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Article

Introduction

The severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) and associated COVID-19 pandemic had 
substantial effects on orthopaedic surgery practices world-
wide since the World Health Organization declared the pan-
demic in March 2020.7,11,19,20,31 However, the effects of 

COVID-19 in patients with foot and ankle trauma was 
mostly limited to expert opinion and research letters.3,8,29 
Over time, there has been an increase in elective case 
restrictions, delays in surgery, and changes in practices, 
which has warranted several investigations to assess man-
agement changes and outcomes associated with COVID-19 
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Abstract
Background: The National COVID Cohort Collaborative (N3C) is an innovative approach to integrate real-world clinical 
observations into a harmonized database during the time of the COVID-19 pandemic when clinical research on ankle 
fracture surgery is otherwise mostly limited to expert opinion and research letters. The purpose of this manuscript is 
to introduce the largest cohort of US ankle fracture surgery patients to date with a comparison between lab-confirmed 
COVID-19–positive and COVID-19–negative.
Methods: A retrospective cohort of adults with ankle fracture surgery using data from the N3C database with patients 
undergoing surgery between March 2020 and June 2021. The database is an NIH-funded platform through which the 
harmonized clinical data from 46 sites is stored. Patient characteristics included body mass index, Charlson Comorbidity 
Index, and smoking status. Outcomes included 30-day mortality, overall mortality, surgical site infection (SSI), deep SSI, 
acute kidney injury, pulmonary embolism, deep vein thrombosis, sepsis, time to surgery, and length of stay. COVID-
19–positive patients were compared to COVID-19–negative controls to investigate perioperative outcomes during the 
pandemic.
Results: A total population of 8.4 million patient records was queried, identifying 4735 adults with ankle fracture surgery. 
The COVID-19–positive group (n=158, 3.3%) had significantly longer times to surgery (6.5 ± 6.6 vs 5.1 ± 5.5 days, P = 
.001) and longer lengths of stay (8.3 ± 23.5 vs 4.3 ± 7.4 days, P < .001), compared to the COVID-19–negative group. The 
COVID-19–positive group also had a higher rate of 30-day mortality.
Conclusion: Patients with ankle fracture surgery had longer time to surgery and prolonged hospitalizations in COVID-
19–positive patients compared to those who tested negative (average delay was about 1 day and increased length of 
hospitalization was about 4 days). Few perioperative events were observed in either group. Overall, the risks associated 
with COVID-19 were measurable but not substantial.
Level of Evidence: Level III, retrospective cohort study.
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in patients undergoing ankle fracture surgery.13,23,27,30,32 
Large-scale studies evaluating the trends of ankle fracture 
surgery during the pandemic are lacking.

Ankle fractures are among the most common surgically 
treated fractures.5 Compared to complications such as non-
union, malunion, and implant failure, wound complications 
including surgical site infections remain the most frequently 
encountered.24 Prior to the COVID-19 pandemic, estab-
lished causative factors of wound complications included 
timing of surgery, incision placement, soft-tissue handling, 
fracture severity, and patient comorbidities such as smok-
ing, obesity, and diabetes.24 To our knowledge, the interna-
tional foot and ankle community has yet to reach a consensus 
on the effects of COVID-19 on perioperative complica-
tions, mortality rates, and length of hospitalizations in ankle 
fracture surgery using a centralized data-driven approach. 
Thus, there is a need for large-scale, national-level investi-
gation to assess surgical outcomes in adults undergoing 
ankle fracture surgery during the COVID-19 pandemic.

The National COVID Cohort Collaborative (N3C)10 was 
created to address many of the recognized challenges with 
the rapidly expanding number of COVID-19 publications.9 
The N3C database is unique as it is a centralized national 
data enclave for studying COVID-19 and identifying poten-
tial management strategies as the pandemic continues to 
evolve. The N3C database integrates electronic health 
record (EHR) data on a secure enclave to support clinical 
discovery enabled by collaborative, large-scale, computa-
tionally intensive data science.10 Detailed protocols for 
EHR data integration with quality checks and rigorous anal-
ysis specifications are publicly available for review.18

Therefore, owing to the effects of COVID-19 in ortho-
paedic surgery patients but limited literature in operative 
ankle fractures, the purpose of this study was to investigate 
outcomes of the largest cohort of US adults undergoing 
ankle fracture surgery during the COVID-19 pandemic. We 
hypothesized that COVID-19–positive patients would have 
longer hospitalizations and increased complications com-
pared to COVID-19–negative patients.

