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The COVID-19 pandemic has had many ramifications on 
healthcare delivery and practice. As part of this, utilising 
biomarkers to risk stratify patients has become increasingly 
popular. During the COVID-19 pandemic the use of D-dimer 
has increased due to the evidence of COVID-19 induced 
thrombo-embolic disease. We evaluated the use of D-dimer 
on all hospital admissions during the peak of the pandemic 
and evaluated its sensitivity in diagnosing pulmonary 
embolic disease (PE). Patients without COVID-19 infection 
were as likely to have evidence of PE as their COVID-positive 
counterparts. However, the sensitivity of a D-dimer was 
higher in COVID-positive patients at a lower D-dimer level 
(>1,500 μg/L, sensitivity 81%, specificity 70%) than in those 
without clinical, immunological or radiological evidence of 
COVID-19 infection (D-dimer >2,000 μg/L, sensitivity 80%, 
specificity 76%). These data suggest higher D-dimer thresholds 
should be considered for the exclusion of pulmonary emboli.
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Introduction

In December 2019 a novel coronavirus (SARS-CoV-2) was identified 
in Wuhan, China, which has developed into a global pandemic 
with widespread repercussions. SARS-CoV-2 causes COVID-19, 
which manifests as viral pneumonia in some patients and can 
lead to overactivation of the body’s immune system, resulting in 
pulmonary fibrosis and respiratory failure. The high mortality rate 
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of COVID-19 is attributed to a number of pathological processes, 
including diffuse alveolar damage, venous thromboembolism 
(VTE), superadded bacterial infection and heart failure.1 Due to the 
rapid spread of COVID-19, the need for identification of prognostic 
factors was apparent and a number of laboratory tests have been 
suggested to predict mortality; one such test is D-dimer.2

Coagulopathy and venous thromboembolism have repeatedly 
been described as common complications of COVID-19.1 Proposed 
aetiologies for this coagulopathy include endothelial dysfunction, 
increased pro-inflammatory cytokines (‘cytokine storm’) and severe 
hypoxaemia. As such, D-dimer testing has dramatically increased 
during the COVID-19 pandemic and is now an investigation used 
as part of the workup for suspected COVID-19 patients. This has 
meant that a large group of patients with a low clinical suspicion 
of pulmonary embolism (PE) have had D-dimers performed on 
admission.3 Consequently, we have observed a greater number 
of computed tomography pulmonary angiographies (CTPAs) 
being performed. This conveys an increased risk to patients from 
intravenous contrast and exposure to X-ray radiation,4 and also 
impacts on resource management within the NHS.

D-dimer is a biomarker of the fibrinolytic system and interpreted 
as an indirect marker of thrombotic activity. In the process of 
thrombus generation, fibrinogen is cleaved by thrombin, and 
fibrin monomers then form polymers through the action of factor 
XIIIa crosslinking adjacent D domains. D-dimer molecules are 
subsequently released during the degradation of fibrin clots 
by plasmin. Therefore, the presence of intravascular D-dimer 
molecules is highly indicative of thrombus formation.5

D-dimer was first identified in the 1970s for evaluation of 
disseminated intravascular coagulation. Initially, laboratory tests 
were unable to distinguish between fibrinogen and products of 
fibrin degradation; however, the development of monoclonal 
antibody based assays allowed measurement of D-dimer alone.6 
In more recent times, a number of methods have been used to 
measure D-dimer, including enzyme-linked immunofluorescent 
immunoassays (EIFAs), microplate enzyme-linked immunosorbent 
assays (ELISAs) and latex agglutination quantitated tests.7

The use of D-dimer in predicting venous thromboembolism 
has been controversial due to the difficulties in interpreting the 
result. Results were previously reported as ‘positive’ or ‘negative’, 
which was dependent on identifying a cut-off value. Initially a 
threshold of 500 μg/L was suggested, a level still used by most 
manufacturers and institutions. This is because numerous studies 
demonstrated a 100% sensitivity for VTE with this cut-off.8,9 
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Table 1. Demographics and biochemical measured 
variables of study participants
Gender Male 260/544 (47.8)

Female 284/544 (52.2)

Age Total 60.30 (95% CI 58.33–61.25)

Males 61.45 (95% CI 58.14–62.24)

Females 58.40 (95% CI 57.34–61.49)

COVID-19 
status

Total diagnosed 
with COVID-19

198/544 (36.4)

Suspected 
COVID-19

261/544 (48.0)

Positive swab 153/544 (28.1)

Not swabbed/
swab unavailable

116/544 (21.3%)

Biochemical 
data, 
median 
(95% CI)

D-dimer 1,177 μg/L (3,498.8–2,598.7)

