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Abstract

Aims The need for permanent pacemakers (PMs) after heart transplantation (HT) is increasing. The aim was to determine
the influence of cardiac allograft vasculopathy (CAV), donor age, and other risk factors on PM implantations early and late af-
ter HT and its effect on survival.

Methods and results A retrospective, single-centre study was performed including HTs from 1984 to July 2018. Early PM was
defined as PM implantation <90 days and late PM as PM > 90 days. Risk factors for PM and survival after PM were determined
with (time-dependent) multivariable Cox regression. Out of 720 HTs performed, 62 were excluded (55 mortalities <30 days and 7
retransplantations). Of the remaining 658 patients, 95 (14%) needed a PM: 38 (6%) early and 57 (9%) late during follow-up (me-
dian 9.3 years). Early PM risk factors were donor age [hazard ratio (HR) 1.06, P < 0.001], ischaemic time (HR 1.01, P < 0.001), and
in adults amiodarone use before HT (HR 2.02, P = 0.045). Late PM risk factors were donor age (HR 1.03, P = 0.024) and CAV (HR
3.59, P < 0.001). Late PM compromised survival (HR 2.05, P < 0.001), while early PM did not (HR 0.77, P = 0.41).

Conclusions Risk factors for early PM implantation were donor age, ischaemic time, and in adults amiodarone use before HT.
Late PM implantation risk factors were donor age and CAV. Late PM diminished survival, which is probably a surrogate marker
for underlying progressive cardiac disease.
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Introduction

Sinus node dysfunctions (SNDs) and conduction abnormali-
ties are relatively common early and late after orthotopic
heart transplantation (HT).2™® Albeit in the early phase, the
bradyarrhythmias are usually temporary and could be treated
by intravenous isoprenaline and/or temporary external pac-
ing, however some of these patients need a permanent pace-
maker (PM) implantation.™® Indications for PM implantation
are mostly symptomatic bradyarrhythmias or chronotropic
incompetence.*™®

In recent reports, it has been demonstrated that patients
who received a heart from an older donor had more
bradyarrhythmias and conduction disorders (SND or atrioven-
tricular node dysfunction) after HT needing PM
implantation.>”*”~® Others found no correlation.® This asso-
ciation could partially be explained by the ischaemia time in
combination with the ischaemia—reperfusion injury after
transplantation, which could cause an impaired conduction
in the early phase after transplantation.® This would be more
prominent in older donors as older hearts could have less
compensation mechanisms to cope with these injuries.’® In
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the last decade, because of extreme shortage of suitable heart
donors, the waiting time for a HT has increased, which is why
older donors are used.***? Even though the donor age is ris-
ing, the long-term survival after HT is still improving.**** An-
other reason for the increased number of PM implantations
suggested in the literature is the operating technique.*®°
There are two types of surgical techniques that are generally
used in HTs. The first one is the biatrial technique, in which
the atria of the donor are sutured to (a part of) the atria of
the recipient.*®> With the second method, the bicaval tech-
nique, the left atrium of the donor is sutured to the left atrium
of the recipient, while a second anastomosis is created with
the superior and inferior caval vein of the recipient.** It has
been suggested that the biatrial technique increases the risk
for PM implantation early after HT, which is one of the rea-
sons why more and more centres are implementing the
bicaval technique into clinical practice.®

For PMs implanted longer after HT, the cause for conduc-
tion problems could be more ‘common’ degenerative disease
of the sinus or atrioventricular node in combination with spe-
cific conditions associated with a HT such as cardiac allograft
vasculopathy (CAV) and fibrosis due to rejections.®** Up until
now, only studies with small study populations or limited
follow-up durations have been published.>**” Furthermore,
most studies exclude recipients younger than 18 years old,
thereby excluding the youngest donors. Additionally, most
studies did not have enough events or enough information
about the co-morbidities to determine whether CAV or rejec-
tions are significant risk factors for PM implantation.>*° The
aim of the study was to evaluate the relationship between
CAV and donor age and the need for a PM implantation after
HT in a large, single-centre study with over 36 years of experi-
ence. Moreover, additional risk factors for PM implantation
and the effect of PM implantation on long-term survival were
investigated.

