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Abstract
Introduction  In the acute phase of COVID-19, elevated d-dimer levels indicate a hypercoagulable state putting the patients 
at increased risk for venous thromboembolic disease (VTE). It is unclear, if prior COVID-19 disease increases the risk for 
VTE after total joint arthroplasty (TJA) and if d-dimer levels can be used to identify patients at risk.
Materials and methods  d-Dimer levels of 313 consecutive SARS-CoV-2 IgG-positive and 2,053 -negative patients undergo-
ing TJA between 05/20 and 12/20 were evaluated. d-Dimer levels were divided into three groups: < 200 ng/ml, 200–400 ng/
ml, and > 400 ng/ml d-dimer units (DDU). 277 SARS-CoV-2 IgG-positive patients underwent a Doppler ultrasound to rule 
out deep-vein thrombosis (DVT) 4–6 weeks after TJA.
Results  d-Dimer levels did not differ significantly between SARS-CoV-2 IgG-positive and -negative patients (p value 0.53). 
Among SARS-CoV-2 IgG-negative patients, 1687 (82.17%) had d-dimer levels < 200 ng/ml, 256 (12.47%) between 200 
and 400 ng/ml, and 110 (5.36%) > 400 ng/ml. Of the SARS-CoV-2 IgG-positive patients, 257 (83.71%) had d-dimer lev-
els < 200 ng/ml, 34 (11.07%) between 200 and 400 ng/ml, and 16 (5.21%) > 400 ng/ml. A postoperative DVT was detected 
in nine patients (2.9%) in the SARS-CoV-2 IgG-positive group and a PE in one patient (0.3%). 7/229 patients with < 200 ng/
ml (3.1%), 1/28 patients (3.6%) with 200–400 ng/ml and 1/9 patients (11.1%) with d-dimer levels > 400 ng/ml had a DVT 
or PE (p = 0.43).
Conclusions  The findings of this investigation suggest there is no difference in d-dimer levels between SARS-CoV-2 IgG-
positive and -negative patients undergoing TJA. Although there is a trend for increased VTE rates with increased d-dimer 
levels, routine d-dimer testing is not recommended based on the current data. SARS-CoV-2 IgG-positive patients have a 
low risk of VTE in the current study.
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Introduction

Coronavirus Disease 2019 (COVID-19) has placed an 
immense strain on health care systems of the world, requir-
ing postponement of elective orthopedic procedures during 
the pandemic. COVID-19 is caused by the severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2). Besides 
pulmonary complications, patients with COVID-19 are at 

increased risk for thromboembolic events both in the arte-
rial and the venous systems [6, 20, 21]. The induced hyper-
coagulable state is marked by platelet activation, vascular 
endothelial dysfunction and excessive inflammation [7, 12, 
13, 15], though bleeding and thrombocytopenia have also 
been described [8, 9].

d-Dimer levels have been shown to be elevated during 
acute COVID-19 infection [5, 22, 30]. COVID-associated 
coagulopathy with evidence of microthrombi and macro-
thrombi in the venous and arterial systems can be diag-
nosed based on d-dimer elevations [14]. Elevated d-dimers 
are a predictor for mortality in individuals hospitalized for 
COVID-19 [4, 5, 17] and a cutoff of > 1070 ng/ml DDU 
(2.14 mg/L FEU) predicted in-hospital mortality with a sen-
sitivity of 88.2% and specificity of 71.3% [30]. Comparing 
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d-dimer levels in patients with active SARS-CoV-2 infection 
to healthy controls has shown substantially higher d-dimer 
values in SARS-CoV-2-positive patients [11].

In a small retrospective case series of four patients under-
going elective surgery during active COVID-19 infection, 
the perioperative course was complicated and resulted in 
a high fatality rate (50%) [1]. The mortality rate in active 
COVID-19 fracture patients in one recent systematic review 
was 36.6%, mostly due to respiratory failure [16].

The current study evaluates whether patients with a his-
tory of previous COVID-19 (SARS-CoV-2 IgG positive) 
present with elevated d-dimer levels, and whether they are at 
increased risk for symptomatic and/or asymptomatic lower 
extremity DVT following total knee and hip arthroplasty.

