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Abstract

Background

Elevated D-dimer is known as predictor for severity of SARS-CoV2-infection. Increased D-

dimer is associated with thromboembolic complications, but it is also a direct consequence

of the acute lung injury seen in COVID-19 pneumonia.

Objectives

To evaluate the rate of persistent elevated D-dimer and its association with thromboembolic

complications and persistent ground glass opacities (GGO) after recovery from COVID-19.

Methods

In this post hoc analysis of a prospective multicenter trial, patients underwent blood sam-

pling, measurement of diffusion capacity, blood gas analysis, and multidetector computed

tomography (MDCT) scan following COVID-19. In case of increased D-dimer (>0,5 μg/ml),

an additional contrast medium-enhanced CT was performed in absence of contraindica-

tions. Results were compared between patients with persistent D-dimer elevation and

patients with normal D-dimer level.

Results

129 patients (median age 48.8 years; range 19–91 years) underwent D-Dimer assessment

after a median (IQR) of 94 days (64–130) following COVID-19. D-dimer elevation was found

in 15% (19/129) and was significantly more common in patients who had experienced a

severe SARS-CoV2 infection that had required hospitalisation compared to patients with

mild disease (p = 0.049). Contrast-medium CT (n = 15) revealed an acute pulmonary embo-

lism in one patient and CTEPH in another patient. A significant lower mean pO2 (p = 0.015)

and AaDO2 (p = 0.043) were observed in patients with persistent D-Dimer elevation, but the

rate of GGO were similar in both patient groups (p = 0.33).
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Conclusion

In 15% of the patients recovered from COVID-19, persistent D-dimer elevation was

observed after a median of 3 months following COVID-19. These patients had experienced

a more severe COVID and still presented more frequently a lower mean pO2 and AaDO2.

Introduction

Coronavirus disease (COVID-19) caused by the novel betacoronavirus SARS-CoV-2 (severe

acute respiratory syndrome coronavirus 2) was first diagnosed in Wuhan in December 2019.

The prompt outbreak and quick spread led to a worldwide COVID-19 pandemic. The majority

of patients with SARS-CoV2 infection present mild to moderate symptoms including fever,

headache, loss of smell and taste, cough and dyspnoea. However, the mortality among the

minority of people with severe COVID-19 is high [1]. This fulminant disease include pneumo-

nia, respiratory failure requiring intubation and ventilation, multi-organ failure and death.

D-Dimer is known as important predictor for severity and mortality of COVID-19 [2]. Ele-

vated D-Dimer is most likely due to the acute lung injury itself or due to the increased rate of

thromboembolic complications observed in patients with COVID-19.

The acute lung injury observed in COVID-19 is characterized by bilateral ground-glass

opacities, crazy paving pattern and consolidations in peripheral distribution in computed

tomography (CT) scans. Thereby, the extent of CT findings that seem to peak in week 2 to 3

during SARS-CoV2 infection may correlate with disease severity [3, 4]. This parenchymal

involvement seems to be reflected by the D-Dimer level. Patients in whom CT scan shows con-

solidations and ground-glass opacities have higher D-Dimer levels compared to those without

abnormalities in the CT scan [5].

Besides, the acute lung injury, SARS CoV-2 infections are associated with an increased rate

of thromboembolic events resulting from an imbalance between procoagulant factors and nat-

ural coagulation inhibitors, fibrinolysis shutdown, endothelial injury and inflammatory pro-

cesses [6]. Pulmonary embolism can be revealed in 20–30% of the patients with an acute

COVID-19 [7, 8]. Mouhat and colleagues revealed that a D-dimer level more than 2590 ng/ml

could predict the risk of pulmonary embolism, whereas Ventura and colleagues even found a

higher D-dimer level (> 2903 ng/ml) to be suspicious for thromboembolic complications in

patients with COVID-19 [7, 9].

It is known that 62% of patients still present CT scan abnormalities one month following

COVID-19 and that 39% of patients suffer from “long COVID” with persistent symptoms 4

weeks after infection [10, 11]. However, there are only limited data about the impact of

D-Dimer levels in the Follow-up of patients recovered from COVID-19. This analysis evalu-

ated the impact of D-Dimer in patients who recovered from COVID-19 in the long-term fol-

low-up.

