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ABSTRACT

Objectives Data on the clinical outcome of patients
with congenital heart disease (CHD) affected by severe
viral pneumonia are limited. We analysed morbidity

and mortality of viral pneumonia and evaluated the
association between medical conditions, medication,
vaccination and outcome specifically in patients with
CHD requiring hospitalisation for viral pneumonia.
Methods Based on data from one of Germany's largest
health insurers, all cases of viral pneumonia requiring
hospital admission (2005-2018) were studied. Mortality,
and composites of death, transplantation, mechanical
circulatory support, ventilation or extracorporeal lung
support served as endpoints.

Results Overall, 26 262 viral pneumonia cases occurred
in 24980 patients. Of these, 1180 cases occurred in
patients with CHD. Compared with patients without
CHD, mortality rate was elevated in patients with CHD.
As a group, patients with CHD aged 20-59 years even
exceeded mortality rates in patients without CHD aged
>60 years. No mortality was observed in patients with
CHD with simple defects <60 years of age without
associated cardiovascular risk factors. On multivariable
logistic regression analysis, age, CHD complexity,
chromosomal anomalies, cardiac medication, use of
immunosuppressants and absence of vaccination for
influenza emerged as risk factors of adverse outcome.
Conclusions We present timely data on morbidity and
mortality of severe viral pneumonia requiring hospital
admission in patients with CHD. Need for mechanical
ventilation and risk of death in CHD increase early in life,
reaching a level equivalent to non-CHD individuals >60
years of age. Our data suggest that except for patients
with isolated simple defects, patients with CHD should
be considered higher-risk individuals when faced with
severe viral pneumonia.

INTRODUCTION

Life trajectories of patients with congenital heart
disease (CHD) have been transformed over the
past decades. Medical, surgical and catheter inter-
ventional progress has enabled most patients with
CHD to live longer lives and many now to survive to
retirement age.'” Nonetheless, millions of patients
with CHD living in North America and Europe
cannot be regarded as cured by these previous
reparative measures and frequently present with
cardiac and extracardiac complications.” *° These
complications include heart failure, arrhythmias,

pulmonary disease, neurological as well as renal and
hepatic disease.® Infections such as myocarditis and
endocarditis also occur frequently in patients with
CHD and are associated with high morbidity and
mortality.” Furthermore, over 30% of adult patients
with CHD with cardiac defects of moderate and
high complexity have been reported to have at least
moderately impaired lung function.®

The SARS-CoV-2 pandemic causing COVID-19
has highlighted the potential for severe morbidity
and mortality associated with viral disease in
various cardiovascular cohorts. Beyond respira-
tory problems—in particular acute respiratory
distress syndrome in adults (ARDS)—cardiovas-
cular complications such as acute myocarditis, heart
failure, arrhythmias and heart attacks have been
reported. Patients with pre-existing cardiovascular
conditions have been found to be more commonly
affected, and cardiovascular disease seems to
predispose patients to severe or lethal courses of
the infection.” Furthermore, increases in creatine
kinase, myoglobin and troponin levels have been
reported, suggesting virus-induced acute myocardial
damage.' Interestingly, the increased fatality rate
observed in cardiovascular patients infected with
COVID-19 is consistent with data from previous
influenza epidemics and similarities between the
conditions have been highlighted.' ' While unique
in the magnitude of its global impact, the currently
observed COVID-19 pandemic is, however, not
the first of its kind. Since the year 2000, major
epidemics of global scale have been recorded,
including the SARS epidemic (2002-2004, fatality
>900 individuals) and the HI1N1-influenza-A
pandemic (2009, estimated fatality 200 000)." In
addition, seasonal influenza remains an ongoing
issue, having claimed approximately 330000 lives
in the USA alone between 2010 and 2019 according
to Centre of Disease Control data."

Severe respiratory viral infections are gener-
ally accompanied by a sudden increase in life-
threatening cardiac complications in predisposed
patients. People with CHD and their healthcare
providers are understandably concerned about the
implication of severe viral infections for the CHD
population.’  Recognising  pathophysiological,
clinical and radiological similarities between viral
pneumonias,'! 18 we used available data to shed
light onto the risk of death or need for intensive
care management, mechanical ventilation or extra-
corporeal lung support (ECLS) in this vulnerable
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population afflicted by viral pneumonias. In addition, we eval-
uated the association between demographics, medical history,
history of cardiac and non-cardiac comorbidities as well as medi-
cation and vaccination use on outcome.

