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Abstract

Background Total hip arthroplasty (THA) and total knee arthroplasty (TKA) are commonly performed orthopedic
procedures. This study aimed to evaluate the impact of COVID-19 status on postoperative complications and mortal-
ity in patients undergoing THA and TKA.

Methods A total of 110,186 underwent either THA or TKA. Patients were grouped based on their COVID-19 status,
gathered from the National COVID-19 Cohort Collaborative (N3C) in the 12 weeks preceding surgery and com-
pared for various variables, including age, sex, BMI, and Charlson Comorbidity Index (CCl) scores. COVID-19 status
was defined as a positive test result that was closest to the date of surgery regardless of testing positive previously.
Postoperative complications such as venous thromboembolism (VTE), sepsis, surgical site infection, bleeding, acute
kidney injury (AKI), 30-day, and 1-year all-cause mortality were examined. To compare the variables, an odds ratio
with a 95% confidence interval was calculated with a significant level set at P< 0.05. Logistic regression using R pro-
gramming was utilized for these calculations.

Results Univariate analysis was performed and rates of VTE (1.02% vs. 3.35%), 30-day mortality (0.25% vs.

less than 5%), and 1-year mortality (1.42% vs. 5.43%) were higher in the COVID-19-positive group for THA patients
(P<0.001). For TKA patients, only 30-day mortality was significantly higher in the COVID-19-positive group (P=0.034).
Multivariate logistic regression revealed that a positive COVID-19 diagnosis within two weeks of surgery and a CCl
score >3 were significant predictors of postoperative complications and mortality for both TKA and THA.

Conclusions Patients with a positive COVID-19 diagnosis within 12 weeks of THA or TKA carried a significantly higher
risk for postoperative complications and mortality. In addition, a CCl score >3 is also a significant risk factor. These find-
ings emphasize the importance of vigilant preoperative screening and risk stratification in the era of COVID-19.

Keywords Total hip arthroplasty, Total knee arthroplasty, COVID-19, Charlson Comorbidity Index, Postoperative
complications, Venous thromboembolism

Introduction
The COVID-19 pandemic has led to a global health cri-
sis of unprecedented magnitude, exerting a profound
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[1, 2]. This is particularly relevant in hip and knee arthro-
plasty cases where the risks and clinical outcomes could
potentially be influenced by COVID-19.

The American Joint Replacement Registry found
that 2.2 million hip and knee arthroplasties were done
between 2012 and 2020, and the majority were primary
total knee arthroplasties (TKA) (54.5%) and primary total
hip arthroplasties (THA) (38.6%) [3]. Given the signifi-
cant amount of patients who elect to undergo TKA or
THA, it is crucial to investigate the impact of COVID-
19 prior to surgery on post-surgical outcomes to best
guide orthopedic surgeons on when it is optimal to oper-
ate. After all, it is now well-known that the presence of
COVID-19 compromises the immune system, caus-
ing patients to be more susceptible to infections while
also hindering wound healing [4]. Additionally, recent
research has found that respiratory issues associated with
COVID-19 could significantly increase the chances of
postoperative complications, ranging from pneumonia
or acute respiratory distress syndrome to death [5-8].
This could presumably lead to impediments to not only
rehabilitation but also functional recovery following the
procedures.

However, apart from the inherent risks associated
with THA or TKA, both the surgical procedures and
COVID-19 independently induce a hypercoagulable
state. Patients undergoing total hip and knee arthroplasty
are already at a high risk for venous thromboembolism
(VTE), such as deep vein thrombosis (DVT), with an
incidence of approximately 0.6-1.5% [9]. Concurrently,
COVID-19 infection has also been linked to a hyper-
coagulable state, increasing the risk of thrombosis and
pulmonary embolism [2, 10, 11]. It is possible that when
combined with COVID-19-induced hypercoagulability,
the risk for thrombotic complications in THA and TKA
becomes even more pronounced. This effect can result
in a higher incidence of blood clot formation during
the postoperative period. VTE and DVT present signifi-
cant risks to patients undergoing THA and TKA, posing
potential serious complications and adverse impacts on
patient outcomes [12].

The primary objective of this study was to investigate if
COVID-19 infection prior to THA or TKA is associated
with an increased risk of postoperative complications.
We hypothesized that patients with surgery closest to the
date of their COVID-19 diagnosis would have the high-
est complication rates. While existing literature details
outcomes following arthroplasty in COVID-19 positive
patients, our research utilized a comprehensive data-
base to not only assess postoperative outcomes, but also
determine the optimal timing for surgery based on the
timing of their COVID-19 diagnosis.
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Materials and methods

The National COVID-19 Cohort Collaborative (N3C) is
a research initiative established by the NIH to address
critical research questions related to the COVID-19
pandemic. With a database encompassing 20.1 mil-
lion cases, N3C constitutes one of the largest and most
diverse COVID-19 patient cohorts globally. It serves
as a centralized data platform that integrates electronic
health records from multiple institutions, offering access
to extensive clinical and research data on COVID-19
patients. Standardization procedures are applied to the
data to ensure consistency across multiple institutions.
Moreover, the accuracy and completeness of the data
are upheld through rigorous quality assurance measures
implemented by committees such as the N3C data har-
monization team [13].

