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Abstract

Aims Diabetes mellitus (DM) has a negative impact on prognosis in patients with heart failure (HF). The role impact of DM in
HF patients with implantable cardioverter defibrillator (ICD) or cardiac resynchronization therapy (CRT) devices might differ
and remains unclear. The aim of our study was to investigate the impact of DM on periprocedural complications and clinical
outcome in HF patients undergoing ICD or CRT implantation.
Methods and results Within the German Device Registry, data from 50 German centres were collected between January
2007 and February 2014. A retrospective analysis of n = 5329 patients undergoing ICD implantation was conducted. Patients’
characteristics, procedural data, periprocedural complications, and post-procedural clinical outcome, including a composite
clinical endpoint of all-cause mortality, stroke, and myocardial infarction (MACCE), were analysed. Subgroup analysis were per-
formed for ICD and CRT implantations. Median follow-up was 15.7 (12.9; 20.0) and 16.2 (12.8; 21.2) months in DM and non-
DM patients. Of 5329 patients enrolled, n = 1448 (27.2%) had a diagnosis of DM. Within the cohort, 94% of DM and 90% of
non-DM patients had a diagnosis of HF. Patients with DM were older, had higher body mass index, and higher rate of cardio-
vascular comorbidities compared with non-DM patients. Unadjusted and adjusted analyses revealed similar all-over
intrahospital periprocedural complication rates in both groups (4.1% vs 3.9%). Unadjusted Kaplan–Meier survival analysis
showed higher all-cause mortality after 1 year (9.0% vs 6.3%; log-rank P = 0.001) with higher MACCE rates (10.0% vs 7.3%;
P < 0.001) in the DM group versus non-DM patients. After multivariable adjustment for relevant covariates, the association
of DM to MACCE disappeared [HR 1.11 (0.89-1.38)]. Because chronic kidney disease (CKD) was clearly associated with in-
creased 1 year MACCE after multivariate adjustment [odds ratio (OR) 2.11 (1.68–2.64)], a subgroup analysis was performed
showing a strong trend towards more perioperative complications in DM patients with CKD [OR 2.16 (0.9–5.21)], while no ef-
fect of DM was observed in patients without CKD [OR 0.73 (0.42–1.28)].
Conclusions The overall risk of periprocedural complications and short-term (1 year) clinical outcome in patients with DM
and HF undergoing ICD or CRT defibrillator (CRT-D) implantation was not increased. In contrast, CKD was associated with
an increased risk of 1 year MACCE in HF patients undergoing ICD/CRT-D implantation.
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Introduction

Implantable cardioverter defibrillator (ICD) and cardiac
resynchronization therapy (CRT) are well-established
treatment options for primary and secondary prevention of
sudden cardiac death, life-threatening ventricular tachyar-
rhythmias in patients with heart failure (HF).1–3 Demo-
graphics point towards an older and more complex patient
group with multiple comorbidities in the near future. In con-
text of cardiovascular procedures, these comorbidities are
thought to be associated with worse prognosis and increased
procedure-related complications, resulting in higher mortality
and healthcare costs. Regarding rates of cardiac implantable
electronic devices (CIED)-related complications and associ-
ated risk factors, only limited data of few registries are avail-
able.4,5 Additional information regarding the incidence of
CIED-related complications is required to characterize risk
factors on CIED patient handling in the daily routine. Diabetes
mellitus (DM) is an important risk factor associated with in-
creased infection rates, wound healing problems,6,7 an ele-
vated risk for HF, sudden cardiac death, and all-cause
mortality.8–12 Beyond the association with HF, DM does also
influence HF progression and response to therapeutic treat-
ments.13 Role of DM in the subgroup of patients being
equipped with ICD or CRT devices on clinical outcome re-
mains still unclear.10,11,14–18

We therefore sought to assess periprocedural and post-
procedural outcomes in patients with DM and HF undergoing
either an ICD or a CRT implantation based on the large pro-
spective multicentre German Device Registry.

Methods

Participating centres and registry data
management

The prospective multicentre German Device Registry is a
nationwide database of ICD and CRT implants and revisions
initiated by the Stiftung Institut for Herzinfarktforschung
(IHF) (Ludwigshafen, Germany), the German Society of
Cardiology (Deutsche Gesellschaft für Kardiologie–Herz- und
Kreislaufforschung e.V.), and the Study Group of Leading
Hospital Cardiologists (‘Arbeitsgemeinschaft Leitende
Kardiologische Krankenhausärzte’) to analyse and evaluate
ICD and CRT under real-world conditions in the setting of
the German Health Care System.

