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Abstract

BACKGROUND—Patients undergoing implantable cardioverter-defibrillator (ICD)
implantations have high rates of long-term device-related complications and reoperations. Whether
physician specialty training is associated with differences in long-term outcomes following ICD
implantation is unclear.

METHODS AND RESULTS—We linked data from the National Cardiovascular Data Registry
ICD Registry with Medicare fee-for-service claims to identify physicians who performed =10
index ICDs from 2006 to 2009. We used data from the American Board of Medical Specialties to
group the specialty of the implanting physician into mutually exclusive categories:
electrophysiologists, interventional cardiologists, general cardiologists, thoracic surgeons, and
other specialties. Primary outcomes were long-term device-related complications requiring
reoperations or hospitalizations and reoperations for reasons other than complications. We
compared the cumulative incidence rates and case-mix adjusted rates of long-term outcomes of
index ICD implantations across physician specialties. Our analysis had a median follow-up of 47
months and included 107 966 index ICD implantations. Electrophysiologists had the lowest rates
of incident long-term device-related complications (14.1%; interventional cardiologists, 15.3%;
general cardiologists, 15.4%; thoracic surgeons, 16.4%; other specialists, 15.2%; A<0.001) and
reoperations for reasons other than complications (electrophysiologists, 16.7%; interventional
cardiologists, 17.0%; general cardiologists, 18.0%; thoracic surgeons, 18.4%; other specialists,
18.0%; F<0.001). Compared with patients whose 1CDs were implanted by electrophysiologists,
patients with implantations performed by nonelectrophysiologists were at higher risk of having
long-term device-related complications (relative risk for interventional cardiologists: 1.16 [95%
Cl, 1.08-1.25]; general cardiologists: 1.13 [1.08 —1.18]; thoracic surgeons: 1.20 [1.06-1.37]; all
F£<0.001, but not other specialists: 1.08 [0.99-1.17]; £=0.07). Compared to patients with
implantations performed by electrophysiologists, patients with implantations performed by general
cardiologists and thoracic surgeons were at higher risk of reoperation for noncomplication causes
(relative risk for general cardiologists: 1.10 [1.05-1.15]; thoracic surgeons: 1.16 [1.00-1.33]; both
£<0.05).

CONCLUSIONS—Patients with ICD implantations performed by electrophysiologists had the
lowest risks of having long-term device-related complications and reoperations for
noncomplication causes. Consideration of physician specialty before ICD implantation may
represent an opportunity to minimize long-term adverse outcomes.

Keywords
cardiac resynchronization therapy; hospitalization; incidence; reoperation; risk

Randomized controlled studies have shown that implantable cardioverter-defibrillators
(ICDs) improve survival in patients at high risk of sudden cardiac death.1=> Consequently,
ICDs have become a mainstay of therapy, but there remains controversy as to whether
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physicians not trained as electrophysiologists should implant these devices. A prior study
demonstrated that in-hospital complication rates vary by provider training such that implants
performed by electrophysiologists were associated with lower rates of in-hospital
complications, higher rates of optimal medical therapy, and increased use of cardiac
resynchronization therapy (CRT) among eligible patients compared with those of implants
performed by nonelectrophysiologist physicians.5 However, whether physician training is
associated with differences in longer-term outcomes following ICD implantation is not
known.

Understanding the presence and extent of differences in longer-term outcomes following
ICD implantation is important as many device-related complications may not be apparent
until well after hospital discharge.” For this reason, focusing on in-hospital complications
may not provide a complete picture of training-based differences in outcome. Furthermore,
physician specialty may be associated with longer-term outcomes including reoperations.
Understanding this relationship is important because reoperations such as device upgrades or
generator changes are not without risk and avoiding such reoperations can potentially
prevent a patient from undergoing unnecessary exposure to harm.8:2

To address this gap in knowledge, we linked longitudinal data from the National
Cardiovascular Data Registry-1CD Registry (NCDR ICD Registry) with Medicare fee-for-
service administrative claims data to assess the association of physician specialty and
longer-term outcomes. Specifically, we examined the association of physician specialty with
risks of ICD complications requiring acute hospitalizations or reoperations and ICD
reoperations for reasons other than complications. Understanding whether long-term
outcomes vary by physician specialty will inform decisions about the practice of
nonelectrophysiologists implanting ICDs.

