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Objectives: The aim was to characterize hospitalization costs, charges, and lengths of hospital stay for COVID-19 patients treated with venove-

nous (VV) extracorporeal membrane oxygenation (ECMO) in the United States during 2020. Secondarily, differences in hospitalization costs,

charges, and lengths of hospital stay were explored based on hospital-level factors.

Design: Retrospective cohort study.

Setting: Multiple hospitals in the United States.

Participants: Adult patients with COVID-19 who were on VV ECMO in 2020 and had data in the national inpatient sample.

Interventions: None.

Measurements and Main Results: Demographics and baseline comorbidities were recorded for patients. Primary study outcomes were hospitali-

zation costs, charges, and lengths of hospital stay. Study outcomes were compared after stratification by hospital region, bed size, and for-profit

status. The median hospitalization cost for the 3,315-patient weighted cohort was $200,300 ($99,623, $338,062). Median hospitalization charges

were $870,513 ($438,228, $1,553,157), and the median length of hospital stay was 30 days (17, 46). Survival to discharge was 54.4% for all

patients in the cohort. Median hospitalization cost differed by region (p = 0.01), bed size (p < 0.001), and for-profit status (p = 0.02). Median

hospitalization charges also differed by region (p = 0.04), bed size (p = 0.002), and for-profit status (p < 0.001). Length of hospital stay differed

by region (p = 0.03) and bed size (p < 0.001), but not for-profit status (p = 0.40). Hospitalization costs were the lowest, and charges were highest

in private-for-profit hospitals. Large hospitals also had higher costs, charges, and hospital stay lengths than small hospitals.

Conclusions: In this retrospective cohort study, hospitalization costs and charges for patients with COVID-19 on VV ECMO were found to be

substantial but similar to what has been reported previously for patients without COVID-19 on VV ECMO. Significant variation was observed in

costs, charges, and lengths of hospital stay based on hospital-level factors.
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ACCORDING TO the Extracorporeal Life Support Organi-

zation, as of March 1, 2023, venovenous (VV) extracorporeal

membrane oxygenation (ECMO) has been used to support

>16,500 patients worldwide with COVID-19.1 Of these
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patients, 53% survived to hospital discharge.1 Patients with

COVID-19 on VV ECMO created unique challenges for

healthcare providers and hospitals in the United States, as

some patients had long ECMO runs that exceeded those of

patients with other viral causes of acute respiratory distress

syndrome (ARDS).2,3 Patients with COVID-19 on VV ECMO

also had increased complications, including bleeding, throm-

bosis, and stroke.3-5

Extracorporeal membrane oxygenation is resource-intensive

therapy, and costs have been historically substantial for adult

patients. In a recent systematic review, the costs of ECMO in

the United States were between $50,000 and $350,000 per

patient, depending on the indication.6 In the same review, 4

studies of patients on VV ECMO found the mean hospitaliza-

tion cost to be between $50,000 and $200,000.6 In a recently

published study of ECMO charges in the United States, which

used data from the national inpatient sample (NIS) between

2008 and 2016, mean ECMO charges for VV ECMO were

close to $830,000, and mean length of hospital stay was

29 days.7

The primary study objective was to characterize hospitaliza-

tion costs, charges, and lengths of hospital stay for patients on

VV ECMO with COVID-19 in the United States during the

first year of the COVID-19 pandemic. Given the high com-

plexity of care reported for patients with COVID-19, the

authors hypothesized that hospitalization costs, charges, and

lengths of hospital stay for patients on VV ECMO with

COVID-19 would be higher than what has been reported previ-

ously for patients on VV ECMO without COVID-19. Second-

arily, they explored differences in hospitalization costs,

charges, and lengths of hospital stay based on hospital charac-

teristics. The hypothesis was that the highest hospitalization

costs, charges, and longest lengths of stay would be observed

in large, not-for-profit hospitals.
Methods

Patients

The study was confirmed to be nonhuman subjects research

by the University of Virginia institutional review board, as the

NIS is a fully deidentified publicly available data set. The NIS

is a stratified cohort that contains discharge data for approxi-

mately 20% of all hospitalizations in the United States, or

approximately 7 million patients (https://hcup-us.ahrq.gov/

nisoverview.jsp). The NIS is publicly available for purchase

and can be accessed after appropriate training is completed.

