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CLINICAL INVESTIGATIONS

Intrapulmonary and Intracardiac Shunts in 
Adult COVID-19 Versus Non-COVID Acute 
Respiratory Distress Syndrome ICU Patients 
Using Echocardiography and Contrast Bubble 
Studies (COVID-Shunt Study): A Prospective, 
Observational Cohort Study
OBJECTIVES: Studies have suggested intrapulmonary shunts may contribute to 
hypoxemia in COVID-19 acute respiratory distress syndrome (ARDS) with worse 
associated outcomes. We evaluated the presence of right-to-left (R-L) shunts in 
COVID-19 and non-COVID ARDS patients using a comprehensive hypoxemia 
workup for shunt etiology and associations with mortality.

DESIGN: Prospective, observational cohort study.

SETTING: Four tertiary hospitals in Edmonton, Alberta, Canada.

PATIENTS: Adult critically ill, mechanically ventilated, ICU patients admitted with 
COVID-19 or non-COVID (November 16, 2020, to September 1, 2021).

INTERVENTIONS: Agitated-saline bubble studies with transthoracic echocardi-
ography/transcranial Doppler ± transesophageal echocardiography assessed for 
R-L shunts presence.

MEASUREMENTS AND MAIN RESULTS: Primary outcomes were shunt 
frequency and association with hospital mortality. Logistic regression analysis 
was used for adjustment. The study enrolled 226 patients (182 COVID-19 vs 
42 non-COVID). Median age was 58 years (interquartile range [IQR], 47–67 
yr) and Acute Physiology and Chronic Health Evaluation II scores of 30 (IQR, 
21–36). In COVID-19 patients, the frequency of R-L shunt was 31 of 182 COVID 
patients (17.0%) versus 10 of 44 non-COVID patients (22.7%), with no differ-
ence detected in shunt rates (risk difference [RD], –5.7%; 95% CI, –18.4 to 7.0; 
p = 0.38). In the COVID-19 group, hospital mortality was higher for those with 
R-L shunt compared with those without (54.8% vs 35.8%; RD, 19.0%; 95% CI, 
0.1–37.9; p = 0.05). This did not persist at 90-day mortality nor after adjustment 
with regression.

CONCLUSIONS: There was no evidence of increased R-L shunt rates in COVID-
19 compared with non-COVID controls. R-L shunt was associated with increased 
in-hospital mortality for COVID-19 patients, but this did not persist at 90-day mor-
tality or after adjusting using logistic regression.

KEY WORDS: bubble study; COVID-19; echocardiography; hypoxemia; shunt; 
transcranial Doppler

Severe acute respiratory syndrome coronavirus 2, or COVID-19, has 
infected at least 500 million people and killed over 6 million. The primary 
cause of death is usually intractable hypoxemia from acute respiratory 
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distress syndrome (ARDS) (1). However, some litera-
ture raised the possibility of other causes of hypoxemia: 
specifically, right-to-left (R-L) shunts (2). Autopsies 
from COVID-19 pneumonia patients also demon-
strated pulmonary capillary deformations (3), and 
dual-energy CT images suggested pulmonary vessel 
dilatation (4).

A recent study reported a R-L shunt in 83% of adult 
ICU patients with severe COVID-19 (5). The authors 
concluded this was secondary to increased pulmonary 
vascular dilation. However, sample size was small (n = 
18), and they relied upon agitated-saline microbubbles 
via transcranial Doppler (TCD) of the bilateral middle 
cerebral arteries (6). However, they could not rule out 
intracardiac disease, as neither transthoracic echo-
cardiography (TTE) nor transesophageal echocardi-
ography (TEE) was performed (6). This frequency of 
shunt was significantly higher than historical ARDS 
controls (5, 7), it raised the possibility that COVID-19 
ARDS might be associated with increased R-L shunt.

In contrast, another study reported lower rates of 
shunt in COVID-19 ARDS patients: 10% with patent 
foramen ovale (PFO)  and 20% with detectable trans-
pulmonary bubble transit (8), more in-line with histor-
ical controls (7, 9). However, numbers were relatively 
low (n = 60) and the study used contrast-enhanced 
TTE (but not TEE). While an improvement on TCD, 

TTE lacks sufficient sensitivity to fully assess the intra-
atrial septum (8, 10, 11).

A recent systematic review suggested an associa-
tion between R-L shunts and increased mortality (12). 
Therefore, the purpose of our study was to compare 
COVID-19 ARDS and non-COVID-19 ARDS ICU 
patients for R-L shunt presence, shunt etiology (intra-
pulmonary/intracardiac), and associations with mor-
tality. We used a comprehensive hypoxemia protocol 
that included contrast-enhanced TTE/TCD and TEE.