We conducted a retrospective cohort study using data
collected from the National COVID-19 Cohort Col-
laborative between 15 March 2020, and April 2023 from
major academic and community institutions. COVID-19
positivity was identified by using the ICD-10 code U07.1,
which provides a timestamp denoting the day of COVID-
19 diagnosis. It is imperative to acknowledge that while
this ICD-10 code indicates the date of COVID-19 reac-
tivity, it does not precisely denote the onset of infection.
Consequently, our study primarily focused on the period
during which patients tested positive for COVID-19
rather than the onset of symptoms. The study included
participants of all ages, and the COVID-19-positive
cohort was compared with COVID-19 negative controls
in terms of age, sex, race, Charlson Comorbidity Scores,
BM]I, and vaccination status. Notably, no exclusion crite-
ria were applied based on primary diagnosis (e.g., arthri-
tis, fracture, tumor, or other conditions). Comorbidity
data were collected using ICD-10 codes mapped to Sys-
temic Nomenclature of Medicine (SNOMED) codes for
comprehensive assessment and analysis.

Querying process

To establish the cohorts, we employed specific Current
Procedural Terminology (CPT) codes. THA included
CPT codes 27125, 27130, 27132, 27134, 27137, and
27138, while TKA involved 27445, 27447, 27486, and
27487 (Supplementary Table S1). Patients were included
in the COVID-19-positive group if they had a positive
COVID-19 diagnosis within the 12 weeks preceding their
surgery. This cohort was further stratified based on the
timing of their COVID-19 diagnosis: 0—2 weeks before
surgery, 2—-6 weeks before surgery, and 6-12 weeks
before surgery. After identifying the COVID-19-positive
and COVID-19-negative cohorts who underwent hip or
knee arthroplasty, we used ICD-10 codes (Supplemen-
tary Table S2) to query for conditions such as pulmonary
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thrombosis, sepsis, acute kidney injury (AKI), surgical
site infection, 30-day mortality, and one-year mortality.

Analysis variables

In our study, the primary independent variable was
COVID-19 positivity, operationally defined as individuals
who received a positive COVID-19 diagnosis within the
12 weeks before their arthroplasty surgery. We also ana-
lyzed several patient characteristics, including age, race,
gender, body mass index (BMI), smoking status, diabe-
tes, and hypertension. Our study outcomes consisted of
30-day mortality, 1-year mortality, VTE, sepsis, AKL, and
surgical site infection. These postoperative complications
occurred within 90 days of surgery (besides the 1-year
mortality).

Statistical analysis

We conducted descriptive statistics to evaluate baseline
patient characteristics and factors. Continuous variables
were expressed as mean = SD. Categorical variables were
compared using odds ratios with a 95% confidence inter-
val to assess the strength of associations. Statistical sig-
nificance was defined as a P<0.05.

Multivariate logistic regression using standard R pack-
ages was employed for statistical analysis. The “glm” func-
tion (generalized linear model) was utilized to investigate
the relationship between a positive COVID-19 diagnosis
in the 0-2 weeks or 2—6 weeks before surgery, and CCI
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score >3 for postoperative complications of DVT, as well
as, 30-day and 1-year all-cause mortality.

Results

A total of 20,104,963 patients were queried and 110,186
underwent either total knee or hip arthroplasty. 47,675
patients underwent THA and 62,511 received TKA. The
two groups both comprised patients who were COVID-
19-positive and those who were not. In the THA group,
98.7% of patients were negative for COVID-19 in the
12 weeks preceding surgery while the remaining 1.3%
were positive in the 12 weeks prior to surgery. Similarly,
in the TKA group, 98.8% of patients were negative in the
12 weeks before surgery with the remaining 1.2% positive
in the preoperative 12 weeks (Fig. 1).

When comparing patients undergoing THA and
TKA without and with a COVID-19 diagnosis within
12 weeks prior to surgery, there were significant differ-
ences in age (68.03+10.65 vs. 67.17+10.72, P=0.003)
and sex distribution (41.4% male vs. 45.0% male, 58.6%
female vs. 55.0% female, P=0.007) between the two
groups. BMI (33.95+7.37 vs. 33.62+7.71, P=0.099) and
Charlson Comorbidity Index (CCI) scores (2.47+2.71 vs
2.48+2.74, P=0.85) were comparable between patients
with a positive COVID-19 diagnosis and those without
(Table 1). Postoperative complications included VTE or
DVT, sepsis, surgical site infection, bleeding, AKI, 30-day
all-cause mortality, and 1-year all-cause mortality.

Total Patients N=20,104,963

Underwent Arthroplasty
N=110,186

Total Hip Arthroplasty
N=47.675

\J

COVID-19
Negative Within 12|
Weeks of Surgery |
N=47,049 (98.7%)

COVID-19
Positive Within 12

Weeks of Surgery
N=626 (1.3%)

Fig. 1 Flowchart of study querying

Total Knee Arthroplasty
N=62,511

COVID-19
Negative Within 12
Weeks of Surgery
N=61,773 (98.8%)

COVID-19 Positive |
Within 12 Weeks |
of Surgery
N=738 (1.2%)
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Table 1 All Hip and Knee Arthroplasty Demographics. Comparison of patient demographics and medical comorbidities between
COVID-19-positive and COVID-19-negative cohorts. Values are reported as n (%) unless otherwise specified

Characteristic

No COVID diagnosis within 12 weeks of
Surgery (n=108,822)

COVID diagnosis within 12 weeks of P
Surgery (n=1364)

Age (y), (mean+SD) 68.03 (10.65)
Sex, n (%)

Male 41.4%

Female 58.6%
Ethnicity, n (%)

