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Background: In anticipation of a demand surge for hospital beds
attributed to the coronavirus pandemic (COVID-19) many US states
have mandated that hospitals postpone elective admissions.

Objectives: To estimate excess demand for hospital beds due to
COVID-19, the net financial impact of eliminating elective admis-
sions in order to meet demand, and to explore the scenario when
demand remains below capacity.

Research Design: An economic simulation to estimate the net
financial impact of halting elective admissions, combining epi-
demiological reports, the US Census, American Hospital Association
Annual Survey, and the National Inpatient Sample. Deterministic
sensitivity analyses explored the results while varying assumptions
for demand and capacity.

Subjects: Inputs regarding disease prevalence and inpatient uti-
lization were representative of the US population. Our base case
relied on a hospital admission rate reported by the Center for Disease
Control and Prevention of 137.6 per 100,000, with the highest rates
in people aged 65 years and older (378.8 per 100,000) and
50–64 years (207.4 per 100,000). On average, elective admissions
accounted for 20% of total hospital admissions, and the average rate
of unoccupied beds across hospitals was 30%.

Measures: Net financial impact of halting elective admissions.

Results: On average, hospitals COVID-19 demand for hospital bed-
days fell well short of hospital capacity, resulting in a substantial
financial loss. The net financial impact of a 90-day COVID surge on
a hospital was only favorable under a narrow circumstance when
capacity was filled by a high proportion of COVID-19 cases among
hospitals with low rates of elective admissions.

Conclusions: Hospitals that restricted elective care took on a sub-
stantial financial risk, potentially threatening viability. A sustainable
public policy should therefore consider support to hospitals that
responsibly served their communities through the crisis.

Key Words: Coronavirus (COVID-19) pandemic, inpatient admissions,
elective admission, National Inpatient Sample, economic simulation
model
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W ithout effective mitigation, the novel coronavirus pan-
demic (COVID-19) was projected to create an unmet

demand for hospital beds in the United States and strain
hospitals struggling with scarce resources.1 To conserve staff
and personal protective equipment, the US Centers for Dis-
ease Control and Prevention (CDC) recommended hospitals
prioritize urgent and emergent care, delay elective ambulatory
visits and inpatient admissions, and delay elective surgeries.2

Accordingly, most US states mandated that hospitals post-
pone elective admissions and other hospitals voluntarily re-
duced or eliminated elective admissions.3 However, elective
admissions are the primary source of revenue for most US
hospitals, cross-subsidizing the lower profit margins of non-
elective admissions.4

Hospitals serve a vital role in their communities, es-
pecially during crises. However, making room for a potential
demand surge can jeopardize their sustainability. From a
hospital perspective, whether the net financial impact of
eliminating profitable elective admissions in exchange for the
ability to admit COVID-19 patients is sustainable (profit) or
not (loss) depends on a number of factors.5 Conceptually, the
demand for hospital beds-days due to COVID-19 is a function
of the rate of COVID-19 hospital admissions, and the length of
stay (LOS). Effective mitigation strategies like social distancing
can reduced the incidence of infection and, consequently, the
number of admissions. In addition, demand could fail to meet
hospital capacity if hospitals reduce elective admissions ahead of
the demand surge or if the admission rate is otherwise lower
than expected. Hospitals’ useable capacity (ie, capacity not
dedicated to nonelective admissions) can be maximized by
prepping normally unoccupied beds, reducing or eliminating
elective admissions, and taking emergency actions to create
additional bed-days (eg, doubling occupancy of hospital rooms).
Paradoxically perhaps, hospitals with higher rates of elective
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admissions and unoccupied beds have a greater capacity to meet
a demand surge. Furthermore, hospitals’ capacity can be con-
strained by high rates of absenteeism due to illness among
nurses and doctors, limited access to ventilators, a shortage of
personal protective equipment, or a scarcity of anesthetic med-
ications or other pandemic-related social factors.6,7 Finally,
COVID-19 admissions may yield a lower profit margin per case
compared with elective admissions because they represent dis-
proportionately older patients, are more likely to be reimbursed
by Medicare, are not associated with surgical procedures, and
because the LOS generally increases with age.8,9 In contrast, if
demand remains high and COVID-19 admissions are accom-
panied by a shorter LOS, hospitals will benefit by caring for
more patients.