METHODS

This study was reviewed and fully approved by the 
local institutional review board (University of Alberta 
Research Ethics Board: PRO00104364, approved 
October 20, 2020), with procedures followed in ac-
cordance with the ethical standards of the responsible 
committee on human experimentation (institutional 
or regional) and with the Helsinki Declaration of 1975. 
Waived consent for data was obtained given that TTE, 
TCD, and TEE are all within standard of care for se-
vere hypoxemia at our institution (and de-identified 
registry data was available for all patients). Clinical 
assent/consent for TEE was obtained from either the 
patient’s substitute decision-maker and/or attending 
physician.

 
KEY POINTS

Question: Does right-to-left (R-L) shunt frequency 
increase with COVID-19 acute respiratory distress 
syndrome (ARDS) compared with non-COVID 
patients, and is there association with shunt fre-
quency and mortality?

Findings: There was no difference in shunt fre-
quency between COVID-19 and non-COVID ARDS 
patients. In COVID-19 patients, there was increased 
hospital mortality for those with shunt versus those 
without, but this difference did not persist at 90-day 
mortality nor after logistic regression adjustment.

Meaning: COVID-19 does not increase shunt 
frequency as compared with non-COVID or his-
torical controls. R-L shunt presence may be as-
sociated with increased hospital mortality for 
COVID-19 patients but not at 90 days or after re-
gression adjustment.
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Setting and Study Design

Four Canadian ICUs in Edmonton, Alberta, Canada, 
participated in this prospective, observational cohort 
study. All are tertiary care referral centers, caring for 
complex medical, trauma, surgical, oncologic, and 
transplant patients. All sites are equipped with port-
able ultrasound machines (Fujifilm Sonosite, Bothell, 
WA) with probes for TTE, TEE, and TCD. Following a 
point-of-care ultrasound (POCUS) study by the physi-
cian, images are saved and automatically uploaded to 
the Qpath (Telexy, Maple Ridge, BC, Canada) archiving 
system, along with a report charted from the scanning 
physician.

We recruited eligible all consecutive ARDS COVID 
and non-COVID patients between November 16, 2020, 
and September 1, 2021, who all received a protocolized 
hypoxemia shunt workup. Patients were included if 
they were diagnosed with ARDS who were receiving 
invasive mechanical ventilation plus COVID-19 pneu-
monia (comparator group) versus ARDS without 
COVID (control group). Patients were excluded if less 
than 18 years old.

Working Definitions

We defined COVID-19 infection as having a poly-
merase chain reaction nucleic acid test confirmed by 
healthcare-approved assay (reference).

We used the 2012 Berlin ARDS definition (13). We 
defined and diagnosed R-L intrapulmonary shunts 
and intracardiac shunts as per the American Society 
of Echocardiography, where intracardiac shunt was 
defined as a positive bubble study usually within 1–2 
cardiac cycles, and evidence of PFO/atrial septal defect 
(ASD) via TTE or TEE with color Doppler (11, 14). An 
intrapulmonary shunt was defined as evidence of pos-
itive bubble study usually within 4–8 cardiac cycles, 
with no evidence of PFO/ASD on a TTE or TEE with 
color Doppler (11, 14).

A positive TCD study was defined by detection of 
any microbubbles during insonation of the middle 
cerebral artery with pulse-wave Doppler and injec-
tion of agitated-saline contrast with and without 
simulated Valsalva (simulating increased intra-
abdominal pressure by pressing on the abdomen 
and then releasing). We did not categorize severity, 
only the binary presence/absence of a R-L shunt by 
TCD (15).

Hypoxemia Shunt Workup

We performed an intracardiac and intrapulmonary 
shunt workup for hypoxemia in COVID-19 and non-
COVID ARDS patients. These studies were performed 
within 72 hours of initiation of mechanical ventilation 
and ICU admission and were typically performed in 
under 24 hours. All components of the workup (TTE/
TCD/TEE) were performed within the same day. All 
operators and sonographers wore full personal pro-
tective equipment. The shunt bubble study protocol 
is further outlined in Supplemental Figure 1 (http://
links.lww.com/CCM/H312), including full explana-
tions of TTE/TCD/TEE protocols.

All patient investigations adhered to American 
Society of Echocardiography (11, 14) or American 
Society of Neuroimaging standards (15, 16). All stud-
ies were supervised by board-certified echocardiogra-
phers or TCD sonographers from critical care/cardiac 
anesthesia/cardiology physicians. We performed 
external validation with over-readers of our TTE/
TEE/TCD bubble studies, which allowed us to calcu-
late inter-rater reliability (kappa statistic) to examine 
agreement in diagnosis of findings.

