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Background: Emerging trial data for treatment of COVID-19 suggest that in addition to
improved clinical outcomes, these treatments reduce length of hospital stay (LOS).
However, the economic value of a shortened LOS is unclear.

Objective: To estimate incremental costs per day of hospitalization for a patient with
influenza or viral pneumonia, as a proxy for COVID-19; ICU costs associated with invasive
mechanical ventilation (iMV) were also determined.

Methods: Retrospective analysis of claims-based data was conducted using the IBM
MarketScan® Commercial Claims and Encounters and Medicare Supplemental and
Coordination of Care and the Medicare Fee-for-Service claims databases for hospitali-
zations due to influenza/viral pneumonia between January 2018 and June 2019. Cases
were stratified as uncomplicated hospitalizations or with ICU. Ordinary least squares
regression, excluding LOS or costs exceeding the 99th percentile (base case), was used
to estimate incremental costs per day; a sensitivity analysis included all qualified
hospitalizations. Additional sensitivity analyses used weighting methodology.

Results: Among 6055 and 118,419 hospitalizations in the commercially insured and
Medicare databases, respectively, 5958 and 116,552 hospitalizations, respectively, repre-
sented the base case. Estimated incremental base case costs per additional inpatient day
were $2158 and $3900 in the commercial population for uncomplicated hospitalizations
and hospitalizations with ICU, respectively, and $475 and $668, respectively in the
Medicare population. Estimated incremental base case costs per additional ICU day
were $5254 and $608 for Commercial and Medicare populations, respectively. Higher
absolute costs were estimated in the sensitivity analysis on all qualified hospitalizations;
the weighted sensitivity analyses generally showed that estimates were stable. Use of
iMV increased costs by $35,482 and $13,101 in the commercial and Medicare popula-
tions, respectively.

Conclusion: The incremental daily cost of a hospitalization is substantial for US patients
with commercial insurance and for Medicare patients. These findings may help quantify
the economic value of COVID-19 treatments that reduce LOS.
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Introduction

The emergence of SARS-CoV-2 and its rapid spread into
a global pandemic resulted in the implementation of
diverse non-pharmaceutical interventions in many coun-
tries in an attempt to flatten the curve. While it has been
argued that such policies vary in effectiveness and that
voluntary self-restraint may play a primary role at least
partly independent of these interventions,' there has never-
theless been high rates of hospitalizations among patients
with symptoms of COVID-19. Many of these patients
require an extended length-of-stay (LOS) and therapy
that often necessitates management within the setting of
an intensive care unit (ICU), including the need for inva-
sive mechanical ventilation (iMV),>* which has pre-
viously been suggested to be a major driver of ICU costs
for other disease states.”°

Current responses to the immediate need for care of
COVID-19 patients include a renewed focus on existing
management strategies that may be appropriately applied
to these patients and rapid development of new pharma-
cologic agents to improve patient outcomes and reduce
LOS. A reduction in LOS enables allocation of scarce
resources such as the need for freeing hospital beds during
a surge. For example, the study of remdesivir for manage-
ment of hospitalized patients with COVID-19 showed
a shortened recovery time relative to placebo, resulting in
an LOS that was reduced by 4 days.”

Another factor that is relevant to resource allocation is
the cost burden of hospitalization, especially when reim-
bursement is based on Diagnosis Related Groups (DRGs),
which provide a set rate of reimbursement according to the
diagnosis rather than cost-based payment for actual
resources used. Hospitalization costs are not only depen-
dent on the disease and the interventions administered, but
are also determined by the length of stay (LOS). While
technologies and therapeutic interventions that may be
used in an inpatient setting may improve patient outcomes
and enhance recovery, it is also important to determine the
economic benefits of such interventions, including the
potential cost savings that may be associated with
a reduction in LOS. For example, as previously shown
for community acquired pneumonia, even a short reduc-
tion in LOS may be of economic benefit.*’