Adult patients (�18 years of age) who had COVID-19 and

received VV ECMO during their hospitalization were identi-

fied in the 2020 NIS. Patients who were missing data on hospi-

talization charges were excluded. Specifically, International

Classification of Disease (10th Revision) diagnosis and Proce-

dure Coding System codes were used to identify patients with

COVID-19 (U07.1) who were treated with peripheral VV

ECMO (5A1522H). For all patients, details were collected

regarding demographics, common comorbidities (obesity,

hypertension, diabetes), Charlson comorbidity index score,
details on the hospital and region where the patient was

treated, insurance status, and whether the patient received lung

transplantation during their hospitalization. Definitions for var-

iables were based on Healthcare Cost and Utilization Project

(HCUP) definitions (https://www.hcup-us.ahrq.gov/db/nation/

nis/nisdde.jsp). A list of data contributors can be found at the

following link: www.hcup-us.ahrq.gov/hcupdatapartners.jsp.

Outcomes

The study’s primary outcomes were estimated hospitaliza-

tion costs, charges in United States dollars, and lengths of hos-

pital stay. Estimated hospitalization costs were calculated

using charges and cost-to-charge ratios provided by HCUP.

Secondary outcomes were in-hospital mortality, ischemic and

hemorrhagic stroke, and acute renal failure. Ischemic stroke,

hemorrhagic stroke, and acute renal failure were identified

in the NIS using the International Classification of Disease

(10th Revision) diagnosis codes (I63, I61, and N17 parent

codes, respectively).

Statistical Analysis

Statistical analysis was performed using SAS 9.4 (SAS Cor-

poration, Cary, NC). Patient characteristics were summarized

as median and IQR [Q1, Q3] or number and percentage of

patients. Variables were weighted based on HCUP recommen-

dations, using discharge weights so that final study estimates

were representative of all patients on VV ECMO with

COVID-19 in the United States during 2020. This represented

all patients among approximately 35 million hospitalizations.

Differences in baseline patient characteristics and study out-

comes were tested between groups using the Kruskall-Wallis

Test (continuous variables) or chi-square test (categorical vari-

ables) as appropriate. Box and whisker plots were created for

hospital costs, charges, and lengths of hospital stay. For all sta-

tistical comparisons, p values < 0.05 were considered statisti-

cally significant. In concert with NIS requirements, cell counts

with a value �10 were not reported.

Results

The weighted cohort contained 3,315 patients with COVID-

19 who were treated with peripheral VV ECMO in 2020. Dur-

ing the same period, 3,205 patients on VV ECMO for non-

�COVID-19 reasons were identified. Characteristics of

patients with COVID-19 who were treated with VV ECMO

are listed in Table 1. The median age was 51 years; 68.8% of

the patients were men; 17.6% (585) were Black; and 33.8%

(1120) were Hispanic, with most patients being non-White.

The oldest patient in the cohort was 79 years old. Most patients

had either private health insurance (52.6% [1,745]) or Medic-

aid insurance (25.0% [830]), and most (94.4% [3,130]) were

treated in urban teaching hospitals.

Table 2 lists outcomes for patients with COVID-19 who

were treated with VV ECMO. The median hospitalization

cost was $200,300 (IQR: $99,623, $338,062). The median

https://hcup-us.ahrq.gov/nisoverview.jsp
https://hcup-us.ahrq.gov/nisoverview.jsp
https://www.hcup-us.ahrq.gov/db/nation/nis/nisdde.jsp
https://www.hcup-us.ahrq.gov/db/nation/nis/nisdde.jsp
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Table 1

Patient Characteristics

Variable Full Weighted Cohort

N = 3,315

Age (y) 51 (Q1 42, Q3 58)

Sex (% men) 2,280 (68.8)

Race

White

Black

Hispanic

Asian or Pacific Islander

Native American

Other

No data

1,110 (33.5)

585 (17.6)

1,120 (33.8)

100 (3.0)

65 (2.0)

150 (4.5)

185 (5.6)

Primary payer

Medicare

Medicaid

Private

Self-pay

Other

335 (10.1)

830 (25.0)

1,745 (52.6)

175 (5.3)

230 (7.0)

Admit month

January-March

April-June

July-September

October-December

220 (6.6)

1,245 (37.6)

1,080 (32.6)

770 (23.2)

Teaching hospital

Urban nonteaching or rural

Urban teaching

185 (5.6)

3,130 (94.4)

Hospital type

Government, non-federal

Private, non-profit

Private, for-profit

360 (10.9)

