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o Clinical and financial effects of COVID-
19 pandemic have not been fully
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e No change in outcomes for non-elective
lower-extremity —amputation during
pandemic

e Pandemic led to higher patient costs for
non-elective lower extremity
amputation.
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GRAPHICAL ABSTRACT

The Continued Financial Effect of COVID: Increasing Costs for
Non-Elective Major Lower Extremity Amputations
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ABSTRACT

Background: The COVID-19 pandemic necessitated changes in processes of care, which significantly impacted
surgical care. This study evaluated the impact of these changes on patient outcomes and costs for non-elective
major lower extremity amputations (LEA).

Methods: The 2019-2021 Florida Agency for Health Care Administration database was queried for adult patients
who underwent non-elective major LEA. Per-patient inflation-adjusted costs were collected. Patient cohorts were
established based on Florida COVID-19 mortality rates: COVID-heavy (CH) included nine months with the
highest mortality, COVID-light (CL) included nine months with the lowest mortality, and pre-COVID (PC)
included nine months before COVID (2019). Outcomes included in-hospital patient outcomes and hospitalization
cost.

Results: 6132 patients were included (1957 PC, 2104 CH, and 2071 CL). Compared to PC, there was increased
patient acuity at presentation, but morbidity (31%), mortality (4%), and length of stay (median 12 [8-17] days)
were unchanged during CH and CL. Additionally, costs significantly increased during the pandemic; median total
cost rose 9%, room costs increased by 16%, ICU costs rose by 15%, and operating room costs rose by 15%. When
COVID-positive patients were excluded, cost of care was still significantly higher during CH and CL.
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Conclusions: Despite maintaining pre-pandemic standards, as evidenced by unchanged outcomes, the pandemic
led to increased costs for patients undergoing non-elective major LEA. This was likely due to increased patient
acuity, resource strain, and supply chain shortages during the pandemic.

Key message: While patient outcomes for non-elective major lower extremity amputations remained consistent
during the COVID-19 pandemic, healthcare costs significantly increased, likely due to increased patient acuity
and heightened pressures on resources and supply chains. These findings underscore the need for informed policy
changes to mitigate the financial impact on patients and healthcare systems for future public health emergencies.

Introduction

The COVID-19 pandemic placed unprecedented challenges on soci-
ety and fundamentally changed healthcare delivery. During the
pandemic, there were numerous changes in processes of care in order to
adequately care for patients with and without COVID-19. For example,
the increased demand for essential resources, such as ventilators, staff,
and space, profoundly decreased capacity for surgical care, resulting in
restrictions on surgical delivery [1]. As a consequence of the pandemic,
changes in processes of care meant altered treatment algorithms and
care delivery and increased healthcare spending [2].

A notable factor contributing to the surge on healthcare spending
includes the increased expenditures on surgical care, particularly for
non-elective procedures. Hospitals faced the challenges of managing
increased operational costs due to necessary safety protocols and
resource allocation for COVID-19 care, while simultaneously experi-
encing a decline in revenue due to the suspension of elective surgical
procedures [3]. This situation was compounded by higher expenses
related to personal protective equipment (PPE) [4] and modified treat-
ment strategies, leading to an increase in spending [2]. These shifts in
healthcare delivery, necessitated by the pandemic, likely contributed to
changes in clinical outcomes and healthcare costs for patients under-
going non-elective surgeries, including lower extremity amputations.

Increasing healthcare spending and significantly altered processes of
care during the pandemic bring into question patient outcomes,
particularly surgical patients. As a common non-elective operation,
major lower extremity amputations provide a suitable patient cohort to
compare pre-COVID to pandemic outcomes and has not been previously
evaluated. Thus, this study aims to assess how changes in processes of
care during the COVID-19 pandemic affected the clinical course for
patients undergoing non-elective major lower extremity amputation by
examining clinical outcomes and cost.

