cirrhosis are
preventable. Two of the main reasons for readmission are
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failure to either arrange outpatient paracentesis for symp-
tomatic ascites or recognize warning signs of over-diuresis
[4]. Data are limited, however, supporting interventions that
can reduce the burden of hospitalization for patients with
ascites [5-9].

Bodyweight is a useful proxy for ascites volume. Moni-
toring weight is therefore a component of society guide-
lines for ascites management and ascites treatment trials [10,
11]. Weight telemonitoring may address the two key fail-
ures of outpatient ascites management by identifying rapidly
increasing or decreasing weight. Single-center studies have
generated optimism for weight telemonitoring programs in
patients with cirrhotic ascites, but such programs have been
limited to narrow populations [7, 12].

In the present COVID-19 era, telemedicine is critical to
providing access to timely and safe care. Before undertaking
a new intervention with potential incremental costs, data are
needed to determine the potential for benefits and global cost
saving. We performed an analysis to evaluate the cost and
outcomes of current care compared to care enhanced with a
telemonitoring system for ascites in place.

Materials and Methods
Study Design Overview

We developed a decision-analytic model for patients with
cirrhotic ascites. The model examined 100 simulated
patients beginning with a patient’s next encounter for ascites
at a transplant referral center and progressed over a 6-month
horizon. We compared usual care where patients are man-
aged through a combination of routine visits and urgent pres-
entations for care based on symptoms to a new telemoni-
toring program. The telemonitoring system tracks patients’
weight remotely through Bluetooth-enabled scales and
provides automated, early alerts to providers about weight
changes (Fig. 1). An administrative staff member or medi-
cal assistant enrolls patients and provides technical support.
The outcomes modelled included global costs as well as the
number of hospital admissions, office visits, and paracente-
ses. All outcomes were evaluated from the payer perspective.
This study did not use patient identifying data and therefore
was exempt from institutional review board review.
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Model Development

We used a combination of inputs centering on published
local experience to develop a decision tree to model care
processes and outcomes for patients with cirrhotic ascites
(Fig. 2; Supplementary Fig. 1 for comprehensive model).
Each patient began the simulation with a health-state strati-
fied according to 4 key elements: location of the first encoun-
ter, volume of ascites, response to therapy, and treatment
complications. All model inputs are presented in Table 1.

Standard of Care Probabilities

The probability that a patient’s next encounter for cir-
rhotic ascites will be inpatient is 20% and outpatient is
80% [13]. Patients can present with mild, moderate, or
large-volume ascites, which corresponds with the Inter-
national Ascites Club grading system I-III [14]. Data
from a two-center cohort suggest that the probability of
inpatients having ascites that is mild 20%, moderate 60%,

and large 20% [15]. Response to low-salt diet and diu-
retic treatment of ascites can be categorized as partial,
complete, or no response. In the same cohort as above,
even in those who developed renal failure with ascites
treatment, one-quarter had complete response and one-
quarter had partial response to ascites treatment [16].
Depending on the patient population, 10-30% of patients
have no response to ascites diet and diuretic treatment [9,
14, 15]. Ascites treatment complications were defined as
major if they required hospitalization. Recurrent ascites
is the most common major complication of ascites treat-
ment, with 23% of patients requiring re-admission for this
complication within 90 days of a hospital discharge in a
large nationwide cohort [3]. In patients without baseline
renal failure, approximately 20% will experience adverse
events on combined diuretic therapy, including electrolyte
disturbance and renal injury [17]. Complications of large
volume paracentesis (LVP) and transjugular intrahepatic
portosystemic shunt (TIPS) are uncommon [18, 19].