PATIENTS AND METHODS

This was a retrospective cohort study based on administra-
tive data from the BARMER GEK German Health Insurance
Company. The validity and integrity of the database has been
demonstrated and the database has been shown to be representa-
tive of the German population.'” As data entry is mandatory for
administrative purposes, the dataset is complete. The BARMER
insures approximately 9 million members (ie, around one out of
nine of the German population). All inpatient and outpatient
procedures and diagnoses occurring between 2005 and 2018
in the insured population are routinely coded in the BARMER
database for reimbursement purposes and were available in
an anonymised form for analysis. In addition, information on
immunisations against influenza and pneumococcal disease as
well as all drug prescriptions (coded according to the Anatomical
Therapeutic Chemical Classification System) were also available
for analysis. Viral pneumonia was identified based on the rele-
vant inpatient 10th revision of the International Classification
of Diseases (ICD-10) codes as shown in online supplemental
appendix, table A. These included specific codes for viral pneu-
monia (J10-J12) as well as combinations of pneumonia with a
concomitant coded detection of influenza viruses. Endpoints of
the study included (1) all-cause in-hospital mortality (or death
within 30 days of hospital discharge), (2) a combined endpoint
of death, successful resuscitation, use of mechanical cardiac
support or heart transplantation and (3) use of ECLS, death or
resuscitation. Patients with CHD were identified based on their
inpatient or outpatient ICD-10 codes (Q20-Q28 in the German
modification of the ICD-10; for details, see online supple-
mental appendix, table B). Patients were categorised into simple,
moderate or severe complexity defect groups based on current
guideline recommendation.’ Patients with isolated atrial septal
defects were not included as this defect shares the same ICD
code (Q21.1) with patent foramen ovale in the German modifi-
cation of ICD-10 codes.

A comprehensive panel of risk factors were included as
covariables and are presented in detail in online supplemental
appendix, table C. Briefly, we considered pre-existing cardiovas-
cular conditions (such as prior heart failure, myocardial infarc-
tion or stroke), extracardiac comorbidities (eg, diabetes, renal or
hepatic dysfunction), chronic lung disease, immune disorders,
chromosomal anomalies, cancer as well as various cardiac and
non-cardiac medications.

Patient and public involvement

While for this particular project no direct patient involvement
was sought, patients and the public are constantly involved in
the process of prioritising projects and focusing research on
patient-relevant aspects of CHD within the framework of the
National Register for Congenital Heart Disease.

Statistical analysis

Categorical variables are presented as numbers and percent-
ages, while continuous variables are shown as median and
IQRs, respectively. Differences between groups are assessed by
Mann-Whitney U test or Fisher’s exact test depending on data
type. To investigate the association between demographics, pre-
existing medical conditions, immunisations and medication use

and outcome, univariable and multivariable logistic regression
analyses are presented. The regression models include a random
intercept to account for the clustering of the data, that is, indi-
viduals being represented more than once in the analysis. The
R statistical software was used for all analyses and a two-sided
p-value <0.05 was considered significant throughout the study.

RESULTS

Opver the study period, 26 262 cases of viral pneumonia requiring
hospitalisation occurred in 24 980 patients (51.2% males, median
age 33 years (IQR 1-74; age range 0-105 years)). Of these,
1180 cases occurred in 1040 patients with CHD (54.3% males,
median age 2 years (IQR 1-3; age range 0-90 years), 72.8%
with simple underlying defects, 15.6% with defects of moderate
complexity and 11.6% with defects of severe complexity.
Overall, the age distribution at diagnosis of viral pneumonia
followed a bimodal distribution with a peak in early childhood
and a second peak after 70 years of age. Across the entire cohort,
influenza viruses accounted for 47.1% of infections, followed by
respiratory syncytial viruses (RSVs) with 28.7%, adenoviruses
(2.7%), parainfluenza (1.8%) and human metapneumovirus
(1.3%). In 20.4% of cases, no specific virus was coded. In the
paediatric population (<18 years of age), RSV infection was the
most common cause accounting for 55.5% of cases, followed by
influenza (14.2%), adenoviruses (4.5 %), human metapneumo-
virus (1.8%) and parainfluenza (1.3%). Interestingly, however,
influenza, parainfluenza and human metapneumovirus were
relatively over-represented in children who died, required resus-
citation, mechanical cardiac support or transplantation (28.3%
vs 14.2%, 5.8% vs 1.3% and 5.0% vs 1.8%, respectively, in the
event group vs the overall paediatric population). In contrast,
RSV was relatively under-represented in patients with events
compared with the entire population (41.7% vs 55.5%). In adult
patients, influenza accounted for 76.8% of cases. Further data
on the distribution of virus diagnosis between the age groups and
specific information about the virus types are provided in the
online supplemental material. Table 1 shows baseline parameters
stratified by endpoints across the entire study population.