In 50 participating centres over 70 parameters on demo-
graphic data, indication for devices, implantation procedures,
and perioperative complications were collected at the time of
device operation. Laboratory findings were not implemented
into the database. Recruitment of patients started in March
2007 until March 2011, then continued as Device II registry,

which was terminated in February 2014. After written in-
formed consent, all parameters were entered into an
internet-based electronic case report form by the centres.
Case report forms were then transmitted encrypted with a
secure socket layer, and the IHF took responsibility for data
management and monitoring.

The present study includes HF patients undergoing ICD or
CRT operation with a focus on patients with diabetes and
chronic kidney disease (CKD). The diagnosis of DM was based
on the initial questionnaire (medical history or use of antidia-
betic medication). The diagnosis of CKD was based on the past
medical history and/or a serum level of creatinine>1.5mg/dL.

Complications

Complications were categorized into minor and major compli-
cations according to severity. Life-threatening and all re-
interventions were categorized as major complications and
minor, when suitable for treatment on an outpatient basis,
involving device reprogramming or requiring exclusive clinical
observation. Minor complications included pneumothorax,
hematothorax, and pericardial effusion when treated conser-
vatively and lead dislodgements without re-intervention.
Haematomas resulting in a prolonged hospital stay, hospital
readmissions, or additional out-patient visits and wound in-
fections treated with antibiotics were considered as minor
complications.

Major complications included lead-related re-
interventions, local infections requiring re-intervention,
CIED-related systemic infections, pneumothoraces requiring
drainage, cardiac perforations, pocket revisions because of
pain, generator-lead interface problems requiring re-
intervention, haematomas requiring re-intervention, wound
revisions, stroke, myocardial infarctions, and procedure-
related deaths.

Follow-up

All patients were contacted 1 year after implantation or revi-
sion by telephone. The follow-up was performed centrally by
the IHF. During telephone contact, questions on arrhythmias,
cardiac events, complications, medication, and HF symptoms
were posed. In case of an ineffective call, further information
was gathered from civil registry offices. Major adverse cardiac
and cerebrovascular events (MACCE) were defined as occur-
rence of death (all-cause), myocardial infarction (MI), or
stroke.

Statistical analysis

The statistical computations were performed using SAS, ver-
sion 9.3 (Cary, North Carolina, USA). Continuous data are
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presented as median and interquartile range, the distribution
of age as mean ± standard deviation. Categorical variables are
summarized as counts and percentage. Categorical values
were generally compared by χ2 test and rates of infrequent
complications by Fisher’s exact test. Distributions of continu-
ous variables were compared by two-tailed Wilcoxon rank
sum test. A P-value ≤ 0.05 was considered significant; all P
values were the result of two-tailed tests. Mortality at exactly
1 year after index discharge was calculated by the Kaplan–
Meier estimator and compared between patient groups by
log-rank test. In addition, we computed odds ratios by using
multivariable logistic regression models adjusted for age,
sex, coronary artery disease, chronic HF, and CKD. In addition,
we performed a subgroup analysis for patients with and with-
out diabetes and patients with and without CKD for the end-
points perioperative complication, 1 year MACCE,
cardiopulmonary resuscitation/ICD shock/ventricular
tachycardia/ablation, and device revision to investigate the
impact of DM and CKD on the outcome of ICD and CRT
procedures.

Results

Study cohort

During the study period, 5329 patients with ICD or CRT defi-
brillator (CRT-D) devices were enrolled; of these, 1448 pa-
tients (27.2%) had a diagnosis of DM. Within the cohort,
94% of DM and 90% of non-DM patients had a diagnosis of
HF. With respect to CKD, 920 patients were categorized to
CKD and 4409 patients to non-CKD.