Response to Therapy

Volume of

Inpatient vs. (e.g. sodium Type of Treatment Subsequent Care
Outpatient Ascites restriction, diuretics) ~ Complication Encounters
Ascites No treatment
Large ascites resolves complication
Telemonitoring
Intervention
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Moderate Partially Minor visit
ascites improved complication 1
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with ascites is ascites paracentesis B
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Fig.2 Model of care outcomes for patients with cirrhotic ascites. A
decision tree modeling the 4 key elements that influence outcomes:
location of first encounter, volume of ascites, response to therapy, and
treatment complications. Each “...” represents identical branch points
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from the node below. In other words, much like “mild ascites” can
resolve, partially improve, or have no response to treatment, so can
moderate and large ascites
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Table 1 Model parameters in standard of care

Type of parameter Parameter Probability®  Source Low® High®
Location of first encounter Inpatient .20 [13] .10 .30
Outpatient .80 .90 .70
Volume of ascites Inpatient Mild .20 [15] .30 .10
Moderate .60 .60 .60
Large .20 .10 .30
Outpatient Mild 40 .50 .30
Moderate .50 .50 .50
Large .10 .00 .20
Response to therapy Mild Ascites resolves .90 [9, 14-16] 1.00 .80
Partially improves .09 .00 .09
No response .01 .00 11
Moderate Ascites resolves .50 .60 40
Partially improves 42 40 42
No response .08 .00 18
Large Ascites resolves .20 .30 .10
Partially improves .60 .60 .60
No response .20 .10 .30
Type of treatment complication  Ascites resolves No complication .80 [3,17-19] 90 70
Minor complication .15 .10 15
Major complication .05 .00 15
Partially improves =~ No complication 40 .50 .30
Minor complication .30 .30 .30
Major complication .30 .20 40
No response No complication .10 .20 .00
Minor complication .40 40 40
Major complication .50 40 .60
Subsequent care encounters® No complication 0, 1, 2 visits .20, .60, .20 [1-5,11, 13,20-23] .30, .60, .10 .10, .60, .30
0,2, 6 LVPs .80, .15, .05 .90, .10,.00 .70, .15, .15
0, 1, 2 admits .90, .08, .02 1.00, .00, .00 .80, .08, .12
Minor complication 0, 1, 2 visits .10, .50, .40 .20, .50, .30 .00, .50, .50
0,2, 6 LVPs .60, .30, .10 .70, .30,.00 .50, .30, .20
0, 1, 2 admits .80, .15, .05 .90, .10,.00 .70, .15, .15
Major complication 0, 1, 2 visits .10, .40, .50 .20, .40, .40 .00, .40, .60
0,2,6LVPs .30, .40, .30 40, .40,.20 .20, .40, .40
0, 1, 2 admits 0, .50, .50 0, .60, .40 0, .40, .60

*Probability of each patient experiencing this event within a 6-month window of the first encounter

b “Low” sensitivity analysis is shifted 10% towards a less expensive outcome. “High” sensitivity analysis is shifted 10% towards a more expen-

sive outcome

¢3 probabilities on each row

Telemonitoring Intervention Probabilities

Similar to the standard of care model, we used published
data to develop a decision tree to model care and outcomes
for patients with cirrhotic ascites enrolled in a telemonitor-
ing intervention. All model inputs are presented in Table 2.

One study of 40 patients with enhanced case manage-
ment and hepatology nursing support post-discharge
increased outpatient attendance by 30% but did not reduce

readmissions [6]. Another group studied 40 patients with
cirrhotic ascites enrolled in an intensive multi-disciplinary
outpatient monitoring program, complete with a day hospi-
tal and proactive titration of diuretics [9]. By comparison
standard of care, 30-day readmission was reduced by nearly
one-third (15.4% vs. 42.4%). Another intensive outpatient
monitoring program with a day hospital followed 80 patients
with cirrhotic ascites and reduced early readmission by one-
third (11.3% vs. 29.5%) [5]. Finally, a 25-patient pilot study
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Table 2 Model parameters with telemonitoring intervention

