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Background: At present, temporary pacemaker implantation is very common in the treatment of
cardiovascular diseases in adults. However, the number of pediatric pacemakers implanted is still relatively
small, and relevant research is also far less than that of adults. This study aimed to explore the application of
temporary pacemakers in children with acute and critical cardiovascular diseases.

Methods: The clinical data of children with cardiovascular diseases who were treated with temporary
pacemakers in Tianjin Children’s Hospital from October 2017 to February 2021 were analyzed
retrospectively.

Results: A total of 13 children with cardiovascular diseases were included in this study, including 4 males
and 9 females, mean age of 71.2+56.3 months, and median body weight of 15.5 kg. There were 9 children
with endocardial pacing and 4 children with epicardial pacing. The types of diseases included fulminant
myocarditis (n=8), complete atrioventricular block (CAVB; n=1), and arrhythmias after open heart surgery
(n=4). The median time from onset to admission was 1.0 days in children with endocardial pacing and there
was cardiac arrest in 2 children, heart failure in 9 children, cardiogenic shock in 8 children, and Adams-
Stokes attack in 7 children. The median time from admission to implantation of temporary pacemakers
was 3.0 h and the operation time was 55.0£19.4 min. All 4 children with epicardial pacing had pacemakers
implanted during operation because of CAVB. The pacing mode was VVI mode. The initial perceptual
voltage was 1-2 mv, the output voltage was 5v, and the pacing frequency was 70-145 bpm. A total of
11 children reverted to sinus rhythm within 5.0 (1.8-34.0) h and the working time of temporary pacemakers
was 134.0 (15.0-191.0) h. There was poor pacing in 2 children and catheter displacement in 1 child during
pacing. A total of 12 children were followed up for 20.0+12.5 months and 1 was lost to follow-up. During the
follow-up period, the cardiac functions were basically normal and no new arrhythmia appeared.
Conclusions: Temporary pacemakers have the advantage of simple operation, definite effect, and safety

which has a remarkable effect in the treatment of acute and critical cardiovascular diseases in children.
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Introduction

A pacemaker Isan adjustable artificial electrical pulse
generator, the use of which, through effective depolarization
and cardiac contraction, appropriate heart rate and cardiac
output can be obtained to treat cardiac dysfunction (1,2).
A temporary pacemaker is an electronic device with non-
permanent implantation of a pacing lead (1). At present,
the implantation of a temporary pacemaker is very
common in the treatment of cardiovascular diseases in
adults, and its technology is mature and effective. In recent
years, with the improvement of the reliability of pacing
systems, the development of pacing technology, and the
increase of clinical experience, temporary pacemakers are
increasingly used in the treatment of acute and critical
cardiovascular diseases in children, such as fulminant
myocarditis, malignant arrhythmia, and arrhythmia after
open heart surgery. When there is symptomatic or worrying
bradycardia or tachycardia that ineffective to drug therapy or
requiring repeated cardioversion, temporary pacemakers are
needed. As an effective means of transition and protection,
temporary pacemakers are used to improve success rate
of rescue and improve prognosis (3-10). However, some
difficulties are involved in the temporary pacemaker
implantation in children, such as small physique, cardiac
anomaly, lower tolerance to disease, many complications and
so on and the number of pediatric pacemakers implanted is
still relatively small. Pediatric pacemaker implants comprise
<1% of all pacemaker implants (11,12). The relevant
research is also far less than that of adults. In the previous
reports of temporary pacemaker implantation in children,
most of them are case reports or studies on the application
of temporary pacemakers for a certain disease, but there was
little comprehensive analysis on the application of temporary
pacemakers in children with acute and critical cardiovascular
diseases. In this study, the clinical data of children with
cardiovascular diseases who were treated with temporary
pacemakers in Tianjin Children’s Hospital from October
2017 to February 2021 were retrospectively analyzed to
explore the application of temporary pacemakers in children
with acute and critical cardiovascular diseases. We present
the following article in accordance with the STROBE
reporting checklist (available at https://tp.amegroups.com/
article/view/10.21037/tp-21-586/rc).

