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Sex Differences in Acute Complications of Cardiac Implantable

Electronic Devices: Implications for Patient Safety

Katherine Moore, BSc, PhD;* Anand Ganesan, MBBS, PhD;* Clementine Labrosciano, BSc (Hons); William Heddle, MD, FRACP;
Andrew McGavigan, MD; Sadia Hossain, PhD; Dennis Horton, BCompSci (Hons); Saranya Hariharaputhiran, MD; Isuru Ranasinghe, MBChB,
MMed (Clin Epi), PhD

Background—To date, limited population-level studies have examined the impact of sex on the acute complications of cardiac
implantable electronic devices (CIED), including permanent pacemakers, implantable cardioverter defibrillators, and cardiac
resynchronization therapy devices.

Methods and Results—We studied all patients aged >18 years from 2010 to 2015 who were a resident of Australia or New
Zealand, undergoing a new permanent pacemaker, implantable cardioverter defibrillator, or cardiac resynchronization therapy
implant. Standardized variables were collected including patient demographic characteristics, primary and secondary diagnoses,
procedures performed and discharge status. Diagnoses and procedures were coded as per the International Classification of
Diseases, Tenth Revision (ICD-10) and the Australian Classification of Health Interventions. The primary end point was the incidence
of major CIED-related complications in-hospital or within 90 days of discharge, with the effect of sex evaluated using multiple
logistic regression. A total of 81 304 new CIED (61 658 permanent pacemakers, 12 097 implantable cardioverter defibrillators,
7574 cardiac resynchronization therapy) implants were included (38% women). Overall, 8.5% of women and 8.0% of men
experienced a CIED complication (P=0.008). Differences between women and men remained significant after adjustment for age,
procedural acuity, and comorbidities (odds ratio 1.10, 95% CI: 1.04—1.16, P<0.001). Differences in CIED complication rates were
primarily driven by excess rate of in-hospital pleural drainage (1.2% women versus 0.6% men, P<0.001; adjusted odds ratio 1.86,
95% Cl: 1.59-2.17, P<0.001) and pericardial drainage (0.3% women versus 0.1% men, P<0.001; adjusted odds ratio 2.17, 95% Cl:
1.48-3.18, P<0.001).

Conclusions—Women are at higher risk of acute CIED complications. Improvements in implant technique and technologies are
required to minimize the risk of implant-related complications in women. (J Am Heart Assoc. 2019;8:e010869. DOI: 10.1161/
JAHA.118.010869)

Key Words: complication ¢ devices for heart failure * pacemaker ¢ sex

ardiac implantable electronic devices (CIEDs) including
C pacemakers (PPM), implantable cardioverter defibrilla-
tors (ICD), and cardiac resynchronization therapy (CRT), have
grown to become an increasingly important component of
clinical management in the past several decades. Despite the
established presence of CIEDs in clinical practice, CIED

implantation remains associated with a significant burden of
complications associated with implantation.

In recent times, there has been a growing interest in the
role of sex differences as a key determinant of safety
outcomes in health care. To date, substantial evidence exists
to demonstrate the association of sex differences with a
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Clinical Perspective

What Is New?

* Women have higher rates of overall complication within
90 daysofcardiacimplantable electronic device implantation.

» Acute pneumothorax and tamponade are twice as likely in
women.

What Are the Clinical Implications?

» Use of ultrasound, or cephalic vein access in women may
decrease risks of pneumothorax.

* Improvements in implantation technologies, such as
improvements in lead technologies, may minimize risk of
tamponade in women.

range of adverse outcomes in cardiac procedures including
percutaneous coronary intervention (PCI)"? and coronary
artery bypass grafting (CABG)** and catheter ablation of atrial
fibrillation.®

Thus far, limited population-level data exist on the
influence of sex differences of overall CIED outcomes
although several studies in the ICD populations have
suggested a significantly higher prevalence of complications
in patients who are women.®” The current study seeks to
extend beyond these previous studies by examining the
influence of sex on acute complications in Australian and New
Zealand patients undergoing new PPM, ICD, or CRT implants.
The importance of including all CIED types is to enable
determination of whether sex differences in complication
rates is related to specific device type.

Methods

Data Source

Full access to all data was restricted to 1 author, who takes
responsibility for its integrity and the data analysis. Access to
deidentified data was approved by the human research ethics
committees at state and national level across all included
jurisdictions, with informed consent of subject waived. The
data, analytic methods, and study materials are not available
to other researchers for purposes of reproducing the results,
as the authors are not permitted to release the data to third-
parties for the conduct of research that would not be
approved by the agencies that released the data.

We used hospitalization data from the Australian Admitted
Patient Collection and New Zealand National Minimum
Dataset (Hospital Events) which records patient encounters
for all in-patient and day-only admissions from all public and
most private sector hospitals and day procedure centers. Data
were available from New Zealand (100% population) and 7 of

the 8 Australian states and territories encompassing 99% of
the Australian population (data were unavailable from the
Northern Territory at the time of the analysis).

For each encounter, procedural data were collected using a
standard set of variables including patient characteristics,
primary and secondary diagnoses, all procedures performed
and the patient status at discharge. In both Australia and New
Zealand, diagnoses are coded as per the /International
Classification of Diseases, 10th Revision-Australian Modifica-
tion (/CD-10-AM) and all procedures are coded per the
Australian Classification of Health Interventions.

