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ABSTRACT

Background: Permanent pacemaker placement (PPM) is associated with morbidity
following cardiac surgery. This study identified associations between PPM place-
ment and 5-year outcomes for patients that require PPM following valvular surgery.

Methods: All patients who underwent valvular surgery at our medical center from
2011 to 2018 were considered for analysis. Multivariable analysis identified associa-
tions between PPM placement, mortality, and readmissions. Primary outcomes
were operative complications and mortality. Secondary outcomes included
5-year survival and readmission.

Results: A total of 175 (4.86%) of 3602 valvular surgery patients required postop-
erative PPM. The PPM cohort had significantly worse baseline comorbidities,
including greater Society of Thoracic Surgeons Predicted Risk of Mortality (STS-
PROM) scores (3.8 vs 2.4 P< .0001). The PPM cohort had greater rates of blood
product transfusion, prolonged ventilation, and new-onset atrial fibrillation. PPM
placement was significantly associated with third-degree heart block (5.26; 95%
confidence interval [95% CI], 1.00-27.53; P ¼ .0496), ventricular fibrillation/tachy-
cardia (3.90; 95% CI, 1.59-9.59; P ¼ .01), and atrial fibrillation/flutter (1.53; 95% CI,
1.05-2.24; P ¼ .03). On Kaplan-Meier estimates, 5-year survival (68.8% vs 83.1%;
P¼ 01) was significantly reduced in the PPM cohort. Five-year all-cause readmission
(60.4% vs 50.04%; P ¼ .01) and heart failure readmission (35.5% vs 20.1%;
P< .000) occurred more frequently in the PPM cohort. On multivariable Cox
regression analysis, PPM placement (hazard ratio, 1.12; 95% CI, 0.84-1.50;
P ¼ .444) was not an independent predictor of mortality. On competing risk anal-
ysis, PPM (hazard ratio, 1.33; 95% CI, 0.99-1.80; P¼ .062) was not a predictor of hos-
pital readmission.

Conclusions: Valvular surgery patients who required postoperative PPM had
elevated baseline operative risk. However, PPM implantation was not associated
with mortality or readmission. (JTCVS Open 2021;7:157-64)
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On Kaplan–Meier estimates, 5-year survival was
significantly reduced in the PPM cohort.
CENTRAL MESSAGE

Permanent pacemaker place-
ment was required in patients
with greater comorbidities but
was not independently associ-
ated with worse outcomes.
PERSPECTIVE
Permanent pacemaker placement (PPM) may be
required after cardiac surgery in patients with
greater baseline risk. Although PPM has been
associated with worse cardiac surgery outcomes,
we found no association between PPM and 5-year
mortality or readmission. This suggests that PPM
may be a surrogate for other clinical variables that
affect outcomes following cardiac surgery.

See Commentaries on pages 165 and 167.
nding on the type of surgery.1-9 Patients
The placement of implantable electronic devices plays an
important role in the postoperative period following cardiac
surgery, and the incidence is variable, ranging from<1% to
nearly 10%, depe
who undergo isolated coronary artery bypass grafting10

(CABG) without associated valvular surgery tend to have
the lowest need for postoperative pacemaker placement
(PPM). In contrast, patients who undergo reoperative valve
surgery6,11 have been shown to be at greater need for post-
operative PPM compared with the general open cardiac sur-
gery population. Known predictors of postoperative PPM
include valve surgery, with a several-fold increased risk in
patients with double or triple valves, reoperative surgery,
and increased patient age.5,12-14

The need for permanent postoperative pacing is often due
to damage to the cardiac conduction system. There is diffi-
culty in identifying which patients will need PPM following
surgery, and ubiquitous indications for device implantation
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Isolated valve surgery and
coronary artery bypass

grafting (CABG) &
valve surgery (n = 16,660)