Baseline characteristics

Patient characteristics are listed in Table 1. Comparing pa-
tients with DM versus without DM, we observed multiple sig-
nificant differences between the groups. Patients with DM
were older (68.1 ± 10.0 vs 64.1 ± 13.6 years; P < 0.001)
and had higher body mass index (28.1 vs 26.4 kg/m2; P <

0.001). Patients with DM showed a higher prevalence of car-
diovascular comorbidities, such as arterial hypertension, his-
tory of coronary artery bypass graft or percutaneous
coronary intervention, prior MI or stroke, and peripheral ar-
tery disease compared with non-DM patients. In line with
these cardiovascular variables, ischemic heart disease was
more common in DM, while non-DM patients showed higher
rates of dilated and hypertrophic cardiomyopathy. Presence
of atrial fibrillation in the initial electrocardiograph was more
prevalent in patients with DM (23.3% and 16.9%; P < 0.001).
This difference was mainly driven by the subgroup of ICD pa-
tients (24.6% vs 16.2%; P < 0.001; Supporting Information,
Table S1), while HF patients with CRT showed no difference

in atrial fibrillation prevalence (20.8% vs 18.5%; Supporting
Information, Table S2). The rate of patients with CKD was
higher in the DM group.

Taken the fact that nearly all patients (>90% of the studied
cohort) were suffering from HF, we further analysed HF-
specific variables. The rate of HF patients with severely de-
pressed left ventricular ejection fraction (<30%) was higher
in patients with DM. Consistent to the left ventricular ejec-
tion fraction distribution, symptoms according to New York
Heart Association Classes III and IV were more frequent
(51.9%) in the DM group compared with 41.0% in the non-
DM group at the time of the device procedure (P < 0.001).
Thirty-seven percent of patients with DM had a left bundle
branch block compared with 30.3% without DM (P <

0.001), which goes along with the higher rate of CRT devices
in the DM group.

Indications for ICD therapy were 67.7% primary prevention
and 32.3% secondary prevention in DM patients, whereas in
the non-DM group, 56.3% of cases were primary prevention
and 43.7% secondary prevention (P < 0.001).

Medication at the time of hospital discharge is summarized
in Table 1. Medical therapy regarding antiplatelet therapy
with acetylsalicylic acid and regarding HF with use of beta
blocker, diuretics, ACE inhibitor, angiotensin II blocker, and al-
dosterone was significantly different between DM and non-
DM patients (Table 1).

Device characteristics

Table 1 is listing information regarding different device types
implanted and procedural details. In most cases, procedures
included single chamber (VVI) ICD systems, followed by
CRT-D systems and dual chamber (DDD) ICD devices. Differ-
ences in device types with respect to the presence of DM
showed that DM patients were more often equipped with a
CRT-D device compared with non-DM-patients (33.1% vs
27.2%; P < 0.001). Furthermore, DDD systems were less fre-
quent implanted in DM versus non-DM patients (18.0% vs
21.4%; P = 0.005). The majority of patients (86%) underwent
a de novo ICD/CRT implantation. In 91% of all cases, the im-
plant procedure was performed in an elective setting (non-
emergency) (Table 1).

Periprocedural outcome

Table 2 provides a detailed overview of the in-hospital
events including the periprocedural complications. Compli-
cation rates were indistinguishable in diabetic compared
with non-diabetic patients (4.1% vs 3.9%; P = 0.79). There
were no differences due to periprocedural MACCE events.
Analysis of the device procedure-related complications re-
vealed similar rates for major complications with 2.0% in
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Table 1 Baseline demographics: clinical data and characteristics

Diabetes (n = 1448, 27.2%) Non- diabetes (n = 3881, 72.8%) P value

Demographic data
Male 81.1% (1174/1448) 80.9% (3139/3881) 0.87
Age (year), mean ± SD 68.1 ± 10.0 64.1 ± 13.6 <0.001
BMI (kg/m2) 28.1 (25.3–31.2) 26.4 (23.9–29.7) <0.001

Indication
Primary prevention 67.7% (980/1448) 56.3% (2185/3881) <0.001
Secondary prevention 32.3% (468/1448) 43.7% (1696/3381) <0.001

NYHA class <0.001
NYHA I 9.9% (135/1364) 20.1% (698/3479)
NYHA II 38.2% (521/1364) 38.9% (1355/3479)
NYHA III 48.3% (659/1364) 38.1% (1325/3479)
NYHA IV 3.6% (49/1364) 2.9% (101/3479)
NYHA III+ 51.9% (708/1364) 41.0% (1426/3479) <0.001