Material and methods

This post-hoc analysis of a prospective trial evaluated the impact of D-dimer level in patients

who recovered from COVID-19 within the last 6 months. This study was performed, in accor-

dance with the provisions of the Declaration of Helsinki, at the Medical University of Vienna,

Hietzing Hospital Vienna and Otto-Wagner Hospital, Vienna. The protocol of this trial was

approved by the ethics committee of the University of Vienna (1551/2020) and all patients

gave written informed consent.
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Subject enrolment and assessment of clinical data

Patients who suffered from COVID-19 confirmed by a positive polymerase chain reaction

(PCR) and recovered from infection within the last 6 months were eligible for this post-hoc

analysis. Main exclusion criterion was a pre-existing concomitant lung disease such as chronic

obstructive pulmonary disease, asthma or interstitial lung disease. At timepoint of study enrol-

ment all patients underwent once a laboratory test for D-dimer level, fibrinogen, C-reactive

protein (CRP), measurement of diffusion capacity (DLCO SB and DLCO/VA) and blood gas

analysis. Moreover, multidetector computed tomography scan (MDCT) was taken to assess

ground-glass opacities, consolidations or crazy-paving pattern that present the key features of

COVID-19 pneumonia. In case of elevated D-dimer level, patients underwent contrast-

medium enhanced CT scan to evaluate pulmonary embolism in absence of contraindications.

The CT pulmonary angiography scans were performed on a Siemens Somatom Drive (Sie-

mens Healthineers, Germany) scanner with a standard protocol with 50 ml contrast agent

(Iomeron 400mg/ml, Bracco, Italy) followed by 40 ml saline during mild inspiratory breath

hold. Images were reconstructed in coronal and axial plane with 3, and respectively 1 mm slice

thickness in soft-tissue and lung window. Maximum intensity projections (MIPs, Br54 kernel)

with 12 mm (3 mm increment) in soft-tissue window in axial, as well as coronal planes, for an

improved detection of pulmonary thrombi, were generated.

Statistical analysis

The sample size of this exploratory study can not be fixed in advance. We assume a sample size

of 50–500 patients with the proven diagnosis of an allotted COVID-19 infection.

For data description and group comparisons absolute and % frequencies and Chi-square

tests are given for categorical data, mean ± standard deviation and t-test for continuous data.

Due to skewed distributions for pCO2, Fibrinogen and CRP median ± interquartile range and

Mann-Whitney U-test were calculated (no test was calculated for Fibrinogen due to the small

number of observations in D-Dimer>0.5 group). The significance level was set to 0.05. Due to

the exploratory character of the study, no adjustment for multiplicity was performed and p-

values are interpreted exploratory.

Results

Subject characteristics

In this analysis, 129 subjects (male 48.8%, mean age 48.9 ± 15.7 years, range 19–91 years) were

enrolled after a median (IQR) of 94 days (64–130) following COVID-19 in this prospective

trial. In the case history, 34.1% (44/129) and 20.9% (27/129) of the subjects reported about dys-

pnoea or thoracic pain respectively at the time point of SARS-CoV2 infection and 26.4% (34/

129) have been hospitalized due to COVID-19. At study enrolment, mean DLCO SB was

82.6% ± 16.7% (range 35.3 to 120.5%) and mean DLCO/VA was 93.3% ± 13.7% (range 50.4 to

131.3%). Blood gas analysis revealed a mean pO2 of 89.1 ± 9.2 mmHg and a mean pCO2 of

41.1 ± 24.9 mmHg. In MDCT, ground glass opacities and consolidations were still found in

34.9% (45/129) of the cases (Fig 1). Subject characteristics are presented in Table 1. For details

see S1 Dataset.

D-dimer elevation

At study enrolment, laboratory test that was taken after a median (IQR) of 94 days (64–130)

following COVID-19 diagnosis revealed a mean D-Dimer level of 0.61 μg/ml ± 2.39 μg/ml

(range 0.26 to 27 μg/ml). An elevated D-dimer level (>0,5 μg/l) was found in 14.7% (19/129).

PLOS ONE Impact of persistent D-dimer elevation following recovery from COVID-19

PLOS ONE | https://doi.org/10.1371/journal.pone.0258351 October 28, 2021 3 / 8

https://doi.org/10.1371/journal.pone.0258351


Out of these 19 subjects, 15 patients underwent contrast-medium enhanced CT scan that con-

firmed pulmonary embolism in 1 patient and CTEPH (chronic thromboembolic pulmonary

hypertension) in another patient. CTPEH was confirmed by ventilation-perfusion-scan and

right heart catheterization (mPAP 23 mmHg). In 13 patients, no thromboembolic complica-

tion was found. No contrast medium-enhanced CT was performed in 4 patients due to renal

failure, already existing anticoagulation or patient´s disapproval.