Methods

All patients who underwent a primary HT in our centre from
the start of the HT programme in 1984 until July 2018 were in-
cluded in this study. When a patient had a retransplantation,
only the first HT was included and the follow-up was censored
at the time of the retransplantation. Furthermore, patients
who died within the first month after HT were excluded from
the analysis. The study was approved by the Medical Ethical
Review Committee of the Erasmus MC (MEC-2017-421). The
study conforms to the Declaration of Helsinki.

Pacemaker protocol

In our centre, all patients received a temporary pacemaker
and isoprenaline after HT to maintain a heart rate >100 b.

p.m. This temporary pacemaker rate was per protocol
steadily lowered from 3 days after HT with 10 b.p.m. every
day until the patient had an adequate heart rate of at least
60 b.p.m. or higher with stable haemodynamics. After
10-14 days, if the heart rate was not sufficient, low oral the-
ophylline supply was initiated in order to taper the isoprena-
line intravenously. If this did not improve the heart rate
appropriately within 4-6 weeks, a permanent PM implanta-
tion was planned. When theophylline was tolerated and
helped with keeping the heart rate above 60 b.p.m., the pa-
tient was discharged with theophylline without the need for
a PM.

Definitions

Early PM was defined as a pacemaker that was implanted
within the first 90 days after HT. A late PM was defined as
a pacemaker implanted after 90 days. The indication for the
PM was obtained from the patient chart at the time of PM
implantation. Indications for PM are categorized into SND
and atrioventricular blockage (AVB).

To determine the effect of donor age on outcomes, recip-
ients were divided into tertiles by donor age.

Rejections were classified according to the International
Society for Heart and Lung Transplantation guidelines.'®
CAV was defined according to the International Society for
Heart and Lung Transplantation CAV guideline.’” Diabetes be-
fore HT was defined as the use of glucose-lowering medica-
tion at the moment of the HT. Amiodarone use before HT
was defined as the chronic use of amiodarone (>1 month)
in the year before HT. Protocols on immunosuppressive regi-
men have been described before.*?

Cardiac allograft vasculopathy monitoring

CAV was monitored by performing a coronary angiography at
the annual check-up of Years 1 and 4. After the fourth year,
patients were screened for CAV using myocardial perfusion
imaging. Whenever the scan was abnormal or there was a
clinical indication for further coronary testing, an invasive
coronary angiography was performed. Further information
on the CAV screening has been reported before.'? Since
March 2018, coronary computed tomographies are per-
formed instead of myocardial perfusion imaging in suitable
patients.'® Again, when the computed tomography result
was abnormal, an invasive coronary angiography was per-
formed to confirm the CAV diagnosis. In case a patient devel-
oped a bradyarrythmia, an invasive coronary angiography
and an endomyocardial biopsy were performed to exclude
CAV and/or rejection before PM implantation.

ESC Heart Failure 2022; 9: 1239-1247
DOI: 10.1002/ehf2.13799

85U8017 SUOLULLIOD BAIER.ID 3|qed!(dde aup Aq peueA0b d1e BN YO 88N JO S3INJ 104 ARG 1T BUIIUO AB]IM UO (SUORIPUO-PUR-SLLBYWD™A8 | IM AR 1 pU1UO//SANY) SUORIPUOD PUE SLLB L U3 885 *[2202/TT/20] U0 AR1q18uliuo AB|IM SE8UloldIgs)RHS AN WepeNoy AISRAIUN snwses3 Aq 662ET ZIUR/Z00T 0T/I0p/LI0D" A3 ARIqIeUIIUO//SUNY WO14 POPROjUMOQ ‘Z ‘ZZ0T ‘22855502



PM implantation after HT

1241

Statistical analysis

When continuous variables were normally distributed, means
were noted * standard deviations. If not normally distributed,
medians with the 25-75th percentile [interquartile range
(IQR)] were presented. Normally distributed data were com-
pared using Student’s t-test or one-way ANOVA test, and
non-normally distributed data were compared with the
Mann-Whitney or Kruskal-Wallis test depending on the
number of groups. Categorical data are presented as an abso-
lute number with a percentage (%) and compared using )(2 or
Fisher’s exact test where appropriate.