In Australia, patients’ hospitalization encounters were
linked to subsequent hospitalization and to each region’s
registry of deaths. Linkages of all health records were
performed using probabilistic matching techniques based on
multiple patient identifiers by designated data-linkage units
within each region. In New Zealand, hospital encounters are
linked nationally using a national unique patient identifier and
all deaths are recorded in the National Minimum Dataset
(Hospital Events).

Study Cohort

All patients aged >18 years undergoing a new PPM, ICD, or
CRT implant (acute or elective) from 2010 to 2015 were
included. The population was defined by Australian Classifi-
cation of Health Interventions codes 38353-00 “insertion of
cardiac pacemaker generator,” and 38393-00 “insertion of
cardiac defibrillator generator.” Implantation of a left ventric-
ular lead was used to identifying CIEDs with CRT capability.
Implant codes are provided in Tables S1 and S2.

Patients were excluded for the following reasons: (1) CIED
implant was a device replacement or upgrade; (2) patients
undergoing CIED implantation during the same hospital
admission as other procedures, eg, CABG, catheter ablation,
because early complications could not be separated from the
outcome of CIED implant-related events; (3) patients dis-
charged against medical advice; (4) patients lacking at least
90 days of follow-up to allow post-discharge outcomes to be
assessed.

Study Outcomes

The primary end point of the study was the composite of:
(1) major in-hospital complications; and (2) major device-
related complications occurring within 90 days of discharge.

In-hospital complications were defined as: (1) in-hospital
death; (2) reoperation including (a) generator, lead or pocket
reoperation including incision and drainage of hematoma,
seroma, or abscess and (b) pericardial or pleural drainage;
(3) post-procedural shock; and (4) infective endocarditis. Post-
discharge complications included: (1) death within 30 days of
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discharge; (2) reoperation including (a) device (generator, lead
or pocket) including incision and drainage of hematoma,
seroma, or abscess and (b) pericardial or pleural drainage; and
(3) rehospitalization within 90 days with a primary diagnosis
consistent with a device-related complication including
(a) mechanical complication of the device; (b) infection (device
infection, endocarditis, systemic infection); (c) complications
relating to perforation and/or inflammation such as a pneu-
mothorax or a pericardial effusion; (d) pocket-related compli-
cations such as hematoma or wound dehiscence; and (e) venous
obstruction or thromboembolism and (f) other admissions for
potentially serious device-related complications.

Minor complications managed without intervention such as
small pneumothorax or effusion not requiring drainage were
excluded from complications. All devices and outcomes were
defined using diagnoses and procedure codes similar to
definitions used in prior studies.®® Prior studies of coding
accuracy in the Australian setting have shown >85% accuracy
for diagnoses and procedure coding with cardiovascular
diagnoses and procedures being particularly well coded.'
Outcome codes are provided in Tables S3 and S4.

Statistical Analysis

Data were summarized as frequencies and percentages for
categorical variables. Continuous variables were presented as
mean + SD or as median and interquartile range. The
frequency of early complication was calculated as the number
of events divided by the number of patients and expressed as
a percentage. Crude outcomes were compared by sex using
Chi-square test or Fisher exact test as appropriate for
categorical variables and the Students ¢ test and the Mann—
Whitney U test for continuous variables. The independent
effect of sex on outcomes were assessed using logistic
regression adjusting for differences in other patient charac-
teristics associated with the outcome including patient age,
acute or elective (planned) status of the procedure, device-
type (PPM, ICD, CRT) as well as patients’ comorbidities.
Comorbidities were derived using the Condition Category (CC)
classification system that is widely used to derive patient
comorbidities from routinely collected hospital data.'’ The CC
classification groups International Classification of Diseases
Tenth Revision-Australian Modification (ICD-10AM) codes into
~180 clinically meaningful conditions using diagnosis codes
from the index admission and any hospitalizations in the
preceding 12 months. To select comorbidities associated
with the outcome, we first fitted a logistic regression model
with all clinically relevant comorbidities. We then iteratively
removed non-significant variables from the initial model using
a stepwise purposeful selection approach described by
Hosmer and Lemeshow.'? Finally, to improve model fit, we
evaluated clinically relevant interactions. The final model

contained all variables significant at P<0.05 and interactions
at P<0.01. The independent association of sex on all
outcomes were reported as odds ratio (OR) with 95% CI with
men as the referent group.

All significance levels were 2-sided with a P<0.05. All
analyses were conducted using SAS 9.4 (SAS Institute Inc.,
Cary, NC). The Human Research Ethics Committees of the
University of Adelaide and respective Australian states and
territories provided ethical approval to undertake the study
with a waiver of informed consent to use deidentified patient
data. Data from New Zealand are obtained under a data user
agreement with the New Zealand Ministry of Health and
additional Human Research Ethics Committee approval was
not required.

Results

Study Population

The characteristics of study patients are outlined in Table 1. A
total of 81 304 patients with CIED implants were included
(women n=30 840; 38%). CIED implantation was an acute
procedure in 43% of women and 38% of men (P<0.001).
Overall, women were older (women 76.54+12.4 versus men
73.7+12.3, P<0.001) and had a lower incidence of heart
failure (women 19.4% versus 21.2%, P<0.001), ischemic heart
disease (women 16.8% versus 27.2%, P<0.001) and diabetes
mellitus (women 16.7% versus men 19.7%, P<0.001).