METHODS

Data Sources

The NCDR ICD registry gathers data on ICD and CRT-defibrillator (CRT-D) implantations,
revisions, and replacements.1911 From 2006 to 2018, the Center for Medicare and Medicaid
services mandated submission of data in the ICD registry as a stipulation for payment for all
primary prevention ICD implantations performed on Medicare patients.12 The registry
collects demographics, procedural, and clinical status using standardized definitions. For this
analysis, we used data from ICD implantations using Version 1.0 of the registry of the data
collection form. To identify information about complications and reoperations following
discharge, we linked registry data with corresponding Medicare claims data using the
deterministic matching method based on patients’ age, gender, admission date or procedure
date, and hospital provider number. The data and analytical methods will not be available to
other researchers for the purpose of study replication.

Patient Population

The study cohort consisted of all patients included in the ICD registry undergoing first-time
device implantation between January 2006 and December 2009. To link registry data to
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Medicare, we restricted our cohort to patients 65 years and older and who were fee-for-
service Medicare beneficiaries. We excluded patients with a previous ICD or pacemaker to
ensure the index implantation was not a result of a previous device-related complication,
patients with coronary artery bypass surgery during the index hospitalization as any short-
term complication may be related to the surgery, and patients who died during the index
hospitalization. We excluded patients whose physician had fewer than 10 ICD procedures
submitted to the ICD registry given a known relationship between volume and outcomes.13
Finally, we excluded any patients that had ICDs performed by physicians for which we
could not identify their specialties (Figure 1). Medicare fee-for-service data were available
through December 2011. Overall, the median follow-up was 47 months (range: 23-72
months).

Physician Specialty Identification

Outcomes

We identified physicians in the ICD registry using a combination of name and National
Provider Identifier or unique physician identification numbers. Specialty status was obtained
through information from databases of the American Board of Internal Medicine and the
American Board of Medical Specialties, which contains certification information drawn
from 24 Member Boards including the American Board of Internal Medicine, Surgery, and
Thoracic Surgery.1415 Physicians were grouped into mutually exclusive categories that
reflected their most recently documented specialty. The specific categories were
electrophysiologists, interventional cardiologists, general cardiologists, thoracic and cardiac
surgeons, and other specialists. The “other” category included physicians such as internists
or general surgeons that did not obtain specialty training in general cardiology or thoracic or
cardiac surgery.

The methodology used to identify device-related events has been described previously.® The
primary outcome was the occurrence of any ICD-related complication that required
reoperation, emergency department visit, observation stay, or hospitalization post-discharge.
For reoperations, we used the Healthcare Common Procedure Coding System procedure
codes in outpatient claims and /nternational Classification of Diseases, Ninth Revision,
Clinical Modification procedures codes in inpatient claims. We used revenue center codes
from outpatient claims data to define emergency department visits and observation stays. To
identify ICD complications, we used principle or secondary diagnosis codes from the
International Classification of Diseases, Ninth Revision, Clinical Modification. \We also
grouped the ICD complications into device-related mechanical complications; infection
(device-specific, systemic infection, endocarditis, and other procedural-related infections);
pocket-related complications (hemorrhage or hematoma, wound disruption, foreign body left
during procedure, and persistent postoperative fistula); and other complications
(pneumothorax, pleural effusion, pericardial effusion, perforation, and superior vena cava
obstruction/venous thromboembolism; Table | in the Data Supplement). We did not consider
any ICD-related complication that did not result in an acute hospitalization or reoperation.

Secondary outcomes included all ICD reoperations that were not associated with the
aforementioned complications (Table 11 in the Data Supplement). These reoperations include
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generator battery changes, lead revisions, electrode insertion, and upgrade procedures. We
included these procedures as an outcome as they still remain a significant event to patients
and carry an elevated risk of complications and death peri- and post-procedurally.

Statistical Analysis

We compared patient characteristics of ICD implantations across physician specialty
categories using XZ tests for categorical variables and ANOVA for continuous variables.
Patient characteristics included demographics, comorbid medical conditions, and cardiac
status. Because of unbalanced data among different physician categories, the ANOVA test
was done using generalized linear models.