Data Collection

The Qpath database was queried for all TTE/TCD/
TEE images/clips and reports. Demographic and clin-
ical characteristic data were collected from registry 
databases within Alberta Health Services (eCritical/
data warehouse and clinical analytics system/Data 
Integration, Measurement & Reporting) and included: 
COVID-19 status, age, sex, race/ethnicity, patient case-
mix (medical, surgical, trauma), Acute Physiology 
And Chronic Health Evaluation (APACHE) II score 
(17), Charlson Comorbidity Index (CCI) score (18), 
respiratory mechanics (e.g., tidal volumes [TVs], posi-
tive end-expiratory pressure [PEEP] static compliance, 
plateau pressures, Pao2/Fio2 [PF] ratio, arterial blood 
gas results [including alveolar-arterial gradient]), 
deadspace calculations (using arterial blood gas Pco2 
compared with end-tidal Co2 from volumetric cap-
nography), and type of ventilation at time of bubble 
study, types of interventions during hospital stay (e.g., 
prone positioning, airway-pressure release ventilation, 
pulmonary vasodilators, extracorporeal membrane 
oxygenation, renal replacement therapy), vasopres-
sors/inotropes, steroid use, stress ulcer prophylaxis, 

http://links.lww.com/CCM/H312
http://links.lww.com/CCM/H312


Lau et al

1026     www.ccmjournal.org August 2023 • Volume 51 • Number 8

venous thromboembolism prophylaxis, ventilator-
associated pneumonia prophylaxis, sedation, anal-
gesia, neuromuscular blockade use, and other baseline 
measures (e.g., vitals signs, laboratory values: complete 
blood count, troponin, d-dimer), where available. All 
laboratories were collected as part of the clinical team’s 
discretion, and we did not require brain natriuretic 
peptide collection as per study protocols.

The echocardiographic findings collected were: 
date of study, POCUS examination type (TTE or TEE) 
and location, presence/absence of intracardiac versus 
intrapulmonary shunt by bubble study, presence/ab-
sence of intra-atrial septal defect by color Doppler, 
and all other echocardiographic findings: for example, 
biventricular size and function, valvulopathy, pericar-
dial disease, superior or inferior vena caval size, and 
respirophasic changes, etc. Tricuspid annular planar 
systolic excursion (TAPSE) and pulmonary accelera-
tion time (PAT) and shunt fractions were not routinely 
measured for all studies due to variations in technically 
challenging patient anatomy and image acquisition 
skills of sonographers. All findings were overread for 
quality assurance (e.g., right ventricular [RV] size and 
dysfunction assessment was performed using eye-ball 
estimation of function; and, the absence of tricuspid 
regurgitation did not exclude the presence of pulmo-
nary hypertension but only that there might have been 
insufficient tricuspid regurgitation to quantify the de-
gree of pulmonary hypertension), and all study images 
were reviewed by at least two expert echocardiogra-
phers with National Board of Echocardiography cer-
tification to calculate inter-rater reliability for shunt 
identification. These POCUS assessors were blinded 
to clinical outcomes during the quality assurance over-
sight process. Treatment teams were not blinded to 
POCUS findings.

Clinical outcomes were reported through hospital 
discharge and at 90 days post-ICU admission. These 
included: ICU length of stay, hospital length of stay, 
duration of mechanical ventilation, and complica-
tions related to study procedures and hospitalization 
(Supplemental Appendix 1, http://links.lww.com/
CCM/H312).

Statistical Analysis and Sample Size

Descriptive statistics were generated for baseline dem-
ographic, clinical characteristics, echocardiographic 

findings, and clinical outcome variables. Categorical 
data were summarized using frequency and column 
percentage and normal distributed data were described 
using mean and sd. Non-normal distributed data were 
presented as median and interquartile ranges (IQRs). 
Data were compared (where appropriate) using a 
Pearson chi-square test (categorical data), Student t 
test (normal distributed data), and nonparametric 
Kruskal-Wallis test (non-normal distributed data). A 
p value of less than 0.05 was considered statistically 
significant with 95% CIs also reported, if applicable. 
Missing data or lost-to-follow-up was less than 5%, so 
no imputation was required. There were no prespeci-
fied sensitivity analyses or subgroups.

Inter-rater reliability for echocardiographic findings 
of shunt (intrapulmonary vs intracardiac) was calculated 
for Cohen’s kappa statistic, where the following inter-
pretations were used: less than 0 (poor), 0–0.20 (slight), 
0.21–0.40 (fair), 0.41–0.60 (moderate), 0.61–0.80 (sub-
stantial), and 0.81–1.00 (almost perfect) (19, 20).

Univariate logistic regression modeling was used 
to evaluate the association between unadjusted odds 
ratios (ORs) with 95% CIs with mortality (contin-
uous). Multivariable logistic regression modeling 
was also used to calculate adjusted ORs, adjusting for 
known variables including baseline demographics 
(age, sex) and clinical characteristics (CCI) and (ill-
ness severity scores: e.g., APACHE II) to determine if 
the presence of shunt mortality exists after adjustment. 
These variables were prespecified a priori. Given prior 
evidence of lack of association between PF ratios and 
shunt presence (12), this was not a variable used for 
adjustment.

These statistical analyses were performed using 
Statistical Analysis System Enterprise Guide 7.1 (Cary, 
NC) or Microsoft Excel, Version 14.0.6 (Microsoft 
Corporation, Redmond, WA). All reporting of this ob-
servational cohort study was made in accordance with 
the Strengthening the Reporting of Observational 
Studies in Epidemiology (STROBE) guidelines and 
checklist (Supplemental Appendix 2, http://links.lww.
com/CCM/H312) (21).