CRP 23.5 pg/ml (53.11–67.4)

Procalcitonin 0.06 μg/L (1.89–0.45)

Troponin I 4 μg/L (3.55–295.05)

However levels above 500 μg/L are highly non-specific,10 with 
many conditions causing abnormal results including malignancy, 
haemorrhage, trauma, sepsis11 and, more recently, COVID-19.12 
D-dimer has become a test used to exclude VTE, rather than 
confirm it. The development of risk stratification tools such as the 
Wells’ score meant that D-dimer was recommended only in low risk 
patients, to avoid unnecessary investigation for VTE. Age-adjusted 
values for D-dimer have also been proposed, with varying evidence 
for13 and against14 this.

More recently, laboratories have moved away from reporting 
D-dimer as positive or negative and have begun providing a 
quantitative value. This has resulted in further confusion for 
clinicians as to the correct way to interpret D-dimer, especially given 
its increased use on admission for all possible COVID-19 patients. 
We developed the hypothesis that we are overusing CTPA and that 
a higher D-dimer cut-off may prove more useful when attempting 
to risk-stratify for VTE. As a result of this, we aimed to establish a 
more useful way of interpreting D-dimer in the new COVID-19 era.

Methods

This was a retrospective, observational study looking at CTPA 
data across two major university hospitals during the COVID 
pandemic (University Hospital of Wales, and University Hospital 
Llandough), both within the Cardiff and Vale University Health 
Board catchment area, accounting for a population of almost 
600,000 individuals. 

Using our local radiology platform, SYNAPSE (FUJIFILM Medical 
Systems), we included all patients who had undergone a CTPA 
between 1 April 2020 and 6 June 2020. These dates were selected 
as being representative of the peak COVID-19 era in this region.15 
All duplicate studies were excluded.

We used the online Welsh Clinical Portal (WCP) to obtain 
demographic data, biochemical and microbiological results, 
discharge summary letters and mortality information. Through 
SYNAPSE, we obtained chest X-ray and CTPA reports and collected 
data on PE diagnosis, COVID-19 diagnosis and reported COVID-19 
severity. From WCP we cross-referenced results for COVID-19 
polymerase chain reaction (PCR) swabs, D-dimer, C-reactive 
protein (CRP), procalcitonin and troponin-I from the initial bloods 
of the admission pertaining to the CTPA in question. 

Assays used are shown in supplementary material S1. The study 
was registered on the Clinical Audit Database (9524).

Data analysis

Analyses were performed using the Statistical Package for the 
Social Sciences (SPSS v.23.0), IBM Corp, Amrok, New York, USA 
with significance set at p<0.05. 

In short, normality was tested using the one-sample Kolmogorov-
Smirnov goodness of fit test. Non-normal continuous data were 
analysed using non-parametric tests (Mann Whitney U or Kruskal 
Wallis test). Group data were assessed using a Pearson χ2 test. 
Multivariable analysis was undertaken using a multivariable ANOVA 
to identify factors associated with a positive diagnosis of PE. Average 
values were reported as median (with 95% confidence intervals).

Results

There were 578 CTPA requests during the search period, of 
which seven were duplicate requests, and 27 were subsequently 

cancelled. This yielded a total study group of 544 patients. Total 
number of CTPA requests were noted to be higher than during the 
same time period between 2016-2019 (supplementary material 
S2), with a 50% increase in CTPA requests (n=578) seen in 2020 
compared to the previous year (n=386 in 2019).

Demographics

The demographics of our participants are included in Table 1.
There was equal gender distribution and there was no significant 
difference in age between genders (p=0.319). As expected, the 
majority of patients (55.9%) with a clinical suspicion of COVID had 
a positive swab (p<0.001). 

Biochemical evaluation

As shown in Table 1, the median D-dimer value was 1,177 μg/L 
((95% CI 2,598.7–3,498.8) and D-dimer was higher in patients 
with increasing age (p<0.001).

Males had a higher D-dimer than females, with a median 
D-dimer of 1,331 μg/L (95% CI 2,994.74–4,998.63) compared to 
1,081 μg/L (95% CI 1,904.54–2,932.39), p=0.009 (Mann Whitney 
U test). However, although the level was noted to be higher in men 
compared to women, the proportion of abnormally high D-dimers 
was not higher in males compared to females (p=0.757, Chi 
square). There was also no noted difference in COVID-19 status or 
age between the genders.