Methods

Children who were treated with temporary pacemakers in
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Tianjin Children’s Hospital from October 2017 to February
2021 were retrospectively included in this study through
review of the electronic medical record system. The case
retrieval codes included 37.8001, 37.7800, and 39.6400.
All procedures performed in this study involving human
participants were in accordance with the Declaration of
Helsinki (as revised in 2013). The study was approved by
Ethics and Research Committee of Tianjin Children’s
Hospital (No. L2021-18). Individual consent for this
retrospective analysis was waived. The collected data
included demographic characteristics, disease types, clinical
symptoms, implantation time of temporary pacemakers,
pacing mode, pacing parameters, clinical outcomes after
implantation [changes of ultrasound cardiogram (UCG),
electrocardiogram (ECG) and myocardial enzyme], working
time, and follow-ups.

Statistical analysis

The software SPSS 16.0 (IBM Corporation, Armonk,
NY, USA) was used for the statistical analysis. Continuous
variables with normal distribution were expressed using
mean = standard deviations. Continuous variables with
non-normal distribution were expressed using median
(interquartile range) and the comparison between the
groups was detected using Mann-Whitney U test in
nonparametric testing. A P value of less than 0.05 was
considered statistically significant.

Results
Demographic characteristics

A total of 13 children with cardiovascular diseases were
included in this study, including 4 males and 9 females,
aged 2-154 months (mean 71.2+56.3 months), body
weight 4.5-54.5 kg (median body weight 15.5 kg), and
body length 54-155 cm (mean 106.5£35.5 cm). There
were 9 children (3 males and 6 females) with endocardial
pacing, aged 32-154 months (mean 99.3+42.7 months),
body weight 14.3-54.5 kg (median body weight 24.0 kg)
and 4 children (1 male and 3 females) with epicardial
pacing, aged 2-18 months, body weight4.5-7.4 kg.

Clinical data before implantation of temporary pacemaker

All 13 children underwent routine 12-lead ECG after
admission. There was complete atrioventricular block
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(CAVB) in 13 children, 2:1 atrioventricular block (2:1
AVB) in 1 child, R-on-T extra systole in 1 child, torsades
de pointes ventricular tachycardia (T'dP) in 1 child,
prolonged QT interval in 1 child, ventricular tachycardia
in 4 children, ventricular premature beats in 5 children,
and low voltage in 1 child. The 9 children with endocardial
pacing included 8 children with fulminant myocarditis and
1 with CAVB. The time from onset to admission was 3 h
to 7 days and the median time was 1.0 days. The clinical
symptoms were syncope, convulsion, and disturbance of
consciousness in 7 children, abdominal pain and vomiting
in 6 children, and chest tightness and fatigue in 4 children.
The ventricular rate of admission physical examination
was 27-65 bpm (mean 45.9+12.5 bpm). There was cardiac
arrest in 2 children, heart failure in 9 children, cardiogenic
shock in 8 children, and Adams-Stokes attack in 7 children.
All 9 children underwent UCG before implantations
of temporary pacemakers and 7 children had positive
results. The diameter of the heart chamber was increased
in 5 children, with 3 cases involving the left atrium,
1 case involving biatrium, and 1 case involving the whole
heart. Pericardial effusion occurred in 1 patient. The left
ventricular systolic function was decreased in 5 children,
left ventricular ejection fraction (LVEF) was 57.1%+11.5%,
and left ventricular fractional shortening (LVFS) was
30.2%+8.6%. Mitral regurgitation occurred in 9 children,
mostly small or moderate. Pro-B-type natriuretic peptide
(pro-BNP) was increased in all children (4,443.0+
3,853.9 pmol/L). All 4 children with epicardial pacing
were implanted during operation, including 3 children
with ventricular septal defect repair, and 1 with atrial septal

defect plus ventricular septal defect repair, all of whom
had CAVB.

