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Aim. To analyze the experience of a multidisciplinary hospital in the implantation of pacemaker (PM) in patients
with COVID-19, to evaluate predictors and the incidence of complications and adverse outcomes.

Methods. One-hundred twenty five patients with active COVID-19 underwent PM implantation/replacement during
the period from 04/01/2020 to 11/30/2021 at the Department of Cardiovascular Surgery of the City Multidisciplinary Hos-
pital, reprofiling to provide medical care to patients with COVID-19. The presence of SARS-CoV-2 virus was confirmed
by a positive result of the polymerase chain reaction performed the day before the procedure.

Results. Median age of patients was 81 [73-86] years. Indications for PM in most cases were atrioventricular block
of II-1II degrees (n=71, 56.8%), sick sinus syndrome (n=30, 24%). The PM was replaced in 20 (16%) patients. Of the 125
patients in the study survey, the 30-day complication rate was 12%, and the 180-day mortality rate was 16.8%.

Conclusion. Patients with active COVID-19 had an increased level of complications and mortality rates after
PM implantation/replacement. It is necessary to take these risks into consideration to better select patients with active
COVID-19 infection.
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Coronavirus infection COVID-19 is caused by an
RNA-containing severe acute respiratory syndrome coro-
navirus SARS-CoV-2 of the Coronaviridae family. Since
the end of 2019, the COVID-19 pandemic has affected
more than 500 million people worldwide and has result-
ed in more than 6 million deaths [1]. In Russia, the total
number of infected as of April 2022 reached 18 million
cases with 368 thousand deaths registered [2]. The main
clinical manifestations of COVID-19 are respiratory dis-
orders, however, cardiovascular complications, including
cardiac arrhythmias, are also found among those infected
[3]. According to several international multicenter studies,
about 18.3% of hospitalized patients with COVID-19 had
arrhythmias. The most common was sinus tachycardia be-
cause of a combination of causes (hypoperfusion, fever,
hypoxia, agitation) [4]. In general, atrial tachyarrhythmias
were observed in 70% of these patients, various types of
bradyarrhythmias were diagnosed in 20% [5]. The patho-
physiological mechanisms of arrhythmias associated with
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COVID-19 are not yet fully understood. Hypoxia, circulat-
ing pro-inflammatory factors, and metabolic disturbances
may be possible direct arrhythmogenic factors. Also, pa-
tients with active viral infection may develop acute coro-
nary syndrome or acute myocarditis, which can cause var-
ious cardiac arrhythmias. Another arrhythmogenic factor
are some medications. For example, hydroxychloroquine,
which was actively used at the beginning of the pandem-
ic as a therapy, affects intracellular pH, leading to elec-
trolyte imbalance, cardiotoxicity, and QT prolongation.
Azithromycin can also prolong the QT interval and cause
life-threatening ventricular tachycardias [6].

Against the backdrop of the COVID-19 pandemic,
there has been a deterioration in the quality of medical care
for patients with bradyarrhythmia. Several studies con-
ducted in 2020 report a significant decrease in the number
of cardiac implantable electronic devices (CIEDs) implant-
ed worldwide [7-9]. Possible reasons include both organi-
zational (re-profiling of some hospitals to provide care to
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patients with coronavirus infection, restrictions in the work
of electrophysiological departments, especially at the be-
ginning of the pandemic), and psychological (the patient’s
fear of becoming infected when seeking medical help).

To streamline the organization of specialized care
for patients with heart rhythm disorders, in May 2020, the
Heart Rhythm Society, the American College of Cardiology
and the American Heart Association published a consensus
document with recommendations for conducting electro-
physiological procedures during the COVID-19 pandemic.
The document was based mainly on expert opinion, since
at that time there were not enough published data on the
management of patients with COVID-19 infection compli-
cated by cardiac arrhythmias [10]. In 2021, an internation-
al multicenter study was conducted based on data obtained
from 53 centers in 13 countries (Russia is not represented in
the study), which analyzed the implantation / replacement
of CIED (in addition to traditional pacemakers (PMs), car-
dioverter-defibrillators, cardiac resynchronization devices
and wireless pacemakers were also considered) performed
on 166 patients with active coronavirus infection. The study
demonstrated higher rates of complications and adverse out-
comes after surgery compared to pre-pandemic data. As an
explanation, the authors identified two global factors. The
first is related to the clinical course of COVID-19 infection,
the high level of comorbidity of patients and their advanced
age, the use of corticosteroids and anticoagulants in the
treatment, as well as elevated levels of C-reactive protein
(CRP) in patients with active COVID-19 infection. The sec-
ond important value, according to the authors, could have a
«humany factor. The use of personal protective equipment,
according to the study, caused discomfort to the surgeon and
forced him to complete the operation faster, which could af-
fect its quality, and the risk of infection in close contact with
a patient with COVID-19 led to psychological stress [11].

