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ABSTRACT

Objective To determine the magnitude of any excess risk
of mortality and hospitalisation due to COVID-19 infection
in patients with congenital heart disease (CHD) in the UK
healthcare system.

Methods Matched case—control study within the

Clinical Practice Research Datalink study of anonymised
general practice records in the National Health Service

in England. Patients with CHD were stratified for disease
severity according to the European Society of Cardiology
guidelines. Presence of a positive COVID-19 test,
hospitalisation with a diagnosis of COVID-19 and COVID-
19-related mortality were compared in case and control
groups.

Results 86 441 patients with CHD and 335839 controls
were studied. Of patients with a positive COVID-19 test,
patients with CHD were more likely than controls to be
hospitalised (22.4% vs 14.5%; OR=1.77 (95% Cl 1.60

t0 1.96); p=2.11e-28) and suffer COVID-19-related

death (6.1% vs 3.8%; OR=1.60 (95% Cl 1.35 to 1.89);
p=7.00e-08). The excess risk of COVID-19 hospitalisation
and death rose with increasing physiological severity of
CHD (presence of pulmonary vascular disease and/or
cyanosis), rather than anatomical complexity.
Conclusions In this study of the COVID-19 pandemic
experience, using population health records in over
86000 patients with CHD in England, patients with CHD
with COVID-19 were at around 50—75% higher risk of
hospitalisation and mortality compared with matched
controls with COVID-19. We provide the first primary care-
derived estimates for COVID-19 hospitalisation and case-
fatality rates in patients with CHD. Some factors predictive
of worse COVID-19 outcome in general populations

(such as non-white ethnic group), and other CHD-

specific comorbidities (such as pulmonary hypertension),
influenced outcomes among patients with CHD.

INTRODUCTION

As of the end of 2022, there had been >175
000 COVID-19-related deaths in the UK with
>20 million confirmed positive infections.'
Congenital heart disease (CHD) affects ~9
in 1 000 liveborn babies with an increasing
global incidence.” * Several previous studies
have examined the excess risk conveyed by a
diagnosis of CHD in the setting of COVID-19
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Studies in the USA and in mainland Europe have es-
timated the excess risk from COVID-19 infection to
hospitalised patients with congenital heart disease,
and these estimates have varied widely. Large-scale
data from the UK on this subject are thus far absent.
The hospital focus of previous studies also pre-
cludes the estimation of hospitalisation and case-
fatality rates in the general population of patients
with CHD, and may have excluded some important
events occurring in the community, such as sudden
death.

WHAT THIS STUDY ADDS

= Using the Clinical Practice Research Datalink to
study the general practice healthcare records of 86
441 CHD cases, we have quantified the excess risk
of death and hospitalisation from COVID-19 among
patients with CHD in the UK healthcare system.
Further, we have shown that patients with more
severe CHD diagnoses were more likely to suffer
adverse events than were patients with milder CHD
diagnoses; this relationship was substantially influ-
enced by associated diagnoses of pulmonary vas-
cular disease.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= We show that patients with CHD are at higher
risk of hospitalisation and death in the context of
COVID-19 infection. This study predated the onset
of large-scale population vaccination in the UK; our
study agrees with previous data suggesting it may
be particularly important for patients with CHD to
participate in vaccination programmes, including for
any newly emerging variants. Our study also shows
the need for further work to develop strategies to
mitigate the excess mortality risk among patients

with CHD admitted to hospital with COVID-19.

infection.*" These studies have predomi-
nantly been conducted in US-based cohorts
and all have used an ascertainment approach
limited to hospital treated patients. The
previous studies have yielded highly disparate
estimates of the risks of COVID-19-related
death in hospitalised patients with CHD,
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ranging from 2.3%"* to 15%,® among a total number of
patients with CHD dying with COVID numbering about
750 across all studies. Absence of a matched control group
in some of these studies also limits the possible inferences
around the relative increase in COVID-19 risk to patients
with CHD, compared with those who do not have CHD.
No previous study has used community-derived data to
investigate this question.