Risk factors for pulmonary embolus
PE was diagnosed in 15.8% of patients. A diagnosis of PE did 
not correlate with an increased risk of mortality (p=0.854). 
Furthermore, COVID-19 severity as commented on in CTPA 
reporting did not increase risk of PE (p=0.714). Those that 
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Table 2. Risk factors for pulmonary embolism: univariate and multivariate analysis

PE diagnosed (n=86) (%) Univariate analysis Multivariate analysis

Total 86/544 (15.8%)

Gender (male) 49/86 (57%) 0.055

Median age (95% confidence interval) 60.05 (47.49–63.31)

D-dimer (n=65) <500 μg/L 1/86 (1.2%) 0.008 0.05

≥500 μg/L 64/86 (74.4%)

Adjusted D-dimer Normal 12/86 (18.5%) 0.187

(n=65) Raised 53/86 (81.5%)

CRP 

(n=78 measured)

<5 μg/ml 7/86 (8.2%) <0.001

≥5 μg/ml 71/86 (82.6%)

Troponin 

(n=59 measured)

Normal 34/86 (39.5%) <0.001

Elevated* 25/86 (29.1%)

Procalcitonin 

(n=48 measured)

<0.05 13/86 (15.1%) 0.049
0.001

≥0.05 35/86 (40.7%)

Radiological

(n=86)

Mild 3/86 (3.5%)

Moderate 4/86 (4.7%) 0.546

Severe 16/86 (18.6%)

Not mentioned 63/86 (73.3%)

Total diagnosed 31/86 (36.x`0)

0.348COVID-19 status Positive swab 25/86 (34.2%)

(n=198 total COVID-19 diagnosed) Not swabbed 13/86 (15.1%)

Death

(n=86)

Yes 12/86 (14.0%) 0.854

No 74/86 (86.0%)

*Elevated as per local cut offs. 

had a PE had a median D-dimer value of 4,664.50 μg/L ((95% 
CI 2,731.48–11,252.94) compared to 1,101.00 μg/L ( (95% CI 
1,734.41–4,033.62) in those that did not have a PE (p=0.008, 
Mann Whitney U test). Age-adjusted D-dimers demonstrated no 
significant correlation with having a PE (Table 2).

Multivariate analysis revealed the independent risk factors 
associated with a positive CTPA diagnosis to be D-dimer and 
elevated procalcitonin.

Risk factor analysis of the non-COVID-19 cohort
We have assessed variables that may account for increased 
D-dimer, including recent surgery and active malignancy. Within 
the high D-dimer (>1,500 μg/L) non-COVID-19 cohort (n=109), 
11 patients had a current diagnosis of cancer (nine solid organ and 
two haematological) and three had had a surgical operation in the 
preceding 6 months. Median D-dimer levels were not statistically 
higher in patients with active cancer than their non-cancer 
counterparts – 4,239 μg/L (95% CI 2,317.7–8,555.2) compared to 
4,292.5 μg/L (95% CI 5,640.4–8,241.0), p=0.532. Furthermore, 
we did not observe a significant increase in PE diagnosis in these 
patients with cancer (p=0.297). Patients who had a recent surgical 
operation did not have statistically different D-dimer (p=0.507) 
and did not have a higher risk of PE (p=0.963) in this cohort.

Sensitivity and specificity of D-dimer testing
In those with age adjusted D-dimers, there was no acceptable 
value that maintained a reasonable sensitivity and specificity 
(area under the ROC curve 0.514) (supplementary material S3). 

We therefore used non-adjusted D-dimer values to assess the 
sensitivity and specificity of a range of D-dimer data. We conducted 
subgroup analyses of COVID-19 and non-COVID-19 groups to 
establish whether the D-dimer cut-off in these groups should be 
different. For all patients a D-dimer cut-off of 500 μg/L obtained a 
sensitivity of 98.5% and a specificity of 12.0%. In non-COVID-19 
patients a D-dimer cut-off of 1,500 μg/L obtained a sensitivity of 
79.5% and a specificity of 68.2%, whereas a cut-off of 2,000 μg/L 
obtained a sensitivity of 79.5% and a specificity of 75.8%. In the 
COVID-19 cohort cut offs of 1,500 μg/L and 2,000 μg/L obtained 
sensitivities and specificities of 81.0% to 70.0% and 71.4% to 
75.6% respectively (supplementary material S4).

In all cases, the area under the curve suggested good test 
accuracy. In order to obtain a sensitivity of near 80% and a 
specificity of approximately 70%, a cut-off of 1,500 μg/L was 
adequate. When sub-groups were analysed for COVID-19 status, a 
similar sensitivity and specificity can be maintained using a cut-off 
of 1,500 μg/L in the COVID-19 group. In the non-COVID-19 group, 
the cut off could be extended to 2,000 μg/L while still maintaining 
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Fig 1. Percentage of patients with positive CTPA at different ranges of D-dimer.

sensitivity and improving specificity. Associated ROC curves for all 
three groups of data can be found in supplementary material S3. 