Given these uncertainties, we created a simulation
model to estimate the demand surge for hospital beds due to
COVID-19 and to determine the net financial impact to
hospitals caused by eliminating elective admissions in order
to meet the demand surge. The results from these analyses
can inform hospitals about the magnitude and key drivers of
financial impact that they might realize in their specific cir-
cumstances. In addition, the analysis provides information to
policy makers considering how to optimize resources or
distribute stimulus reimbursement in the context of the cur-
rent or future demand surges.

METHODS
From a hospital perspective, we created an economic

simulation model to estimate net financial impact of sus-
pending elective admissions in favor of COVID-19
admission over a 90-day period. Combining US population
demographics, disease characteristics, and cost estimates
from a variety of sources, we estimated a standard profit/
loss equation to consider the fundamental trade-off
between maximizing a higher volume of lower profit
COVID-19 admissions versus maintaining a lower volume
of relatively higher profit elective admissions. As with
many simulation models, several inputs represent uncertain
information, are subject to variable state policy, or are
heterogeneous across hospitals. For this reason, model in-
puts were sourced with estimated variances and integrated
into the profit (loss) estimate with confidence intervals
(CIs). In addition, deterministic sensitivity analyses al-
lowed us to explore the extremes of the net financial benefit
based on varying assumptions for (a) hospitals’ unoccupied
bed rate, (b) hospitals’ normal elective admission rate, (c)
impact of medical worker absenteeism, and (d) the level by
which COVID-19 demand for bed-day could fail to reach
capacity.

Data Sources for Model Inputs
The following sources inform our simulation model:

(1) The National Inpatient Sample (NIS) is a complex
national sample of hospital discharges representative of
US inpatient care.10 As the largest publicly available all-
payer inpatient discharge database in the United States, NIS
was used to estimate strata-specific hospital costs and LOS.
Strata were defined by age group, US census division,
primary payer, and elective versus coronavirus admissions.

Influenza admissions were used as a surrogate for average
costs and LOS for COVID-19 and calibrated based on
recently published COVID-19 reports (described below).
We used NIS data from 2017 because it is the most recent
data available. Released annually by the Agency for
Healthcare Research and Quality’s Healthcare Cost and
Utilization Project, NIS is a uniform administrative dataset
describing discharges from 20% sample of the hospitals that
are part of the American Hospital Association (AHA). All
discharges from each sampled hospital are included.
Stratification by US region, urban or rural location, teaching
status, ownership, and bed size is used to perform a complex
sampling strategy that allows for unbiased national estimates
of admissions, including hospital charges, LOS, patient
demographics, and diagnosis codes from the International
Classification of Diseases, version 10. Cost-to-charge ratio
files accompany NIS to estimate operational costs based on
Medicare Cost Reports.

(2) US Census data were used to aggregate age-specific US
resident population, by US Census Division.11 The 9 US
Census Divisions are defined in Appendix A1, Supplemental
Digital Content 1 (http://links.lww.com/MLR/C170). We
limited our analysis to those over age 20 or older, as
admissions in those under 20 is relatively uncommon and
because the reliability of admissions for those under age 20
within the NIS is uncertain. The population count was
grouped by age as 20–39, 40–59, 60–79, 80+.

(3) The Annual Survey of the AHA from 2015 was used to
describe the number of hospitals within each state, the
total number of beds within hospitals, the total annual
admissions, and total inpatient bed-days.12 We derived
the total capacity in bed-days, taken as the total number of
beds multiplied by 90 days, the time period of interest.
Hospitals’ normal occupancy rate—the ratio of inpatient
days over total capacity—was varied in our sensitivity
analysis.

(4) We multiplied reimbursement-over-cost factors reported
by Braithwaite and colleagues, which focused on the
H1N1 pandemic in the Fall of 2009, to estimate profit
(loss) for commercial (24%), Medicare (0%), Medicaid
(−19%), and others payers including self-pay and charity
case (−13%). Braithwaite et al5 cite MedPAC (2006) for
these factors.