Excluded (n = 13,058)
• Isolated CABG, double valve,
  triple valve, aortic root, missing
  in surgery type (n = 12,816)
• Previous implantable
  cardioverter-defibrillator,
  pacemaker, ventricular assist
  devices, transplant (n = 231)
• Duplicate patients (n = 11)

n = 3602

Abbreviations and Acronyms
CABG ¼ coronary artery bypass grafting
CI ¼ confidence interval
HR ¼ hazard ratio
ICD ¼ implantable cardioverter-defibrillator
PPM ¼ postoperative pacemaker placement
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may be inconsistently followed.7 Current large studies re-
porting the long-term impact of postoperative PPM place-
ment on cardiac surgery outcomes are limited. The aim of
this study is to provide the incidence and associations
with PPM from a large single-center report of isolated
valve, multiple-valve, and CABG and valve surgeries,
including the association of PPM with 5-year survival and
hospital readmission.
Without PPM
placement: 3427

With PPM
placement: 175

FIGURE 1. Consolidated Standards of Reporting Trials diagram of

participant inclusion and exclusion from the investigation. PPM, Perma-

nent pacemaker placement.
METHODS
Study Population

Patients outcomes were retrospectively obtained from our medical cen-

ters prospectively maintained cardiac surgery database. Data use and anal-

ysis were approved by the institutional review board and consent waived.

Elective, urgent, and emergent cases were included in the analysis. All pa-

tients who underwent isolated valve surgery and CABG with valve surgery

were included (Figure 1).We excluded the patients who underwent isolated

CABG surgery (due to a low likelihood of pacer requirements with isolated

CABGs), had previous pacemaker placement, transplants, and ventricular

assist devices.

PPM placement was defined as including implantable cardioverter-

defibrillators (ICDs) or combined ICD/PPM implantation. The total patient

population was divided into 2 cohorts: (1) PPM placement within 30 days

or in hospital (postoperative) and (2) patients without PPM placement

within 30 days or in hospital (postoperative).

Statistical Analysis
For continuous variables, normality was assessed via the Shapiro–Wilk

test. Continuous variables that did not meet normality were analyzed via

Wilcoxon rank-sum and reported as median and interquartile range (quar-

tile 1-quartile 3). Categorical variables are reported as count and propor-

tion. We used c2 unless more than 20% of cells had expected

frequencies<5, in which case we used the Fisher exact test.

Propensity score matching was not appropriate; after 1:1, 1:2, 1:3, and

1:4 propensity score matching, there was an imbalance between the pace-

maker group and nonpacemaker group. Baseline patient characteristics

were compared between PPM and non-PPM cohorts. All baseline charac-

teristics were initially evaluated in the univariable Cox proportional hazard

model (P<.2 was cutoff for inclusion in multivariable analysis) of time to

death.

Our definition of 5-year mortality included all deaths starting on (and

including) the date of surgery. We performed backward elimination to choose

the Cox proportional hazardmodel for mortality and Fine and Graymodel for

heart failure readmission. We started with all candidate variables (Table 1),

testing the deletion of each variable using the model fit criterion (significance

level¼ .2), deleting the variable with the largest value. We repeated the pro-

cess until all the variables in the model were less than or equal to .2. A lim-

itation of backward elimination is that the deleted variables cannot go back

into the model even if it is significance in a future model.

After model selection, our model did not meet the proportional hazard

assumption. For the Cox model for mortality, the supremum test found that
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cardiopulmonary bypass time, ischemic time, albumin, and bilirubin

violated the proportional hazard assumption. To address the violation of

nonproportional hazard, albumin, bilirubin, cardiopulmonary bypass

time, ischemic time, and previous myocardial infarction were stratified

(the cutoff of the continuous variables [albumin, bilirubin, cardiopulmo-

nary bypass time, ischemic time] was median). After stratification, the

model met the proportional hazard assumption. In the analysis, the hazard

ratio (HR) refers to preset change. It indicates the change in the risk of

death if the parameter (eg, age, creatinine, albumin, cardiopulmonary

bypass time and ischemic time) increases by 1 unit.