Associations between predictors of (early and late) PM im-
plantations were examined with Cox regression analysis. Pa-
tients lost to follow-up (i.e. patients whose follow-up was
continued in a different transplantation centre) were consid-
ered at risk until the date of last contact. The Cox propor-
tional hazards assumption was assessed using log—log plots.
First, univariate Cox analyses were performed. Subsequently,
variables with a P-value <0.05 were included in the multivar-
iable Cox analysis. As rejections and CAV grade are both
time-dependent variables, these were included into an ex-
tended Cox regression analysis as time-dependent variables.
For PM predictors, all variables were collected before PM im-
plantation or at the end of follow-up (90 days or death for
early PM and death, retransplantation date, or end of
follow-up in late PM). To determine predictors for late PM
implantation, all patients with an early PM or follow-up dura-
tion <90 days were excluded from the analysis. Furthermore,
time-dependent Cox regression was used to investigate
whether a PM implantation impairs the survival after HT. To
examine the progression of the donor age over time, linear
regression was used.

Kaplan—Meier curves were used to compare incidences of
PM-free survival stratified by donor age group and compared
by log-rank test. Patients were censored at the time of death,
retransplantation, lost to follow-up, or on the 1 September
2018. P-value <0.05 was considered statistically significant.
Analyses were performed using statistical software SPSS,
Version 25.0 (SPSS Inc., IBM Company, Chicago, IL).

Results

In total, 720 HTs were performed in the inclusion period, of
whom 62 were excluded from the analysis [55 patients died
within the first month after HT (none due to sinus node or
conduction disorders) and 7 retransplantations]. Of the re-
maining 658 patients, 183 (28%) were women. The median
recipient age at HT was 49 [IQR 39-56] years old of whom
72 (11%) under the age of 18. Most patients (99%) were
transplanted with a biatrial anastomosis. All baseline charac-
teristics of the patients included in the study are demon-
strated in Table 1. The median donor age was 32 [IQR
20-44] years. When divided into tertiles, 215 (33%) donors
were <23 years old, 226 (34%) donors were between 24
and 40 years old, and 217 (33%) donors were >40 years
old. In Figure 1, the distribution of donor ages per year is
plotted for all HT patients (Figure 1A; r* = 0.148, P < 0.001)
and solely adult recipients (Figure 1B; r* = 0.360, P < 0.001).

Need of permanent pacemaker implantations

Outcome parameters are demonstrated in Table 2. The me-
dian follow-up duration after HT was 9.3 [IQR 5.0-14.8] years.

Table 1 Baseline characteristics of HT patients stratified according to the donor age

Parameters Total Donor age (<23 years) Donor age (24-40 years) Donor age (>40 years) P-value
Number of patients 658 215 (33) 226 (34) 217 (33)
Donor characteristics
Age (years) 32 (20-44) 18 (15-20) 32 (27-36) 49 (44-55) <0.001
Female 328 (50) 76 (35) 109 (48) 143 (66) <0.001
Recipient characteristics
Female 183 (28) 55 (26) 53 (24) 75 (35) 0.02
Age at HT (years) 9 (39-56) 45 (19-54) 50 (39-55) 52 (46-60) <0.001
Ischaemic CMP 258 (39) 71 (33) 102 (45) 85 (39) 0.03
Non-ischaemic CMP 400 (61) 144 (67) 124 (55) 132 (61) 0.03
Dilated CMP 286 (72) 101 (70) 97 (78) 88 (67) 0.40
Hypertrophic CMP 9 (10) 9 (6) 7 (6) 23 (17) 0.002
Congenital heart disease 6 (4) 9 (6) 5 (4) 2(2) 0.09
Other 9 (15) 25(17) 15(12) 19 (14) 0.19
LVAD 4 (8) 12 (6) 14 (6) 28 (13) 0.009
Diabetes before HT 0 (6) 4 (2) 13 (6) 23 (11) 0.001
Creatinine at HT (umol/L) 111 (89-135) 103 (72-131) 110 (92-134) 117 (97-140) <0.001
Amiodarone use before HT 227 (35) 63 (29) 65 (29) 99 (46) <0.001
Surgical data
Ischaemic time (min) 174 (146-210) 177 (143-210) 170 (143-210) 178 (151-210) 0.25

