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Abstract
Objective Pulmonary embolism is a severe source of mortality and morbidity in patients with severe and critical coronavirus 
disease 2019. It is not yet clear whether the tendency to thrombosis is increased in the mild-to-moderate course of COVID-19. 
Our research aims to show the clinical benefit of Q-SPECT/CT in diagnosing PD in outpatients treated with mild-to-moderate 
course of COVID-19 and to determine the frequency of perfusion defects in these patients having relatively lower risk.
Methods All patients who underwent Q-SPECT/CT with suspicion of embolism were examined retrospectively. Only patients 
with low clinical probability and mild-to-moderate course of COVID-19 for PE were included in the study. The patients 
were evaluated comparatively as those with and without perfusion defects. Patients were divided into laboratory suspicion, 
clinical suspicion, or clinical and laboratory suspicion.
Results In outpatients with mild-to-moderate COVID-19 with low clinical probability for PE, PD without CT abnormality 
was detected with a rate of 36.6% with Q-SPECT/CT performed for complaints of high d-dimer and/or dyspnea. None of 
the patients had PD at more proximal level than the segment level. PD with no concomitant CT abnormality was observed 
with a rate of 56.5% in patients with both clinical and laboratory suspicion. For d-dimer = 0.5 mg/dL cut-off sensitivity is 
85%, for d-dimer = 1.5 mg/dL cut-off specificity 81%.
Conclusion Thrombosis tendency is also present in outpatients with mild-to-moderate COVID-19, and these patients should 
also be offered anticoagulant prophylaxis during the COVID-19 period.
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Abbreviations
CTPA  Computed tomography pulmonary 

angiography
COVID-19  Coronavirus disease 2019
MSKCC  Memorial Sloan Kettering Cancer Center
PCR  Polymerase chain reaction
PE  Pulmonary embolism
PD  Perfusion defect
rtPCR  Reverse transcriptase-polymerase chain 

reaction
SARS-CoV-2  Severe Acute Respiratory Syndrome 

causing Coronavirus
Q-SPECT/CT  Perfusion-single photon emission com-

puted tomography/computed tomography
Tc-99m MAA  Technetium 99m macro-aggregates 

albumin

Introduction

From the early stages of the pandemic, pulmonary embolism 
(PE) has been reported as a severe source of mortality and 
morbidity in patients with severe and critical coronavirus 
disease 2019 (COVID-19). In different studies, PE rates in 
computed tomography pulmonary angiography (CTPA) in 
hospitalized and critically ill patients with COVID-19 pneu-
monia vary between 23–31% [1–3]. However, according 
to the National Health Commission (7th ed.) (In Chinese) 
[4], pulmonary thromboembolism in patients with mild-to-
moderate COVID-19. Publications related to it are limited. 
Whether the thrombosis tendency has increased in every 
patient, regardless of the severity of COVID-19, remains an 
open question. A study reported that PE was diagnosed with 
CTPA at a rate of 18% in patients with mild and moderate 
COVID-19 at their admission to the emergency department 
[5].

Perfusion single-photon emission computed tomography / 
computed tomography (Q-SPECT/CT); has higher accuracy 
than ventilation/perfusion scintigraphy in diagnosing PE [6, 
7]. It is a reliable and effective method for the accelerated, 
high-accuracy diagnosis of acute PE [6, 7]. Based on CT 
component and lung images, as well as COVID-19 pneu-
monia; Additional comments can be made on parenchymal, 
pleural, and chest wall abnormalities.

It is recommended not to perform ventilation evaluation 
during the pandemic period [8]. Perfusion is evaluated, 
and PE can be safely ruled out with normal planar perfu-
sion images. Q-SPECT/CT is recommended when planar 
perfusion images show abnormalities [8]. According to 
the Memorial Sloan Kettering Cancer Center (MSKCC) 
Q-SPECT/CT criteria [6, 9]. Q-SPECT/CT is recommended 
as an alternative diagnostic method to CTPA in the pan-
demic [10–13].