To compare ICD complications and ICD reoperations post-discharge across specialty
categories, we estimated the cumulative incidence rates (the proportion of patients who
experienced an outcome in our study window), taking into account the competing risk of
death. We then plotted the cumulative incidence across specialty categories for ICD
complications and reoperations for reasons other than complications for each ICD type
placed. Given that patients may experience more than one complication or reoperation
during follow-up, we included multiple occurrences of any outcomes (device-related
complications or reoperations) for the same patient, except for generator changes and death.
Therefore, a patient can contribute more than once to the numerator when estimating the
incidence rate of our primary outcomes. Although mortality was not one of our primary
outcomes, we reported and plotted all-cause mortality because of the competing risk of
death with ICD complications and the high risk of death in this population, many with
conditions such as congestive heart failure that have high short- and mid-term mortality
rates.

To assess the relationship between certification status and outcomes, we developed
hierarchical proportional hazards models with time to the first ICD complication and
reoperations separately as dependent variables with a censor indicator incorporating
mortality as a competing risk.16:17 We included a robust sandwich variance estimator to
account for correlation within providers. In the model, we included the following covariates
for adjustment: demographics (age, gender, race, and insurance payor status); cardiac status
(heart failure, New York Health Association class, history of cardiac arrest, atrial fibrillation/
atrial flutter, ventricular tachycardia, nonischemic dilated cardiomyopathy, ischemic heart
disease, previous myocardial infarction, and previous coronary revascularization); comorbid
conditions (previous valvular surgery, cerebrovascular disease, chronic lung disease,
diabetes mellitus, hypertension, and end-stage renal disease); facility volume and
characteristics (profit status, census region, bed size, and teaching status); physician volume;
and device type. All variables except left ventricular ejection fraction had <1% missing
values. For categorical variables, missing data was assumed a no response, and for
continuous variables, we used the median value of the entire cohort.

We repeated all of the above analyses with stratification by specific device type (single-
chamber, dual-chamber, or CRT-D). Analyses were conducted using SAS software (version
9.4; SAS Institute Inc, Cary, NC). All analyses were conducted with a significance level of
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0.05 and a 2-sided null hypothesis. The Yale University Human Investigations Committee
approved analyses of this limited NCDR data set.

The study cohort included 107 966 implants performed by 3175 physicians (Figure 1). The
majority of identified physicians were electrophysiologists (63.9%), followed by general
cardiologists (20.5%), interventional cardiologists (9.6%), thoracic surgeons (2.5%), and
other specialties (4.5%). Similarly, the majority of ICD implantations in our study were
performed by electrophysiologists (69.0%) followed by general cardiologists (19.3%),
interventional cardiologists (5.8%), other specialists (4.3%), and thoracic surgeons (1.7%).

Patient and Hospital Characteristics

Mortality

The mean age of patients in our cohort was 75.1 years (SD: 6.3), 27.3% were female, and
88.5% were white. The demographic characteristics of patients differed depending on
physician specialty, most notably with regards to age and race. There were statistically
significant but clinically modest differences across physician specialties for patient clinical
characteristics and cardiac status including history of diabetes mellitus, hypertension, end-
stage renal disease, chronic lung disease, cerebrovascular disease, previous percutaneous
coronary intervention, previous coronary artery bypass surgery, previous pacemaker
insertion, congestive heart failure, New York Health Association class, prior cardiac arrest,
history of atrial fibrillation or atrial flutter, and history of ventricular tachycardia.
Furthermore, there were similarly modest differences in the QRS duration, LVEF, and blood
urea nitrogen level. Across physician specialties, there were modest but significant
differences across specialties in the proportion of ICDs placed for primary prevention of
sudden cardiac death, and larger absolute differences in the ICD type placed such that
electrophysiologists proportionally performed more CRT-D device implantations than other
specialties (Table 1; Table 111 in the Data Supplement).

The characteristics of hospitals varied significantly across physician specialties.
Electrophysiologists were less likely than nonelectrophysiologist cardiologists, thoracic
surgeons, and other specialists to be implanting an ICD in private/community and rural
hospitals. On the other hand, electrophysiologists were more likely to be implanting in
hospitals with larger number of patient beds, classified as teaching hospitals, and with larger
ICD volume (Table 2).

Overall, 40 418 (37.4%) patients died in our study window. Mortality rates were lowest
among electrophysiologists (36.8%) and highest among thoracic surgeons (43.3%) (Table 3).
Electrophysiologists also had the lowest cumulative rate of mortality, and this trend was
consistent across different ICD types including single-chamber, dual-chamber, and CRT-D
(Figure 2). In multivariable analyses, the adjusted risk of death was significantly higher
among patients whose implants had been performed by interventional cardiologists, general
cardiologists, thoracic surgeons, and other specialties as compared to patients with
implantations performed by electrophysiologists (Table 4).
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ICD-Related Complications

There were significant differences in the crude rates of ICD-related complications across
physician specialties. Electrophysiologists had the lowest rates of complications at 14.1%,
whereas thoracic surgeons had the highest rates at 16.4%. Complication rates varied
significantly according to the type of ICD device ranging from 13.0% for single-chamber to
16.1% in CRT-D devices. Device-related mechanical complications and infection rates were
consistently lowest among electrophysiologists. For most of the other individual
complications, there were statistically significant but clinically modest differences across
physician specialties (Table 3). Electrophysiologists had the lowest cumulative rate of
complications both overall and when stratified by specific device type (Figure 3). In
multivariable analyses, compared with electrophysiologists, the adjusted risk of any
complication was higher in interventional cardiologists, general cardiologists, thoracic
surgeons, and other specialists. After stratification for ICD device type, for several
subgroups (other specialists implanting dual chamber and CRT-D devices; and thoracic
surgeons implanting single-chamber and CRT-D devices) the 95% CI crossed the line of
unity (Table 4).

Reoperations for Reasons Other Than Complications

Over the follow-up period, 17.0% of patients had a reoperation for reasons other than
complications. In analyses stratified by ICD device type, electrophysiologists consistently
had the lowest rates and cumulative incidence of reoperations (Figure 4). In adjusted
analysis, compared to electrophysiologists, general cardiologists and thoracic surgeons had
significantly higher adjusted risks of reoperation for reasons other than complications. When
stratified by device type, there were no statistical differences in the reoperation rates for
single-chamber and dual-chamber devices across specialties. General cardiologists and
thoracic surgeons were associated with higher risk of reoperations for CRT-D devices.
Across all 3 device types, electrophysiologists were associated with the lowest risk of
reoperation rates (Table 4).

DISCUSSION

In this nationwide study of patients undergoing ICD implantations, we found that rates of
long-term complications and reoperations for reasons other than complications varied by the
specialty and training of the implanting physician. Our findings demonstrate that patients
with ICD implantations performed by nonelectrophysiologists had higher rates of long-term
complications and rehospitalizations for reasons other than complications. Given that nearly
a third of implantations were done by physicians without electrophysiology training, our
findings suggest that a focus on appropriate training for those implanting ICDs may
represent an opportunity to minimize long-term risks of ICD implantations.

One of the explicit goals of the NCDR ICD registry was to inform our understanding of the
association of physician subspecialty training and ICD outcomes. 12 Qur results build on
prior work demonstrating that in-hospital outcomes varied depending on the training of the
implanting physician.6 While in both studies, patients with implantations performed by
electrophysiologists had the lowest complication rates, we found that the differences across
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physician specialties become even more prominent over longer follow-up. The larger
absolute differences in our study further emphasize the potential benefits of subspecialty
training, as long-term ICD complications are not benign and carry a significant risk of
morbidity and mortality.”18

These data cannot determine the underlying reasons for observed differences in long-term
complication rates among specialties. Different subspecialty training may reflect differences
in experience, clinical knowledge, and technical skill. Prior work has also shown that a
sizable minority of ICD implantations performed are not evidence-based and that patients
with nonevidence-based ICD implantations had significantly worse outcomes.1® Importantly,
nonelectrophysiologist cardiologists, thoracic surgeons, and other specialties were more
likely to place a non-evidence-based ICD. Another possible mechanism is the known
increased use of remote patient monitoring among electrophysiologists, which has been
associated with improved outcomes and mortality.2 Nevertheless, elucidating potential
mechanisms for discrepancies among physician specialties for complications and
reoperations for reasons other than complications may provide an opportunity for improved
outcomes of patients with ICD implantations.

Our finding of increased reoperations in patients with ICD implantations performed by
nonelectrophysiologist physicians, particularly in CRT-D devices, is of importance for
several reasons. Improving battery service life of ICDs can also result in reduced morbidity
and mortality for patients, as generator changes are not benign and carry associated risks
including pocket infection, pocket hematoma, and death.8:21.22 Electrophysiologists may
have more experience in tailoring ICD programming beyond out of the box settings and
adapting to patient-specific and device-specific characteristics, leading to improved
generator battery life. In addition to battery generator changes, difference in rates of
potentially preventable device upgrades may contribute to variations in rate reoperations for
reasons other than complications across physician specialties. Previous studies have shown
that nonelectrophysiologists are less likely to implant CRT-D devices in patients with
appropriate indications.® Although speculative, our observed differences in rates of device
upgrades may be driven by patients that would benefit from CRT-D devices receiving a
single-chamber or dual-chamber device and thus requiring a potentially avoidable upgrade
procedure in the future.

Although our analyses highlight the significant association of physician specialty with long-
term complications in patients receiving ICD implantations, the overall differences were
clinically modest. Furthermore, there is likely heterogeneity within physician training
groups such that there are nonelectrophysiologist implanters who achieve excellent
outcomes and electrophysiologist implanters with below-average results. Nevertheless, our
findings provide information relevant to patients when they have a choice of implanting
physician, especially as Medicare recently mandated shared decision-making with the
patient before ICD implantation.12

Our study should be interpreted in the context of several limitations. Our study included only
Medicare beneficiaries aged 65 years or older. Although younger patients may have higher
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overall nonfatal outcome because of lower competing risk of death, the effect on rates of
complications and rehospitalizations for reasons other than complications should be
comparable across physician specialties. We also used Medicare claims data to identify
long-term complications. Administrative claims data lack the clinical complexity as
compared to information extracted from chart review. However, Medicare data is the only
available nationwide source of data with information of longitudinal outcomes on a large
cohort of patients. Furthermore, we were not able to distinguish between appropriate versus
inappropriate device upgrades or premature versus normal battery generator changes.
Moreover, residual confounding is a limitation of observational studies and may explain
some of the observed differences in long-term ICD outcomes across physician specialties.
While our models adjusted for a robust number of clinical and demographic variables
validated within NCDR, there are additional clinical characteristics of our cohort, we could
not capture including the severity and duration of our clinical covariates. Last, our
observational study cannot establish a cause and effect relationship between physician
specialties and long-term ICD device mortality or complication rates.

Conclusions

In summary, we found that patients with ICD implantations performed by
nonelectrophysiologist clinicians were at increased risk of long-term complications and
reoperations for reasons other than complications. Our findings emphasize the value of
subspecialty training for ICD implantation and suggest that consideration of physician
specialty before ICD implantation may minimize long-term complications and reoperations.
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Refer to Web version on PubMed Central for supplementary material.
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WHAT IS KNOWN

. Recent studies have shown that there are high rates of long-term device-
related complications and reoperations after implantable cardioverter-
defibrillator (ICD) implantations.

. In-hospital procedural complication rates are known to vary by physician
specialties.
. However, it is not known if physician training is associated with differences in

long-term outcomes following ICD implantation.

WHAT THE STUDY ADDS
. There are observed differences in long-term ICD outcomes across physician
specialties.
. ICD implantations by electrophysiologists had the lowest risk of having long-

term device-related ICD complications and reoperations.
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Eligible population

197,204 patients with ICD
implantations from 8,520 physicians

Exclusions (n=patients excluded):
Not a Medicare patient at time of procedure (6625)
Implantation date not between 2006 and 2009 (12202)
Previous ICD implantation (51984)
Previous pacemaker (547)
Patient with CABG during hospitalization (2048)
Patients died during hospitalization (580)
Patients with implantations done by physicians with less than 10
ICD's (15154)
Patients with implantations done by physicians with unknown
certifications (98)

Study population

107,966 patients with ICD
implantations from 3,175 physicians

Figure 1. Cohort selection.
CABG indicates coronary artery bypass surgery; and ICD, implantable cardioverter-

defibrillator.
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Figure 2. Cumulative incidence curves by physician specialties of mortality rates.
CRT-D indicates cardiac resynchronization therapy-defibrillator; and EP, electrophysiology.
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Figure 3. Cumulative incidence curves by physician specialties of long-term complication rates.
CRT-D indicates cardiac resynchronization therapy-defibrillator; and EP, electrophysiology.
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Figure 4. Cumulative incidence curves by physician specialties of reoperation for reasons other
than complication rates.

CRT-D indicates cardiac resynchronization therapy-defibrillator; and EP, electrophysiology.
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