In-hospital case fatality rate (CFR) overall was 8.5% with
important differences between age groups and patients with and
without CHD: children with CHD aged 0-9 years had a hospital
CFR of 1.3% compared with 0.3% in non-CHD children of the
same age group. Similarly, CHD children and adolescents aged
10-19 years had a higher mortality rate compared with non-
CHD peers (8.5% vs 3.0%). Only 40 patients with CHD aged
20-59 years of age required hospitalisation for virus pneumonia
during the study period and were thus included in the anal-
ysis. However, six of these patients died (hospital CFR 15%),
compared with 9.5% in patients without CHD of the same
age group. As a group, in-hospital CFR in the 20-59-year-old
CHD cohort exceeded the CFR seen in patients without CHD
aged 60-69 years of age (14.4%) and approached the mortality
rate found in 70-79-year-old patients without CHD (17.2%)
(figure 1).

The composite endpoint of death, successful resuscitation,
mechanical cardiac support or heart transplantation occurred
in 4.0%, 10.6% and 22.5% of patients with CHD and 0.5%,
3.1% and 13.7% of patients without CHD aged 0-9, 10-19
and 20-59 years, respectively. For comparison, the event rates
in patients without CHD aged 60-69, 70-79 and 80-89 years
of age for this endpoint were 17.7%, 18.8% and 21.6%, respec-
tively. Thus, adult CHD had higher event rates compared with
those observed in over the 80-year-old non-congenital cohort.
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Congenital heart disease

Cardiac involvement

Acute virus
infection

High risk of death or severe complications in
* patients with congenital heart disease

Risk comparable to
individuals >60-80 years of age
without congenital heart
disease

-

Risk of death/CPR/MCS/Transplantation

@  2259%

CHD patient 20-60 years

Lf

21.6 %

Non-CHD subject 80+ years
J

Risk of Mechanical ventilation/ECLS/resuscitation/death

Viral pneumonia []
Acute respiratory distress syndrome '
.

©  40.0%

CHD patient 20-60 years

26.4 %
Non-CHD subject 80+ years
o’

A

Risk factors for
adverse outcome/death:

Figure 1

Age, male gender, complexity of congenital heart disease, chromosomal anomalies,
previous history of viral pneumonia, treated diabetes, obesity, alcohol abuse, smoking,
use of immunosupressants, current use of heart failure/cardiac medication,

lack of influenza/pneumococcal vaccination

The figure illustrates the elevated risk of death or adverse outcomes in young and middle-aged patients with congenital heart disease

(CHD) that is comparable to event rates seen in elderly non-congenital individuals. Furthermore, risk factors for adverse outcome are presented. CPR,
cardiopulmonary resuscitation; ECLS, extracorporeal lung support; MCS, mechanical cardiac support.

Figure 2A illustrates the relationship between age and event rates
in patients with and without CHD, again illustrating that the
former reach event rates observed in elderly patients without
CHD (>60 years of age) already from the onset of adulthood
on.

Regarding the composite endpoint of need for mechanical
ventilation/ECLS, resuscitation or death, event rates in patients
with CHD were again consistently higher compared with patients
without CHD: 18.0% vs 5.0% at age 0-9, 23.4% vs 8.1% at age
10-19 and 40.0% vs 27.6% at age 20-59 years. Figure 2B shows
the event rate as a function of age for patients with and without
CHD. In addition, it provides information on the relative risk
ratio between various CHD age groups and matched patients
without CHD. It shows that while CHD children have relatively
lower absolute risks of complications, when compared with
their age-matched non-CHD peers, their relative risk increase
for death or severe acute complications is substantial, ranging
between 3.5 and 6.3.

On univariable and multivariable logistic regression analyses,
CHD complexity, heart failure, a history of cardiac arrhythmias
as well as a number of extracardiac comorbidities emerged as
significant predictors of outcome. Table 2 illustrates the results
of the multivariable logistic regression analysis in the entire
study population. It shows that age, previous virus pneumonia
episodes, male gender, complexity of cardiac defects, concom-
itant chromosomal anomalies, history of a cancer diagnosis,
obesity, smoking and alcohol abuse as well as use of cardiac
medications, antipsychotic drugs or anticonvulsives, antidia-
betic medication and immunosuppressants represent multivari-
able predictors of adverse outcome. In contrast, vaccination
against influenza was associated with lower event rates in this
analysis, and a trend toward lower event rates in patients vacci-
nated against pneumococcal disease was seen. The results of the
univariable analyses for the entire cohort and specifically for the
CHD cohort are presented in the online supplemental mate-
rial. Chronic lung disease was defined relatively broadly in the

current analysis and this may account for the counterintuitive
association between lung disease and outcome.