Dyspnea and chest pain complaints that started during 
COVID-19 and d-dimer elevations may continue in the 
post-COVID period. However, it is unknown whether the 
reason for these complaints is vascular damage, interstitial 
involvement, or dyspnea sensation secondary to muscle 
fatigue accompanied by myalgia. Patients with low Wells 
score, high d-dimer levels, chest pain, and effort dyspnea 
are frequently encountered.

Perfusion scintigraphy; is a reliable method to exclude 
embolism in patients with low clinical probability. Besides, 
Q-SPECT/CT can detect small peripheral thrombi with high 
sensitivity. Q-SPECT/CT may be the first-choice imaging 
method in patients with a low clinical probability of sus-
pected PE due to COVID-19. Furthermore, the preference of 
Q-SPECT/CT will help to reduce the excessive workflow of 
computerized tomography units, which is already overloaded 
in the pandemic period. On the other hand, patients who 
have recently had chest CT for COVID-19 will also be pro-
tected from the second dose of radiation. It has been shown 
that Q-SPECT/CT is a method that can be safely preferred 
for the diagnosis of PE in patients with medium–high Wells 
scores with COVID-19 [14].

Our research aims to show the clinical benefit of 
Q-SPECT/CT in diagnosing PE in outpatients treated with 
mild-to-moderate course of COVID-19 and to determine the 
frequency of perfusion defect (PD) without CT abnormality 
in these patients having relatively lower risk.

Material and method

Study design and settings

It is a retrospective, cross sectional, real-life study conducted 
in a university hospital between April 1, 2020 and February 
1, 2021.

Approval was obtained from the ethics committee of the 
university, dated 08.02.2021 and numbered 25,84.

Participants

Inclusion criteria

Being older than 18, having received the diagnosis of 
COVID-19 with Severe Acute Respiratory Syndrome caus-
ing Coronavirus (SARS-Cov-2) polymerase chain reaction 
(PCR) positivity, having COVID-19 mild or moderate [4], 
suspicion of PE in outpatient admission It was determined 
as having Q-SPECT/CT imaging performed with, having 
the score of a low well (< 2) at the time of Q-SPECT/CT 
request.
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Exclusion criteria

Being under the age of 18, having a diagnosis of COVID-19 
without PCR positivity, having had COVID-19 at a severe 
or critical level [4], having a medium or high Wells score 
at the time of Q-SPECT/CT request (> 2) was determined.

Variables

The diagnosis of COVID-19 was made by PCR imaging of 
viral RNAs isolated from nasopharyngeal swabs. Since the 
patients have a low clinical probability for PE, values above 
1 mg/dL for d-dimer were considered high [15].

COVID-19 weights of patients were classified according 
to by National Health Commission (7th ed.) (In Chinese) 
[4]: (1) Mild type: mild clinical symptoms without pneu-
monia in imaging; (2) moderate type: fever and respiratory 
symptoms with radiological findings of pneumonia; (3) 
severe type: respiratory distress (≥ 30 breaths/min; oxygen 
saturation ≤ 93% at rest; arterial partial pressure of oxygen 
(PaO2) / fraction of inspired oxygen (FiO2) ≤ 300 mmHg 
(1 mmHg = 0.133 kPa); cases with chest imaging that shows 
obvious lesion progression within 24–48 h > 50% shall be 
managed as severe cases; (4) critical type: respiratory fail-
ure requiring mechanical ventilation, shock, and other organ 
failure requiring ICU monitoring and treatment.

Imaging protocols and acquisition

Lung perfusion scintigraphy images were performed approx-
imately 20 min after the injection of 3–5 mCi Technetium 
99m labeled macro aggregated albumin (Tc-99m MAA) 
with planar and subsequent SPECT/CT images. Tc-99m 
MAA syringe was prepared just before the patient’s arrival, 
and the patient was injected in the supine position to pre-
vent sedimentation of macroaggregates into the lung bases. 
Imageries were made using a Siemens (Symbia T16, Hoff-
man Estates, IL, USA) gamma camera. Some of the planar 
imaging deficiencies have been overcome by utilizing the 
SPECT imaging method, and diagnostic accuracy has been 
achieved. High-resolution diagnostic images were obtained 
by performing attenuation correction and anatomical locali-
zation utilizing a CT scanner thanks to the hybrid SPECT/
CT device. CT imaging was performed with IV non-contrast. 
Q-SPECT/CT imaging data and corresponding equivalent 
CT image slices were merged and imaged in axial, coronal, 
and sagittal planes.