We selected Firth logistic regression because of quasi-complete separa-

tion. We performed backward elimination to choose the Firth logistic

model at a significance level of 0.1.

Overall mortality was calculated using Kaplan–Meier estimation and

overall readmission using cumulative incidence function. The log-rank

test was used for overall mortality and the Gray’s test was used for overall

readmission.

For readmission, cause-specific hazard was calculated using the cumu-

lative incidence function (death as a competing risk) in both univariable

and multivariable models. In the event of multiple readmissions for the

same patient, time to the first readmission was used in the model. Signifi-

cant covariables were adjusted in the multivariable models of time to death

and readmission separately.

Five-year survival was compared for each groupwith the use of Kaplan–

Meier curves and cumulative incidence function was used to generate a

curve for 5-year readmissions.

RESULTS
Baseline Patient Characteristics

From a total of 3602 cardiac surgery operations, 175
(4.9%) patients required PPM. Of the total, 6 (3.4%) pa-
tients had isolated ICD placement for postoperative



TABLE 1. Baseline patient characteristics in patients who underwent isolated valve surgery and CABG with valve surgery

Variables No PPM (N ¼ 3427) PPM (N ¼ 175) P value

Age, y 70 (61-77) 74 (65-80) <.001

Women 1302 (37.99%) 73 (41.71%) .32

Body mass index, kg$m�2 28.4 (25.0-32.8) 28.7 (25.0-33.5) .60

Diabetes mellitus 1169 (34.1%) 75 (42.9%) .02

Hypertension 2780 (81.1%) 151 (86.3%) .09

Chronic lung disease 773 (22.2%) 44 (25.1%) .43

Dialysis 71 (2.1%) 2 (1.1%) .58

Immunosuppression 233 (6.8%) 12 (6.9%) .98

Previous heart failure 1040 (30.4%) 66 (37.7%) .04

Previous myocardial infarction 904 (26.3%) 57 (32.6%) .07

Previous arrhythmia 615 (18.0%) 55 (31.4%) <.0001

Status .001

Elective 2260 (66.0%) 89 (50.9%)

Urgent 1101 (32.1%) 83 (47.4%)

Emergent 61 (1.8%) 3 (1.7%)

Emergent salvage 5 (0.2%) 0 (0.0%)

STS-PROM (%) 2.4 (1.3-4.8) 3.8 (2.0-8.0) <.001

Surgery type .01

Isolated MV repair 462 (13.5%) 12 (6.9%)

Isolated MVR 170 (5.0%) 17 (9.7%)

Isolated AVR 1421 (41.5%) 72 (41.1%)

CABG þ MVR 87 (2.5%) 7 (4.0%)

CABG þ MV repair 303 (8.8%) 21 (12.0%)

CABG þ AVR 984 (28.7%) 46 (26.3%)

Valve type .44

Aortic valve 2405 (70.2%) 118 (67.4%)

Mitral valve 1022 (29.8%) 57 (32.6%)

Valve þ CABG .56

Isolated valve 2053 (59.9%) 101 (57.7%)

CABG þ valve 1374 (40.1%) 74 (42.3%)

Serum creatinine, mg per dL 1.0 (0.8-1.2) 1.0 (0.8-1.2) .11

Albumin, g per dL 3.7 (3.4-4.1) 3.6 (3.3-4.0) .03

Total bilirubin, mg per dL 0.6 (0.5-0.9) 0.6 (0.5-0.9) .77

Ejection fraction, % 58.0 (50.0-63.0) 55.0 (45.0-60.0) .001

Previous valve procedure 84 (2.5%) 10 (5.7%) .02

Previous CABG 243 (7.1%) 20 (11.4%) .03

Cardiopulmonary bypass time, min 115 (88-151) 116 (88-158) .89

Ischemic time, min 89.0 (67.0-117.0) 92.00 (68.0-123.0) .59

Variables are presented as count (frequency) and median (1-3 interquartile ranges) for categorical and continuous variables, respectively. PPM, Permanent pacemaker placement;

STS-PROM, Society of Thoracic Surgeons Predicted Risk of Mortality;MV, mitral valve;MVR, mitral valve replacement; AVR, aortic valve replacement; CABG, coronary artery

bypass grafting.