White 88,722 (81.5%)

Black or African American 14,303 (13.1%)

Asian 1651 (1.51%)
BMI, (mean+SD) 33.95(7.37)
Vaccine Doses Before Surgery
0 COVID Vaccine Doses Before Surgery 83,408 (76.6%)
1 COVID Vaccine Dose Before Surgery 1660 (1.52%)
2 COVID Vaccine Doses Before Surgery 6908 (6.34%)
3 COVID Vaccine Doses Before Surgery 4370 (4.01%)
>4 COVID Vaccine Doses Before Surgery 9084 (8.34%)
Charlson Comorbidity Index, (mean +SD) 247 (2.71)

67.17 (10.72) 0.003
0.007

45.0%

55.0%
0.041

1104 (80.9%)

196 (14.3%)

<20

3362(7.71) 0.099
<0.001

896 (65.7%)

45 (3.39%)

92 (6.74%)

91 (6.67%)

213 (15.61%)

248 (2.74) 0.850

For patients that underwent THA, the rates of VTE
(1.02% vs. 3.35%, P<0.001), 30-day mortality (0.25% vs.
less than 5%*, P<0.001), and 1-year mortality (1.42% vs.
5.43%, P<0.001) were higher in the COVID-19-positive
group than in the COVID-19-negative group (Table 2).
For patients who received TKA, the rates of 30-day mor-
tality (0.09% vs. less than 3%*, P=0.034) were higher
in the COVID-19-positive group than in the COVID-
19-negative group (Table 3). The N3C requires that any
category with less than 20 patients be obfuscated to pro-
tect patient privacy.

On multivariate logistic regression for patients who
underwent THA, a positive COVID-19 diagnosis in
the 0-2 weeks or 2—6 weeks prior to surgery, and CCI
score >3 were found to be significant predictors of DVT,
30-day, and 1-year all-cause mortality. After adjusting
for COVID-19 status prior to THA and CCI score>3,

positive COVID-19 status in the 2 weeks preceding sur-
gery carried a significantly increased risk for DVT (Odds
Ratio 4.67, 95% CI [2.29, 8.45]), 30-day mortality (OR
10.83, 95% CI [4.17, 23.11]), and 1-year mortality (OR
5.24, 95% CI [2.90, 8.73]). Similarly, positive COVID-19
status between 2—6 weeks prior to THA surgery posed
a significantly increased risk for DVT (OR 3.38, 95% CI
[1.32, 7.04]), 30-day mortality (OR 11.88, 95% CI [4.13,
26.95]), and 1-year mortality (OR 5.10, 95% CI [2.56,
9.26]). CCI score>3 resulted in an increased risk for
DVT (OR 2.88, 95% CI [2.41, 3.43]), sepsis (OR 4.62, 95%
CI [3.84, 5.58]), surgical site infection (OR 2.11, 95% CI
[1.80, 2.47]), AKI (OR 5.70, 95% CI [3.72, 10.03]), 30-day
mortality (OR 6.26, 95% CI [4.37, 9.11]), and 1-year mor-
tality (OR 8.85, 95% CI [7.46, 10.53]) (Table 4 and Fig. 2).

For patients receiving TKA, multivariate logistic
regression demonstrated that a positive COVID-19

Table 2 Clinical Outcomes of Total Hip Arthroplasty. Comparison of perioperative complication rates between COVID-19-positive and

COVID-19-negative cohorts. Values are reported as n (%)

Clinical Outcome (*Occurring Within

No COVID Diagnosis within 12 weeks of

COVID diagnosis within 12 weeks of P

90 days of Surgery) Surgery (n=47,049) Surgery (n=626)

VTE 482 (1.02%) 21 (3.35%) <0.001
Sepsis 462 (0.98%) <20 022
Surgical Site Infection 621 (1.32%) <20 048
Bleeding 22 (0.04%) <20 0.26
AKI 63 (0.13%) <20 0.57
30-Day Mortality 121 (0.25%) <20 <0.001
365-Day Mortality 670 (1.42%) 34 (5.43%) <0.001
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Table 3 Clinical Outcomes of Total Knee Arthroplasty. Comparison of perioperative complication rates between COVID-19-positive
and COVID-19-negative cohorts. Values are reported as n (%)

Clinical Outcome (Occurring Within
90 days of Surgery)

No COVID Diagnosis within 12 weeks of
Surgery (n=61,773)

COVID Diagnosis within 12 weeks of

Surgery (n=738)

VTE

Sepsis

Surgical Site Infection
Bleeding

AKI

30-Day Mortality
365-Day Mortality

<20

0.034
0.054

Table 4 Association between COVID-19 and risk of perioperative complications in THA patients. Values are reported as Odds Ratio

(95% Confidence Interval)