Image interpretation

Lung Q-SPECT/CT images were evaluated at different times 
by two different Nuclear Medicine specialists. Afterward, 
interpretation was made by achieving a common consensus for 

each patient. In Q-SPECT/CT images, segmental or subseg-
mental perfusion defects of more than 50% of a segment not 
observed on CT images, defects seen in all three orthogonal 
planes without abnormality in the corresponding CT images 
were considered positive imaging findings.

Data collection

Patients’ identity information, demographic characteristics, 
COVID-19 histories, COVID-19 swab results, d-dimer lev-
els, presence of dyspnea and chest pain, Wells scores, pulmo-
nary perfusion scintigraphy, and Q-SPECT/CT data, if per-
formed, are collected from patient files and hospital system 
was obtained. If no documentation was available for a Wells 
score component, the data was deemed to be incomplete.

Study size

All patients found to meet the inclusion criteria between 
the specified dates were included in the study. Patients with 
and without emboli were compared among themselves. 
d-dimer > 1 mg/dL was considered high as the patients had 
low clinical probability. According to the patients’ pre-diag-
nosis of embolism; Laboratory suspicion (d-dimer 1 mg/dL 
without symptoms), clinical suspicion (dyspnea and chest 
pain when d-dimer < 1), and those with clinical and labora-
tory suspicion together were divided into three groups.

Statistical methods

SPSS v.21 (SPSS Inc., Chicago, IL, USA) program was used 
to analyze the study data. The compliance of the data to nor-
mal distribution was evaluated using the Shapiro Wilk test. 
Continuous variables were represented as mean ± standard 
deviation and median (minimum–maximum). Frequency and 
percentage (%) were used in the display of categorical vari-
ables. According to the data distribution, the Mann–Whitney 
U test or Student t test was used to compare continuous vari-
ables between groups. Categorical variables were evaluated 
using the Chi-squared test and Fisher’s exact test. Possible 
risk factors for PE were evaluated by logistic regression 
analysis. Results are given as odds ratio (OR) and 95% con-
fidence interval (95% CI). Cut-off values for d-dimer level 
were evaluated with Receiver Operating Characteristic 
(ROC). The significance level was accepted as p < 0.05.

Results

Participants

Files of 143 patients who had Q-SPECT/CT performed 
between the specified dates were found. Forty-two patients 
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were excluded because their Wells score was medium or 
high, 9 of them had severe and critical COVID-19, and 15 
of the remaining 92 patients were not included because their 
data could not be reached. Seventy-seven patients with a low 
Wells score (< 2) had a mild or moderate course of COVID-
19 and underwent Q-SPECT/CT with a pre-diagnosis of PE 
during outpatient admission; the emergency or outpatient 
clinic was included in the study.

Descriptive data

Of the 77 patients participating in the study, 37.7% (n = 29) 
were male and 62.3% (n = 48) were female. The average 
age of the patients was 53.9 ± 13.6. While 18.9% (n = 14) of 
the patients were active smokers, 13.5% (n = 10) were ex-
smoker and 67.6% (n = 50) were non-smoker. Lifetime ciga-
rette consumption was 9.1 ± 17 pack-years. 17.6% (n = 13) of 
the patients were using acetyl salicilic acid for neurological 
and / or cardiac indications prior to COVID-19 infection. 
One (1.1%) patient had active malignancy.