Bianco et al Adult: Arrhythmias
tachyarrhythmia. Patients in the PPM cohort had signifi-
cantly worse baseline comorbidities (Table 1), including,
but not limited to, diabetes mellitus (42.9% vs 34.1%;
P ¼ .018), previous heart failure (37.7% vs 30.4%;
P ¼ .039), previous arrhythmia (31.4% vs 18%;
P < .000), and increased Society of Thoracic Surgeons-
Predicted Risk of Mortality (%) (3.8 vs 2.4; P<.000). Pa-
tients in the PPM cohort had greater previous valve surgery
(5.7% vs 2.5%; P ¼ .024) and previous CABG operations
(11.4% vs 7.1%: P ¼ .031). There were no double-valve
operations. There were 25 patients with preoperative atrial
fibrillation who had concomitant maze procedure.
JTCVS Open c Volume 7, Number C 159



TABLE 2. Firth logistic model for predicting permanent pacemaker

placement in patients who underwent isolated valve surgery and

CABG with valve surgery

Variable

Odds ratio

(95% Confidence interval) P value

Age 1.04 (1.01-1.06) <.001

V-tach/V-fib 3.90 (1.59-9.59) .01

Third-degree heart block 5.26 (1.00-27.53) .0496

Atrial fibrillation/flutter 1.53 (1.05-2.24) .03

Ejection fraction 0.98 (0.97-1.00) .02

All variables with a P value< .1 were kept in the model. V-tach, Ventricular tachy-

cardia; V-fib, ventricular fibrillation.

Adult: Arrhythmias Bianco et al
Multivariable Regression for Association With PPM
Placement

On logistic regression, age and ejection fraction were sig-
nificant predictors of PPM placement. Arrhythmias signifi-
cantly associated with PPM placement included third-
degree heart block (5.26; 95% confidence interval [CI],
1.00-27.53; P ¼ .0496), ventricular fibrillation/tachycardia
(3.90; 95% CI, 1.59-9.59; P ¼ .01), and atrial fibrillation/
flutter (1.53; 95% CI, 1.05-2.24; P ¼ .03) (Table 2).

Immediate Postoperative Outcomes
There was no significant difference between PPM versus

non-PPM patients for postoperative mortality (1.7% vs
2.9%; P ¼ .49) (Table 3). Patients in the PPM cohort had
increased blood product transfusion (48.6% vs 39.1%;
P ¼ .013), prolonged ventilation (18.3% vs 10.2%;
P ¼ .001), and new-onset atrial fibrillation (51.4% vs
41.2%; P¼ .007). There was no difference between cohorts
for deep sternal wound infection (0.0% vs 0.2%; P ¼ .58),
acute renal failure (3.4% vs 4.0%; P ¼ .71), permanent
stroke (3.4% vs 2.5%; P ¼ .47), and reoperation (12.0%
vs 8.6%; P ¼ .12).
TABLE 3. Postoperative outcomes in patients who underwent isolated

valve surgery and CABG with valve surgery

Variables No PPM PPM P value

Operative mortality

(STS definition)

99 (2.9%) 3 (1.7%) .49

Blood product transfusion 1340 (39.1%) 85 (48.6%) .01

Prolonged ventilation* 351 (10.2%) 32 (18.3%) .00

Deep sternal wound infection 6 (0.2%) 0 (0.0%) .58

Acute renal failure 137 (4.0%) 6 (3.4%) .71

Permanent stroke 87 (2.5%) 6 (3.4%) .47

Reoperation 294 (8.6%) 21 (12.0%) .12

New-onset atrial fibrillation 1411 (41.2%) 90 (51.4%) .01

PPM, Permanent pacemaker placement; STS, Society of Thoracic Surgeons.