CMP, cardiomyopathy; HT, heart transplantation; LVAD, left ventricular assist device; SD, standard deviation.
Categorical variables are presented as numbers with (%). Normally distributed continuous variables are shown as mean =+ SD.
Non-normally distributed continuous variables are shown as a median with (interquartile range).

ESC Heart Failure 2022; 9: 1239-1247
DOI: 10.1002/ehf2.13799

85U8017 SUOLULLIOD BAIER.ID 3|qed!(dde aup Aq peueA0b d1e BN YO 88N JO S3INJ 104 ARG 1T BUIIUO AB]IM UO (SUORIPUO-PUR-SLLBYWD™A8 | IM AR 1 pU1UO//SANY) SUORIPUOD PUE SLLB L U3 885 *[2202/TT/20] U0 AR1q18uliuo AB|IM SE8UloldIgs)RHS AN WepeNoy AISRAIUN snwses3 Aq 662ET ZIUR/Z00T 0T/I0p/LI0D" A3 ARIqIeUIIUO//SUNY WO14 POPROjUMOQ ‘Z ‘ZZ0T ‘22855502



1242

S. Roest et al.

Figure 1 Correlation between donor age and year of heart transplantation (HT) with corresponding regression line for (A) all patients or (B) adults

only.
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Table 2 Long-term outcome parameters for all HT recipients stratified according to the donor age

Parameters Total Donor age (<23 years) Donor age (24-40 years) Donor age (>40 years) P-value
Number of patients 658 215 226 217
Follow-up (years) 9.3 (5.0-14.8) 10.0 (5.5-14.9) 10.4 (5.5-16.6) 8.0 (3.7-12.6) <0.001
Theophylline use at discharge 47 (7) 9 (4) 17 (8) 21 (10) 0.08
PM implantation 95 (14) 15 (7) 33 (15) 47 (22) <0.001
Early PM 38 (6) 3(1) 8 (4) 27 (12) <0.001
Late PM 57 (9) 12 (6) 25 (11) 20 (9) 0.12
PM indication 0.29
SND 49 (52) 6 (40) 15 (45) 28 (60)
AVB 46 (48) 9 (60) 18 (55) 19 (40)
Early SND 30 (79) 3(100) 6 (75) 21 (78)
Early AVB 8 (21) 0 (0) 2 (25) 6 (22)
Late SND 19 (33) 3 (25) 9 (36) 7 (35)
Late AVB 38 (67) 9 (75) 16 (64) 13 (65)
Type of PM 0.16
AAl 3(3) 0 (0) 1(3) 2(4)
WVI 9(9) 3(20) 5(15) 1(2)
DDD 83 (87) 12 (80) 27 (82) 44 (94)

ICD implantation 7 (1) 0 (0) 4 (2) 3(1) 0.17
Rejections 1(0-2) 1(0-3) 1(1-3) 1(0-2) 0.002
0 180 (27) 60 (28) 49 (22) 71 (33) 0.03
1 180 (27) 49 (23) 65 (29) 66 (30) 0.17
>2 298 (45) 106 (49) 112 (50) 80 (37) 0.01
CAV grade (>1) 153 (23) 35 (16) 67 (30) 51 (24) 0.01

AVB, atrioventricular block; CAV, cardiac allograft vasculopathy; HT, heart transplantation; ICD, implantable cardioverter—defibrillator;
PM, permanent pacemaker; SD, standard deviation; SND, sinus node dysfunction.