Application of temporary pacemakers

Temporary pacemaker model

The temporary pacemaker adopted the Reocor S single
chamber pacemaker (BIOTRONIK Company, Berlin,
Germany). The pacing electrode catheter adopted the
ordinary bipolar temporary pacing electrode catheter (St.
Jude Medical Company, St Paul, MN, USA).

Implantation of temporary pacemaker

Endocardial pacing

Patients took the supine position, after which general
anesthesia and disinfecting of the surgical site were
performed, and the right femoral vein pathway was
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established by Seldinger technique. The catheter was
inserted into the right femoral vein and the bipolar
temporary pacing catheter was sent to the right ventricular
apex under X-ray fluoroscopy. The catheter was maintained
at a certain tension in the cardiac cavity and the electrode
was close to the myocardium. The intra-cardiac electrogram
was measured and the pacing frequency, and perceptual
voltage and output voltage were set. The pacing catheter
was coiled on the body surface, fixed with a suture, and
covered with film.

Epicardial pacing

The cathodic electrode was attached to the bare area of the
blood vessels on the surface of the right ventricle to find
the lowest threshold point to fix it. Part of the pacing wire
was in the thoracic cavity and the anodic electrode was fixed
under the skin near the incision.

Application of temporary pacemakers

The application of temporary pacemakers in 13 children is
shown in 7able 1. The time from admission to implantation
of temporary pacemakers was 1.5-14.0 h (median time
3.0 h) and the operation time was 55.0£19.4 min in
9 children with endocardial pacing. All 4 children with
epicardial pacing were implanted with pacemakers during
surgery. All temporary pacemakers were implanted
successfully for a single time. The electrode arrival rate
was 100% and the right ventricular effective pacing
rate was 100%. The pacing mode was VVI mode. The
initial perceptual voltage was 1-2 mv, the output voltage
was 5 v, and the pacing frequency was 70-145 bpm.
After operation, ECG was closely monitored and pacing
frequency, perceptual voltage, and output voltage
were adjusted according to the changes of ECG. After
implantation of temporary pacemakers, 11 children
reverted to sinus rhythm within 5.0 h (1.8-34.0 h)
(7 children with endocardial pacing 22.4+19.1 h and
4 children with epicardial pacing 1.5-5.0 h). Temporary
pacemakers were removed successfully in 11 children
(7 children with endocardial pacing and 4 children with
epicardial pacing). The working time of temporary
pacemakers was 134.0 h (15.0-191.0 h) (7 children with
endocardial pacing 165.1+32.7 h and 4 children with
epicardial pacing 12.0-17.0 h).

There were 2 children with endocardial pacing who
did not revert to normal sinus rhythm. One of them was
implanted with a permanent pacemaker and the other
gave up treatment. Poor pacing occurred in 2 children
with endocardial pacing and after increasing the output
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Table 1 Application of temporary pacemaker implantation in 13 children

No. Pacing setting Time of ir(r;;)lantation Pacin?bfprjnc?uency Ti;riwr?uc;frt:)\//tir:;na)to Time o1(‘hr)emoval Outcome

1 Endocardial pacing 14.0 75 Not reverted 100.0 Not Cured

2 Endocardial pacing 1.5 80 44.8 191.0 Fine

3 Endocardial pacing 2.0 70 11.0 192.0 Fine

4 Endocardial pacing 2.7 80 0.5 134.0 Fine

5 Endocardial pacing 1.8 70 20.0 201.0 Fine

6 Endocardial pacing 4.5 75 1.8 170.0 Fine

7 Endocardial pacing 3.0 80 45.0 114.0 Fine

8 Endocardial pacing 3.5 80 34.0 154.0 Fine

9 Endocardial pacing 4.0 70 Not reverted Permanent Permanent
pacemaker Pacemaker

10 Epicardial pacing During operation 145 5.0 17.0 Fine

11 Epicardial pacing During operation 120 1.5 12.0 Fine

12 Epicardial pacing During operation 130 3.0 14.0 Fine

13 Epicardial pacing During operation 145 25 15.0 Fine

voltage the pacemakers worked well. Catheter displacement
occurred in 1 child with endocardial pacing and after re-
adjusting the position of the pacing catheter and the
pacemaker worked well. There were no occurrences of
complications such as myocardial perforation, cardiac
tamponade, pacemaker-related arrhythmia, catheter
rupture, thromboembolism, puncture site infection,
difficulty in wires removal, and hemopericardium.