*>24 hours.
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Mortality and Readmissions
Over a median follow-up of 4.8 (3.0-6.8) years, patient in

the PPM cohort had a greater mortality (31.4% vs 23.7%;
P ¼ .003), overall readmission (57.7% vs 51.0%;
P ¼ .024), cardiac readmission (53.1% vs 44.1%;
P ¼ .007), and heart failure readmission (34.3% vs
21.7%; P<.000). On Kaplan–Meier estimates, 5-year sur-
vival (68.8% vs 83.1%; P ¼ .001) (Figure 2) was signifi-
cantly reduced in the PPM cohort (see also Figure 3 for
adjusted overall survival). Long-term all-cause readmission
(60.4% vs 50.0%; P¼ .010) (Figure 4) and heart failure re-
admission (35.5% vs 20.1%; P<.000) (Figure 5) occurred
more frequently in the PPM cohort.

On multivariable Cox regression analysis (Table 4), PPM
placement (HR, 1.1; 95% CI, 0.8-1.5; P¼ .444) was not an
independent predictor of mortality. Numerous comorbid-
ities were predictors of mortality including but not limited
to diabetes and peripheral artery disease. The most signifi-
cant predictors of readmission included immunosuppres-
sion, chronic lung disease, and elevated serum creatinine.

On the competing risk model for heart failure readmis-
sion, PPM placement (HR, 1.3; 95% CI, 1.0-1.8;
P ¼ .062) did not increase the likelihood or being readmit-
ted for heart failure. Immunosuppression, previous heart
failure, and isolated mitral valve replacement had the great-
est HR for predictors of heart failure readmission (Table 5).
DISCUSSION
The current study is composed of outcomes from a large

single-center analysis of isolated valve operations and
CABG þ valve operations, with analysis focusing on pa-
tients who required permanent pacemakers in the immedi-
ate postoperative period. Of the total cohort, nearly 5% of
patients required PPM placement, which included ICD or
combined ICD/PPM placement. The PPM cohort represents
a patient group with significantly increased baseline comor-
bidities, including but not limited to increased patient age,
cerebrovascular disease, peripheral artery disease, diabetes
mellitus, previous heart failure, and increased Society of
Thoracic Surgeons-Predicted Risk of Mortality. There was
no significant difference in postoperative mortality between
PPM and non-PPM cohorts; however, patients requiring
PPM had increased postoperative complications. In addi-
tion, patients in the PPM cohort had reduced 5-year survival
and increased cumulative incidence of hospital readmission
and heart failure readmissions over the study follow-up
period. However, on multivariable regression analysis,
PPM placement was not an independent predictor of mor-
tality or readmission, indicating that worse 5-year outcomes
in this patient population are multifactorial and likely due to
heightened baseline preoperative risk.

Existing literature reports variable postoperative PPM re-
quirements for cardiac surgery patients and incidence
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FIGURE 2. On Kaplan–Meier estimates, 5-year survival (68.8% vs 83.1%; P ¼ .001) was significantly reduced in the PPM cohort among patients who

underwent isolated valve surgery and coronary artery bypass grafting with valve surgery. PPM, Permanent pacemaker placement.
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ranges from approximately 1% to 10%.6,7,9,10,15 Impor-
tantly, surgery type plays an significant role in determining
the associated risk of pacemaker placement.6,10 Recent
large studies1,16,17 report the incidence of postoperative
PPM implantation ranging from 1.2% to 3.2%, although
patient cohorts were largely composed of isolated aortic
valve replacement16,17 and isolated CABG procedures
were included.1 In the current study, we excluded all iso-
lated CABG procedures and included all patients who un-
derwent isolated-valve and valves in combination with
CABG procedures. Furthermore, we included all patients
0.0
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No PPMpacemaker PPM
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FIGURE 3. Adjusted overall survival in the nonpacemaker and PPM

cohort among patients who underwent isolated valve surgery and coronary

artery bypass grafting with valve surgery. PPM, Permanent pacemaker

placement.
that underwent reoperative cardiac surgery, which has
been identified as a risk factor for worse cardiac surgery
outcomes including both short- and long-term mortality,11

