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BACKGROUND Cardiac implantable electronic device infection is a major complication that usually requires device

removal. PADIT (Prevention of Arrhythmia Device Infection Trial) was a large cluster crossover trial of conventional

versus incremental antibiotics.

OBJECTIVES This study sought to investigate independent predictors of device infection in PADIT and develop a novel

infection risk score.

METHODS In brief, over 4 6-month periods, 28 centers used either conventional or incremental prophylactic antibiotic

treatment in all patients. The primary outcome was hospitalization for device infection within 1 year (blinded endpoint

adjudication). Multivariable logistic prediction modeling was used to identify the independent predictors and develop a

risk score for device infection. The prediction models were internally validated with bootstrap methods.

RESULTS Device procedures were performed in 19,603 patients, and hospitalization for infection occurred in 177

(0.90%) within 1 year of follow-up. The final prediction model identified 5 independent predictors of device infection

(prior procedures [P], age [A], depressed renal function [D], immunocompromised [I], and procedure type [T]) with an

optimism-corrected C-statistic of 0.704 (95% confidence interval: 0.660 to 0.744). A PADIT risk score ranging from 0 to

15 points classified patients into low (0 to 4), intermediate (5 to 6) and high ($7) risk groups with rates of hospitalization

for infection of 0.51%, 1.42%, and 3.41%, respectively.

CONCLUSIONS This study identified 5 independent predictors of device infection and developed a novel infection risk

score in the largest cardiac implantable electronic device trial to date, warranting validation in an independent cohort.

The 5 independent predictors in the PADIT score are readily adopted into clinical practice. (Prevention of Arrhythmia

Device Infection Trial [PADIT Pilot]; NCT01002911) (J Am Coll Cardiol 2019;74:2845–54) © 2019 Published by Elsevier

on behalf of the American College of Cardiology Foundation.
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C ardiac implantable electronic de-
vice (CIED) infection is reported
in #2% of cases (1–5). Device infec-

tion usually requires complete system
removal, is costly (6), leads to prolonged hos-
pitalization (7), and is associated with a
short-term mortality rate of #18% (2,8,9).
Therefore, developing strategies to reduce
infection and defining predictors of
increased infection risk are important goals.
PADIT (Prevention of Arrhythmia Device
Infection Trial) recently reported on a com-
parison between conventional (pre-procedural cefa-
zolin) and incremental (pre-procedural cefazolin
plus vancomycin, intraprocedural bacitracin pocket
wash, and 2-day post-procedural oral cephalexin) an-
tibiotics. Hospitalization for infection was reduced by
incremental therapy (23% reduction, nonsignificant);
the nonsignificance was in part attributable to the un-
expectedly low infection rate (1).
SEE PAGE 2855
More than 60 studies have examined risk factors
for device infection (4). The studies are of variable
quality, with many being retrospective and/or single-
center studies, with inconsistent definitions of device
infection, and few having independent endpoint
adjudication (4). In addition, the studies examined
variable numbers of potential predictors of infection,
with no standardized definitions. Host-related
(including diabetes, corticosteroid use, renal failure,
and preoperative fever), procedure/device–related
(including device type, procedure type, and hema-
toma), and operator-related factors (operator experi-
ence) have all been implicated (4). The most recent
American Heart Association scientific statement on
CIED infection commented that “although the exist-
ing published data provides some insight into CIED
infection risk factors, larger, more representative
studies would be useful in identifying and addressing
the most important factors that are responsible for
the development of CIED infection” (10).

Using the PADIT database of >19,000 patients,
which enrolled all patients across a representative
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international sample, with independent adjudication
of potential device infection, we sought to investigate
independent predictors of device infection and
develop a novel infection risk score.

METHODS

TRIAL DESIGN. The design of PADIT has previously
been described (11), and the primary results have
been published (1). In brief, the primary hypothesis of
PADIT was that incremental antimicrobial prophy-
laxis would reduce the risk of hospitalization for de-
vice infection compared with a conventional strategy
of a single dose of a pre-procedural antibiotic. Each
therapy period lasted for 6 months at the Canadian
sites. The Netherlands sites, which joined the trial
later, were permitted to shorten the enrollment and
transition periods once 35 patients and at least
3 months of enrollment were complete in each period.
All centers collected data on patients at high risk, and
6 centers collected data on patients at both high and
low risk (1,11).