As has been highlighted by Kozma et al,” sequential
days of inpatient stays do not have uniform costs, suggest-
ing the need for estimating an average reduction in cost
per unit of time (ie, one day less of LOS) using

methodologies that capture the variability in costs asso-
ciated with different LOS duration. However, the rapid
evolution in management of patients with COVID-19 lim-
its the availability of claims data that may be appropriate
for estimating the economic impact of a reduction in LOS.
Therefore, the purpose of the current analysis was to
estimate the average incremental costs associated with
each additional hospitalized day with and without ICU
due to influenza/viral pneumonia as a proxy for COVID-
19 including examining the costs that are associated with
use of iMV in the ICU.

Methods

Data Source

Claims data for this retrospective study were derived from
two sources: the Medicare-Fee-for-Service (FFS) database
and the IBM MarketScan® Commercial Claims and
Encounters and Medicare Supplemental and Coordination
of Care database. The Medicare-FFS database consists of
100% Medicare Parts A/B claims.
MarketScan database is a national employer-sponsored

In contrast, the

insurance claims database that encompasses a variety of
commercial fee-for-service and capitated health plans
including Medicare supplemental plans such as Medicare
Advantage and Medigap. While longitudinal records of
inpatient services, outpatient services, long-term care,
and prescription drug claims are available in these data-
bases, the current analysis focused only on use and costs
of inpatient service.

All data were deidentified and HIPAA (Health
Insurance Portability and Accountability Act of 1996)
compliant. Since the study did not involve the collection,
identifiable data,
Institutional Review Board approval was not required.

use, or transmittal of individual

Case and Cohort ldentification

The study period covered admission records between
January 1, 2018 and June 30, 2019. Case inclusion required
age at hospital admission to be > 18 in the commercially
insured population, and > 65 for the Medicare-FFS popula-
tion. Cases were hospitalizations due to influenza or viral
pneumonia, and were identified if any of the following
International Classification of Disease 10th revision,
Clinical Modification (ICD-10-CM) diagnosis codes were
in the primary/discharge diagnosis position: J09 (Influenza
due to certain identified influenza virus), J10 (Influenza due
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to other identified influenza virus), J11 (Influenza due to
unidentified influenza virus), J12 (Viral pneumonia, not else-
where classified), and J80 (Acute respiratory distress syn-
drome) if this was accompanied by at least one code with
a viral diagnosis (J09, J10, J11, or J12) in the secondary
position. For the Medicare-FFS analysis, hospitalizations
were identified via primary or discharge diagnoses. For the
commercial analysis, qualifying hospitalizations were iden-
tified only via primary diagnosis because discharge diag-
noses were not available.

Hospitalizations with extracorporeal membrane oxyge-
nation (ECMO) were excluded from the analysis, as were
hospitalizations with invasive mechanical ventilation
(iMV) but no ICU. These hospitalizations were excluded
with ECMO
was small and there is a wide distribution of costs,10 and

since the number of hospitalizations

hospitalizations with iMV but no ICU typically are asso-
ciated with surgical procedures that specifically require
iMV and have characteristics different from hospitaliza-
tions requiring iMV use due to pneumonia. Identification
of ECMO and iMV was based on procedure and DRG
codes listed in Table S1. For DRG codes that are desig-
nated for hospitalizations with either ECMO or iMV
(DRG 003, 004, 207, 208, or 870), the hospitalization
was grouped as iMV if it was associated with the relevant
DRG code but had no ECMO procedure codes.

Cases were stratified into cohorts identified as either
uncomplicated hospitalizations, defined as hospitalizations
without ICU, or hospitalizations with ICU use.

Outcomes

For all hospitalizations that met the inclusion criteria,
length of stay (LOS) and costs were estimated from the
available claims; costs were the total of patient paid and
plan paid, and were adjusted to 2019 dollars based on the
medical component of the Consumer Price Index (https://
www.bls.gov/data/). The main outcome of interest was the

incremental cost per additional inpatient day, which was
estimated for uncomplicated stays and those that included
ICU; incremental costs per each additional ICU day were
also estimated separately.