Type of parameter Parameter Probability® Source Low® High®
Location of first encounter Inpatient .20 [13] .10 .30
Outpatient .80 .90 .70
Volume of ascites Inpatient Mild .20 [15] .30 .10
Moderate .60 .60 .60
Large .20 .10 .30
Outpatient Mild 40 .50 .30
Moderate .50 .50 .50
Large .10 .00 .20
Response to therapy Mild Ascites resolves 92 [5-9] 1.00 .82
Partially improves .07 .00 .07
No response .01 .00 11
Moderate Ascites resolves .65 75 .55
Partially improves .30 .35 .30
No response .05 .00 15
Large Ascites resolves 35 45 25
Partially improves .50 .50 .50
No response 15 .05 25
Type of treatment complication Ascites resolves No complication .82 [5-9] .92 12
Minor complication .14 .08 .14
Major complication .04 .00 .14
Partially improves No complication .50 .60 40
Minor complication 25 .25 .25
Major complication 25 15 .35
No response No complication .20 .30 .10
Minor complication 35 .35 .35
Major complication 45 .35 .55
Subsequent care encounters No complication 0, 1, 2 visits .10, .70, .20 [5-9] .20, .70, .10 .00, .70, .30
0,2,6LVPs .70, .20, .10 .80, .20, .00 .60, .20, .20
0, 1, 2 admits .90, .08, .02 1.00, .00, .00 .80, .08, .12
Minor complication 0, 1, 2 visits .05, .45, .50 .15, .45, .40 .00, .40, .60
0,2, 6 LVPs .50, .35, .15 .60, .35, .05 40, .35,.25
0, 1, 2 admits .83,.13,.04 .93, .07, .00 73,.13, .14
Major complication 0, 1, 2 visits .05, .37, .58 15,.37, .48 .00, .32, .68
0,2,6LVPs .20, 45, .35 .30, 45, .25 .10, 45, .45
0, 1, 2 admits 0, .58, .42 .10, .58, .32 0, .48, .52

*Probability of each patient experiencing this event within a 6-month window of the first encounter
b “Low” sensitivity analysis is 10% lower than the predicted probability. “High” sensitivity analysis is 10% higher than the predicted probability
€3 probabilities on each row

of a remote weight monitoring program from our group
found an 11% readmission rate for ascites, though a much
higher rate for all-cause readmission [7]. We predict that a
telemonitoring program specifically for patients undergoing
ascites management, without day hospital or other ancillary
supports, would likely fall somewhere between the outcomes
of these four programs: increasing outpatient care utilization
by approximately 15% and decreasing inpatient care utiliza-
tion by approximately 15%.

@ Springer

Outcomes

Outcomes included hospitalization, outpatient visits, and
paracenteses. All outcomes were modelled as counts with
respect to their contribution to global costs. Cost data were
estimated in 2019 US dollars from Medicare reimburse-
ments using diagnosis-related group (DRG) and fee sched-
ule data based on Current Procedural Terminology (CPT)
codes for 2019. We found that the average bundled cost of an
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outpatient visit is $202 and for an inpatient stay is $26,006
(Table 3).

In current practice, approximately three-quarters of
patients have an outpatient follow visit within 6 months
[13]. A large cohort of patients with a new diagnosis of cir-
rhotic ascites required an average 2.6 LVPs per patient per
year [20]. Several large studies report readmission rates of
decompensated cirrhosis at approximately 20% at 30 days
and 30% at 90 days [1, 3-5, 13, 20-23]. In addition, patients
with decompensated cirrhosis are often requiring more than
one readmission within a 6-month period [2, 4].

There is insufficient evidence that a telemonitoring inter-
vention would influence rates or timing of liver transplanta-
tion or death. Given this, we did not include liver transplan-
tation or death in our model.

Model Analysis

We used Microsoft Excel to construct the model. We
included a cost of $50,000 for 6 months of the telemoni-
toring intervention to cover staffing and supplies. We then
performed a sensitivity analysis adjusting parameter prob-
abilities by + 10% and costs by +20%. We also performed
sensitivity analyses varying the cost of and adherence to the
telemonitoring intervention.