Characteristic Odds Ratio Adjusted Odds Ratio P
DvT
CCl>3 2.53[2.11,3.04] 2.88[241,343] <0.001
COVID Period 0-2 Weeks Before Surgery 5.01[246,9.10] 467 [2.29, 845] <0.001
COVID Period 2-6 Weeks Before Surgery 3.49[1.36,7.30] 3.38[1.32,7.04] 0.004
COVID Period 6-12Weeks Before Surgery 2.31[0.82,5.09] 2.10[0.74,4.61] 0.104
Sepsis
CCl>3 4.371[3.61,5.32] 462 [3.84,5.58] <0.001
COVID Period 0-2 Weeks Before Surgery 1.451[0.36, 3.86] 1.37[0.34, 3.65] 0.587
COVID Period 2-6 Weeks Before Surgery 2411[0.74,5.78] 2.38[0.73,5.71] 0.089
COVID Period 6-12 Weeks Before Surgery 0.911[0.15, 2.86] 0.851[0.14, 2.67] 0.816
Surgical Site Infection
ca>3 2.08[1.77,2.46] 2.11[1.80,247] <0.001
COVID Period 0-2 Weeks Before Surgery 1.99[0.70, 4.38] 1.77 [0.63, 3.88] <0.001
COVID Period 2-6 Weeks Before Surgery 0.86[0.14, 2.70] 0.831[0.14,2.62] 0.004
COVID Period 6-12 Weeks Before Surgery 0.97[0.24, 2.57] 0.97[0.24, 2.56] 0.104
Acute Kidney Injury
Ccl>3 5.70[3.34,10.04] 5.70[3.72,10.03] <0.001
COVID Period 0-2 Weeks Before Surgery N/A N/A
COVID Period 2-6 Weeks Before Surgery N/A N/A
COVID Period 6-12 Weeks Before Surgery N/A N/A
30-Day All-Cause Mortality
cc>3 6.25 [4.28,9.28] 6.26 [4.37,9.11] <0.001
COVID Period 0-2 Weeks Before Surgery 9.03 [3.43,19.65] 10.83[4.17,23.11] <0.001
COVID Period 2-6 Weeks Before Surgery 13.21 [4.56,30.33] 11.88 [4.13,26.95] <0.001
COVID Period 6-12 Weeks Before Surgery 3.48[0.57,11.23] 3.251[0.53,10.37] 0.101
365-Day All-Cause Mortality
cc>3 8.96 [7.50,10.76] 8.85[7.46,10.53] <0.001
COVID Period 0-2 Weeks Before Surgery 491 [2.70,8.34] 5.24[2.90, 8.73] <0.001
COVID Period 2-6 Weeks Before Surgery 5471[2.72,9.95] 5.10[2.56,9.26] <0.001
COVID Period 6-12 Weeks Before Surgery 2.60[1.15,5.06] 2401[1.07,4.65] 0.018

diagnosis in the 0-2 weeks before surgery and a CCI
score >3 were found to be significant predictors of sep-
sis and 30-day mortality. When adjusting for COVID-19

status prior to TKA surgery and a CCI score > 3, positive
COVID-19 status in the 2 weeks preceding surgery pre-
sented a significantly increased risk for sepsis (OR 3.36,
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Sepsis

Covid Period 6-12 Weeks Before Surgery= >—0—<

Covid Period 2-6 Weeks Before Surgery-]
Covid Period 0-2 Weeks Before Surgery- >—°—<
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Adjusted Odds Ratio
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cci>3d

T T 1
0 10 20 30

Adjusted Odds Ratio

Fig. 2 Odds Ratios for postoperative complications in THA patients with a confirmed COVID-19 diagnosis compared to controls without a positive
COVID-19 test for the 84 days prior to surgery. Error bars represent a 95% confidence interval

95% CI [1.03, 8.04]) and 30-day mortality (OR 12.39,
95% CI [2.01, 40.52]). A CCI score >3 resulted in a sig-
nificantly increased risk for DVT (OR 1.64, 95% CI [1.42,
1.89]), sepsis (OR 4.12, 95% CI [3.40, 5.01]), surgical site
infection (OR 1.97, 95% CI [1.69, 2.30]), 30-day mortality
(OR 8.35,95% CI [5.01, 14.60]), and 1-year mortality (OR
5.71, 95% CI [4.63, 7.08]) (Table 5 and Fig. 3).

Interestingly, a positive COVID-19 status between
6—12 weeks prior to surgery also significantly increased
the risk of 1-year mortality for both THA (OR 2.40, 95%
CI [1.07, 4.65]) and TKA (OR 2.97, 95% CI [1.24, 6.19]).
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Table 5 Association between COVID-19 and risks of perioperative complications in TKA patients. Values are reported as Odds Ratio

(95% Confidence Interval)

Characteristic Odds Ratio Adjusted Odds Ratio P
DvT
CCl>3 1.54[1.33,1.78] 1.64[1.42,1.89] <0.001
COVID Period 0-2 Weeks Before Surgery 1.75[0.54, 4.14] 1.73[0.53,4.10] 0.279
COVID Period 2-6 Weeks Before Surgery 0.95[0.24, 2.50] 0.94 [0.23, 2.46] 0.910
COVID Period 6-12Weeks Before Surgery 1.4810.58, 3.04] 1.441[0.57,2.96] 0.379
Sepsis
CCl>3 3.98(3.25,4.87] 4.12[3.40,5.01] <0.001
COVID Period 0-2 Weeks Before Surgery 3.39[1.03,8.12] 3.36[1.03,8.04] 0.018
COVID Period 2-6 Weeks Before Surgery N/A N/A 0.959
COVID Period 6-12 Weeks Before Surgery 1.00[0.03, 2.06] 0.441[0.03, 1.96] 0414
Surgical Site Infection
ca>3 2.08[1.77,244] 1.97 [1.69, 2.30] <0.001
COVID Period 0-2 Weeks Before Surgery 60 [0.40, 4.24] 1.61 1[040, 4.25] 0416
COVID Period 2-6 Weeks Before Surgery 0.811[0.13,2.52] 0.79[0.13,2.45] 0.734
COVID Period 6-12 Weeks Before Surgery 0.591[0.10, 1.84] 0.59[0.10, 1.83] 0.452
Acute Kidney Injury
Ca>3
COVID Period 0-2 Weeks Before Surgery N/A N/A
COVID Period 2-6 Weeks Before Surgery N/A N/A
COVID Period 6-12 Weeks Before Surgery N/A N/A
30-Day All-Cause Mortality
Cl>3 4641[267,832] 8.35[5.01, 14.60] <0.001
COVID Period 0-2 Weeks Before Surgery 12.65 [2.05,41.65] 12.39[2.01,40.52] <0.001
COVID Period 2-6 Weeks Before Surgery N/A N/A 0.977
COVID Period 6-12 Weeks Before Surgery 3.05[0.17,14.23] 3.27[0.99, 14.96] 0.242
365-Day All-Cause Mortality
cc>3 5.01 [4.02,6.26] 5.71[4.63,7.08] <0.001
COVID Period 0-2 Weeks Before Surgery 2.83[0.69, 7.60] 2.77 10.98, 7.40] 0.008
COVID Period 2-6 Weeks Before Surgery N/A N/A
COVID Period 6-12 Weeks Before Surgery 3.04[1.19,6.34] 2.9711.24,6.19] 0.009