Statistical Analysis

Descriptive statistics were used to characterize the hospi-
talizations. Since the analysis was based on hospitaliza-
tions rather than patients, single patients may have had
multiple hospitalizations in the database.

Incremental costs per additional inpatient day were
estimated for the commercially insured population and
the Medicare population using three different statistical
methods. For each method, separate models were fit for
that
included ICU, and ICU costs alone. The primary analysis

uncomplicated hospitalizations, hospitalizations
used ordinary least squares regression (OLS), and was
conducted for a base case scenario that excluded hospita-
lizations with LOS or costs that exceeded the 99th percen-
tile. The OLS analysis averaged the costs across all
additional days beyond the first day, and adjusted for
other variables that could impact costs. The rationale for
excluding the top 1% was to exclude outliers that likely
have a large influence on estimated regression coefficients.
However, as a sensitivity analysis to assess whether the
regression coefficients are stable with the presence of cost
outliers, the OLS was also fit using the full cohort for each
model. Age group, sex, and geographic region of residence
were included as covariates in all OLS models, and for the
OLS model for hospitalizations with ICU, iMV was also
included as a covariate.

The other two methods of estimating incremental costs
were also conducted as sensitivity analyses. The second
method considered weighted incremental costs (cost dif-
ferences between adjacent days of the LOS), which were
estimated as previously described by Kozma et al.” This
method takes into account the varying LOS and the fact
that costs are not evenly distributed during a stay. In brief,
the first step was to calculate the average cost per stay by
LOS. Second, the average cost difference between adja-
cent groups of different LOS was calculated (eg, mean
cost of LOS = 5 minus mean cost of LOS = 4). Finally, the
weighted difference across all LOS groups was calculated,
where the weighting represents the number of hospitaliza-
tions in the LOS group. Given that there was generally
a small sample that had high LOS, the calculation was
capped at the 99th percentile of the LOS distribution.
Furthermore, the ICU analyses were not stratified by the
presence of iMV, since in the commercial database there
were less than 100 hospitalizations with both iMV and
ICU use, and the sample sizes per LOS group were less
than 10.

The third method was also adapted from Kozma et al,’
and applied a weighted beta to adjust for potential differ-
ences in demographics, with the beta representing the
increase or decrease in total payment for hospitalization
per unit increase in days, with age group, sex and region
kept constant. The sequence was to first fit the OLS on
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hospitalizations with LOS = n and LOS = nt+l, with
different LOS included as one categorical measure rather
than a continuous measure. Next, the model was fit for
each LOS pair up to the 99th percentile of LOS, with age
group, sex, region of residence, and an indicator of iMV
use included. Finally, the weighted average of the fitted
regression coefficient was calculated for LOS from each
model, where the weight represents the number of hospi-
talizations in LOS = n+1.

Results

Characteristics of the Cohorts

The attrition table (Table S2) shows that in the commer-
cially insured population, a total of 6055 hospitalizations
in 6000 unique patients met all criteria; 54 had a second
qualifying hospitalization, and one patient had a third.
After excluding the top 1% of LOS and costs, there were
4602 uncomplicated hospitalizations and 1356 hospitaliza-
tions with ICU for the base case analysis.

In the Medicare-FFS database, attrition after meeting
all criteria resulted in identification of 116,338 unique
patients (Table S2). Of these patients, 2081 had multiple
qualifying hospitalizations during this period, resulting in
a total of 118,419 hospitalizations. After excluding 1867
hospitalizations with LOS and/or total costs above the
respective 99th percentiles, the base case study analysis
consisted of 116,552 hospitalizations (88,716 uncompli-
cated and 27,836 hospitalizations with ICU) among
114,617 patients. Readmission hospitalizations due to rea-
sons other than the qualifying criteria were excluded from
the analysis.