OUTCOME. The primary outcome of the trial was
admission to the hospital for proven CIED or pocket
infection within 1 year of the procedure (1,11). Blinded
adjudication was performed by 2 investigators
(Y.L. and P.G.) blinded to treatment received, with
all discrepancies resolved by the adjudica-
tion committee.

VARIABLE DEFINITIONS. Immunocompromised was
defined as receiving therapy that suppresses resis-
tance to infection (e.g., immunosuppression,
chemotherapy, radiation, long-term or recent high-
dose steroids) or having a disease that is sufficiently
advanced to suppress resistance to infection (e.g.,
leukemia, lymphoma, HIV infection). Renal insuffi-
ciency was defined as estimated glomerular filtration
rate <30 ml/min.
Procedure type defini t ions . The following pro-
cedure types were defined.

� Pacemaker: a new pacemaker or pacemaker
generator change.

� Implantable cardioverter defibrillator (ICD): a new
ICD or ICD generator change.
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TABLE 1 Baseline Characteristics in Patients With and Without Hospitalization for

Device Infection

Infection
(n ¼ 177)

No Infection
(n ¼ 19,382) p Value*

Age, yrs 68.7 � 12.7 72.1 � 13.1 <0.001

Female 45 (25.4) 6,592 (34.0) 0.016

Diabetes 55 (31.1) 5,076 (26.2) 0.14

History of heart failure 94 (53.1) 7,740 (39.9) <0.001

Renal insufficiency (eGFR <30 ml/min) 41 (23.2) 3,225 (16.6) 0.021

Penicillin allergy 28 (15.8) 1,969 (10.2) 0.013

Immunocompromised 7 (4.0) 314 (1.6) 0.027

Type of procedure

New pacemaker 16 (9.0) 4,608 (23.8) <0.001

New ICD 18 (10.2) 2,091 (10.8) 0.79

New CRT pacemaker 3 (1.7) 504 (2.6) 0.63

New CRT defibrillator 20 (11.3) 1,819 (9.4) 0.39

Pacemaker generator replacement 24 (13.6) 4,924 (25.4) <0.001

ICD generator replacement 22 (12.4) 2,103 (10.9) 0.50

CRT generator replacement 21 (11.9) 810 (4.2) <0.001

Revision or upgrade† 63 (35.6) 2,930 (15.1) <0.001

Duration of procedure, h <0.001

<1 98 (55.4) 13,629 (70.3)

1–1.5 45 (25.4) 3,233 (16.7)

>1.5–2 16 (9.0) 1,248 (6.4)

>2 17 (9.6) 1,211 (6.2)

Previous procedure on pocket 49 (27.7) 2,611 (13.5) <0.001

Number of previous procedures <0.001

1 27 (15.3) 1,939 (10.0)

2 17 (9.6) 502 (2.6)

>2 5 (2.8) 170 (0.9)

Previous procedure performed
within last month

1 (0.6) 50 (0.3) 0.37

Values are mean � SD or n (%). *The p values are from chi-square test or Fisher exact test for categorical
variables and 2-sample Student’s t-test for continuous variables. †Revision or upgrade: pocket and/or lead
revision and/or system upgrade (i.e., adding new lead[s]).

CRT ¼ cardiac resynchronization therapy; eGFR ¼ estimated glomerular filtration rate; ICD ¼ implantable
cardioverter defibrillator.
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� Cardiac resynchronization therapy (CRT): a new
CRT pacemaker or defibrillator or CRT generator
change.

� Revision/upgrade: A pocket and/or lead revision
and/or system upgrade, that is, adding new lead(s).

These 4 groups within procedure type are mutually
exclusive. For example, if a patient is undergoing
upgrade to CRT, then he or she is counted in the
revision/upgrade group.

STATISTICAL ANALYSIS. Continuous variables and
categorical variables were summarized as mean � SD
and frequency (%), respectively. Baseline character-
istics were compared between patients with and
without hospitalization for device infection by using
the 2-sample Student’s t-test for continuous variables
and chi-square or Fisher exact test for categorical
variables, as appropriate.

