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Abstract

To retrospectively evaluate the trends in utilization and results of computed tomography pulmonary angiography (CTPA ST@
for detection of acute pulmonary embolism (PE) in the hospital inpatients during different phases of COVID-19 public health
emergency. We conducted an Institutional Review Board (IRB)-approved retrospective review of CTPA studies for our hospital
inpatients in the years from 2019 to 20283, ranging from the prepandemic year (2019) to the year coinciding with the end of
public health declarations (2023). Collected characteristics included patient age, patient sex, and result of the study. The
utilization of CTPA studies for inpatients was higher in 2020 to 2023, compared to 2019 (3.8% in 2023 compared to 2.4%
in 2019, P < .001). The increase in utilization was also statistically significant in each group, when stratified by age and sex
(OR = 1.46 for female, OR = 1.71 for male, OR = 1.93 for elderly, and OR = 1.29 for non-elderly inpatients in 2023, compared
to 2019). The positivity rate of acute PE in the inpatients was overall higher in 2021, 2022, and 2023, compared to 2019 (for
example, 18.5% in 2023 compared to 14.3% in 2019, P = .01). When stratified by age and sex, only the non-elderly patients
continued to have a significantly higher rate of acute PE in 2023, compared to 2019 (OR = 1.39). While studies spanning longer
time frames and involving multiple institutions are needed to understand and generalize this conclusion, we conclude that the
utilization and positivity rates of CTPA studies in inpatients remains high at the end of the COVID-19 pandemic public health
emergency.

Abbreviations: COVID-19 = coronavirus disease 2019, CTPA = computed tomography pulmonary angiography, IRB =

institutional review board, PE = pulmonary embolism.
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1. Introduction

Incidents of thromboembolism, including pulmonary embolism
(PE), emerged as some of the initial and most serious compli-
cations linked to coronavirus infectious disease 2019 (COVID-
19).11 Considering that Computed Tomography Pulmonary
Angiography (CTPA) is the preferred diagnostic tool for detec-
tion of PE, it is understandable that its utilization saw a signif-
icant increase throughout the pandemic.”!

Following remarkable strides in converting COVID-19 into
a manageable condition, the World Health Organization con-
cluded the public health emergency related to COVID-19 on
May 5, 2023.™ Similarly, the United States Department of
Health and Human Services announced the conclusion of the
COVID-19 public health emergency on May 11, 2023, stating
that the country was in a better position than at any prior point
during the pandemic.”! However, the end of the public health
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emergency does not necessarily mean that all aspects of the
healthcare system impacted by the pandemic have returned to
their prepandemic state.

Moreover, some studies have urged caution in adopting
the conclusion of these public health emergencies, citing
concerns such as the relatively low additional vaccine effec-
tiveness and the increased transmissibility of new viral vari-
ants.!®”l A particular area of uncertainty involves the field
of radiology in concerning the utilization and positivity pat-
terns for CTPA studies. Studies that have examined the sta-
tus of CTPA studies, particularly in terms of utilization and
positivity rates after the end of the public health emergency
are lacking. Understanding the utilization and outcomes of
CTPA studies is essential not only for radiology but also
for the ordering departments, as they navigate the postpan-
demic era.
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The objective of this study is to perform a 5-year comprehen-
sive assessment of the utilization and positivity rates of CTPA
studies in inpatients spanning different phases of the COVID-19
pandemic.

2. Methods

Patients requiring a stay in the hospital for 1 or more days were
designated as inpatients, including patients admitted directly to
the hospital, patients admitted through the emergency depart-
ment, and patients admitted through surgical services. A retro-
spective review, approved by our Institutional Review Board
(IRB), was conducted on adult inpatients (age > 18 years) who
presented to the department of Radiology for CTPA studies.
This review spanned 5 distinct years, 2019 to 2023. The year
2020 coincided with the World Health Organization (WHO)
declaration of COVID-19 as a pandemic,* while the year 2023
coincided with the conclusion of COVID-19 public health emer-
gency declarations by the World Health Organization and the
United States Department of Health and Human Services.!*?!
The year 2019, therefore, serves as a prepandemic year for our
purposes. Patient’s age, sex, and result of the CTPA study were
recorded.