Results
The cost of standard of care for 100 patients with cir-

rhotic ascites over a 6-month period is $1,221,500 based
on the most likely event probabilities, an average bundled

Table 3 Cost parameters

outpatient visit cost of $202, outpatient LVP cost of $1,619
each, and admission costs of $26,006 (Table 4). The cost
of care with a telemonitoring intervention was $167,500
less expensive than standard of care, using the most likely
probabilities of events, the same costs as standard of care
for outpatient and inpatient encounters, and a $50,000 cost
for 6 months of the telemonitoring intervention. We then
varied parameter probabilities by + 10% and outcome costs
by +£20% and found that standard of care remained more
expensive than care with a telemonitoring intervention by
$9400-$340,200.

Standard of care led to 9 more admissions in a 6-month
period than a telemonitoring intervention, while telemoni-
toring led to 9 more outpatient visits and 28 additional out-
patient LVPs in the same period. We then varied parameter
probabilities by + 10% and standard of care still led to more
hospital admissions (range 4 to 12), fewer outpatient visits
(range 6 to 9), and fewer outpatient paracenteses (range 17
to 28).

We then performed a sensitivity analysis varying the cost
of the telemonitoring intervention. With a less expensive
telemonitoring intervention ($25,000/6-month period),
standard of care was more expensive than telemonitoring
by $192,500 (range $34,400 to $365,200). With a more
expensive telemonitoring intervention ($100,000/6-month
period), standard of care was more expensive than telem-
onitoring by $117,500, though with varying parameter prob-
abilities by + 10% and outcome costs by +20% the range
included — $40,600 to $290,200.

We then performed a sensitivity analysis varying adher-
ence to the intervention. With 50% adherence to the inter-
vention, modeled using parameter probabilities halfway

Cost parameter Cost ($) Source Low ($)* High ($)°
Itemized costs
Hospitalization for cirrhosis complication 25,633 FY’18 DRG 432, 433, 434 20,506 30,759
Inpatient physician fee (initial) 220 Medicare fee schedule CPT 99,223 - -
Inpatient physician fee (subsequent) 113 Medicare fee schedule CPT 99,233 - -
Outpatient visit (subsequent) 162 Medicare fee schedule CPT 99,214, 99,215 - -
Outpatient paracentesis (procedure code) 347 Medicare fee schedule CPT 49,083 - -
Outpatient paracentesis (provider fee) 1272 Medicare fee schedule - -
Laboratory panel (basic metabolic panel, com- 40 MGH standard charges - -
plete blood count, liver biochemistries)
Bundled costs®
Outpatient visit 202 - - -
Hospitalization 26,006 - 20,804 31,207
LVP 1619 - - -

& “Low” sensitivity analysis is 20% lower than the predicted cost. “High” sensitivity analysis is 20% more expensive

Qutpatient visit included one set of labs and subsequent office visit fee. Hospitalization includes DRG cost, 2 initial consultations, and 2 subse-

quent visits per day for 7 days
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Table 4 Model outputs for 100
patients in 6 months

Model Cost ($) Admissions (#) Outpatient Outpatient
visits (#) paracenteses
#)
Standard of care 1,221,500 37 112 105
Telemonitoring intervention® 1,054,000 28 121 133
Incremental change —-167,500 -9 +9 +28
Sensitivity analyses
Low probability, low cost
Standard of care 225,900 7 86 33
Telemonitoring intervention® 216,500 3 95 50
Incremental change —9400 -4 +9 +17
Low probability, high cost
Standard of care 303,800 7 86 33
Telemonitoring intervention® 250,500 3 95 50
Incremental change —53,300 -4 +9 +17
High probability, low cost
Standard of care 2,088,000 77 140 201
Telemonitoring intervention® 1,891,100 65 146 225
Incremental change —196,900 —-12 +6 +24
High probability, high cost
Standard of care 2,954,800 77 140 201
Telemonitoring intervention® 2,614,600 65 146 225
Incremental change —340,200 -12 +6 +24

Salary for a full time a junior administrative staff member to staff the telemonitoring program ($50,000)
was added to the cost of the telemonitoring intervention in every analysis

between those predicted for standard of care and telemoni-
toring intervention, we found that the standard of care was
$89,848 more expensive, led to 5 more admissions, 5 fewer
outpatient visits, and 11 fewer LVPs.

