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ARTICLE INFO ABSTRACT

Keywords: Background: COVID-19 is associated with pulmonary embolism (PE) in adults. However, the rate of PE in pe-
CTPA diatric patients with acute COVID-19 evaluated by CT pulmonary angiography (CTPA) has not been evaluated.

Pulmonary emboli Objective: Determine PE rate in pediatric patients with acute COVID-19 and compare to adults.

Sgi\f;z_llcg Materials and methods: A retrospective review of CTPA studies, performed between March 2020 and January
Children 2021 on pediatric patients with acute COVID-19, but not MIS-C, was performed. CTPAs performed on an adult

cohort of acute COVID-19 patients during April 2020 were reviewed for comparison. Pediatric and chest radi-
ologists independently reviewed CTPAs of pediatric and adult patients, respectively.

Results: Of the 355 acute COVID-19 pediatric patients treated during the study period, 14 (16.6 + 4.8y, median-
18.5y, 64% female) underwent CTPA. Of the 1868 acute COVID-19 adults treated during two weeks in April
2020, 50 (57.2 + 17.0y, median-57.0y, 42% female) underwent CTPA. The PE rate was 14% in the pediatric
group (2 patients) and 18% in the adult group (9 patients) (p = 1.0). Both pediatric patients with PE were obese,
over 18y, and had asthma, diabetes mellitus, or hypertension. No child<18y with acute COVID-19 had PE. In the
adult cohort, higher alanine-aminotransferase and D-dimer levels were associated with PE (p = 0.04 and p =
0.004, respectively).

Conclusion: Despite similar PE rates in pediatric and adult patients, PE occurred in acute COVID-19 pediatric
patients who were >18y, obese, and had at least 1 comorbidity. Children <18y with COVID-19 did not have PE.

1. Introduction

Since March 2020, Severe Acute Respiratory Syndrome-Coronavirus
2 (SARS-CoV-2) has become a pandemic with major global impact.
Numerous publications have reported an increased incidence of
thromboembolic complications in adults with COVID-19, including
pulmonary embolism (PE), stroke, and deep vein thrombosis (DVT)."®
This may be explained by the underlying endotheliitis, and clot cascade
activation associated with COVID-19.° The presence of PEs in adults
with COVID-19 imparts a higher risk of mortality compared to patients
without COVID-19." During the initial wave of COVID-19, there was a
heavy burden of adult and pediatric patients with COVID-19 in the New

York City region; our hospital system in the Bronx saw many children
with COVID-19.”

Fortunately, children affected by COVID-19 are more likely to have a
milder illness and lower mortality than adults.® A small minority may
experience a delayed, severe multi-organ illness that requires hospital-
ization, Multi-System Inflammatory Syndrome in Children (MIS-C).%'°
We previously reported a 33% incidence of PE in a small series of chil-
dren with MIS-C, undergoing computed tomographic evaluation for
PE.'! However, the incidence of PE in children with acute COVID-19
infection has not been reported. In this study, we evaluated the rate of
PE in children with acute COVID-19 infection and compared to an adult
cohort with COVID-19 infection.
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2. Materials and methods

This is a retrospective observational cohort study of computed
tomographic pulmonary angiograms (CTPAs) performed on pediatric
patients, aged 0-21 years, and adult patients, aged >21 years, with
acute COVID-19 in a single hospital system. Studies performed in the
emergency department or inpatient units were included. The study
period for the pediatric patients was from March 1, 2020, to January 10,
2021, and the adult cohort was narrowed to include consecutive patients
from April 1, 2020, to April 15, 2020 during the height of the pandemic
and after recognition of the risk of PE in COVID-19 patients was estab-
lished. The Institutional Review Board approved this study and the
waiver of informed consent.

