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ABSTRACT
In this review, we provide a comprehensive overview of the impact of
the COVID-19 pandemic on adult heart transplantation. We highlight
the decline in the number of adult transplantations performed
throughout the pandemic as a consequence of restrictions imposed on
individual programs and hospitals. There were challenges to main-
taining cardiac transplant activity at multiple levels, including organ
donation in intensive care units, logistical difficulties with organ pro-
curement, and rapidly changing resource considerations at health
system and jurisdictional levels. We also review the impact of COVID-
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R�ESUM�E
Dans cette revue, nous pr�esentons une vue d’ensemble de l’influence
de la pand�emie de COVID-19 sur la transplantation cardiaque chez
l’adulte. Nous soulignons la diminution du nombre de transplantations
adultes r�ealis�ees tout au long de la pand�emie en raison des re-
strictions impos�ees aux programmes individuels et aux hôpitaux. Le
maintien de l’activit�e de transplantation cardiaque s’est heurt�e à de
multiples difficult�es, notamment le don d’organes dans les unit�es de
soins intensifs, les problèmes logistiques li�es à l’obtention des organes
et l’�evolution rapide des ressources au niveau des systèmes de sant�e
Maintaining safe and effective cardiac transplantation activity
while ensuring the best possible outcome for patients requires
coordinated participation from multiple parties, including
individual transplant centres, donor hospitals, critical care
units, jurisdictional organ donation organisations, and human
health resources. The emergence of severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) and COVID-19
posed an immediate and severe threat to cardiac trans-
plantation in Canada and across programs internationally.
The rapid rise of COVID-19 infections and the commensu-
rate impact on hospital resources generated significant anxiety
among patients and health professionals engaged in organ
donation and post-transplantation care. The response to
COVID-19 also provided the impetus for necessary in-
novations in health care delivery, patient treatment, and
infection-prevention measures. There is a paucity of literature
ll rights reserved.
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19 on cardiac transplant recipients. Despite the high rates of morbidity
and mortality observed during the initial phases of the pandemic
among heart transplant patients infected with COVID-19, the avail-
ability of effective vaccines, pre-exposure prophylaxis, and specific
antiviral therapies have drastically improved outcomes over time.
Vaccines have proven to be safe and effective in reducing infections
and illness severity, but specific considerations in the immunocom-
promised solid organ transplant population apply, including the need
for additional booster doses to achieve sufficient immunisation. We
further outline the strong rationale for vaccination before trans-
plantation wherever possible. Finally, the COVID-19 response created a
number of barriers to safe and efficient post-transplantation care.
Given the need for frequent evaluation and monitoring, especially in
the first several months after cardiac transplantation, the pandemic
provided the impetus to improve virtual care delivery and explore
noninvasive rejection surveillance through gene expression profiling.
We hope that lessons learned will allow us to prepare and pivot
effectively during future pandemics and health care emergencies.

et des juridictions. Nous examinons �egalement l’incidence de la COVID-
19 sur les transplant�es cardiaques. Malgr�e les taux �elev�es de mor-
bidit�e et de mortalit�e observ�es au cours des phases initiales de la
pand�emie chez les patients ayant subi une transplantation cardiaque
et infect�es par la COVID-19, la disponibilit�e de vaccins efficaces, d’une
prophylaxie pr�eexposition et de th�erapies antivirales sp�ecifiques a
permis d’am�eliorer consid�erablement les r�esultats au fil du temps. Les
vaccins se sont r�ev�el�es sûrs et efficaces pour r�eduire les infections et
la gravit�e de la maladie, mais des consid�erations sp�ecifiques s’appli-
quent à la population immunosupprim�ee ayant subi une trans-
plantation d’organe solide, notamment la n�ecessit�e d’administrer des
doses de rappel suppl�ementaires pour parvenir à une immunisation
suffisante. Nous soulignons en outre les arguments solides en faveur
de la vaccination avant la transplantation, dans la mesure du possible.
Enfin, la r�eponse à la COVID-19 a cr�e�e un certain nombre d’obstacles à
l’innocuit�e et à l’efficacit�e des soins post-transplantation. Étant donn�e
la n�ecessit�e d’une �evaluation et d’un suivi fr�equents, en particulier au
cours des premiers mois suivant une transplantation cardiaque, la
pand�emie a donn�e l’�elan n�ecessaire pour am�eliorer la prestation de
soins virtuels et explorer la surveillance non invasive du rejet par
l’entremise du profil d’expression g�enique. Nous esp�erons que les
enseignements tir�es nous permettront de nous pr�eparer et de r�eagir
efficacement lors de futures pand�emies et urgences sanitaires.
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addressing the implications of the COVID-19 experience on
cardiac transplantation activity in any jurisdiction, so we
sought to highlight the impact of the pandemic in the Ca-
nadian context, given our unique geographic and health sys-
tem environment, and to contrast this with the international
experience of transplantation in the COVID-19 era.