Overall Complications

Incidence of acute CIED complications are seen in Table 2.
Overall, the primary study end point was reached in 8.5% of
women versus 8.0% of men (P=0.008). Unadjusted risk of
complication was higher in women compared with men for all
CIED groups; PPM (women 7.9% versus men 7.4%, P=0.01),
ICD (women 11.7% versus men 9.4%, P<0.001), and CRT
(women 11.4% versus men 9.6%, P=0.017).

Adjusted odds ratios for acute complications for CIED
overall can be seen graphically in Figure 1, and in tabular form
in Table S5. After covariate adjustment, women experienced a
higher overall rate of complication compared with men (OR
1.10, 95% Cl: 1.04—1.16, P<0.001) with differences more
pronounced in ICD (OR 1.25, 95% Cl: 1.09-1.44, P=0.002)
and CRT (OR 1.22, 95% Cl: 1.04—1.43, P=0.01), with a trend
towards increased complications in women in PPM (OR 1.06,
95% Cl: 1.00—1.13, P=0.06). Breakdown of individual compli-
cations demonstrated that differences in the CIED complica-
tion rate was primarily driven by in-hospital reoperation rate
(OR 1.23, 95% Cl: 1.13—-1.34, P<0.001), with women almost
twice as likely to require pleural or pericardial drainage (OR
1.91, 95% Cl: 1.66-2.21, P<0.001). Specifically, women had a
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Primary Qutcome OR (95%CI) P value
Composite of Complications
Y Overall 1.10(1.04-1.16)  <0.001
Lo PPM 1.06 (1.00-1.13) 0.06
—e— ICD 1.25 (1.09-1.44) 0.002
—— CRT 1.22(1.04-1.43) 0.01
Secondary Qutcome (Overall)
In Hospital Complications
= o All in-hospital complications 1.20(1.11-1.30) <0.001
Deaths 0.99 (0.80-1.22) 0.9
o Reoperation 1.23(1.13-1.34)  <0.001
Lead operation 1.01(0.90-1.13) 0.8
Generator reoperation 0.97 (0.69-1.37) 0.9
Pocket reoperation 0.91(0.65-1.27) 0.6
—e— Pericardial/pleural drain 1.91(1.65-221)  <0.001
I & Pericardial drain 2.17(1.48-3.18) <0.001
—_—— Pleural drain 1.86 (1.59-2.17) <0.001
Post-discharge Complications
All post-discharge complications ~ 1.02 (0.95-1.09) 0.6
Deaths within 30-days 1.00(0.84-1.18) 0.95
Reoperation 1.04 (0.95-1.13) 0.5
—o— Generator 0.83 (0.69-0.99) 0.04
H— Lead 1.07 (0.96-1.19) 0.24
—— Pocket reoperation 0.69 (0.51-0.94) 0.02
H—— Pericardial/pleural drain 1.15(0.95-1.40) 0.16
t L 2 Pericardial drain 2.04 (1.38-3.02) <0.001
. S Pleural drain 1.01(0.81-1.26) 09
H&H Hospitalization for Complications 1.05 (0.97-1.13) 0.3
—o— Mechanical Complication 1.11(1.01-1.23) 0.04
44— Infection 0.85(0.71-1.01) 0.07
e Local perforation 1.19(0.88-1.61) 0.3
[ Pocket complication 0.71(0.53-0.96) 0.02
—————— VTE 1.24 (0.89-1.73) 0.2
0 05 1 15 2 25 35
Adjusted Odds Ratio (female vs male)

Figure 1. Adjusted risk of CIED complications for women vs men overall and by specific complications reported as adjusted odds ratio with
95% Cl. CRT indicates cardiac resynchronization therapy; ICD, implantable cardioverter defibrillator; OR, odds ratio; PPM, permanent pacemaker;

VTE, venous thromboembolism.

higher rate of pericardial drainage (OR 2.17, 95% Cl: 1.65—
2.21, P<0.001) and pleural drainage (OR 1.86, 95% CI: 1.60—
2.17, P<0.001). Post-discharge incidence of pericardial
drainage was also higher in women (OR 2.04, 1.38-3.02,
P<0.001), however pleural drainage was equal between sexes.

Pericardial and Pleural Drainage

Figure 2 shows adjusted OR for in-hospital and post-
discharge pericardial and pleural drainage for each device
type. Sex difference for in-hospital composite pleural or
pericardial drainage was most pronounced in the ICD (OR
2.34, 95% Cl: 1.58-33.47, P<0.001) and CRT groups (OR
2.31, 95% Cl: 1.49-3.60, P<0.001), compared with PPM (OR
1.81, 95% Cl: 1.54-2.14, P<0.001). When considered

separately, in-hospital pleural drainage was significantly
higher in women for all device types, but more so for the
ICD (OR 2.12, 1.39-3.23, P<0.001) and CRT (OR 2.29, 1.44—
3.64, P<0.001) groups. Adjusted ORs for pericardial drainage
for CRT and ICD groups could not be reported because of the
low event rate. Post-discharge, women similarly experienced
higher rates of pericardial drainage for PPM (OR 1.99, 1.25—
3.19, P=0.004), as well as for pleural drainage for the CRT
group (OR 2.05, 1.03-4.10, P=0.04), but not ICD or PPM
groups.