In order to calculate study power, we used a reported 
frequency of shunts (e.g., PFOs) of approximately 19% 
in severe pneumonia/ARDS and a predicted increase 
in shunt of 15% with cor pulmonale (right-sided heart 
failure) physiology (up to a shunt rate of 34%) (7). Using 
an alpha of 0.05 and power of 0.80, we calculated a 
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minimum total sample size of 212 patients (106 patients 
per group). Considering an approximate attrition rate of 
5%, this would require a minimum of 224 study partici-
pants for the incident shunt rate in the study.

RESULTS

Demographics and Clinical Characteristics

We enrolled 226 patients. Of these, 182 were COVID-
19 positive, and 44 composed the non-COVID con-
trol group (Fig. 1). Baseline demographics and clinical 
characteristics are presented in Supplemental Table 1 
(http://links.lww.com/CCM/H312). Both groups had 
comparable TVs, plateau pressures, and static compli-
ance in keeping with high and equivalent rates of lung 
protective ventilation in both groups. The COVID-19 
arm was associated with significantly higher rates of 
noninvasive positive pressure ventilation and high-
flow nasal cannula oxygen administration (92.9% vs 
77.3%; risk difference [RD], 15.6%; 95% CI, 5.7–25.5; 
p = 0.001) prior to intubation (Supplemental Table 

1, http://links.lww.com/CCM/H312). More patients 
in the COVID-19 arm underwent prone positioning 
(77.5% vs 43.2%; RD, 34.3%; 95% CI, 19.3–49.3; p = 
0.000004) (Supplemental Table 2, http://links.lww.
com/CCM/H312). Percent positivity of R-L started at 
~27% in the beginning of the study but fell to ~17% by 
the end (Supplemental Fig. 2, http://links.lww.com/
CCM/H312). There were two patients with preex-
isting shunts in the non-COVID groups (2/34 patients, 
5.9%), which were later classified in the nonshunt 
group, as they had negative R-L bubble studies and no 
visible shunts on color Doppler (Supplemental Table 1, 
http://links.lww.com/CCM/H312).

Echocardiographic Findings, R-L Shunts, and 
Inter-Rater Reliability

Echocardiographic findings and the percentage with a 
R-L shunt are shown in Supplemental Table 3 (http://
links.lww.com/CCM/H312). In the COVID-19 group, 
31 of 182 patients (17.0%) had a shunt identified, of 
which 12 were intracardiac (38.7%) and 19 (61.3%) 

Figure 1. Strengthening the Reporting of Observational Studies in Epidemiology diagram flowchart for hypoxemia workup assessing 
shunt presence. ARDS = acute respiratory distress syndrome, MRP = most responsible physician, TCD = transcranial Doppler,  
TEE = transesophageal echocardiography, TTE = transthoracic echocardiography.
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were intrapulmonary shunts. In the non-COVID group, 
10 of 44 patients (22.7%) had an identified shunt; of 
which 7 (70.0%) were intracardiac shunts and 3 (30.0%) 
were intrapulmonary. There was no statistically signifi-
cant difference in the overall rate of shunt between the 
COVID-19 and non-COVID groups (17.0% vs 22.7%; 
RD, –5.7%; 95% CI, –18.4 to 7.0; p = 0.38). There was 
a nonsignificant higher proportion of intrapulmonary 
shunts in the COVID-19 group compared with non-
COVID (61.2% vs 30.0%, respectively; RD, 31.2%; 95% 
CI, –4.4% to 66.8%; p = 0.08) (Supplemental Table 3, 
http://links.lww.com/CCM/H312). Inter-rater reliability 
was high for TTE/TCD/TEE shown in Supplemental 
Table 4 (http://links.lww.com/CCM/H312).

Clinical Outcomes

Clinical outcomes are summarized in Supplemental 
Table 2 (http://links.lww.com/CCM/H312). For the pri-
mary outcome, there was higher in-hospital mortality 
among COVID shunt patients compared with no shunt 
(54.8% vs 35.8%; RD, 19.0%; 95% CI, 0.1–37.9; p = 0.05). 
However, this difference was no longer significant at 
90-day mortality (54.8% vs 38.4%; RD, 16.4%; 95% CI, 
–2.6% to 35.4%; p = 0.10). There was no difference in 
either in-hospital (39.0% vs 43.2%; RD, –4.2%; 95% CI, 
–20.3% to 11.9%; p = 0.30) or 90-day mortality (41.2% 
vs 45.5%; RD, –4.1%; 95% CI, –12.2% to 20.4%; p = 0.31) 
between the COVID-19 and non-COVID arms.

COVID-19 infection was associated with a signifi-
cantly longer median duration of mechanical ventila-
tion (15.0 d [IQR, 8.0–25.0 d] vs 9.0 d [IQR, 5.0–17.0 
d]; RD, 7.5 d; 95% CI, 0.5–14.5 d; p = 0.007) compared 
with the control group. There was also a longer me-
dian ICU length of stay (17.5 d [IQR, 11.0–28.0 d] vs 
12.0 d [IQR, 7.5–20.0 d]; RD, 8.2 d; 95% CI, 1.0–15.4 d;  
p = 0.007).