In this paper, we review the most significant challenges
triggered by the pandemic as they relate to cardiac trans-
plantation. We discuss the observed changes in overall trans-
plantation activity across Canadian centres, as informed by
survey data from individual cardiac transplant programs.
Subsequently, we review the unique obstacles imposed by
COVID-19 policies on organ donation, considering interre-
lated perspectives from the intensive care unit setting, the
health care system, and organ procurement logistics in Canada
and international jurisdictions. Finally, we discuss the impact
of COVID-19 infection in cardiac transplant recipients, with
a particular focus on patient outcomes, clinical therapeutics,
vaccination and preventative therapies, and ultimately access
to care considerations.
Overview of Cardiac Transplantation Activity in
Canada During the Pandemic

Historically, the annual number of heart transplantations
performed in Canada has remained fairly stable year to year
over the past 2 decades. There is a clear signal that the number
of adult and paediatric heart transplantations declined overall
during the COVID-19 period (Fig. 1).1 In 2020 and 2021,
there were 162 adult and 26 paediatric and 126 adult and 16
paediatric transplantations, respectively, compared with a
mean of 199 adult and 24 paediatric heart transplantations in
the 5 years before. Of note, paediatric transplantation activity
did not drop in parallel with adult transplantation activity
during the initial phase of COVID-19 (2020), and reasons for
this are unclear. It is possible that the pandemic had a delayed
effect on paediatric organ donation rates, or that the pandemic
disproportionately affected adult hospital resources more
acutely. All transplantation programs ultimately observed re-
ductions in volumes compared with historic averages. There
were fewer transplants for recipients with greater severity of
medical illness, as indicated by lower transplantation rates
among those listed at higher status (status 3, 3.5, and the
highly sensitised 4S population) (Fig. 2).1

Several factors have been identified as contributing to this
decline. We surveyed all adult and paediatric heart transplant
programs in Canada with a response rate of 75% (12 of the 16
programs) (Supplemental Appendix S1). Two-thirds of
respondent programs restricted heart transplantation activity
at some point during the pandemic, and 50% cited cycles of
repeated restrictions. These were primarily institution-based
and program specific decisions that were managed by the
clinical transplant programs. These decisions were most
heavily influenced by intensive care unit capacity and staffing.
Several other factors cited in the survey included local and
provincial active COVID-19 case counts and trajectory, hos-
pital outbreaks, and concerns for recipient safety on 2 fronts.
Specific transplant patient safety concerns were related to the
perception of increased mortality following COVID-19
infection after thoracic organ transplantation and of an
absence of COVID-19especific therapies throughout the
initial phases of the pandemic. The majority of programs
managed waitlists and transplantation activity on a case-by-
case basis, often restricting heart transplantation to medi-
cally urgent outpatients and not considering stable outpatients
or stable durable left ventricular assist device (LVAD) patients
for transplantation. In addition, there were challenges with
organ procurement owing to several issues, including donor
hospitals restricting entrance to external medical teams,
recipient hospital travel policy restrictions that included
quarantine requirements, donor COVID-19 testing delays,
and challenges with access to ground and air transportation.



Figure 2. Heart transplantation activity by recipient listing status
2015-2021. Diminished transplantation activity was notable, partic-
ularly among higher-status (more urgent) patients, for 2020 and 2021
compared with the preeCOVID-19 era.

Figure 1. Heart transplantation activity in Canada. Data represent
absolute numbers of adult and paediatric transplantations performed
in Canada for the years 2015-2021.
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Finally, national data on eligible donors for heart transplants
(neurologic determination of death [NDD] donors) suggest a
slight decline in national NDD donors during the pandemic,
although some jurisdictions observed increased donation
(Fig. 3), suggesting donor availability was not a major factor in
the decline in heart transplantation activity overall.1

In addition to a decline in heart transplant volumes, the
number of new listings for heart transplantation declined
during the pandemic (Fig. 4).1 All programs continued to
offer clinical services to assess patients for heart transplant
candidacy through a combination virtual and in-person
model, although many cited challenges in accessing certain
diagnostic tests (eg, pulmonary function testing). The decline
in new listings could be partially explained by the lower
hospitalisation rates for cardiovascular disease (myocardial
infarction and heart failure) that were widely observed during
periods of intense public health restrictions, as well as a
reduction in the proportion of patients identified as candidates
for advanced heart failure therapies.2,3 Although national data
on durable LVAD implantation rates are not available, re-
spondents of the survey cite similar reasons for declines in
number of durable LVAD implantations during the
pandemic.
Pandemic Impact on Organ Donation

ICU challenges

Some of the limitations observed in overall transplantation
activity were related to ICU challenges4 and are worth further
discussion. Given that all potential cardiac donor and recip-
ient patients use ICU resources, it is understandable that
COVID-19 put enormous strain on the ICU resources
required to complete the organ donation process. The Ca-
nadian Institute for Health Informatics reported that from
March 2020 to June 2021, there was an observed increase of
approximately 3000 hospital admissions for respiratory con-
ditions leading to 14,000 additional patients in ICUs
compared with preeCOVID-19 data.5 The peak was
observed during the Spring 2021 with an increased need for
mechanical ventilation by up to 400%. Notably, Canada has
one of the lowest ICU capacities among countries in the
Organisation for Economic Cooperation and Development,
with 12.9 ICU beds/100,000 population, compared with
25.8 for the USA and 33.9 for Germany.6 There is also sig-
nificant regional variation across the country, with only, for
example, 10.5 ICU beds/100,000 population in British
Columbia and 21.8 in Newfoundland and Labrador.7

In this context, most provincial jurisdictions had to initiate
prioritisation programs to relieve strain on hospitals and ICUs.
Despite planned potential triage procedures, no such triage
was ultimately activated in Canada.8,9 Most nonemergency
surgical procedures had been postponed, and consequently
organ donation surgeries were reduced in parallel with the
pandemic evolution. As presented by Ibrahim et al.,10 it was
thought to be reasonable and necessary to place a higher
priority on allocating critical resources for treating infected
patients with respiratory failure rather than transplant pro-
cedures and post-op care of newly transplanted patients.