Discussion

Our analysis demonstrated that COVID-19 prior to
arthroplasty was associated with an increased risk
of severe postoperative complications. Indeed, we
did observe that patients receiving surgery closest to
the date of their COVID-19 diagnosis had the high-
est complication rates (Tables 4 & 5). We found that a
positive COVID-19 diagnosis in the 6 weeks prior to
THA was associated with significantly increased DVT
risk, 30-day and 1-year all-cause mortality. A posi-
tive COVID-19 diagnosis in the 2 weeks before TKA
did not yield better outcomes in terms of significantly
increased rates of sepsis and 30-day all-cause mortal-
ity. Although not particularly significant, it should still
be noted that there was a possibility that 1-year mortal-
ity was associated as well (OR 2.77, 95% CI [0.98, 7.40].

Other studies in the literature suggested a similar trend
in mortality. A previous study by Nahshon et al. found
that the postoperative mortality rate due to severe pul-
monic complications in patients with COVID-19 dur-
ing the perioperative period was 27.5% [5, 14]. Another
study by Maniscalco et al. found a significant increase
in the number of postoperative deaths in the 3 weeks
following surgical treatment of proximal femur frac-
tures with either THA, HA, or other techniques, pri-
marily due to cardio-respiratory arrest [15].

To help decide on when it is the best time to operate
or how long to postpone an operation, it is important to
understand the relationship between the time of COVID-
19 diagnosis and surgery in general. In a recent study by
the COVIDSurg Collaborative, the authors found that
30-day mortality diminished when undergoing surgery
7 weeks or more after being infected with COVID-19.
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Fig. 3 Odds Ratios for postoperative complications in TKA patients with a confirmed COVID-19 diagnosis compared to controls without a positive
COVID-19 test for the 84 days prior to surgery. Error bars represent a 95% confidence interval

Similarly, Butyrskii et al. concluded that surgeries after
7-8 weeks had the same 30-day mortality rate as in
patients without infection. These findings are echoed by
the current American Society of Anesthesiologists guide-
lines, which recommends anywhere from a 4—12 week
surgery delay following COVID-19 infection, depend-
ing on the severity of the patient’s infection, vaccination

status, and other comorbidities [16]. However, these
guidelines are not specific to THA or TKA procedures.
Recent research has focused on examining the connec-
tion between COVID-19 infections and the outcomes
of total joint arthroplasty (TJA). In a case—control study
conducted by Bae et al, no notable differences were
observed in postoperative complications, such as DVT,
wound dehiscence, or peri-prosthetic joint infection
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between patients who had COVID-19 within one week
after surgery and those who did not [17]. While this
finding contrasts with our data, potential reasons could
include the time frame of Bae et al’s study, which spanned
from 2021 to 2022. This period omitted the early years of
the pandemic when vaccination campaigns were still in
their infancy. Additionally, their study excluded patients
with multiple comorbidities, which could also account
for the discrepancy. A multicenter retrospective analysis
by Clement et al. found no significant differences in mor-
tality rates among patients who underwent elective TJA
and subsequently tested positive for COVID-19 [12]. This
is in contrast to our study, which indicated a noteworthy
mortality rate. It’s important to highlight that Clement
et al. defined a COVID-19 positive case based on either
a positive antigen or PCR test. However, their research,
which spanned the year 2020, was conducted during
a time when comprehensive and widespread COVID-
19 testing was still in its early stages. Consequently, out
of 1073 patients in their study, only 5 were identified as
COVID-19 positive, a surprisingly low number given the
circumstances.