Our system consists of a main hospital and includes a children's
hospital and several satellite hospitals with emergency departments in
which predominantly adult patients and occasional pediatric patients
are treated. Pediatric CTPAs were performed either in the Children's
Hospital or in two other hospitals that see both pediatric and adult pa-
tients. Adult CTPAs were performed in the main hospital or in one of
four other satellite hospitals. CTPAs for the pediatric and adult patients
were performed on a 64-slice Lightspeed VCT (General Electric, Chi-
cago, IL) or 64-slice iQon Spectral CT (Philips, Cambridge, MA). Adult
CTPAs were also performed on a 16-slice Optima CT540 or Optima
CT660 scanner (General Electric, Chicago, IL). Intravenous Iopamidol
76% (Isovue-370, Bracco Diagnostics, Monroe Township, NJ) was used
in all cases and administered via hand-injection in infants. In children
contrast was administered via hand-injection or power-injection (range:
11-70 mL) at a rate of 2.5 mL/s with bolus-tracking in the pulmonary
artery. In adolescents and adults, a fixed volume dose (range: 80-100
mL) was administered at a rate 3.5-4 mL/s by power injector. Initiation
of scanning was either based on a fixed 24-s delay or by bolus tracking in
the main pulmonary artery.

Patients were identified using our reporting database (Montage An-
alytics, Powerscribe 360, Nuance Communications, Inc., Burlington,
MA) for all CTPAs performed on pediatric and adult patients with
COVID-19 in the selected time frames. Based on the electronic medical
record (EPIC, Verona, WI), only patients with a positive COVID RT-PCR
test within 30 days of the CTPA were included in the study group. Those
patients with COVID-19 who underwent an outpatient CTPA or those
with MIS-C were excluded. Additional exclusion criteria included hy-
percoagulable state (including treated DVT or PE) before acute COVID-
19 diagnosis or admission and patients who were admitted for other
indications and who were incidentally found to have COVID-19 during
their admission.

Two fellowship-trained pediatric radiologists (J.K. and M.C.L.) with
7 years' experience each reviewed the pediatric CTPAs. A fellowship-
trained chest radiologist (M.S.L.) with 2 years' experience and a chest
radiology fellow trainee (G.V.) reviewed the adult CTPAs. The CTPAs for
each cohort were evaluated for exam quality, and presence, laterality,
and most proximal extent of PEs. The reviewers used their standard
diagnostic workstations (Centricity PACS, Radiology RA1000 worksta-
tion, General Electric Healthcare, Chicago, IL) and monitors (Bracco
Diagnostics, Monroe Township, NJ) and were blinded to the initial
findings. Any disagreements were resolved by consensus between the
two readers in each cohort.

Medical comorbidities, body mass index, serum laboratory results
(alanine aminotransferase (ALT), aspartate aminotransferase (AST), al-
bumin, C-reactive protein (CRP), and fibrin degradation products (D-
dimer)), days in the hospital, days requiring intubation, and adminis-
tration of prophylactic or therapeutic doses of anticoagulants before the
performance of the CTPA were recorded. Reports of venous Doppler
ultrasound of the extremities performed during the same admission as
the CTPA were also reviewed.

The primary outcome was diagnosis of pulmonary emboli, and sec-
ondary outcomes were time to discharge, intubation, or death during the
same admission as the CTPA or within 30 days of the CTPA or discharge.
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Statistical analyses were performed using R package.'? Interobserver
agreement on presence of PE and adequacy of CTPA study was evaluated
by Cohen's kappa analysis or, if not possible, by absolute agreement.'
For binary demographic and clinical factors, Fisher's Exact Test was used
to assess their association with the incidence of PE among the adults. For
continuous demographic and clinical factors, the Exact Wilcoxon-Mann-
Whitney Test was used to assess their association with the incidence of
PE among the adults.*

3. Results

From March 1, 2020 to January 10, 2021 there were 355 pediatric
patients treated for COVID-19. During the limited study period for the
adult cohort (April 1-April 15, 2020) 1868 adult patients were treated in
our hospital system for COVID-19.