During the COVID-19 pandemic, we also observed a
change in the demographic of available donors in the ICU.
Effectively, the various political and public health decisions to
contain the pandemic across Canada resulted in an observed
shift of ICU population. Initial lockdowns in the first months
of the pandemic led to a 5% to 15% decline in trauma pa-
tients, leading to a proportional decrease in the availability of
trauma donors. At the same time, a 35% increase in donor
death by substance abuse was observed that further altered
donor demographics.11,12

Health system challenges for organ donation and
transplantation

Aside from the pandemic impact on the availability of
suitable organ donors in Canada, there were also substantial
challenges in the donation and procurement of organs because
of multiple issues at a health systems and jurisdictional level.
Table 1 outlines a number of specific challenges related to the
procurement of donor hearts that had to be considered as a
consequence of COVID-19 policies.

Each jurisdiction or province in Canada had to develop a
plan to try to safely continue cardiac transplantation through
the pandemic, and the approach varied depending on regional
factors. In Ontario, cardiac transplantation activity was
significantly curtailed at the onset of the pandemic for 2
primary reasons: 1) to preserve hospital infrastructure and
resources to allow treatment of COVID-19 patients, and 2) to
avoid iatrogenic immunosuppression during a time when



Figure 3. Neurologic determination of death (NDD) donors in Canada
2019 to present. Availability of NDD donors diminished slightly since
2019. It is unlikely this contributed significantly to an overall reduction
in cardiac transplantation activity in this time period.

Figure 4. New heart transplant listings in Canada, 2015-2021. In
parallel with diminished cardiac transplantation activity in Canada
since 2019 is an observed reduction in the number of patients listed
for transplant since the onset of COVID-19.
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community or hospital exposure to the transplant recipient
was a possibility. As a province with multiple adult heart
transplant programs, the Ontario approach to modifying
transplantation activity can serve as an example of jurisdic-
tional policy setting in an effort to balance interests of criti-
cally sick cardiac patients with those of the general population
and to respond to the dynamic nature of available resources.
To safely proceed with heart transplantation, a number of
conditions had to be considered, including:
� Ensuring that risk of iatrogenic COVID exposure was
minimised by developing local COVID-free
pathways.

� Ensuring a sustainable safe set of essential transplant-
specific processes (personnel, diagnostic imaging, lab
testing).

� Ensuring the ability to do rapid donor and recipient
pre-transplantation COVID screening.

� Ensuring that processes were in place to protect
procurement teams, including strongly encouraging
the use of “local” procurement teams to mitigate risk.

� Providing appropriate informed consent regarding
individual patient risk and benefit.

� Considering other factors that may affect outcome
(eg, availability of personal protective equipment,
availability of critical care medications, availability of
extracorporeal membrane oxygenation or temporary
LVAD if necessary, availability of care team
personnel).
In developing a provincial protocol that incorporated the
above health system requirements, the most objective and
easily applied criteria were based on “percentage of critical care
bed surge activity.” This was determined by operational
leadership at individual centres and updated daily. To proceed
responsibly, the cardiac transplant centres in Ontario required
a “dynamic staged reduction” to meet ICU bed, staffing, and
medical equipment needs for the preponderance of non-
transplant patients. In addition, individual programs had to
consider “inactivating” patients on the transplant list who
were deemed to be a lower risk (ie, status 1 patients) or those
with a durable LVAD who were being “bridged to transplant.”
Across centres, all attempts were made to recognise the plight
of highly sensitised patients who are inherently disadvantaged
based on the limited availability of immunologically matched
donors, and to proceed with transplantation if the appropriate
organ became available. Ultimately, through a province-wide
consensus process involving transplant cardiology, cardiovas-
cular surgery, and critical care interests, a protocol was
developed to guide cardiac transplantation activity in Ontario
with the use of “COVID care tiers” (Table 2). Throughout
the pandemic, each program’s COVID care tier status was
updated on a weekly basis.
Organ procurement and logistical challenges

Among the many aspects of heart transplantation affected
by the COVID-19 response in Canada, there were significant
challenges affecting both the logistics and volume of organ
procurements. As expected, this was not a phenomenon
unique to our national environment, but was observed in
most solid-organ transplant programs globally despite varying
regional burden of COVID-19 cases.13-18 Among contribu-
tors to this phenomenon were competing priorities for both
resource and personnel allocation and availability, the
dynamically changing landscape of public and health caree
specific policies and restrictions, and efforts to maintain the
safety and well-being of organ retrieval team members.
Moreover, as an issue perhaps more pertinent to countries
with an expansive geography like Canada, there were addi-
tional complications due to greater pre-pandemic reliance on
distant organ procurement opportunities. These geographic
considerations may have fostered divergent clinical procedures
adopted across different regions and provinces in response to
the pandemic, which was also noted in other jurisdictions.19