A comprehensive retrospective cohort study by Heck-
mann et al. focused on the varying rates of postopera-
tive complications in patients who had been diagnosed
with COVID-19 within a 90-day window surrounding
their THA or TKA procedures [18]. The study found
that patients who tested positive for COVID-19 within
90 days before or after their surgery developed sig-
nificantly more complications. Specifically, they had a
4.23-fold increased risk of pulmonary embolism (PE), a
2.75-fold heightened risk of wound dehiscence, a 4.8-fold
greater risk of acute respiratory failure, and a staggering
12.69-fold elevated risk of pneumonia among total knee
replacement patients. Similarly, for THA patients, the
risks were substantial, with an 8.77-fold increased risk of
PE, a 9.58-fold greater risk of prosthetic joint infection
(PJI), a 3.47-fold heightened risk of wound dehiscence, a
4.56-fold increased risk of acute respiratory failure, and
an astonishing 16.81-fold elevated risk of pneumonia.
These findings underscore the vulnerability of COVID-
19-positive individuals in the peri-operative period,
emphasizing the significantly heightened susceptibility
to postoperative complications. Importantly, it is worth
noting that the study primarily covered the year 2020, a
time when the severity of COVID-19 was at its peak, and
widespread vaccination was not as readily available. Con-
sequently, the observed severe postoperative complica-
tions may be attributable to the unique challenges posed
by the pandemic during that period.

Efforts have previously been made to discern the tem-
poral relationship between a COVID-19 diagnosis and
postoperative complication rates in patients undergoing
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TJA. Notably, studies by Forlenza et al. and Lung et al.
provided valuable insights [19, 20]. In their retrospec-
tive cohort analysis, Forlenza et al. established a clear link
between a COVID-19 diagnosis and increased postoper-
ative risks. Their data indicated a marked rise in the odds
of developing complications such as DVT (OR 4.86, 95%
CI 2.10-11.81, P<001), pulmonary embolism (OR 6.27,
95% CI 2.57-16.71, P<001), and other postoperative
issues (OR 3.36, 95% CI 2.47-4.59, P<001). Intriguingly,
the risk of these complications was acutely heightened
when the surgical procedure was performed closer to
the COVID-19 diagnosis, particularly within the first
three months. This emphasized the profound influence of
COVID-19 on postoperative outcomes and reiterated the
temporal nature of this relationship. However, our find-
ings diverge in certain areas, potentially due to variations
in the study time-frames.

Lung et al. previously showed that patients who con-
tracted COVID-19 prior to undergoing elective THA or
TKA did not exhibit a significant uptick in complications
such as respiratory, infectious, cardiac, or thromboem-
bolic events up to six months post-surgery. It is worth
noting that procedures for patients with a prior COVID-
19 diagnosis were deferred for at least 4 weeks, ensur-
ing a negative test result before surgery. This approach
corroborates our conclusion of a temporal link between
COVID-19 diagnosis and post-operative complication
rates and suggests evidence for an optimal time window
of surgical postponement to reduce the incidence of
postoperative complications.

First, COVID-19 studies have found that many patients
may continue to have COVID-19 symptoms more than 2
to 3 months after the acute illness, commonly referred to
as long COVID [21, 22]. Second, a host of cardiovascular
abnormalities has been reported among patients beyond
the acute phase, ranging from myocardial inflammation,
myocardial infarction, right ventricular dysfunction, and
arrhythmias [22]. Third, COVID-19 seems to be associ-
ated with a hypercoagulable state, which can substan-
tially increase the risk for VTE and DVT [4, 10, 23]. As
such, it may be inappropriate to simply use the length of
time from the initial illness to determine when to per-
form THA or TKA.

Furthermore, the hospital environment poses an
increased risk of acquiring secondary infections, add-
ing to the complexity and risk of the postoperative
period [24]. As such, healthcare providers must care-
fully evaluate the risks, test for COVID-19 prior to sur-
gery, and closely monitor patients to mitigate the impact
of COVID-19 on surgical outcomes. Further proto-
cols should be formulated to enhance patient safety
and ensure optimal timing of surgical interventions
after COVID-19 infection while taking into account the
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inherently increased risk for DVT in both COVID-19
and arthroplasty procedures. Given the findings pre-
sented in this study, it may even be warranted to post-
pone non-urgent hip surgeries for more than 12 weeks
following a COVID-19 infection or to consider a more
aggressive VTE chemoprophylaxis regimen for urgent
THA in COVID-19 patients. In light of this, developing
a preoperative scoring system to evaluate the risk of spe-
cific postoperative complications for patients undergoing
THA or TKA after a recent COVID-19 infection would
be prudent. Such a tool could evaluate COVID-19 infec-
tion timing, the patient’s risk for VTE or DVT, and other
patient comorbidities.

It is also important to acknowledge the limitations of
our study. The N3C database does not contain informa-
tion on the severity of COVID-19 infection outcomes.
Although we were able to control for the effect of preop-
erative comorbidities, which might make a person more
susceptible to the effect of COVID-19, it is possible that
the severity of infection may have had a direct effect
on the postoperative complication profile. Our study
focused on the period after a patient first tested positive
for COVID-19, which likely encompasses a wide clini-
cal spectrum of symptomatology, ranging from asymp-
tomatic infection to severe respiratory failure. With the
present data, we were also not able to determine the
effects of vaccination status on complications since a
large portion of the data consists of patients from the
early phases of the pandemic. It is possible that, with vac-
cinations, the passage of time, and resultant herd immu-
nity, some of the noted complication risks may eventually
become less pronounced. Lastly, given the retrospective
design of this study, we are only able to show an associa-
tion but not causation between preoperative COVID-19
infection and the negative postoperative outcomes out-
lined in this study.

Conclusions

In conclusion, our study underscored the importance of
considering the timing of COVID-19 diagnosis in rela-
tion to the scheduled date of THA or TKA. Patients who
elect to undergo THA or TKA within 6 weeks of their
COVID-19 diagnosis may be at increased risk for DVT,
sepsis, and death within a month. Additionally, given
that our findings demonstrated that COVID-19 up to
12 weeks before surgery was associated with significantly
increased 1-year all-cause mortality for both THA and
TKA, it is imperative for further research to focus on the
longer-term impacts and mortality of COVID-19 prior to
arthroplasty procedures.