To compute CTPA study utilization which is defined as the
ratio of CTPA studies ordered to all adult inpatient admis-
sions in a given period, total number of adult inpatient admis-
sions in each of the § years was recorded. CTPA studies for
patients with complex cardiac history (such as repaired com-
plex congenital heart disease and aortic root replacement),
studies definitively identifying chronic pulmonary emboli with
no acute component, and nondiagnostic studies (such as due
to inadequate contrast bolus administration) were excluded.
After these exclusions, presented in Appendix 1, Supplemental
Digital Content, http://links.lww.com/MD/N846, 1326 studies
in 2019, 1380 studies in 2020, 1874 studies in 2021, 1734
studies in 2022, and 1742 studies in 2023 were included in
the analysis.

The results of the included CTPA studies were categorized
into positive or negative (for acute PE) based on the findings in
the study reports. The characteristics that were documented for
analysis encompassed patient age, patient sex, and result of the
study. For stratified analysis, adult patients were divided into
2 groups by age (non-elderly: age > 18 years and <65 years;
elderly: age > 65 years). A patient was determined to have pul-
monary infection if such information was documented in the
chart and suspected to have pulmonary infection if such suspi-
cion was present in the radiology report impression. This cohort
included those with COVID-19 infection.

Continuous variables were reported as mean with range while
categorical variables were reported as frequencies. A P-value of
>.05 was considered to be statistically significant. Statistical sig-
nificance was determined using Student ¢ test, Pearson y? test,
and odds ratios as applicable. 95% confidence intervals were
obtained with odds ratios. Scipy (version 1.10.1, Enthought,
Inc., Austin, Texas, USA) was used for analysis.
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3. Results

The review identified 1326 CTPA studies in 2019 (mean age
61 years; 50.3% female), 1380 studies in 2020 (mean age 62
years; 45.9% female), 1874 studies in 2021 (mean age 61
years; 44.3% female), 1734 studies in 2022 (mean age 62 years;
46.6% female), and 1742 CTPA studies in 2023 (mean age 63
years; 46.1% female).

3.1. Overall study utilization

A total of 55,286 adult inpatient admissions occurred in 2019,
47,112 occurred in 2020, 49,660 occurred in 2021, 46,991
occurred in 2022, and 45,840 occurred in 2023. Utilization of
CTPA study was 2.4% in 2019, 2.9% in 2020, 3.8% in 2021,
3.7% in 2022, and 3.8% in 2023. Compared to 2019, CTPA
study utilization was significantly higher in all the subsequent
years (Table 1).

3.2. Study utilization by sex

Sex was non-binary or not reported for 3 patients in 2019,
7 patients in 2020, 9 patients in 2021, 4 patients in 2022,
and 7 patients in 2023. Significant increase in CTPA study
utilization was noted in both female and male patients
during 2020 to 2023, compared to 2019. The odds of
a female inpatient admitted in 2023 in receiving a CTPA
study were 1.46 times those in 2019, while the odds of a
male inpatient admitted in 2023 in receiving a CTPA study
were 1.71 times those in 2019 (Fig. 1A). Moreover, the
utilization in male patients was significantly higher in the
years 2020 to 2023, when compared with female patients
(Table 2).

3.3. Study utilization by age

Significant increase in CTPA study utilization was noted in
both elderly and non-elderly inpatients during 2020 to 2023,
compared to 2019. The odds of an elderly inpatient admitted in
2023 in receiving a CTPA study were 1.93 times those in 2019,
while the odds of a non-elderly inpatient admitted in 2023 in
receiving a CTPA study were 1.29 times those in 2019 (Fig. 1B).
While utilization in the non-elderly patients was greater until
2021, more studies were utilized in the elderly in the year 2023
(Table 3).