There was no measurable increase in complications 
attributable to performing TEE (oropharyngeal/gastroin-
testinal bleeding or pneumomediastinum). There were no 
detected cases of esophageal perforation (Supplemental 
Table 2, http://links.lww.com/CCM/H312).

Kaplan-Meier Curves and Multivariable Logistic 
Regression Analysis

Kaplan-Meier curves for 90-day mortality are pre-
sented in Figure 2. There was a significant difference 
in shunt versus no shunt in COVID patients (p = 0.04) 

(Fig. 2C). The remaining log-rank tests were not signif-
icant and after adjustment for multiple comparisons.

The combined regression analysis in the full cohort 
showed no significant difference in 90-day mortality 
based on the presence of any shunt or in the intracar-
diac and intrapulmonary shunt subtypes. The regres-
sion adjusting for Charlson’s Health Score specifically 
did show a significant increase in 90-day mortality 
in the shunt portion of the overall cohort (OR, 1.28; 
95% CI, 1.09–1.52). No other individual covariable 
adjustments showed a significant signal for increased 
mortality in any group (Supplemental Table 5, http://
links.lww.com/CCM/H312).

DISCUSSION

In this study, COVID-19 shunt rates were not signif-
icantly different compared with non-COVID ARDS. 
Our findings align with our recent meta-analysis (12), 
suggesting approximately one in five patients with 
ARDS had a R-L shunt. Although there was no sta-
tistical significance for intracardiac or intrapulmo-
nary shunt types between groups, there was a signal 
of higher intrapulmonary shunts in COVID patients, 
while higher intracardiac shunt rates in non-COVID 
patients, which may have been exacerbated by lower 
lung compliance with higher plateau pressures, leading 
to more intracardiac shunts in non-COVID patients. 
We also found an association between R-L shunts and 
increased hospital mortality, but this was no longer 
significant at 90-day mortality, or after multivariable 
adjustment.

Given that approximately one-in-five patients with 
ARDS may have a R-L shunt, this study is a reminder 
to clinicians to consider screening patients and, if pre-
sent, to consider targeted therapies. This study also 
highlights that not all R-L shunts are intrapulmonary 
and that different shunts will have different treatment 
implications. Specifically, intrapulmonary shunts are 
most often due to abnormal vasodilation of pulmonary 
vessels. Therefore, treatment focuses on: 1) reducing un-
derlying inflammation/infection leading to pulmonary 
vasodilation (e.g., corticosteroids) (22); 2) vigilant PEEP 
titration and ventilator optimization, to prevent over 
dilation of pulmonary vessels, while preventing shunt 
from atelectasis from occurring (23, 24); and 3) avoid-
ing pulmonary vasodilators (e.g., epoprostenol, nitric 
oxide, sildenafil) (25, 26). In contrast, intracardiac shunt 
management should lower right-sided heart pressures 
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to prevent further shunting through an intra-atrial 
septum defect (e.g., PFO or ASD). Treatments include: 
1) pulmonary vasodilators (e.g., inhaled nitric oxide, 
epoprostenol) and/or inodilators (e.g., milrinone, dobu-
tamine) through reducing RV afterload and improving 
RV function (23, 27, 28); 2) lowering ventilator settings 
(e.g., PEEP, plateau pressures) (23, 27, 28); 3) closure 
or repair of an intraseptal defects (PFO, ASD) to pre-
vent further R-L shunting (23, 27, 28); and 4) diuresis 
to offload RV volume overload (23, 27, 28). Regardless, 
diagnosing shunt in ARDS patients starts with high sus-
picion and prompt diagnosis.

Guidelines have promoted standardizing ARDS 
management, like using low-TV ventilation (29) and 
proning (30), among other strategies. There has also 
been adoption of higher PEEP in both COVID and 
non-COVID-ARDS. Our study is a reminder that in-
discriminate use of PEEP or pulmonary vasodilators 
may be harmful in the wrong patient. Future work 

could include: 1) identifying which patients to screen 
for shunt; and 2) potential interventions to reduce 
mortality from shunts.

This study has its strengths. We confirmed that re-
search is still feasible in the midst of a pandemic by 
undertaking the largest study of shunts in COVID-19 
ARDS. We have designed an extensive protocol for 
ICU shunt workup, which was performed by intensiv-
ists during the pandemic, saving on personal protective 
equipment. We investigated different shunt types, coin-
terventions, and duration of mechanical ventilation 
plus other respiratory adjuncts, which is not routinely 
reported in ARDS literature (12). Our study rein-
forces the safety of intensivist and trainee TEE, given 
that there were no procedural complications (31), and 
our inter-relator scores highlight that ICU echocardi-
ography and TCD is feasible and reliable (32, 33). We 
performed both unadjusted and adjusted ORs analysis 
using multivariable logistic regression to account for 

Figure 2. Kaplan-Meier curves.
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known confounders (e.g., age, illness severity) in keep-
ing with STROBE and Newcastle-Ottawa score recom-
mendations (21, 34).