Categorical variables are presented as numbers with (%). Normally distributed continuous variables are shown as mean =+ SD.
Non-normally distributed continuous variables are shown as a median with (interquartile range).

In total, 95 (14%) patients needed a permanent PM after HT
of whom 38 (6%) received an early PM while 57 (9%) received
a late PM. Of the 72 children included in this study, 14 (19%)
received a PM during follow-up; 4 (29%) of these PMs were
implanted early while 10 (71%) were implanted late after
HT. Only 9 (13%) of the children used amiodarone before
HT compared with 218 (37%) in patients >18. The median
duration of the hospital stay immediately after HT was 25
[IQR 17-36] days. Patients who received an early pacemaker
had a median hospital stay duration of 43 [IQR 36-53] days,
compared with a median hospital stay of 24 [IQR 17-34] for
patients who did not receive an early pacemaker (P < 0.001).

Overall pacemaker-free survival is displayed in Figure 2A.
Patients with an older donor (>40) had a significantly shorter
pacemaker-free survival than patients with a younger donor
(P < 0.001) as displayed in Figure 2B. In patients with a young
donor (<23 years old), only 1% of the patients received an
early PM, while this was the case in 4% of the patients with
a donor between 24 and 40 and 12% of the patients with a
donor >40 years old (P < 0.001). The frequency of late PM
implantation was not statistically significantly different be-
tween groups (6% vs. 11% vs. 9%, respectively, P = 0.12). Me-
dian time to early PM implantation was 37 [IQR 29-41] days.
Median time for late PM implantation was 7.6 [IQR 3.9-13.6]
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Figure 2 (A) The pacemaker-free survival for the whole study population. (B) The pacemaker-free survival divided into donor age categories. HT, heart

transplantation.
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years. Indications for PM were SND in 49 (52%) patients and
AVB in 46 (48%) patients. SND was seen more frequently in
patients with an early PM than patients with a late PM
(79% vs. 33% respectively, P < 0.001). AVB was more fre-
qguently seen in patients with a late PM compared with pa-
tients with an early PM (67% vs. 21% respectively,
P < 0.001). The most frequently implanted PMs were the
DDD pacemakers (87%), followed by VVI (9%) and AAI (3%).

When the patients were divided by era (before and after
2000), there were significant differences seen between the
groups (Table 3). Even though the number of PMs after HT
was not statistically significant, early PMs were more fre-
quent after 2000 (10% vs. 2%, P < 0.001) while the number
of late PMs was lower (6% vs. 11%, P = 0.009).

Table 3 Pacemaker incidences stratified by transplantation era

Predictors of permanent pacemaker implantation

All variables entered into the multivariable model met the Cox
proportional hazard assumption. In univariate Cox regression
analysis, several predictors were found for early PM implanta-
tion after HT. Donor age (P < 0.001), amiodarone use before
HT (P = 0.018), and total ischaemic time (P < 0.001) were pre-
dictors for early PM implantation, while recipient age
(P=0.63) and rejections (P = 0.12) were not (Table 4A). In mul-
tivariable analysis, donor age [HR 1.06 (1.03—1.08), P < 0.001]
and total ischaemic time [HR 1.01 (1.01-1.02), P < 0.001] were
independent predictors for early PM implantation after HT.
Amiodarone use before HT was not statistically significant
[HR 1.73 (0.90-3.29), P = 0.10] (Table 4A).