For the development of the risk prediction model,
we selected the following candidate predictors based
on prior published data (4): 1) patient characteristics:
age, sex, history of diabetes, heart failure, renal
insufficiency, and immunocompromised; 2) proced-
ure characteristics: procedure type, duration of pro-
cedure, and number and timing of previous
procedure; and 3) center characteristics: tertiary care,
surgery location, and use of skin barrier.

Hospitalization for device infection was treated as
a binary outcome. According to the PADIT main
publication (1), both intraclass correlation and inter-
period correlation were extremely low (<0.001) and,
therefore, were ignored in this analysis. A univariate
logistic regression model was used to evaluate the
association between each candidate predictor and
primary outcome. In multivariable logistic regression
analysis, all potential predictors identified in uni-
variate analysis with p < 0.25 were tested for inclu-
sion with a backward-elimination approach.
Covariates with p values >0.1 in the multivariable
model were individually removed in a stepwise
fashion, starting with the one with the highest
p value. Finally, to identify other remaining potential
confounders, all the dropped variables were individ-
ually added to the multivariable model and kept in
the model if the effect size of any of other predictors
changed by >10%. Collinearity was assessed with the
variance inflation factor. Age was fractional poly-
nomial transformed to capture its nonlinear rela-
tionship with the primary outcome. A risk score for
hospitalization for device infection was derived from
the full prediction model by assigning weighted
points to beta coefficients in the model by using the
coefficient-based scoring system described by
Schneeweiss et al. (12). To make the score more
clinically interpretable, age was categorized into <60,
60 to 69, and $70 years. The age cutoffs were selected
based on the nonlinear relationship illustrated by a
restricted cubic spline approach.

Performances of the full prediction model and risk
score model were assessed in terms of calibration-in-
the-large, calibration slope, and the C-statistic. In-
ternal validation was conducted by bootstrapping 200
samples of the original study group to correct for
optimism.

The discriminative capacity and the agreement
between the observed and predicted probability of
the primary outcome for the full prediction and risk
score models were illustrated with a receiver oper-
ating characteristic curve and a calibration plot,
respectively. Statistical analyses were performed
with SAS, version 9.4 software (SAS Institute, Cary,
North Carolina) and closely followed the Transparent



TABLE 2 Univariate Analysis of Predictors for Hospitalization Due to Device Infection

Infection Rate Odds Ratio (95% CI) b Coefficient p Value

Age* — — –0.0411 <0.001

1/age2* — — –2120.682 0.047

Sex

Female 0.7 Ref

Male 1.0 1.51 (1.08–2.12) 0.4133 0.017

Procedure type

PM 0.4 Ref

ICD 0.9 2.14 (1.35–3.39) 0.7611 0.001

CRT 1.3 3.29 (2.11–5.12) 1.1908 <0.001

Revision/upgrade† 2.1 5.29 (3.53–7.94) 1.6667 <0.001

Diabetes

No 0.8 Ref

Yes 1.1 1.27 (0.92–1.74) 0.2365 0.147

Heart failure

No 0.7 Ref

Yes 1.2 1.70 (1.26–2.28) 0.5280 <0.001

Renal insufficiency

No 0.8 Ref

Yes 1.3 1.50 (1.05–2.13) 0.4044 0.024

Immunocompromised

No 0.9 Ref

Yes 2.2 2.49 (1.16–5.35) 0.9136 0.019

Procedure duration, h

<1 0.7 Ref

$1 1.4 1.91 (1.41–2.57) 0.6449 <0.001

Number of previous procedures

0 0.8 Ref

1 1.4 1.82 (1.20–2.77) 0.5996 0.005

$2 3.2 4.28 (2.71–6.78) 1.4545 <0.001

Timing of previous procedure

None 0.8 Ref

Beyond 1 month 1.8 2.45 (1.76–3.43) 0.8971 <0.001

Within 1 month 2.0 2.62 (0.36–19.1) 0.9617 0.343

Tertiary care

No 0.8 Ref

Yes 0.9 1.19 (0.59–2.43) 0.1774 0.625

Surgery location

Operating room 0.8 Ref

Electrophysiology laboratory 0.9 1.14 (0.72–1.82) 0.1335 0.576

Skin barrier used

No 0.8 Ref

Yes 1.0 1.32 (0.97–1.79) 0.2770 0.076

Values are % unless otherwise indicated. *Age was fractional polynomial transformed. †Revision or upgrade:
pocket and/or lead revision and/or system upgrade (i.e., adding new lead[s]).