54.5% (n = 42) of the patients had dyspnea and / or 
chest pain complaints before the scintigraphy. 29.9% 
of the patients (n = 23) had at least one symptom and an 
elevation of d-dimer (1 mg/dL). The mean d-dimer level 
was 2.1 ± 3.5 mg/dL. d-dimer level was above 1 mg/dL 
in 45.5% (n = 35) of the patients. 54.5% (n = 42) of the 
patients had clinical suspicion (chest pain and / or dispnea), 
15.6% (n = 12) laboratory suspicion (d-dimer ≥ 1 mg/dL), 
29.9% (n = 23) was directed to Q-SPECT/CT with clini-
cal + laboratory suspicion. Perfusion scintigraphy of 5.2% 
(n = 4) patients was completely natural and SPECT / CT 
was not required. The mean time between the diagnosis of 
COVID-19 and PD diagnosis of the patients was 47 ± 34.4 
(minimum–maximum: 15–155) days. The demographic and 
clinical characteristics of the patients are shown in Table 1.

Outcomes data

PD was detected in 36.6% (n: 28) of all patients. The mean 
age of the patients with PD was 54.2 ± 14.8, 67.9% (n = 19) 
were women. The mean cigarette pack-year in those with 
PD was 7.8 ± 20. Nineteen patients (76%) were non-smoker, 
three patients (12%) were ex-smokers, three patients (12%) 
were smokers (Table 1).

When the groups with and without PD were compared, 
no statistically significant difference was found between age, 
gender, presence of DM or HT, smoking, acetyl salicilic acid 
use before COVID, and presence of PD (p > 0.05) (Table 1).

Main results

PD was found in 41.7% (5/12) of asymptomatic patients 
with only elevated d-dimer levels. PD was present in 23.8% 

(10/42) of the patients who did not have high d-dimer levels 
but had symptoms. PD was observed with a rate of 56.5% 
(13/23) in patients with both clinical and laboratory sus-
picion. There was no significant difference between PD 
patients and those without PD regarding chest pain fre-
quency and dyspnea (p> 0.05). The mean d-dimer was 2.6 
± 3.9 mg/dL with PD and 1.7 ± 3.2 mg/dL in the group 
without PD. In the group with PD, the rate of those with 
d-dimer level ≥1 mg/dL was significantly higher (p = 
0.005). d-dimer was <1 mg/dL in 35.7% (n = 10) of the 
patients with PD, and PD was considered due to ongo-
ing chest pain and/or shortness of breath in these patients. 
Segment involvement was present in 32.1% (n = 9) of 28 
patients diagnosed with PD, 67.9% (n = 19) had subsegment 
involvement, none of the patients had PD mid-level than the 
segment level. A few sample Q-SPECT/CT images can be 
seen in figüres (Figures 1,2,3).

In patients with a diagnosis of PD, no statistically signifi-
cant difference was found between the defect in the form of 
a segment or subsegment and the suspicion type (p > 0.05) 
(Table 2).

The risk of PD in patients with d-dimer positivity is 3.4 
times higher than in those without d-dimer positivity. In 
patients with clinical + laboratory suspicion, the risk of PD 
is 4.2 times higher than in patients with only clinical suspi-
cion. In patients with laboratory suspicion, the risk of PD 
is 2.3 times more than in patients with a clinical suspicion. 
(Table 3).

For d-dimer = 0.5 mg/dL cut-off sensitivity is 85%, speci-
ficity is 27%, for d-dimer = 1 mg/dL cut-off sensitivity is 
64%, specificity is 65%, for d-dimer = 1.5 mg/dL cut-off 
sensitivity is 44%, specificity 81% (Fig. 4) (AUC (0.668)).

Discussion

In our study, in outpatients with mild-to-moderate course of 
COVID-19 with low clinical probability for PE, perfusion 
defect without CT abnormality was detected with a rate of 
36.6% with Q-SPECT/CT performed for complaints of high 
d-dimer and/or dyspnea. In the post-COVID period, patients 
with high d-dimer and/or dyspnea/chest pain complaints 
despite low clinical probability scores, segment and sub-
segment involvement PD should be considered, and further 
investigations should be performed.