Methods

After obtaining IRB approval (IRB-300005866), we per-
formed a retrospective cohort study of prospectively 

collected data of COVID-19–tested patients using the N3C 
Data Enclave.10 Participants from March 15, 2020, to June 
30, 2021, were grouped by lab-confirmed COVID-19 posi-
tive and negative via SARS-CoV-2 RT-PCR and Antigen 
testing. A COVID-19 positive group was created using a 
SARS-CoV-2 RT-PCR and Antigen–positive result. The 
COVID-19–negative group was identified using a SARS-
CoV-2 RT-PCR and Antigen–negative result.

Study Cohort

Inclusion criteria included adults 18 years old or older with 
an inpatient hospital visit with a diagnostic test for COVID-
19, a fracture, and surgical treatment for ankle fracture 
(CPT codes: 27766, 27769, 27792, 27814, 27822, 27823, 
27829). Surgery had to occur 7 days before or up to 30 days 
after COVID-19 hospitalization.6

Variables

The primary independent variable in this study was COVID-
19 status, as described above. Patient characteristics 
included age, gender, race, body mass index, smoking sta-
tus, and the Charlson Comorbidity Index.22 Additional vari-
ables were selected the N3C cohort characterization,1 and 
perioperative complications reported by the Centers for 
Medicare & Medicaid.2 Outcomes included 30-day mortal-
ity, overall mortality, surgical site infection (SSI), deep SSI, 
acute kidney injury, invasive ventilation, pulmonary embo-
lism, deep vein thrombosis, sepsis, time to surgery (days), 
and length of stay (days). Additional definitions, details, 
and computer programming code for the validated variables 
used for the study are available online at Github.17 In order 
to be included in the analysis, the data were processed and 
evaluated with input from informatics and clinical subject 
matter experts.1

Statistical Analysis

The analyses were conducted with data and tools accessed 
through the NCATS N3C Data Enclave.10 Row-level 
patient information was not downloaded from the secure 
Data Enclave to protect the confidentiality of the study 
participants.
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Descriptive statistics were performed for baseline char-
acteristics and perioperative complications. Categorical 
variables were described as percentages, and continuous 
variables were described as mean ± SD. Chi-square tests 
and Fisher exact tests were used to compare categorical 
variables, and independent samples t tests were used to 
compare continuous variables. P values of <.05 were con-
sidered statistically significant. Consistent with N3C publi-
cation principles, values between 1 and 20 were reported as 
≤20.17

Results

Baseline Characteristics

The total population queried consisted of 8.4 million 
patients, with 4735 patients meeting inclusion criteria for 
the study (Figure 1). The baseline characteristics of this 
cohort are shown in Table 1. The COVID-19–positive 
group included 158 patients (3.3%), which had a mean age 
of 46.6 ± 18.7 years and consisted of 89 (56.3%) females. 
These patients were compared with 4577 COVID-19–
negative patients. This group had a mean age of 47.0 ± 
17.7 years and consisted of 2437 (53.2%) females. The 2 

groups differed in terms of smoking status, where the 
COVID-19–positive group had a significantly lower pro-
portion of current or former smokers compared with the 
COVID-19–negative group (27.8 vs 38.1%, P = .012). The 
groups had comparable body mass indexes (32.0 ± 9.0 vs 
30.6 ± 7.4, P = .097). There was no difference in comor-
bidity burden as measured by the Charlson Comorbidity 
Index scores between the COVID-19–positive and COVID-
19–negative groups (0.5 ± 1.4 vs 0.5 ± 1.4, P = .708).