Page 10 of 11

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/542836-024-00275-x.

Additional file 1: Supplementary Table S1. CPT codes for Total Hip and
Total Knee Arthroplasty.

Additional file 2: Supplementary Table S2.1CD10 codes for Post-Operative
Complications.

Acknowledgements
None

Authors’ contributions
All authors have meaningfully contributed to the conception, data analysis,
writing, and editing of this manuscript.

Funding
No funding sources to disclose.

Availability of data and materials
The dataset supporting the conclusions of this article is available in the NIH
N3C repository: https://ncats.nih.gov/research/research-activities/n3c

Declarations

Ethics approval and consent to participate

All data used were obtained from the National Institutes of Health National
Covid Cohort Collaborative from de-identified electronic health records data
under an NIH IRB waiver.

Consent for publication
All authors have reviewed the final manuscript and consent to publication.
This manuscript is not under consideration at any other journal.

Competing interests
I'and my coauthors have no competing interests to disclose.

Received: 16 May 2024 Accepted: 31 July 2024
Published online: 04 October 2024

References

1. Hsu CH, Huang HT, Chen CH, Fu YC, Chou PH, Hsu NC. Global Impact
of the COVID-19 Pandemic on Orthopedics and the Implications of
Telemedicine: A Systematic Review of the Literature. J Clin Med 2022;11.

2. Fitzgerald MJ, Goodman HJ, Kenan S, Kenan S. Did COVID-19 related
delays in surgical management lead to patient morbidity in the ortho-
paedic oncological population? Bone Jt Open. 2021;2(4):236-42. https://
doi.org/10.1302/2633-1462.24.BJ0-2021-0005.R1.

3. Siddigi A, Levine BR, Springer BD. Highlights of the 2021 American joint
replacement registry annual report. Arthroplasty Today. 2022;13:205-7.
https://doi.org/10.1016/j.artd.2022.01.020.

4. Salimi-Jeda A, Abbassi S, Mousavizadeh A, et al. SARS-CoV-2: Current
trends in emerging variants, pathogenesis, immune responses, potential
therapeutic, and vaccine development strategies. Int Immunopharmacol.
2021;101:108232. https://doi.org/10.1016/j.intimp.2021.108232.

5. Nahshon C, Bitterman A, Haddad R, Hazzan D, Lavie O. Hazardous Post-
operative Outcomes of Unexpected COVID-19 Infected Patients: a call
for global consideration of sampling all asymptomatic patients before
surgical treatment. World J Surg. 2020;44(8):2477-81. https://doi.org/10.
1007/500268-020-05575-2.

6. Gulinac M, Novakov IP, Antovic S, Velikova T. Surgical complications in
COVID-19 patients in the setting of moderate to severe disease. World J
Gastrointest Surg. 2021;13(8):788-95. https://doi.org/10.4240/wjgs.v13.i8.
788.


https://doi.org/10.1186/s42836-024-00275-x
https://doi.org/10.1186/s42836-024-00275-x
https://ncats.nih.gov/research/research-activities/n3c
https://doi.org/10.1302/2633-1462.24.BJO-2021-0005.R1
https://doi.org/10.1302/2633-1462.24.BJO-2021-0005.R1
https://doi.org/10.1016/j.artd.2022.01.020
https://doi.org/10.1016/j.intimp.2021.108232
https://doi.org/10.1007/s00268-020-05575-2
https://doi.org/10.1007/s00268-020-05575-2
https://doi.org/10.4240/wjgs.v13.i8.788
https://doi.org/10.4240/wjgs.v13.i8.788

Hoang et al. Arthroplasty

20.

21

22.

23.

24.

(2024) 6:53

Lal BK, Prasad NK, Englum BR, et al. Periprocedural complications in
patients with SARS-CoV-2 infection compared to those without infection:
a nationwide propensity-matched analysis. Am J Surg. 2021;222(2):431-7.
https://doi.org/10.1016/j.amjsurg.2020.12.024.

Deng JZ, Chan JS, Potter AL, et al. The risk of postoperative complications
after major elective surgery in active or resolved COVID-19 in the United
States. Ann Surg. 2022,275(2):242-6. https://doi.org/10.1097/SLA.00000
00000005308.

Santana DC, Emara AK, Orr MN, et al. An update on venous thromboem-
bolism rates and prophylaxis in hip and knee arthroplasty in 2020. Med
Kaunas Lith. 2020;56(9):416. https://doi.org/10.3390/medicina56090416.

. Farooqui AA, Farooqui T, Sun GY, Lin TN, Teh DBL, Ong WY. COVID-19,

Blood Lipid Changes, and Thrombosis. Biomedicines. 2023;11(4):1181.
https://doi.org/10.3390/biomedicines11041181.

. Cora AR, Celik E, Karadem KB. Aortic thrombosis in the course of covid-19

disease; two rare cases. Ann Vasc Surg. 2021;73:118.e1-118.e3. https://doi.
org/10.1016/j.avsg.2021.02.007.

. Clement ND, Hall AJ, Kader N, et al. The rate of COVID-19 and associated

mortality after elective hip and knee arthroplasty prior to cessation of
elective services in UK. Bone Joint J. 2021;103-B(4):681-8. https://doi.org/
10.1302/0301-620X.103B.BJJ-2020-1776.R1.