2,605 (78.6)

350 (10.5)

Hospital region

Northeast

North Central/Midwest

South

West

600 (18.1)

710 (21.4)

1,510 (45.6)

495 (14.9)

Bed-size category

Small

Medium

Large

200 (6.0)

475 (14.3)

2,640 (79.6)

Obesity 1,655 (49.9)

Chronic lung disease 505 (15.2)

Hypertension (complicated) 535 (16.1)

Hypertension (uncomplicated) 1,075 (32.4)

Diabetes mellitus (complicated) 850 (25.6)

Diabetes mellitus (uncomplicated) 280 (8.4)

Charlson comorbidity index 2 (Q1 1, Q3 3)

NOTE. Weighted cohort represents estimated numbers for all hospitalized

adult venovenous extracorporeal membrane oxygenation patients with

COVID-19 in the United States during 2020. Values are presented as number

(%) or median (Q1, Q3).

Table 2

Outcomes

Variable Weighted Cohort Median, (Q1, Q3)

or n (%)

N = 3,315

Estimated hospitalization cost ($)* 200,300 (Q1 99,623, Q3 338,062)

Total hospitalization charges ($)y 870,513 (Q1 438,228, Q3 1,553,157)

Length of hospital stayz 30 (Q1 17, Q3 46)

Survival to hospital discharge 1,805 (54.5)

Hemorrhagic stroke 190 (5.7)

Ischemic stroke 90 (2.7)

Acute renal failure 2,145 (64.7)

NOTE. Values are presented as number (%) or median (Q1, Q3).

* Range was $45 to $1,370,616.

yRange was $182 to $8,592,785.
zRange was 1 to 209.
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hospitalization charge was $870,513 (IQR: $438,228,

$1,553,157), and the median length of hospital stay was

30 days (IQR: 17, 46). Patients who were on VV ECMO for

non�COVID-19�related respiratory failure during the same

period had a significantly lower median hospitalization cost of

$167,428 (IQR: $87,143, $295,517) (p < 0.001), a signifi-

cantly lower median hospitalization charge of $674,086 (IQR:

$349,511, $1,288,928) (p < 0.001), and a shorter median hos-

pital stay of 22 days (IQR: 11, 38) (p < 0.001). The maximum

hospitalization cost for individual patients with COVID-19
treated with VV ECMO during 2020 was $1,370,616. The

maximum hospitalization charge was $8,592,785, and the

maximum length of hospital stay was 209 days. The survival

to discharge for all patients with COVID-19 on VV ECMO

was 54.4%, compared to 67.9% for patients without COVID-

19 on VV ECMO (p < 0.001). Of the patients with COVID-19

on VV ECMO, 0.3% received bilateral lung transplantation

during the same hospitalization, and their median hospitaliza-

tion cost was $697,653 (IQR: $390,982, $1,004,324), median

hospitalization charge was $3,142,580 (IQR: $1,761,178,

$4,523,982), and the median length of hospital stay was

108 days (IQR: 56, 160).

Supplemental Tables S1, S2, and S3 report patient charac-

teristics after stratification by hospital region, hospital bed

size, and hospitals’ for-profit status. There were significant dif-

ferences in demographics and baseline medical comorbidities

by region, hospital bed size, and hospitals’ for-profit status.

Figure 1 shows hospitalization cost after stratifying by region

(A), bed size (B), and for-profit status (C). Median hospitaliza-

tion cost differed significantly by region (p = 0.01), bed size

(p < 0.001), and for-profit status (p = 0.02). Median hospitali-

zation cost by region was Northeast ($191,775), North Cen-

tral/Midwest ($198,344), South ($197,165), and West

($250,641). Median hospitalization cost by hospital bed

size was small ($109,976), medium ($173,297), and large

($213,488). Median hospitalization cost by for-profit status

was nonfederal government ($233,423), private not-for-profit

($202,084), and private for-profit ($153,049).

Figure 2 shows hospitalization charges after stratifying by

hospital region (A), bed size (B), and for-profit status (C).

Median hospitalization charges differed by region (p = 0.04),

bed size (p = 0.002), and for-profit status (p < 0.001). The

median hospitalization charge by region was Northeast

($859,733), North Central/Midwest ($758,298), South

($875,811), and West ($1,074,407). The median hospitaliza-

tion charge by bed size was small ($582,594), medium

($690,244), and large ($895,466). Median hospitalization

charge by for-profit status was nonfederal government

($736,203), private not-for-profit ($844,438), and private for-

profit ($1,524,081).