Complaints of chest pain and dyspnea may continue in 
the post-COVID period. A study conducted shows that in 
the second month after COVID-19, 43.4% of the patients 
had dyspnea, and 21.7% of them continued to have chest 
pain [16]. In our study, 84.4% of the patients who under-
went Q-SPECT/CT for suspected PE had at least one of the 
complaints of chest pain or dyspnea. High d-dimer levels 
(1 mg/dL) were accompanied by clinical suspicion in 29.9% 
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of the patients. 71.4% of all patients had dyspnea, and 27.3% 
of patients with dyspnea had a PD. 57.1% of all patients 
had chest pain, and 40% of patients with chest pain had a 

PD. The rate of dyspnea and chest pain was higher in our 
study compared to other studies. However, our population 
is patients who underwent Q-SPECT/CT for the symptom 

Table 1  Clinical and demographic features of the study population

COVID-19 coronavirus disease 2019, PD perfusion defect, Q-SPECT/CT perfusion-single photon emission computed tomography/computed 
tomography
a Student t test
b Chi-squared test
c Fisher’s exact test
d Mann–Whitney U test

Total
(n, % or SD)

No PD on 
Q-SPECT/CT
(n, % or SD)

PD on Q-SPECT/CT
(n, % or SD)

p value

n = 77 n = 49 n = 28
Age 52.9 ± 13.6

54 (20–86)
52.1 ± 12.9
50 (27–78)

54.2 ± 14.8
56.5 (20–86)

0.515a

Sex 0.450b

 Male 29 (37.7) 20 (40.8) 9 (32.1)
 Female 48 (62.3) 29 (59.2) 19 (67.9)

Hypertension 0.162b

 (–) 53 (70.7) 32 (65.3) 21 (80.8)
 ( +) 22 (29.3) 17 (34.7) 5 (19.2)

Diabetes mellitus 0.595b

 (–) 61 (81.3) 39 (79.6) 22 (84.6)
 (+) 14 (18.7) 10 (20.4) 4 (15.4)

Smoking 0.499c

 Non-smoker 50 (67.6) 31 (63.3) 19 (76)
 Ex-smoker 10 (13.5) 7 (14.3) 3 (12)
 Smoker 14 (18.9) 11 (22.4) 3 (12)

Pack-year (cigarette) 9.1 ± 17
0 (0–80)

9.7 ± 15.5
0 (0–50)

7.8 ± 20
0 (0–80)

0.396d

Using acetyl salicilic acid 0.637b

 (–) 61 (82.4) 38 (80.9) 23 (85.2)
 (+) 13 (17.6) 9 (19.1) 4 (14.8)

PE suspicion 0.030b

 Laboratory (d-dimer ≥ 1 mg/dL) 12 (15.6) 7 (14.3) 5 (17.9)
 Clinical (dispnea/chest pain) 42 (54.5) 32 (65.3) 10 (35.7)
 Laboratory + Clinical 23 (29.9) 10 (20.4) 13 (46.4)

Chest pain 0.056b

 (–) 33 (42.9) 17 (34.7) 16 (57.1)
 (+) 44 (57.1) 32 (65.3) 12 (42.9)

Dispnea 0.294b

 (–) 22 (28.6) 16 (32.7) 6 (21.4)
 (+) 55 (71.4) 33 (67.3) 22 (78.6)

d-Dimer level 2.1 ± 3.5 1 (0.2–19.7) 1.7 ± 3.2
0.7 (0.2–17)

2.6 ± 3.9
1.3 (0.2–19.7)

0.014d

d-Dimer pozitivity (≥ 1 mg/dL) 0.012b

 (–) 42 (54.5) 32 (65.3) 10 (35.7)
 (+) 35 (45.5) 17 (34.7) 18 (64.3)

Q-SPECT/CT date—COVID-19 date (day) 47 ± 34.4
(15–155)

50 ± 37.3
37 (15–155)

37 ± 24.3
30 (16–114)

0.384d
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or high d-dimer reasons, so it does not reflect the overall 
post-COVID population’s symptom rate.