and heightened risk for postoperative PPM need.6 On multi-
variable analysis, previous arrhythmia was an independent
predictor of PPM placement and ventricular fibrillation/
ventricular tachycardia, third-degree heart block, and atrial
fibrillation/flutter were significantly associated with PPM.
Reoperative cardiac surgery was not independently associ-
ated with PPM placement; however, it was predictive of
increased mortality risk on 5-year follow-up. Likewise,
numerous baseline patient comorbidities (eg, chronic
obstructive pulmonary disease, peripheral artery disease,
dialysis) including previous heart failure, were significantly
associated with mortality. Moreover, we found that patients
in the PPM cohort had a significantly greater cumulative
incidence of heart failure hospital readmissions on 5-year
follow-up. There is an important known association with
reduced left ventricular ejection fraction and poor outcomes
in cardiac surgery18 and our findings are similar to previous
literature that identified an association between low left
ventricular ejection fraction and heart failure hospitaliza-
tion in patients with permanent pacemakers.19

Multiple studies have reported associated baseline pa-
tient comorbidities20-22 and the impact of comorbid
disease on cardiac permanent pacemaker requirements
and survival following pacemaker implantation. In a large
population-based study,21 including nearly 9000 patients
with initial PPM placement, 5-year mortality was associ-
ated with a greater Charlson Comorbidity Index and a his-
tory of heart failure, among other comorbidities.
JTCVS Open c Volume 7, Number C 161
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Permanent Pacemaker Placement Following
Valve Surgery is Not Independently
Associated with Worse Outcomes

3602 Valvular Surgeries
2011-2018

175
Permanent Pacemakers

Long-Term Survival

68.8% vs 83.1% (P = .003)
Effect of PPM

Hazard Ratio 1.08 (P = .59)

Despite increased mortality and readmissions in the
PPM cohort, PPM was not a significant predictor for either

Readmissions

60.4% vs 50.0% (P = .003)
Effect of PPM

Hazard Ratio 1.1 (P = .41)

3427
No Permanent Pacemakers

FIGURE 6. Study design and outcomes.

TABLE 4. Stratified Cox model for mortality (backward elimination)

in patients who underwent isolated valve surgery and CABG with

valve surgery

HR (95% CI) P value

PPM 1.12 (0.84-1.50) .444

Ejection fraction 0.99 (0.99-1.00) .015

Age 1.03 (1.02-1.04) <.0001

Diabetes 1.28 (1.09-1.50) .003

Chronic lung disease 1.67 (1.41-1.98) <.0001

Dialysis 2.45 (1.43-4.14) .001

Immunosuppression 1.39 (1.07-1.81) .014

PAD 1.54 (1.29-1.83) <.0001

Previous heart failure 1.25 (1.06-1.48) .010

Arrhythmia 1.43 (1.20-1.71) <.0001

Isolated MV repair 0.74 (0.53-1.04) .083

CABG þ AVR 1.14 (0.96-1.36) .135

Serum creatinine* 1.11 (1.03-1.20) .007

Redo procedure 1.29 (1.02-1.63) .033

Albumin, bilirubin, cardiopulmonary bypass time, ischemic time, previous myocar-

dial infarction, and positive test were stratified based on median, then fit a stratified

Cox model for mortality. HR, Hazard ratio; CI, confidence interval; PPM, permanent

pacemaker placement; PAD, peripheral artery disease; MV, mitral valve; CABG, cor-

onary artery bypass grafting; AVR, aortic valve replacement. *Missing data in the no

PPM cohort (n ¼ 15).

