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Abstract

Objectives: Acute respiratory distress syndrome after cardiac
surgery is a severe complication that is associated with high morbid-
ity and mortality. The presence of viruses in the respiratory tract is
postulated to be one of multiple factors attributing to development
of Acute Respiratory Distress Syndrome (ARDS), but studies report
conflicting results. Since this possible risk factor can potentially be
influenced by screening or vaccination, we aimed to further inves-
tigate the role of viruses in the development of ARDS after cardiac
surgery.

Methods: We conducted an explorative prospective cohort study
in 49 randomly chosen asymptomatic adult elective cardiac surgery
patients. On four different time points, non-fiberscopic mini-bron-
cho alveolar lavages (miniBAL) were collected and analysed with
multiplex PCR testing for 11 types of respiratory viruses.

Results and Conclusions: Various (merely low pathogenic) res-
piratory viruses were detected in 12% of our study population.
Respiratory viruses were present both within and out of the influ-
enza-like-illness- season. 19 (39%) of all patients developed acute
respiratory distress syndrome. No relationship of viral presence
with major pulmonary outcomes (PaO,/FiO, ratio, development of
acute respiratory distress syndrome or mechanical ventilation time)
could be demonstrated, though events were too few to allow mul-
tivariate analyses.

Conclusion: Asymptomatic elective cardiac surgery patients do
carry respiratory viruses, though not associated with development
of respiratory complications. Further research is warranted, in par-
ticular research into the (more pathogenic) diverse subtypes of the
respiratory viruses, the relevance of virus load (cycle threshold-
values) and even into the diagnostic method (throat swab versus
deeper material).
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Introduction

Development of mild to severe Acute Respiratory Distress
Syndrome (ARDS) after cardiac surgery occurs in 0.4-20% of
patients [1-4]. Severe ARDS is associated with a complicated
postoperative course with e.g. prolonged mechanical ventila-
tion time, Intensive Care Unit (ICU)-and hospital stay [2-8], and
high mortality (50-90%) [4-8]. It is hypothesised that ARDS in
these patients results from sequential events that lead to an in-
flammatory response with disruption of the alveolar wall (that
comprises alveolar epithelial cells and capillary endothelial
cells) and progressive alveolar oedema with disturbed gas ex-
change [9-11]. Endothelial injury by the systemic inflammatory
response due to surgery itself, Cardiopulmonary Bypass [CPB]
and blood transfusion [11], could be one of these factors, while
the mode of mechanical ventilation [12], and collapse of the
lung to facilitate the surgeon [13,14], could additionally also dis-
rupt the epithelium of the alveolar wall.

Another factor that can influence alveolar integrity is periop-
erative airway colonisation with potentially pathogenic micro-
organisms, such as respiratory and herpes viruses. As example
influenza, SARS-CoV-2, Cytomegalovirus (CMV), Herpes Simplex
Virus (HSV) and Respiratory Syncytial Virus (RSV) are all known
for their ability to cause disruption of the alveolar architecture
by causing excessive inflammation [15]. In transthoracic es-
ophagectomy- and lung cancer surgery patients, presence of
viral RNA/DNA indeed was found to be associated with postop-
erative pulmonary complications [16-18]. Development of COV-
ID-19 in the postoperative phase of cardiac surgery patients is
also associated with adverse outcomes [19,20]. Moreover, car-
diac surgery in the influenza season is followed by an increased
risk of developing ARDS (9% versus 5%) and prolonged depend-
ency of mechanical ventilation, ICU- and hospital stay [9,21,22].
Therefore, further knowledge on the role of respiratory viruses
in development of ARDS after cardiac surgery is required, since,
if established, it could lead to relevant preventive measures,
such as rapid PCR screening and/or even targeted vaccination
strategies in the pre-operative period.

In this prospective cohort study, we therefore investigated
whether preoperative evidence of respiratory tract viral RNA/
DNA in elective cardiac surgery patients is associated with ad-
verse postoperative pulmonary outcomes.

Materials and Methods
Study Design and Study Population

From January 2014 to December 2018, a prospective cohort
study was performed in a 26-bed ICU of the Leiden University
Medical Centre at Leiden (LUMC), a tertiary referral hospital in
the Netherlands. The study was approved by the Medical Ethi-
cal Committee (protocol P117-11) and conducted in accordance
with the ethical standards laid down in the 1964 Declaration of
Helsinki and its later amendments [23].

