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Abstract

The COVID-19 pandemic had several specific as well as general implications on cardiac
surgery. Acute respiratory distress made extracorporeal oxygenation necessary in
a significant number of patients and accordingly many patients were treated in
anesthesiological and even more in cardiac surgical intensive care units, which left only
a limited number of beds in the intensive care units available for elective surgery cases.
Moreover, the necessary availability of intensive care beds for severely diseased COVID-
19 patients in general posed a further limit, as did the relevant number of diseased
personnel. Specific emergency plans were developed for many heart surgery units,
limiting the number of elective cases. Increasing waiting lists were of course stressful
for numerous elective-surgery patients and the decreased number of heart operations
also meant a financial burden for many units.
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During the initial phase of the COVID-19
pandemic, the core pathology presented
as severe pneumonia and rapidly develop-
ing lung failure. It became clear very soon
that noninvasive measures of respiratory
support would not be sufficient for many
severely diseased patients and that even
invasive ventilation would not suffice in
a relevant number of cases [1]. We all re-
member the first pictures fromWuhan and
not much later from northern Italy, where
intensive care units were overwhelmed by
a wave of respirator-dependent patients,
and very quickly the majority of critical
care resources were allocated to COVID
patients [2].

Early in the pandemic it also became
clear thatexistingresourcescouldnotmeet
the needs of these numerous severely dis-
eased and at the same time highly infec-
tious patients. Personal protective equip-
ment (PPE) such as face masks or shields,
goggles, and protective gowns or gloves,
which had hardly ever been scarce in re-
cent decades, were suddenly not suffi-

ciently available, posing a significant risk
for hospital staff. Furthermore, the need
for mechanical ventilation in so many pa-
tients at the same time led to a shortage
of ventilators and respective intensive care
spaces [2].

First consequences for surgical
specialties

Initially, major surgeries with a possible
need for postoperative surveillance in an
intensive care or even intermediate care
unit were immediately cancelled or post-
poned, except for emergencies. The op-
erating room staff was reduced to a min-
imum to save PPE for the personnel in
other areas who had direct contact with
COVID patients. Operating rooms were re-
cruited as additional intensive care spaces,
as they offered the necessary connections
foroxygenandcompressedair, whichwere
needed for the operation of additional
ventilators [1]. Furthermore, the risks of
a perioperative COVID infection had to be

Herz 3 · 2023 223

https://doi.org/10.1007/s00059-023-05175-5
http://crossmark.crossref.org/dialog/?doi=10.1007/s00059-023-05175-5&domain=pdf


Main topic

Fig. 19 Treatment
algorithmof pa-
tients scheduled
for cardiac oper-
ations during the
pandemic. PCI per-
cutaneous coronary
intervention, TAVI
transcatheter aortic
valve implantation

weighed against the risks of postponing
a non-emergent intervention [3]. Last but
not least, an increasing number of hospital
staff members acquired a COVID infection
and were no longer freely available, which
further aggravated the preexisting short-
age of doctors and especially of nurses.

What about cardiac surgery during
the pandemic?

Among the surgical disciplines, cardiac
surgery isknowntohavethehighest rateof
patients who need postoperative surveil-
lance inan intensivecareunit. Accordingly,
this specialty was immediately affected by
the wave of COVID patients overwhelming
the intensive care units, and many cardiac
surgery units had to reduce their programs
immediately at the beginning of the pan-
demic. But this was not the only challenge
during the pandemic.

The heart and COVID

Whatwas initially considered a very severe
viral pulmonary infection, soon turned out
to be a multiorgan disease affecting, for
example, the vascular, the nervous, and
the coagulation system as well as the
heart. Although not generally seen in
all patients, viral myocarditis and peri-
carditis further complicated many cases.
Also, the number of arrhythmias increased
among COVID patients, especially atrial
fibrillation and, together with the coagu-
lopathy, the risk of thromboembolisms in-
creased as well. However, this coagulopa-
thy not only complicated cardiac patholo-
gies such as arrhythmia but it induced
additional pathologies as well. One of
them was pulmonary embolism, caused
by peripheral macrothrombi. We soon

learned that an underlying central patho-
logical entity during a COVID infectionwas
endotheliitis, which was typically associ-
ated with permeability disturbances but,
together with or even causative for the
coagulopathies, caused disseminated mi-
crothrombi, also in the peripheral small
pulmonary vessels and in the intramyocar-
dial coronary bed [4]. As a consequence,
alveolar gas exchange was additionally re-
stricted and, concerning the heart, we saw
more disseminated myocardial ischemias,
other than the typical myocardial infarc-
tions following stenoses of the epicardial
coronary vessels. Indeed, valvular involve-
ment was very rarely seen.

Most of these cardiac conditions or
complications did not necessitate cardiac
surgical interventions, except perhaps for
a few large and critical pulmonary em-
bolisms. However, they still influenced the
daily routine insofar as a severely impaired
gas exchange, induced or co-induced by
the peripheral vascular thrombi, indicated
extracorporeal gas exchange and some
severe cases of myocarditis also needed
extracorporeal support via arteriovenous
extracorporeal membrane oxygenation
(ECMO).