TABLE 5. Fine and Gray competing risk regression for risk of heart

failure readmission in patients who underwent isolated valve surgery

and CABG with valve surgery (backward elimination, significance

level ¼ .2)

HR (95% CI) P value

PPM 1.33 (0.99-1.80) .062

Age 1.02 (1.01-1.02) .000

Woman 1.15 (0.96-1.37) .121

White 0.56 (0.42-0.74) <.001

Body mass index 1.03 (1.02-1.04) <.001

Chronic lung disease 1.34 (1.13-1.60) .001

Immunosuppression 1.86 (1.44-2.39) <.001

Previous heart failure 1.64 (1.39-1.95) <.001

Isolated AVR 0.84 (0.67-1.06) .133

Isolated MVR 1.67 (1.20-2.32) .003

CABG þ AVR 0.70 (0.56-0.89) .003

Serum creatinine* 1.13 (1.06-1.20) .000

Albumin* 0.76 (0.65-0.90) .001

Bilirubin* 0.85 (0.69-1.04) .119

Ejection fraction 0.98 (0.98-0.99) <.001

Continuous variables are modeled as continuous (eg, the risk of heart failure readmis-

sion decreases by 2.9% for every additional unit of BMI; the risk of heart failure re-

admission decreases by 1.8% for every additional percentage of ejection fraction).

HR, Hazard ratio; CI, confidence interval; PPM, permanent pacemaker placement;

AVR, aortic valve replacement; MVR, mitral valve replacement; CABG, coronary ar-

tery bypass grafting. *Missing data in the no PPM cohort (creatinine [n ¼ 13], albu-

min [n ¼ 477], bilirubin [n ¼ 481]).

Bianco et al Adult: Arrhythmias
Importantly, life expectancy in patients with a PPMwithout
significant comorbid disease was similar to that of the gen-
eral population. According to trends in national data,22 PPM
placement has increased a significant degree within the past
2 decades, which was likely due to increasing patient age
and comorbid disease. Furthermore, a recent report20 shows
that, compared with the general population, patients who
require PPM implantation have an age-independent in-
crease in medical comorbidities. Although PPM literature
is not limited to postcardiotomy patients, the importance
of recognizing that patients who required PPMs often
have heightened baseline risk, due to comorbidities, has sig-
nificant implications and is consistent with our findings.
The current study shows that the need for postoperative
pacemaker is representative of a complicated interplay be-
tween numerous factors including patient comorbidities,
surgery type, and previous arrhythmia. This underscores
the importance of careful preoperative workup by a multi-
disciplinary team to determine appropriate preoperative
risk assessment.
With a rapid increase in using transcatheter valve thera-

pies across the board, the data regarding postoperative
PPM have become highly relevant23 after valvular surgery.
Complications associated with a PPM include infection,
cardiomyopathy, and potential heart failure symptoms.
JTCVS Open c Volume 7, Number C 163
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These complications are not trivial, and patients continue to
take this into consideration when deciding between trans-
catheter aortic valve replacement or surgical aortic valve
replacement. With a clear decreasing rate of PPM after
transcatheter aortic valve replacement with current genera-
tion devices and improvement in valve implant technique,
surgeons should similarly continue to pay attention to
fine-tuning surgical technique in minimizing PPM.

Limitations
The current study is limited by retrospective design and

may be prone to selection bias. Although we have a large
hospital network with more than 40 divisions, a small per-
centage of patients may be readmitted to other centers and
lost to follow-up. Our databasewas unable to separate parox-
ysmal, persistent, and permanent atrial fibrillation, which is
an ideal area for future work. Model selection was done in a
stepwise manner, although it may be limited by small
P values, narrow confidence intervals, and coefficients too
far from the null. Finally, complications to PPM tend to
accumulate over time, but this investigation only examined
5-year outcomes. This length of time may not have revealed
issues with device failure that occur over time.

CONCLUSIONS
Cardiac surgery patients who required postoperative

PPM placement have heightened postoperative complica-
tions and increased 5-year mortality and heart failure read-
missions. However, PPM placement is not an independent
predictor of worse outcomes (Figure 6). Patients requiring
PPM represent a group with increased comorbid conditions,
and careful preoperative risk assessment should guide surgi-
cal decision making in this patient population.
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