Methods

The Florida Agency for Health Care Administration (FL AHCA)
inpatient data was retrospectively reviewed for adult (>18 years old)
patients who underwent non-elective major lower extremity amputation
(below-knee, through-knee, or above-knee) from 2019 to 2021. This
database provides patient-level data including patient demographics,
diagnosis and procedure codes, and individual patient charges per
hospitalization. Patients were excluded if: 1) admission was not urgent/
emergent, 2) they were transferred from an ambulatory surgery center,
or from a hospice, or 3) they had missing necessary data. The principal
International Classification of Disease, Version 10 (ICD-10) Procedure
Code defined the included lower extremity amputation procedures
(Supplemental Table I). The choice to focus on non-elective lower ex-
tremity amputation in this study was driven by our aim to analyze a
subsect of emergency surgery, considering the underutilization of non-
emergent procedures during the pandemic. Amputation, being a rela-
tively common procedure, provided a large enough sample size to yield
robust results. Patient demographics, comorbidities, and acute condi-
tions present on admission were recorded. Patients with age defined as
“age 100 and older” were reassigned to an age of 100. Charlson Co-
morbidity Index [5] was tabulated. Acute COVID-19 infection (COVID-
positive) was denoted via the presence of ICD-10 diagnosis code U.071
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or J.1282.

The Centers for Disease Control and Prevention COVID-19 mortality
data was used to identify three-month quarters with the highest and
lowest COVID mortality in the state of Florida [6]. Quarters were uti-
lized as that is how patients are categorized within FL. AHCA. The three
quarters with the highest COVID mortality were labeled COVID-heavy
(CH). Those with the lowest mortality were deemed COVID-light (CL).
The first three quarters of 2019 were used as the pre-COVID (PC)
control.

Clinical outcomes included in-hospital mortality, morbidity, and
length of stay (LOS). LOS is presented as median (interquartile range
[IQR]). Finally, the cost of admission per patient was determined. Cost
was calculated by multiplying individual charges provided in FL. AHCA
by previously established Centers for Medicare and Medicaid (CMS)
cost-to-charge ratios [7,8]. Room, intensive care unit (ICU), operating
room (OR), and total costs were calculated. Costs were adjusted for
inflation using consumer price index, where 2021 was used as the index
year.

Patient outcomes were compared between the three timeframes.
Univariate analysis utilized Chi-square, Kruskal-Wallis, and ANOVA
with post-hoc tests. Results were considered significant if p values <
0.05. Stata software version 17 (StataCorp, College Station, TX) was
used for all data preparation and analysis. This study was deemed
exempt from the Institutional Review Board as it utilized solely dei-
dentified data.

Results

Overall, 7817 patients met inclusion criteria. Patients were excluded
for elective (n = 1464) or trauma (n = 193) admission type, admission
from an ambulatory surgery center or transfer from hospice (n = 23),
and missing data (n 5). There were no significant differences in
excluded patient number based on timeframe. 6132 patients were
included: 1957 PC, 2104 CH, and 2071 CL. There were no patients who
had bilateral amputations. Demographics, comorbidities, and acute
conditions present on admission can be found in Table I. Notably, during
CL more patients had history of peripheral vascular disease. Compared
to PC, more patients in CH had dementia, rheumatic disease, and un-
complicated diabetes and more often presented with sepsis, acute kidney
injury, and electrolyte/acid-base disorders. Compared to PC, more pa-
tients in CL had peripheral vascular disease and uncomplicated diabetes
and more often presented with sepsis, acute kidney injury, and
electrolyte/acid-base disorders (Table I). There were 110 COVID-
positive patients in CH and 59 in CL (3% of patients overall).

There was no increase in LOS, mortality, or overall morbidity during
COVID timeframes. Overall, 31% of patients experienced a complica-
tion, and the mortality rate was 4%. The median LOS was 12 [8-17]
days. There was a significant decrease in rate of ICU admission during
CH, compared with PC (Table II). Individual complication rates are also
noted in Table II, though there were no significant differences except
lower rates of acute kidney injury in CH, compared with PC and CL (5 vs.
7 PC and 7% CL, p = 0.04). During CH, more patients were discharged
home with home health services than in PC or CL (18 vs. 14 PC and 15%
CL, p < 0.01). This increase in home health discharges was met with a
decrease in discharge to skilled nursing facilities during CH (40 vs. 44 PC
and 43% CL, p = 0.01; Table II).
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Table I
Patient demographics.
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Table II
Patient outcomes.