Parameters Total HT < 2000 HT > 2000 P-value
Number of patients 658 342 316
Follow-up (years) 9.3 (5.0-14.8) 11.7 (7.0-18.1) 7.2 (3.5-11.4) <0.001
Donor age 32 (20-44) 26 (20-35) 42 (25-51) <0.001
Ischaemic time (min) 174 (146-210) 160 (135-187) 196 (163-225) <0.001
PM implantation 95 (14) 44 (13) 51 (16) 0.23
Early PM 38 (6) 5(2) 33 (10) <0.001
Late PM 57 (9) 39 (11) 18 (6) 0.009
PM indication 0.02
SND 49 (52) 17 (39) 32 (63) 0.01
AVB 46 (48) 27 (61) 19 (37) 0.34
Early SND 30 (79) 5(100) 25 (76) <0.001
Early AVB 8 (21) 0 (0) 8 (24) 0.003
Late SND 19 (33) 12 (31) 7 (39) 0.32
Late AVB 38 (67) 27 (69) 11 (61) 0.02
Type of PM 0.03
AAl 3(3) 1(2) 2 (4) 0.52
VI 9(9) 8 (18) 1(2) 0.03
DDD 83 (87) 35 (80) 48 (94) 0.06

AVB, atrioventricular block; HT, heart transplantation; PM, permanent pacemaker; SD, standard deviation; SND, sinus node dysfunction.
Categorical variables are presented as numbers with (%). Normally distributed continuous variables are shown as mean =+ SD.
Non-normally distributed continuous variables are shown as a median with (interquartile range).
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Table 4A Predictors of early (<90 days) and late (>90 days) permanent pacemaker implantation for all recipients

Univariate analysis

Multivariable analysis

Parameters HR (95% Cl) P-value HR (95% ClI) P-value
Predictors early PM
Age at HT 1.01 (0.98-1.03) 0.63
Donor age 1.06 (1.04-1.09) <0.001 1.06 (1.03-1.08) <0.001
Amiodarone use before HT 2.15 (1.14-4.07) 0.018 1.73 (0.90-3.29) 0.10
Total ischaemic time (min) 1.01 (1.01-1.02) <0.001 1.01 (1.01-1.02) <0.001
Rejections” 0.56 (0.27-1.17) 0.12
Predictors late PMP
Age at HT 0.98 (0.97-1.00) 0.036 0.97 (0.95-0.99) <0.001
Donor age 1.03 (1.01-1.05) 0.005 1.04 (1.02-1.07) 0.001
Amiodarone use before HT 1.06 (0.61-1.84) 0.83
Ischaemic time (min) 1.00 (1.00-1.01) 0.35
Rejections” 1.01 (0.54-1.87) 0.99
CAV Grade 2 or 3% 4.30 (2.36-7.82) <0.001 3.71 (2.03-6.77) <0.001

CAV, cardiac allograft vasculopathy; Cl, confidence interval; HR, hazard ratio; HT, heart transplantation; PM, permanent pacemaker.
“Number of rejection or grade of CAV before pacemaker implantation in patients with a PM.

"Excluding patients with an early PM.

For late PM implantation, recipient age (P = 0.036), donor
age (P =0.005), and CAV Grade 2 or 3 (P < 0.001) were pre-
dictors in univariate Cox analysis. On the other hand, amioda-
rone use before HT (P = 0.83), ischaemia time (P = 0.35), and
rejections (P = 0.99) were not. In the multivariable analysis,
recipient age [HR 0.97 (0.95-0.99), P < 0.001], donor age
[HR 1.04 (1.02-1.07), P = 0.001], and CAV grade [HR 3.71
(2.03-6.77), P < 0.001] remained significant predictors for
late PM implantation when all recipients were included.
When paediatric patients (age <18 years) were excluded, do-
nor age (P < 0.001), recipient age (P < 0.001), and amioda-
rone use before HT (P = 0.045) were independent
predictors of early PM implantation in multivariable analysis
(Table 4B). For late PM implantation, only donor age
(P =0.024) and CAV grade (P < 0.001) were independent risk
factors.

Survival after heart transplantation

The median survival in the cohort was 13.3 [IQR 12.3-14.3]
years. In an extended Cox regression model, PM implantation
was used as a time-dependent variable to determine whether
a PM after HT impaired the survival after HT. When including
all PMs after HT, there was an increased risk of mortality in
patients who received a PM with a HR of 1.49 [95% confi-
dence interval (Cl) 1.09-2.04, P = 0.014] when corrected for
recipient age, recipient sex, heart failure aetiology, renal
function before HT, and diabetes before HT. When the same
analysis was performed only for patients with an early PM, no
significant difference was observed [HR 0.77 (95% CI
0.41-1.44), P = 0.41]. However, patients who received a PM
late after HT had an increased risk for death [HR 2.05 (95%
Cl 1.43-2.93), P < 0.001].