Eligible patients were adults (>18 years) undergoing elective
cardiac surgery. Although approximately 1000 cardiac surger-
ies were performed each year, the number of inclusions was
dependent on laboratory and staff availability. The exclusion
criteria were inability to sign informed consent, emergency op-
erations, and participation in another study. Written informed
consent was obtained from all included patients on the day be-
fore surgery.

Perioperative Care

All patients visited the pre-operative outpatient clinic for
pre-operative screening. At admittance, all patients were seen
by an anaesthesiologist and a thoracic surgeon on the day be-
fore surgery. If there was the suspicion of an active infection on
the basis of respiratory symptoms or elevated temperature, it
was customary to postpone the operation. Peri-operative care
for cardiac surgery patients is standardized in the LUMC and fol-
lows a pre-established care path. All details regarding the pre-
operative, intra-operative and post-operative care at thoracic
ward, operating room and the ICU are summarized in the sup-
plementary information.

Data Collection

All pre-, intra- and postoperative data and clinical parame-
ters were obtained from the Electronic Patient Database (EPD)
system of the hospital. On the ICU, continuous hemodynamic
and ventilation monitoring was recorded. Four times per day ar-
terial blood gas analysis was performed and more frequently on
indication. The age adjusted Charlson Comorbidity Index (aCCl),
a prognostic score summing the weighted scores of 19 medical
conditions, taking the seriousness and number of comorbid dis-
eases into account, was calculated [24]. This score is developed
to predict 1 year-mortality based on medical comorbid condi-
tions and age, and has since been validated in many different
populations [25,26].

Influenza like llinesses (ILI) Season

Ever since 1970, the Dutch national knowledge institute for
primary health care research keeps track of when the ILI and
Influenza season starts and ends [27]. Predefined “index” gen-
eral practices register the number of patients that report with
ILI and standardised weekly tests on respiratory viruses are
performed in these practices to define, by extrapolation, the
number of new ILI cases/100.000 inhabitants. The ILI season is
defined to last as long as this number of new patients is above
51/100.000 inhabitants per week.

Sample Collection

On four different time points, non-fiberscopic mini-broncho
alveolar lavages (miniBAL) were performed after intubation and
induction, on the first, third and fifth postoperative day, but
only if patients were still intubated. Briefly, 10 ml NaCL 0, 9%
was instilled via a Combicath® catheter and aspirated again.
Samples were processed in the laboratory immediately. After
mucolysis using Sputolysin Reagent [DTT] (Calbiochem, cat nr.
560000, Darmstadt, Germany and/or its affiliates), the cells and
debris was separated by centrifugation. The remaining superna-
tant was collected and stored in 5 to 7 aliquots of 1 ml at minus
80 degrees Celsius.

PCR Testing

After completing miniBAL sample collection and processing,
the stored supernatants of all patients were tested at the same
time, with the same batch for viral RNA/DNA. A multiplex real-
time PCR (gPCR) developed in our laboratory was used, con-
sisting of four types human corona viridae (hCoV) (229E, HKU1,
NL63, and OC43), Influenza Virus type A (IVA), Influenza Virus
type B (IVB), Human metapneumovirus (hMPV), Parainfluenza
(PIV) 1-4, Respiratory Syncytial Virus (RSV), Rhinovirus (RV), ad-
enovirus, bocavirus, Cytomegalovirus (CMV), herpes simplex vi-
rus (HSV) 1-2 [27-30]. Total nucleic acids were extracted directly
from 200pl clinical samples, using the Total Nucleic Acid extrac-
tion kit on the MagnaPure LC system (Roche Diagnostics, Alm-
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ere, the Netherlands) with 100 uL output eluate. Nucleic acid
amplification and detection by real-time PCR was performed
on a BioRad CFX96 thermocycler, using primers, probes and
conditions as described previously [28,30]. The Cycle Thresh-
old (CT) value is the number of cycles of amplification required
for a positive signal, measured as a curve above a threshold.
CT-values were normalised using a fixed baseline fluorescence
threshold. To prevent false positive results due to technical
laboratory issues, such as artefact fluorescention or contamina-
tion, CT-values >40 were considered negative.