Complications of Elective Procedures Only

Complication limited to elective procedures is shown in
Figure 3. OR for composite early device-related complications
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In Hospital Complications OR (95%CI) P value
Pericardialfplural drainage
—— PPM 1.81(1.54-2.14) <0.001
} & ! ICD 2.34 (1.58-3.47) <0.001
} & | CRT 2.31(1.49-3.60) <0.001
Pericardial drainage
I & | PPM 2.01(1.31-3.08) 0.001
Pleural drainage
b PPM 1.78(1.49-2.12) <0.001
I L 4 i ICD 2.12(1.39-3.23) <0.001
f L 4 | CRT 2.29 (1.44-3.64) <0.001
Post-discharge Complications
Pericardial/plural drainage
F—1— PPM 1.06 (0.85-1.32) 0.615
} L 4 ! ICD 1.29 (0.76-2.20) 0.4
} © i CRT 1.91(1.05-3.46) 0.03
Pericardial drainage
F L 4 | PPM 1.99(1.25-3.19) 0.004
Pleural drainage
—— PPM 0.94 (0.73-1.20) 0.6
} L 4 { ICD 0.93 (0.49-1.77) 0.8
I ¢ CRT 2.05 (1.03-4.10) 0.04
0 05 i 1.6 2 25 3 35 45
Adjusted Odds Ratio (female vs male)

Figure 2. Pleural and pericardial drainage for CIED type reported as adjusted odds ratio with 95% Cl, NB, Risk-adjusted in hospital and post-
discharge pericardial drainage could not be reported for CRT and ICD groups because of low event rate. CRT indicates cardiac
resynchronization therapy; ICD, implantable cardioverter defibrillator; PPM, permanent pacemaker.

is increased in women for all device types (PPM OR 1.13, 95%
Cl: 1.04-1.23, P=0.004; ICD OR 1.26, 95% Cl: 1.07-1.52,
P=0.006; CRT OR 1.25, 95% Cl: 1.04—1.53, P=0.02). Women
were significantly more likely to require in-hospital pericardial
drainage (OR 2.71, 95% CI: 1.55-4.74, P=0.001) and pleural
drainage (OR 2.27, 95% CI: 1.63-2.83, P<0.001). Women
were also more likely to require post-discharge pericardial
drainage (OR 2.82, 95% Cl: 1.72—4.62, P<0.001).

Discussion

Sex difference in CIED acute complications has been a
controversial topic of investigation over the past decade. In
this study, we systematically explored acute CIED complica-
tions in-hospital and 90 days post-discharge in Australia and
New Zealand. Our key result is that women experience a
higher rate of CIED complications than men. Our data not only
confirm a significant sex difference exists for overall CIED
implantation, but that the difference is consistent across all
CIED types, despite different indications and baseline

characteristics, for both acute and elective procedures. The
significantly higher complication rates experienced by women
is primarily driven by approximate doubling of the risk of in-
hospital pleural and pericardial drainage, typically used to
treat implant-related complications such as pneumothorax,
pericardial effusion, or tamponade.

Although previous studies have observed a trend between
women sex and increased CIED complication rates, the
existing data on sex differences in CIED complications have
been predominantly limited to single device type, also finding
a trend towards higher rates of complications in women.%”-'3
To our knowledge, no national-level population study has
systematically examined the impact of sex-differences on
overall CIED complications. The current study uses population
level data including all CIED types, assesses complications
separately for each device type, includes both in-hospital and
post-discharge complications, and compares outcomes for
women and men for individual complications.

Inclusion of the broadest array of device types increases
the external validity and applicability of the study findings. The
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Primary Outcome OR (95%Cl) P value
Composite of Complications
2 g Overall 1.17(1.09-1.26)  <0.001
= a PPM 1.13 (1.04-1.23) 0.004
—— ICD 1.26 (1.07-1.52) 0.006
—— CRT 1.25 (1.04-1.53) 0.02
Secondary Outcome (Overall)
In Hospital Complications
) All in-hospital complications 1.34(1.20-1.50)  <0.001
—T— Deaths 1.14(0.77-1.70) 05
o Reoperation 1.37(1.22-1.54)  <0.001
Ho— Lead operation 1.09 (0.94-1.27) 0.2
10— Generator reoperation 1.08 (0.69-1.71) 0.731
—e — Pocket reoperation 1.02 (0.65-1.60) 1.0
f—a— Pericardial/pleural drain 2.35(1.92-289)  <0.001
t 4 | Pericardial drain 2.71(1.55-4.74) 0.001
| Pleural drain 2.27 (1.63-2.83) <0.001
Post-discharge Complications
HH All post-discharge complications 1.05 (0.97-1.15) 0.2
R S Deaths within 30-days 0.99 (0.74-1.33) 0.95
Hé— Reoperation 1.06 (0.95-1.19 0.3
1 Generator 0.76 (0.61-0.96) 0.02
H— Lead 1.10 (0.97-1.26) 0.1
—o—H Pocket reoperation 0.72 (0.49-1.05) 0.09
H—o— Pericardial/pleural drain 1.22 (0.95-1.58) 0.1
I & | Pericardial drain 2.82(1.72-4.62) <0.001
—e— Pleural drain 0.99(0.73-1.32) 0.9
= Hospitalization for Complications 1.10(0.99-1.22) 0.07
i Mechanical Complication 1.20(1.06-1.37) 0.004
—— Infection 0.85 (0.68-1.07) 0.2
——e—A Local perforation 1.28 (0.85-1.92) 0.3
—— Pocket complication 0.66 (0.44-1.00) 0.05
—— VTE 0.99 (0.62-1.60) 1.0
0 05 1 15 2 25 3 35 4 45 5
Adjusted Odds Ratio (female vs male)