PM ¼ pacemaker; Ref ¼ reference; other abbreviations as in Table 1.
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Reporting of a Multivariable Prediction Model for
Individual Prognosis or Diagnosis (TRIPOD) state-
ment (13).

RESULTS

PATIENTS. The study was performed between
December 2012 and September 2016. A total of 19,603
patients across 28 centers underwent device
procedures, of whom 19,559 patients completed their
follow-up visit. Within 1 year of follow-up, hospital-
ization for device infection occurred in 177 (0.9%)
patients. Baseline characteristics of patients with or
without hospitalization for device infection are
compared in Table 1. Patients with device infection
were younger, more likely to be male, have a history
of heart failure or renal insufficiency, or be immu-
nocompromised. The duration of the procedure was
longer in patients with device infection than those
without. Compared with patients without infection,
those with infection were more likely to have had a
previous procedure on the pocket.

PREDICTORS OF INFECTION AND FULL PREDICTION

MODEL. Univariate associations between risk factors
and hospitalization for device infection are shown in
Table 2. All variables except for the cluster-level
variables of tertiary care institution and electro-
physiology laboratory implant site met the selection
criterion (p < 0.25) and were entered into the multi-
variable model for testing of inclusion. In the multi-
variable analysis (Table 3), age (as a fractional
polynomial), procedure type, renal insufficiency,
immunocompromised, and number of previous pro-
cedures remained independent significant predictors
of device infection at a significance level of p < 0.1.
We considered this model with 5 predictors as the full
prediction model.

PADIT INFECTION RISK SCORE. The PADIT infection
risk score was developed based on the full prediction
model (P: prior procedure[s]; A: age; D: depressed
estimated glomerular filtration rate; I: immunocom-
promised; and T: type of procedure), where age was
categorized into <60, 60 to 69, and $70 years to
facilitate the clinical application (Central Illustration,
Table 4). The risk score was calculated for each pa-
tient by summing the points assigned to each pre-
dictor: number of previous procedures (1 point for 1, 4
points for $2), age (1 point for age 60 to 69 years, 2
points for age <60 years; we chose age $70 years as
the reference group because it had the lowest risk),
depressed renal function (1 point), immunocompro-
mised (3 points), and procedure type (2 points for ICD,
4 points for CRT, and 5 points for revision/upgrade).
The minimum risk score was 0 for patients without
any risk factors, and the maximum risk score was 15.
The rate of hospitalization for device infection
increased monotonically with higher level of risk
score (p value for trend: <0.001 from Cochran-
Armitage test) (Central Illustration, Table 4). The pre-
dicted probability of having hospitalization due to
device infection for an individual patient can be
calculated by using the following risk score model,



TABLE 3 Full Prediction Model for Hospitalization due to Device Infection

OR (95% CI) b Coefficient p Value

Age* — –0.0274 0.018

1/age2* — –1441.798 0.127

Procedure type (reference: pacemaker)

ICD 1.77 (1.09–2.87) 0.5717 0.020

CRT 2.73 (1.72–4.31) 1.0026 <0.001

Revision/upgrade† 4.01 (2.62–6.13) 1.3881 <0.001

Renal insufficiency 1.45 (1.00–2.09) 0.3697 0.047

Immunocompromised 2.28 (1.05–4.96) 0.8261 0.037

Number of previous procedure (reference: 0)

1 1.51 (0.99–2.32) 0.4146 0.058

$2 3.43 (2.14–5.48) 1.2321 <0.001

Intercept — –3.3207 0.001

All variables identified in univariate analysis with p < 0.25 were tested for inclusion with a backward elimination
approach. Covariates with p values of >0.1 in the multivariable model were individually removed in a stepwise
fashion, starting with the one with the highest p value. Finally, to identify other remaining potential confounders,
all dropped variables were individually added to the multivariable model and kept in the model if the effect size
of any of other predictors changed by >10%. *Age was fractional polynomial transformed. †Revision or upgrade:
pocket and/or lead revision and/or system upgrade (i.e., with adding new lead[s]).