End Points

The primary endpoint is the presence of respiratory viruses
in adult elective asymptomatic cardiac surgery patients. The
secondary endpoints were to assess whether perioperative
presence of viral RNA/DNA in the respiratory tract is associated
with clinical outcomes, such as PaO,/FIO, ratio (P/F ratio: for-
mula in supplementary information), Alveolar-arterial gradient
(A-a gradient: formula in supplementary information), develop-
ment of ARDS according to Berlin criteria [31]. (definition sum-
mary in supplementary information), and duration of mechani-
cal ventilation and length of ICU stay.

Statistical Analyses

Normal distribution of the data was tested according to Sha-
piro-Wilk. Mean and SD were used to describe normally distrib-
uted variables. Median and Interquartile Range (IQR) were used
to describe non normally distributed variables. For the compari-
son of normally distributed variables, a Welch two sample t-test
was used for two group comparison, and an analysis of variance
(AnOVa) test for more than two groups. Non normally distrib-
uted variables were compared using the Mann-Whitney U test
for two-group comparisons and the Kruskal Wallis test for more
than two groups. Categorical variables were described as a
count and a percentage. Given the small sample size, especially
in the viral RNA/DNA group, we used Fisher’s exact test rather
than the Chi-squared test to compare categorical variables. Sta-
tistical analysis was performed using R Statistical Software (ver-
sion 4.0.5).

Results
Patient Characteristics

From January 2014 to December 2018, 49 random patients
were included in this study, six of whom had postoperative evi-
dence of respiratory viral RNA/DNA at the day of surgery. In two
patients it took more than 40 PCR cycles to detect viral genetic
material, and they were considered virus negative. The patient
characteristics are shown in (Table 1). There were more male
patients (83 versus 54%), and less comorbidity (aCCl of 2.7 (SD
1.5) versus 3.7 (SD 1.6) in the virus versus the non-virus patient
group. In both groups surgery took place in the ILI season in the
majority of patients (virus: 67% versus non-virus: 60%). Further-
more, there were less patients with heart failure, defined as a
left ventricular ejection fraction of <40% (virus: 0 (0%) versus
non-virus: 5 (11%). COPD (GOLD 1 and 2) was more frequent
in the non-virus group as well. In general, a high risk popula-
tion was included, as evidenced by the high NYHA score, the
pre-surgery risk score (Euroscore [32]), and the limited number
of solely Coronary Artery Bypass Grafting (CABG) surgery. Sur-
gery was more complex with more combined interventions in
the non-virus group, but Euroscore, CPB time, and surgery time
were not significantly different.

Table 1: Patient characteristics.

Respiratory virus present in miniBAL
- - p
NO (n=43) YES (n=6) value
Demographic characteristics
Gender — Male n (%) 23 (53) 5(83) 0.22
Age (years) Median (IQR) | 68 (61to77) 66 (57to67) 0.15
BMI (kg/m?) Mean (SD) 27 (5) 26 (3) 0.83
Surgery in influenza-
like illness season n (%) 26 (60) 4(67) 1.00
Pulmonary condition
Smoking status
Current smoker n (%) 5(12) 0(0) 1.00
Former smoker n (%) 21 (49) 4 (67)
Never n (%) 15 (35) 2(33)
Packyears (years) Median (IQR) | 27 (14to39) 45(38to53) 0.18
COPD
NO n (%) 36 (84) 6 (100) 1.00
GOLD 1 n (%) 4(9) 0(0)
GOLD 2 n (%) 2 (5) 0(0)
GOLD 3 n (%) 0(0) 0(0)
GOLD 4 n (%) 0(0) 0(0)
Cardiac condition
Clinical signs of de-
compensation n (%) 2(5) 0(0) 1.00
i"r’l"{fi’:,fg:";a' infarction n (%) 8(19) 2(33) 0.59
PCl in history n (%) 12 (28) 2 (33) 1.00
Left ventricle systolic
function
Good (EF > 55%) n (%) 27 (63) 2 (33) 0.31
glé%erate (EF 40% - n (%) 11 (26) 4(67)
. o .
Lrg%nred (EF 25% n (%) 3(7) 0(0)
Poor (EF <25%) n (%) 2(5) 0(0.0)
NYHAE class
Class | n (%) 8(19) 0(0.0) 1.00
Class Il n (%) 7 (16) 1(17)
Class Il n (%) 14 (33) 1(17)
Class IV n (%) 2 (5) 0(0)
Other comorbidities
Diabetes Mellitus n (%) 12 (28) 0(0) 0.31
Hypertension n (%) 23 (53) 3 (50) 1.00
Hypercholesterolae-
mia n (%) 17 (40) 0(0) 0.13
Malignancy n (%) 0(0) 4(67) 1.00
Chronic liver disease n (%) 1(2) 0(0) 1.00
Chronic kidney disease n (%) 4(9) 0(0) 1.00
Preoperative creati- .
nine (umol/L) Median (IQR) | 81 (67to96) 82 (78t092) 0.47
Age adjusted CCI Mean (SD) 3.7 (1.6) 2.7 (1.5) 0.15
Surgical characteristics