Areas of attention in application of temporary
pacemaker in children

The following procedures were found to assist the process
of temporary pacemaker application: (I) prompt pacification
of children to avoid complications such as catheter
displacement, catheter rupture, puncture site bleeding, and
infection; (II) observe ECG monitoring closely and adjust
pacemaker parameters to ensure pacing on demand; (III)
remove the temporary pacemaker as soon as possible after
the condition had stabilized.

Clinical outcomes after implantation of temporary
pacemaker

The 7 children with endocardial pacing who successfully
reverted to normal sinus rhythm were all children with
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fulminant myocarditis. The temporary pacemaker provided
effective pacing rate and improved hemodynamics. The
positive inotropic drugs were gradually stopped. These
7 children underwent UCG again 3 days after operation.
The diameter of the heart chamber returned to normal in 6
and 1 had a slightly larger left atrium. The left ventricular
systolic function returned to normal in all 7 children. The
LVEF was 67.0%+5.7% and LVFS was 35.3%+5.1%.
Mitral regurgitation remained in 5 children, mostly small
or moderate. There were 5 children with pericardial
effusion, mostly light, and only 1 moderate. Thickening of
interventricular septum and left ventricular posterior wall
occurred in 2 children. The level of myocardial enzyme
decreased gradually after operation, and the difference
was statistically significant (P<0.01) (7able 2). At discharge,
ECG and ambulatory ECG (Holter) showed that there
were 6 children with ventricular premature beats, 1 with
R-on-T extrasystole, 3 with ventricular tachycardia, 2
with atrial premature beats, 2 with right bundle branch
block, 1 with left bundle branch block, and 1 with T wave
change. At discharge, UCG showed that all 7 children
with normal heart chamber diameter (100.0%) and
normal systolic function (100.0%) (LVEF 68.3%x6.9%,
LVES 37.3%=+5.9%). There were 3 children with small
to moderate mitral regurgitation (42.9%), 1 with light
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Table 2 Changes of myocardial enzyme at different time in 7 children with fulminant myocarditis implanted endocardial pacing

Myocardial enzyme 1% day (n=7) 3“ day (n=7) 5" day (n=7) 7" day (n=7) P value
CK (U/L) 728.0 (337.0, 1465.0)  75.0 (34.0, 109.0) 34.0 (26.0, 55.0) 24.0 (21.0, 34.0) 0.000
CKMB (U/L) 62.0 (12.0, 97.0) 6.0 (3.0, 21.0) 4.0 (3.0, 10.0) 3.0 (2.0, 4.0) 0.006
CKMBmass (ng/mL) 38.8 (24.8, 75.3) 2.7 (1.4,11.5) 2.1 (0.8, 3.1) 1.2 (1.1, 1.8) 0.001
TnT (ng/mL) 2.07 (1.34, 4.82) 0.24 (0.02, 0.62) 0.03 (0.01, 0.08) 0.01 (0.01, 0.04) 0.000

CK, creatine kinase; CKMB, creatine kinase-MB; TnT, troponin T.

pericardial effusion (14.2%), and 3 left thickening of
interventricular septum and left ventricular posterior wall
(42.9%). There were 2 children with endocardial pacing
who did not revert to normal sinus rhythm, among whom1
had ventricular septal defect and atrial septal defect repair
7 years ago. Pacing rhythm persisted 7 days after the
implantation of a temporary pacemaker and a permanent
pacemaker was implanted after 1 week of hospitalization.
The other was a child with fulminant myocarditis
complicated with multiple malignant arrhythmias who
developed liver failure, renal failure, and severe internal
environment disorder. Her family gave up treatment
5 days after hospitalization. A total of 4 children with
epicardial pacing were discharged from hospital 8-13 days
after operation. The UCG showed that the diameter of
heart chamber was significantly smaller than that before
operation. The ECG showed normal sinus rhythm in
3 children and II atrioventricular block (II AVB) left in
1 child.