Fig 1. Box and whisker plots showing estimated hospitalization costs by

region (A), hospital bed size (B), and hospital for-profit status (C).

Fig 2. Box and whisker plots showing hospitalization charges by region (A),

hospital bed size (B), and hospital for-profit status (C).
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Figure 3 shows the lengths of hospital stay after stratifying

by region (A), bed size (B), and for-profit status (C). Lengths

of hospital stay differed significantly by region (p = 0.03) and

bed size (p < 0.001), but not for-profit status (p = 0.40). The

median length of hospital stay was Northeast (28 days), North

Central/Midwest (30 days), South (31 days), and West (29

days). The median length of hospital stay by bed size was

small (18 days), medium (25 days), and large (31 days). The

median length of hospital stay by for-profit status was nonfed-

eral government (31 days), private not-for-profit (30 days),

and private for-profit (27 days).

Survival to discharge differed by hospital region (p< 0.001)

and for-profit status (p < 0.001), but not by bed size (p = 0.06).

Survival to discharge was Northeast (47.5%), North Central/

Midwest (59.2%), South (54.6%), and West (55.6%). Survival

to discharge by hospital bed size was small (62.5%), medium
(53.7%), and large (54.0%). Survival to discharge by for-profit

status was nonfederal government (38.9%), private not-for-

profit (56.0%), and private for-profit (58.6%).

Discussion

In a retrospective cohort study using data from the 2020

NIS, 3,315 patients with COVID-19 who were treated with

VV ECMO were evaluated. Overall survival to hospital dis-

charge was 54.6%, which was nearly identical to what the

Extracorporeal Life Support Organization reported for

>16,500 patients with COVID-19 treated with VV ECMO

(53%) during the pandemic.1 The median hospitalization cost



Fig 3. Box and whisker plots showing length of hospital stay by region (A),

hospital bed size (B), and hospital for-profit status (C).
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for patients in this study cohort was $200,300; the median

charge was $868,790; and the median length of hospital stay

was 30 days. Hospitalization charges and lengths of hospital

stay for patients with COVID-19 were similar to what Hay-

anga et al. previously reported for patients treated with VV

ECMO without COVID-19 (mean hospital charges = $832,786

and mean length of hospital stay = 29 days) from 2008 to

2016.7 Hospitalization costs and charges differed significantly

by hospital region, bed size, and for-profit status. Lengths of

hospital stay also differed by hospital region and bed size.

Venovenous ECMO was used extensively during the

COVID-19 pandemic to support patients with severe ARDS

from COVID-19. Although there are no randomized controlled

trials to support its efficacy in patients with severe COVID-19,

at least 1 large observational study that used causal inference

techniques to control for confounding suggested that VV
ECMO reduced mortality by 7% in patients with severe ARDS

from COVID-19.8 Multiple studies have suggested that

patients with COVID-19 on VV ECMO had longer ECMO

courses, more complications, and higher mortality than

patients without COVID-19 treated with VV ECMO.9 Interest-

ingly, the present study analysis found that the median hospi-

talization cost for patients treated with VV ECMO was similar

to what has been reported previously, approximately $200,000

per patient. In a recent systematic review, which included 14

studies from the United States, the mean ECMO cost was

between $50,000 and $300,000 per patient, depending on the

individual study.6

Patients who were treated with VV ECMO for non�CO-

VID-19�related respiratory failure during 2020 had lower

costs, charges, and shorter median length of hospital stay com-

pared with what Hayanga et al. reported from 2008 to 2016,

although Hayanga et al. reported mean values.7 This could be

in part because patients without COVID-19 treated with VV

ECMO during the pandemic were lower risk. The number of

influenza cases fell dramatically during the COVID-19 pan-

demic, and limited additional VV ECMO resources were avail-

able in many centers. This may have led ECMO centers with

limited resources to select patients without COVID-19 with

the highest likelihood of survival and lowest likelihood of a

long ECMO run.10

Hospital charges are typically several-fold higher than hos-

pital costs. Individual hospitals have a “chargemaster,” which

lists the prices of procedures and supplies in their hospital.11

Historically, most hospitals did not report their chargemaster

to the public; however, in 2021, the United States government

passed hospital price transparency rules requiring hospitals to

report their chargemaster.12 Currently, half of United States

hospitals comply with this regulation.12 To the authors’ knowl-

edge, this study was one of the first to report differences in

hospitalization costs and charges for patients with COVID-19

treated with VV ECMO in various hospitals.