Hence, a slightly lower D-dimer cut off should be considered in 
COVID-19 as there are greater numbers of PEs diagnosed in the 
1,501–2,000 group in patients with COVID-19 compared to the 
non-COVID-19 cohort (Fig 1).

Patient mortality

Male gender was associated with an increased risk of death 
(p=0.022), with a relative risk increase of 1.5. Having a diagnosis 
of COVID-19 was also associated with an increased risk of death 
(p≤0.001), with 67.1% of deaths having had a diagnosis of 
COVID-19. Increased age was associated with an increased risk of 
death with a median age of 69.10 years (95% CI 66.52–71.76) in 
those that died versus 59 years (95% CI 56.74–59.09) in those that 
survived, p=0.022 (Mann Whitney U test). D-dimer greater than 
500 μg/L (p=0.001), CRP greater than 5 pg/ml (p<0.001), elevated 
troponin (p<0.001) and procalcitonin greater than 0.05μg/L 
(p<0.001) were associated with an increased risk of death. 

COVID-19 severity on CTPA report was commented on in a total 
of 128 patients. Those with ‘severe COVID-19’ were more likely 
to die (p=0.003, Chi Square). Having a raised D dimer increased 
the risk of death with a median D-dimer of 1,919 μg/L (95% CI 
2,079.55–7,190.54) in those that died compared to 1,020 μg/L 
(95% CI 1,819.23–4,551.72) in those that survived, p=0.005 
(Mann Whitney U-test).

Discussion

Our results show that the COVID-19 pandemic has coincided with a 
significant increase in the number of CTPAs compared to previous 
years. Although our yield of PE from CTPA (15.8%) remained within 
a Royal College of Radiologists guideline of 15.4–37.4%16 and 
was comparable with other radiology departments showing an 
average 14.6%,17 it was felt that better referral algorithms could be 
considered.

Our data show that the traditional D-dimer cut-off for further 
investigation for VTE of 500 μg/L resulted in a high sensitivity 
(98.5%) but an unacceptably low specificity in all patients (12.0%). 
This is similar to sensitivities and specificities of previous studies into 
D-dimer;8,9 however we support the argument that a higher uniform 
cut-off is now needed. Numerous studies have attempted to 
balance the differences in sensitivity and specificity10 that exist with 
D-dimer measurement. Recent studies have reported that lowering 
the target sensitivity can lead to a higher cut-off. As such, cut-offs 
of 900 and 1,200 have been suggested.18,19 A more recent 2019 
latex agglutination-based study of 370 patients has reported that a 
significantly higher cut-off of 2,152 μg/L led to a sensitivity of 75.4% 
with a specificity of 62.7% for PE with a ROC AUC of 0.69 (95% 
CI 0.64–0.74; p<0.05).20 Our data suggest that a more moderate 
increased cut-off in all patients of 1,500 μg/L could achieve similar 
sensitivities and specificities (80% and 69.2% respectively).

Our data also support different D-dimer cut offs for COVID-19 
and non-COVID-19 patients. A D-dimer cut-off of 1,500 μg/L in 
COVID-19 patients resulted in a sensitivity of 81% and specificity 
of 70%, whereas 2,000 μg/L resulted in a similar sensitivity and 
specificity of 79.5% and 75.8% respectively in non-COVID-19 
patients. COVID-19 specific data for D-dimer cut-offs is in its 
infancy, with many studies being based in ICU or with small 
numbers of patients. A recent study suggested a D-dimer cut-off 
of >2,660 μg/L in COVID-19 patients (sensitivity 100%, 95% CI 
88–100, and specificity of 67%, 95% CI 52–79) based on 106 
COVID-19 patients that underwent CTPA examination.21 Another 
study of 81 patients reported that a cut-off of 2,000 μg/L giving a 
sensitivity and specificity of 80% and 90.2% respectively.1

We also suggest that a high D-dimer should elicit a high clinical 
suspicion of PE in non-COVID-19 and COVID-19 patients. In our 
data, D-dimer of >2,000μg/L had 33.9% risk of PE and greater 
than 20,000 μg/L resulted in a 50% risk of thromboembolism. 
This is in keeping with data showing that high D-dimer is an 
independent risk factor for PE.22