However, despite existing publications, to date there
are no clinical guidelines governing the management of pa-
tients with COVID-19 who require high-tech medical care,
in particular pacemaker implantation. It is not clear how
safe “early” surgery is, performed before the development
of possible autoimmune complications of the infection, or
whether delayed intervention is advisable after a negative
PCR test result and normalization of inflammatory markers
in the blood. Also, the perioperative management of such
patients is not regulated, for example, safe dosages and
duration of immunosuppressive and anticoagulant therapy
before and after surgery are not approved. The urgency of
the problem remains high, because, despite the gradual de-
crease of COVID-19 cases worldwide and the mitigation
of anti-epidemic measures by several countries, there is
still a need for specialized medical care for patients with
bradyarrhythmias.

Aim. To analyze the experience of a multidisciplinary
hospital in the implantation of pacemakers in patients with
COVID-19, to evaluate the features of the procedure, pre-
dictors and the incidence of complications and adverse
outcomes.

METHODS

A single-center retrospective study included 125 pa-
tients who underwent PM implantations from 04/01/2020
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to 11/30/2021 in the cardiovascular surgery department of
a multidisciplinary hospital repurposed to provide medical
care to patients with COVID-19. The study was approved
by the local ethics committee.

The inclusion criteria for the study was the presence
of active COVID-19 infection (confirmed by a positive PCR
test for the SARS-CoV-2 virus the day before or on the day
of surgery). Patients with a negative PCR test result or no
test result on the day of surgery despite the symptoms of an
active viral infection were excluded from the study.

Procedural timing depended on the clinical picture of
the viral infection and the severity of the patient’s condition.
The operation was performed if there was no fever within 48
hours before the intervention and no need for non-invasive
/ invasive ventilation of the lungs, since these indicators,
along with laboratory data (CRP level), were regarded as
predictors of the development of a “cytokine storm”.

The severity of the disease was classified according
to temporary guidelines for the treatment of coronavirus
infection. With mild severity, there was no viral pneumonia
according to multislice computed tomography of the chest,
and the patient did not need respiratory support. Moderate
severity was characterized by the presence of pneumonia
and/or respiratory failure with a saturation of at least 93%;
hypoxia was corrected using low-flow oxygen through
nasal prongs or a face mask. In severe cases of infection,
respiratory support was performed using non-invasive ven-
tilation of the lungs - high-flow ventilation through nasal
cannulas or ventilation in the positive pressure mode at the
end of expiration through a sealed mask. The extremely
severe course of the infection required invasive ventilation
at one of the stages of treatment.

Statistical analysis was carried out using the StatTech
v. 2.5.8 (developer - Stattech LLC, Russia). Quantitative in-
dicators were assessed for compliance with the normal dis-
tribution using the Shapiro-Wilk test (with the number of
subjects less than 50) or the Kolmogorov-Smirnov test (with
the number of subjects more than 50). In the absence of a
normal distribution, the quantitative data were described us-
ing the median (Me) and the lower and upper quartiles (Q1 —
Q3), when the normal distribution was confirmed, using the
mean value (M) and standard deviation (SD). Categorical
data were described with absolute values and percentages.
Comparisons were made based on the division of the study
group according to the criteria for the presence or absence of
complications, as well as the presence or absence of a lethal
outcome. Comparison of two groups by a quantitative indi-
cator, the distribution of which differed from the normal one,
was performed using the Mann-Whitney U-test, and with a
normal distribution, using the Student’s t-test. Comparison
of percentages in the analysis of four-field cross tables was
performed using Pearson’s chi-square test (with a minimum
expected frequency of 10 or more) or using Fisher’s exact
test (with a minimum expected frequency of less than 10),
and in the analysis of multi-field cross tables - using the test
Pearson’s chi-square.

RESULTS

Procedural rate
During the observation period, out of 26,814 hospi-
talized patients, PM implantations/replacement were per-
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formed in 168 patients (some patients appeared without
confirmation of coronavirus infection by a PCR test). The
procedural rate was 6.3 per 1000 patients.

Clinical characteristics

The study included 125 patients with active coro-
navirus infection (38.4% men, median age of patients 81
[73-86] years) in whom pacemaker implantation (n=101),
pacemaker replacement (n=20), lead replacement (n=2) or
lead reposition (n=2) were performed. Replacement/repo-
sition of leads was carried out in patients with pacemakers,
initially implanted in other institutions. Clinical character-
istics of patients, as well as procedure parameters are pre-
sented in table 1.

Indications for procedure

The main indications for surgery were II-1II degree
AV block (n=71, [56.8%]) and sick sinus syndrome (n=30,
[24.0%]), hemodynamically significant (Morgagni-Ad-
ams-Stokes syndrome or its equivalents). PM was replaced
in 20 (16.0%) patients with signs of battery depletion of
the PM (recommended replacement time according to pro-
gramming data). Surgery was performed for lead fracture
in 1 (0.8%) patient, and for exit-block - in 3 (2.4%) pa-
tients. In 55 patients (44%), syncope was present. Proce-
dural timing was 8th [4-14th] day after the diagnosis of
COVID-19.