LV-EF ≤ 30% 69.4% (980/1412) 59.3% (2197/3708) <0.001
Procedure duration, min 60 (40; 100) 60 (41; 105) 0.34
Comorbidities Risk factors (%)

Diabetes 100.0% (1448/1448) 0.0% (0/3881)
Hypertension 69.5% (1007/1448) 46.2% (1793/3881) <0.001
COPD 4.8% (70/1448) 3.3% (129/3881) 0.01
CKD 25.9% (375/1448) 14.0% (545/3881) <0.001

Comorbidities
Prior PCI 37.5% (129/344) 31.3% (275/880) 0.037
Prior CABG 25.0% (362/1448) 14.1% (549/3881) <0.001
Prior stroke 5.0% (73/1448) 3.7% (142/3881) 0.023
Prior MI 42.6% (617/1448) 31.9% (1237/3881) <0.001
PAD 5.1% (74/1448) 2.4% (94/3881) <0.001

Cardiac disease
Ischemic 71.9% (1041/1448) 56.5% (2191/3881) <0.001
Dilatative 31.1% (450/1448) 33.8% (1312/3880) 0.059
Hypertrophy 1.5% (21/1448) 3.9% (150/3880) <0.001
Hypertensive 8.4% (122/1448) 5.7% (223/3880) <0.001

Medication at discharge
Class I antiarrhythmic drugs 0.8% (12/1444) 0.9% (35/3866) 0.80
Class III antiarrhythmic drugs 14.1% (204/1442) 13.4% (512/3864) 0.47
Class IV antiarrhythmic drugs 6.6% (95/1444) 4.9% (180/3866) 0.017
Beta Blockers 92.5% (1336/1444) 88.9% (3437/3867) <0.001
ACE inhibitor/Angiotensin II blocker 90.7% (1310/1444) 84.4% (3263/3867) <0.001
Aldosteron antagonist 41.8% (603/1444) 38.5% (1488/3867) 0.03
Diuretics 83.9% (1212/1444) 66.8%(2580/3865) <0.001
Digitalis 22.2% (321/1444) 15.4% (594/3866) <0.001
Antiplatelet agents 63.4% (231/344) 54.7% (478/874) <0.001

ARVC 0.1% (2/1448) 0.6% (22/3880) 0.038
Electrographic parameters

Sinusrhythm 73.6% (1066/1448) 79.6% (3083/3875) <0.001
AF 23.3% (338/1448) 16.9% (653/3875) <0.001
PM stimulation 5.8% (84/1448) 4.9% (190/3875) 0.19
LBBB 37.0% (536/1447) 30.3% (1172/3870) <0.001
RBBB 6.8% (98/1447) 6.8% (265/3870) 0.92

Median QRS- width (ms) 120 (100;150) 114 (100;150) <0.001
QRS width > 120 ms 45.3% (653/1142) 39.8% (1539/3862) <0.001
Procedure type

New implant 87.5% (1264/1445) 85.5% (3308/3870) 0.062
System revision 12.5% (181/1445) 14.5% (562/3870) 0.062

Procedure priority
Emergency 9.0% (31/344) 9.2% (81/877) 0.90
Elective 91.0% (313/344) 90.8% (796/877) 0.90

Device types
VVI-ICD 48.9% (708/1448) 51.4% (1995/3881) 0.1
DDD-ICD 18.0% (260/1448) 21.4% (831/3881) 0.005
CRT-D 33.1% (480/1448) 27.2% (1055/3881) <0.001

AF, atrial fibrillation; ARVC, arrhythmogenic right ventricular cardiomyopathy; BMI, body mass index; CABG, coronary artery bypass
grafting; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; LBBB, left bundle branch block; LV-EF, left ventricular
ejection fraction; NYHA, New York Heart Association; PAD, peripheral arterial disease; PCI, percutaneous coronary intervention; PM, pace-
maker; RBBB, right bundle branch block.
*p-value ≤ 0.05
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the DM group and 1.9% in the non-DM group. Also, minor
complications, which included relevant wound infections,
haematomas, and device complications, were equally dis-
tributed between both groups. Eighty-seven patients had
to undergo an in-hospital re-intervention with revision be-
cause of device-related complications. The most common
complication resulting in a surgical re-intervention was lead
dysfunction and lead dislodgement counting up for 58%
(11/19) and 76% (52/68) of device-related complications re-
quiring revision in DM and non-DM patients, respectively.