A total of 14 consecutive pediatric patients (16.6 + 4.8 years, me-
dian: 18.5 years, range: 3-20 years, 64% female) and 50 consecutive
adult patients (57.2 + 17.0 years, median: 57.0 years, range: 28-86
years, 42% female) with a diagnosis of acute COVID-19 who underwent
CTPA in the inpatient or emergency room setting were identified
(Table 1). Most pediatric patients with acute COVID-19 who underwent
CTPA were adolescents or young adults (93%). The rate of PE in the
pediatric group was 14% (2 out of 14 patients). The rate of PE in the
adult group was 18% (9 out of 50 patients). There was no significant
difference between the two groups (p = 1.0). One pediatric patient had 2
CTPAs performed on 2 separate inpatient admissions, which were 12
days apart; the initial CTPA was negative, but the second CTPA on the
second admission was positive. In the two pediatric patients with PE, the
most proximal extent was in the segmental pulmonary artery for both
patients; however, one patient had a unilateral embolus while the other
had bilateral emboli. Among the nine adults with PE, the most proximal
extent was branch pulmonary artery in 11%, segmental pulmonary ar-
tery in 67%, and subsegmental in 22%, and the distribution was uni-
lateral in 89% and bilateral in 11%.

3.1. Indications for CTPA

The indications for CTPA included worsening dyspnea, increased
oxygen requirement, chest pain, elevated D-dimer, or any combination
of these findings, as well as clinical suspicion for PE.

3.2. Interobserver agreement

The absolute agreement on presence of PE in the pediatric cohort was
87% (13/15 CTPAs). The interobserver agreement for detecting the
presence of PE in the adult cohort was kappa = 0.85 (95% CI:
0.65-1.00), indicating excellent agreement. Absolute agreement
regarding adequacy of the CTPAs was 80% (12/15) in the pediatric
cohort and 100% in the adult cohort.

3.3. US for DVT

In the pediatric cohort, five patients underwent ultrasound exami-
nation for DVT, and none had DVT. Approximately one third of the adult
patients underwent a dedicated ultrasound study for DVT (17/50), of
which 4 (1 had PE, 3 did not have PE) were positive for acute DVT.

3.4. Associated risk factors (Table 1)

Due to the small sample size in the pediatric cohort, there were no
statistically significant differences in any of the clinical parameters be-
tween the pediatric groups with and without PE or between the adult
and pediatric cohorts. In the adult cohort, higher ALT (p = 0.04) and
higher serum D-dimer levels (p = 0.004) were associated with PE, and
higher age (p = 0.07), higher AST (p = 0.09), and lower albumin (p =
0.08) approached statistical significance for being associated with a PE.
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Table 1
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Demographic, medical history, laboratory values, and outcomes of pediatric and adult patients with acute COVID-19. In cases where the total number of patients with a
value for a variable was less than that group's total, then the total number of patients with those values is listed. P-values between those with and those without PE are
provided, as applicable, for comparison between the adult groups with and without PE. There were too few pediatric patients to determine statistical significance

between those with and those without PE

Cohort Pediatric Adult
PE PE Total PE positive PE p- Total
positive negative negative value
Number 2 12 14 9 41 - 50
Age, years (mean + SD) 19.5+ 0.7 16.1 + 5.0 16.6 + 4.8 66.7 + 55.1 + 0.07 57.2 £
11.8 17.4 17.0
Female—number (%) 1 (50%) 8 (67%) 9 (64%) 2 (22%) 19 (46%) 0.27 21 (42%)
Obesity—number (%) 2 (100%) 4 (33%) 6 (43%) 2 (22%) 20 (51%) 0.15 22 (46%)
(n=39) (n =48)
Number hospitalized — number (%) 2 (100%) 6 (50%) 8 (57%) 9 (100%) 36 (88%) 0.57 45 (90%)
Received therapeutic or prophylactic dosage of anticoagulants before 1 (50%) 3 (25%) 4 (29%) 8 (89%) 26 (63%) 0.24 34 (68%)
CTPA-number (%)
Past medical history
Hypertension— number (%) 1 (50%) 0 1 (7%) 7 (78%) 21 (51%) 0.27 28 (56%)
Diabetes Mellitus— number (%) 1 (50%) 0 1 (7%) 5 (56%) 15 (37%) 0.45 20 (40%)
Sickle cell disease— number (%) 0 1 (8%) 1 (7%) 0 0 - 0
Chronic kidney disease— number (%) 0 0 0 0 3 (7%) 1 3 (6%)
Cancer— number (%) 0 1 (8%) 1 (7%) 1 (11%) 6 (15%) 1 7 (14%)
Asthma— number (%) 1 (50%) 4 (33%) 5 (36%) 0 2 (5%) 1 2 (4%)
Lung disease or sleep apnea— number (%) 0 0 0 2 (22%) 6 (15%) 0.62 8 (16%)
Laboratory values (mean + SD)
AST (U/L) 29+8 40 + 31 38 + 29 114 + 70 97 + 145 0.09 100 + 134
(n=11) (n=13) (n =39) (n=48)
ALT (U/L) 58 + 16 54 + 62 55 + 58 114 + 90 76 + 140 0.04 83 £ 132
(n = 40) (n = 49)
Albumin (g/dL) 31+15 44+08 4.2+ 1.0 3.2+0.3 3.5+ 0.6 0.08 3.5+ 0.6
(n = 40) (n = 49)
D-dimer (pg/mL) 0.9 +0.2 1.0+1.1 1.0+ 1.0 9.4 +5.1 4.4+5.3 0.004 52+5.6
(n=11) (n=13) n=28) (n=237) (n = 45)
C-reactive protein (mg/dL) 49 +£5.9 6.3 £9.9 6.0 £9.0 13.9+9.2 16.5 + 0.81 16.0 £
(n=09) (n=11) 14.1 13.2
(n = 36) (n = 45)
Outcomes
Length of hospital stay, days (mean + SD) 5.5+ 0.7 14.8 £ 12.5 + 151 +7.6 16.4 + 0.12 16.1 £
19.9 17.4 19.9 18.1
(n=6) n=28) (n = 36) (n = 45)
Intubated while hospitalized—number (%) 0 2/6 (33%) 2/8 (25%) 2 (22%) 5/36 0.61 7/45
(14%) (16%)
Deceased—number (%) 0 0 0 2/8 (25%) 5/31 0.62 7/39
(16%) (18%)

Both pediatric patients with PE were >18 years of age, were obese,
and had at least one medical comorbidity (asthma, diabetes mellitus, or
hypertension). A high percentage of the pediatric patients and adult
patients were obese (43% vs 44%). Approximately one third of the pe-
diatric patients had a history of asthma (36%), and only a few had
histories of hypertension (5%) or diabetes mellitus (5%). Few adults had
asthma (4%); more than half of the adults had hypertension (56%), and
40% had diabetes mellitus.

There was no statistically significant difference in the rate of obesity
or histories of chronic kidney disease, cancer, asthma, heart failure,
emphysema, or interstitial lung disease between adult patients with PE
and those with no PE (p > 0.1). Serum C-reactive protein (p = 0.81) was
not statistically significant between the adult patients with and without
PE.

3.5. Anticoagulant therapy

One of the pediatric patients who had PE had been given prophy-
lactic and therapeutic anticoagulants before the CTPA. In the PE nega-
tive group, 3/12 (25%) pediatric patients received prophylactic or
therapeutic anticoagulation before CTPA.

Almost all (89%) adult patients with PE had received prophylactic or
therapeutic doses of anticoagulation before CTPA, as compared to 63%
(26/41) in the PE negative group. Being given therapeutic anticoagu-
lants before CTPA approached statistical significance between the adult
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groups (44% in PE+ group and 15% in PE (—) group, p = 0.07) but not
receiving either therapeutic or prophylactic anticoagulants (89% in PE+
group and 63% in PE (—) group, p = 0.24).

3.6. Outcomes

Of the 14 pediatric patients, 8 were hospitalized and 6 were dis-
charged from the emergency department. Both patients with PE and
50% of those without PE were hospitalized, but only 2 (25%) required
intubation. Notably, neither had PE. Length of hospital stay (average +
SD) was 5.5 + 0.7 days in those with PE and 14.8 + 19.9 days in those
without PE. There were no recorded deaths in the pediatric group of
patients for 30 days following discharge from the hospital.

Of the 50 adult patients, 45 were hospitalized, and 5 were discharged
from the emergency department. All patients with PE and 88% of those
without PE were hospitalized, and 2 (22%) of those with PE and 5 (14%)
of those without PE required intubation. Length of hospital stay (average
+ SD) was 15.1 + 7.6 days in those with PE and 16.4 + 19.9 days in
those without PE. There were 7 recorded deaths among the 39 adult
patients either during admission or in the 30 day follow up period
(18%): 2/8 in the PE positive cohort (25%) and 5/31 in the PE negative
cohort (16%).