Complications

Complications were noted in 16 (12.8%) patients,
of which 15 (12.0%) had complications during the first 30
days after surgery. In 1 patient, a complication developed
after 2 months (suppuration of the PM pocket). Another
patient had two complications - dislocation of the atrial
lead, for which reposition was performed, and then sup-
puration of the PM pocket. The patient was reassessed for
arrhythmias, and it was decided to refrain from re-implan-
tation. The pacemaker system has been removed.

The most common intraoperative complication was
pneumothorax (7 patients, 43.7% of all complications).
Pocket hematoma was diagnosed in 4 patients. In one case,
the hematoma was tense, and evacuation of the hematoma
was then performed. Another 4 patients had atrial lead dis-
location. In all cases, the lead was repositioned.

Suppuration of the PM pocket in 60 days after sur-
gery was noted in one patient. For unknown reasons, he did
not seek medical attention. 5 months after the operation, he
was transferred from another hospital with a severe pocket
inflammation, for which removal of the pacemaker system
was performed. Complications and patients characteristics
are given in table 2.

A univariate analysis of factors influencing compli-
cations revealed that patients with complications had a sta-
tistically significantly higher preoperative D-dimer level
(825.5[488.5-1673.0] ng/mL versus 533.0 [317, 2-1023.2]
g/ml, p=0.033) and no direct oral anticoagulants were used
(0 vs 27 (100%) patients, p=0.022).

Mortality

21 (16.8%) patients from the study group died, of
which 20 (16%) within the first 30 days after the operation,
and 1 patient died within 180 days (the patient with suppu-
ration of the PM pocket, which was described above, died
5 months after the primary implantation of the pacemaker
from sepsis, after removing the pacemaker system).

19

Mortality increased in proportion to the severity
of the course of COVID-19 and amounted to 0%, 2.5%,
28.6% and 100% in patients with mild, moderate, severe,
and extremely severe infection, respectively.

When comparing the probability of death depending
on the presence of complications, significant differenc-
es were found (p=0.018) (method used: Pearson’s Chi-
square). The risks of death in the group with complications
were 3.760 times higher than in the group without compli-
cations, the difference in odds was statistically significant
(95% CI: 1.191-11.869).

In the analysis of mortality, depending on the type
of complications, significant differences were also found
(p=0.024). The presence of pneumothorax had a statis-
tically significant effect on the risk of death (p=0.026),
compared with the absence of postoperative complications
(Fig. 2). Since the risk of developing pneumothorax in-
creases with central venous puncture, a statistically signif-
icant effect of the method of venous access on the risk of
death was observed. This risk increased with subclavian
vein puncture (10 (35.7%) patients with venous access
through the subclavian vein versus 7 (10.0%) patients with
access through the cephalic vein, p = 0.014).

Mortality was statistically significantly higher in
older patients (87.0 84.0-89.0] years vs 81.0 [72.0-85.0]
years, p<0.001). Patients with high preoperative CRP
levels (23.0 [11.0-67.0] mg/L vs. 11.5 [6.2-27.0] mg/L,
p = 0.032), D-dimer (1174, 5 [609.0-2952.2] ng/mL vs.
483.5 [313.8-818.5] ng/mL, p=0.002), lactate dehydroge-
nase (364.5[287.8-390.5] U/l vs. 270.0[228.0-350.0] U/1,
p=0.013), creatinine (193.0 [127.00-285.00] pmol/l vs.
101.5 [88.0- 130.5] pmol/L, p<0.001) also had a high risk
of death. The use of a temporary pacemaker had no sta-
tistically significant effect on mortality and complications
(Table 1).

DISCUSSION

The study reports the experience of PM implan-
tation/replacement in hospitalized patients with active
COVID-19, performed in the Department of Cardiovascu-
lar Surgery of a city multidisciplinary hospital, repurposed
to provide care for patients with coronavirus infection.

The procedural rate during the pandemic in our de-
partment decreased by almost 4 times (for example, in
2019 it was 25.2 per 1000 patients). There was also a high
rate of 30-day complications (12.0%) and 180-day mortal-
ity (16.8%) in infected patients, while in 2019 these were
3.1% and 0.5%, respectively.

We reviewed studies over the past 10 years on compli-
cations after implantation of CIED prior to the COVID-19
pandemic.