Fig 1. Computed tomography scan 3 months following SARS-CoV2 infection. Bilateral ground-glass opacities and

mild peripheral reticular pattern.

https://doi.org/10.1371/journal.pone.0258351.g001

Table 1. Subject characteristics at study enrolment.

Mean (median) SD (�IQR) min max

DLCO SB (mmol/min/kPa) 7.94 2.32 2.3 14.8

DLCO SB (%) 82.6 16.7 35.3 120.5

DLCO/VA (mmol/min/kPa/L) 1.45 0.25 0.7 2.2

DLCO/VA (%) 93.3 13.7 50.4 131.3

AaDO2 (mmHg) 13.9 8.5 0.2 37.5

pO2 (mmHg) 89.1 9.2 66.5 109

pCO2 (mmHg)� 39.1 5.2 30 65.6

D-dimer (μg/ml) 0.61 2.39 0.26 27

Fibrinogen� 293 90 201 594

IL-6 (pg/ml) 3.31 3.3 1.53 17.7

CRP (mg/dl)� 0.12 0.2 0.3 1.3

https://doi.org/10.1371/journal.pone.0258351.t001
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Comparison of patients according to their D-dimer level

D-dimer elevation was significantly more common in patients who had experienced a severe

SARS-CoV2 infection that had required hospitalisation compared to patients with mild disease

(47 vs. 23%, p = 0.049). A significant lower mean pO2 (p = 0.015) and increased alveolar-to-

arterial oxygen gradient (AaDO2) (p = 0.043) were observed in patients with persistent

D-Dimer elevation. DLCO SB (%) <80% was found in 71% (12/17) of patients with persistent

D-Dimer level and in 64% (69/108) of patients with normal D-Dimer level. The mean DLCO

SB tended to be worse in patients with elevated D-Dimer, but without statistical significance.

Inflammatory markers, e.g. CRP, were higher in patients with elevated D-Dimer levels. The

rate of GGO were similar in both patient groups (47% vs. 33%; p = 0.33). Table 2 presents the

comparison between the patient group with elevated and normal D-Dimer level.

Discussion

D-dimer elevation is often observed in patients with acute COVID-19 due acute lung injury

itself or due thromboembolic complications that occur frequently in COVID-19. Regular

screening and monitoring of D-dimer reflects disease severity and guides anticoagulation

therapy.

So far, there are only limited data about the impact of prolonged D-dimer elevation in

patients who recovered from an acute COVID-19 infection. One trial assessed the D-dimer

level in patients at a median of 80.5 days after initial diagnosis [12]. Increased D-dimer levels

were found in 25.3% of the patients, particularly in patients who had required hospital admis-

sion. Contrast-medium enhanced CT did not reveal any thromboembolic complications.

However, in that study, only 21% of the patients with increased D-dimer level underwent CT

pulmonary angiogram. The authors reported that however 2 patients in the elevated D-dimer

group experienced subsequently vascular complications. In our analysis, the rate of increased

D-dimer level with 15% was lower, but also more frequently observed in patients who had

been hospitalized due to COVID-19. In our patient cohort, CT scan that was performed in

79% (15/19) of all patients with increased D-dimer confirmed thromboembolic event in 2

Table 2. Comparison of patients with elevated and normal D-Dimer levels following COVID-19.

D-Dimer >0,5 μ/mL D-Dimer� 0,5 μg/mL p-value

n = 19 n = 110

n n

Male (%) 19 42% (8/19) 110 50% (55/110) 0.7

Hospitalisation in the past due to COVID 19 19 47.4% (9/19) 110 22.7% (25/110) 0.049

DLCO SB (%) 17 74.7 ± 17.6 108 83.9 ± 16.3 0.057

DLCO/VA (%) 17 88.0 ± 16.4 108 94.1 ± 13.1 0.16

AaDO2 (mmHg) 18 19.5 ± 10.1 107 12.9 ± 7.9 0.015

pO2 (mmHg) 19 83.9 ± 12.0 107 90.0 ± 8.3 0.043

pCO2 (mmHg)� 19 39.1 ± 6 107 39.1± 4.7 0.42

Fibrinogen� 3 409 ± 285.5 46 31 ± 80.8 -

IL-6 (pg/ml) 3 3.8 ± 0.8 46 3.2 ± 3.5 -

CRP (mg/dl)� 18 0.21±0.8 109 0.11±0.13 0.007

Ground glass opacities/consolidations in CT 19 47.4% (9/19) 110 32.7% (36/110) 0.33

For continuous variables mean ± standard deviation are given.