Euro SCORE 2 Mean (SD) 5.9 (2.8) 6.5 (1.5) 0.59
Type of surgery per-
formed
CABG n (%) 17 (40) 2 (33) 0.85
CABG + single valve n (%) 1(2) 0(0)
CABG + multiple valve n (%) 4(9) 0(0)
Single valve n (%) 2 (5) 0(0)
Multiple Valve n (%) 4(9) 0(0)
Thoracic Aorta Surger
+ CABG + valve gern n (%) 6(14) 1(17)
Heart failure surgery n (%) 9(21) 3(50.0)
(T%tiz'u‘:g;?m" onCPB | \jean(sD) | 188(89) 175(51) | 0.73
Total duration of
surgery (minutes) Mean (SD) 403 (128) 441 (111) 0.50
:anutrr‘?’;aortic balloon n (%) 1(2) 0(0) 1.00
Erythrocyte transfu- - 250 (63 to
sion (ml) Median (IQR) 0(0to0) 625) 0.02
Fresh Frozen plasma . 300 (0 to
transfusion (ml) Median (IQR) 0(0to0) 600) 0.10

IQR: Interquartile Range; BMI: Body Mass Index; SD: Standard Deviation; COPD: Chronic
Obstructive Pulmonary Disease; PCI: Percutaneous Coronary Intervention; EF: Ejection
Fraction; NYHA: New York Heart Association; CCl: Charlson Comorbidity Index; CABG:
Coronary Artery Bypass Grafting; CPB: Cardiopulmonary Bypass
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Viral Characteristics

In six out of 49 patients (12%) respiratory viruses could be
detected (Table 2). All patients were positive on the day of sur-
gery itself. In one patient, two types of viral DNA were present
(IAV and PIV type 2), and this patient was the only one to be
still intubated on the first postoperative day. In this patient the
CT value of IAV was lower in the second sample (decrease from
39.3 to 2 24.2), indicative of an increasing viral load as seen in
an active infection. Mean CT values in the samples from the six
positive patients were 37.2 (SD 2.1) in the ILI season showing no
difference with 36.7 (SD 3.2) outside the ILI season (p = 0.84).
Presence of viral RNA/DNA was similar in the ILI and outside the
ILI season (4/30 in versus 2/19 outside the season) (p=1.00).

Table 2: Virus characteristics.

Surgery " -
A Lowest . ) Timepoint virus
Patient Virus in ILIl .
CT value positivity
season
1 24.15; | influenza A virus (IAV) yes Surgery day
parainfluenza virus
39.06 and Day 1
(PIV-2)
2 38.28 parainfluenza virus S q
. es urgery da
(PIV-1) Y/ gery day
parainfluenza virus
3 39.03 no Surgery day
(PIV-2)
parainfluenza virus
4 36.46 no Surgery day
(PIV-3)
human Corona Virus
5 34.12 yes Surgery day
(HCoV-HKU1)
human Corona Virus
6 37.43 yes Surgery day
(HCoV-HKU1)

CT cycle threshold, ILI influenza like ilinesses

Clinical Outcomes in Virus versus Non-Virus Groups

Pulmonary outcomes were not different in the virus versus
the non-virus group (Table 3). Neither the number of patients
that developed ARDS, (virus: 3 (50%) versus non-virus: 16 (37%)
(p=0.51), nor the severity of ARDS (virus: moderate/severe
ARDS 33% versus non-virus: 16% (p = 0.31) were significantly
different (Figure 1).