(5) State-specific details, including the number of hospitals
and beds were also obtained from the Kaiser Family
Foundation.13 Reassuringly, total beds were consistent
with the AHA.

(6) The age-specific cumulative COVID-19 hospitalization
rate was reported on August 7 by the CDC: 137.6 per
100,000, with the highest rates in people aged 65 years
and older (378.8 per 100,000) and 50–64 years (207.4 per
100,000).14

Defining Capacity
As shown in Figure 1, total hospital capacity as measured

by bed-days can be thought of as the sum of elective,
nonelective, and unoccupied beds. We assume that nonelective
admissions are unchanged because they are not the target of
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state or hospitals policies to maximize capacity of bed-days for
COVID-19 cases. Thus, availability of beds to accommodate
COVID-19 cases is taken as the sum of elective and normally
unoccupied bed-days. We assumed that hospitals could create an
additional 10% capacity by emergent actions such as doubling
patients to a room. We then compared available capacity in bed-
days to estimated demand for bed-days caused by a surge in
admission rates for COVID-19. We describe excess demand as
the extent that COVID-19 demand for bed-days exceeded
available capacity. Excess demand could be negative if the
available capacity exceeds the demand from COVID-19
patients.

Type of Admission and COVID-19 Cases
A variable reported by hospitals within NIS indicates

admissions that are deemed to be classified as “elective” versus
“non-elective.” Nonelective admission included emergent, ur-
gent, newborn, and traumatic admissions. We used this variable
as provided in NIS to estimate the proportion of all admissions
that were deemed elective. We estimate a mean elective ad-
mission rate of 20%, ranging across US Census Divisions from
17% to 27%.

Estimating Admission Characteristics for COVID-
19 Cases

Admissions coded with a primary ICD-10 diagnosis code
for influenza with or without pneumonia served as a proxy to
describe mean costs and LOS for COVID-19 cases (Appendix
Table A2, Supplemental Digital Content 1, http://links.lww.com/
MLR/C170).15 As a proxy for COVID-19 LOS and cost, in-
fluenza likely underestimates the complexity associated with
COVID-19. Therefore, we calibrated the proxy derived LOS
data to COVID-19-specific LOS of 11.3 days (95% CI,
0.8–32.9), as reported by Lewnard et al.16 The mean COVID-19
LOS was 2.13 times greater than the influenza proxy.

Hospital Reimbursement
Estimating hospital reimbursement required several

calculations. Total hospital charges, excluding professional
fees and postacute care, are provided with NIS. We applied
hospital-specific cost-to-charge ratios from the Healthcare
Cost and Utilization Project to derive costs. Within each
admission type, we estimated strata-specific mean costs using
survey-weighted generalized linear regression with a γ-distribution
and log link, an approach that is robust to typically highly skewed

health care cost distributions (as described above, strata were
defined by age group, US Census Division, and payer type).17 On
the basis of payer type, we then applied the income-over-cost
factors provided by Braithwaite to estimate hospital income. We
then increased estimated income by 20% across all payers to
account for additional reimbursement to hospitals included in the
Coronavirus Aid, Relief, and Economic Security (CARES) Act.18

As with LOS, we calibrated proxy-based costs using recently
published cost data specific to COVID-19 of $15,792 (Medicare),
$11,390 (Medicaid), $38,059 (commercial), and $15,792 (other/
uninsured). The ratio of COVID-specific to proxy-based costs
were 1.37 (Medicare), 0.76 (Medicaid), 3.33 (commercial), and
1.47 (other/uninsured).19 Our estimates of admission cost were
similar to COVID-19-specific costs reported by Bartsch et al.20

Finally, within each admission type, mean income for the ad-
missions was divided by the LOS to acquire an average income
per bed-day, assuming a uniform profit per bed-day.

Estimating Hospital Demand for Bed-Days
We applied the CDC’s reported rate of COVID-19-

related hospital admission to the population from the US
Census to estimate the number of COVID-19 admissions. To
estimate the surge in demand for bed-days due to COVID-19,
we then multiplied the number of COVID-19 admissions by
the average strata-specific LOS.