Here we investigate the clinical risk associated with
COVID-19 infection in patients with CHD in the UK
health system using the Clinical Practice Research Data-
link (CPRD), containing primary care medical informa-
tion from >20million people in England. We identify
86 441 patients with CHD and, comparing with 335
839 matched controls, use information on positive PCR
COVID-19 test surveillance, hospital episode data and
death registration to examine the relationship between
CHD complexity and COVID-19 infection severity in the
contexts of age, sex, ethnicity and associated pulmonary
vascular disease.

METHODS

Data sources

Primary care data were obtained from the CPRD Aurum
database May 2022 release. Linkage of our study samples
to additional databases was carried out by the CPRD using
established multistep algorithms matching on features
such as national health service (NHS) number, sex, date
of birth and postcode. Linkages were obtained from
hospital episode statistics—Admitted Patient Care (HES
APC) v2.8 and, where applicable, Office of National Statis-
tics (ONS) death registration data (v2.6—set January
2022). Additionally, specific COVID-19 positive virology
data were obtained from the Second-Generation Surveil-
lance System v1.3 (SGSS) database and the COVID-19
Hospitalisations in England Surveillance System v1.3

Eligibility: Patients registered at
practice from 01/03/2019

practice beyond 01/03/2020

Eligibility: Patients registered at general

(CHESS). These linked datasets have varying coverage
periods, defining our COVID-19 infection and hospi-
talisation assessment window. CHESS and SGSS cover 1
January 2020 and 1 March 2020, respectively, up to 23
February 2021. The ONS death registrations and hospital
episode statistics (HES) data cover from 1997 and 1998,
respectively, up to 31 March 2021. Additional COVID-19
positive test results from the CPRD Aurum dataset were,
in turn, restricted to events occurring up to and including
23 February 2021 (figure 1).

CHD case/control classification and clinical coding

We assembled matched case/control cohorts using
primary care electronic health records from CPRD.
General practices contributing data to CPRD with a
‘last collection date’ post 1 March 2020 were selected,
resulting in patients from 1429 practices for analyses
and representing ~19% of the UK population. A list of
CHD-classifying SNOMED CT/EMIS codes can be found
in online supplemental table 1. Any patient with at least
one of these inclusion codes was initially selected. Prior
diagnosis of a medical condition with the potential to
confound or obscure a CHD diagnosis, for example,
infection or inflammation of the heart muscle or connec-
tive tissue disorders which could affect heart valves, was
identified and patients removed from further analysis
(online supplemental table 2). Additionally, patients in
whom valve disease could not be confidently identified
as congenital in origin were removed from the potential
CHD patient dataset. Chiefly, these patients had aortic
valve (AV) disease first diagnosed over age 6b where
bicuspid aortic valve (BAV) was not explicitly identified as
the diagnosis. We considered AV disease first diagnosed
before age 65 as BAV disease, an approach previously
validated in the UK Biobank resource by ourselves and
others.""™ Candidate patients with CHD were further

CPRD data extraction May
2022 release

<] Case — presence of CHD inclusion codes (recorded at any time) and absence of exclusion codes |
I | I |

Case/Control
eligibility and
classification

] Control —absence of CHD inclusion codes |

[a]
S5 § . ] ONS death register
g @2 < HES
.'-g E 2 <] CPRD primary care records
83 | SGSS v1.3
3 | CHESS v1.3
1 1
|| |
01/03/2020 23/02/2021
COVID assessment window start COVID assessment window end
Figure 1 Schematic of timelines for determining study cohort and COVID-19 assessment window given data availability.

CHD, congenital heart disease; CHESS, COVID-19 Hospitalisations in England Surveillance System; CPRD, Clinical Practice
Research Datalink; ONS, Office of National Statistics; SGSS, SGSS, Second-Generation Surveillance System.