Discussion

In this study, we evaluated the potential change in cost
and outcomes with utilization of a telemonitoring system
for ascites. Compared to current practice, a telemonitor-
ing intervention could save a third-party payer $167,500
over 6 months for every 100 patients and prevent 9 hospital
admissions. Even in sensitivity analyses of different prob-
ability and cost scenarios, a telemonitoring intervention is
likely to be cost-saving and leads to improved outcomes for
patients with cirrhosis and ascites.

A telemonitoring intervention reduces inpatient care
by expanding opportunities for outpatient care. The few
published programs increasing outpatient care monitoring
in cirrhosis patients have increased the volume of outpa-
tient care [6, 7, 9]. In our model, a telemonitoring system
could increase the number of outpatient visits by 9 per
100 patients (range: 6-9) and LVPs by 28 (range: 17-28)
per 100 patients over 6 months. In order for a telemonitor-
ing intervention to succeed, outpatient resources would

@ Springer

need to be responsive to the alerts and have the capacity
to accommodate this increase in utilization.

Cost savings are not the only potential benefits from
a telemonitoring program for ascites. Prior studies have
found that patients with cirrhotic ascites and a weight gain
or loss of more than 5 lb have a significantly higher rate
of readmission [12]. Hospital admissions are associated
with poor quality of life broadly as well as specifically in
patients with cirrhosis [24]. Any intervention which could
reduce hospital admissions would also likely increase
quality of life.

Our model accounts for most of the cost of the telem-
onitoring intervention by including staff salary and smart
scales. In our experience, a telemonitoring program can be
managed by a junior administrative staff member or medical
assistant. The other costs not included in our model are any
additional staffing, if needed, to manage the additional out-
patient care volume. Finally, programs could offer to provide
home smart equipment such as phones or tablets to patients
as part of the intervention. We performed a sensitivity analy-
sis with a more expensive telemonitoring intervention cost-
ing $100,000 every 6 months, and in most probability and
cost scenarios, the telemonitoring intervention remained cost
saving.

Healthcare delivery interventions, including telemedi-
cine, do not have perfect adherence in the real world. Even
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in a sensitivity analysis with 50% adherence, the telemoni-
toring intervention was cost saving and improved quality
outcomes.

Our study used Medicare cost data to approximate the
transactional costs from a societal perspective. Costs for
each institution will vary and with each patient and payer.
Hospitals or systems who receive less than their opera-
tional expenses may find the cost savings from a telemedi-
cine intervention even more compelling. In addition, we
used the cost of outpatient LVP performed by interven-
tional radiology because that is the most common situation
at our institution, though LVP cost may vary depending on
location and staff performing this procedure.

Our model is focused on ascites and its potential com-
plications. Competing events such as hepatic encepha-
lopathy, liver transplantation, and death are not included.
There is very limited data regarding how telemonitor-
ing would influence those outcomes, and including them
would increase uncertainty about model outputs. We also
did not compare telemonitoring to other interventions such
as increasing frequency of outpatient visits. This model
also does not take into account patients with end-stage
renal disease or congestive heart failure, in whom a weight
monitoring program may not provide as much benefit.
Finally, pilot data suggest that providers do not experi-
ence alert fatigue with 1-3 months of patient enrollment,
but provider adherence may wane with longer enrollment
[7]. As preliminary data become available in the future,
these outcomes should be included.

In conclusion, care for patients with cirrhotic ascites
was enhanced by telemedicine and was less expensive
for each scenario analyzed. Using hospital admissions
as a surrogate for quality of care, patient outcomes were
improved primarily though more proactive medical inter-
vention and more LVPs. Telemedicine is emerging as a
critical part of ambulatory care in the present COVID-19
era providing access to timely and safe care this analysis
suggests that it is cost effective too.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10620-021-07013-2.
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