In the literature, studies are examining the relationship 
between d-dimer and COVID-19 prognosis and PE. Ning 
Tang et al. [17] showed that d-dimer’s elevation in hospital-
ized patients is associated with poor prognosis. Mong How 
Ooi et al. [18] in the study conducted on 974 COVID-19 
patients from 5 different centers, d-dimer was significantly 
higher in PE patients than those without PE. A statistically 
significant relationship was found in our study between 

elevated d-dimer and PD in mild-to-moderate outpatient 
COVID-19 patients. PD risk was found 3.4 times higher 
in patients with d-dimer positivity (> 1 mg/dL) than those 
without d-dimer positivity. This result of our study was pub-
lished by Mong How Ooi et al. [18] however, our study’s 
difference is that this result was only shown in the mild to 
the moderate patient group.

Alberto Alonso-Fernández et  al. [19] in screening 
with CTPA in hospitalized COVID-19 patients with 
d-dimer > 1 mg/dL; The frequency of PE was 50%. In our 

Fig. 1  A sample Q-SPECT/CT images-1. Image 1: Perfusion defect with segmental wedge-style in the superior segment of the lower lobe of the 
right lung, incompatible with CT

Fig. 2  A sample Q-SPECT/CT images-2. Image 2: Multiple peripherally located subsegmental perfusion defects in bilateral lung parenchyma 
areas, incompatible with CT

Fig. 3  A sample Q-SPECT/CT images-3. Image 3: Segmentary perfusion defect in the upper lobe anterior segment of the left lung, incompatible 
with CT
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study, perfusion defect without CT abnormality was found 
in 41.7% of outpatients who were asymptomatic and had 
only high d-dimer levels (> 1 mg/dL). Like hospitalized 
patients, outpatients and patients with low clinical proba-
bility have d-dimer > 1 mg/dL associated with an increased 
PE risk.

On the other hand, in our study, because d-Dimer levels 
were < 1 mg/dL and they were symptomatic, the frequency 
of PD was found to be 23.8% in patients who underwent 
Q-SPECT/CT, and the sensitivity for d-dimer = 1 mg/dL 
cut off was found to be 64%. With these findings, it can 
be concluded that low d-dimer level does not exclude PD 
in symptomatic patients with a mild-to-moderate course of 
COVID-19.

Sofia Ventura-Díaz et al. [20] found that in patients with 
COVID-19, they could predict PE risk with a sensitivity of 
81% above the cut-off value of 0.29 mg/dL for d-dimer. In 
our study, the mean d-dimer of PE patients was 2.6 ± 3.9 mg/
dL, and the sensitivity for d-dimer = 0.7 mg/dL cut-off was 
81%. The results of our study differ from Sofia Ventura-Díaz 
person with d-dimer cut-off for 81% sensitivity.

COVID-19; can predispose patients to thrombotic com-
plications due to excessive inflammation, platelet activation, 
endothelitis, and stasis [21]. Studies have shown that PE 
progresses with peripherally located microthrombi [22–24]. 
PE due to COVID-19 is mostly in the peripheral areas; it 
supports that thrombus emerges at microvascular levels 
with vascular damage rather than migration to the pulmo-
nary vascular area [25]. None of the 28 patients who were 
found to have PD by Q-SPECT/CT had a perfusion defect 
located more centrally than the segment level in our study. 
All defects were at the segment or sub-segment level. Seg-
ment involvement was present in 32.1% (n = 9) and subseg-
ment involvement in 67.9% (n = 19) of the patients in the PD 
group. These findings of our study support that PD is mostly 
in the peripheral area in COVID-19 patients.

