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ABSTRACT
Background: The coronavirus disease 2019 (COVID-19) pandemic has had an unprecedented impact on the
healthcare system in the United States. The redistribution of resources and suspension of elective procedures and
other services has resulted in financial stress across all service lines. The financial effects on the practice of
vascular surgery have not yet been quantified. We hypothesized that vascular surgery divisions have experienced
losses affecting the hospital and professional sides that will not be recoupable without significant productivity
increases.

Methods: Administrative claims data for clinical services performed by the vascular surgery division at a tertiary
medical center for March and April 2019 and for March and April 2020 were analyzed. These claims were
separated into two categories: hospital claims (inpatient and outpatient) and professional claims (professional
reimbursement for all services provided). Medicare reimbursement methods were used to assign financial value:
diagnosis-related group for inpatient services, ambulatory payment classification for outpatient services, and the
Medicare physician fee schedule for professional reimbursement and work relative value units (wRVUs). Re-
imbursements and productivity (wRVUs) were compared between the two periods. A financial model was created
to determine the increase in future productivity over baseline required to mitigate the losses incurred during the
pandemic.

Results: A total of 11,317 vascular surgery claims were reviewed. Hospital reimbursement during the pandemic decreased
from $4,982,114 to $2,649,521 (�47%) overall (inpatient, from $3,505,775 to $2,128,133 [�39%]; outpatient, from $1,476,339 to
$521,388 [�65%]) and professional reimbursement decreased from $933,897 to $430,967 (�54%) compared with the
same period in 2019. Professional productivity as measured by wRVUs sustained a similar decline from 10,478 wRVUs to
5386 wRVUs (�51%). Modeling sensitivity analyses demonstrated that if a vascular division were able to increase inpatient
and outpatient revenue to greater than prepandemic levels by 10%, 5%, or 3%, it would take 9, 19, or 31 months,
respectively, for the hospital to recover their pandemic-associated losses. Similarly, professional reimbursement recovery
would require 11, 20, or 36 months with corresponding increases in productivity.

Conclusions: The COVID-19 pandemic has had profound and lasting effects on the world in terms of lives lost and
financial hardships. The financial effects on vascular surgery divisions has resulted in losses ranging from 39% to 65%
compared with the prepandemic period in the previous year. Because the complete mitigation of losses is not feasible in
the short term, alternative and novel strategies are needed to financially sustain the vascular division and hospital during
a prolonged recovery period. (J Vasc Surg 2021;73:1869-75.)
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The coronavirus disease 2019 (COVID-19) pandemic has
had unprecedented effects on the healthcare system in
the United States. During the early stages of the
pandemic in the Northeastern United States in March
2020, many medical centers cancelled elective
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ARTICLE HIGHLIGHTS
d Type of Research: Single center, retrospective finan-
cial analysis

d Key Findings: Losses ranged from 39% to 65% during
the pandemic compared to the prior year. Modeling
suggests that these losses cannot simply be miti-
gated with increased volume.

d Take Home Message: This vascular surgery division
at a tertiary care center lost a substantial amount
of revenue due to the COVD-19 pandemic that is un-
likely to be recouped. Vascular surgery divisions
should explore novel strategies to sustain the division
moving forward until operations can resume as
normal.
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capacity and concomitant suspension of elective proced-
ures and other clinical services placed a financial stress
across all healthcare service lines. As the “first wave” of
the pandemic passed, it has become increasingly clear
that hospitals have sustained financial losses without
comparison in the era of modern medicine.1

The path to financial recovery is a salient topic among
both small and large medical centers and achieved early
recognition at the national level, with $150 billion dollars
in funds earmarked for hospitals and healthcare pro-
viders through the 2020 Coronavirus Aid, Relief, and Eco-
nomic Security (CARES) Act.2 Although the CARES Act
was meant to provide acute relief to hospitals on the
front lines of the pandemic, the long-term financial
outlook is unclear. Although hospitals have largely
returned to a “new normal”with regular COVID-19 surveil-
lance testing and increased PPE usage, the overall pa-
tient volume has been very slow in returning to
prepandemic levels.1

Vascular surgery is no exception, and the extent of the
financial damage has yet to be quantified. We hypothe-
sized that vascular surgery divisions have experienced
losses on both the hospital and the professional side
that, without significant productivity increases, will not
be recoupable.