Williams SG, et al. Open Heart 2023;10:e002415. doi:10.1136/openhrt-2023-002415

“ybuAdoo Aq parosroid 1sanb Aq 120z ‘8z |1idy uo jwod fwgesyuado//:dny wol) papeojumoq ‘€20z Jagqwadad #T Uo §TH#200-£202-Myuado/ogTT 0T Se payslignd 1sii :LesH uado


https://dx.doi.org/10.1136/openhrt-2023-002415
https://dx.doi.org/10.1136/openhrt-2023-002415
http://openheart.bmj.com/

Congenital heart disease

filtered to only include those identified as meeting
CPRD-defined quality standards, whose registration at
the general practice extended beyond 1 March 2020
and who had been registered at that practice for at least
lyear prior to 1 March 2020. Our final CHD case cohort
consisted of 86441 patients for analysis (online supple-
mental figure 1).

To select suitable control patients for this study,
samples were matched to cases based on gender,
nearest age (98.6% of controls were +/-2 years) and
ethnicity. Patient ethnicity was simply assigned where
no conflicting ethnicities were present in their records.
Instances of conflicting ethnic assignment were resolved
by selecting the dominant category (based on counts)
and in the event of a tie, assigning the last recorded cate-
gory of dominance. Importantly, potential controls were
removed if they contained any diagnostic code from the
CHD-defining list. To remove any potential regional bias,
the pool of matched controls was filtered to include only
CPRD patients registered at the same practice as the case
to which they were matched, defined by being a patient of
that practice for at least 1year prior to 1 March 2020, and
classed as eligible for linkage. As with case samples, they
had to be from general practices with a last data collection
date post 1 March 2020. In total, 335839 unique controls
were matched at an average of 3.9 control patients per
case patient.

Individual CHD-defining codes were grouped into
broader categories of severity according to the definitions
adopted by the European Society of Cardiology (ESC),
which focus on physiological consequences of CHD
lesions.” The assignment of ‘mild’, ‘moderate’ or ‘severe’
is shown in online supplemental table 1. According to
the ESC guidelines, septal defects are found in both the
mild and moderate categories but partitioned based
primarily on their size, with larger unrepaired defects or
those with additional abnormalities falling into moderate
complexity. As septal defect size is difficult to resolve using
the available diagnostic codes, we classed septal defects
with evidence of surgical repair as being ‘moderate’,
with unrepaired defects assigned to the ‘mild’ category
in the absence of other associated abnormalities. When
other associated abnormalities were present in an indi-
vidual with an unrepaired defect, the patient was classed
‘moderate’.

Another aspect of complexity in the ESC classifica-
tion is that the presence of pulmonary vascular disease
or cyanotic CHD, regardless of the abnormality, results
in a ‘severe’ classification. To determine these diagnoses
in our cohort, we used the codes listed in online supple-
mental table 3.

COVID-19 severity

Patients were classified as having a positive COVID-19
infection if they were present in the SGSS or CHESS data-
bases. Additionally, the presence of ICD10 codes U07.1
or U07.2, indicating a positive COVID-19 test or clin-
ical diagnosis of COVID-19, in the primary care, HES or

death registration databases was used to identify patients
with evidence of COVID-19 infection and, where appro-
priate, COVID-19 hospitalisation or death.

Statistical analysis

Outcomes measured between case and controls were:
positive COVID-19 test results, hospitalisation due to
COVID-19 and death due to COVID-19. Matched case
and control samples were compared using conditional
logistic regression (using R package ‘survival’) stratified
by age, sex, ethnicity and general practice (as ‘pracid’
code). To determine the risk associated with age group,
ethnicity and sex, each in turn was removed from the strat-
ifying group and treated as a predictor. Where subgroups
were assessed for differences, tests for interaction were
performed to determine whether any difference was
statistically significant. For the case-only analysis assessing
the relative contribution of risk factors among patients
with CHD, a logistic regression model was fit including
binary covariates of age group (>50years/2-50years), sex
(male/female), ethnicity (non-white/white/unknown),
CHD complexity (severe/mild or moderate) and
pulmonary hypertension/cyanosis diagnosis (presence/
absence). Aswell being implicated in increased COVID-19
risk, patient age group (2-50years and >50years) is reflec-
tive of differences in the CHD cohort with an increase
in patient numbers aged between 50 and 65, primarily
due to increased diagnoses of BAV (see figure 2). The
age group threshold was therefore set at this age. Samples
with missing data in the covariates/stratifying variables
were excluded from analysis.