Even patients with simple cardiac defects had significantly
increased risks of adverse outcome (OR 1.74 and 1.96 for death/
resuscitation/mechanical cardiac support and transplantation
and mechanical ventilation/ECLS/death compared with non-
congenital patients). However, when assessing specifically adult
patients with CHD with simple defects who experienced events,
we found that 87.5%-90% of patients had concomitant risk
factors depending on endpoints considered. For example, 12%
of the adult patients with CHD with simple defects who died
had heart failure, 18% had a history of cardiac arrhythmias, 41%
required cardiac medication, 29% had a cancer diagnosis and
35% were on immunosuppressive drugs. In addition, the median
age of the adult patients with simple defects who experienced
events in the current analysis was 66 years. In fact, all patients
with simple defects who experienced events or died below the
age of 60 had additional cardiovascular risk factors or associated
severe health conditions in our analysis.

DISCUSSION

Based on a large nationwide administrative dataset of in-hos-
pital viral pneumonia cases in 24980 patients over a 13-year
period, our study provides novel mortality and morbidity esti-
mates for affected patients with CHD. The analysis shows that
patients with CHD had a worse outcome compared with their
age-matched non-CHD peers, and mortality or morbidity rates
in young or middle-aged adult patients with CHD were compa-
rable to those observed in non-congenital individuals aged
60 years and above. Therefore, the current data suggest that
patients with CHD with moderate and complex cardiac defects
should be considered higher risk patients in the setting of severe
viral infections and this information may help to guide medical
management and health policy decisions in this vulnerable popu-
lation. While in our analysis children with CHD exhibited lower
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Figure 2

(A) Association between age and the composite endpoint of death, resuscitation, mechanical cardiac support (MCS) and transplantation

in patients with congenital heart disease (CHD) and individuals without congenital heart defects showing that risk of severe complications increases
early in adulthood in patients with CHD, reaching levels only seen in elderly non-congenital individuals. (B) In addition, a similar effect is seen for the
composite endpoint of mechanical ventilation, extracorporeal lung support (ECLS). CPR, cardiopulmonaryresuscitation.

absolute mortality and complication rates overall, their relative
risk of adverse outcomes was nevertheless 3.5 to 6-fold higher
compared with their non-congenital peers. As a consequence,
even children with CHD could be regarded as higher-risk
subjects based on the current analysis. We also identified comor-
bidities associated with higher risk of death or adverse outcome,
including older age, male gender, complexity of the underlying
heart defect, chromosomal anomalies, cancer, cardiac medica-
tion as well as immunosuppressive drugs.

While viral pneumonias primarily target the lungs, the disease
is frequently accompanied by cardiovascular complications.” 2°

Furthermore,ithasbeen highlighted that patients with pre-existing
cardiovascular conditions are not only more susceptible for viral
infections but subsequently also exhibit worse clinical outcomes
compared with healthy subjects.” ?>** Many patients with CHD
also present with additional health issues including pulmonary
disease, immune defects or multisystem disorders in addition
to the underlying cardiac defect.* ® As a consequence, these
patients are prime candidates for complications and increased
mortality when faced with severe viral pneumonia. The current
SARS-CoV-2 pandemic has highlighted uncertainties associ-
ated with viral pneumonia in CHD cohorts, as this aspect has
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Congenital heart disease

received much less attention traditionally compared with bacte-
rial infections and endocarditis. Efforts are under way to collect
prospective data on COVID-19 infection outcomes and provide
recommendations specifically for patients with CHD." * These
specific data are urgently required to guide front-line clinicians,
politicians and patients. Our data may complement this infor-
mation as it has been emphasised that the severity and outcome
of coronavirus infections may—in part—be similar to other
respiratory viruses, most notably influenza.'” Beyond shared
pathogenic mechanisms, clinical manifestations and even radio-
logical appearances, the pathophysiological responses between
the conditions are relatively similar.” * 2¢ %" Therefore, these
general information on outcome and complications of viral
pneumonias in patients with CHD could at least serve as a basis
for expert discussion and recommendations making. Also, the
information presented here is relevant beyond COVID-19 as
clinicians are commonly faced with viral pneumonias unrelated
to SARS-CoV-2 infections and future epidemics of other viruses
can be expected.