There are several limitations to this study. The 
smaller size of our non-COVID arm, leading to imbal-
ance and potential loss of statistical power; however, 
given the higher number of COVID-19 versus non-
COVID patients, this shunt data is representative of 
the ICU population at the time. Patient factors such as 
obesity and poor windows affected our ability to per-
form shunt fractions, even with TEE. The presence of 
shunts in ARDS may be dynamic, and whereby timing 
of investigations (without repeat studies performed) 
may influence shunt frequency. Shunt frequency also 
may have been affected by more evidence for avail-
able treatments across subsequent waves during the 
pandemic. Finally, the relatively low rate of RV dys-
function and pulmonary hypertension is intriguing 
(although not formally measured with TAPSE or PAT) 
and may be because these patients underwent ultra-
sonographic assessments early in their course on the 
ventilator.

CONCLUSIONS

There was no evidence of increased R-L shunt rates 
in COVID-19 compared with non-COVID and his-
torical controls. R-L shunt presence was associated 
with increased in-hospital mortality for COVID-19 
patients, but this did not persist for 90-day mortality 
or after adjusting using logistic regression.

ACKNOWLEDGMENTS

We are grateful for the assistance and support from 
the University of Alberta Department of Critical Care 
Medicine Research Office, the University of Alberta 
and Royal Alexandra Hospital, Mazankowski Heart 
Institute, and Grey Nuns Hospital ICUs staff, nurses, 
and respiratory therapists and all the University of 
Alberta Critical Care Ultrasound Service rotators.

 1  Department of Critical Care Medicine, Faculty of Medicine 
and Dentistry, University of Alberta, and Alberta Health 
Services, Edmonton, AB, Canada.

 2  Health Services Statistical and Analytic Methods, Alberta 
Health Services, Edmonton, AB, Canada.

 3  Division of Cardiology, Department of Medicine, Faculty 
of Medicine, and Alberta Health Services, Edmonton, AB, 
Canada.

 4  Department of Critical Care Medicine, Cumming School of 
Medicine, University of Calgary, Calgary, AB, Canada.

 5  Department of Emergency Medicine, Faculty of Medicine 
and Dentistry, University of Alberta, Edmonton, AB, Canada.

 6  Faculty of Medicine and Dentistry, University of Alberta, 
Edmonton, AB, Canada.

 7  Department of Medicine, Cumming School of Medicine, 
University of Calgary, Calgary, AB, Canada.

 8  Department of Anesthesiology & Pain Medicine, Faculty of 
Medicine and Dentistry, University of Alberta, Edmonton, 
AB, Canada.

 9  Division of Neurology, Department of Medicine, Faculty of 
Medicine and Dentistry, University of Alberta, Edmonton, 
AB, Canada.

 10  Department of Intensive Care and Resuscitation, Cleveland 
Clinic, Cleveland, OH.

 11  Department of Neurosurgery, Faculty of Medicine and 
Dentistry, University of Alberta, Edmonton, AB, Canada.

 12  School of Public Health, University of Alberta, Edmonton, 
AB, Canada.

Supplemental digital content is available for this article. Direct 
URL citations appear in the printed text and are provided in the 
HTML and PDF versions of this article on the journal’s website 
(http://journals.lww.com/ccmjournal).

Drs. Lau, Mah, Robinson, Byker, Milovanovic, Alherbish, 
Odenbach, and Vadeanu, Mr. Lu, and Drs. Smyth, Rohatensky, 
Anderson, Verma, Slemko, Brindley, Kustogiannis, Jacka, Shaw, 
Windram, Wheatley, Wang, Rewa, Bagshaw, and Buchanan 
have: 1) made substantial contributions to conception and de-
sign, acquisition of data, analysis and interpretation of data; 2) 
drafted the submitted article and revised it critically for important 
intellectual content; and 3) provided final approval of the version 
to be published. Drs. Lau, Brindley, Kutsogiannis, Jacka, Rewa, 
Bagshaw, and Buchanan involved in conception. Drs. Lau and 
Mah, Mr. Lu, and Drs. Alherbish, Brindley, Kutsogiannis, Jacka, 
Odenbach, Shaw, Windram, Wheatley, Rewa, Bagshaw, and 
Buchanan were involved in background. Drs. Lau, Alherbish, 
Brindley, Kutsogiannis, Jacka, Anderson, Rewa, Bagshaw, and 
Buchanan were involved in design. Drs. Lau, Mah, Robinson, 
Byker, Milovanovic, Alherbish, Odenbach, and Vadeanu, Mr. Lu, 
and Drs. Smyth, Rohatensky, Anderson, Verma, and Slemko in-
volved in acquisition of data. Drs. Lau, Mah, Robinson, Byker, 
Milovanovic, Alherbish, Odenbach, and Vadeanu, Mr. Lu, and 
Drs. Smyth, Rohatensky, Anderson, Verma, Slemko, Brindley, 
Kustogiannis, Jacka, Shaw, Windram, Wheatley, Wang, Rewa, 
Bagshaw, and Buchanan were involved in analysis of data. Drs. 
Lau, Mah, Robinson, Byker, Milovanovic, Alherbish, Odenbach, 
and Vadeanu, Mr. Lu, and Drs. Smyth, Rohatensky, Anderson, 
Verma, Slemko, Brindley, Kustogiannis, Jacka, Shaw, Windram, 
Wheatley, Wang, Rewa, Bagshaw, and Buchanan were in-
volved in drafting the article. Drs. Lau, Mah, Robinson, Byker, 
Milovanovic, Alherbish, Odenbach, and Vadeanu, Mr. Lu, and 
Drs. Smyth, Rohatensky, Anderson, Verma, Slemko, Brindley, 
Kustogiannis, Jacka, Shaw, Windram, Wheatley, Wang, Rewa, 
Bagshaw, and. Buchanan were involved in revising the article.