This study adheres to the REporting of studies
Conducted using Observational Routinely-collected Data
(RECORD) statement'* (see Supplementary RECORD
checklist).

RESULTS

Demographics of study patients with CHD

A comparison of the demographics of the cohorts is
shown in table 1, indicating well matched case and control
samples. The age profile of 86 441 CHD cases identi-
fied for this study, subdivided by CHD severity, is shown
in figure 2A. There is a progressive decrease in patient
numbers from early childhood through to age 50, chiefly
due to fewer moderate and severe CHD conditions in the
cohort after age 11, which is in keeping with known life
expectancy reduction of patients with complex CHDs,
despite modern cardiological and surgical care.'” Patient
numbers aged between 50 and 65 increase, primarily due
to increased diagnoses of BAV, the most common CHD
condition. During cohort selection, we excluded patients
with AV disease presenting for the first time >65 without
the explicit diagnosis of congenital BAV, as these were
likely due to age-related degeneration of a trileaflet AV.
Figure 1B shows the numbers of patients with CHD by
diagnostic group. As anticipated, by far the two largest
groups are that comprising small atrial septal defect,
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number of patients
Code description

2-11  12-21  22-31 32-41 42-51 52-61 62-71 72-81 82+
approximate age at start of COVID-19 study period

Figure 2

B

Mild isolated pulmonary stenosis (infundibular/valvular/supravalvular)

Repaired secundum ASD/VSD/PDA without residuae or sequellae

Pulmonary stenosis (infundibular/valvular/supravalvular), mod/severe

count

0
00002
00001

Isolated small ASD, VSD, or PDA

Isolated congenital aortic valve disease and BAV disease

Coarctation of the aorta

AVSD, partial or complete, including primum ASD
Aortic stenosis — subvalvular/supravalvular
Tetralogy of Fallot - repaired

Peripheral pulmonary stenosis

Pulmonary atresia (all forms)
Univentricular heart

Anomalous pulmonary venous connection
Double-outlet ventricle

TGA after arterial switch operation

Ebstein anomaly

Truncus arteriosus

complexity
B via
. Moderate

Severe

Interrupted aortic arch
Any cyanotic CHD (unoperated or palliated)

Transposition of the great arteries

Sinus of Valsalva aneurysmffistula

Isolated congenital mitral valve disease

VSD with associated abnormalities

Anomalous coronary artery arising from the PA

(A) CHD case cohort (N=86 896) split into age categories and displaying the number of mild, moderate and severe

complexity patients with CHD in each. (B) A histogram showing the ESC guidelines, CHD complexity subgroups and their
relative abundance among the CHD cohort. ASD, atrial septal defect; AVSD, atrioventricular septal defect; BAV, bicuspid
aortic valve; CHD, congenital heart disease; ESC, European Society of Cardiology; PA, pulmonary atresia; PDA, patent ductus
arteriosus; TGA, transposition of the great arteries; VSD, ventricular septal defect.

ventricular septal defect or patent ductus arteriosus; and
BAV. Nevertheless, sizeable numbers of less common and
more severe lesions are represented, for example, 2053
patients with tetralogy of Fallot and 3375 patients with
aortic coarctation (online supplemental table 1). Overall,
the cohort studied here is representative of the incidence
of different CHD subtypes in England and other popu-
lations.

Table 1 A comparison of the demographics between case
and control cohorts

CHD cases Controls

Total patients 86441 335839

Mean age (years) 40.6 40.7

Sex
Female 41384 (48.4%) 162639 (48.4%)
Male 44607 (51.6%) 173200 (51.6%)

Ethnicity
Asian 5674 (6.6%) 21932 (6.5%)
Black 2661 (3.1%) 10134 (3.0%)
Mixed 1142 (1.3%) 4116 (1.2%)
Other 575 (0.7%) 2029 (0.6%)
Unknown 13439 (15.5%) 52222 (15.5%)
White 62950 (72.8%) 245406 (73.1%)