Hospitals rarely are reimbursed the full amount they

charge by the Centers for Medicare and Medicaid Services

or private insurers. Instead, they receive discounted or

negotiated reimbursements based on the patients’ diagno-

sis-related group. Historically, for-profit hospitals have

charged more for the same medical services and have

received higher reimbursement.13-15 There are potential

explanations for this, which include the need to pay income

tax (which not-for-profit hospitals do not), differences in

technology, differences in staffing, and the desire to

achieve higher profit margins for shareholders. In this

study, for-profit hospitals had the lowest cost of care and

highest charges, which suggested the largest financial mar-

gin. It is difficult to know whether for-profit hospitals’

lower cost of care was related to differences in patient acu-

ity, care efficiency, or avoidance of expensive therapies.

Patients treated in large hospitals had higher costs of care,

higher charges, and longer hospital stays. This probably, in

part, reflected higher acuity. However, these differences also

may reflect the use of more expensive technology or services

only available in large hospitals. Higher care costs in large
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hospitals are almost certainly related to longer hospital stays,

which the present data confirmed to be true. The median length

of hospital stay in large hospitals was almost twice that of small

hospitals. It is possible that large hospitals allowed patients to

stay on ECMO longer because they were considering advanced

therapies such as lung transplantation, which a small number of

patients in this study cohort received. Alternatively, large hospi-

tals may have been less efficient at discharging patients home or

to rehabilitation or skilled nursing facilities.

Nonfederal government hospitals had markedly lower sur-

vival to hospital discharge in this study (about 39%). The rea-

son for lower survival to discharge was not clear, but possible

explanations include lower quality, less experience with

ECMO, higher patient acuity, or perhaps reduced capacity to

care for multiple critically ill patients with COVID-19 during

the pandemic. Hospitals that were highly “strained” during the

COVID-19 pandemic had excess mortality, and government

hospitals frequently care for the underserved, who cannot

access healthcare in other hospitals.16,17

Most patients with COVID-19 on ECMO in this study were

men (69%), which was consistent with prior trends in extracor-

poreal life support, in which men appeared to be more com-

mon to receive ECMO than women.18,19 There could be

multiple reasons for this finding, including conscious and

unconscious biases in ECMO use, differing attitudes about

ECMO between men and women, and a disproportionate effect

of COVID-19 on men and women. During the COVID-19 pan-

demic, men were both more likely to have severe COVID-19

and also to die from COVID-19.20,21

This study had limitations. First, the NIS does not contain

granular data on individual patients’ ECMO courses, including

the number of ECMO days. Similarly, it is challenging to per-

form illness severity adjustment, accounting for all complica-

tions (eg, blood transfusion, refractory hypoxemia) and use of

different ECMO technologies. These factors almost certainly

affected the costs of care, charges, and lengths of hospital stay.

Second, the NIS contains data for 20% of all hospitalizations

in the United States, and the full cohort presented here was

estimated using discharge weights in the NIS. Third, these

data may not be generalizable to ECMO practices outside the

United States, where healthcare delivery differs. Fourth,

there were no data for all years of the COVID-19 pandemic.

The NIS currently only contains data for patients with

COVID-19 from 2020. Fifth, costs and charges for inflation

were not adjusted. Finally, some patients may have been on

VV ECMO initially for non-COVID�related illness and sub-

sequently developed COVID-19.

Conclusions

In summary, in a retrospective cohort study of 3,315 patients

with COVID-19 treated with VV ECMO during 2020, patients

appeared to have similar hospitalization costs, charges, and

lengths of hospital stay compared to previously reported for

patients without COVID-19 treated with VV ECMO in the

United States. The highest costs of care and longest hospital stays

were observed in large hospitals. For-profit hospitals had the
lowest cost of care and highest charges, although survival to dis-

charge was similar between private not-for-profit and for-profit

hospitals. Notably, there were >3,000 non�COVID-19�related

VV ECMO runs during the same period. These patients appeared

to represent a lower-risk group with lower hospitalization costs,

charges, and shorter lengths of hospital stay than previously

reported for patients treated with VV ECMO. Further studies are

needed to fully understand the costs and economics of VV

ECMO care during the COVID-19 pandemic.
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