Health Care Provider Absenteeism
Even if bed-days are made available for COVID-19

patient admissions, nurse and physician absenteeism due to
sickness could be a constraint to this capacity. In addition to a
reduction in available medical workforce, capacity constraints
could be due to scarcity of personal protective equipment or
ventilators. Although these constraints could take a variety of
forms, we operationalized them in our model by assuming
reductions in available capacity ranging from 0% to 40%.

Analysis
Our Monte Carlo simulation model calculated the poten-

tial demand for hospital bed-days due to COVID-19 compared
with the available capacity of bed-days by US states over a
90-day period. Using estimates for COVID-19 admissions and
LOS for individuals infected by COVID-19, we calculated the
total number of bed-days that would be needed to accommodate
these COVID-19 patients. We compared these estimates to
available capacity to determine the excess demand for bed-days
caused by COVID-19 patients after filling elective, unoccupied,
and newly created bed-days. Finally, we used the reimbursement
rates across payers to calculate the net financial gains or losses to
hospitals admitting COVID-19 patients.

A profit (loss) equation was calculated as the difference
in the population-weighted ”)(“ω”) sum of 144 strata-specific
daily income for bed use between maintaining elective cases,
compared with the strategy of maximizing availability for
COVID-19 cases. Strata were defined by the combination of
age groups (4 levels, “i”), US Census Division (9 levels, “j”),
and payer type (4 groups, “k”), for a total of 144 strata (“s”).
Specifically, profit (loss) equations were calculated separately
for the scenario in which elective patients were admitted as
usual (“u,” equation (1)) and for the COVID-19 scenario in

FIGURE 1. Defining hospital capacity and excess COVID-19
demand for bed-days. Source: Author’s conceptual model of
hospital demand and capacity.
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which bed capacity was increased, elective admissions were
suspended, and COVID-19 patients were admitted instead
(“c,” equation (2)). We then calculated the incremental profit
as the difference between the estimated profit under these 2
scenarios (equation (3)). Volume was defined as the number
of hospital bed-days over a 90-day period occupied by elec-
tive or COVID-19 patients depending on the scenario.
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We analyzed our model using 10,000 Monte Carlo simu-
lations in which parameter estimates were drawn from distributions
based on the estimated mean and SDs for our input parameters. We
conducted several multiway sensitivity analyses to express the re-
sults over a range for the rate of absenteeism, the rate of elective
procedures, the rate of normally unoccupied bed-days, the pro-
portion of hospital admissions from commercially insured cases,
and over a range of reduced COVID-19 demand.

RESULTS

COVID-19 Demand
Inputs regarding admission rates and inpatient utilization

were representative of the US population. Our base case analysis
relied on a COVID-19 admission rate of 378.8 per 100,000
among those aged 65 years and older and 207.4 per 100,000
among those 20–64 years. On average, elective admissions ac-
counted for 20% of total hospital admissions, and 30% of hospital
beds are unoccupied under normal circumstances. Given the
observed COVID-19 hospital admission rate, we estimate that
aggregated national demand will reach 13.9% of the available
national capacity, leaving 86.1% unused. Increased demand for

bed-days sharply increases with an increased COVID-19 admis-
sion rates, a greater rate of absenteeism, a lower rate of un-
occupied beds, and lower rates of elective admissions (Table 1).
For example, a hospital with 0% absenteeism, 20% elective
admissions, and 30% unoccupied beds could expect an excess
capacity of 6477 bed-days. Excess capacity ranged from about
11,000 bed-days over a 90-day period in Delaware to about 3000
in Montana (Appendix Fig. A3, Supplemental Digital Content 2,
http://links.lww.com/MLR/C171).

Hospital Financial Impact
In our base case analysis, the strategy to replace elective

admissions with COVID-19 admissions yielded a net financial loss
across all levels of elective admission rates (Table 2). Because
demand was below capacity, these findings were not sensitive to
the rates of unoccupied beds or absenteeism. For example, a
hospital normally operating with 20% elective admissions could
expect a 90-day loss of $1,916,278 (95% CI, $1,914,108–
$1,918,448) over the strategy of not eliminating elective admis-
sions. Net financial losses were greater for hospitals with higher
rates of elective admissions.