Figure 3. Adjusted risk of elective CIED complications for women vs men overall and by specific complications reported as adjusted odds
ratio with 95% CI. CRT indicates cardiac resynchronization therapy; ICD, implantable cardioverter defibrillator; OR, odds ratio; PPM, permanent

pacemaker; VTE, venous thromboembolism.

excess burden of risk seen in women in both PPM and ICD/
CRT suggest that device factors are not responsible for higher
rates of complications, but that patient-level differences at
implant may be responsible for higher complication rates.

While the exact mechanisms for increase in complications
among women remains unclear, we suggest that they can be
potentially explained by anatomical differences. Pneumotho-
rax most commonly arises while attempting subclavian vein or
axillary vein venipuncture. Our data show that women are
twice as likely to require pleural drainage, perhaps explained
by sex differences in anatomy, including thinner vessel walls,
smaller vessel diameter, and/or less tissue between subcla-
vian vein and pleura. Consistent with these findings, evidence
exists to suggest higher rates of complications in women
undergoing central venous catheterization.'*

In our study, women were twice as likely to require in-
hospital pericardial drainage because of pericardial effusion or
tamponade. Evidence suggests that the myocardial wall is
thinner'>'® and the coronary sinus is smaller'” in women,
perhaps providing a potential mechanism for myocardial
perforation.

Implications and Future Directions

The results of the study have significant implications for
implantation technique, and potentially the design of new
CIED technologies. Firstly, this study highlights the need for
increased awareness amongst implanters for higher rates of
acute pneumothorax and tamponade among women.
Increased education and training of CIED implanters of
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the increased risks among women may help to alleviate the
disproportionate impact of these complications on women.

Secondly, the results may be important to help drive
improvements in technologies. Increased awareness of the
discrepancy in endovascular access-related complications may
drive increased use of ultrasound, or cephalic access in women
todecreased risks of pneumothorax, and perhapsimprovements
in existing lead technologies to minimize the risk of tamponade.

Study Limitations

The main limitation of this study is that data stem from
diagnostic and procedural codes from administrative sources.
However, prior studies have shown that accuracy of adminis-
trative coding'® is only modestly lower than that of clinical
registries.'® We have focused on major complications and
coding definitions used by prior studies to minimize the risk of
erroneous coding. Because of the use of administrative data,
patient-level covariates not recorded including body weight and
height were not able to be included in the adjustment model.

Only major complications were included as they are more
likely to impact patient morbidity and mortality and influence
healthcare cost. Minor complications not requiring interven-
tion or readmission were excluded. Additionally, our study was
an observational study and there is a possibility of unmea-
sured confounding. However, analysis of elective procedures
in which baseline characteristics are more homogeneous
between women and men also showed a consistent increase
in complications in women.

Conclusion

Women experience an increased risk of in-hospital and device-
related complications within 90 days of first CIED implanta-
tion. The sex difference arises primarily through an increased
incidence of pleural or pericardial drainage typically used to
treat implant-related complications such as pneumothorax,
pericardial effusion, or tamponade. Improvements in implant
technique and technologies are required to minimize the risk
of implant-related complications in women.
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Table S1. Procedure codes used to define exclusion criteria.

1) Device replacement

ACHI Procedure Code Code Description
38353-01 Replacement of cardiac pacemaker generator
38393-01 Replacement of cardiac defibrillator generator

2) Ablation (open or catheter)

ACHI Code Description

Procedure

Code

38287-01 Catheter ablation of arrhythmia circuit or focus, not elsewhere classified
38287-02 Catheter ablation of arrhythmia circuit or focus involving left atrial chamber
38287-03 Open ablation of arrhythmia circuit or focus, not elsewhere classified
38287-04 Open ablation of arrhythmia circuit or focus involving left atrial chamber
38290-01 Catheter ablation of arrhythmia circuit or focus involving both atrial chambers
38290-02 Open ablation of arrhythmia circuit or focus involving both atrial chambers

3) Coronary artery bypass grafting (CABG) or surgery requiring cardio-pulmonary bypass

ACHI Code Description

Procedure

Code

38497-00 Coronary artery bypass, using 1 saphenous vein graft
38497-01 Coronary artery bypass, using 2 saphenous vein grafts
38497-02 Coronary artery bypass, using 3 saphenous vein grafts
38497-03 Coronary artery bypass, using >= 4 saphenous vein grafts
38497-04 Coronary artery bypass, using 1 other venous graft
38497-05 Coronary artery bypass, using 2 other venous grafts
38497-06 Coronary artery bypass, using 3 other venous grafts
38497-07 Coronary artery bypass, using >= 4 other venous grafts
38500-00 Coronary artery bypass, using 1 LIMA graft