Follow-up

A total of12 children were followed up for 20.0+12.5 months
and 1 was lost follow-up. There were 7 children with
endocardial pacing who had their temporary pacemakers
successfully removed and were followed up for 22.4+
12.2 months. The ECG showed that normal sinus rhythm
was restored in 5 children and complete right bundle
branch block remained in 2 at 3 months after discharge.
The UCG showed slight thickening of the interventricular
septum in 2 children and normal diameter of heart chamber
and cardiac function in the other 5 children. The ECG of
the 1 child who was implanted with a permanent pacemaker
revealed pacing rhythm and his UCG showed that the
diameter of heart chamber was smaller than before and
the systolic function was normal. He was treated with oral
captopril only. We followed up 4 children with epicardial
pacing for 6.0-18.0 months. There were 3 children with no
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atrioventricular block and 1 child showed II AVB which had
no progressive deterioration. The UCG showed that the
diameter of heart chamber was normal and cardiac function
was normal.

Discussion

A temporary pacemaker is an electronic device that
stimulates the heart with electrical pulses to maintain or
restore a normal heartbeat and recover circulatory function
with non-permanent implantation of a pacing lead (1). The
pacing mode in this study was VVI mode, which paced
and sensed the ventricle and was suppressed by a sensed
ventricular event (2).

In this study, fulminant myocarditis was the most
common disease in children with temporary pacemakers.
Among all cases of acute myocarditis, about 10-38% of
cases involve fulminant myocarditis (13), which can be
clinically differentiated from acute myocarditis by the
presence of severe hemodynamic deterioration, cardiogenic
shock, severe heart failure, and/or refractory life-threatening
arrhythmias requiring inotropic support or mechanical
cardiopulmonary assist devices (14). Fulminant myocarditis
has higher rates of cardiac death and heart transplantation
both in the short and long term (15). Early supporting of
cardiac pump function and urgent management of serious
arrhythmias has important clinical significance (16). In this
study, all 8 children with fulminant myocarditis had CAVB
and heart failure, which were in accordance with class I
pacemaker implantation indication (17). By adjusting pacing
parameters, the implantation of temporary pacemaker
can provide effective pacing rate, increase cardiac output,
improve hemodynamics, guarantee end-organ perfusion,
and reduce organ injury. At the same time, it can increase
coronary blood flow and improve myocardial blood supply,
which is beneficial to the recovery of myocardial lesion.
The implantation of a temporary pacemaker can stabilize
heartbeat and improve myocardial function, so that it
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can correct pump failure and electrical failure caused by
fulminant myocarditis. A total of 8 children with fulminant
myocarditis were included in our study. The time from onset
to admission of 7 children was 3 h to 2 days (mean 0.96+
0.82 days) and the time from admission to implantation of
temporary pacemakers was 2.7+1.1 h. Combined with other
drugs, the implantation of temporary pacemakers relieved
clinical symptoms, stabilized hemodynamics gradually,
improved cardiac function gradually, and decreased the
level of myocardial enzyme gradually. The normal sinus
rhythm was regained within 22.4+19.1 h and the working
time of temporary pacemakers was 165.1+32.7 h. All these
7 children had their temporary pacemakers removed
successfully. The remaining child was on the 7" day of the
disease course at the time of admission, and she did not
revert to normal sinus rhythm after 5 days of implantation
of temporary pacemaker. Her family gave up further
treatment because of severe myocardial lesion, multiple
malignant arrhythmias, multiple organ failure, and severe
internal environment disorder. The data showed that as a
safe and effective first aid treatment, the timely implantation
of a temporary pacemaker played an important role in
successful rescue and improving prognosis in the treatment
of fulminant myocarditis.