. Haendel MA, Chute CG, Bennett TD, et al. The National COVID Cohort Col-

laborative (N3C): Rationale, design, infrastructure, and deployment. J Am
Med Inform Assoc. 2021;28:427-43.

. Blum P, Putzer D, Liebensteiner MC, Dammerer D. Impact of the Covid-19

pandemic on Orthopaedic and trauma surgery — a systematic review
of the current literature. In Vivo. 2021;35(3):1337-43. https://doi.org/10.
21873/invivo.12386.

. Maniscalco P, Poggiali E, Quattrini F, et al. Proximal femur fractures in

COVID-19 emergency: the experience of two Orthopedics and Trauma-
tology Departments in the first eight weeks of the ltalian epidemic. Acta
Bio Medica Atenei Parm. 2020;91(2):89-96. https://doi.org/10.23750/abm.
v91i2.9636.

. Bryant JM, Boncyk CS, Rengel KF, et al. Association of Time to Surgery

After COVID-19 Infection With Risk of Postoperative Cardiovascular Mor-
bidity. JAMA Netw Open. 2022;5(12):e2246922. https://doi.org/10.1001/
jamanetworkopen.2022.46922.

. Bae JK, Seo JS, Shin SK, Kim SJ, Kim JH. Does COVID-19 infection within 1

week after total knee arthroplasty affect patients'early clinical outcomes?
A matched case-control study. J Clin Med. 2023;12(13):4496. https://doi.
0rg/10.3390/jcm12134496. Published 2023 Jul 5.

. Heckmann ND, Wang JC, Piple AS, et al. Positive COVID-19 diagnosis

following primary elective total joint arthroplasty: increased complication
and mortality rates. J Arthroplasty. 2023;38(9):1682-1692.e2. https://doi.
0rg/10.1016/j.arth.2023.04.052.

. Forlenza EM, Higgins JDD, Burnett RA, Serino J, Della Valle CJ. COVID-19

Infection After Total Joint Arthroplasty Is Associated With Increased Com-
plications. J Arthroplasty. 2022;37(75):5457-64. https://doi.org/10.1016/j.
arth.2021.10.023.

Lung BE, Taka TM, Donnelly M, et al. Prior diagnosis of COVID Has

No increased complications in total joint arthroplasty. Cureus.
2022;14(8):27974. https://doi.org/10.7759/cureus.27974. Published 2022
Aug 13.

Perlis RH, Santillana M, Ognyanova K; et al. Prevalence and Correlates

of Long COVID Symptoms Among US Adults. JAMA Netw Open.
2022;5(10):22238804. https://doi.org/10.1001/jamanetworkopen.2022.
38804.

Raman B, Bluemke DA, Luscher TF, Neubauer S. Long COVID: post-

acute sequelae of COVID-19 with a cardiovascular focus. Eur Heart J.
2022;43(11):1157-72. https://doi.org/10.1093/eurheartj/ehac031.
Abou-Ismail MY, Diamond A, Kapoor S, Arafah'Y, Nayak L. The hypercoag-
ulable state in COVID-19: Incidence, pathophysiology, and management.
Thromb Res. 2020;194:101-15. https://doi.org/10.1016/j.thromres.2020.
06.029.

Deo SVS, Kumar S, Ray M, et al. Impact of COVID-19 Pandemic on Cancer
Surgical Services—AIIMS, New Delhi Experience. Indian J Surg Oncol.
2021:12(Suppl 2):294-300. https://doi.org/10.1007/513193-021-01478-3.

Page 11 of 11

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1016/j.amjsurg.2020.12.024
https://doi.org/10.1097/SLA.0000000000005308
https://doi.org/10.1097/SLA.0000000000005308
https://doi.org/10.3390/medicina56090416
https://doi.org/10.3390/biomedicines11041181
https://doi.org/10.1016/j.avsg.2021.02.007
https://doi.org/10.1016/j.avsg.2021.02.007
https://doi.org/10.1302/0301-620X.103B.BJJ-2020-1776.R1
https://doi.org/10.1302/0301-620X.103B.BJJ-2020-1776.R1
https://doi.org/10.21873/invivo.12386
https://doi.org/10.21873/invivo.12386
https://doi.org/10.23750/abm.v91i2.9636
https://doi.org/10.23750/abm.v91i2.9636
https://doi.org/10.1001/jamanetworkopen.2022.46922
https://doi.org/10.1001/jamanetworkopen.2022.46922
https://doi.org/10.3390/jcm12134496
https://doi.org/10.3390/jcm12134496
https://doi.org/10.1016/j.arth.2023.04.052
https://doi.org/10.1016/j.arth.2023.04.052
https://doi.org/10.1016/j.arth.2021.10.023
https://doi.org/10.1016/j.arth.2021.10.023
https://doi.org/10.7759/cureus.27974
https://doi.org/10.1001/jamanetworkopen.2022.38804
https://doi.org/10.1001/jamanetworkopen.2022.38804
https://doi.org/10.1093/eurheartj/ehac031
https://doi.org/10.1016/j.thromres.2020.06.029
https://doi.org/10.1016/j.thromres.2020.06.029
https://doi.org/10.1007/s13193-021-01478-3

	Timing of total joint arthroplasty post-COVID-19: an evaluation of the optimal window to minimize perioperative risks
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Querying process
	Analysis variables
	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