Moreover, it already became obvious
in the very early phase of the pandemic
that preexisting cardiac pathologies signif-
icantly increased the risk of severe courses
and of mortality [5].

Critical care and ECMO

Although they represent the core busi-
ness of cardiovascular surgery, the num-
ber of typical heart operations decreased
acutely and significantly, while by con-
trast the need for two other competen-
cies increased significantly: critical care

and extracorporeal lung and—in a few
cases—also cardiac support. As already
described, most intensive care units were
verysoonoccupiedbyCOVIDpatients. This
was especially true for most heart surgical
intensive care units with relevant experi-
ence in and wide-ranging equipment for
cardiopulmonary critical care, such as oxy-
genators andventilators, both scarce items
during the initial waves of the pandemic
[5, 6].

Additionally, ECMO techniques were
also established in most heart surgical in-
tensive care units and, accordingly, a ma-
jority of patients requiring arteriovenous
ECMOs in particular were referred to these
units where pump technicians were of
course involved in the surveillanceof these
systems. Accordingly, the majority of the
personnel were tied to the intensive care
units and no longer available for routine
work [1].

Risk of COVID vs. cardiac risk

As already outlined, patients with cardiac
pathologies were especially susceptible to
a severe course of COVID infection. This
was a further reason to delay electiveoper-
ations, especiallyduring thefirsthighwave
of the pandemic and before vaccines were
available. Perioperative infections, albeit
not very frequent, were associated with
a significantly increased mortality. The
dilemma remained, however, that persis-
tent heart disease per se also increased
the individual risk for hospitalization or
for a severe course of disease.

A large study by the universities of
Charlottesville in Virginia and Ann Arbor
in Michigan showed that, independent of
socioeconomic status, heart surgical inter-
ventionsduring thepandemicwere associ-
ated with a significantly increased risk-ad-
justed mortality and substantially higher
hospital costs [7].

Management consequences

Out of the given reasons, most heart cen-
ters around the world reduced their elec-
tive operations significantly, by between
40% and 80% of the usual case load, de-
pending on the respective procedures. In-
terventional procedures such as percuta-
neous transluminal coronary angioplasty
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or transcatheter aortic valve implantation
were recommended if possible to avoid
major open-heart surgery and accordingly
the decrease in their number was less
pronounced [5]. Only emergency cases
such as aortic dissections, acute coronary
pathologies not amenable to interven-
tional measures or associated with ven-
tricular septal defect or papillary muscle
rupture, acute valvular pathologies with
shock symptoms, or transplantations were
still performed in the usual manner. Even
in these cases, interventional techniques
such as transcatheter aortic valve implan-
tation were always considered an alterna-
tive. In some instances, even transplanta-
tions had to be delayed [8]. Most centers
defined their own criteria for emergent,
urgent, and elective cases with respect
to the given local limitations and risks
[6]. Telemedical surveillance was imple-
mented for patients on the waiting list,
and patients were referred to other hospi-
tals across borders. With the availability of
vaccines and decreasing numbers of hos-
pitalizations related to COVID infections,
heart surgery programs were slowly re-
booted; however, most of them are not
back to normal to date [6, 9]. Whereas
the numbers of infected patients in in-
tensive care units have indeed decreased
substantially and are no longer a limiting
problem in most hospitals, doctors and
even more so nurses have left their jobs
after the pandemic. The new variants of
the virus no longer cause severe courses
amongamostly vaccinatedpopulationbut
they have a higher transmission rate and
accordingly lead to increased employee
illness among hospital staff members. Fi-
nally, the lower numbers of operations
have also led to a limited training of sur-
gical residents, which also contributes to
the bottleneck in surgical care (. Fig. 1).

Financial consequences

The significant decrease in the number of
patients in most heart surgery programs
has also had financial consequences. Re-
imbursement for heart operations went
down and reimbursement for the critical
care treatment of COVID patients did not
cover the true costs for personnel, tech-
nical equipment, and medication. Even
with financial aid from the state, many car-

Zusammenfassung

Herzchirurgie während der COVID-19-Pandemie

Die COVID-19-Pandemie hatte eine Reihe spezifischer wie auch genereller Einflüsse auf
dieHerzchirurgie. AkuteAtemnot erforderte bei einer erheblichenAnzahl von Patienten
eine extrakorporale Oxygenierung, und so wurden eine Reihe dieser Patienten auf
anästhesiologischen und v. a. herzchirurgischen Intensivstationen behandelt, was
zu einer nur noch begrenzten Anzahl von Betten auf den Intensivstationen für
elektive herzchirurgische Operationen führte. Zudem führte der generelle Bedarf von
Intensivbetten für schwer kranke COVID-19-Patienten zu weiteren Begrenzungen,
ebenso wie die erhebliche Anzahl erkrankter Mitarbeiter. Viele herzchirurgische
Kliniken entwickelten spezielle Notfallpläne und begrenzten die Anzahl elektiver
Eingriffe. Die wachsende Warteliste bedeutete natürlich für viele Patienten eine
erhebliche psychische Belastung, und ebenso bedeutete die geringere Anzahl von
Herzoperationen auch eine teils erhebliche finanzielle Belastung für viele Kliniken.
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diovascular surgery units and accordingly
many major hospitals have faced financial
deficits during the past 2–3 years.