Perioperative Outcomes

The COVID-19–positive group had significantly longer 
times to surgery (6.5 ± 6.6 vs 5.1 ± 5.5 days, P = .001) and 
longer lengths of stay (8.3 ± 23.5 vs 4.3 ± 7.4 days, P < 
.001) compared to the COVID-19–negative group. 
Furthermore, the COVID-19–positive group had signifi-
cantly higher rates of 30-day mortality, with n ≤20 for both 
groups (P = .033), as well as higher rates of deep SSI (P = 
.022). The COVID-19–positive group also had a higher rate 
of deep vein thrombosis compared to controls, but this dif-
ference did not reach statistical significance (P = .077) 
(Table 2). In contrast, the COVID-19–negative group had a 
higher rate of pulmonary embolism (n ≤ 20). There were no 

Figure 1. Ankle fractures in US adult population using data from National COVID Cohort Collaborative. Created with BioRender.com.
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statistically significant differences for SSI, acute kidney 
injury, invasive ventilation, sepsis, or overall mortality 
between the 2 groups. Frequency of perioperative compli-
cations in COVID-19–positive and COVID-19–negative 
patients can be found in Table 2.

Discussion

The COVID-19 pandemic has placed tremendous strain on 
the healthcare system and healthcare workers worldwide. In 
addition to its tragic effects of cardiopulmonary morbidity 
and mortality, COVID-19 has affected the operative manage-
ment of many conditions, including musculoskeletal injuries, 
leading to reductions in elective surgeries and changes in 

perioperative protocols.4,14,25 Moreover, recent guidelines 
developed by the International Consensus Group recommend 
that patients with COVID-19 should avoid undergoing elec-
tive orthopaedic procedures.21 Because ankle fractures are 
one of the most common surgically treated injuries in ortho-
paedics, with one study showing that they can constitute up 
to 17% of fractures among hospitalized trauma patients, we 
believed it was imperative to assess outcomes in these 
patients during the pandemic.5,26 Furthermore, rotational 
ankle fractures represent an injury that continues to increase 
in incidence with the growth of the geriatric population.28 
Thus, the goal of our study was to investigate outcomes in 
adults undergoing ankle fracture surgery during the COVID-
19 pandemic using a centralized US national data enclave.

Table 2. Perioperative Outcomes in Adults Undergoing Ankle Fracture Surgery From the National COVID Cohort Collaborative.a

COVID-19–Positive (n=158) COVID-19–Negative (n=4577) P Value

Time to surgery, d, mean ± SD 6.5 ± 6.6 5.1 ± 5.5 .001
Length of stay, d, mean ± SD 8.3 ± 23.5 4.3 ± 7.4 <.001
SSI ≤20b,c 57 (1.2) .719
Deep SSI ≤20c ≤20 .022
Acute kidney injury ≤20c 142 (3.1) .111
Invasive ventilation ≤20c 125 (2.7) .134
Pulmonary embolism 0 (0.0) ≤20 .009
Deep vein thrombosis ≤20c 56 (1.2) .077
Sepsis ≤20c 67 (1.5) .912
30-d mortality ≤20c ≤20 .033
Overall mortality ≤20c 57 (1.2) .719

aUnless otherwise noted, values are n (%).
bIn accordance with N3C publication principles, values 1-20 are reported as ≤20.
cPercentage is higher compared with the control group.

Table 1. Baseline Characteristics in Adults Undergoing Ankle Fracture Surgery From the National COVID Cohort Collaborative.

COVID-19–Positive
(n=158)