CI ¼ confidence interval; OR ¼ odds ratio; other abbreviations as in Table 1.
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where –5.776 and 0.288 are the intercept and slope
coefficient, respectively:

p ðinfectionÞ ¼ 1
1 þ e�ð�5:776 þ 0:288 � scoreÞ

We classified the risk scores into 3 risk groups ac-
cording to the infection event rate: low risk (<1%),
intermediate risk (1%–3%) and high risk (>3%). Based
on this classification, 13,828 patients were at low risk
(score: 0 to 4), 4,151 patients were at intermediate risk
(score: 5 or 6), and 1,406 patients were at high risk
(score: $7), with rates of hospitalization for infection
of 0.51%, 1.42%, and 3.41%, respectively.

INTERNAL VALIDATION OF THE FULL PREDICTION

AND RISK SCORE MODELS. We internally validated
the performances of the full prediction and risk score
models using a bootstrapping method. After correc-
tion for optimism, for both models, calibration-in-
the-large was close to 0 and calibration slope was
close to 1, indicating good agreement between
observed and predicted risk (Table 5, Figure 1). The
full prediction model was able to discriminate pa-
tients with and without hospitalization for device
infection with an optimism-corrected C-statistic of
0.704 (95% confidence interval [CI]: 0.660 to 0.744).
The discriminative capacity of the risk score model
was similar to the original prediction model (opti-
mism-corrected C-statistic: 0.702; 95% CI: 0.661 to
0.741) (Table 5, Figure 2).

TREATMENT EFFECT BY PADIT INFECTION RISK

SCORE. Subgroup analysis by PADIT infection risk
score of the 2 antibiotic regimens showed no treat-
ment effect (p interaction ¼ 0.37) (Table 6).

DISCUSSION

MAJOR FINDINGS. Device infection is a major
complication, usually requiring device removal, with
associated significant morbidity and mortality. Using
the PADIT dataset, we sought to investigate inde-
pendent predictors of device infection and develop a
novel infection risk score. Although overall infection
rates were low, we were able to develop a final pre-
diction model that identified 5 independent pre-
dictors of device infection. These 5 independent
predictors in the PADIT score are routinely measured
and can be readily adopted into clinical practice.

PRIOR STUDIES. More than 60 studies have exam-
ined risk factors for device infection. The studies are
of variable quality (4), and experts have called for
larger, more representative studies (10). Polyzos et al.
(4) performed a meta-analysis and systematic review
to synthesize the data. In their final analysis, they
included only factors that were found to be positive
in at least 5 studies. Consistent with our data, they
found procedure type, renal insufficiency, immuno-
compromised, and previous procedures to be associ-
ated with infection. Additional patient-specific
variables associated with infection were diabetes,
chronic obstructive pulmonary disease, heart failure,
malignancy, and oral anticoagulation. Procedure- and
device-related factors were procedure duration, post-
operative hematoma, and temporary pacing (4).

Age has been shown to be associated with device
infection in at least 2 studies (5,14). In the Danish
prospective pacemaker registry of >46,000 patients,
there was a very clear and progressively decreasing
risk of infection with advancing age. For example, the
multivariate hazard ratio for patients ages 80 to 89
years was 0.29 (95% CI: 0.21 to 0.39) compared with
patients ages 20 to 49 years (5). In another study of
3,105 patients, the mean age of patients with infec-
tion was 63.1 years compared with 67.5 years in those
without infection, and this association remained sig-
nificant after adjusting for other important variables
(14). The biological explanation for this association is
not clear. It has been suggested that perhaps a lesser
immune response in older patients against low-
virulence bacteria might be a factor, along with the
presence of less firm subcutaneous tissue in older
patients (5). The clinical implications of the observa-
tion are clear, however, as young patients with CIEDs
face a lifetime of repeated device surgeries.

CLINICAL UTILITY OF A DEVICE INFECTION RISK

SCORE. To our knowledge, this is the first prospec-
tive, internally validated CIED infection risk score.
There are, however, published infection risk scores



CENTRAL ILLUSTRATION Rate of Device Infection Stratified by PADIT Infection Risk Score

5

4

3

2

Pr
op

or
tio

n 
of

 H
os

pi
ta

liz
at

io
n 

fo
r

De
vi

ce
 In

fe
ct

io
n 

(%
)

1

0

No. of Patients 2,410 3,734 2,049 1,993 2,179 2,984 1,990 1,154 892

0 1 2 3 4
Risk Score

5 6 7 ≥8

Birnie, D.H. et al. J Am Coll Cardiol. 2019;74(23):2845–54.