Pre-COVID COVID- COVID-light p-
(n =1957) heavy (n = (n = 2071) Value
2104)
Sex 0.06

Female 704 (36%) 728 (35%) 672 (32%)

Male 1253 (64%) 1376 (65%) 1399 (68%)

Age* 64.7 (13.5) 64.6 (13.1) 65.2 (13) 0.25
Race 0.03"

White 1223 (63%) 1374 (65%) 1356 (66%)

Black 592 (30%) 555 (26%) 546 (26%)

Other 142 (7%) 175 (8%) 169 (8%)
Hispanic-Latino 304 (16%) 328 (16%) 313 (15%) 0.90
Insurance 0.12

Medicare 1316 (67%) 1374 (65%) 1404 (68%)

Private 182 (9%) 246 (12%) 194 (9%)

Government 47 (2%) 53 (3%) 61 (3%)

Medicaid 319 (16%) 345 (16%) 332 (16%)

Other 28 (1%) 19 (1%) 28 (1%)

Self-pay 65 (3%) 67 (3%) 52 (3%)

Charlson Comorbidity 3.6 (2.0) 3.6 (2.0) 3.7 (2.0) 0.11

Index*

Comorbidities

Myocardial 48 (3%) 57 (3%) 64 (3%) 0.46

infarction

Congestive heart 593 (30%) 640 (30%) 686 (33%) 0.09

failure

Peripheral vascular 713 (36%) 826 (39%) 837 (40%) 0.03"

disease

Stroke 56 (3%) 75 (4%) 60 (3%) 0.34

Dementia 199 (10%) 264 (13%) 222 (11%) 0.04°

Chronic pulmonary 456 (23%) 467 (22%) 470 (23%) 0.70

disease

Rheumatic disease 49 (3%) 77 (4%) 49 (2%) 0.02¢

Mild liver disease 87 (4%) 101 (5%) 96 (5%) 0.87

Severe liver disease 16 (1%) 12 (1%) 14 (1%) 0.63

Uncomplicated 1080 (55%) 1237 (59%) 1219 (59%) 0.03"

diabetes

Complicated 1246 (64%) 1318 (63%) 1337 (65%) 0.44

diabetes

Renal disease 864 (44%) 863 (41%) 919 (44%) 0.05
Present on admission

Sepsis 280 (14%) 350 (17%) 357 (17%) 0.03°

Deep vein 76 (4%) 76 (4%) 86 (4%) 0.66

thrombosis

Acute kidney injury 475 (24%) 592 (28%) 602 (29%) <0.01"

Electrolyte/acid- 700 (36%) 945 (45%) 947 (46%) <0.01°

base disorder
COVID-19 infection 0 (0%) 110 (5%) 59 (3%) <0.01°

All values displayed as n (%) unless otherwise noted.
" Displayed as mean (SD).
2 PC vs. CH and CL, p < 0.05.
> pCvs. CL, p < 0.01.
¢ PCvs. CH, p < 0.05.
4 CH vs. PC and CL, p < 0.05.
€ All pairwise comparisons, p < 0.01.

All costs significantly increased during the pandemic. The median
total cost in PC was $21,421; this increased by 9% during the pandemic.
Room costs increased by 16% from a PC median of $1783. Additionally,
ICU costs increased by 15% from a PC median of $3620, and OR costs
increased by 15% from a PC median of $3855 (Table III).

Of note, when COVID-positive patients were excluded (de-
mographics in Supplemental Table II), there was a lower rate of com-
posite complication during CH vs. PC and CL (28 vs. 32 CH and 32% CL,
p = 0.02; Supplemental Table III). There were no significant changes in
cost (Supplemental Table IV).