ARDS in virus positive and negative patients

=
=

. Virus negative
. Virus positive

Proportion of patients

=
~

severe ARDS

moderate ARDS

No ARDS mild ARDS

Figure 1: Bar Chart Plot: development of ARDS in virus and non-
virus groups (p = 0.510).

Duration of mechanical ventilation (min) (virus: 804 (637-
990) versus non-virus: 767 (663-1227), p 0.70) and ICU stay
(hours) (virus: 23(21-39) versus non-virus: 24(22-48, p=0.50)
were similar in both groups. Furthermore, more severe com-
plications were seen in the non-virus group, though absolute
numbers are small (Table 3).

Table 3: Clinical outcome in virus versus non-virus groups.

Respiratory virus present in miniBAL
YES (n=6) NO (n=43) p value
Pulmonary outcomes
Lowest P/F ratio Median
274 (199-349) 188(139-267) @ 0.15
after surgery (IQR)
Lowest A-a gradi- Median
0.8(0.7-0.9) 0.9 (0.6-1.5) 0.52
ent after surgery (IQR)
ARDS
No ARDS n (%) 3(50) 27 (63) 0.51
mild ARDS n (%) 1(16) 9(21)
moderate ARDS n (%) 2 (33) 5(12)
severe ARDS n (%) 0(0) 2 (5)
Mechanical ventila-  Median
L . 804 (637 -990) | 767 (663 -1227)  0.70
tion time (min) (IQR)
Reintubation n (%) 0(0.0) 5(12) 1.00
Severe complications
Re-thoracotomy n (%) 0(0.0) 5(12) 1.00
Cardiopul
arclopurmonary - (o) 0(0.0) 1(2) 1.00
resuscitation
Cardiac tamponade | n (%) 0(0.0) 3(7) 1.00
Mortality n (%) 0(0.0) 2 (5) 1.00
Other
Infection n (%) 0(0.0) 4(9) 1.00
Delirium n (%) 1(16.7) 9(21) 1.00
) Median
ICU stay in hours (IQR) 23 (21-39) 24 (22 - 48) 0.50
ICU readmission n (%) 0(0) 1(2) 1.00
IQR interquartile range, P/F ratio PaO_/FiO, ratio, A-a gradient Alveolar-arterial

oxygen gradient, ARDS adult respiratory distress syndrome, ICU intensive care
unit.

Discussion

In this explorative prospective cohort study of randomly cho-
sen adult asymptomatic cardiac surgery patients, we demon-
strated the presence of respiratory viral RNA/DNA in six out of
49 patients (12%). In these six patients, the viral RNA/DNA titre
was generally low (high CT-value) and did not differ in or out
of the respiratory virus season. Although moderate to severe
ARDS occurred more often in the virus group (33%) than in the
non-virus group (16%), a significant association of respiratory
tract viral RNA/DNA with unfavourable (pulmonary) outcomes,
could not be established.

Previous studies reported variably on the clinical impact of
the presence of respiratory viruses on surgery outcomes. Three
large studies showed that the ILI season was unfavourably
linked to clinical outcomes after surgery [9,21,22]. However, in
these studies no direct proof was provided that a viral infection
was the causal factor in adverse outcomes following cardiac
surgery. In fact, in our study, respiratory viruses were detected
both in and out of the ILI season, with no significant differences
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in pulmonary outcomes. This virus independent occurrence of
ARDS is consistent with paediatric studies of respiratory viruses
in immunocompetent cardiac surgery patients [29,33]. More-
over, in a large (n=1407) multicentre Dutch cohort of acutely
admitted adults requiring invasive mechanical ventilation (also
including 4% adult cardiothoracic patients) with 28 days of fol-
low up, presence of virus was not associated with the number
of ICU free days nor with crude mortality [34].