3.4. Overall study results

14.3% CTPA studies were positive for acute PE in 2019.
The positivity rate increased to 16.9% in 2020, 19.6% in
2021, 19.3% in 2022, and remained high at 18.5% in
2023, although slightly trending down. Compared to 2019,
increases in 2021, 2022, and 2023 were statistically signifi-
cant (Table 4).

CTPA study utilization: overall.

Year CTPA (n) Admissions (n) CTPA % (%) P-value 0dds ratio 95% CI

2020 1380 47,112 <.001* [1.13,1.32]
2021 1874 49,660 <.001* . [1.46,1.69]
2022 1734 46,991 <.001* 1.54 [1.43,1.66]
2023 1742 45,840 <.001* 1.58 [1.43,1.70]

Compared to CTPA utilization in 2019 which was 2.4%, higher overall utilization was noted in all the subsequent years.

Cl = confidence interval, CTPA = computed tomography pulmonary angiography.
* Statistical significance.
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A. CTPA Utilization Stratified by Sex.
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Figure 1. Stratified CTPA Utilization. (A) CTPA Utilization Stratified by Sex: Compared to 2019, significant increase in CTPA utilization was noted within both
female and male patients in all the subsequent years. (B) CTPA utilization stratified by age group: compared to 2019, significant increase in CTPA utilization
was noted within both elderly and non-elderly inpatients in all the subsequent years. Yellow line represents an odds ratio of 1. CTPA = computed tomography

pulmonary angiography.

CTPA study utilization: differences by sex.

Year Male CTPA % (%) Female CTPA % (%) P-value 0dds ratio 95% CI

2019 2.4 2.4 73 0.98 [0.88,1.09]
2020 3.1 2.7 .03* 113 [1.01,1.26]
2021 4.1 3.4 <.001* 1.21 [1.11,1.33]
2022 39 35 02* 1.12 [1.02,1.24]
2023 4 35 .005* 115 [1.04,1.26]

Compared to CTPA utilization in the female patients, male patients had an increased utilization from 2020 to 2023.

Cl = confidence interval, CTPA = computed tomography pulmonary angiography.
* Statistical significance.

3.5. Positivity rate by sex

Female inpatients had a significantly higher positivity rate for
acute PE in 2021, compared to 2019. Male inpatients had a sig-
nificantly higher positivity rate for acute PE in 2021 and 2022,
compared to 2019. Positivity rates for either sex in 2023 were

not significantly different from 2019 (Fig. 2A). When PE posi-
tivity rates were compared between male and female patients,
there was a significant increase in male PE positivity rates in
2020 and 2022. No such significant difference was noted in

2023 (Table 5).
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Table 3
CTPA study utilization: differences by age group.
Year Elderly CTPA % (%) Non-elderly CTPA % (%) P-value 0dds ratio 95% Cl
2019 2.1 2.8 <.001* 1.34 [1.2,1.5]
2020 2.6 3.3 <.001* 1.23 [1.11,1.37]
2021 3.4 4.2 <.001* 1.21 [1.1,1.33]
2022 3.6 3.8 3 1.05 [0.96, 1.16]
2023 4 3.6 .03* 09 [0.81,0.99]
Compared to CTPA utilization in the elderly patients, non-elderly patients had an increased utilization until 2021. In 2023, CTPA was utilized more in the elderly patients.
Cl = confidence interval, CTPA = computed tomography pulmonary angiography.
* Statistical significance.
Table 4
CTPA study: overall positivity rate.
Year Positive (n) Total CTPA (n) Positive % (%) P-value 0dds ratio 95% Cl
2020 233 1380 13 118 [0.95, 1.46]
2021 367 1874 .001* 1.37 [1.13,1.66]
2022 334 1734 .003* 1.34 [1.11,1.64]
2023 323 1742 .01* 1.29 [1.06, 1.58]

Compared to 2019, significantly more CTPA studies were positive for acute PE in 2021, 2022, and 2023.

Cl = confidence interval, CTPA = computed tomography pulmonary angiography, PE = pulmonary embolism.