Discussion

This retrospective cohort study assessed how changes in processes of
care associated with the COVID-19 pandemic affected patient outcomes
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Pre-COVID COVID-heavy COVID-light p-
(n =1957) (n = 2104) (n = 2071) Value
Multiple 98 (5.0%) 158 (8%) 125 (6%) <0.01"
amputations
LOS in days 12 (8-17) 11 (8-17) 12 (8-18) 0.03"
In-hospital mortality 74 (4%) 74 (4%) 77 (4%) 0.90
Any complication 626 (32%) 618 (29%) 662 (32%) 0.11
ICU admission 959 (49%) 935 (44%) 976 (47%) 0.01"
Complications
Pneumonia 959 (49%) 935 (44%) 976 (47%) 0.62
Pleural effusion 27 (1%) 30 (1%) 26 (1%) 0.89
Respiratory failure 152 (8%) 153 (7%) 151 (7%) 0.80
Arrhythmia 54 (3%) 62 (3%) 66 (3%) 0.72
Myocardial 25 (1%) 28 (1%) 24 (1%) 0.88
infarction
Cardiac arrest 35 (2%) 49 (2%) 38 (2%) 0.39
Sepsis 99 (5%) 83 (4%) 106 (5%) 0.13
Urinary tract 34 (2%) 43 (2%) 37 (2%) 0.74
infection
Deep vein 24 (1%) 29 (1%) 32 (2%) 0.69
thrombosis
Delirium 24 (1%) 21 (1%) 28 (1%) 0.56
Acute kidney 134 (7%) 109 (5%) 141 (7%) 0.04¢
injury
Electrolyte/acid- 344 (18%) 339 (16%) 366 (18%) 0.33
base disorder
Discharge
destination
Home (without 151 (8%) 156 (7%) 164 (8%) 0.83
services)
Home with home 271 (14%) 384 (18%) 319 (15%) <0.01°¢
health
Transferred 48 (3%) 39 (2%) 30 (1%) 0.06
Nursing facility 858 (44%) 832 (40%) 892 (43%) 0.01°
Inpatient 458 (23%) 487 (23%) 485 (23%) 0.97
rehabilitation
Left against 13 (1%) 20 (1%) 19 (1%) 0.56
medical advice
Hospice 74 (4%) 74 (4%) 77 (4%) 0.90
Other* 10 (1%) 13 (1%) 9 (0%) 0.71

All values displayed as n (%) unless otherwise noted. LOS = Length of stay. ICU
= Intensive care unit.

) Displayed as median (IQR).

# PCvs. CH, p < 0.01.

> CH vs. CL, p < 0.01.

¢ CH vs. PC and CL, p < 0.05.

" Other includes discharge to jail, psychiatric facility, or other facility not
otherwise specified.

and cost for non-elective major lower extremity amputation. When
compared with pre-COVID, this study found increased severity of pa-
tients at presentation, but no difference in morbidity, in-hospital mor-
tality, nor prolonged LOS. However, patient costs rose significantly
during the pandemic.

During the COVID-19 pandemic, a multitude of changes in care
processes were implemented to appropriately care for patients with and
without COVID-19 and to ensure sufficient supply and staffing in a
critical time. Resulting changes also included reduced in-person clinic
visits, surveillance of chronic conditions, and non-emergent surgery.
The lack of significant increase in morbidity, mortality, and LOS
compared to pre-COVID found in this study is in accordance with the
findings of Reinke et al., who reported no significant increase in mor-
tality or LOS for patients undergoing non-elective general surgery dur-
ing the COVID-19 pandemic [9]. Also echoed in prior literature, these
findings suggest pre-pandemic care standards were able to be main-
tained, despite vast changes to healthcare delivery [10].

The most interesting finding of this study is the significantly
increased cost per patient during the pandemic, which, to our knowl-
edge, has thus far not been reported for surgical patients. Notably, our
increased cost findings are not attributable to increased cost for COVID-
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Table III
Per-patient cost.
Pre-COVID COVID-heavy COVID-light p-Value
(n =1957) (n = 2104) (n = 2071)
Total cost 21,421.1 23,128.9 23,566.7 <0.01"
(14,403.6-33,326.3) (15,499.5-35,568.6) (16,233.8-38,645.8)
Room cost 1,782.5 2,053.5 2,088.0 <0.01"
(292.4-3,769.9) (496.7-4,262.4) (440.0-4,293.0)
ICU cost 3,620.8 4,076.0 4,283.3 0.01°
(1,897.4-6,650.2) (1,720.5-7,345.5) (2,043.9-8,133.5)
OR cost 3,855.4 4,464.0 4,431.3 <0.01°

(2,608.0-6,403.6)

(2,977.6-7,017.4)

(2,976.9-7,467.9)

All values displayed in US dollars, as median (IQR). ICU = Intensive Care Unit. OR = Operating room.