Although the Medicare FFS database represented an
older population relative to those who were commer-
cially insured, within each database, the identified
cohorts had similar demographic characteristics (Table
1); no differences were observed in characteristics
between the base case and all qualified hospitalization
populations (data not shown). While all cohorts had
a majority of females (53.7-59.1%), the mean ages of
the Medicare-FFS cohorts (79.8-80.8 years) were sub-
stantially higher than those from the commercial data-
base (61.2-63.0 years). The LOS was generally longer
for hospitalizations with ICU than uncomplicated hospi-
talizations, and stays were also longer in the Medicare-
FFS population relative to the commercially insured
population (Table 1).

Commercially Insured Population

Mean total costs for uncomplicated hospitalizations for
viral pneumonia in the commercially insured population
were lower than for the sensitivity analysis on the all-
qualified hospitalizations, $15,652 and $16,970, respec-
tively (Figure 1A), reflecting exclusion of LOS or costs
that exceeded the 99th percentile. Similarly, mean total
costs of hospitalizations with ICU were lower in the base
case than for all qualified hospitalizations with ICU,
$26,532 and $32,469, respectively.

The base case estimated incremental costs of each
additional day for uncomplicated hospitalizations were
$2158 with incremental costs of $3900 for hospitalizations
that included ICU, and incremental costs of $5254 per
additional ICU day (Table 2). In the OLS sensitivity ana-
lysis (all qualified hospitalizations), the incremental costs
were $2537, $5646, and $6853 for each additional uncom-
plicated, hospitalization with ICU, and ICU day, respec-
tively. The sensitivity analyses based on weighted
differences and weighted beta also resulted in costs per
additional day that were generally consistent with the base
case (Table 2).

The impact of iMV on costs was estimated by includ-
ing an indicator for use of any iMV in the OLS models for
ICU (Table S3). Such use of iMV was associated with
costs that would add $35,482 to the costs of hospitalization
in the base case, and $19,759 in the sensitivity analysis on
all hospitalizations.

Medicare-FFS Population

As shown in Figure 1B for the Medicare-FFS population,
the mean total costs were generally similar for all hospi-
talizations and the base case for both uncomplicated hos-
pitalizations, $8647 and $8370, respectively, and
hospitalizations with ICU $11,671 and $10,734, respec-
tively. Estimated incremental costs in the base case OLS
model for the Medicare-FFS population were $475, $668,
and $608 per additional inpatient day for uncomplicated
hospitalizations, hospitalizations that include ICU, and
ICU only, respectively (Table 3). In the OLS sensitivity
analysis, incremental costs per additional day were $623
for uncomplicated hospitalizations, $1150 for hospitaliza-
tions with ICU, and $1260 for ICU. Incremental costs per
additional day using weighted differences and weighted
beta were similar to the base case, except for slightly
lower incremental costs per additional ICU day in the
weighted beta model (Table 3).
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Figure | Total costs of inpatient stays among the commercially insured (A) and Medicare Fee-for-Service (B) populations.

The estimated costs associated with iMV use in the
Medicare-FFS population would add $13,101 and $16,215
to the costs of hospitalization in the base case and sensi-
tivity analysis on all qualified hospitalizations, respec-
tively (Table S4).

Discussion

While daily cost variability inherent to hospitalizations is
dependent on the diagnosis and management strategies,
this study provides an estimate of the average incremental
costs associated with each additional day of hospitalization
with and without use of ICU for viral pneumonia, as well
as for each additional ICU day by itself. These values can
be useful to further determine potential cost savings result-
ing from treatment-related reductions in LOS, especially
as a proxy for viral respiratory diseases such as COVID-
19, and may also serve as an estimator in economic ana-
lyses. However, actual cost savings resulting from
a reduction in LOS resulting from existing or new thera-

pies will also be dependent on the cost of those therapies.

