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Abstract

Objectives: To study the role of combined CTPA and indirect CT venogram to diagnose venous thromboembolism (VTE) in
patients with COVID-19 pneumonia and to compare the clinical characteristics, laboratory parameters, CT findings and clinical
outcomes between the VTE positive and negative groups. Methods: In this retrospective study, |31 patients with COVID-19
pneumonia who underwent CTPA and venogram between August 2020 and January 2021 were included. Relevant demo-
graphical, clinical and laboratory data and CT images were collected. Two thoracic radiologists independently reviewed the
CTPA and venogram images. Results: VTE was identified in 29 patients (22% of the study population). CT venogram identified
DVT in 9 patients. No statistical difference was observed between the two groups with respect to age, gender, BMI and presence of
comorbidities. There was a significant difference in the hospital stay duration, which is increased in the VTE positive group. The number
of patients who were dependent on oxygen and mortality were also high in the positive group. There was statistically significant
difference in the mean D-dimer value and the mean Neutrophil/lymphocyte ratio, which were higher in the VTE positive group.
Conclusion: Combined CTPA and venogram can be used as a one-stop investigation for diagnosing PE and DVT of lower limbs in
patients with COVID- 19 pneumonia. CTPA with venogram should be performed in patients with D-dimer value in the range of 1000 —
1200 pg/L and above to rule out VTE as the hospital stay duration and final outcomes vary between the positive and negative groups.
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Introduction

Coronavirus disease 2019 (COVID-19), caused by the novel
coronavirus 2019 (nCoV), is one of the widespread and worst
pandemics that the human race has witnessed. COVID-19
started as a cluster of cases with severe acute respiratory tract
infection (SARI) and has revealed a multitude of clinical
manifestations since then. Reverse-transcriptase polymerase
chain reaction (RT-PCR) remains the gold standard for the
diagnosis of COVID-19 infection. Multimodality imaging
including radiography and CT play a crucial role in the rapid
identification and early diagnosis of patients presenting with
respiratory symptoms.
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Many studies have shown that venous thromboembolism
(VTE) is a significant cause of mortality in these patients.
VTE encompasses deep vein thrombosis (DVT) and pul-
monary thromboembolism (PTE). Kollias et al,' in their
meta-analysis found the overall prevalence of VTE in hos-
pitalized patients to be around 30%. The pathogenesis of
thrombosis in vivo is explained by Virchow’s triad of hy-
percoagulability, endothelial injury and stasis. Prothrombotic
predisposition and DVT/PTE in COVID-19 has been well
documented and is believed to be due to a combination of the
inflammatory response induced endothelial injury, hypoxia
and immobilization.

Clinical tools like pulmonary embolism rule-out criteria
(PERC) and Wells criteria are used to assess a patient’s risk for
developing VTE. However, COVID-19 patients even without
VTE can present with tachycardia, chest pain and hypoxia,
rendering the clinical criteria unreliable. D-dimer elevation is
being traditionally used to diagnose VTE; however, being an
acute phase reactant, it is non-specific and also elevated in severe
pneumonia making it a less reliable marker in COVID-19.>

Computed tomography pulmonary angiography (CTPA) has
been a reliable modality to diagnose PTE. Studies from various
countries have shown PTE incidence to be in the range of 15%
to 44% of COVID-19 patients who underwent CTPA.**

The appropriateness of the lower extremity compression
ultrasound (USG) to exclude DVT in COVID patients is
debatable, due to the undue exposure of healthcare workers to
the virus and its overall specificity in picking clinically rel-
evant DVTs. Staff exposure, increased turnaround time,
strenuous protocols, machine quality and availability pose
hurdle in the performance of USG studies.” CT venogram
offers the advantage of diagnosing DVT while avoiding undue
exposure and additional cost of PPE.

Therefore, we planned to analyze the clinical character-
istics, laboratory parameters, parenchymal severity and out-
comes between the VTE positive and negative groups, in those
who underwent combined CTPA and venogram.