This work was supported by grants from the University of Alberta 
Hospital Foundation, Royal Alexandra Hospital Foundation, and 
the Covenant Foundation at the Grey Nuns Hospital for Drs. Lau, 
Buchanan, Robinson, and Byker.

http://journals.lww.com/ccmjournal


Clinical Investigations

Critical Care Medicine www.ccmjournal.org     1031

Dr. Lau’s institution received funding from the University Hospital 
Foundation, the Royal Alexandra Hospital Foundation, and the 
Covenant Health Foundation. Dr. Shaw received funding from 
Edwards Lifesciences, Novartis, and Astellas. Dr. Opgenorth dis-
closed that she is an employee of the University of Alberta. Dr. 
Bagshaw received funding from Baxter and BioPorto; he is sup-
ported by a Canada Research Chair in Critical Care Outcomes 
and Systems Evaluation. The remaining authors have disclosed 
that they do not have any potential conflicts of interest.

For information regarding this article, E-mail: vince.lau@ualberta.
ca

REFERENCES
 1. Johns Hopkins Coronavirus Resource Center: COVID-19 Map. 

Available at: https://coronavirus.jhu.edu/map.html. Accessed 
July 27, 2022

 2. Gattinoni L, Coppola S, Cressoni M, et al: COVID-19 does not 
lead to a “typical” acute respiratory distress syndrome. Am J 
Respir Crit Care Med 2020; 201:1299–1300

 3. Ackermann M, Verleden SE, Kuehnel M, et al: Pulmonary vas-
cular endothelialitis, thrombosis, and angiogenesis in Covid-
19. N Engl J Med 2020; 383:120–128

 4. Lang M, Som A, Mendoza DP, et al: Hypoxaemia related to 
COVID-19: Vascular and perfusion abnormalities on dual-
energy CT. Lancet Infect Dis 2020; 20:1365–1366

 5. Reynolds AS, Lee AG, Renz J, et al: Pulmonary vascular dilata-
tion detected by automated transcranial Doppler in COVID-19 
pneumonia. Am J Respir Crit Care Med 2020; 202:1037–1039

 6. Katsanos AH, Psaltopoulou T, Sergentanis TN, et al: 
Transcranial Doppler versus transthoracic echocardiography 
for the detection of patent foramen ovale in patients with cryp-
togenic cerebral ischemia: A systematic review and diagnostic 
test accuracy meta-analysis. Ann Neurol 2016; 79:625–635

 7. Mekontso Dessap A, Boissier F, Leon R, et al: Prevalence 
and prognosis of shunting across patent foramen ovale dur-
ing acute respiratory distress syndrome. Crit Care Med 2010; 
38:1786–1792

 8. Masi P, Bagate F, d’Humières T, et al: Is hypoxemia explained 
by intracardiac or intrapulmonary shunt in COVID-19-related 
acute respiratory distress syndrome? Ann Intensive Care 2020; 
10:108

 9. Boissier F, Razazi K, Thille AW, et al: Echocardiographic detec-
tion of transpulmonary bubble transit during acute respiratory 
distress syndrome. Ann Intensive Care 2015; 5:5

 10. Lhéritier G, Legras A, Caille A, et al: Prevalence and prognostic 
value of acute cor pulmonale and patent foramen ovale in ven-
tilated patients with early acute respiratory distress syndrome: 
A multicenter study. Intensive Care Med 2013; 39:1734–1742

 11. Silvestry FE, Cohen MS, Armsby LB, et al: Guidelines for 
the echocardiographic assessment of atrial septal defect 
and patent foramen ovale: From the American Society of 
Echocardiography and Society for Cardiac Angiography and 
Interventions. J Am Soc Echocardiogr 2015; 28:910–958

 12. Odenbach J, Dhanoa S, Sebastianski M, et al: Acute respira-
tory distress syndrome and shunt detection with bubble stud-
ies: A systematic review and meta-analysis. Crit Care Explor 
2022; 4:e0789