COVID-19–Negative
(n=4577) P Value

Age, y, mean ± SD 46.6 ± 18.7 47.0 ± 17.7 .789
Gender, n (%) .495
 Female 89 (56.3) 2437 (53.2)  
 Male 59 (43.7) 2140 (46.8)  
Race, n (%) .600
 Asian ≤20a,b 60 (1.3)  
 Black or African American 23 (14.6) 725 (15.8)  
 White 105 (66.5) 3207 (70.1)  
 Other ≤20b 26 (0.6)  
 Not reported 0 559 (12.2)  
Body mass index, mean ± SD 32.0 ± 9.0 30.6 ± 7.4 .097
Smoking status, n (%) .012
 Current or former 44 (27.8) 1742 (38.1)  
 Nonsmoker 114 (72.2) 2835 (61.9)  
Charlson Comorbidity Index, mean ± SD 0.5 ± 1.4 0.5 ± 1.4 .708

aIn accordance with N3C publication principles, values 1-20 are reported as ≤20.
bPercentage is lower compared with the control group.
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Our results show that COVID-19–positive patients 
admitted with ankle fractures length of stay was 4 days 
greater than those who tested negative (8.3 vs 4.3 days). In 
a 2012 study, the mean length of hospital stay (LOS) for 
closed ankle fractures was 6.6 days, which decreased by an 
average 0.14 days with each subsequent year over the 
15-year study period.28 These findings complement the 
average 4.3-day LOS observed in the COVID-19–negative 
group in our cohort. Furthermore, along with the substan-
tially increased cost associated with longer admissions,15 a 
prolonged hospital stay may affect recovery and rehabilita-
tion following surgery, but future studies assessing this 
association during the COVID-19 pandemic are needed.

In addition to length of stay, our study showed that a 
concomitant COVID-19 diagnosis experienced longer 
delays until surgery by approximately 1 day and portended 
an increased risk of 30-day mortality, which are well- 
documented associations in operative patients with COVID-
19 infection.6 The higher rate of 30-day mortality among 
COVID-19–positive patients is likely related to factors that 
were not assessed in the N3C database, such as pneumonia, 
acute respiratory distress syndrome, and cardiovascular 
complications.12,16 Interestingly, COVID-19–negative 
patients had a higher rate of pulmonary embolism, with 
none of the COVID-19–positive patients experiencing this 
complication. This may be explained by the fact that the 
COVID-19–negative group was substantially larger than 
the COVID-19–positive group. There were no significant 
differences in all-cause mortality, surgical site infections, 
invasive ventilation, deep vein thrombosis, acute kidney 
injury, or sepsis, between the 2 groups.

Although this study provides insight into the periopera-
tive complications of patients who suffered ankle fractures 
during the COVID-19 pandemic, it is not without limita-
tions. First, the large N3C database of patients receiving 
care across the United States allows access to sizable quan-
tities of patients and data; however, it lacks long-term fol-
low-up as well as variables important to the field of 
orthopaedic surgery, such as injury mechanisms, fracture 
classification, estimated blood loss, functional outcomes, 
radiographic healing, pain scores, and patient satisfaction. 
Second, we chose to focus on patients treated surgically as 
inpatients, so comparisons with those treated nonopera-
tively as well as those treated as outpatients was not per-
formed in this analysis. Owing to privacy rules within the 
National COVID Cohort Collaborative, we were unable to 
precisely report the outcomes that were 20 or fewer, which 
leaves ambiguity in interpreting the data. Despite this limi-
tation, this information at a national scale is helpful to 
understand the approximate risks of operative ankle frac-
tures during the COVID-19 pandemic.

Using the N3C database, our study showed that COVID-
19–positive patients with ankle fractures requiring surgery 
had longer delays until surgery and longer hospitalizations 

compared with those who tested negative, with few periop-
erative events. Further research is needed as multiday 
increases in hospital stay may lead to delays in the recovery 
and rehabilitative process, as well as increased hospital 
costs. This study also demonstrated that COVID-19–
positive patients experienced increased rates of 30-day 
mortality. Overall, the results do not suggest that patients 
with operative ankle fractures were at a substantially 
increased risk during the COVID-19 pandemic. As the pan-
demic evolves and continues, future investigations should 
be aimed at further assessing the associations observed in 
this study as well as identifying ways to improve patient-
reported and postoperative outcomes in ankle fracture 
patients. There is limited evidence to support delays in sur-
gery in the context of testing for COVID-19. Surgeons can 
inform their patients that the overwhelming majority of 
patients tested for COVID-19 were negative at the time of 
ankle injury, and the risks associated with COVID-19 may 
be slightly elevated.
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