Patients with CHD have more severe COVID-19 infection
outcomes

Patients with CHD were more likely to have a posi-
tive COVID-19 diagnosis than patients without CHD;
4.2% (N=3628) of patients with CHD tested positive for
COVID-19 infection compared with 3.6% (N=12243)
of patients without CHD (OR=1.18 (1.14 to 1.21);
p=1.06e-23). 22.4% of patients with CHD with a posi-
tive COVID-19 test were hospitalised (813/3628),
compared with 14.5% (1776/12 243) of controls with a
positive COVID-19 test (OR=1.77 (95% CI 1.60 to 1.96);
p=2.11e-28). Among COVID positive cases and controls,
6.1% (N=222) of patients with CHD died compared with
3.8% (N=466) of controls (OR=1.60 (95% CI 1.35 to
1.89); p=7.00e-08). Of those admitted to hospital with
COVID, death occurred (either in hospital or within
30 days of discharge) in 22.9% of patients with CHD
(N=186) and 19.8% of controls (N=352) (OR=1.24 (1.01
to 1.52); p=4.32e-02).

Heterogeneity in COVID-19 hospitalisation and death risk
among patients with CHD

We explored heterogeneity in risk of COVID hospitalisa-
tion and death among prespecified subgroups of patients
with CHD and matched controls. There was no hetero-
geneity in risk of hospitalisation with respect to sex and
age group (2-50 years and >50 years), whereas non-white
ethnicity (including ‘Asian’, ‘black’, ‘mixed’ and ‘other’)
and severe CHD complexity category were associated
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Grouping No. of COVID-positive patients (%)
All CHD 3,628 (100)
Sex

Male 1,766 (48.7)

Female 1,862 (51.3)
Ethnicity (excl 'unknown')

Non-white 519 (16.7)

White 2,548 (83.3)
Age group

2-50 years 1,993 (54.9)

>50 years 1,635 (45.1)
ESC complexity

Mild/Moderate 3,456 (95.3)

Severe 172 (4.7)

COVID-hospitalised P Value

813 o

0.16
446 =]
367 =]

0.0184
134 =
586 ||

0.2978
149 fu
664 =

6.15e-05
761 |
52

17T 1T 17T 17T 17T 17T T

115225335445555

Odds Ratio

Figure 3 Exploration of heterogeneity in risk of hospitalisation between subgroups of patients with CHD and matched
controls. P values are for tests of interaction. CHD, congenital heart disease.

with higher hospitalisation risks (p=0.0184and 6.15e-05,
respectively; figure 3)

There was no significant heterogeneity in risk of
COVID-19 death between ethnicities, and between age
group categories (figure 4). However, the heterogeneity
test for sex indicated that the increased risk among
females with CHD compared with females without
CHD exceeded that among male patients with CHD

Grouping No. of COVID-positive patients (%)
All CHD 3,628 (100)
Sex

Male 1,766 (48.7)

Female 1,862 (51.3)
Ethnicity (excl 'unknown')

Non-white 519 (16.7)

White 2,548 (83.3)
Age group

2-50 years 1,993 (54.9)

>50 years 1,635 (45.1)
ESC complexity

Mild/Moderate 3,456 (95.3)

Severe 172 (4.7)

compared with males without CHD (OR=1.99 (1.55 to
2.55) for females; OR=1.33 (1.05 to 1.68) for males;
heterogeneity p=0.0214). As with risk of hospitalisation,
there was also a significant trend towards more severe
ESC complexity being associated with increased risk
of death (p=0.0229; mild/moderate OR=1.55 (1.30 to
1.84) and severe OR=3.09 (1.66 to 5.41)). The subgroup
analyses of deaths are chiefly presented for the purpose

COVID-related death P Value
222 |
0.0214
112 ]
110 ra
0.884
21 —=—|
170 I
0.11
10 e
112 |
0.0229
207 m}
15
T T T T T T 1

12 3 45 6 7 8

Odds Ratio

Figure 4 Exploration of heterogeneity in risk of death between subgroups of patients with CHD and matched controls. P

values are for tests of interaction. CHD, congenital heart disease.
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of hypothesis generation, due to the small numbers in
some subgroups.