In the FOLLOWPACE study, which followed 1517
patients with CIED for the treatment of bradycardia, the
60-day complication rate was 12.4% [12]. Of 5918 patients
(data from the Danish National Registry 2010-2011) who
underwent implantation of traditional single-chamber and
dual-chamber devices as well as cardiac resynchronization
therapy and implantable cardioverter-defibrillators, 9.5%
had at least one complication [13]. In a 2019 analysis of a
database of hospitalized patients in Australia and New Zea-
land, of 65,711 patients who were implanted with CIED,
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complications, including death, were noted in 7.8%, and
a significant scatter of data by centers was found (a total
of 98 clinics) - from 5.4% to 12.9% [14]. In another Aus-
tralian study, which included a group of elderly patients
(10883 patients, mean age 86 years), after implantation of
traditional CIED, the rate of complications and readmis-
sion after 90 days was 1-2%. The 90-day mortality rate
was 5% and 3% in patients with single- and dual-chamber
pacemakers, respectively [15].

Thus, there is a large scatter of data associated
with the heterogeneity of the studied groups. The com-
plication rate reached 12.9%, and the mortality rate did
not exceed 5%.

In our study, the postoperative complication rate
was 12.0% at 30 days and 12.8% at 60 days. Compli-
cations occurred statistically significantly more often in
patients with high preoperative levels of D-dimer, which
is a marker of severe COVID-19. It is interesting to note
that the use of direct oral anticoagulants, monoclonal an-
tibodies to IL-6, and dexamethasone, regardless of the
dose, did not have a statistically significant effect on the
incidence of complications.

The surgical complication that influenced the risk of
death in our study was pneumothorax (Fig. 2). From our
point of view, this can be explained by the fact that even a
temporary lung collapse in a patient with viral pneumonia
significantly aggravates hypoxia and the risk of infection.
Against the background of hypoxia, the risk of developing
multiple organ failure and death increases.

Patients with COVID-19 are also at risk of devel-
oping spontaneous pneumothorax. This condition is de-
scribed as an atypical complication of infection that can
be diagnosed in patients without chronic lung disease or
mechanical ventilation. The incidence of this complication
is about 1% among hospitalized patients with COVID-19.
However, it can worsen the prognosis [16-18]. We com-
pared the incidence of spontaneous pneumothorax in our
hospital during the observation period from 04/01/2020
to 11/30/2021. Out of 26814 hospitalized patients, spon-
taneous pneumothorax was detected in 61 (0.23%) patients
with a positive PCR test result for SARS-CoV-2. Death oc-
curred in 36 (59%) patients.
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Fig. 2. Analysis of outcome depending on the type of
complication.
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We conducted an additional analysis of the mortality
of patients with various types of pneumothorax. We com-
pared a group of 7 patients with “surgical” pneumothorax
(after puncture of the subclavian vein) and a group of 61
patients with spontaneous pneumothorax.

When comparing mortality in these groups, no statis-
tically significant differences were found (p=1.000). How-
ever, it is important to emphasize that mortality in both
groups exceeded 50%, which confirms the high probability
of a poor prognosis in patients with COVID-19 and pneu-
mothorax, regardless of its origin.

The high mortality rate in our study was mainly as-
sociated with complications of the COVID-19 infection
(15 patients died without surgical complications vs 6 with
complications). The risk of death increased with the se-
verity of the infectious process, as well as in patients with
high levels of CRP, lactate dehydrogenase, D-dimer and
creatinine.

It should be noted that in our study, none of the con-
comitant chronic diseases had a statistically significant
effect on mortality. There was no dependence of compli-
cations and outcome on the presence of a temporary pace-
maker before surgery, as well as on the technical param-
eters of the procedure (procedure time, fluoroscopy time,
radiation dose) (Table 1).

Practical aspects

There was a single-center retrospective study. How-
ever, several practical conclusions can be made. Consid-
ering the higher level of postoperative complications and
mortality due to COVID-19, as well as the relative safety
of using a temporary pacemaker in patients with hemo-
dynamically significant bradyarrhythmias, it is advisable
not to perform operations at the height of the infectious
process until pro-inflammatory factors are normalized. Of
course, it is important to assess and correct kidney func-
tion. The choice of venous access should be made in favor
of the cephalic or axillary vein, since subclavian vein punc-
ture increases the risk of pneumothorax, which increases
the risk of adverse outcome in patients with COVID-19.

Limitations

We conducted a single-centre retrospective study in
a department with extensive experience in PM implanta-
tions. During the pandemic, we were limited in the range
of surgical interventions to traditional single-chamber and
dual-chamber pacemakers without defibrillation, so it is
not possible to extrapolate the results of our study to the
entire range of antiarrhythmic devices. We also understand
that our data may differ from other centers with CIED im-
plants compared to our center.

CONCLUSION

Patients with COVID-19 experienced an increased
rate of complications and death after pacemaker implan-
tation/replacement compared to pre-pandemic rates. It is
necessary to take this fact into account and use an indi-
vidual approach to the patient, assessing all possible risk
factors.
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