@ All pairwise comparisons, p < 0.05.
Y PC vs. CH and CL, p < 0.01.
¢ PCvs. CL, p < 0.01.

positive patients, as these findings held when COVID-positive patients
were excluded. While it is difficult to isolate a single cause for increased
cost, a likely instigating factor was increased expenditures during the
pandemic. In 2020, hospital spending reached $1.3 trillion (an increase
of 6% from 2019) and spending for physicians and clinical services
increased by 5% [2].

Increased hospitalization cost during the pandemic were likely
driven by significantly increased PPE requirements, as well as
concomitant staffing shortages. Unfortunately, due to increased de-
mand, there were significant PPE shortages that led to rapidly rising
supply costs [2,11]. Staffing shortages led to the addition of per diem
staff, or so-called ‘travelers,’ at significantly higher cost.

The finding of increased total hospital costs is significant as it un-
derscores the financial impact of the pandemic on healthcare systems,
beyond the direct costs of treating COVID-19 patients. It highlights the
need for emergency planning and resource allocation strategies to
manage crises if they occur again in the future. The increased costs
during the pandemic are likely multifactorial. Patients did present with
higher acuity during the pandemic and had more staged amputations
during CH, which may have driven cost increases. However, given no
significant increase in morbidity, mortality, or LOS during the
pandemic, it is likely that some of the cost increase was due to the
healthcare system's response to the pandemic and increased equipment
costs. Understanding these cost drivers can inform policy decisions and
prevent patients from taking the burden of future public health emer-
gencies, not only on their physical health but also on their financial well-
being.

An interesting finding was significantly shorter LOS for CH,
compared with CL, but no difference with PC. When COVID-positive
patients were excluded, there was also a significant difference be-
tween CH and PC. We hypothesize that during peaks in the pandemic,
the increased patient load in hospitals encouraged early hospital
discharge. Further work with post-discharge follow-up data would be of
benefit to determine if this shortened LOS impacted post-discharge pa-
tient outcomes.

Limitations of this study include the inherent biases associated with
retrospective analysis. Additionally, due to the nature of databases, the
results depend on the accuracy and availability of the reported data. For
example, FL. AHCA does not provide the ability to follow a patient
longitudinally over multiple visits or after hospital discharge, and,
therefore, only in-hospital mortality and morbidity can be reported.
Another potential limitation stems from including COVID-positive pa-
tients in the analysis, though they were a small proportion of the sample
and excluding them did not drastically change the findings of this study.
Additionally, COVID timeframes were determined based on reported
COVID-19 mortality rates in the state of Florida. Reporting of mortalities
did change throughout the pandemic and may affect the accuracy of
these rates. However, our results as a whole identify differences within
the overall COVID timeframes, when compared to pre-COVID and thus
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remain reliable and interpretable. Finally, we did not exclude patients
who had multiple lower extremity amputations during their hospitali-
zation. Staged amputations were more common in CH vs. PC, and when
COVID-positive patients were excluded, CH was significantly higher
than PC and CL. Given there were significantly higher costs for CH and
CL, compared with PC, but no difference in staged amputations between
CL and PC, we do not believe the increased costs are solely attributable
to increased staged amputations during the pandemic.

Conclusion

Despite significant changes in processes of care during the COVID-19
pandemic and increased patient acuity, there was no change in overall
patient outcomes after non-elective lower extremity amputation. How-
ever, patients did experience significantly increased costs, which is
likely attributed to increased acuity, resource strain, and supply chain
disruption experienced during the pandemic.
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