Demand Versus Capacity
Importantly, demand for COVID beds might remain

below capacity if the admission rate of COVID-19 declines or if

TABLE 1. Difference in Demand Versus Capacity for Hospitals Bed-Days During a 90-Day Surge of COVID-19, by Rate of
Absenteeism and Capacity

Unoccupied Capacity Unoccupied Capacity

Absenteeism 50% 40% 30% 20% 10% 50% 40% 30% 20% 10%

Rate (%) Hospital rate of elective admission= 15% Hospital rate of elective admission= 20%

0 −8663 −7206 −5748 −4291 −2834 −9391 −7934 −6477 −5020 −3563
10 −7716 −6404 −5093 −3781 −2470 −8371 −7060 −5748 −4437 −3126
20 −6768 −5603 −4437 −3271 −2105 −7351 −6186 −5020 −3854 −2688
30 −5821 −4801 −3781 −2761 −1741 −6331 −5311 −4291 −3271 −2251
40 −4874 −4000 −3126 −2251 −1377 −5311 −4437 −3563 −2688 −1814

Rate (%) Hospital rate of elective admission= 25% Hospital rate of elective admission= 30%

0 −10,120 −8663 −7206 −5748 −4291 −10,849 −9391 −7934 −6477 −5020
10 −9027 −7716 −6404 −5093 −3781 −9683 −8371 −7060 −5748 −4437
20 −7934 −6768 −5603 −4437 −3271 −8517 −7351 −6186 −5020 −3854
30 −6841 −5821 −4801 −3781 −2761 −7351 −6331 −5311 −4291 −3271
40 −5748 −4874 −4000 −3126 −2251 −6186 −5311 −4437 −3563 −2688

Negative values indicate excess capacity of hospital beds. Analysis based on a hospital admission rate of 207/100,000 among those age 20–60 and 379/100,000 among those age 60+.
Source: Author’s results from simulation analysis.

TABLE 2. Estimated Financial Impact for an Average US
Hospital Accommodating a 90-Day Demand Surge Due to
COVID-19, by Rate of Elective Admissions

Hospital Rate of Elective Admission

Outcome 15% 20% 25% 30%

Financial impact −$1,256,574 −$1,916,278 −$2,575,981 −$3,235,685

Analysis based on a hospital admission rate of 207/100,000 among those age 20–60
and 379/100,000 among those age 60+, unoccupied bed capacity of 20%, and absenteeism
set at 0%. Because demand did not reach capacity, these results were not sensitive to
varying rates of absenteeism or unoccupied capacity.

Source: Author’s results from simulation analysis.
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hospitals eliminate elective procedures well ahead of the COVID-
19 demand curve. A lower than expected demand could result
from successful effects of social distancing, for example. We per-
formed an additional sensitivity analysis to describe the effect of
COVID-19 demand for hospitals bed-days over a range of ad-
mission rates (Table 3). Not surprisingly, if COVID-19 demand
does not reach available capacity (elective beds+unoccupied beds
+10% added capacity), hospitals’ net financial loss is substantial.
For example, if actual demand reaches only 30% of available
capacity, an average hospital with 0% absenteeism and 20%
elective cases, could expect a 90-day net financial loss of
$1,105,358 (95% CI, $1,104,018–$1,106,698). The net financial
loss substantially increases with absenteeism, a higher elective
admission, and a lower rate of demand.

We also performed 2-way sensitivity analysis to ex-
amine the impact over a range of COVID-19 admission rates,
and the proportion of hospital admissions that were among
commercially insured patients (Table 4). As expected, for an
average hospital that added capacity by eliminating elective
admissions, a lower COVID-19 admission rate and a higher
proportion of commercially insured patients results in
substantial greater financial losses.