In our analysis, severity of the cardiac defect emerged as a risk
factor for adverse outcome. Patients with complex underlying
cardiac defects had the highest risk on multivariable logistic
regression analysis (OR 4.8 compared with patients without
CHD), followed by medium complexity patients (OR 2.5
compared with patients without CHD). Even patients with CHD
with simple underlying cardiac defects had increased mortality
and complication rates overall. However, as a group, adult
patients with CHD with simple defects were on average older
(median 66 years) than those with more complex lesions and
approximately 90% of the event patient in the simple complexity
group had additional risk factors, potentially explaining the
higher risk. None of the adult patients with CHD with simple
underlying cardiac lesions without additional cardiovascular risk
factors or severe associated health issues were affected by need
for ventilation/ECLS or death in our analysis. Therefore, risk
of adverse outcome and death appears very low in adults with
CHD of low complexity, aged <60 years and no additional risk
factors.

Management implications

Accepting that patients with CHD should be regarded as higher
risk individuals, infection prevention is of paramount impor-
tance. Consistent with current guideline recommendations,**® we
found vaccination against influenza and possibly pneumococcal
pneumonia to be associated with lower risk of complications
and mortality in the current study, suggesting that vaccinations
should be offered liberally to patients with CHD. Interestingly,
non-steroidal anti-inflammatory drugs prescribed before hospi-
talisation were not found to be associated with worse outcome
in our analysis and if anything seemed to be associated with less
complications in this population. While specific antiviral treat-
ments exist for influenza infections,” only supportive therapy
can be offered for most other viral infections. These measures
include oxygen, antipyretic therapy and adequate therapy of the
underlying cardiac condition as well as pre-existing or devel-
oping end-organ complications."

Strength of the current report

To the best of our knowledge, this is the first large analysis of
mortality and severe complication rates in patients with CHD
suffering from severe viral pneumonia requiring hospitalisation.
The current report highlights the high morbidity and mortality
rate of patients with CHD with viral pneumonias requiring

in-hospital treatment and has direct medical and health policy
implication for the current pandemic and beyond, potentially
providing a basis for a rational approach.

Limitations

Our analysis is focused on cases of viral pneumonia requiring
hospitalisation. Therefore, it is biased toward more severe cases
of virus infection. Thus, CFRs and morbidity data presented
represents the in-hospital fatality/complication rates. The
presented data overestimate the morbidity and mortality of
disease in the community and should not be directly applied to
ambulatory patients with viral pneumonia. We accept that this
is a retrospective report based on administrative data, covering
the pre-COVID-19 period. As such viral pneumonia studied
here is due to different viruses, mostly influenza. Therefore,
the results described here should not be directly extrapolated
to SARS-CoV-2. Despite these important limitations, however,
careful and critical consideration of experience with viral pneu-
monia in general may have implications for the management of
emerging viruses and has also been advocated specifically for
COVID-19."

CONCLUSIONS

We present novel and timely data on the morbidity and mortality
associated with viral pneumonia in patients with CHD requiring
hospital admission. Our data illustrate the high morbidity and
mortality of viral pneumonias in hospitalised patients with
CHD, irrespective of age. Need for mechanical ventilation and
risk of death in CHD increased early in life in patients with
CHD, reaching a level equivalent to non-CHD individuals >60
years of age. This may provide a rationale for classifying patients
with CHD with moderately and highly complex defects as well
as those with simple defects and associated risk factors as high-
risk individuals and may have implications for current and future
virus epidemics.

What is already known on this subject?

» Limited data exist on the clinical outcome of patients with
congenital heart disease (CHD) affected by severe viral
pneumonia requiring in-hospital treatment.

What might this study add?

» Patients with CHD exhibit an increased risk of mortality
and morbidity compared with non-congenital cohorts
when affected by severe viral pneumonia requiring hospital
admission. The morbidity and mortality risk of young and
middle-aged patients with CHD is similar to that observed
in patients without CHD aged >60 years of age. Age, CHD
complexity, chromosomal anomalies, cardiac medication,
use of immunosuppressants and absence of vaccination for
influenza emerged as risk factors of adverse outcome.

How might this impact on clinical practice?

» The results of the current study should inform
recommendations on risk stratification and management of
patients with CHD with viral pneumonia, including pandemic
situations.
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