Furthermore, in our study the median D-dimer was 1,919 μg/L 
(95% CI 2,079–7,190) in those that died compared to 1,020 μg/L 
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(95% CI 1,819–4,551) in those that survived. This supports current 
research that D-dimer is a useful prognostic marker for mortality,2 
with previous studies reporting a D-dimer on admission >2,000 μg/L 
was associated with a higher incidence of mortality (P<0.001).23 
This suggests that front-door D-dimer testing is useful in the 
diagnostic work up of COVID-19 patients. However, our data also 
show that this has resulted in fewer D-dimers being requested with 
a Wells’ Score. Immediately preceding COVID-19, D-dimer was 
recommended to be used in conjunction with a pre-test probability 
score such as the Wells or Geneva score.24 During the COVID-19 
pandemic, routine ‘front door’ D-dimer testing was commenced 
due the measure’s use as a prognostic marker.25 Therefore, most 
of our patients did not have pre-test probability of PE calculated 
in real time. Due to the retrospective nature of this study we could 
not subsequently calculate this due to missing data. Continued 
requesting of D-dimer without pre-test probability is likely to lead 
to a significant increase in isolated elevated D-dimers in low-risk 
patients, which will remain a diagnostic challenge for clinicians in the 
absence of a higher cut-off.

We acknowledge the inherent limitations of this study. As this 
was a single-centre study, there is a possibility that local practice 
could influence the results. Its retrospective nature limited our 
ability to risk-stratify our patients due to lack of certain admission 
observations and examination information. Furthermore, 
COVID-19 severity was based on CTPA reports, not on clinical 
severity. Although this is thought to correlate,26 it adds an element 
of subjectivity and inter-radiologist variation to the study. By 
selecting our study participants based on those who have had a 
CTPA, not those who have had a D-dimer, there will be patients 
with high D-dimers who did not have a CTPA; for example patients 
with severe renal impairment or those in whom it was not deemed 
to be in their best interests. This observation is further supported 
by our cohort of relatively young patients. 

Additionally, the results of this study need to be interpreted in 
the context of an evolving understanding of a novel pathogen. It 
is understandable that clinicians may have been over-investigating 
due to the lack of clarity and understanding of complications of 
this disease. 

Finally, due to different monoclonal antibody specificities, 
different D-dimer assay types are not directly comparable.27 
Indeed, the significant under-reporting of D-dimer assays used 
in COVID-19 cohort data28 makes it difficult to relate utility of 
previous studies to a clinician’s own institution. Therefore, in the 
use of our data clinicians need to be aware of how our institution’s 
assay performance characteristics may be different from their 
own.

However, the study does have some notable strengths. It is one 
of the largest studies on this subject during the COVID-19 era 
and had very little missing data amongst the variables assessed. 
Furthermore, this study provides valuable ‘front door’ acute 
medicine data to help support clinician decision making.

Conclusion

Our research indicates how the COVID-19 era has changed clinical 
practice and suggests recommendations for improvements going 
forward. Our recommendation to increase the D-dimer cut-off 
is made in order to improve test specificity, understanding that 
a degree of sensitivity is therefore lost. This recommendation is 
rooted in the belief that D-dimer should form part of a thorough 
clinical assessment including a detailed history and examination, 

and high clinical suspicion – as defined in the modified Well’s score 
– is enough of an indication for CTPA. This is particularly relevant 
in those with suspected or confirmed COVID-19 who are reported 
to be at greater risk of thromboembolic events. 

We have demonstrated higher cut-offs of D-dimer can be used 
while maintaining acceptable levels of sensitivity and specificity, 
and that D-dimer thresholds may require adjustment depending 
on COVID-19 status. These findings support a more refined 
approach to D-dimer interpretation and the decision to scan or 
not. This could have positive implications through the reduction 
of iatrogenic complications of CTPA, more efficient resource 
allocation, and improved health economics.

Responding to a novel pathogen has required clinicians to 
adapt rapidly in order to treat those suffering with COVID-19. 
These adaptations have not just been directly in response to 
coronavirus, but also to changes in other pathways in the hospital. 
Our evidence indicates that not only do we have more to learn 
about coronavirus, but that we need to reflect on current clinical 
practice and find better and more efficient ways of working. It is 
our view that work conducted during the pandemic will inform 
lasting changes to the ways we practice medicine, and hope that 
innovations brought about by COVID-19 will long outlast the 
pandemic itself. ■

Supplementary material

Additional supplementary material may be found in the online 
version of this article at www.rcpjournals.org/clinmedicine:
S1 – Biochemical data assay details
S2 – Number of CTPA requests in the Cardiff and Vale University 
Health Board during the April to June period over the last 5 years
S3 – ROC curves showing data all patients (age-adjusted), all 
patients (non-age-adjusted), COVID-19 patient and non-COVID-19 
patient sub-groups
S4 – Sensitivity and specificity values for D-dimer cut offs.
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