METHODS

Data source
Administrative claims data for clinical services per-

formed by the vascular surgery division at a tertiary med-
ical center for March and April 2019 (designated as
“prepandemic”) and March and April 2020 (designated
as “pandemic”) were obtained from a prospectively
maintained database at the Department of Finance at
the UMass Memorial Medical Center. The institutional re-
view board of the University of Massachusetts Medical
School exempted the present study from review and
determined that patient informed consent was not
required. The institutional review board waiver was main-
tained throughout the duration of the present study. Our
division consisted of eight active vascular surgeons dur-
ing both the prepandemic and the pandemic study pe-
riods. A rotating call schedule was continued from the
prepandemic to the pandemic study period. No faculty
members required quarantine because of COVID-19
exposure.

Case sorting
The claims were separated into three revenue streams:

hospital inpatient claims, hospital outpatient claims, and
professional claims. For the purposes of the present
study, the term “medical center” referred to the combi-
nation of inpatient and outpatient hospital claims. Medi-
care reimbursement methods were used to assign
financial value: diagnosis-related group (DRG) for
inpatient services, ambulatory payment classification
(APC) for outpatient services, Medicare physician fee
schedule for professional reimbursement, and work rela-
tive value units (wRVUs).
Hospital inpatient claims. All vascular surgery inpa-

tients were included in the inpatient claims as defined
by the vascular surgery service line. The Centers for
Medicare and Medicaid Services (CMS) prospective pay-
ment service was used to obtain the national reim-
bursement rate for inpatient hospitalizations as
assigned to each DRG.3 Geographic payment adjust-
ments for capital and labor rates were used for our re-
gion. However, to make this method more widely
applicable, we removed adjustments such as direct and
indirect medical education, disproportionate share
hospital, and other CMS programs, such as value based
purchasing, and outlier payments, which might not be
universally applicable to other medical institutions. This
allowed us to generate values that will be replicable at
any institution using CMS values and hospital volume.
The DRG relative weight for each admission was
multiplied by the CMS reimbursement rate as pub-
lished in their annual report, which resulted in an esti-
mated reimbursement for the service. The inpatient
reimbursement was based on the completed and
submitted claims.
Hospital outpatient claims. All clinic visits, outpatient

imaging studies, outpatient surgical procedures, outpa-
tient catheter laboratory procedures, and hospital
clinic-based procedures were included in the outpa-
tient claims category. The CMS APC was used to calcu-
late the reimbursement for each claim.4

Professional claims. All clinical services performed
within the vascular surgery division by either physicians
or advanced practice providers were included in the pro-
fessional claims category. The Medicare physician fee
schedule was used to calculate the reimbursement
and the wRVUs generated by each claim.5
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Comparison of study periods
Reimbursements and productivity (wRVUs) were

compared between the prepandemic (March and April
2019) and pandemic (March and April 2020) periods.
Medicare reimbursement rates were used for the medi-
cal center and professional billing, and we assumed
that all claims were reimbursed to standardize the com-
parisons between the study periods. Modeling sensitivity
analyses were used to determine the increase in future
productivity over baseline required to mitigate the losses
incurred during the pandemic. The reimbursement
levels for each revenue stream in 2019 were used to
define baseline productivity. The time required to
“make up” the difference between the pandemic and
baseline reimbursement levels was then calculated for
various increased levels in productivity.
RESULTS
A total of 11,687 vascular surgery claims were reviewed.

The number of inpatient claims submitted decreased
from 152 during the March and April 2019 period to 87
during the corresponding 2020 period (�43%). The num-
ber of outpatient claims decreased from 2586 during
March and April 2019 to 833 during the corresponding
2020 period (�68%). The number of professional claims
decreased from 5621 during March and April 2019 to
2408 during the corresponding 2020 period (�57%). An
increase occurred in the case mix index to 3.27 during
the pandemic period from 3.04 during the prepandemic
period.
Medical center reimbursement during the pandemic

decreased from $4,982,114 to $2,649,521 (�47%)
compared with the same period in 2019. This corre-
sponded to a decrease in inpatient reimbursement
from $3,505,775 to $2,128,133 (�39%) and a decrease in
outpatient reimbursement from $1,476,339 to $521,388
(�65%; Fig). Professional reimbursement decreased dur-
ing the study period from $933,897 to $430,967 (�54%).
Professional productivity (measured using wRVUs) sus-
tained a similar decline, from 10,478 wRVUs to 5386
wRVUs (�51%; Fig).
Modeling sensitivity analyses demonstrated that if a

vascular division were able to increase medical center
inpatient and outpatient revenue to greater than pre-
pandemic levels by 10%, 5%, or 3%, it would require 9,
19, or 31 months, respectively, for the hospital to recover
pandemic-associated losses (Table I). Similarly, profes-
sional reimbursement recovery would require 11, 20, or
36 months with a 10%, 5%, or 3% increase in productivity,
respectively (Table II). The top five most common inpa-
tient procedures (sorted using the DRG) were compared
between the prepandemic and pandemic study periods
(Table III). The top five most common outpatient claims
(sorted using the APC and International Classification of
Diseases, 10th revision) were also compared between
the prepandemic and pandemic study periods
(Tables IV and V).