Considering both the base case and the sensitivity ana-
lyses for uncomplicated hospitalizations, which taken
together suggested that the estimates of incremental costs
were robust, the average cost per additional day for an
uncomplicated hospitalization may be expected to range
from $2158 to $2684 for commercially insured patients,
and from $475 to $623 among Medicare-FFS patients.
While the commercial costs appear to be similar to the
$2273-$2373 in year 2009 dollars reported by Kozma
et al® as cost savings for eliminating a day of hospitalization
for community acquired pneumonia, it should be noted that
since that study did not stratify by ICU use, those values do
not necessarily represent uncomplicated hospitalizations.

For hospitalizations with ICU as well as when the ICU
stays were considered separately, the sensitivity analysis on all
hospitalizations showed that while estimates of incremental
costs were generally stable, average costs per additional day
were slightly higher relative to the base case, likely reflecting
outliers in these cost categories. These results also suggest that
the cost of outliers when ICU is included is greater than outlier
costs among uncomplicated hospitalizations, which is not

Table 2 Estimated Incremental Costs per Additional Day of Hospitalization in the Commercially Insured Population

Analysis Incremental Costs per Day, $
Uncomplicated Hospitalizations Hospitalizations with ICU ICU Only
Base case OLS regression® 2158 3900 5254
Sensitivity analysis
OLS regression on all qualified hospitalizations 2537 5646 6853
Weighted difference® 2634 4637 4569
Weighted beta“ 2684 4735 3970

Notes: *Hospitalizations/ICU with length of stay or costs that exceeded the 99th percentile were excluded. ®Calculation was capped at the 99th percentile of the length-of-
stay distribution. “Model was fit for each length-of-stay pair up to the 99th percentile of length-of-stay.
Abbreviations: FFS, fee for service; ICU, intensive care unit; OLS, ordinary least squares.
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Table 3 Estimated Incremental Costs per Additional Day of Hospitalization in the Medicare Fee-for-Service Population
Analysis Incremental Costs per Day, $
Uncomplicated Hospitalizations Hospitalizations with ICU ICU Only
Base case OLS regression® 475 668 608
Sensitivity analysis
OLS regression on all qualified hospitalizations 623 1150 1260
Weighted difference® 567 720 617
Weighted beta“ 580 635 431

Notes: *Hospitalizations/ICU with length of stay or costs that exceeded the 99th percentile were excluded. ®Calculation was capped at the 99th percentile of the length-of-
stay distribution. “Model was fit for each length-of-stay pair up to the 99th percentile of length-of-stay.
Abbreviations: FFS, fee for service; ICU, intensive care unit; OLS, ordinary least squares.

surprising given that patients in the ICU usually require
a greater intensity of care.

Across the analyses, it may be expected that the average
cost per additional day of hospitalization with ICU would be
within the range of $3900-$5646 for commercially insured
patients, with each additional day of ICU costing $3970-
$6853. Similarly, for Medicare-FFS patients, stays with [CU
would be within the range of $635-$1150, with each
additional day in ICU costing $431 to $1260. Incremental
costs for Medicare-FFS patients were substantially lower
than those for the commercially insured population, since
these costs represent fixed pricing based on DRGs, with the
same reimbursement regardless of the LOS.

For perspective, the 4-day reduction in LOS reported
with remdesivir’ could, using the base case scenario,
potentially lower the costs of an uncomplicated hospitali-
zation by $8632 and the cost of a hospitalization with ICU
by $15,600 among commercially insured patients. These
reductions approximate the overall $12,000 in savings that
the maker of remdesivir claims would result from an ear-
lier hospital discharge;'" the cost of a course of remdesivir
treatment for COVID-19 is $3120 for commercially
insured patients. In a Medicare-FFS patient, reductions
resulting from a 4-day shorter LOS would be $1900 and
$272 for uncomplicated and ICU hospitalizations, respec-
tively; remdesivir costs are $2340 for treatment that is
government subsidized. It should be noted that omission
shortened LOS was
a shortcoming of a recent Institute for Clinical and

of costs associated with a
Economic Review (ICER) analysis modeling the cost
recovery of remdesivir, although the secondary cost-
effectiveness model conducted by ICER did account for
LOS."