38503-00 Coronary artery bypass, using >= 2 LIMA grafts
38500-01 Coronary artery bypass, using 1 RIMA graft

38503-01 Coronary artery bypass, using >= 2 RIMA grafts
38500-02 Coronary artery bypass, using 1 radial artery graft
38503-02 Coronary artery bypass, using >= 2 radial artery grafts
38500-03 Coronary artery bypass, using 1 epigastric artery graft

38503-03 Coronary artery bypass, using >= 2 epigastric artery grafts




38500-04

38503-04

38500-05

38503-05

90201-00

90201-01

90201-02

90201-03

Coronary artery bypass, using 1 other arterial graft

Coronary artery bypass, using >= 2 other arterial grafts

Coronary artery bypass, using 1 composite graft

Coronary artery bypass, using >= 2 composite grafts

Coronary artery bypass, using 1 other graft, not elsewhere classified
Coronary artery bypass, using 2 other grafts, not elsewhere classified
Coronary artery bypass, using 3 other grafts, not elsewhere classified

Coronary artery bypass, using >= 4 other grafts, not elsewhere classified




Table S2. Procedure codes used to identify generator, lead or pocket

reoperation.

Reoperation Code Code Description
Group
Type
Generator Removal 38353-02 Removal of cardiac pacemaker generator
90203-07 Removal of cardiac defibrillator generator
Revision 90203-05 Adjustment of cardiac pacemaker generator
90203-06 Adjustment of cardiac defibrillator generator
Replacement 38353-01 Replacement of cardiac pacemaker generator
38393-01 Replacement of cardiac defibrillator generator
. 38350-00 Insertion of permanent transvenous electrode into
Lead Insertion

other heart chamber(s) for cardiac pacemaker

38368-00 Insertion of permanent transvenous electrode into
left ventricle for cardiac pacemaker

38390-01 Insertion of permanent transvenous electrode into
left ventricle for cardiac defibrillator

38390-02 Insertion of permanent transvenous electrode into
other heart chamber(s) for cardiac defibrillator

38350-02 Removal of permanent transvenous electrode of other

Removal .
heart chamber(s) for cardiac pacemaker

38350-04 Removal of permanent transvenous electrode of other
heart chamber(s) for cardiac defibrillator

38358-00 Removal of permanent transvenous electrode of other
heart chamber(s) for cardiac pacemaker using
extraction device

38358-01 Removal of permanent transvenous electrode of left
ventricle for cardiac pacemaker using extraction
device

38358-02 Removal of permanent transvenous electrode of left
ventricle for cardiac defibrillator using extraction
device

38358-03 Removal of permanent transvenous electrode of other
heart chamber(s) for cardiac defibrillator using
extraction device

38368-02 Removal of permanent transvenous electrode of left
ventricle for cardiac pacemaker

38368-04 Removal of permanent transvenous electrode of left
ventricle for cardiac defibrillator

38456-26 Removal of permanent epicardial electrode for
cardiac pacemaker via subxyphoid approach

38456-27 Removal of permanent epicardial electrode for
cardiac pacemaker via thoracotomy or sternotomy

38456-33 Removal of permanent epicardial electrode for
cardiac defibrillator via subxyphoid approach



38456-34 Removal of permanent epicardial electrode for
cardiac defibrillator via thoracotomy or sternotomy

38654-02 Removal of permanent left ventricular electrode for
cardiac pacemaker via thoracotomy or sternotomy

38654-05 Removal of permanent left ventricular electrode for
cardiac defibrillator via thoracotomy or sternotomy

38350-02 Removal of permanent transvenous electrode of other
heart chamber(s) for cardiac pacemaker

38350-04 Removal of permanent transvenous electrode of other
heart chamber(s) for cardiac defibrillator

38358-00 Removal of permanent transvenous electrode of other
heart chamber(s) for cardiac pacemaker using
extraction device

38358-01 Removal of permanent transvenous electrode of left
ventricle for cardiac pacemaker using extraction
device

38358-02 Removal of permanent transvenous electrode of left
ventricle for cardiac defibrillator using extraction
device

38350-01 Replacement of permanent transvenous electrode of

Replacement .

other heart chamber(s) for cardiac pacemaker

38350-03 Replacement of permanent transvenous electrode of
other heart chamber(s) for cardiac defibrillator

38368-01 Replacement of permanent transvenous electrode of
left ventricle for cardiac pacemaker

38368-03 Replacement of permanent transvenous electrode of
left ventricle for cardiac defibrillator

38456-23 Replacement of permanent epicardial electrode for
cardiac pacemaker via subxyphoid approach

38456-24 Replacement of permanent epicardial electrode for
cardiac pacemaker via thoracotomy or sternotomy

38456-30 Replacement of permanent epicardial electrode for
cardiac defibrillator via subxyphoid approach

38456-31 Replacement of permanent epicardial electrode for
cardiac defibrillator via thoracotomy or sternotomy

38654-01 Replacement of permanent left ventricular electrode
for cardiac pacemaker via thoracotomy or sternotomy

38654-04 Replacement of permanent left ventricular electrode
for cardiac defibrillator via thoracotomy or
sternotomy