Patients and methods

This study evaluates a consecutive series of patients under-
going elective TJA at the authors’ institution between May 
2020 and December 2020. The study was approved by the 
Institutional Review Board. d-Dimer levels of a consecu-
tive series of 313 SARS-CoV-2 IgG-positive patients under-
going joint arthroplasty were prospectively collected and 
retrospectively reviewed and compared to a series of 2053 
SARS-CoV-2 IgG-negative patients undergoing TJA. The 
polymerase chain reaction (PCR) test for active COVID-19 
infection was negative in all patients at the time of surgery 
and SARS-CoV-2 IgG-positive patients only had surgery, 
if they recovered from COVID-19 and subsequently tested 
negative on PCR test prior to their surgery.

d-Dimer levels as well as SARS-CoV-2 IgG antibod-
ies were drawn during medical clearance routinely within 
1–21 days prior to surgery.

Between May and July 2020, all patients underwent 
d-dimer testing, after July 2020, only SARS-CoV-2 IgG-
positive patients were tested on the day of their surgery in 
the holding area before the procedure.

Inclusion criteria were patients undergoing elective TJA 
including total knee arthroplasty (TKA), total hip arthro-
plasty (THA), unicondylar knee arthroplasty (UKA) and hip 
resurfacing. Exclusion criteria were patients with peripros-
thetic infection, revision or trauma cases.

d-Dimer levels were categorized semi-quantitatively as by 
the institution’s normal range: normal values were < 200 ng/
ml d-dimer units (DDU), elevated d-dimer levels were clas-
sified as data within the ranges from 200 to 400 ng/ml, and 
over 400 ng/ml DDU.

The SARS-CoV-2 IgG-positive group consisted of 173 
female and 140 male patients, the SARS-CoV-2 IgG-neg-
ative group of 1203 female and 850 male patients. Patients 
in the SARS-CoV-2 IgG-positive group were younger and 
had a greater BMI than their SARS-CoV-2 IgG-negative 
counterparts (Table 1).

In the SARS-CoV-2 IgG-positive group, 145 patients 
underwent primary THA, 139 patients primary TKA, 13 
patients hip resurfacing, and 9 patients UKA. In addition, 
five patients had bilateral TKAs and two patients bilateral 
THAs.

In the SARS-CoV-2 IgG-negative group, 1071 patients 
underwent primary THA, 802 patients primary TKA, 78 
patients hip resurfacing, 56 patients UKA, 30 patients bilat-
eral TKAs, 14 patients bilateral THAs, 1 patient bilateral 
resurfacings, and 1 patient bilateral UKAs.

A bilateral lower extremity Doppler ultrasound 6 weeks 
postoperatively to rule out asymptomatic DVT was per-
formed in 277 patients as part of hospital protocols. There 
was no difference in SARS-CoV-2 IgG-positive patients 
receiving a Doppler ultrasound to those who did not have 
a Doppler ultrasound. Patients, who missed the ultrasound 
missed it for organizational reasons, like follow-up at a loca-
tion without ultrasound access, timed constrained limited 
ability to do an ultrasound or patients did not want another 
test at the hospital.

Postoperative DVT prophylaxis was indicated based 
on patient’s comorbidities. Patients with atrial fibrillation, 
history of DVT or pulmonary embolism (PE) in the past 
received either Warfarin, Apixaban or Rivaroxaban, as per 
the surgeon’s preference or established treatment. Standard 
DVT prophylaxis at the senior author’s institution is Aspirin 
(ASA) 325 mg BID.

Statistical analysis

Variables were assessed for normalcy; comparisons between 
and within cohorts were made using Wilcoxon rank-
sum tests and Wilcoxon signed-rank tests, respectively. 