Severe bradycardia can contribute to a pronounced
decrease in cardiac output followed by inadequate tissue
perfusion and Adams-Stokes attacks which can aggravate
heart damage resulting in a vicious circle. Most of the
symptomatic bradycardia leading to the implantation
of temporary pacemaker in children are CAVB. Except
for myocarditis, the involvement of cardiac conduction
system by various causes can lead to CAVB, some of which
cannot be determined. Most of the CAVB with no known
cause are not reversible, with most of these children
requiring implantation of permanent pacemakers (18).
One child with temporary endocardial pacemaker in
this study had ventricular septal defect and atrial septal
defect repair 7 years ago. More than 1 year before this
admission, his parents found that his heart rate was
occasionally slow but no further consultation was pursued.
This time, the disease began with Adams-Stokes attack
after exercise and the ECG showed CAVB. Fulminant
myocarditis was considered at the beginning of admission.
However, combined with blood examination and auxiliary
examination after admission, the presentation was not
in line with the criteria for the clinical diagnosis of
myocarditis in the Diagnostic Recommendations for

Children with Myocarditis (2018 edition) published by
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the Subspecialty Group of Cardiology of the Society of
Pediatrics of Chinese Medical Association (19), and the
diagnosis was revised to arrhythmia-CAVB. Pacing rhythm
persisted 7 days after the implantation of temporary
pacemaker which was in accordance with class I permanent
pacemaker implantation indication (20). Finally, the
permanent pacemaker was implanted. In this case, a
temporary pacemaker was used as a bridge to permanent
pacemaker when permanent pacing was not immediately
indicated providing effective pacing rate, re-establishing
normal hemodynamics, and avoiding organ failure and
ventricular arrest caused by bradycardia (21).

In this study, on admission 1 child had prolonged QT
interval and multiple TdP followed by Adams-Stokes attack
and was defibrillated several times. A temporary pacemaker
was implanted and programmed at a heart rate to terminate
incessant T'dP by decreasing QT intervals. Meanwhile,
it was reported that defibrillation and/or overdriving by
temporary pacemaker were helpful for termination of
sustained ventricular tachycardia and 2.3% of temporary
pacemakers were used to treat ventricular premature beats
and ventricular tachycardia (21,22).

Postoperative arrhythmias are common and occur in
7.5-48% of postoperative pediatric cardiac patients because
of electrolytes disturbances, acidosis, hypotension, hypoxia,
high catecholamine level, and local tissue edema and
inflammation in the myocardium adjacent to conduction
system. Many clinically significant arrhythmias can lead
to hemodynamic deterioration, resulting in increased
risk for mortality and morbidity (8,9). In 2019, Jain
et al. reported that the prevalence of arrhythmia (within
3 days of surgery) was 14.4% and complete heart block
was the most common arrhythmia (5.2%) in their study
containing 536 pediatric cardiac surgical children (9). A
temporary epicardial pacing wire is convenient and safe
to be implanted in open heart surgery and a temporary
pacemaker is important in the management of postoperative
arrhythmia. Bradyarrhythmias, caused by either sinus node
dysfunction or heart block, can be treated by a temporary
pacemaker. At the same time, a temporary pacemaker is
also a valuable diagnostic and therapeutic tool for children
experiencing tachyarrhythmias such as junctional ectopic
tachycardia and supraventricular tachyarrhythmia (8-10,23).
Postoperative arrhythmia may recover over time and a
temporary pacemaker can play a transitional role (24-26).
In this study, 4 children with epicardial pacing developed
CAVB after open heart surgery, which was in accordance
with the pacemaker installation indication (17,20). These
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4 children reverted to sinus rhythm within 1.5-5.0 h and
had their temporary pacemakers successfully removed in
12.0-17.0 h. The temporary pacemaker played a critical
role in maintaining circulatory stability in the early stage
after open heart operation by overriding the intrinsic rate
of the children, increasing cardiac output, and improving
postoperative hemodynamics (26). At discharge, 3 children
had no AVB and 1 left with II AVB. During the follow-up
period (range, 6.0 to 18.0 months), there was no progressive
deterioration in ECG and cardiac function was normal.
These findings suggested that temporary pacemaker was
convenient, effective, and could improve the prognosis in
pediatric open heart surgery.