�Due to skewed distributions, median ± interquartile range and Mann-Whitney U-test were calculated (no test was calculated for Fibrinogen and IL-6 due to the small

number of observations in D-Dimer>0.5 group).

https://doi.org/10.1371/journal.pone.0258351.t002
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patients. Thus, thrombotic complications were found in 13% (2/15) of patients with prolonged

elevated D-dimer level. Thus, this analysis confirms that D-Dimer level may be an important

predictor for thromboembolic events in the long-term follow-up and suggest that CT pulmo-

nary angiogram still remains an important step in the diagnostic algorithm in patients with

elevated D-dimer in convalescent COVID-19, particularly in those who are still symptomatic.

Earlier studies have already reported the importance of the D-Dimer as a predictor for throm-

boembolic events not only in patients with infectious diseases but also for example for recur-

rent thrombosis after withdrawal of anticoagulation therapy [13, 14].

During an acute COVID-19 pneumonia, it was shown that parenchymal involvement

assessed by CT scan correlated with the D-dimer level [5]. In our analysis patients with persis-

tent increased D-Dimer level after recovering from COVID-19 tended to present more fre-

quently parenchymal ground-glass opacities and consolidation in the CT scan compared to

patients with normal D-dimer level but the difference was not statistical significant.

Blood gas analysis demonstrated a lower mean pO2 and higher AaDO2 in patients with

prolonged D-dimer elevation and thus may reflect a persistent ventilation/perfusion (V/Q)

mismatch and shunting. In patients with acute COVID-19, V/Q mismatch is a key factor in

the pathophysiology of hypoxemia and an increased AaDO2 is a predictor of intensive care

unit admission [15, 16]. Local interstitial edema, loss of surfactant and alveolar collapse, but

also the hypercoagulable state seen in COVID-19 and the development of microthrombi may

explain the V/Q mismatch.

So far, the optimal thromboprophylaxis strategy in the COVID-19 patient population is

uncertain and various documents have published different anticoagulation dosing strategies

[17]. In studies, the risk stratification for thromboembolic complications that guides anticoa-

gulation therapy during hospitalisation and post-discharge includes the D-Dimer measure-

ment, as D-Dimer seems to be a predictor for thrombotic events. In our analysis, elevated

D-Dimer lever was found in 19 patients. Four out of these 19 patients already received an

anticoagulation treatment for atrial fibrillation. In the 2 patients in whom pulmonary embo-

lism was detected, an anticoagulation treatment was started. However, the 13 patients with ele-

vated D-Dimer 3 months post COVID-19 but without the evidence of thromboembolic

complication did not undergo an extended anticoagulation therapy due to lack of data.

One limitation in our study is the limited size of our patient cohort. Nevertheless, the find-

ings of this analysis evaluate the impact of D-dimer level in COVID-19 convalescence. Pro-

longed D-dimer elevation may assume a persistent ventilation/perfusion mismatch due to

macro- and/or microthrombi and persistent inflammatory lung injury. Another limitation of

this analysis is the missing D-Dimer values prior to COVID-19. Thus, elevated D-Dimer level

can not only be due to COVID-19 but also due to underlying comorbidities. It is known that

e.g. plasma d-dimer levels are above the normal range in patients with malignant tumors. Also

in our study cohort, three patients suffered from malignant diseases of whom two presented

an elevated D-Dimer level. One patient suffered from renal cell carcinoma and neurendocrin

tumor, another patient from non-hodgin lymphoma. A third patient without D-Dimer eleva-

tion had a squamous cell carcinoma of the oral cavity. Therefore it is of great importance to

consider underlying comorbidities as reason for elevated D-Dimer level.

This analysis confirms that D-Dimer level may be an important predictor for thromboem-

bolic events in COVID-19 patients. In earlier studies the importance of the D-Dimer as a pre-

dictor for thromboembolic events was found not only in COVID-19 patients but also for, e.g.

for recurrent thrombosis after withdrawal of anticoagulation therapy [16, 17].

Summarizing, D-dimer assessment in the long-term course of COVID-19 may have impact

with respect to diagnostic and therapeutic approach of patients who recovered from COVID-

19. Blood gas analysis and CT pulmonary angiogram may reveal thromboembolic
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complications or prolonged inflammatory processes in patients with increased D-dimer level

during convalescence from COVID-19.
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