Table 4B Predictors of early (<90 days after HT) and late (>90 days after HT) permanent pacemaker implantation for recipients >18 years

old

Univariate analysis

Multivariable analysis

Parameters HR (95% Cl) P-value HR (95% Cl) P-value
Predictors early PM
Age at HT 1.01 (0.98-1.04) 0.60
Donor age 1.07 (1.04-1.10) <0.001 1.06 (1.03-1.09) <0.001
Amiodarone use before HT 2.47 (1.25-4.89) 0.009 2.02 (1.02-4.03) 0.045
Total ischaemic time (min) 1.01 (1.01-1.02) <0.001 1.01 (1.01-1.02) <0.001
Rejections® 0.52 (0.24-1.13) 0.10
Predictors late PM®
Age at HT 0.99 (0.96-1.01) 0.32
Donor age 1.04 (1.01-1.06) 0.005 1.03 (1.01-1.05) 0.024
Amiodarone use before HT 1.21 (0.67-2.17) 0.53
Ischaemic time (min) 1.00 (1.00-1.01) 0.33
Rejections” 1.15 (0.56-2.39) 0.71
CAV Grade 2 or 3° 4.16 (2.14-8.06) <0.001 3.59 (1.86-6.95) <0.001

CAV, cardiac allograft vasculopathy; Cl, confidence interval; HR, hazard ratio; HT, heart transplantation; PM, permanent pacemaker.
*‘Number of rejection or grade of CAV before pacemaker implantation in patients with a PM.

"Excluding patients with an early PM.
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Discussion

In this study, the effect of risk factors on early and late PM
implantations after HT and the subsequent effect on survival
were studied. The most common indication for early PM im-
plantation was SND while AVB was more frequent in late PM
implantation. Patients who had an older donor had an in-
creased risk to have a PM implanted both early and late after
HT. Furthermore, prolonged ischaemic time increased the
risk for early PM implantation, while amiodarone use only
did in adult recipients. Patients with an older donor heart
and patients with CAV grade >2 had a higher risk to have a
late PM implanted. Only patients who received a PM late af-
ter HT had an impaired survival.

Incidence of permanent pacemakers

The incidence of PM implantation after HT in literature varies
between 2% and 24%.7>7791920 oyr incidence of 14% is in
accordance with this. This variation can be explained by sev-
eral factors such as difference in follow-up duration, inclusion
of paediatric patients, average donor age, and local policy on
PM indications. In our study, the median time until late PM
implantation was 7.6 years. This is significantly longer than
all other studies, also due to the longer follow-up period.
Even though the number of PM implantations remained sta-
ble over time, the number of early PM implantations in-
creased while the number of late PM implantations
declined. The increase in early PM implantations could be ex-
plained by the increased ischaemia time in combination with
reduced resilience to ischaemia—reperfusion injury in older
donors.’® The decrease in late PM implantations is most likely
due to the shorter follow-up in the recent era. Other studies
with at least 70% of patients transplanted biatrially demon-
strated PM incidences of 24.0% (70% biatrial),* 10.9% (78%
biatrial),’ and 11.5% (90.6% biatrial).® These incidences are
comparable with our incidence, while the follow-up period
is significantly shorter in two of them.® The difference in in-
cidence could also be because bicaval HTs are associated with
decreased early PM implantations.’®> However, one study
with only bicavally transplanted recipients demonstrated a
PM rate of 20.5%.” The authors claimed that due to the in-
creasing donor age, the advantage of transplanting with the
bicaval technique over the biatrial technique was diminished.