Among the many obstacles to procurement faced by Ca-
nadian heart transplant programs, the more pervasive ones
were related to 1) travel and transportation factors, 2)
personnel factors, and 3) donor site and other local factors. To
varying degrees, these issues contributed to inefficiencies,
delays, and on occasion even cancellation of organ retrievals. It
is probable that the heart cohort may have been affected more
negatively, owing to that allograft’s greater susceptibility to
increases in ischemia time. Tables 3 and 4, respectively,



Table 1. Organ donation considerations during the COVID-19 pandemic

Transplantation area of concern Issue Comment

Donor declaration to
potential candidacy

� Increased time to family decision given inability to see
loved one

� Time from admission to declaration significantly
increased

Donor � Need for thorough COVID history including infection
history and tracking

� ? need for chest CT for pneumonia
� ? window period for infection

Donor testing � Need for rapid-turnover PCR
� Increased time to get testing done (echocardiography,

angiography, etc)
Critical care beds

and resources
� Availability of beds staff, resources
� Consideration of transplantation length of stay

� Required joint discussion among critical care, transplant
cardiology, and cardiovascular surgery

Donor organ retrieval � Organ retrieval team going to/coming from donor
hospital and risk of COVID

� Organ team bringing COVID with them
� Risk of COVID due to close quarters of plane/

ambulance

� Processes put in place to protect procurement teams and
OPO personnel. Where possible, “local” procurement
teams considered to mitigate risk

� Time from declaration to organ retrieval doubled during
COVID owing to a combination of factors

CT, computed tomography; OPO, organ procurement organization; PCR, polymerase chain reaction.
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outline the more common issues faced by the retrieval teams
as well as examples of mitigation strategies.
Impact of the Pandemic on Cardiac
Transplantation Activity Outside of Canada

The Canadian heart transplantation experience during the
pandemic has been generally consistent with the impact
observed in the United States. For example, an analysis from
the United Network for Organ Sharing found a 37% reduc-
tion in new waitlisted patients, and a 26% reduction in organ
retrievals and cardiac transplantations from March 15 to May
9, 2020 (early pandemic phase), compared with January 19 to
March 15, 2020 (immediately preceding the pandemic).20

However, the reduction in heart transplantation activity
across the United States was not universally observed, and the
impact may have been more heterogeneous. One large-volume
program actually reported an increase in heart transplantation
activity in the early phase of the pandemic, likely related to
greater availability of organs declined by competing centres.21

To our knowledge, comparable date from other countries has
not been published.

Regarding critical care and donor management challenges
outside of Canada, the international community has shared
similar experiences. Many transplant programs were reluctant
to bring stable transplant candidates into hospitals and ICUs
where they might be at greater risk of being exposed to
Table 2. Modification of transplant activity in Ontario according to COVID-19

COVID Care tier ICU surge level ICU surge %

0 Normald
Green

< 100% Usua

1 Minord
Yellow

100%-110% Status 4 and 4S O
� No status 3dL
� Status 1 and 2

to accommoda
2 Moderated

Orange
111%-135% Status 4 and 4S O

� No status 3dL
3 Severed

Red
136%-175% Statu

4 Massive > 175% No c

ICU, intensive care unit; LVAD, left ventricular assist device.
COVID-19.4 Another consequence of the early pandemic was
a greater reluctance to use donors with circulatory death in
whom postoperative transplantation recovery was anticipated
to be prolonged.4 Additional obstacles observed during the
pandemic were related to significant impairments to the
standard donor evaluation. In the setting of reduced hospital
diagnostic capacity, the ability to complete standard donor
investigations, such as coronary angiography, was significantly
limited. All of these ICU-related factors compounded chal-
lenges in organ donation and contributed to the observed
reduction in solid organ transplantation during the COVID-
19 period in most countries.13

Globally, efforts have been made to mitigate the negative
impact of the pandemic with varying levels of success, with
rates of procurement and transplantation unfortunately lag-
ging in developing countries.22 These efforts are further
complicated by the complex ethical questions that heart
transplant programs had to face while navigating the response
to COVID-19.10,23 Nonetheless, early and proactive planning
and pandemic management as well as willingness to explore
creative options have helped to manage many of the challenges
in procurement and transplantation.24,25 An example of a
successful approach to procurement was seen in Australia, a
country with similar geographic procurement distances, where
local heart and lung procurement teams were successfully
created in South Australia in the absence of tertiary transplant
facilities.26
care tier

Description of heart transplantation activity

l activity (assuming Ontario institution is able to accommodate)

ntario/National programs; then to status 3.5 and 3 in Ontario
VAD
Ontario patients can be considered for transplant if Ontario institution able
te
ntario/National programs; then to status 3.5 and 3 in Ontario
VAD
s 4 only (if Ontario institution able to accommodate)

ardiac transplantation



Table 3. Challenges in organ procurement

Travel/transportation factors Personnel factors Donor site factors

Travel restrictions complicating or limiting the
team’s ability to procure organs interprovincially
and internationally