Pulmonary hypertension as a predictor of COVID-19 severity
in patients with CHD

The ESC complexity guidelines classify patients with
CHD with pulmonary vascular disease or cyanotic CHD
as severe, regardless of anatomical defect. Since previous
studies had indicated the presence of pulmonary hyper-
tension significantly modulated COVID-19 risk in CHD,
we assessed this in our cohort. We extracted patients with
CHD, with positive COVID-19 infections, without pulmo-
nary hypertension/cyanosis (PH) (N=3525) and those
with any CHD with PH (N=103). COVID-19 hospitalisa-
tion was more common in patients with CHD with PH
compared with patients with CHD without PH (43.7%
and 21.8%, respectively; p=2.83e-07). Likewise, COVID-
19-related death occurred in 13.6% (N=14) patients
with  CHD with PH and COVID-19 compared with
5.9% (N=208) patients with CHD with COVID-19 infec-
tions but without PH (p=2.68e-03). The influence of
several contributing factors was considered for hospital-
isation and COVID-19-related death in the CHD patient
group (figure 5). It should be noted these analyses are
comparing risk within the CHD cohort only and are not
matched case—control analyses; they facilitate compar-
ison of our data with previous papers that have not used
control groups.4 "9 The largest risk factor for both hospi-
talisation and death was age, with the >50 years group
showing significantly greater risk compared with younger
patients with CHD (hospitalisation—OR=7.70 (6.44 to
9.27); p=7.22e-107 and death—OR=35.5 (19.77 to 7.19);
p=6.31e-28). Ethnicity also showed a significant differ-
ence, with non-white patients with CHD at greater risk
of hospitalisation (OR=2.21 (1.81 to 2.67); p=8.07e-16);
there was a non-significant trend towards higher risk of
death among non-white patients with CHD, in limited

COVID-hospitalisation in CHD patients

Sex (male vs female) H

Age group (>50 yrs vs 2-50 yrs)

Ethnicity (non-white vs white) FI—{

PH (PH vs non-PH)

Complexity (severe vs mild/moderate) i—l—{

7 8

4 5 6
Odds Ratio

numbers. Comparing CHD patients with pulmonary
vascular disease and/or cyanosis to those without, we
find PH CHD patients at twofold to threefold greater risk
of both hospitalisation and death. In contrast, the severe
complexity CHD phenotypes, once PH and cyanosis
diagnoses were excluded, showed no increased COVID
risk for hospitalisation or death over mild or moderate
complexities.

DISCUSSION

Using the CPRD to assess COVID-19 outcomes in patients
with CHD in England, we have shown that patients with
CHD are more likely to experience more severe COVID-19
outcomes, in terms of hospitalisation and death, than
patients without CHD. Our cohort consists of predom-
inantly adult patients with CHD with mild conditions
and is to-date the only reported case/control study with
population level ascertainment of CHD COVID-19 cases.
Thus, uniquely among studies thus far, we have estimated
population-based case-hospitalisation and case-fatality
rates among patients with CHD, which were high, at
0.95% and 0.26% respectively. Among patients with CHD
with evidence of COVID-19 infection, the hospitalisation
and fatality rates were also high 22.4% and 6.1%, respec-
tively. These estimates were both significantly higher than
among controls matched for certain known risk factors
for poor COVID-19 outcome including age, sex, ethnicity
and, as a proxy for any regional variation, general prac-
tice. We showed significant interaction between ethnicity
and poorer COVID-19 outcomes among patients with
CHD; that is, the additional risk associated with non-
white ethnicity among our patients with CHD was yet
more substantial than the additional risk shown in many
previous studies to be associated with non-white ethnicity
in the non-CHD population. We also showed significant
interaction between sex and poorer COVID-19 outcomes

COVID-related death in CHD patients

P Value P Value

0.0928 * 0.556

}—I—{ 7.22e-107 I L I 6.31e-28

8.07e-16 H 0.202
5.47e-07 H 0.00138
0.417 H 0.496
rrrrrrrrrrrrrrrrrrrrr1rrrr 111 1T 11

02557510 15 20 25 30 35 40 45 50 55 60 65 70
Odds Ratio

Figure 5 Among patients with CHD (case-only analysis), the risk of COVID-19 hospitalisation and death for a number of risk
factors after adjustment in a combined model. In each case, the OR of the first factor is compared with the second used as
reference. For example, for ‘sex’ the OR represents the relative increase or decrease in the odds for males compared with

females.
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Congenital heart disease

among patients with CHD: female patients with CHD
were significantly more likely to die.