CONCLUSIONS
Given the observed rate of hospital admissions for

COVID-19, we estimate that an average hospital’s bed capacity
remained well above demand for beds due to COVID-19. Al-
though the actual demand-to-capacity might be variable for a
specific hospital, the finding might be reflective of successful
mitigation such as social distancing. Owing to the excess capacity,
our model predicts that, on average, hospitals will encounter a net
financial loss over a 90-day period, with a magnitude of loss that
is sensitive to COVID-19 admissions rates, a hospital’s normal
rate of elective admissions, staff absenteeism, and proportion of
commercially insured patients. Hospitals that eliminate elective
cases will face a substantially greater financial loss if community
mitigation strategies, such as social distancing, effectively reduce
the admission rate. Furthermore, by assuming that nonelective
admissions are immutable during a COVID-19 surge, our results
are likely conservative. Admissions that hospital typically report
as “non-elective,” which includes trauma cases, might actually
decline due to reduced exposure to accidents or having some
degree of discretion. The effects of this possibility can be seen by
interpreting a higher rate of elective admission in our sensitively
analysis.

Our results are broadly consistent with other groups that
have modelled the demand surge or its financial impact on the
US health system.5,21–23 Arguing for a greater stimulus re-
imbursement to hospitals treating COVID-19 cases, Strata Deci-
sion Technology, for example, demonstrated a net financial loss
to hospitals due to a marginal revenue loss caused by deferred
elective inpatient cases. Our findings add to this result by dem-
onstrating a potentially greater financial loss if the expected surge
in demand does not reach added capacity. Paradoxically, for
hospitals that reduced elective cases in anticipation of a demand
surge, the more successful mitigation strategies such as social
distancing are at reducing transmission of COVID-19, the larger
the financial losses are. Especially if the demand surge does not TA
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reach added capacity, additional financial relief from Federal or
State stimulus might be justified.

As with most simulation models, the results of our
analysis should be considered in the context of key assump-
tions for the inputs that we relied on. These include (a) the
reliance on CDC reported COVID-19 admissions rates, (b)
use of ICD-10 codes for admissions associated with influenza
with/without pneumonia as a proxy for estimating LOS and
hospital costs for COVID-19 admissions, (c) an estimate that
elective admissions account for 20% of total hospital ad-
missions, (d) that nonelective admissions have no influence
on available beds, and (e) that hospital costs are uniform
across the hospital bed-days, although we acknowledge that
daily costs are often greater in the first days of admission than
in the later days. For each of these inputs we summarized the
best available knowledge and cited their sources. We also
performed a sensitivity analysis to explore the effects over a
range of credible values where there was greater uncertainty
for specific inputs.

Additional limitations should be accounted for with
ongoing efforts. Although our sensitivity analysis illustrated
the effect when demand fails to meet capacity, we did not
explicitly account for the time-varying rise in demand. Many
hospitals cancelled elective admissions days or weeks in ad-
vance of any increased demand. These unused admissions
days represent a significant loss in revenue. Our analysis is
also strictly focused on the profit/loss associated with in-
patient admissions. However, many health systems also re-
duced or eliminated ambulatory and office-based care.
Because of this, our estimates on financial impact are likely
optimistic from a hospital perspective. Finally, some might
argue that the financial loss is minimized once hospitals can
ramp up elective admissions again and “make up” any rev-
enue losses. However, addressing the “pent up” demand for
elective admissions is not likely to be easily achieved as it
will be rate limited by availability of operating rooms and
providers.

On average, halting elective inpatient admissions re-
sulted in a net financial loss over a 90-day period, but is
sensitive to hospitals’ normal rates of elective admissions,
COVID-19 admission rates, and rate of commercially insured
admissions. Under favorable circumstances, hospitals with
low elective admission rates that maximize capacity by

eliminating or reducing elective admissions in anticipation of
a demand surge for COVID-19 cases appear to have a slightly
favorable probability for a relatively small net financial ben-
efit. However, this opportunity quickly deescalates with un-
favorable conditions, yielding higher probabilities for a
relatively larger magnitude of net financial loss.

The net financial impact should be carefully considered by
hospitals considering steps to increase capacity, and by policy
makers considering how to best support such hospitals. Hospitals
that created added capacity took on a substantial financial risk that
potentially threatened their viability. A sound and sustainable
public policy should therefore consider greater support to hospitals
that responsibly served their communities through the crisis.
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