“Sidelining” of team members owing to quarantine
requirements after travel

Local hospital restrictions limiting entry and access
to donor facilities

Limited space on flights and ground transportation
for teams owing to distancing requirements

Staff shortage owing to reassignment, quarantine,
illness, and fatigue

Diminished ICU and OR capacity

Availability of timely travel/transportation and lack
of streamlined air flight/airport processes

Unpredictable “last-minute” changes in staffing Variable OR pandemic protocols leading to delays
and inefficiencies before and during the retrieval
surgeries

ICU, intensive care unit; OR, operating room.
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At a health system level, some programs in the United
States maintained capacity for transplantation by physically
grouping waitlisted patients and those with advanced heart
failure in dedicated hospital settings.27 Finally, a small num-
ber of centres in the United States procured hearts from
COVID-19epositive donors and demonstrated acceptable
short-term transplant outcomes.28
Impacts of COVID-19 for Individual Patients

Outcomes of COVID-19 infection in cardiac transplant
recipients

Solid organ transplant (SOT) recipients are at risk of severe
infection due to COVID-19 related to their comorbidities as
well as their immunosuppressed state. Risk factors for severe
illness among SOT recipients are similar to those in the
general population, including age and comorbidities.29-32

Since 2020, outcomes of infection with COVID-19 have
evolved over the course of the pandemic with emerging var-
iants of concern, introduction of immunisation, and access to
early treatment.

In the earlier phases of COVID-19, the literature reported
a high incidence of hospitalisation in SOT recipients with
COVID-19, with systematic reviews and meta-analyses
reporting hospital admissions as high as 80% in SOT re-
cipients,33 which was similar to rates observed in heart
transplant recipients.30 Reassuringly, as time has progressed,
advances have been made in management of infection as well
as prevention through widespread vaccination, and outcomes
in this patient population have improved, although SOT re-
cipients remain at high risk for severe disease.34,35

The Omicron (B.1.1.529) variant was designated a variant
of concern by the World Health Organisation on November
26, 2021. Since December 2021, the Omicron variants
quickly became the dominant COVID-19 variant. In
Table 4. Mitigating procurement measures during the pandemic

Streamlined retrieval teams deployed for each procurement and use of
multiple vehicles to abide by distancing requirements

Local procurement arrangements to obviate border crossing or long-distance
travel

Up front clarification on donor sites’ hospital and OR restrictions and
protocols

Consistent emphasis on personal protective measures
Facilitated access to rapid staff COVID testing before and after retrieval
Back-up on-call roster to ensure availability in case of staff “sidelining”
Monitoring staff well-being and providing accessible mental health resources

OR, operating room.
Ontario, data publicly available through Public Health
Ontario reported hospitalisation or risk of death to be 65%
lower (hazard ratio [HR] 0.35, 95% confidence interval [CI]
0.25-0.46) with Omicron cases from November 2021 to
February 24, 2022, compared with matched Delta cases.36

Ontario data were consistent with those reported by other
jurisdictions globally, supporting decreased hospitalisations,
ICU admissions, and risk of death. For SOT recipients during
a similar time period, Cochran et al.37 published single-centre
data that identified 347 SOT recipients with a positive
COVID-19 test from December 22, 2021, to February 9,
2022. Of this cohort, 90 SOT recipients (26%) required
hospitalisation and 8 (2%) died. The authors compared this
with historical data from 129 SOT recipients with a positive
test from March to November 2020, of which 77 (59.7%)
were hospitalised and total mortality was 9.7%.37 Similarly to
the general population, risks of hospitalisation and death with
Omicron in SOT recipients also are lower compared with
previous variants.

Treatment of COVID-19 infection in SOT recipients

Therapies and management of COVID-19 infection have
evolved since the emergence of the virus. Many of the origi-
nally used therapies tried in clinical management have been
discontinued as evidence mounted through real-world use and
rapidly initiated clinical trials. Current recommendations,
supported by trials such as RECOVERY, ACTT-I and -II,
and REMAP-CAP, include dexamethasone,38 remdesivir,39

and antieinterleukin (IL) 6 agents (tocilizumab or sar-
ilumab)40,41 or JAK inhibitors (baricitinib)42 as the mainstays
of treatment.

Until 2022, treatment guidelines focused on hospitalised
patient,s and recommendations were stratified based on
severity of illness from those requiring supplemental oxygen
(moderately ill) to those requiring ventilatory or circulatory
support (critically ill).43 Dexamethasone given as a 10-day
course is recommended in all symptomatic hospitalised pa-
tients.44 Remdesivir is recommended for moderately ill pa-
tients,45 whereas for those who are critically ill or showing
signs of systemic inflammation and disease progression, antie
IL-6 agents or JAK inhibitor is recommended.46,47 These
therapeutic agents and recommendations apply to SOT re-
cipients as well as the general population41,42,48 (Table 5).