Previous large-scale studies of this question have
differed in their cohort sizes, ascertainment strategies
and assessment modalities. Broberg et al' assessed
1044 patients with CHD admitted to cardiology
centres across the USA and Europe (and incorporated
data from a previous study conducted by Lewis et al’).
In this cohort, which included 24 COVID-19-related
deaths among patients with CHD, a case/fatality rate
of 2.3% (95% CI 1.4% to 3.2%) among hospitalised
patients with CHD, similar to the general population,
was found. Schwerzmann et al’ studied 105 hospital-
ised patients from a multicentre European network,
of whom 13 suffered significant complications and 5
died, finding that risk factors for poor outcome with
COVID-19 in the general population also affected
outcome in patients with CHD. Downing et al’ assessed
421 hospitalised US patients with CHD, along with
controls, for COVID-19 outcomes, ascertaining from
a US hospital payer database. This study reported
a higher mortality rate (11%) among hospitalised
patients with CHD, than previous studies. Strah et
al'’ undertook retrospective review of a US hospital
performance improvement database. Among 549
adult and child patients with CHD, 47 died, yielding
a death rate of 3.8% among child patients and 10.5%
among adult patients. Among children, there was an
excess in COVID-19 deaths among patients with CHD
compared with controls without CHD. There was no
excess death among adults with CHD, although the
adult control group in this study was significantly
older than the CHD case group. Hospital complica-
tions and costs were higher among the patients with
CHD. More recently, Raj et al’ assessed a cohort of
4219 patients with adult CHD hospitalised with
COVID-19 ascertained from the US National Inpatient
Sample database, among which 639 died. Mortality of
15.1% among the admitted cases was higher than in
controls. Among patients with CHD hospitalised with
COVID-19, we find the highest yet reported mortality,
23% (187/813). Multiple factors, which our data do
not encompass, are likely to account for this higher
mortality in the UK healthcare system than in previous
reports. We also found a higher rate of COVID-19
positive tests among patients with CHD but can only
speculate as to the cause of this; it may be that the
testing threshold for patients with CHD was lower
due to anxieties about worse outcomes that predated
published data availability.

Our results also highlighted the key relevance of
pulmonary hypertension complicating CHD in deter-
mining adverse outcomes. When pulmonary hyperten-
sion was accounted for, anatomical complexity had no
further significant association with poorer COVID-19
outcomes among patients with CHD. In this regard,
our data agree with that of Broberg et al,* who showed
that physiological conditions associated with CHD

have a greater impact on COVID-19 response than
anatomical complexity of the defect.

The excess risk of poorer outcomes in non-white
patients with CHD with COVID-19, and among female
patients with CHD with COVID-19, compared with white
and male patients warrants further investigation to find
ways to mitigate these inequalities.

Study limitations

Limitations of data availability in terms of COVID-19
infection, hospitalisation and death reporting time
periods (not extending beyond the end of March 2021)
mean that we were unable to determine the long-term
effects of COVID-19 in patients with CHD and the poten-
tial clinical implications of long-COVID-19. Another area
for further investigation is the impact of COVID-19 vacci-
nation on the CHD cohort. During the time window for
this study, there were few patients who had received a
dose of COVID-19 vaccination (88 case and 232 control
patients) and therefore it was not possible to determine
its effect on hospitalisation and COVID-19-related death.
Future work using updated clinical databases will allow
determination of the impact of vaccination and further
inform health policy regarding the clinical management
of patients with CHD in the context of COVID-19.
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