38350-01 Replacement of permanent transvenous electrode of
other heart chamber(s) for cardiac pacemaker

38350-03 Replacement of permanent transvenous electrode of
other heart chamber(s) for cardiac defibrillator

38368-01 Replacement of permanent transvenous electrode of

left ventricle for cardiac pacemaker



38368-03 Replacement of permanent transvenous electrode of
left ventricle for cardiac defibrillator
38456-23 Replacement of permanent epicardial electrode for
cardiac pacemaker via subxyphoid approach
38456-24 Replacement of permanent epicardial electrode for
cardiac pacemaker via thoracotomy or sternotomy
Revision 38456-21 Adjustment of epicardial electrode for cardiac
pacemaker
38456-28 Adjustment of epicardial electrode for cardiac
defibrillator
90203-00 Adjustment of transvenous electrode for cardiac
pacemaker
90203-02 Adjustment of left ventricular electrode for cardiac
pacemaker via thoracotomy, sternotomy or
subxyphoid approach
90203-08 Adjustment of transvenous electrode for cardiac
defibrillator
90203-09 Adjustment of left ventricular electrode for cardiac
defibrillator via thoracotomy, sternotomy or
subxyphoid approach
38456-21 Adjustment of epicardial electrode for cardiac
pacemaker
38456-28 Adjustment of epicardial electrode for cardiac
defibrillator
90203-00 Adjustment of transvenous electrode for cardiac
pacemaker
90203-02 Adjustment of left ventricular electrode for cardiac
pacemaker via thoracotomy, sternotomy or
subxyphoid approach
90203-08 Adjustment of transvenous electrode for cardiac
defibrillator
90203-09 Adjustment of left ventricular electrode for cardiac
defibrillator via thoracotomy, sternotomy or
subxyphoid approach
Insertion 38470-00 Insertion of permanent epicardial electrode for
(Surgical) cardiac pacemaker via thoracotomy or sternotomy
38470-01 Insertion of permanent epicardial electrode for
cardiac defibrillator via thoracotomy or sternotomy
38473-00 Insertion of permanent epicardial electrode for
cardiac pacemaker via subxyphoid approach
38473-01 Insertion of permanent epicardial electrode for
cardiac defibrillator via subxyphoid approach
38654-00 Insertion of permanent left ventricular electrode for
cardiac pacemaker via thoracotomy or sternotomy
38654-03 Insertion of permanent left ventricular electrode for

cardiac defibrillator via thoracotomy or sternotomy




90219-00 Revision or relocation of skin pocket for cardiac

Pocket Revision pacemaker or defibrillator




Table S3. Diagnoses and procedure codes used to identify in-hospital device-

related complications.

Complication Code Description
Infective endocarditis 133 Acute and subacute endocarditis
133.0 Acute and subacute infective endocarditis
133.9 Acute endocarditis, unspecified
138 Endocarditis, valve unspecified
Post-procedural shock T81.1 Postprocedural shock
Pericardial/Pleural 38359-00 Pericardiocentesis
drainage
38450-00 Transthoracic drainage of pericardium
38450-01 Thoracoscopic drainage of pericardium
38452-00 Subxyphoid drainage of pericardium
38803-00 Therapeutic thoracocentesis
38806-00 Insertion of intercostal catheter for drainage
Incision and drainage 30223-00 Incision and drainage of haematoma of skin and subcutaneous
of haematoma, seroma tissue
or abscess
30223-01 Incision and drainage of abscess of skin and subcutaneous
tissue
30223-02 Other incision and drainage of skin and subcutaneous tissue
30223-00 Incision and drainage of haematoma of skin and subcutaneous

tissue




Table S4. Primary diagnoses codes used to identify post-discharge

hospitalizations for device-related complications.

Complication Subtype Code Description
Mechanical Mechanical T782.1 Mechanical complication of cardiac electronic
Complication Complication device
T82.5 Mechanical complication of other cardiac and
vascular devices and implants
T782.8 Other specified complications of cardiac and
vascular prosthetic devices, implants and grafts
T782.9 Unspecified complication of cardiac and vascular
prosthetic device, implant and graft
Infection Device specific T82.7 Infection and inflammatory reaction due to other
infection cardiac and vascular devices, implants and grafts
Endocarditis 133 Acute and subacute endocarditis
133.0 Acute and subacute infective endocarditis
133.9 Acute endocarditis, unspecified
138 Endocarditis, valve unspecified
139 Endocarditis and heart valve disorders in diseases
classified elsewhere
140.0 Infective myocarditis
T782.6 Infection and inflammatory reaction due to cardiac
valve prosthesis
Other infection T81.42 Sepsis following a procedure
complicating the
procedure u9o Healthcare associated infections
us90.0 Healthcare associated Staphylococcus aureus
bacteraemia
Perforation Pneumothorax J93 Pneumothorax
J93.2 latrogenic pneumothorax
J93.8 Other pneumothorax
J93.9 Pneumothorax, unspecified
Pleural Effusion 194.2 Haemothorax
J86 Pyothorax
J86.0 Pyothorax with fistula
186.9 Pyothorax without fistula
J90 Pleural effusion, not elsewhere classified
J91 Pleural effusion in conditions classified elsewhere
Hemopericardium 131.2 Hemopericardium, not elsewhere classified
Pericardial Effusion 131.3 Pericardial effusion (noninflammatory)