In late 2021, attention shifted to early intervention and
outpatient therapies as monoclonal antibodies became avail-
able to high-risk patients. Along with other transplant soci-
eties, the Canadian Society of Transplantation endorsed
sotrovimab as first-line treatment for SOT recipients with



Table 5. Recommendations for treatment by severity of illness

Severity of illness Treatment options

Mild (nonhospitalised or not requiring
supplemental oxygen)
� Treatment should be offered to those at

high risk of progressing to severe
COVID-19

Nirmatrelvir (300 mg)/ritonavir (100 mg) (Paxlovid) � 5 days
� Dose adjustments needed for renal function
� Review of DDIs, especially with CNIs and mTORis, required

Remdesivir, 200 mg IV day 1, 100 mg IV days 2 and 3
Sotrovimab may still be offered in some jurisdictions, recognising reduced neutralisation to
certain variants and after risk-benefit discussion with patient

Moderate (requiring new supplemental
oxygen)

Dexamethasone, 6 mg PO/IV daily � 10 days (or until discharge)
Remdesivir, 200 mg IV day 1, then 100 mg IV daily � 4 days

For patients with evidence of systemic
inflammation and evidence of disease
progression on dexamethasone

Tocilizumab, 400 mg IV
Alternatives: sarilumab (400 mg IV) or baricitinib (4 mg PO/NG) daily � 14 days (or discharge)

Severe or critically ill (requiring ventilatory or
circulatory support)

Dexamethasone, 6 mg PO/IV daily � 10 days (or until discharge)
Tocilizumab, 400 mg IV
Alternatives: sarilumab (400 mg IV) OR Baricitinib (4 mg PO NG) daily � 14 days (or discharge)

CNI, calcineurin inhibitor; DDI, drug-drug interaction; IV, intravenously; mTORi, mammalian target of rapamycin inhibitor; NG, nasogastrically; PO, orally.
Adapted from Ontario Science Table,42-44 BC Centre for Disease Control,48 National Institute of Health.61
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mild to moderate infection with the goal of preventing hos-
pital admission and severe illness.49 Several publications that
review single-centre experience with sotrovimab in mild to
moderate COVID-19 have shown tolerability and efficacy in
SOT recipients.50,51 Data from a multicentre cohort study of
361 SOT recipients who received monoclonal antibody
therapy early in the Omicron wave showed an overall hospi-
talisation rate of only 3%.52 Recognising limitations,
including the need for intravenous administration of sotrovi-
mab and the ability of centres to provide rapid access to care,
the overall experience with sotrovimab in SOT recipients was
positive. Despite this, recommendations for the use of sotro-
vimab changed53 in the spring of 2022 as subvariants, such as
BA.2, became more prevalent and reduced neutralisation was
shown. Early intervention has now shifted to antiviral thera-
pies, although sotrovimab may still be available in some ju-
risdictions as a last-line agent.54

Because SOT recipients are classified as moderately to
severely immunocompromised, they have been a priority
group for access to early treatment with available antiviral
therapies. The two currently available antiviral agents are
nirmatrelvir/ritonavir (Paxlovid) and remdesivir. Nirmatrelvir/
ritonavir is an oral antiviral consisting of nirmatrelvir, a SARS-
CoV-2 main protease inhibitor, boosted by ritonavir, an HIV-
1 protease inhibitor and CYP3A inhibitor that serves to in-
crease nirmatrelvir levels. It was approved by Health Canada
in January 2022 and remains the only available oral antiviral
for early treatment of COVID-19 in Canada. Results from
EPIC-HR study showed an 89% reduction in risk of hospi-
talisation or death compared with placebo in adult patients
who were nonvaccinated and nonhospitalised with mild to
moderate COVID-19 at high risk of progression to severe
disease.55 Data from this trial were before the Omicron var-
iants, but in vitro data on 50% inhibitory concentration have
been reassuring.56 A gap in the literature currently exists
regarding experience with nirmatrelvir/ritonavir use in SOT
recipients. Najjar-Debbiny et al.57 included immunosup-
pressed patients when presenting real-world data during the
initial phase of the Omicron wave and reported reduced risk
of progression to severe COVID-19 or mortality with the use
of Paxlovid in the first 5 days of infection.

Although nirmatrelvir/ritonavir is currently recommended
in many jurisdictions for early intervention in high-risk
patient groups, there is concern about its significant interac-
tion with calcineurin inhibitors, mammalian target of rapa-
mycin inhibitors, and other drugs commonly used in
transplantation.58,59 Therefore, if this therapy is considered as
treatment of COVID-19 in SOT, rigourous strategies to
mitigate these interactions and perform therapeutic drug
monitoring of transplant medications should be in place.48,60

Strong consideration should also be given to avoiding nir-
matrelvir/ritonavir altogether in SOT recipients.61

Remdesivir, already used for hospitalised patients, is
another option available for early intervention and outpatient
treatment. Data presented in the PINETREE trial showing
that if given within the first 7 days of symptom onset, a 3-day
course of remdesivir reduces risk of hospitalisation or death by
87% compared with placebo in patients at high risk for
COVID-19 progression.62 Solera et al.63 published a pro-
spective cohort study on SOT recipients with COVID-19
infection during the Omicron BA.2 wave. The authors simi-
larly observed that 3 doses of remdesivir given within 7 days of
symptom onset significantly reduced the risk of hospitalisation
(HR 0.12, 95% CI 13.6-31.4); none of the patients receiving
remdesivir in the study required ICU admission or died.
Thus, remdesivir should be considered as an early therapy
with the caveat that access to 3 days of intravenous adminis-
tration is needed.