In an additional subgroup analysis of the ICD group, a sim-
ilar periprocedural complication rate of 3.2% was observed in
both DM and non-DM patients (Supporting Information, Ta-
bles S1 and S3), while the subgroup of CRT recipients showed
a generally higher, compared with the ICD subgroup, but un-
changed complication rate of 5.9% (DM) and 5.8% (non-DM)
between the two groups (Supporting Information, Table S2
and S4).

One year clinical outcome

Of 5329 patients enrolled in the device registry, 1 year follow-
up was achieved in 5154 patients (96.7%). Predefined MACCE
occurred in 425 patients (8.2%). All results are presented in
detail in Table 3. Our initial time-to-event analysis revealed
a worse outcome of patients with DM with respect to 1 year
mortality (log-rank, P = 0.001; Figure 1A). Patients with DM
showed increased MACCE rates (10.0% vs 7.3%; P < 0.001)
and higher 1 year all-cause mortality (9.0% vs 6.3%; P <

0.001). These results were underlined by higher rehospitaliza-
tion rates in the group of patients with DM (45.0% vs 40.3%;
P = 0.01) resulting in a longer length of hospital stay (10 vs 8

days; P < 0.001) compared with patients without DM. The
underlying reason for readmission differed between both
groups. In non-DM patients, device-related problems were
the most frequent reason for readmission, while in the DM
group, rehospitalization due to device problems were much
less common compared with other reasons (13.0% vs
19.2%; P < 0.001).

Consistent to the all-over cohort, the subgroup analysis of
ICD patients showed a worse prognosis of diabetic compared
with non-diabetic patients (Figure 1B). In contrast, the
smaller subgroup of CRT patients showed no significantly
different prognosis with regard to the presence of DM
(Figure 1C).

Adjusted analysis

In addition, we performed an adjusted analysis to compen-
sate for the covariates age, sex, coronary artery disease, HF,
and CKD (Figure 2). The results of our adjusted models did
confirm a similar risk for periprocedural complications in both
groups independent from the presence of DM. In contrast to
the unadjusted survival analysis, the adjusted calculations for
outcome failed to show a difference between the two groups
with respect to 1 year MACCE, the composite of cardiopulmo-
nary resuscitation, ICD shocks, occurrence of ventricular
tachycardias or required ablation therapy, and for the end-
point device revision.

This unchanged outcome was also confirmed in the ad-
justed analysis of the subgroups with ICDs or CRT-Ds showing
no difference of periprocedural complications or 1 year
MACCE rates between the groups.

Table 2 In-hospital events

Variables Diabetes (n = 1448, 27.2%) Non- diabetes (n = 3881, 72.8%) P value

Hospital stay (days) 3 (1;5) 3 (2;5) 0.062
In-hospital complications 4.1% (45/1098) 3.9% (116/2981) 0.79
MACCE 0.5% (6/1102) 0.3% (9/2988) 0.25

New stroke 0.2% (2/1098) 0.0% (0/2980) 0.07
New MI 0.0% (0/1098) 0.0% (1/2980) 1.00

Mortality 0.4% (6/1448) 0.3% (10/3877) 0.40
Complications requiring intervention 2.0% (29/1442) 1.9% (73/3859) 0.82

Pericardial effusion 0.1% (2/1442) 0.1% (5/3858) 1.00
Pneumothorax 0.2% (3/1442) 0.6% (22/3859) 0.11
Hematothorax 0.2% (3/1442) 0.1% (3/3858) 0.35
Pocket hematoma 1.5% (21/1442) 1.1% (43/3858) 0.32
CPR 0.3% (1/344) 0.1% (1/878) 0.48

Complications not requiring intervention
Pericardial effusion 0.3% (3/1098) 0.2% (5/2980) 0.45
Pneumothorax 0.1% (1/1098) 0.3% (8/2981) 0.46
Hematothorax 0.0% (0/1098) 0.1% (2/2980) 1.00

Wound complication (including infection) 0.5% (7/1442) 0.4% (14/3858) 0.62
Device-related complications requiring revision 1.8% (19/1070) 2.4% (68/2888) 0.33

P values were obtained from Fisher’s exact test or Wilcoxon rank-sum test.
CPR, cardiopulmonary resuscitation; MACCE, major adverse cardiac and cerebrovascular events; MI, Myocardial infarction.
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Role of chronic kidney disease

Because DM is associated with CKD and CKD is known to be a
risk factor for perioperative complications, we performed ad-
ditional analyses evaluating the role of CKD in this HF cohort
of ICD/CRT-D patients. Adjusted analysis of the overall cohort
showed a clear association of CKD with increased risk of 1
year MACCE [odds ratio 2.11 (1.68-2.64)]; this was consistent
for ICD and CRT-D patients (Figure 2B). Perioperative compli-
cations tended to be increased in CKD patients, but failed sig-
nificance (Figure 2B). Furthermore, we performed a subgroup
analysis evaluating the role of DM as a risk factor in patients
with and without CKD. This subanalysis revealed that in con-
trast to the overall cohort, there is a strong trend towards in-
creased risk of perioperative complications in DM patients
with CKD [odds ratio 2.16 (0.90–5.21)] while in non-CKD pa-
tients there is no difference (Figure 2C). With respect to clin-
ical outcome, there were no signs of DM being associated
with an altered outcome neither in CKD nor in non-CKD pa-
tients (Figure 2C).

Discussion

In this prospective, multicentre registry, we examined the
impact of DM on periprocedural and post-procedural out-
come in ICD and CRT recipients with HF. Our results showed
a clear association of DM to increased cardiovascular comor-
bidity in the studied patient cohort. Risk of perioperative
complications was not increased in patients with DM
undergoing an ICD/CRT device implantation. Clinical out-
come analysis showed higher 1 year mortality and MACCE
rate in patients with DM after an ICD or CRT-D device im-
plantation, but unchanged clinical outcome after multivari-
ate adjustment.

Prevalence of diabetes in cardiac implantable
electronic device patients

Diabetes is a common risk factor in patients undergoing CIED
procedures. In the FOLLOWPACE study, the prevalence of DM
was only 15%.19 Our study showed a prevalence of 27.2% in
the studied cohort of patients undergoing an ICD or CRT-D
procedure within the German Device Registry. This rate is ab-
solutely in line with previous mixed CIED and sole ICD studies
showing rates of DM varying from 24% to 29%.20–24 There-
fore, it can be assumed that in this cohort, there was not a
large proportion of under-diagnosed DM patients. These
studies together with our own data suggest that nearly a
quarter of all ICD/CRT recipients are suffering from DM,
which might be a larger proportion than in a sole pacemaker
cohort, probably based on the fact that ICD/CRT patients are
commonly HF patients.

Role of diabetes in cardiac implantable electronic
device-related complications

Data regarding complication rates from previous studies on
ICD/CRT cohorts are scarce. The Ontario ICD database inves-
tigated 3340 patients undergoing a de novo ICD implant and
observed an overall complication rate of 7.5% within 45
days after the procedure.25 Data of a nationwide cohort in
Denmark4 from the combined Danish pacemaker and ICD
registry showed an overall complication rate of 9.5% after
6 months. This study included 1520 ICD and 4398 pace-
maker patients. Another study investigating complication
rates in subcutaneous versus transvenous ICDs showed all-
over complications of 7–8% after 1 year of follow-up.26

The all-over numbers observed in our cohort of 5329
ICD/CRT patients were lower with 4.1% but were only re-
lated to the intrahospital period until discharge. Therefore,
the absolute rates in our study are hardly comparable with

Table 3 Follow-up at 12 months

Diabetes (n = 1448, 27.2%) Non-diabetes (3881, 72.8%) P value

FU duration, months 15.7 (12,9; 20,0) 16.2 (12,8; 21,2) 0.20
FU documented 96.9% (1403/1448) 96.7% (3751/3881) 0.66
MACCE 10.0% (141/1403) 7.3% (274/3751) <0.001
1 year mortalitya 9.0% 6.3% <0.001
Death, n 256 454
Alive, n (%) 1198 (25.9%) 3422 (74.1%)
Rehospitalization 45.0% (443/984) 40.3% (1148/2848) 0.01
Hospital stay (days) 10 (6; 21) 8 (4;18) 0.001
Cause of readmission

device 13.0% (127/980) 15.1% (428/2837) 0.1
cardiovascular 12.7% (124/980) 10.6% (302/2837) 0.085
other 19.2% (188/980) 14.3% (407/2837) <0.001

Revision 7.1% (69/967) 9.0% (251/2797) 0.077

FU, follow-up.
aKaplan-Meier estimates.
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Figure 1 (A) Overall outcome analysis of 1 year mortality, according to presence of diabetes: Kaplan–Meier curve for the time to the first event of all-
cause death after 1 year in patients with diabetes (dashed line) and without diabetes (solid line). Kaplan–Meier survival curves for the time to the first
event of all-cause death after 1 year in diabetes (dashed line) versus non-diabetes (solid line) patients in the subgroup of (B) implantable cardioverter
defibrillator recipients and (C) cardiac resynchronization therapy recipients.
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Figure 2 (A) Adjusted analyses of the effect of diabetes in the overall group after multivariable adjustment. A 95% confidence interval adjusted for age,
sex, coronary artery disease, chronic heart failure, chronic kidney disease. (B) Adjusted analyses of the effect of chronic kidney disease in the overall
group. (C) Adjusted analyses of the effect of diabetes and chronic kidney disease in the overall group. CRT-D, cardiac resynchronization therapy defi-
brillator; ICD, implantable cardioverter defibrillator; MACCE, major adverse cardiac and cerebrovascular events; VT, ventricular tachycardia.
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other studies based on the distinct follow-up period, but
would be still consistent to the reported data.

Looking at the role of DM in perioperative complications,
previous cardiac device studies demonstrated an association
of DM with increased complication rates, specifically infec-
tions and a worse outcome.16,18,27 Therefore, one hypothe-
sis of our study was that complication rates might be higher
in diabetic patients undergoing ICD/CRT-D procedures. Of
note, our analysis did not show any difference in complica-
tions between the groups. Our results actually even suggest
an identical periprocedual risk of DM patients undergoing
an ICD/CRT surgical procedure despite the presence of DM
and DM-associated comorbidity. This is important and in
contrast to other device studies and retrospective analyses,
which investigated the correlation of DM to infections and
wound complications and identified DM as a significant risk
factor.23,24,28 Infection rates were low in these studies with
rates ≤1%.4,18,28,29 Despite the fact that we did not observe
a higher periprocedural complication rate in DM patients,
the absolute numbers, showing rates of wound complica-
tions (including infections) ranging from 0.4% in non-DM
to 0.5% in DM patients, are consistent with these previous
reports.

In line with our data, the Ontario ICD database could not
also identify DM as a relevant risk factor for complications
in univariate and multivariate analyses.25 Taken these results
and our data, two of the largest ICD patient cohorts, there is
no cumulative evidence of DM being a risk factor for
ICD/CRT-related perioperative complications.

Possible explanations for an unchanged complication risk
in diabetic patients in our real-world data comprise the fact
that our outcome data could have potentially been biased
by the operator, who may have acted more cautious during
the procedure, or by the type of operator and/or patient se-
lected for the procedure. However, these are known limita-
tions of registries and trials.

Role of diabetes on outcome in heart failure
implantable cardioverter defibrillator patients

Based on other previous studies in diabetic patients with HF,
which suggest an increase in mortality compared with non-
diabetic patients,30 we also evaluated clinical outcome over
1 year after ICD/CRT-D implantation with respect to all-cause
mortality and MACCE.

Data from the MADIT trial showed that patients with DM
and ICD have higher mortality rates (increase by ~20%), but
still benefit from an ICD therapy compared with patients
without DM.9,30 The post hoc analysis of the MADIT trial re-
vealed that patients with DM are more likely to have hyper-
tension, renal dysfunction, increased body mass index, and
higher New York Health Association classes. These basic
characteristics of DM patients are reflected in the diabetic

group of our cohort. The absolute mortality rate of diabetic
ICD patients was 25% after 2 years. In our study, the analysis
revealed all-cause mortality rates of 9.0% after 1 year in pa-
tients with DM, which represented an increase in mortality
of 43% compared with patients without DM. These data
match previous observations and further underline the
worse prognosis of diabetic HF patients.9 We confirmed
these results in the subgroup analysis in patients undergoing
an ICD procedure (n = 3794), while this DM-associated mor-
tality increase could not be observed in the smaller sub-
group of the CRT-D patients (n = 1525). These results
could be interpreted towards a larger benefit of CRT therapy
versus ICD protection in DM patients and might suggest an
association of DM to an HF-related mode of death rather
than to an arrhythmic event. Nevertheless, there was also
a trend in the CRT cohort towards a higher event rate in
the DM group, which might be due a lack of statistical
power based on the lower number of CRT patients com-
pared with the ICD cohort.