Perforation T81.2 Accidental puncture and laceration during a
procedure, not elsewhere classified
Pocket related Haemorrhage or T81.0 Haemorrhage and haematoma complicating a
complications Haematoma procedure, not elsewhere classified
Wound Disruption T81.3 Disruption of operation wound, not elsewhere
classified
T81.4 Wound infection following a procedure, not
elsewhere classified
T81.41 Wound infection following a procedure
Other Other procedure T81.1 Shock during or resulting from a procedure, not
related elsewhere classified
complications
T81.5 Foreign body accidentally left in body cavity or
operation wound following a procedure
T81.6 Acute reaction to foreign substance accidentally
left during a procedure
T81.7 Vascular complications following a procedure, not
elsewhere classified
T781.9 Unspecified complication of procedure




Table S5. Adjusted odds ratio of CIED complications for female vs male after covariate adjustment*.

PPM ICD CRT Overall
OR  5th  95th P OR  5th  95th P OR  5th  95th P OR 5th 95th P
Primary Outcome
Eg:gﬁz'atgo":sEa”yde"'ce're'ated 1.06 1.00 1.13 0061 | 125 1.09 1.44 0.002 | 1.22 104 1.43 0.013 |1.10 1.04 1.16 <0.001
In-Hospital Complications
All complications 116 1.06 127 0001 | 141 111 1.77 0004 | 131 103 167 0.027 |1.20 1.11 1.30 <0.001
Death 098 079 122 0860 | 1.85 062 549 (g | 067 026 174 (40g |0.99 080 1.22 0.897
Reoperation 119 1.08 1.31 <0.001 | 1.39 1.10 1.77 0006 | 1.41 110 1.81 0.007 |1.23 1.13 1.34 <0.001
o Lead operation 098 086 112 0779 | 1.03 074 143 0865 | 1.19 086 164 0307 |10l 090 113 0.843
o Generator 097 065 144 0859 | 141 050 399 (g9 | 0.79 031 202 (g5 |097 069 137 0864
o Pocket reoperation 090 060 134 0597 |0.86 037 199 0718 [ 095 038 235 (ggg |0.91 065 127 0.568
o Pericardial/pleural drain 1.81 154 214 <0.001 | 234 158 3.47 <0.001|231 149 3.60 <0001 |1.91 1.65 221 <0.001
o Pericardial drain 201 131 3.08 0.001 - - 217 1.48 318 <0.001
e Pleural drain 178 1.49 212 <0.001 | 212 139 3.23 0001 |229 144 364 0001 |1.86 159 2.17 <0.001
Other ; - - 1.14 065 200 0.638
Post-discharge Complications
All complications 097 090 105 0511 | 1.17 099 1.38 0066 | 1.13 093 136 0228 [1.02 095 1.09 0.603
Death within 30 days 091 075 110 0.347 | 1.94 1.07 351 0.029 | 124 072 212 0441 |1.00 0.84 1.18 0.951
Reoperation 1.01 090 1.12 0933 [ 110 089 137 0.383 | 114 089 1.45 0307 |104 095 113 0.454
PSS 0.78 062 097 0023 | 1.04 071 154 0828 | 080 049 1.30 0367 |0.83 069 099 0.036
o Lead 1.01 0.88 1.14 0943 | 120 094 154 0.147 | 123 093 1.63 0152 [1.07 096 119 0.236
o Pocket reoperation 072 050 104 0079 | 071 035 145 (g4g | 054 024 126 (155 |069 051 094 0018
o Pericardial/pleural drain 1.06 0.85 1.32 0615 | 129 076 220 0.346 | 1.91 105 3.46 0.033 |115 0.95 1.40 0.157
e Pericardial drain 1.99 1.25 3.19 0.004 - - 2.04 1.38 3.02 0.000
o Pleural drain 094 073 120 0609 | 093 049 177 0.829 | 2.05 1.03 410 0043 [101 081 126 0934
Hospitalization for Complications 103 094 113 0569 | 113 094 1.37 0205 | 1.05 083 132 0.698 |1.05 097 1.13 0272
112 099 127 0066 | 111 087 140 0408 | 1.10 084 1.46 0483 |111 1.01 1.23 0.037

o Mechanical Complication




o Infection

o Local perforation™
o Pocket complication#
o VTE

0.77
1.10
0.76
1.24

0.63
0.78
0.54
0.85

0.95
1.54
1.06
1.80

0.016
0.597
0.109
0.269

1.27
0.89
0.66
1.04

0.86
0.33
0.29
0.44

1.88
241
1.48
2.42

0.235

0.824
0.310

0.933

0.80 0.47

0.50 0.20

1.34

1.22

0.389

0.125

0.85
1.19
0.71
1.24

0.71
0.88
0.53
0.89

1.01
1.61
0.96
1.73

0.067
0.270
0.024
0.197

*Reported as odds ratios with 95% confidence interval and p-values.

tinfection includes device infection, endocarditis or systemic infection.
TLocal perforation includes perforation and or inflammation such as a pneumothorax or a pericardial effusion.

8Pocket complication includes hematoma or wound dehiscence.

VTE = venous thromboembolism.

OR could not be calculated for individual CIED type for all complications due to low event rate.