DISCUSSION
In the present study, we have demonstrated that the

COVID-19 pandemic has resulted in a significant reduc-
tion in both medical center and professional reimburse-
ment for a vascular surgery division. The net effects of the
reallocation of resources, reductions in operative volume
and clinic visits, and attempts to safeguard patients from
further exposure resulted in a >50% reduction in reim-
bursement across all avenues of vascular surgery services.
At our institution, COVID-19 admissions had peaked at
28% of inpatients and 125% of our intensive care unit ca-
pacity. Furthermore, our results have provided compel-
ling evidence that the financial effects of COVID-19 will
be difficult to mitigate.
Although it is impossible to completely determine the

clinical, social, and psychological consequences of the
COVID-19 pandemic, there have been numerous at-
tempts to understand the financial impact. The reason
to do so is twofold: (1) the magnitude of the loss is impor-
tant for developing future budgets; and (2) the types of
losses might suggest areas of opportunity for recovery.
A financial market analysis estimated that the effects
on U.S. hospitals was >$200 billion as of June 2020.6

However, the report lacked a granular assessment of
the effects on an individual service line.6 It is likely that
different specialties have experienced different magni-
tudes and types of losses, such that a one-size-fits-all
budgeting and recovery strategy would not be optimal.
To the best of our knowledge, the present study is the
first to both quantify the financial impact of the COVID-
19 pandemic on an academic vascular surgery division
and to project the time and increased productivity
required to recoup those losses.
The COVID-19 pandemic required the reallocation of re-

sources and personnel and the cancellation of elective
procedures and visits. This was clearly seen in the reduc-
tion of outpatient services, with a 68% reduction in vol-
ume and 65% reduction in reimbursement. Inpatient
services, however, were not as heavily affected. Vascular
surgery inpatient services experienced a 43% reduction
in volume and 39% reduction in reimbursement. These
findings are consistent with previous data showing that
>50% of inpatient vascular care is emergent.7 Further-
more, it is likely that these inpatients, although fewer,
were more ill and required more care, as evidenced by
the reimbursement decreasing 10% less than the volume
(volume decreased by 43% and reimbursement only
decreased by 39%). Thus, the patients might have only
presented for care if absolutely necessary owing to their
fear of contracting COVID-19 in the hospital setting,
which is consistent with studies showing that #60% of
patients were uncomfortable seeking care in hospitals.8

Although the patients were fewer, they had more



Table I. Projected time required to recoup medical center
deficit ($2.3 million)

Reimbursement increase to
greater than prepandemic
period, %

Time required to recoup
pandemic-associated losses,

months

10 9

5 19

3 31

Table II. Projected time required to recoup professional
deficit ($503,000)

Reimbursement increase to
greater than prepandemic
period, %

Time required to recoup
pandemic-associated losses,

months

10 11

5 20

3 36
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Fig. Reimbursements for March and April 2019 vs March
and April 2020.
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advanced disease (including nonvascular comorbidities)
and, thus, required more services, which, in turn, gener-
ated more reimbursement. Outpatient services, however,
are largely elective and experienced a more drastic vol-
ume reduction in the hospital outpatient setting (cath-
eter laboratory), clinic visits, and vascular laboratory
studies.
Financial viability is an important component of a