 13. Ranieri VM, Rubenfeld GD, Thompson BT, et al; ARDS 
Definition Task Force*: Acute respiratory distress syndrome: 
The Berlin definition. JAMA 2012; 307:2526–2533

 14. Saric M, Armour AC, Arnaout MS, et al: Guidelines for the use 
of echocardiography in the evaluation of a cardiac source of 
embolism. J Am Soc Echocardiogr 2016; 29:1–42

 15. Jauss M, Zanette E: Detection of right-to-left shunt with ul-
trasound contrast agent and transcranial Doppler sonography. 
Cerebrovasc Dis 2000; 10:490–496

 16. Mojadidi MK, Roberts SC, Winoker JS, et al: Accuracy of tran-
scranial Doppler for the diagnosis of intracardiac right-to-left 
shunt. JACC Cardiovasc Imaging 2014; 7:236–250

 17. Knaus WA, Draper EA, Wagner DP, et al: APACHE II: A se-
verity of disease classification system. Crit Care Med 1985; 
13:818–829

 18. Charlson ME, Pompei P, Ales KL, et al: A new method of 
classifying prognostic comorbidity in longitudinal studies: 
Development and validation. J Chronic Dis 1987; 40:373–383

 19. Hallgren KA: Computing inter-rater reliability for observational 
data: An overview and tutorial. Tutor Quant Methods Psychol 
2012; 8:23–34

 20. Landis JR, Koch GG: The measurement of observer agree-
ment for categorical data. Biometrics 1977; 33:159–174

 21. von Elm E, Altman DG, Egger M, et al; STROBE Initiative: 
The Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE) statement: Guidelines for reporting 
observational studies. J Clin Epidemiol 2008; 61:344–349

 22. Horby P, Lim WS, Emberson JR, et al; RECOVERY 
Collaborative Group: Dexamethasone in hospitalized patients 
with Covid-19. N Engl J Med 2021; 384:693–704

 23. Michard F, Alaya S, Medkour F: Monitoring right-to-left intra-
cardiac shunt in acute respiratory distress syndrome. Crit Care 
Med 2004; 32:308–309

 24. Vavlitou A, Minas G, Zannetos S, et al: Hemodynamic and res-
piratory factors that influence the opening of patent foramen 
ovale in mechanically ventilated patients. Hippokratia 2016; 
20:209–213

 25. Castro PF, Greig D, Verdejo HE, et al: Intrapulmonary shunting 
associated with sildenafil treatment in a patient with idiopathic 
pulmonary arterial hypertension. Thorax 2011; 66:1097–1098

 26. Ichinose F, Roberts JD, Zapol WM: Inhaled nitric oxide. 
Circulation 2004; 109:3106–3111

 27. Fellahi J-L, Mourgeon E, Goarin J-P, et al: Inhaled nitric oxide-
induced closure of a patent foramen ovale in a patient with 
acute respiratory distress syndrome and life-threatening hy-
poxemia. Anesthesiology 1995; 83:635–638

 28. Dodson BK, Major CK, Grant M, et al: Platypnea orthodeoxia 
due to a patent foramen ovale and intrapulmonary shunting 
after severe COVID-19 pneumonia. Am J Case Rep 2021; 
22:e933975

 29. Brower RG, Matthay MA, Morris A, et al; Acute Respiratory 
Distress Syndrome NetworkAcute Respiratory Distress 
Syndrome Network: Ventilation with lower tidal volumes as 
compared with traditional tidal volumes for acute lung injury 
and the acute respiratory distress syndrome. N Engl J Med 
2000; 342:1301–1308

 30. Guérin C, Reignier J, Richard J-C, et al; PROSEVA Study 
Group: Prone positioning in severe acute respiratory distress 
syndrome. N Engl J Med 2013; 368:2159–2168

mailto:vince.lau@ualberta.ca
mailto:vince.lau@ualberta.ca
https://coronavirus.jhu.edu/map.html


Lau et al

1032     www.ccmjournal.org August 2023 • Volume 51 • Number 8

 31. Arntfield R, Lau V, Landry Y, et al: Impact of critical care 
transesophageal echocardiography in medical-surgical ICU 
patients: Characteristics and results from 274 consecutive 
examinations. J Intensive Care Med 2018; 35:896–902

 32. Lau V, Priestap F, Landry Y, et al: Diagnostic accuracy of crit-
ical care transesophageal echocardiography vs cardiology-led 
echocardiography in ICU patients. Chest 2019; 155:491–501

 33. Lau V, Blaszak M, Lam J, et al: Point-of-care resuscitative ech-
ocardiography diagnosis of intracardiac thrombus during car-
diac arrest (PREDICT study): A retrospective, observational 
cohort study. Resusc Plus 2022; 10:100218

 34. Wells G, Shea B, O’Connell D, et al: Ottawa Hospital Research 
Institute. 2019. Available at: http://www.ohri.ca/programs/
clinical_epidemiology/oxford.asp. Accessed January 27, 2019

http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp

