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Abstract

Viral bronchiolitis is a relative contraindication to elective pediatric cardiac surgery. Nasopharyngeal swab utilizing polymer-
ase chain reaction (PCR) screening for viruses known to cause bronchiolitis are commonly available. The objective of this
study was to evaluate clinical outcomes in patients with nasopharyngeal viral PCR positive findings at the time of cardiac
surgery. Retrospective review from January 2013 to May 2019 for patients with virus detected by PCR on nasopharyngeal
swabs at the time of cardiac surgery. Single ventricle and two ventricle patients were compared to control group of age and
procedure matched patients viral negative at the time of surgery. Outcome measures included OR extubation, reintubation,
hospital length of stay, and mortality. For two ventricle patients (n=81; control group = 165), there was no statistical dif-
ference in any outcome variable (OR extubation 74% vs 72%; p =0.9; reintubation 9% vs 11% vs; p=0.7; hospital length of
stay 5 days (1-46) vs 4 days (2-131); p=0.4; mortality 2 vs 1; p=0.3). For single ventricle patients, there was no statisti-
cal difference in any outcome variable (OR extubation 81% vs 76%; p =0.6; reintubation 14% vs 21% vs; p=0.5; hospital
length of stay 9.5 days (3—-116) vs 15 days (2-241); p=0.1; mortality O vs 3; (p=0.6)). PCR is a sensitive test that fails to
predict which patients will proceed to have a clinically significant infection. Viral bronchiolitis remains a relative risk fac-
tor for cardiac surgery; presence of detectable virus via nasopharyngeal swab with limited clinical symptoms may not be
a contraindication to cardiac surgery.
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Introduction

Viral bronchiolitis is a relative contraindication to elective
pediatric cardiac surgery [1-3]. Human rhinovirus is respon-
sible for increased morbidity in patients following cardiac
surgery [1]. RSV infection has been associated with respira-
tory failure and need for mechanical ventilation, as well as,
increased morbidity and mortality in infants with congenital
heart disease; especially those with pulmonary hypertension
and cyanosis [2]. Congenital heart disease, T21 and prema-
turity are independent risk factors for severe bronchiolitis
[4, 5]. It is common for cardiac surgery to be delayed for
4-6 weeks in a patient with suspected viral bronchiolitis
regardless of symptoms.
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It has become common practice to screen for viruses prior
to cardiac surgery. However, screening is usually based on
patient diagnosis or risk factors, symptoms or history of
sick contact as it is not practical to test all patients. Naso-
pharyngeal swab utilizing polymerase chain reaction (PCR)
screening for viruses known to cause bronchiolitis are com-
monly available [6]. PCR testing requires viral DNA; it does
not require viral antigen. Therefore, the tests are sometimes
positive in asymptomatic children [7]. It is a very sensi-
tive test for the detection of virus, but positive test may not
identify or predict symptomatic illness [8]. The objective of
this retrospective study was to evaluate clinical outcomes in
patients with nasopharyngeal viral PCR positive findings at
the time of cardiac surgery.
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Methods

This retrospective study was approved by the Institutional
Review Board at our institution with waiver of informed
consent. Nationwide Children’s Hospital is an academic,
nonprofit, freestanding children’s hospital located in Colum-
bus, Ohio. The cardiothoracic intensive care unit is a 20-bed
unit with over 400 cardiac surgeries per year. All cardio-
thoracic surgical patients undergoing repair or palliation of
congenital heart disease are admitted to the cardiothoracic
intensive care unit for postoperative management. The top
five most common admission diagnoses are postoperative
ventricular septal defect repair, hybrid palliation stage I,
hybrid palliation comprehensive stage II, pulmonary valve
replacement and Fontan procedure. Approximately 10% of
admissions are newborns, defined as < 30 days of age.

All single and two ventricle patients who had viruses
detected by PCR on nasopharyngeal swabs at the time of
cardiac surgery from January 2013 to May 2019 were retro-
spectively reviewed. During this timeframe, patients were
screened with nasopharyngeal swabs for viral bronchiolitis
if they exhibited symptoms, regardless of the severity of
symptoms, or if there was a history of sick contact at home
or school. All single ventricle patients and those with T21
or pulmonary hypertension were also screened regardless of
symptoms or sick contacts as we considered these patients
to potentially be higher risk of poor outcome if undergoing
cardiac surgery while viral positive. Surgery was postponed
if patients exhibited significant symptoms including respira-
tory distress or fever, regardless of PCR results. Therefore,
the patients who were PCR viral positive that proceeded
with cardiac surgery were largely asymptomatic or mildly
symptomatic. The PCR viral positive patients who pro-
ceeded with cardiac surgery without postponement were
compared to a control group of age and procedure matched
patients that were viral negative at the time of surgery or
had no clinical indication to warrant respiratory viral test-
ing. Cases and control subjects were matched 1:2. Outcome
measures included extubation in the operating room, reintu-
bation within 24 h after a planned extubation, hospital length
of stay, and mortality.

Viral bronchiolitis was documented by nasopharyngeal
swabs for 12 respiratory viruses (rhinovirus, influenza A
[subtypes H1 and H3], influenza B, respiratory syncytial
virus [subtypes A and B], parainfluenza virus [types 1, 2,
and 3], human metapneumovirus, and adenovirus) using a
multiplex PCR platform (Luminex Molecular Diagnostics,
Austin, TX, USA) throughout the study period. Sensitivity
of the PCR respiratory viral panel fast assay compared to
gold standard PCR was 79%; specificity was 99% [9].

Statistical Analysis

Continuous variables were summarized using mean and
standard deviation as well as median and range. Categori-
cal variables were summarized as number and percentage.
Continuous data were analyzed using a two-sample 7 test.
Categorical data were analyzed using a two-tailed Fischer’s
exact test. Statistical significance was defined a p <0.05.

Results
Two Ventricle Patients

There were 81 two ventricle patients in the viral positive
group who were compared to 165 two ventricle patients in
the control viral negative group. There was no statistical dif-
ference between the viral positive group and the viral nega-
tive group in any variable as demonstrated in Table 1. The
study and control patients were similar in age, weight, and
surgical procedure as classified by STAT category. The most
common virus isolated on PCR in the two ventricle patients
was human rhinovirus/enterovirus N=61 (75%) followed by
adenovirus N=12 (15%). The rest of the viral breakdown
was as follows: coronavirus non Covid-19 N=6; parainflu-
enza N=>5 and RSV N=4. Seven patients tested positive for
more than one virus.

Table 1 Two ventricle patients

FARVAPP positive FARVAPP p value
negative
control

N= 81 165
Age (years) aver- 4.1+8.5 35+6.3

age + stdev

Median (range) 0.9 (0.02-45) 0.8 (0.01-51) 0.2
Weight (kg) aver- 16+21 15+20 0.7

age +stdev

Median (range) 8 (3.4-110) 8 (2.1-132)
Syndrome 23 (28%) 45 (27%) 0.9
STAT

1 31 (38%) 70 (42%) 0.6

2 23 (28%) 34 (21%) 0.2

3 13 (16%) 32 (19%) 0.6

4 14 (17%) 29 (18%) 1
Extubation in OR 60 (74%) 119 (72%) 0.9
Reintubation 7 (9%) 19 (11%) 0.7
Hospital LOS (days) 8+8.1 12+21 0.4

Median (range) 5 (1-46) 4 (2-131)
Mortality 2 1 0.3
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Three two ventricle patients had hospital length of stay
> 30 days. The first was a 7-year-old female from Trinidad
(adenovirus positive) with atrioventricular canal defect and
trisomy 21 who presented for atrioventricular canal repair,
pulmonary artery debanding, pulmonary artery patch recon-
struction, mitral valve replacement. Her prolonged hospital
length of stay (35 days) was related to postoperative cardiac
arrest, heart block, and chylous effusion. The second was a
5-month-old female with anomalous coronary artery (parain-
fluenza positive) from the pulmonary artery with decreased
ventricular function who underwent repair followed by left
ventricular assist device. Her prolonged hospital length of
stay (41 days) was not related to her viral bronchiolitis. The
third patient was a 5-month-old female with pulmonary ste-
nosis (human rhinovirus/enterovirus positive) who under-
went pulmonary valvotomy, transannular patch, and mono-
cuspid pulmonary valve placement. Her postoperative course
was complicated by prolonged requirement for noninvasive
positive pressure and oxygen which may have been related
to her viral bronchiolitis (length of stay 46 days).

Fourteen viral positive patients with T21 who underwent
cardiac surgery were compared to 24 viral negative patients
with T21. Importantly, there was no statistical difference
in any outcome variable in this high-risk population (OR
extubation 7 of 14 vs 18 of 24; p =0.4; hospital length of
stay 4.5 days (3—24) vs 5 days (3-24); p=0.4).

Table 2 Single ventricle patients

FARVAPP positive  FARVAPP p value
negative
control

N= 36 108
Age (years) aver- 1.4+1.56 14+1.6 0.8

age + stdev

Median (range) 0.6 (0.15-6.5) 0.6 (0.05-7.3)
Weight (kg) aver- 9.1+3.7 8.8+4 0.5

age +stdev

Median (range) 8.1 (3.45-20) 7.5(2.2-21)
STAT score

STAT 1 0 0

STAT 2 24 71 1

STAT 3 0 0

STAT 4 4 10 0.7

STAT 5 8 27 1
Extubated in OR 29 (81%) 82 (76%) 0.6
Reintubation 5 (14%) 23 (21%) 0.5
Hospital LOS (days) 22427 21+34 0.1

Median (range) 9.5 (3-116) 12 (2-244)
Mortality 0 3 0.6
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Single Ventricle Patients

There were 36 single ventricle patients in the viral positive
group and 108 single ventricle patients in the viral negative
control group. There was no statistical difference between
the viral positive group and the viral negative group in any
variable as demonstrated in Table 2. The study and control
patients were also similar in age, weight, and surgical pro-
cedure as classified by STAT category. The most common
virus isolated on PCR in the single ventricle patients was
human rhinovirus/enterovirus N=27 (75%) followed by ade-
novirus N=6 (17%). %). The rest of the viral breakdown was
as follows: parainfluenza N=3; RSV N=3; human metap-
neumovirus N=1; and coronavirus non Covid-19 N=1. Five
patients tested positive for more than one virus.

Four single ventricle patients had hospital length of stay
> 30 days. The first was a 9-month-old male with double
outlet right ventricle, malposed great vessels, subvalvar
and valvar pulmonary stenosis, chromosomal abnormal-
ity (16P12.2 deletion) (human metapneumovirus positive)
who underwent bidirectional Glenn and main pulmonary
artery banding. Postoperative course was complicated by
chylous effusion, hydrocephalus requiring ventriculoperi-
toneal shunt, and abdominal wall cellulitis not related to
viral bronchiolitis (length of stay 116 days). The second
was a 2-year-old male with hypoplastic left heart syndrome
(human rhinovirus/enterovirus positive) who underwent
Fontan procedure. His length of stay (53 days) was related
to prolonged chest tube drainage not viral bronchiolitis. The
third was an 8-month-old female with Turner Syndrome and
unbalanced atrioventricular canal defect (human rhinovirus/
enterovirus positive) who underwent comprehensive stage I1
palliation. Postoperative course was complicated by systemic
desaturation requiring inhaled nitric oxide which may have
been related to viral bronchiolitis (length of stay 63 days).
The fourth was a 2-month-old female with dextrocardia,
tricuspid atresia, transposition of the great arteries, ven-
tricular septal defect (parainfluenza positive) admitted with
mesenteric ischemia who underwent pulmonary banding.
Post-op course complicated by recurrence of hematochezia
and pneumatosis not related to viral bronchiolitis (length of
stay 31 days).