This figure illustrates how the PADIT score might be used in clinical practice, with the graph showing the estimated risk of infection based on the

calculated score.
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for other forms of surgery. These include many risk
scores for infection after joint arthroplasty (although
none are considered valid for clinical use [15]) and 1
for infection after prosthetic breast reconstruction
(16). The PADIT infection risk score is likely to be
helpful to physicians and patients in shared decision
making about device therapy. One example is
TABLE 4 PADIT Score in Clinical Practice

OR (95% CI)

Age, yrs (Ref: 70 yrs)

<60 1.63 (1.10-2.41)

60-69 1.43 (0.99-2.05)

Procedure type (Ref: pacemaker)

Implantable cardioverter defibrillator 1.83 (1.14-2.93)

Cardiac resynchronization therapy 2.87 (1.83-4.51)

Revision/upgrade 4.16 (2.74-6.32)

Renal insufficiency 1.48 (1.02-2.13)

Immunocompromised 2.24 (1.03-4.86)

No. of previous procedures (Ref: none)

1 1.51 (0.98-2.31)

$2 3.37 (2.11-5.39)

The table shows the points for each of the 5 independent predictors (P: prior procedures;
T: type of procedure).

Abbreviations as in Tables 2 and 3.
patients reaching ICD elective replacement time.
Many patients and families are not aware of the risks
and benefits of ICD generator replacement (17–19).
Also, it has been shown that patients often over-
estimate the lifesaving benefits and underestimate
the risks of ICD generator change, in part because of
the apparently routine nature of the surgery itself
b Coefficient p Value PADIT Risk Score Points

0.4872 0.015 2

0.3552 0.054 1

0.6016 0.013 2

1.0547 <0.001 4

1.4254 <0.001 5

0.3890 0.037 1

0.8051 0.042 3

0.4114 0.059 1

1.2161 <0.001 4

A: age; D: depressed estimated glomerular filtration rate; I: immunocompromised; and



TABLE 5 Internal Validation of the Full Prediction Model and Risk Score Model*

Full Prediction Model Risk Score Model

Apparent Performance Average Optimism Optimism Corrected Apparent Performance Average Optimism Optimism Corrected

Calibration-in-the-large 0.000 (0.149 to 0.149) 0.001 –0.001 (–0.150 to 0.147) 0.000 (–0.149 to 0.149) 0 0.000 (–0.149 to 0.149)

Calibration slope 1.000 (0.814 to 1.186) 0.064 0.936 (0.750 to 1.122) 1.000 (0.813 to 1.187) –0.01 1.010 (0.823 to 1.197)

C-statistic 0.715 (0.671 to 0.755) 0.011 0.704 (0.660 to 0.744) 0.710 (0.669 to 0.750) 0.008 0.702 (0.661 to 0.741)

*The performances of the full prediction model and risk score model were assessed by calibration and discrimination. All the measures were corrected for optimism by bootstrapping 200 samples from the
original data.
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(18). In particular, many patients are not aware of the
substantial risk and clinical significance of infection
(18). It can be estimated that an 85-year-old man with
renal dysfunction who has reached elective replace-
ment of his second primary prevention ICD has a
FIGURE 1 Calibration Plot of Predicted Probability Versus Observed

Prediction and Risk Score Models
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We internally validated the performance of the full prediction model and

optimism, calibration-in-the-large was close to 0 and calibration slope

predicted risk.
PADIT infection risk score of 7 and, therefore, a de-
vice infection risk of 4.33% with conven-
tional antibiotics.

Subgroup analysis of the primary outcome ac-
cording to PADIT infection risk score shows a largely
Probability of Hospitalization for Device Infection for the Full

0.02
bability of Outcome

0.03

odel Risk Score Model

risk score model using a bootstrapping method. After correction for

was close to 1, indicating good agreement between observed and



FIGURE 2 Receiver Operating Characteristic Curve for Hospitalization for Device Infection for the Full Prediction and Risk Score Models
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The full prediction model was able to discriminate patients with and without hospitalization for device infection with an optimism-corrected

C-statistic of 0.704 (95% confidence interval: 0.660 to 0.744). The risk score model showed similar discriminative capacity

(optimism-corrected C-statistic: 0.702; 95% confidence interval: 0.661 to 0.741).