healthy hospital system to allow the hospital system
to meet the needs of its patient population. However,
the pandemic has simultaneously led to massive finan-
cial losses and created a tremendous demand for the
provision of high-quality healthcare. It is, therefore, crit-
ically important that hospital systems understand their
losses and can estimate how long it might take for hos-
pital and professional revenues to “bounce back.” Anal-
ysis by the American Hospital Association showed that
the losses will continue to increase at a rate of >$20
billion per month until the end of 2020, largely owing
to decreased patient volumes and cancellation of elec-
tive procedures.1 This would bring the total losses for
the U.S. health system to >320 billion dollars: a stag-
gering amount that does not include the additional
costs for required items such as PPE. Although the
CARES Act was meant to help blunt these financial
constraints, it has fallen far short of covering these los-
ses. Our institution did receive funds from the CARES
Act; however, the exact amount has not been divulged.
Also, although some fund exchange occurred between
the medical center and our medical group, we are not
privy to the specific details and have no control over the
distribution. This highlights the financial obstacles in
recouping losses. We most likely will not be able to in-
crease our volume to greater than prepandemic levels,
assuming that medical institutions could facilitate such
increases, and safeguards such as government aid have
fallen far short of creating a stopgap for the sustained
losses.
Many potential obstacles exist to making up these los-

ses. First, increasing hospital operative volume to greater
than the prepandemic levels will be very challenging for
both clinicians and medical centers. Opening additional
operating rooms for longer times during the evening or
weekends will incur additional personnel-related costs
such as hiring additional staff and paying a higher rate
for overtime. An additional obstacle is the reduced oper-
ating room availability owing to the mandated restric-
tions aimed at reducing the overall hospital census. The
risk also exists of less tangible effects such as surgeon
and staff burnout. Vascular surgery has been reported
to have the longest hours of any specialty in the medical
profession.9 Therefore, a 10% increase in productivity for a
9- to 11-month period (the time required to recoup losses
according to our models) would not be sustainable or
safe, especially given the recent findings from the Society
for Vascular Surgery Wellness Task Force showing that
30% of vascular surgeons met the criteria for burnout
before the pandemic.10 We believe that such an attempt
to recoup lost revenue would certainly exacerbate this
finding and be detrimental to any vascular surgeon. Sec-
ond, patients who have missed or had their appoint-
ments rescheduled because of the pandemic might no
longer be candidates for their originally intended surgi-
cal procedures. An example of this would be a patient
who would have originally been seen with dry gangrene
but has presented with wet gangrene, necessitating an
amputation rather than a bypass. Another possibility is
that patients with claudication might decide to more
aggressively pursue an exercise regimen than they other-
wise would have, resulting in an improvement in symp-
toms rather than deterioration. Finally, as previously
stated, patients remain reluctant to visit a medical center
or physician’s office because of ongoing concerns for
contracting COVID-19.



Table III. Top five most common diagnosis-related group
codesa stratified by study period

Top five

Prepandamic Pandemic

DRG code No. DRG code No.

1 253 18 253 10

2 38 13 252 8

3 39 12 240 8

4 269 11 38 7

5 254 10 269 6

DRG, Diagnosis-related group.
aDRG codes: 38, extracranial procedures with complication or comor-
bidity; 39, extracranial procedures without complication or comorbid-
ity/major complication or comorbidity; 240, amputation for circulatory
system disorders except upper limb and toe with complication or
comorbidity; 252, other vascular procedures with major complication
or comorbidity; 253, other vascular procedures with complication or
comorbidity; 254, other vascular procedures without complication or
comorbidity/major complication or comorbidity; 269, aortic and heart
assist procedures except pulsation balloon without complication or
comorbidity/major complication or comorbidity.

Table IV. Top five most common ambulatory payment
classification codesa stratified by study period

Top five

Prepandemic Pandemic

APC code No. APC code No.

1 5012 964 5012 284

2 5523 606 5523 173

3 5522 463 5522 169

4 5721 85 5721 27

5 5183 81 5183 25

APC, Ambulatory payment classification.
aAPC codes: 5012, clinic visits and related services; 5183, level 3 vascular
procedures; 5522, level 2 imaging without contrast; 5523, level 3 im-
aging without contrast; 5721, level 1 diagnostic tests and related
services.

Table V. Top five most common International Classifica-
tion of Diseases, 10 revision, codesa stratified by study
period

Top five

Prepandemic Pandemic

ICD-10 code No. ICD-10 code No.