* Statistical significance.

3.6. Positivity rate by age

No significant difference was noted in positivity rate for acute
PE in elderly inpatients in 2020 to 2023, compared to 2019.
In the non-elderly inpatients, positivity rates were significantly
higher in 2021, 2022, and 2023, compared to 2019 (Fig. 2B).
However, the relative positivity rates between the 2 age groups
were not significantly different during any year (Table 6). The
positive rates in these age groups with presence or suspicion of
pulmonary infection was also not statistically significant in the
year 2020 (15.3% in the elderly vs 17.5% in the non-elderly
patients; P = .19).

4. Discussion

PE is recognized as a severe complication associated with
COVID-19 infection, leading to higher rates of morbidity and
mortality.®”) Given that CTPA is the preferred method for
diagnosing PE in patients, its utilization experienced a notable
increase throughout the COVID-19 pandemic. In their research
involving 74,063 European adults prior to the pandemic and
45,397 patients during the pandemic, Kucukceran and Ayranci
documented a significant increase in utilization of CTPA up to
8.2%.51 Similarly, Schulz et al reported increased CTPA usage of
up to 61.8% during the pandemic based on an analysis of 1090
cases in the United States.!!!

We also observed a significant increase in CTPA utilization
in all the 4 years (2020 to 2023), compared to the prepandemic
year 2019. In our study, not only was the overall CTPA study
utilization higher, but utilization was also higher in each of the
examined individual groups (female, male, elderly, and non-
elderly), ascertaining that increase in CTPA study utilization was
not sex- or age- specific but more likely directed by the clinical
need. We believe this increase in utilization across the different
stages of the pandemic appears to be driven by several factors.
Initially, clinical decision-making tools like the Wells score and
the Pulmonary Embolism Rule-out Criteria (PERC), which are
used to evaluate the risk of PE before proceeding to diagnostic
imaging, had not been adapted for COVID-19 patients, casting
doubt on their effectiveness in this new context.['%!!l Moreover,
there is a possibility that the application and positive findings of
D-dimer tests, which help in the diagnosis of clotting disorders,

might have escalated, although a detailed examination of
D-dimer usage and clinical decision-making tools is beyond this
study’s scope. Elevated D-dimer levels, which can arise from
infections and not just thromboembolic events, exhibit low
specificity for acute PE in COVID-19 patients, often leading
to its use as an indicator of the severity of COVID-19 rather
than solely for detecting thromboembolic diseases.>'*l This
complexity most likely placed additional pressure on healthcare
providers to use CTPA studies for COVID-19 patients amid the
pandemic’s evolution.

While the utilization of CTPA studies during the various
phases of the pandemic were reported to be unequivocally high,
there is substantial disagreement in literature on the positivity
rate for acute PE. In a small retrospective single-center study of
62 patients, Kaminetzky et al found increased incidence of PE
during the pandemic.!”! In a study involving 1090 cases, Schulz
et al reported no significant increase in incidence of PE.I' In
our study, we note an overall increased rate of PE in 2020 to
2023, compared to 2019. Analysis of 3358 patients by Freund
et al' and analysis of 1090 cases by Schulz et al'Vl noticed no
significant association of COVID-19 infection with an increased
risk of PE. Interestingly, Low et al found that patients with pul-
monary infection (including COVID-19) are more likely to have
a negative CTPA study, which they postulated was likely due
to the publication of several studies that demonstrated associa-
tion between COVID-19 infection and thrombosis.!'”? While we
did not specifically stratify our patients by pulmonary infection
in the entire timeline, we did not find a significant difference
between CTPA positivity rates in the year 2020 in the elderly
and the non-elderly patients with known or suspected pulmo-
nary infection.

Research has consistently shown a higher occurrence of PE
in men than in women and our findings confirm this obser-
vation.['$?] The salient mechanism proposed to explain this
behavior was the difference in adaptive immune systems in the
sexes, with females producing more antiviral cytokine type 1
interferon than male patients.'8! The correlation between age
and PE has been found to be only slight at the most,?**'T and our
results also confirm this finding.