Over time, treatment of COVID-19 infection has become
increasingly standardised, and access to early intervention has
been shown to improve outcomes, including in high-risk SOT
recipients, although further studies in this patient population
are needed.

Prevention of COVID-19 infection in transplant
recipients

Vaccination. During the initial vaccine rollout in 2021, 2
types of COVID-19 vaccines were available in Canada:
adenoviral vector vaccines (ChAdOx1-S; AstraZeneca) and
mRNA vaccines (Pfizer, Moderna). The adenoviral vector
vaccine had significant thrombotic adverse events and was
eventually discontinued in Canada. A protein-based adjuvant
vaccine (Nuvaxovid; Novavax) is also now available but lacks
data in the transplant setting. Thus, the vast majority of
vaccines administered as well as the research performed has



860 Canadian Journal of Cardiology
Volume 39 2023
been with mRNA vaccines. An analysis from the United
States showed that vaccine effectiveness of 2 doses was
approximately 59%, with a subsequent high rate of break-
through infections.64 A third dose of COVID-19 vaccine was
implemented in the transplant population as part of the pri-
mary vaccination series based on a randomised trial.65 In a
study of COVID-19 outcomes for transplant patients during
the Omicron BA.1 wave, it was shown that receipt of 3 or
more doses of vaccine was an independent factor in reducing
disease severity. However, breakthrough infections continue
to occur because of waning immunity and the immune escape
by new variants; therefore, booster vaccine doses have been
recommended for the cardiac transplant population.65-67

Ideally, the COVID-19 vaccine series should be completed
a minimum of 2 weeks before transplantation. In the post-
transplantation setting, it is recommended to delay the first/
next dose at least 1 month after transplantation (with a
consideration to expand this period up to 3 months in case of
the use of T- or B-cell depleting therapy). Patients receiving
mycophenolate-based immunosuppression tend to have
reduced immune responses to mRNA vaccination.68 Some
studies have suggested an association between vaccination and
the development of new or increasing donor-specific anti-
bodies, but without a significant impact on graft function.69 A
recent systematic review and meta-analysis that reviewed the
rate of rejection after COVID-19 infection or vaccination
found a very small number of cases, including only 1 heart
transplant recipient, suggesting that this should not be a
reason to avoid vaccines.70

In case of mRNA and adjuvant recombinant protein vac-
cines, it is suggested that the primary series should be
completed with the same vaccine, if possible. For booster
doses, different vaccines can be used, especially in those that
previously received ChAdOx1-S, because mRNA “heterolo-
gous” booster vaccines demonstrate a lower rate of break-
through infection than homologous boosters.71

Pre-exposure prophylaxis. Although monoclonal antibodies
have been used as treatment for mild COVID-19, one
preparation (Evusheld; AstraZeneca) is available for pre-
exposure prophylaxis.72 Evusheld is a combination of 2 fully
human SARS-CoV-2eneutralizing monoclonal antibodies
(tixagevimab and cilgavimab) and was approved in Canada for
COVID-19 prevention in immunocompromised populations.
Its approval is based on the results of a double-blind rando-
mised clinical trial (PROVENT) that compared with placebo,
Evusheld reduced COVID-19 infections by 77%. This was
predominantly during the Delta variant wave and in unvac-
cinated high-risk populations (� 60 years old, obese, chronic
obstructive pulmonary disease, immunocompromised, history
of severe or serious adverse reaction to any U.S. Food and
Drug Administration [FDA]elicensed vaccine). The effect
lasted the duration of the study follow-up (9 months).73 Real-
world studies in transplant cohorts show that Evusheld is
effective.74,75 However, there is significant variability in the
concentration of Evusheld required to neutralize Omicron
variants, leading to uncertainty whether Evusheld will
continue to be effective as new variants emerge.76 To increase
effectiveness, the FDA has recommended that a double dose
of Evusheld be given every 6 months.
Mandatory COVID-19 vaccination in waitlisted patients

With the availability of safe and effective vaccines for
COVID-19, most Canadian heart transplant programs
mandated immunisation before listing for transplant by late
2021 (while allowing for individual exemptions on a case-by-
case basis). The rationale for this is based on several factors
including the following:
� Pre-transplantation vaccination for prospective heart
transplant recipients lowers risk for the individual
patient and their families. SOT recipients, including
heart transplant recipients, are at increased risk of
poor outcomes with COVID-19 infection compared
with the general population.28

� Pre-transplantation vaccination lowers risk for close
contacts that may include other immunosuppressed
transplant recipients during frequent contacts with
the health care system.

� Pre-transplantation vaccination reduces the risk of
recipients becoming critically sick and requiring ICU
care with severe COVID-19 infection, thereby facil-
itating greater ICU capacity.