1 I73.9 188 N18.6 74

2 I65.23 168 I73.9 68

3 I71.4 166 I71.4 47

4 N18.6 135 M79.89 38

5 R09.89 105 R09.89 35

ICD-10, International Classification of Disease, 10th revision.
aICD-10 codes: I65.23, occlusion and stenosis of bilateral carotid ar-
teries; I71.4, abdominal aortic aneurysm, without rupture; I73.9, pe-
ripheral vascular disease, unspecified; M79.89, other specified soft
tissue disorders; N18.6, end-stage renal disease; R09.89, other specified
symptoms and signs involving the circulatory and respiratory systems.
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There will almost certainly be a persistent level of
COVID-19erelated costs as hospital systems return to
what has been colloquially referred to as the “new
normal.” These will involve increased costs for PPE,
testing, and procedural changes until a vaccine is
widely available. The long-term financial effects of
these changes remains unknown. Considering these
changes and the associated costs, it seems likely that
the modeling sensitivity analyses we have presented
are not conservative enough. Thus, we believe that
the complete mitigation of losses will not be feasible
in the short term. Alternative, novel strategies are
needed to financially sustain the vascular division and
hospital during a prolonged recovery period. One strat-
egy that our institution has adopted and implemented
is telehealth or telemedicine. Audio and visual clinical
services were rapidly expanded through government
regulations at both the federal and the state level.11,12

This allowed >200 clinical services to be performed
remotely, reducing physical contact and promoting
social distancing.13 This was a logical step when viewed
through the lens of infection control, and insurers
signaled their approval by reimbursing telemedicine
visits akin to in-person clinic appointments.14 Further-
more, most insurance carriers reduced or removed
copayments and deductibles for telehealth visits to
promote improved access to remote care.15 During
the study period, redeployment of team members
and administrative support staff to different areas of
the hospital occurred; however, we had no instances
of furlough or termination within our institution. One
of the ways in which our division activities changed
was the creation of a surgical workforce access team,
which provided catheter placement services (arterial,
dialysis, central venous access) to the COVID-19 inten-
sive care unit.16 Other novel concepts that were origi-
nally used for COVID-19 but might assist with
increasing volume could be hospitals without walls or
temporary expansion sites. Although their overall cost
structures and reimbursement models remain uncer-
tain, they could serve as an adjunct resource to in-
crease volume or divert care to a lower cost venue.17

To further reduce the cost of care and increase capac-
ity, medical centers and physician groups could
attempt using lower cost sites of service such as
office-based laboratories and ambulatory surgical cen-
ters instead of medical centers. However, these ven-
tures require considerable time and resources to
launch. Such a strategy is, thus, unlikely to relieve the
short-term financial needs. Inevitably, significant gov-
ernment support might be required either through
increased reimbursements for medical services or in
the forms of low interest/forgivable loans or grants to
help the healthcare system recoup losses. It remains
to be seen if further government intervention will pro-
vide meaningful relief.18

Our study had several limitations. Our data collection
period was limited to March and April 2020; however,
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the effects of the pandemic have continued well into
2021, without a clear timeline for a return to normalcy.
This has likely had the effect of decreasing the magni-
tude of the financial loss, because decreased clinical vol-
umes persisted into early summer of 2020. The
calculated values for “reimbursement per DRG” were
also slightly lower than the true values because several
adjustments, such as those for direct and indirect med-
ical education, were removed to allow the calculations
to be generalizable to nonacademic medical centers.
Another limitation was that our reimbursement values
were based on Medicare reimbursement levels and
did not consider other payers. This could have led to
an underestimation of reimbursements, although this
would have been somewhat offset by claims that were
not successfully reimbursed. We also did not incorpo-
rate the effects on office-based practices (private physi-
cian offices and office-based laboratories) or ambulatory
surgical centers, because these constitute a minority of
the vascular surgery volume at our academic medical
center. However, other reports have demonstrated that
>97% of these practices were negatively affected, with
some unable to reopen.19 Although the present study
examined a large number of claims, because of the
de-identified nature of the data, we were unable to
determine how many of the claims represented unique
patients vs readmissions. Finally, our division was able to
adopt and implement telehealth visits very early in the
pandemic period. These had initially constituted w4%
of the clinical volume for the division during the study
period but have markedly increased during the subse-
quent months. One final consideration is that future
additional waves of infections are a realistic possibility.
If additional mass cancellations of elective cases is
required and resources once again directed solely to-
ward COVID-19 patient care, it is almost certain that
the losses projected in the present study would become
severe underestimations.

CONCLUSIONS
The COVID-19 pandemic has had devastating, pro-

found, and lasting effects on the world in terms of lives
lost and financial hardships. The present study has
detailed the financial effects on a vascular surgery divi-
sion, which have resulted in losses ranging from 39% to
65% compared with the same period during the previ-
ous year. Given that the pandemic is ongoing and that
our models indicate that the complete mitigation of los-
ses will not be feasible in the short term, alternative,
novel strategies are needed to financially sustain the
vascular division and hospital during a prolonged recov-
ery period.
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