It is interesting to note that in a study conducted by a group
from our institution (of which several members are also part
of the current study), there was no significant difference in
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A. PE Positivity Rate Stratified by Sex.
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B. PE Positivity Rate Stratified by Age group.
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Figure 2. Stratified PE positivity rates. (A) Stratified PE positivity rate by sex: female inpatients had a significant increase in positivity rate for acute PE in 2021,
while male inpatients noticed significant increase in 2021 and 2022, when compared to 2019. In 2023, no significant increase in positivity rate for acute PE noted
in either male or female patients, compared to 2019. (B) Stratified PE positivity rate by age group. Elderly inpatients had no significant increase in positivity rate
for acute PE in any subsequent year, compared to 2019. Non-elderly inpatients had a significant increase in acute PE positivity rate in 2021 to 2023, compared
to 2019. Yellow line represents an odds ratio of 1. CTPA = computed tomography pulmonary angiography, PE = pulmonary embolism.

CTPA study positivity rate: differences by sex.

Year Male CTPA % (%) Female CTPA % (%) P-value 0dds ratio 95% Cl

2019 15.5 13 .29 1.19 [0.87,1.64]
2020 19.2 139 03" 1.38 [1.03,1.87]
2021 20.5 18.6 43 1.1 [0.87,1.4]
2022 21.8 16.3 02" 1.33 [1.04,1.71]
2023 20.3 16.6 11 1.22 [0.96, 1.57]

Male patients had significantly higher PE positivity rates in 2020 and 2022. No significant difference in PE positivity rates between male and female patients in 2023.
Cl = confidence interval, CTPA = computed tomography pulmonary angiography, PE = pulmonary embolism.
* Statistical significance.

healthier patients are usually managed on an outpatient basis

utilization or positivity rates in CTPA examinations in the
rather than as inpatients.?’!

emergency department patients.??! This is fundamentally differ-
ent from the findings in the current study which saw increased
utilization and positivity rates of CTPA examinations at the

end of the pandemic in the inpatients. While an elaborate com- 5. Limitations

parison of possible contributory factors is beyond the scope of
the current study, we agree with Lutsey et al in that outpatient
cases generally represent patients with fewer comorbidities and

This study has some limitations. It is a retrospective review
of data from a single institution. Institutional policies affect-
ing patient care during the COVID-19 pandemic were not
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Table 6

CTPA study positivity rate: differences by age group.

Year Elderly CTPA % (%) Non-elderly CTPA % (%) P-value 0dds ratio 95% Cl
2019 16 12.8 16 0.8 [0.58,1.1]
2020 16.9 16.9 1 1 [0.75,1.34]
2021 19.9 19.3 .82 0.97 [0.77,1.22]
2022 20.8 17.7 2 0.85 [0.67,1.1]
2023 19.3 17.7 5 0.92 [0.72,1.17]

No significant difference was noted between PE positivity rates of elderly and non-elderly patients in any year.
Cl = confidence interval, CTPA = computed tomography pulmonary angiography, PE = pulmonary embolism.

* Statistical significance.

fully analyzed. Patient factors such as active infections includ-
ing COVID-19, comorbidities, etc, were not fully examined.
Utilization of PE risk scoring tools and D-dimer testing prior
to CTPA being ordered were not examined. Extradepartmental
factors such as availability and safety of patient transportation
and availability of support during the pandemic were not eval-
uated. Future studies are needed to establish postpandemic nor-
malization after 2023.

During the preparation of this work, the authors used
ChatGPT v4 in order to improve the readability. After using
this tool/service, the authors reviewed and edited the content
as needed and takes full responsibility for the content of the
publication.

6. Interpretation

We found that the utilization and positivity rates of
CTPA studies in inpatients remains high at the end of the
COVID-19 pandemic public health emergency. Future stud-
ies are needed to examine these rates and the long-term
consequences.
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