TABLE 6 Subgroup Analysis of Adjudicated Primary Outcome According to PADIT

Infection Risk Score

PADIT*
Risk Score

All Conventional Incremental
Incremental

vs. Conventional

n/N % n/N % n/N % OR (95% CI)†

0 18/5,203 0.35 12/2,612 0.46 6/2,591 0.23 0.51 (0.19–1.37)

1 12/2,626 0.46 6/1,266 0.47 6/1,360 0.44 0.95 (0.30–2.96)

2 10/2,030 0.49 6/992 0.60 4/1,038 0.39 0.63 (0.18–2.26)

3 10/1,573 0.64 3/734 0.41 7/839 0.83 2.08 (0.53–8.09)

4 20/2,396 0.83 14/1,197 1.17 6/1,199 0.50 0.43 (0.16–1.12)

5 25/2,352 1.06 10/1,125 0.89 15/1,227 1.22 1.39 (0.62–3.12)

6 34/1,799 1.89 18/896 2.01 16/903 1.77 0.89 (0.45–1.77)

$7 48/1,406 3.41 30/693 4.33 18/713 2.52 0.57 (0.31–1.04)

p for interaction ¼ 0.37. (The p value for interaction is from the likelihood ratio test of the interaction term.)
*P: prior procedures; A: age; D: depressed eGFR; I: immunocompromised; T: type of procedure. †Odds ratio (OR) was
estimated via a generalized linear mixed model with random cluster effects and random cluster-period effects.

Abbreviations as in Tables 1 and 3.
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consistent effect of incremental antibiotic therapy,
although there was no statistically significant differ-
ence between treatments. With higher event rates,
the absolute risk reduction with incremental antibi-
otics increases. For example, the number needed to
treat to prevent 1 infection in patients with a PADIT
infection risk score $7 can be calculated to be 56.
Hence, some physicians may consider incremental
antibiotics for these high-risk patients. This would be
consistent with expert guidelines that state that
vancomycin should be considered for patients at
increased risk for surgical site infection (20). How-
ever, there was no statistically significant benefit of
incremental antibiotics in any risk score subgroup
(Table 6). Very recently, the Worldwide Randomized
Antibiotic Envelope Infection Prevention Trial
(WRAP-IT) found a 40% relative risk reduction when



PERSPECTIVES

COMPETENCY IN PATIENT CARE AND PROCEDURAL

SKILLS: In a large cohort of patients with implanted electronic

cardiac devices, hospitalization for infection occurred in 0.90%

within 1 year of follow-up. Prior procedures, older patient age,

reduced renal function, immunocompromised, and procedure

type were significant predictors of device infection.

TRANSLATIONAL OUTLOOK: The predictive value risk of this

model should be validated in other study groups.
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using an antibiotic envelope, and this could also be an
option for patients at higher risk (21).

Another potential use of the PADIT infection risk
score is in the inclusion criteria of future device
infection prevention trials. For example, if only pa-
tients with a score of >7 were included, then it can
be estimated that the event rate in the control arm
(using standard antibiotics) would be 4.33%. Hence, a
sample size of 4,820 would be required to detect a
35% relative risk reduction with the experimental
arm.

STUDY LIMITATIONS. The primary limitation of the
PADIT infection risk score is potentially missing
predictors. Perhaps most importantly, we did not
collect data on perioperative management of oral
anticoagulation and antiplatelet therapy. Both of
these have been shown to increase the risk of pocket
hematoma, which, in turn, has been shown to in-
crease the risk of subsequent device infection (4,7).
The association with subsequent device infection
seems to be related to large hematomas (7), and
these are much less common than they were when
heparin bridging was used (22,23). Additional
potentially important missing predictors include
history of previous device infection, presence of a
temporary pacemaker at the time of surgery, other
comorbidities (e.g., cancer), and so on. (4). Some
device infections happen later than 1 year after the
index surgery, and we have no data for these pa-
tients. Finally, the lack of validation in an indepen-
dent dataset is another limitation.
CONCLUSIONS

We identified 5 independent predictors of device
infection and developed a user-friendly infection risk
score. These observations are largely consistent with
a meta-analysis of findings from many smaller studies
(4). We believe it will be helpful for shared decision
making around CIED therapy and for clinical re-
searchers. Further validation and modification with
future high-quality datasets are warranted.
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