With various studies, PE frequency in severe and criti-
cally ill patients varies between 23 and 31%. Franck Grillet 
et al. [1] showed that 23% of patients with COVID-19 hospi-
talized with severe clinical presentation or comorbidity had 
acute PE on screening with CTPA. Corrado Lodigiani et al. 
[2] 7.7% of all patients, 27.6% of ICU patients, and 6.4% of 
ward patients showed that a thromboembolic event devel-
oped. Frederikus Klok et al. [3] reported thrombotic com-
plications in 31% of COVID-19 patients in the intensive care 
unit. Beatriz Mestre-Gómez et al. [26] found the prevalence 

Table 2  Relation between suspected perfusion defect and the type of 
involvement

a Mann–Whitney U test
b Fisher’s exact test

Subsegment
(n, % or SD)

Segment
(n, % or SD)

p Value

n = 19 n = 9
Number of subsegments held 1 ± 1

1 (1–3)
2 ± 2
1 (0–5)

0.885a

Number of segments held – 2 ± 1
2 (1–5)

PE suspicion 1b

Laboratory (d-dimer ≥ 1 mg/
dL)

3 (15.8) 2 (22.2)

Clinical (dispnea/chest pain) 7 (36.8) 3 (33.3)
Laboratory + Clinical 9 (47.4) 4 (44.4)

Table 3  Conditions that increase the risk of perfusion defect

OR odds ratio, PD perfusion defect

OR %95 CI p value

d-dimer > 1 mg/
dL (Reference: 
d-dimer < 1 mg/dL)

3.388 1.283–8.950 0.014

PE suspicion (reference: 
clinical suspicion)

Laboratory suspicion 
(d-dimer > 1 mg/dL)

Clinical + laboratory 
suspicion

2.286 0.593–8.813 0.230
4.160 1.401–12.349 0.010

Fig. 4   d-dimer ROC curve. The test result variable (s): Q-SPECT/
CT, d-dimer, has at least one tie between the positive actual and nega-
tive actual state groups. The smallest cut-off value is the minimum 
observed test value minus 1, and the most considerable cut-off value 
is the maximum observed test value plus 1. All the other cut-off val-
ues are the averages of two consecutive ordered observed test values
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of PE with CTPA as 31.9% in hospitalized patients. Because 
of this high frequency of PD, embolism prophylaxis with 
anticoagulants is recommended for all inpatients diagnosed 
with COVID-19 during hospitalization and discharge [27, 
28]. However, there is no study comparing PE prevalence in 
COVID patients with mild and moderate outpatient follow-
up. Since the risk of embolism is unknown, anticoagulant 
prophylaxis is not recommended for these patients. Our 
study has shown that; The prevalence of PD with no con-
comitant CT abnormality is 36.6% in the presence of symp-
toms and/or high d-dimer levels in patients with mild and 
moderate COVID-19.

Moreover, all of these patients are patients with low clini-
cal probability. The fact that the thrombosis risk in non-
hospitalized patients is similar to hospitalized and immo-
bile patients shows that SARS-CoV-2 increases the risk of 
thrombosis in every patient regardless of the severity of the 
disease. This high microembolism rate indicates that prophy-
laxis should also be considered in outpatients, even if the 
disease is mild.

Limitations: Q-SPECT/CT may have been preferred in the 
first place due to the selection bias in outpatient patients with 
low clinical probability for PE due to the intensive COVID-
19 admissions and the density of the CT unit. Q-SPECT/CT 
may be a more sensitive method than CT angio in showing 
small thrombi. Since CTPA cannot be taken to the same 
patient due to the additional radiation dose, we do not have a 
comparative result with CTPA. Since our study was a retro-
spective study, it was unknown whether the patients received 
anticoagulant prophylaxis or not. The relationship between 
anticoagulant prophylaxis and PE development could not 
be examined. The low number of cases is a limitation, and 
there is a need for studies with more extensive series on this 
subject.

Our study’s strengths are significant in that it is the first 
study investigating PD without concomitant CT changes 
in outpatients with mild-to-moderate COVID-19 with 
Q-SPECT/CT.

Conclusion

In conclusion, Q-SPECT/CT is an effective first-choice 
imaging method in diagnosing pulmonary microembolism 
in the post-COVID period. In patients with persistent high 
d-dimer level and/or dyspnea / exertional dyspnea in the 
post-COVID period, segment and subsegment involvement 
PD should be considered even if the Wells score is low, and 
further investigations should be performed. Thrombosis ten-
dency is also present in outpatients with mild-to-moderate 
COVID-19, and these patients should also be offered antico-
agulant prophylaxis during the COVID-19 period.
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