Indication for permanent pacemakers

The main reasons for PM implantations are SND and AVB.
Our results are consistent with literature that SND is more
frequently seen early after HT, while AVB is more seen in
the long term.>™* One study demonstrated more AVB as the
indication for both early and late PMs; however, due to miss-

ing baseline characteristics, the reason for this cannot be
determined.?® SND early after HT can be due to ischaemia
or even sinus node damage due to the surgical technique.®
AVB late after HT can be related to degeneration due to
increased donor age, myocardial ischaemia, infarction caused
by CAV, and rejections.®

Risk factors of permanent pacemakers

In our study, the risk factors for early PM implantation were
donor age, total ischaemic time, and (in adults) amiodarone
use before HT, while donor age and CAV grade were risk fac-
tors for a late PM. Several studies have demonstrated that
donor age is a significant risk factor for both early and late
PM implantation.”™ Possibly, the older donor hearts are
more susceptible for ischaemia and reperfusion injury, which
could increase the risk for early PM.%° Furthermore, during
follow-up, several factors can influence the conduction sys-
tem (i.e. rejections, ischaemia due to CAV, and diabetes),
which could lead to a PM implantation.®

The reason why age was protective for the whole study
population, but not in adults, is probably due to the paediat-
ric recipients who needed a PM long term after HT. Although
in literature the incidence of PM in children after HT is low,°
long-term studies are missing. Young recipients mostly re-
ceive hearts from young donors, decreasing the chance of a
PM early after HT. However, when the years go by, CAV can
develop in those hearts as well increasing the PM risk. As
demonstrated in our study, CAV grade >2 significantly in-
creased the risk of PM implantation. Although rarely studied,
the studies that did test for CAV found no significant differ-
ence in patients with or without PM.>*° However, in contrast
to other studies, we included CAV as a time-dependent
variable in a multivariable model, while other studies only
performed univariate tests with limited follow-up data. Fur-
thermore, most studies had a follow-up period of approxi-
mately 6 years, which could mean that the incidence of CAV
was too low to detect significant differences because 50%
of patients have CAV 10 years after HT.*?

The fact that amiodarone before HT was not a risk factor
for the entire cohort but is a risk factor specifically for
adults can be explained by the low use of amiodarone in
children. Due to the fact that children are more often
affected by cardiomyopathies and congenital cardiac
abnormalities and not so much by ischaemic cardiomyopathy,
the need for amiodarone use in these recipients is less
before HT.*®

Ischaemic time during transplantation was another predic-
tor for early PM implantation. Recently, other studies have
found no relationship between ischaemic time and PM
implantation,>7° while it has been suggested as a poten-
tial risk factor.® However, most of these studies did not divide
the groups into early and late PM, lacked power to perform a
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multivariable analysis, or were mainly bicaval transplants. It is
known that ischaemic time with the bicaval technique is lon-
ger than biatrial transplantation.’® However, the fact that
ischaemic time is increased during biatrial surgery could indi-
cate a difficult procedure, which could increase the risk for
damage to the conduction system. This in combination with
the increased risk of sinus node ischaemia during the
transplantation could explain why ischaemia is a risk factor
for early PM implantation.®

Survival after permanent pacemaker
implantation

Most studies have found no survival difference between pa-
tients with or without PM,>™” while one study demon-
strated an improved survival after PM implantation.’ In
contrast, one study found that patients with an early PM
had the worst survival, followed by patients with no PM
and the best survival in patients with a late PM.* Another
study demonstrated no survival benefit for late PM.? This
is in contrast to our findings, since we found no diminished
survival after early PM implantation and an impaired sur-
vival for patients with a late PM. One of the issues of the
other studies that look at survival is that Kaplan—-Meier
curves were used to compare survival (with the follow-up
starting at the moment of the transplantation). However,
this method can lead to the introduction of immortal time
bias.?! Patients first need to survive a certain period after
HT and receive a PM during follow-up (and thus be ‘immor-
tal’) before being classified as having a late PM. We believe
that late PM implantation is an indicator for progressive
cardiac disease (i.e. fibrosis after rejection and CAV), thus
impairing the patient survival.
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