A.D. Hodes et al.

4. Discussion

Our study adds to the growing body of literature specifically evalu-
ating the rate of PE detected by CTPA in a pediatric cohort with acute
COVID-19 who were clinically suspected to have PE. The rate of PE in
the pediatric cohort was not significantly different than in adults (14%
vs 18%, p = 1.0). This rate does not differ much from the PE detected by
CTPA in pediatric patients before the COVID-19 era (14-15.5%)."° A
retrospective multi-institutional observational study reported a 1.2%
(8/693) prevalence of PE in hospitalized COVID-19 pediatric patients
<18 years of age in a similar timeframe as in our study.'® However, in
the study by Chima et al., PE was only identified by the assigned ICD-10
code, not based on review of images or the radiology report, and the
modality with which the diagnosis of PE was made is not clear. In our
cohort, no patient below 18 years with diagnosis of COVID-19 developed
PE, which suggests that PEs may be unlikely to occur in infants and
children with acute COVID-19. This differs from patients <18 years of
age with MIS-C, some of whom developed PE.'%!

The rate of PE in our COVID-19 adult cohort was similar to the rate of
16.5% presented in a meta-analysis of multiple international studies but
far from the 37.1% positive rate reported in one New York City hospital
system.>>

Laboratory values for distinguishing those with PE and those without
PE were only applicable in the adult cohort. D-dimer values were
different between adults with PE and those without PE, as has been
reported,'”"'® but unlike our adult groups, D-dimer values overlapped in
the pediatric groups with and without PE. CRP values were also not
helpful in discriminating adult and pediatric patients at risk for PE,
which differs from that previously reported.® This may reflect our small-
sized cohort. Higher ALT levels were associated with PE in the adult
cohort only, which has not been previously reported. This is a new
finding that should be further evaluated in larger cohorts.

Except for obesity, co-morbidities varied between the adult and pe-
diatric cohorts. Overall, 43% of our pediatric patients were obese, which
is representative of our patient population. Both pediatric patients with
PE in our cohort were young adults (19 and 20 years), obese, and had at
least one comorbidity (hypertension, diabetes mellitus, or asthma). The
most common comorbidity among our pediatric patients was asthma,
while in adults, the most common comorbidities in those with PE were
hypertension and diabetes mellitus, as has been reported.’

Outcomes in the pediatric group were better than in the adult group.
Despite just more than half of the pediatric patients being hospitalized,
only 2 required intubation (those without PE), and there was no mor-
tality. In contrast, there was a considerable mortality rate in adult pa-
tients with and without PE (25% and 16%, respectively).

Our study has limitations. First, the rate of PE in both the pediatric
and adult cohorts may have been underestimated as imaging was diffi-
cult to perform during the period of heavy burden of COVID-19 in our
region when our hospital system was overflowing with critically ill adult
patients. Furthermore, as more knowledge was gained about the disease,
protocols for imaging COVID-19 patients fluctuated.

Additionally, as 25% of the pediatric patients and 63% of the adult
patients in the PE negative groups were given anticoagulants before
CTPA to prevent or treat subclinical PEs, PE rates may have been
underestimated in both cohorts.

Lastly, though a “pediatric patient” typically is less than 18 years of
age, we included patients typically treated by pediatricians, which in-
cludes late adolescents and young adults up to age 21. The number of
patients <18 years old in our pediatric cohort is small. This limits
generalizability of statements regarding the PE rate in children and
adolescent patients with acute COVID-19.

5. Conclusion

While the rate of PE was similar between the adult and pediatric
groups of COVID-19 patients in our institution, PE occurred in older
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pediatric patients with obesity and comorbidities similar to those in
adults. Children younger than 18 years with acute COVID-19 with res-
piratory symptoms and high levels of D-dimer did not have a PE. In
adults with COVID-19, higher ALT levels and high D-dimer levels
correlated with the development of PE detected on CTPA. Larger studies
may be warranted for further evaluation of the risk of PE in pediatric
patients with acute COVID-19.
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