� Vaccines are more immunogenic in immunocompe-
tent patients, therefore likely affording greater im-
munity if administered before transplantation.77,78

� The Canadian Cardiac Transplant Network’s Eligi-
bility Criteria for Heart Transplant requires patients
to demonstrate commitment to healthy behaviours
and adherence to therapeutic plans to optimise allo-
graft outcomes at the individual level. This rationale is
similar to the requirement for smoking cessation and
other self-care behaviours before listing for a
transplant.79

� The availability of donor hearts is insufficient to meet
the demand in Canada, and there is an ethical obli-
gation to ensure that organs are used in recipients
with the greatest chance for a favourable post-
transplantation outcome. The obligations also
extend to the donor, the donor’s family, and other
patients on heart transplant waitlists.
Recognising that vaccine efficacy wanes over time and
newer variants of COVID-19 are more resistant to immuni-
sation with first-generation mRNA vaccines, the currently
available vaccines do, however, remain protective against se-
vere COVID-19 infection.64,65 At this time, adult heart
transplant programs in Canada continue to require pre-
transplantation COVID-19 vaccination before transplant
eligibility.
Impact of the Pandemic on Access to Post-
transplantation Care

Posteheart transplantation care has evolved over the
COVID-19 period. Preventive measures have been emphas-
ised owing to the immunocompromised state of heart trans-
plant patients and risk of contracting severe COVID-19
infection.80 Major cardiology and transplant societies,
including the Canadian Cardiovascular Society, European
Society of Cardiology, Heart Failure Society of America,
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International Society for Heart and Lung Transplantation,
and American Society for Transplantation, published recom-
mendations emphasising the need to balance in-person patient
visits against risk of acquiring infection while ensuring con-
tinuity of care and preservation of care capacity.81-85 Key
recommendations for general heart failure patients were
extrapolated to the heart transplant population, including
avoiding routine and nonurgent hospital visits and adopting
remote monitoring and telemedicine.80

Provincial reimbursement for virtual visits was limited
before COVID-19, but important changes to billing codes
facilitated the transition to virtual care. This allowed for a win-
win situation for physicians and transplant patients, especially
during government and hospital mandated cancellations of in-
person clinics.85 Reasons for mandatory clinic cancellations
have included restructuring and reprioritisation of services as
well as patients’ hesitancy to seek in-person medical care out
of fear of viral exposure.86 Furthermore, the excess of
COVID-19 inpatient cases limited capacity for none
COVID-19 patients. For example, in new post-
transplantation patients, there were pressures to avoid pro-
longed postoperative care owing to the need to free up ICU
capacity for critically sick COVID-19 patients.87 As noted, in
some areas, heart transplantation surgeries were halted alto-
gether or restricted to urgent high priority statuselisted in-
patients.83 There are reports of programs opting to implant
durable LVADs as bridges to transplant in anticipation of
increased transplant waiting times during the pandemic,
despite LVADs being more susceptible to infection.83 More
recently, with declining active COVID-19 cases, there has
been a scaling back of virtual care billing codes, normalisation
of policies, and a rebound surge of in-person workload.86

In the early post-transplantation period, frequent in-person
clinic reviews and cardiac allograft surveillance testing with
endomyocardial biopsies and echocardiography are routine
practice.87 Beyond 6 to 12 months after transplantation, clin-
ical follow-up is usually increased to every 3 to 6 months. Some
Canadian programs successfully leveraged access to alternative
options to endomyocardial biopsy for rejection surveillance,
specifically, blood-based tests including AlloMap gene expres-
sion profiling and AlloSure donor-derived cell-free DNA. For
example, Amadio et al.88 studied 90 patients more than 6
months after heart transplantation who had their routine bi-
opsies replaced by AlloMap and AlloSure testing; 42% of their
patients were able to reduce immunosuppression, and this
approach led to reduced anxiety and exposure for patients
during the pandemic.87 Unfortunately, these tests are not
widely available in Canada.87 Notably, AlloMap has not been
validated in the early post-transplantation period when rejec-
tion risk is higher, nor for antibody-mediated rejection.89

The COVID-19 experience has had a lasting impact on the
access and triaging of post-transplantation care. Furthermore,
with the development of new therapy for both prevention and
treatment of COVID-19, there has been an increased demand
for access to cardiac transplant specialists, especially for
guidance on drug-drug interactions with immunotherapy and
to identify those who are at greater risk and require prioriti-
sation for therapy.83 Understanding the pandemic experience
will allow for improved preparedness to maintain high-quality
post-transplantation care across programs in the setting of
future challenges.
Conclusion
There were multiple and interrelated challenges imposed

by the COVID-19 response that conspired to reduce overall
transplantation activity in Canada and internationally and
cause distress for both patients and providers. There were
adverse impacts at multiple levels, including individual
transplant programs, donor hospitals and ICUs, jurisdictional
organ donation organisations, prospective transplant candi-
dates, and posteheart transplantation patients. Transplant
patients have also suffered severe outcomes from COVID-19
infection and remain vulnerable. The availability of effective
vaccines, antiviral agents, population-level immunity and
emerging innovative care models have improved the capacity
to provide appropriate and timely post-transplantation care in
the face of an ongoing pandemic response.
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