Table 1   Demographic 
characteristics according to 
SARS-CoV-2 IgG status

Total (n = 2355) SARS-CoV-2 IgG posi-
tive (n = 313)

SARS-CoV-2 IgG nega-
tive (n = 2053)

p value

Age (years) 62.61 ± 10.03 65.26 ± 10.27 < 0.0001
Male/female 140/173 850/1203 0.2666
BMI (kg/m2) 30.94 ± 5.89 29.40 ± 5.88 < 0.0001
THA/TKA 162/151 1164/889 0.1009
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Categorical variables were assessed using Chi-square or 
Fisher exact tests. For regression modeling, continuous 
and ordinal variables were explored using Pearson and 
Spearman’s correlation coefficient, respectively. Measure-
ments which differed between the primary and compara-
tive cohorts, and variables correlated/associated with those 
measurements, were included in the logistic regression mod-
eling. A power-analysis was conducted for d-dimer levels. 
There is 85% power to detect a twofold increase in d-dimer 
proportion above 400. This is based on a cohort estimate 
of 5% above 400 ng/ml and 10% in the SARS-CoV-2 IgG-
positive group.

All statistical tests were two sided with a significance 
level of 0.05. Analyses were conducted using SAS software 
version 9.4 (SAS Institute Inc., Carey, NC).

Results

d-Dimer levels did not differ significantly between SARS-
CoV-2 IgG-negative patients and SARS-CoV-2 IgG-positive 
patients (p = 0.5261). d-Dimer levels are reported in Table 2.

For the 277 SARS-CoV-2 IgG-positive patients who 
had a postoperative Doppler ultrasound performed at 4–6 
weeks, the DVT prophylaxis and d-dimer levels are reported 
in Table 3.

Nine patients had a DVT on ultrasound (3.2%). There 
were two (0.6%) symptomatic DVTs in the SARS CoV-2 
IgG-positive group and seven (2.5%) asymptomatic DVTs, 
and one PE (0.3%). Seven of 214 patients (3.3%) receiv-
ing ASA for DVT prophylaxis, 3 of the 8 patients (37.5%) 
receiving Warfarin had a DVT or PE, respectively; no DVT 

or PE was detected in patients treated with Apixaban or 
Rivaroxaban (p ≤ 0.0001). The occurrence of DVT or PE in 
accordance with d-dimer levels was 7 of 229 (3.1%) patients 
with d-dimer levels < 200 ng/ml, 1 of 28 patients (3.6%) with 
d-dimer levels 200–400 ng/mL, and 1 of 9 patients (11.1%) 
with d-dimer levels > 400 ng/mL, respectively (p = 0.43). 
One patient, who developed a DVT, did not have a blood 
draw for d-dimer levels.

Patients, who developed a DVT/PE, are shown in Table 4.
There was no difference in age between patients with 

d-dimer levels of 200–400  ng/mL and > 400  ng/mL 
(p = 0.40). At 64.4 ± 10.2 years, patients with d-dimer lev-
els < 200 ng/ml were significantly younger than those with 
higher d-dimer levels (p ≤ 0.0001). There was no difference 
in BMI for different d-dimers levels (p = 0.40). The associa-
tion between d-dimer levels and SARS-CoV-2 IgG status, 
when controlling for age at time of surgery and BMI, was 
not significant (p = 0.74). However, in the same model, age 
was significantly associated with d-dimer levels (p ≤ 0.0001) 
with an odds ratio of 0.97 (95% confidence interval (CI) 
0.959, 0.980). BMI showed a borderline significant associa-
tion with d-dimer levels (p = 0.047) with an odds ratio of 
0.982 (95% CI 0.964, 1.000).

Discussion

This prospective study of 2366 consecutive patients under-
going elective TJA reports that (1) d-dimer levels at the time 
of surgery are not significantly different between SARS-
CoV-2 IgG-positive and SARS-CoV-2 IgG-negative patients 
and (2) there is a postoperative symptomatic PE rate of 0.3% 
among patients that are SARS-CoV-2 IgG positive and the 
6 weeks asymptomatic VTE rate is 2.5%.