As shown by the iMV coefficients in the OLS analyses for
ICU, use of iMV can be expected to increase the overall

hospitalization costs by an average of $35,482 and $13,101
in the commercially insured and Medicare-FFS populations,
respectively, although identification of iMV was based on
DRG and procedure codes in claims, which precluded accurate
estimation of the duration of iMV use and incremental costs per
additional inpatient day. A counterintuitive finding was that the
additional costs associated with iMV in the commercially
insured population were higher in the base case than the
sensitivity analysis on all qualified hospitalizations. The posi-
tion of outliers in the model affects the beta for the iMV
estimate, and thus the presence of outliers without iMV and
high costs and/or those with iMV but low costs could account
for these observed results.

Two recent studies on the costs of iMV can provide
additional context to these results. The first study, a meta-
regression analysis, showed that iMV substantially increased
daily ICU costs by 25% and suggested that LOS is likely to
be an important contributor to the iMV cost component.’
However, that study not only noted the paucity of informa-
tion available on the economic impact of iMV, but also
appeared to focus on duration of LOS as an effect of venti-
lator-assisted pneumonia. That focus is in contrast to the
current study, which considered use of iMV as treatment for
a primary diagnosis of pneumonia. The second study, relying
on data from a single center in the German health system
further confirmed iMV as a driver of ICU costs, and showed
that while there is variability in the contribution of iMV to the
overall daily costs of ICU, respiratory conditions are asso-
ciated with the highest relative increase in daily costs due to
use of iIMV (94%) relative to other conditions that may
require such use.'® Overall, the available data indicate that
reduction in iMV, even in the absence of a reduction in ICU
LOS may result in economic benefits, although the relation-
ships among LOS, iMV use, and daily ICU costs need to be
more fully characterized.
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An important limitation of this study is that it reflects costs
associated with viral pneumonia, and although this may be
considered a reasonable proxy for COVID-19, the results
should be prudently interpreted, since generalizability to hos-
pital stays for other conditions, including COVID-19, is uncer-
tain. Further research is needed to confirm the present
methodology within a COVID-19 specific inpatient cohort
once such records are adjudicated and become available in
commercial and Medicare-FFS claims databases. In this
regard, it should also be noted that while there is large varia-
bility in LOS for the COVID-19 hospitalizations, many
COVID-19 patients have LOS longer than those with viral
pneumonia in the current study, especially among COVID-19
patients who require ICU and/or iMV.>*!*!5 Moreover, the
models do not take into consideration additional costs that may
be potentially incurred during public health emergencies
related to infectious diseases, as additional protocols may be
implemented to limit exposure of health workers to infectious
pathogens, thereby further increasing the daily cost of inpatient
care. The potential for miscoding is a limitation that is asso-
ciated with databases such as the ones used in the current
analysis. Another limitation, as previously mentioned, is that
the analyses relied on an indicator for iMV. The exclusion of
ECMO may also be considered a limitation, since this treat-
ment modality is also cost-intensive. However, ECMO itself
may be associated with prolonged ICU LOS and ventilator
support as well as high mortality in patients with viral
pneumonia,'® and while it has been used in patients with
COVID-19, its therapeutic role in this disease has yet to be
determined.

Conclusion

This study provides estimates of the average incremental cost
for each additional day of hospitalization with and without use
of the ICU. The results can be used to determine the magnitude
of economic savings that may be achieved with various reduc-
tions in LOS, and emphasize the potential value of drugs that
can result in early hospital discharge. Sensitivity analyses
further demonstrated that the estimates were robust to metho-
dological variations. This robustness suggests the utility of the
estimates in economic analyses to identify additional cost off-
sets that may demonstrate economic benefits of therapies that
reduce LOS, such as new technologies or drugs for the treat-
ment of COVID-19.
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