Discussion

Historically, viral bronchiolitis has been considered a rela-
tive contraindication to elective pediatric cardiac surgery.
Children with congenital heart disease are independent risk
factors for severe bronchiolitis [4, 5]. We sought to chal-
lenge dogma and review outcomes of patients who were
viral positive at the time of cardiac surgery in the cur-
rent era. We found that preoperative identification of viral
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bronchiolitis by PCR alone did not predict increased morbid-
ity or mortality.

RSV infection has been associated with respiratory failure
and need for mechanical ventilation, as well as, increased
morbidity and mortality in infants with congenital heart
disease; especially those with pulmonary hypertension and
cyanosis [2]. The introduction of palivizumab prophylaxis
for patients with congenital heart disease was followed by a
decrease in morbidity and mortality in this patient popula-
tion [10]. Delgado-Corcoran et al. reported increase resource
utilization and prolonged postoperative recovery after pedi-
atric cardiac surgery in patients who were human rhinovirus
positive and symptomatic [1]. Patients with PCR positive
human rhinovirus had a ten-fold increase in utilization of
noninvasive positive pressure ventilation following extuba-
tion; a 12-fold increase in reintubation; and an increased
utilization of pulmonary medications. This led to longer car-
diac intensive care unit and hospital lengths of stay control
patients [1]. Spaeder et al. also found that patients with viral
respiratory illness had longer postoperative ICU and hospital
lengths of stay when compared to matched controls, p <0.01
[3]. In these studies, the patients were both viral positive
and symptomatic. Symptomatic viral bronchiolitis remains
a relative contraindication for cardiac surgery.

However, our study examined patients who were viral
positive but only mildly symptomatic or asymptomatic.
Like our study, Delgado-Corcoran et al. showed no statisti-
cal difference in clinical outcomes including intensive care
and hospital lengths of stay, intubation time, and respiratory
complications comparing preoperative positive PCR asymp-
tomatic infants undergoing cardiac surgery to those with a
negative PCR undergoing cardiac surgery [11]. This chal-
lenges the dogma that all pediatrics patients who are viral
positive at the time of cardiac surgery should be postponed
for 4-6 weeks.

The positive test with lack of symptoms may be explained
by the following. PCR testing requires viral DNA; it does
not require viral antigen. Therefore, the tests are sometimes
positive in asymptomatic children [7]. It is a very sensitive
test for the detection of virus, but positive test may not iden-
tify or predict symptomatic illness [8]. We believe that test-
ing remains warranted in patients with mild symptoms, sick
contacts or high-risk population as identification of potential
viral bronchiolitis may result in an overall reduction of risk.
Benefit of testing may decrease the in hospital viral trans-
mission as these patients can be isolated with appropriate
precautions for patient caregivers (gowns, gloves and mask).

Limitations

Limitations to this study include single institution and the
retrospective nature of the study. Not all patients received
PCR testing for viruses prior to cardiac surgery. Only those
considered in a high-risk group (single ventricle, T21 or pul-
monary hypertension), patients with symptoms or sick con-
tacts were tested preoperatively. The definition of symptoms
and sick contacts and therefore the decision to test was at the
discretion of the cardiothoracic nurse practitioner perform-
ing preadmission testing. The decision to postpone surgery
for patients who were viral positive or those with significant
symptoms was at the discretion of the surgeon, cardiologist
and anesthesiologist based on the needs of the individual
patient. This study did not capture those patients postponed
secondary to significant viral symptoms. The effect of poly
viral infections could not be analyzed in this study cohort
due to small sample size.

Conclusion

PCR is a sensitive test that fails to predict which patients will
proceed to have a clinically significant infection. Preopera-
tive identification of viral bronchiolitis by PCR alone did not
predict increased morbidity or mortality. Symptomatic viral
bronchiolitis remains a relative risk factor for cardiac sur-
gery; presence of detectable virus via nasopharyngeal swab
with limited clinical symptoms may not be a contraindica-
tion to cardiac surgery.
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