Materials and Methods

Patient Selection

This study was approved by the local institutional ethics
committee. The study was conducted as a single centre ret-
rospective study. We included 131 consecutive patients who
underwent CTPA and indirect CT venogram between August
2020 and January 2021 (Figure 1). All the patients were di-
agnosed to be positive for COVID-19 infection by reverse
transcriptase polymerase chain reaction (RT-PCR) from the
nasopharyngeal and throat swabs. Following initial triage at
admission, patients in the mild category were administered a
prophylactic dose of enoxaparin 1 mg/kg once daily. The
moderate to severe category were given a therapeutic dose of
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Figure |. Consort diagram depicting the patient enrolment for the
study.

enoxaparin (1 mg/kg twice daily) or equivalent dose of any
other heparin analogue as clinically indicated.

CT Image Acquisition and Interpretation

CT examinations were performed with patients in the supine
position on a 128 slice multidetector CT scanner (Siemens
Perspective, China). CT pulmonary angiogram phase was
acquired after injecting 80-100 mL (based on the bodyweight)
of non-ionic iodinated contrast medium (Iopramide, Ultravist
370 mg) at a flow rate of 4-5 mL/second followed by a 50-mL
saline flush using a pressure injector. The acquisition timing
was optimized using the bolus-tracking technique with the
region of interest placed at the superior venacava with a trigger
threshold of 100 Hounsfield Units (HU). The entire chest was
scanned in the caudocranial direction in a single breath-hold.
The scan parameters were tube voltage of 80 kv, tube current
of 100-120 mAs, pitch of 1.5 and gantry rotation time of .6 s.
Images were reconstructed with a thickness of 1 mm, and
coronal and sagittal reformats were obtained. Indirect CT
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venogram was acquired from the level of diaphragm to the
proximal legs at a time delay of 3 minutes post contrast in-
jection. 1 mm thin axial sections were acquired and multi-
planar reformats were obtained.

Two thoracic radiologists of 10 and 7 years’ experience
respectively reviewed all CTPA and venogram images. Plain
chest images were analysed to evaluate the disease extent of
COVID pneumonia. The amount of lung involvement by
ground-glass opacities and consolidation is quantitatively
measured by the CT severity score, where both the lungs are
categorized into 20 segments; a score of 0 is given for each
segment if there is no parenchymal involvement, a score of 1 is
given if there is <50% involvement and a score of 2 is given if
there is >50% involvement. The highest possible score for
each patient is 40. The CTPA images were assessed for the
presence or absence of PTE and if thrombus was detected, the
location was categorized into main, lobar, segmental and
subsegmental pulmonary arterial branches. CT venogram was
assessed for the presence of DVT and the location of the
thrombus. DVT was defined as a hypodense partial or com-
plete filling defect seen on at least two consecutive axial
images. Chronic DVT, seen as eccentric wall thickening was
excluded from the study.

Clinical and Laboratory Data

Patient’s demographical, clinical and laboratory data were
collected retrospectively from the medical records. Demo-
graphical and clinical data included age, gender, body mass
index (BMI), history of active malignancy, trauma or surgery
in the last four weeks and previous VTE, comorbidities (di-
abetes mellitus, hypertension, coronary/ischemic heart disease
and chronic obstructive pulmonary disease), indications for
CTPA, duration of hospital stay and the final outcome. The
patient’s outcome was classified as a) improved with oxygen
support and discharged; b) clinically worsened/required me-
chanical ventilation and subsequently discharged; ¢) expired.
The relevant laboratory values such as D-dimer, platelets, C-
reactive protein (CRP), ferritin and neutrophil-lymphocyte
ratio (NLR) were collected. The time interval between the
selected laboratory data and the CTPA examination was kept
to less than 24 hours.

Statistical Analysis

The collected data were analysed with SPSS version 23.0
(IBM SPSS, Chicago, IL, USA). Categorical variables were
expressed as the frequencies and proportions (%) and con-
tinuous variables were presented as the mean (standard de-
viation). To find the significant difference between the
bivariate samples in independent groups, the unpaired sample
t-test was used, and for the multivariate analysis, the one-way
ANOVA with Turkey’s Post-Hoc test was used. To assess the
relationship between the variables, Pearson’s correlation was
used. To find the significance in categorical data, the Chi-

Square test was used. To find the D-dimer’s efficacy, the
Receiver Operating Curve [ROC] was used. In all the above
statistical tools, the probability value .05 is considered as a
significant level.

Results

From August 2020 to January 2021, 2600 consecutive CT
chest were performed in our centre for those with RT-PCR
positive COVID-19 and for those with clinical suspicion of
COVID-19, but RT-PCR negative. Of these CT examinations,
154 (6%) patients had both CTPA and indirect CT venogram,
of which 131 (85%) were COVID-19 RT-PCR positive and
were included for the final analysis. Out of the 131, 29 patients
(22%) were diagnosed radiologically to have VTE, while 102
patients (78%) were negative for VTE. Among the 29 patients
who were VTE positive, 20 patients (69% of positive patients)
showed radiological findings suggestive of isolated PTE, 5
patients (17% of positive patients) showed findings of com-
bined PTE and lower limb DVT, 4 patients (14% of positive
patients) with isolated DVT.

There was no statistical difference between the two groups
in terms of mean age, gender, BMI at admission, frequency of
patients with risk factors of VTE. (Table 1). The indications
for CTPA and venogram study included hypoxia (<94%),
tachycardia (HR > 120/min), respiratory distress, clinical
signs of DVT and elevated D-dimer values. Of these, the
frequency of positive clinical signs of DVT and D-dimer
values are statistically higher in the VTE positive group.
The mean D-dimer value and the mean NLR were signifi-
cantly higher in the VTE positive group, when compared to
VTE negative group and is statistically significant. No sig-
nificant difference was noted in the CRP and Ferritin values.
On ROC analysis, the D-Dimer cut off obtained in our study
group for diagnosing VTE in COVID-19 was 1170.50 pg/L
with high sensitivity (96.6%) and specificity (92.2%) (Figure
2).

The average CT severity score among the 29 VTE positive
patients in our study was 26.52, and among the 102 negative
patients was 23.2, which was not significant statistically.
Among the 25 patients with PTE, 16 patients (64%) showed
isolated subsegmental thrombi, 5 patients (20%) showed
segmental thrombi extending into subsegmental branches, 2
patients (8%) had thrombi in the lobar artery extending into
segmental and subsegmental branches (Figure 3 A- D). Only
one patient (4%) had a central thrombus, seen in main pul-
monary artery, extending to the lobar and segmental branches.
Of the 9 patients with DVT, 4 patients (44.4%) had thrombi
in both proximal and distal veins of the lower extremity, 3
patients (33.3%) had isolated thrombi in distal veins, and 2
(22.2%) patients had proximal venous thrombus (Figure 4
A- D).

The patients with VTE had a longer stay in the hospital with
a mean duration of 10.8 days, compared to 8.3 days in the
negative group (P <.01). About 41% of the patients in positive
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Table I. Demographic and Clinical Characteristics of the COVID-19 Patients Included in the Study.

Total VTE Positive VTE Negative P-value
Number of patients 131 29 (22%) 102 (78%)
Age (years) 62 £ 15 57 £ 13 1244
Gender A64#
Males 97 (74%) 23 (79%) 74 (73%)
Females 34 (26%) 6 (21%) 28 (27%)
Co-morbidities and risk factors for VTE
Body mass index 265 + 3.6 26.7 + 4.5 8224
Obesity (BMI 230) 29 (22%) 8 (28%) 21 (21%) A23#
Diabetes mellitus 56 (43.1%) 15 (51.7%) 41 (40.6%) .286#
Hypertension 47 (35.9%) 12 (41.4%) 35 (34.3%) A84#
COPD/Asthma 4 (3.1%) I (3.4%) 3 (2.9%) 1.000#
CAD/IHD Il (8.4%) 2 (6.9%) 9 (8.8%) 1.000#
Hypothyroidism 10 (7.6%) I (3.4%) 9 (8.8%) AST#
History of previous VTE 3 (2.3%) I (3.4%) 2 (2.0%) S3l#
History of active malignancy 2 (1.5%) I (3.4%) I (1.0%) 3954
Trauma/surgery during the past 4 weeks 4 (3.1%) | (3.4%) 3 (2.9%) 1.000#
Indications for CTPA
Hypoxia 76 (58%) 21 (72.4%) 55 (53.9%) .090#
Respiratory distress 102 (77.9%) 23 (79.3%) 79 (77.5%) 1.000#
Chest pain 3 (2.3%) 0 3 (2.9%) 1.000#
Tachycardia 10 (7.6%) 2 (6.9%) 8 (7.8%) 1.000#
Elevated d-dimer 29 (22.1%) 12 (41.4%) 17 (16.7%) .0l0*
Clinical signs of DVT 4 (3.1%) 3 (10.3%) I (1.0%) .034*
Laboratory parameters
D-dimer 10 864 + |1 580 378 + 491 .0005**
CRP 69.9 £ 80.1 59 + 54 .396#
Ferritin 784 £ 1073 532 + 645 A174
Neutrophil/lymphocytes ratio 16.2 + 14.9 63 %54 .00 ¥
Clinical course
No of hospital stay days 10.8 + 4.6 83+39 .004+*

#No Significance at P > .05 and *Significance at P < .05 and **Highly Significance at P < .0l.

VTE group had a fatal outcome compared to 6% in the
negative group, which is statistically highly significant (P
<.001) (Table 2). There were also more patients dependent
on oxygen in the VTE positive group who recovered
subsequently.

Discussion

In our study, VTE incidence including PTE and DVT, among
the COVID-19 patients in the Indian cohort who underwent
CTPA and venogram was 22%. Different studies and research
letters from various Chinese, European and US cohorts have
reported PTE incidence between 15% and 44%.>* This is the
first study reporting the incidence of COVID associated VTE
in the Indian population to the best of our knowledge.
Many research papers have shown that demographic fac-
tors such as older age and male gender are at a higher risk for
poor outcomes and mortality among COVID-19 patients.®"!
In our cohort, there was no significant difference between the
VTE positive and negative groups with respect to age and

gender distribution, which are concordant with most published
studies. Our study showed that the extent of parenchymal
involvement on plain CT, assessed by the CT severity score
showed no statistically significant difference between the
positive and negative groups. The results are concordant, with
most published studies sparing Ooi et al**'*"'> In patients
with PE, akin to the previous studies, our study also showed
distribution of thrombi predominantly in the subsegmental and
segmental branches, supporting the hypothesis of in situ
microvascular thrombosis as the likely etiology of PE.'®

In the meta-analysis by Young Joo et al, the pooled inci-
dence of lower extremity DVT in COVID patients from
various studies was found to be 14.8%.'” Bin et al reported a
very high incidence of DVT, about 85% in patients with severe
COVID."® The presence of DVT is a poor prognostic indicator
and such patients were shown to have adverse outcomes,
including more ICU admissions and deaths.'® Guidelines for
therapeutic decision making in these patients with DVT
recommend a minimum duration of anticoagulation in positive
cases for up to 90 days.?* In our study, DVT was detected in
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Figure 2. Receiver Operating Characteristics curve for D-dimer
values to derive a cut-off value to differentiate the positive and
negative groups.

6.8% of the total sample size and in 31% of the positive group.
Isolated DVT was observed in 4 patients (14% of the positive
group). CT venogram plays a vital role in identifying this
subset of patients, where performing CTPA alone will yield
false-negative results for VTE. These radiological findings
were crucial in deciding the further course of management in
these patients regarding the anticoagulation duration.

Many previous studies have validated the use of CT ve-
nogram in diagnosing DVT and combining it with CTPA in
non-COVID settings.>'** The PIOPED 1I study performed
with a sample size of 711 patients concluded that the com-
pression ultrasound and CT venography are diagnostically
equivalent in excluding DVT with about 96% agreement
between these modalities.”> The role of CT venogram in
COVID-19 setting is an unexplored territory. The addition of
venographic phase allowed evaluation of abdominal, pelvic,
femoropopliteal and distal leg veins with only a minimal
increase in the scan duration. This combined technique can
exclude DVT with a total duration of less than 15 minutes
without the requirement of any additional resources or cost.
Besides, the radiologist’s personnel exposure was significantly
minimized with CT venogram, compared to performing a
separate lower limb Doppler for these COVID patients to rule

Figure 3. (A - D): CTPA images of a 54-year-old male with respiratory distress. Coronal (A) and axial (C) CT images show hypodense filling
defect consistent with thrombus (arrow) in the segmental and subsegmental branches of right lower lobe. CTPA images of a 38-year-old
male with elevated d-dimer value. Coronal maximum intensity projection (B) and axial (D) images show thrombi in the subsegmental

branches (arrow).
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Figure 4. (A - D): CT venogram images of three different patients.
Axial (A) CT image of a 54-year-old male shows a hypodense
partial thrombus in the right profunda femoris vein (arrow). Axial
(D) CT image of a 61-year-old female shows hypodense filling defect
in the left popliteal vein (arrow). Axial (C) and sagittal (D) images
of the leg acquired in the venogram images of a 49-year-old male
show expanded lumen with filling defects consistent with DVT in the
muscular veins of the posterior compartment of the right leg
(arrows).

Table 2. Statistical analysis of the outcome of the patients in the
positive and negative groups.

Outcome Total Positive Negative P-value
Expired 18(13.7%)  12(41.4%) 6(5.9%) .0005**
Improved 97(74.0%) 11(37.9%) 86(84.3%)

Needed oxygen  16(12.2%) 6(20.7%)  10(9.8%)

**Highly Significant at P < .0I.

out DVT. However, there is an additional radiation dose to the
pelvis and lower extremities.

In our study, patients with VTE had a longer hospital stay
and had worse outcomes than the patients without VTE. CTPA
and venogram potentially identifies the patients with VTE,
thereby influencing the decision to start therapeutic anti-
coagulation on them.

D-dimer is one of several breakdown products formed
during fibrinolysis, and identifying D-dimer confirms the
ongoing coagulation cascade with thrombin in action.** Due
to its non-specific nature, elevated D-dimer levels in a patient
with suspected VTE necessitates imaging confirmation of
VTE and further management accordingly.

The D-Dimer threshold is a number sought after by many
researchers to optimize the diagnosis of true positive VTE
patients. Optimal D-Dimer cut-off defined by few authors

included 2903 pg/L by Ventura Diaz et al, 2660 pg/L by
Leonard-Lorant et al, 2500 pg/L by Alonso-Fernandez et al
and 2969 pg/L by Hoffer J et al*>® However, the D-Dimer
cut-off obtained in our group was 1170.50 pg/L, which had
very high sensitivity (96.6%) and specificity (92.2%). This
cut-off value is concordant to the observations in the meta-
analysis by Young Joo et al who suggested the conventional
cut-off value 1000 pg/L could be used for PTE screening that
serves as an indication for CTPA.!” Contrary to the other
previous studies, the specificity of d-dimer was very high in
our study, which could be multifactorial. The addition of
venographic phase in our study diagnosed more patients with
VTE, who would have been labeled negative if CTPA alone
was performed. Most published studies correlated the d-dimer
values with CTPA study and did not perform venous Doppler
or CT venogram to exclude out DVT. So, patients with
asymptomatic DVT in these studies would have been missed
with CTPA and were included in the negative group. Selection
bias could have also contributed to the high specificity since
many patients with severe disease and high D-dimer values
were not subjected for CT examination as they were already
ventilated or hemodynamically unstable. Since D-dimer is a
screening tool for VTE, keeping a low cut-off value is ad-
vantageous, as these patients could be subjected to CTPA and
venogram for further evaluation to exclude VTE.

Of the other laboratory markers, NLR was statistically
different between the two groups in our cohort. Many studies
have shown that a higher NLR at hospital admission was
associated with a more severe outcome; in particular, a NLR of
>4 was a predictor of admission to the ICU.?’ Recent study by
Petito et al’® showed that Neutrophil activation is associated
with thrombotic complications more than the platelet
activation.

Our study has a few limitations. The data were collected
retrospectively which could have resulted in selection bias.
DVT was assessed only with indirect CT venogram and lower
limb venous Doppler was not performed to confirm the
findings. The estimation of additional radiation dose to the
patient due to CT venogram was beyond the scope of the study
design. However, there is need for more prospective studies to
validate the role of CT venogram in this COVID-19 setting.

Conclusion

During this COVID-19 pandemic, as imaging and manage-
ment protocols are continually evolving along with our un-
derstanding of the pathogenesis and complications of this
disease. We have put forth our experience in combining in-
direct CT venography with pulmonary angiography in
COVID patients suspected of VTE. Using this approach,
diagnosis of any combination of DVT and PE is possible,
along forming a one-stop shot investigation for VTE that can
help decide further management. Keeping a low D-dimer
threshold value for VTE screening by CTPA and venogram
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is vital as early identification of the VTE positive patients will
help to modify the duration and the dosage of anticoagulation.
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