The postoperative symptomatic DVT rate among patients 
with SARS-CoV-2 IgG positivity is comparable to the 
postoperative DVT rate for patients in the TJA literature. 
In a study by Warren et al., the incidence for symptomatic 
DVT in a database including 363,530 patients after THA 
was 0.4% and 1.4% after TKA [28]. In a meta-analysis, 6% 
of patients undergoing TKA and THA using Rivaroxaban 
for DVT prophylaxis presented with a DVT diagnosed by 
venography [19]. In a study by Westrich et al., ascending 
venography detected a postoperative DVT in 33% of patients 
undergoing TKA [29]. Parvizi et al. analyzed 4651 primary 
total joint arthroplasty cases and found a symptomatic DVT 
rate of 0.1% when using 81 mg ASA and of 0.3% when 
using 325 mg ASA [24]. In a study by Bala et al., Factor Xa 
inhibitors (1.7%) and aspirin (1.7%) had the lowest incidence 
of symptomatic DVT at 90 days, followed by enoxaparin 
(2.6%), and warfarin (3.7%) [3]. The later study showed a 
higher rate of symptomatic postoperative DVT compared 
to the current group of SARS-CoV-2 IgG-positive patients.

Table 2   Distribution of d-dimer levels of SARS-CoV-2 IgG-positive 
and -negative patients

SARS-
CoV-2 IgG 
status

d-Dimer levels (DDU) p value

< 200 ng/ml 200–400 ng/ml > 400 ng/ml

Positive 257 (83.71%) 34 (11.07%) 16 (5.21%) 0.5261
Negative 1687 (82.17%) 256 (12.47%) 110 (5.36%)

Table 3   DVT prophylaxis used in SARS-CoV-2 IgG-positive patients 
according to d-dimer levels (ng/ml DDU), who received an ultra-
sound after 4–6 weeks

DVT prophylaxis d-Dimer levels (ng/ml DDU) p value

 < 200 200–400  > 400

ASA 178 (78.4%) 20 (71.4%) 7 (77.8%) 0.34
Apixaban 13 (5.7%) 3 (10.7%) 1 (11.1%)
Rivaroxaban 31 (13.7%) 3 (10.7%) 0 (0%)
Warfarin 5 (2.2%) 2 (7.1%) 1 (11.1%)
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The results of our study indicate that preoperative 
d-dimer levels are similar among SARS-CoV-2 IgG-posi-
tive and -negative TJA patients. This is an important find-
ing which, in conjunction with the reported low DVT rate 
among SARS-CoV-2 IgG-positive patients, suggests patients 
with history of COVID-19 infection do not continue at a 
hypercoagulability state throughout the duration of antibody 
positivity. Given these patients may no longer be in a hyper-
coagulable state, the study suggests there does not appear an 
elevated risk for DVT in TJA patients.

d-Dimer elevation in SARS-CoV-2 IgG-negative patients 
can be due to various causes: infection [18], malignancy 
[26], trauma [25, 27], pregnancy [10] age [23] or recent sur-
gery [2]. Since a d-dimer elevation is very non-specific, rou-
tine DVT prophylaxis does not seem necessary for SARS-
CoV-2 IgG-negative patients not undergoing surgery [26]. 
There is a lack of recommendations in the literature as to 
whether DVT prophylaxis should be increased in patients 
with elevated d-dimer levels undergoing surgery.

The current study has the following limitations. (1) No 
patient died during the follow-up, however, other complica-
tions were not evaluated in this study; (2) we are unpow-
ered to detect differences in the rate of PE; (3) patients 
with elevated d-dimer levels might have been placed on 
more potent DVT prophylaxis, than patients with d-dimer 
levels < 200  ng/ml DDU; (4) the severity of the initial 
COVID-19 infection was not evaluated for the SARS-CoV-2 
IgG-positive patients. A more severe initial course with hos-
pitalization might increase the risk for VTE in this group 

of patients; (5) the current study focuses on an early period 
following the initial outbreak in New York (NY, USA), sug-
gesting a less than 6-month interval between COVID-19 
infection and TJA surgery. The current study does not report 
data on the time interval and its impact on d-dimer levels.

Conclusion

The current study did not observe a difference in d-dimer 
levels between SARS-CoV-2 IgG-negative and SARS-
CoV-2 IgG-positive patients undergoing TJA and does not 
support routine d-dimer testing prior to elective TJA. Within 
a 6-week follow-up, the rate of symptomatic DVT in SARS-
CoV-2 IgG-positive patients was 0.6% compared to 6% in 
SARS-CoV-2 IgG-negative patients in the literature [19, 28]. 
The asymptomatic DVT rate of 2.5% is within the range of 
data published in the literature.
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