For all that, within the ILI season, the number of circulating
respiratory viruses, and thus the risk of viral infection, remains
undoubtedly higher. The preoperative assessment by the tho-
racic surgeon and anaesthesiologist, however, clearly succeed-
ed in allowing only patients for surgery that showed no clinical
signs of viral infections. Nevertheless, as our results indicate,
patients with very low viral loads, hence subclinical viral infec-
tions, do undergo surgery. However, and notwithstanding their
low number, we found this not to be associated with an unfa-
vourable clinical outcome compared to elective patients with-
out presence of respiratory viruses. This result should of course
be interpreted with caution. While more non pulmonary com-
plications occurred in the non-virus group, we cannot rule out
the possibility that, in the virus group, this might have masked
a possible effect of the virus itself, and multivariate correction
was only possible to a limited extent due to the small sample
size. While earlier studies suggested including viral screening
in the preoperative assessment (and possibly even vaccination)
to prevent pulmonary complications after cardiac surgery, our
study suggests that surgery on patients without symptoms of a
viral infection is safe. Our results hence do not support a policy
to include PCR-based preoperative screening for respiratory
viruses in asymptomatic patients and/or postpone surgery in
all asymptomatic patients with preoperatively detectable virus
RNA/DNA in respiratory samples, though the heterogeneity of
the data and small sample size make that results are difficult to
interpret.

Screening for high CT values (low viral loads) of selected res-
piratory viruses - irrespective of the season- might still contrib-
ute to predict unfavourable outcomes. Some of these viruses
(IVA, IVB [9,21,22], RSV [29,30,33], PIV [35], and SARS-CoV-2
[36,37], HSV [38,10], and CMV [41] are more pathogenic and
can in themselves lead to the development of viral pneumo-
nitis. Since our panel of viruses also included low pathogenic
viruses, such as HCoV 229E, NL63, HKU1, OC43, PIV1-4, hMPV,
and RV, we found a variety of different viruses in our patients
of which there were only four that were associated with an un-
favourable outcome in other studies. Hence, future research
into higher pathogenic viruses and ARDS after cardiac surgery
patients remains useful. Furthermore, there was only one pa-
tient with a CT value lower than 35. This could be indicative of
a very early stage of the infectious process or, just the oppo-
site, be indicative of viral clearance. Moreover, since viral detec-
tion assays were only performed in miniBAL samples and not in
nasopharyngeal swabs, we formally cannot exclude that some
patients, classified as virus negative in our study, actually did
carry virus in the upper airways that later (after collection of
the last miniBAL sample) could have resulted in a lower airway
infection. Therefore, results should be interpreted with caution.
Finally, on top of the fore mentioned restrictions, another sig-
nificant limitation of our study is its insufficient power to prop-
erly correct for baseline differences, or to perform (propensity
score) matched analyses. Larger studies are warranted and re-
sults from study could be used for power calculations.

Notwithstanding the findings in our study, viral (re)activity is
still likely to be one of the many factors contributing to the de-
velopment of ARDS in patients following major surgery [9,11].
It is known that major surgery, transfusions and certain comor-
bidities (diabetes mellitus, cardiovascular disease, obesity and
old age) are associated with dysregulation of innate and adap-
tive immunity, including impaired antigen presenting capacity,
impaired production of pro-inflammatory mediators, inhibition
of T-cell activity, dysregulation of cytokine production, disrup-
tion of Thl and Th17 pathways, and increased apoptosis of im-
mune cells [15]. This makes the body vulnerable to reactivation
and a more severe clinical course of respiratory viruses [15].
Subsequent disruption of the alveolar side of the endothelial/
alveolar interface eventually leads to impaired gas exchange,
disturbed P/F ratio, ARDS and in the end a protracted postop-
erative clinical course.

Conclusion

In this study we have demonstrated the presence of respira-
tory viruses in the perioperative phase in 12% of cardiac surgery
patients that had no symptoms of a respiratory infection. Only
low amounts of often low pathogenic viruses - as indicated by
high CT-values —were detected and similarly present in and out
of the ILI season. Although in our study the presence of res-
piratory viral genetic material was not associated with worse
pulmonary outcomes after cardiac surgery, larger investigations
are needed to determine the importance of the different types
of respiratory viruses and the importance of viral load on the
perioperative course after heart surgery.
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