Although the general application for temporary
pacemaker implantation in children are similar to those
in adults, there are several important considerations
in pediatric patients. First, the clinical significance of
bradycardia is age dependent, so that the indications for
pacemaker implantation need to be based on the correlation
of symptoms with relative bradycardia rather than
absolute heart rate criteria. Second, small physique, low
tolerance to disease and cardiac anomaly make temporary
pacemaker implantation more complex and sometimes
face significant technical challenges. Third, there are no
randomized clinical trials of cardiac pacing in pediatric
or congenital heart disease patients (20). Due to the
anatomical and physiological characteristics of children,
selection of appropriate pacing mode, pacing site, and
implantation route is very important (11). In a retrospective,
observational analysis over a 10-year period, Czosek ez al.
reported that the total complication rate of pacemakers
was 17.3%, of which device-related was 7.2% and patients-
related was 11.2% (27). In this study, VVI mode, single
chamber, right ventricular apical pacing, and right femoral
vein access were used in all children with temporary
endocardial pacing. After operation, poor pacing occurred
in 2 children and ECG showed intermittent pacing. After
increasing the output voltage, the pacemaker worked well
which was considered to be related to local tissue edema
around the catheter. Catheter displacement occurred in
1 child due to his restlessness. The ECG showed that
pacing signal disappeared and CAVB presented, followed
by another Adams-Stokes attack. After re-adjusting the
position of the pacing catheter, the pacemaker worked
well which suggested that we should fix the catheter
firmly and ensure proper tension during implantation and
promptly calm the child down after operation. There were
no related complications such as myocardial perforation,
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cardiac tamponade, pacemaker-related arrhythmia, catheter
rupture, thromboembolism, or puncture site infection in all
9 children with temporary endocardial pacing. Among the
complications associated with temporary epicardial pacing,
the most concerning issue related to hemorrhage and late
tamponade due to removal of the temporary pacemaker
wires which may call for re-exploration and be life-
threatening (28,29). None of the children with temporary
epicardial pacing had related complications such as difficulty
in wire removal or hemopericardium.

In this study, all children were equipped with bedside
ECG monitoring and defibrillator. Experienced medical
staff dynamically observed the cardiac electrical activity
of children for 24 h-a-day. On the one hand, we should
guard against the stimulation of pacing wires to trigger
sympathetic storm under the condition of unstable
myocardial electrical activity; on the other hand,
combined with the changes of ECG, we should adjust
pacing frequency, perceptual voltage, and output voltage
when necessary. At present, the indication for temporary
pacemaker removal has yet to achieve consensus. The
working time of temporary pacemakers in this study was
134.0 h (15.0-191.0 h). In 7 children with endocardial
pacing, temporary pacemakers were removed at 165.1=
32.7 h when the condition was stable for more than 24 h.
In 4 children with epicardial pacing, temporary pacemakers
were removed at 12.0-17.0 h when the hemodynamics
were stable. Mastering the appropriate time to remove the
pacemaker reduced the risk of complications and avoided
the possible reduction of cardiac output due to the loss of
the normal depolarization sequence of the heart in VVI
pacing mode (30,31).

Timely and correct treatment is the key factor
determining curative effect and prognosis in the treatment
of acute and critical cardiovascular diseases in children. As
a technique with great clinical value, temporary pacemaker
uses electrical impulse to stimulate heartbeat and stabilize
hemodynamics. Our study demonstrated that the temporary
pacemaker had the advantage of simple operation, definite
effect, and safety, which had a remarkable effect in the
treatment of acute and critical cardiovascular diseases in
children.

This study has some limitations. This is a retrospective
analysis of a single-center study using a small sample
size, which may cause some deviations in the results. A
large-sample multicenter study can further promote the
application of temporary pacemakers in the treatment of
acute and critical cardiovascular diseases in children.
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