Consequences for the future

The COIVD pandemic did not arrive totally
unexpectedly and a similar situation may
reoccur in the future. We must be better pre-
pared. The availability of sufficient personal
protective equipment must be guaranteed,
including disinfection agents, as well as spe-
cific medications. Supply chains for medica-
tions must be secured and the dependence
on producers outside Europe should be less-
ened. We must further foster research on an-
tivirals, vaccines for different age groups, and
provide sufficient anti-inflammatory drugs.
We have to implement emergency plans, on
the public level as well as on the individual
hospital level. The recruitment of hospital
staff and appropriate financing should be
guaranteed. Physicians and nurses have to
be reimbursed in a fair manner according to
their increased risk andworkload.
We have managed this pandemic fairly well,
but wemust do better next time.

Corresponding address

Rainer Moosdorf, MD PhD
Klinik für Herz- und thorakale Gefäßchirurgie,
UniversitätsklinikumGießen und Marburg
Baldingerstraße 1, 35043Marburg, Germany
r.moosdorf@t-online.de

Declarations

Conflict of interest. R.Moosdorfdeclares thathehas
no competing interests.

For this article no studieswith humanparticipants
or animalswere performedby anyof the authors. All
studiesmentionedwere inaccordancewith theethical
standards indicated in each case.

References

1. Milewski RC et al (2022) ECMO during COVID-19:
a society of thoracic surgeons/Extracorporeal life
support organization survey. Ann Thorac Surg
Short Rep. https://doi.org/10.1016/j.atssr.2022.
10.017

2. Bonalumia G et al (2022) The day after tomorrow:
cardiac surgery and coronavirus disease-2019.
Cardiovasc Med 23:75–83. https://doi.org/10.
2459/JCM.0000000000001223

3. Farrington WJ et al (2021) Cardiac surgery
outcomes in an epicenter of the COVID-19
pandemic. Semin Thoracic Surg 34:182–188.
https://doi.org/10.1053/j.semtcvs.2021.01.005

4. KangMYetal(2020)Cardiovascularmanifestations
and treatment considerations in covid-19. Heart.
https://doi.org/10.1136/heartjnl-2020-317056

5. George I et al (2020) The rapid transformation of
cardiac surgerypractice in theCoronavirusdisease
2019 (COVID-19) pandemic: insights and clinical
strategies from a center at the epicenter. Ann
Thorac Surg 110:1108–1118. https://doi.org/10.
1016/j.athoracsur.2020.04.012

6. KirkleyKetal (2022)Theongoing impactofCOVID-
19onadultcardiacsurgeryandsuggestionsforsafe
continuation throughout the pandemic: a review
of expert opinions. Perfusion 37(4):340–349.
https://doi.org/10.1177/02676591211013730

7. Kaplan EF et al (2023) Cardiac surgery outcomes
during the COVID-19 pandemic worsened across
all socioeconomic statuses. Ann Thorac Surg.
https://doi.org/10.1016/j.athoracsur.2022.12.042

8. Leyva F et al (2021) Cardiac operations and
interventions during the COVID-19 pandemic:
a nationwide perspective. Europace 23:928–936.
https://doi.org/10.1093/europace/euab013

9. HarkyAetal (2021)COVID-19andcardiac surgery:
A perspective from United Kingdom. J Card
Surg 36:1649–1658. https://doi.org/10.1111/jocs.
15039

Herz 3 · 2023 225

https://doi.org/10.1016/j.atssr.2022.10.017
https://doi.org/10.1016/j.atssr.2022.10.017
https://doi.org/10.2459/JCM.0000000000001223
https://doi.org/10.2459/JCM.0000000000001223
https://doi.org/10.1053/j.semtcvs.2021.01.005
https://doi.org/10.1136/heartjnl-2020-317056
https://doi.org/10.1016/j.athoracsur.2020.04.012
https://doi.org/10.1016/j.athoracsur.2020.04.012
https://doi.org/10.1177/02676591211013730
https://doi.org/10.1016/j.athoracsur.2022.12.042
https://doi.org/10.1093/europace/euab013
https://doi.org/10.1111/jocs.15039
https://doi.org/10.1111/jocs.15039

	Cardiac surgery during the COVID-19 pandemic
	Abstract
	Zusammenfassung
	First consequences for surgical specialties
	What about cardiac surgery during the pandemic?
	The heart and COVID
	Critical care and ECMO
	Risk of COVID vs. cardiac risk
	Management consequences
	Financial consequences
	Consequences for the future
	References