To elucidate the sole role of diabetes as a risk factor inde-
pendent from all DM-associated comorbidities, we per-
formed an adjusted multivariate analysis for all relevant
covariables. In contrast to the unadjusted results, this analy-
sis revealed no difference for the predefined endpoints in as-
sociation with DM, neither for complication rates nor for
MACCE, or any other arrhythmia-associated outcome. Based
on these results, DM alone seems less important than the ac-
cumulation of associated cardiovascular and renal diseases
contributing to a worse prognosis of DM patients equipped
with ICD/CRT devices suggesting, that the protection and/or
treatment by ICD/CRT devices might overcome some nega-
tive effects of DM probably mediated via arrhythmia events
or HF progression.

Chronic kidney disease and implantable
cardioverter defibrillator/cardiac
resynchronization therapy-related complications

Another established important risk factor associated with in-
creased mortality and morbidity in patients with chronic HF is
kidney dysfunction.31–34 We investigated the influence CKD
on the outcome of patients undergoing ICD and CRT proce-
dures. In our study, CKD was associated with an increased risk
of 1 year MACCE in the overall cohort. This result confirms
the plausibility of our data set. In addition, we sought to in-
vestigate if DM might be a risk factor in the subgroup of
CKD patients. This analysis showed a clear trend in the ad-
justed analysis that DM favours occurrence of perioperative
complications in CKD patients. However, there was no effect
on clinical outcome neither in CKD nor in non-CKD patients.
Because renal dysfunction is a frequent comorbidity of pa-
tients with diabetes, this observation might be relevant.
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Relevance and potential clinical implications

Based on the lack of data in the literature, results of large tri-
als or cohorts are always required to elucidate critical vari-
ables that are important to an operator performing a CIED
procedure. Our results clearly suggest that HF patients under-
going an ICD or CRT implantation do not carry a higher proce-
dural risk compared with patients without DM. Therefore,
DM alone should not be taken as a reason to withhold an
ICD or CRT implantation from the patient.

While patients with DM showed higher 1 year mortality,
our multivariate analysis showed that this association of DM
to an increased MACCE rates disappears after adjustment
for relevant covariates. This suggests that DM as such is prob-
ably an indirect cause contributing to the accumulation of
other cardiovascular comorbidities and that DM alone is not
associated with a worse outcome in ICD/CRT patients. This
further highlights the very important role of an ICD and CRT
in DM patients in addition to the required optimized drug
treatment in DM HF patients.

Limitations

This trial was based on a retrospective analysis of registry
data, which always carries bias of selected data input by the
investigator. A limitation of our study is the designation of pa-
tients as diabetics based on self-reporting rather than labora-
tory results such as serum glucose or glycosylated
haemoglobin (HbA1c) levels that constitute the criteria for
the diagnosis of diabetes. Nevertheless, the percentage of
DM patients was consistent to previous studies investigating
HF patients undergoing ICD/CRT-D implantation.4,35–37 An-
other point is missing data regarding the length of time since
diagnosis and the degree of glycemic control and non-cardiac
organ failure.

Standards of follow-up and data collection do not meet the
criteria of randomized controlled trials. There is always the
problem of a potential bias of the operator, the kind of treat-
ment performed, and patient selection. Our results are in line
and consistent with other studies confirming complication
and overall mortality rates, but add additional data into the
context of role of ICD/CRT device therapy in DM HF patients
presenting one of the largest cohorts of ICD/CRT patients,
which were systematically investigated regarding the role of
DM on complication and outcome rates.

Conclusions

The reported analysis of the German Device Registry, includ-
ing 5329 patients undergoing an ICD or CRT-D implantation,
sought to investigate the periprocedural and post-

procedural outcome in patients with both DM and HF. Dia-
betic patients were older and were more likely to have is-
chemic cardiomyopathy, a lower ejection fraction, chronic
kidney disease, and other comorbidities. Despite this pro-
nounced comorbidity, the perioperative complication rate
was not increased in patients with DM. There was only a
trend towards more perioperative complications in the sub-
group of DM patients with CKD. Adjusted outcome analysis
showed similar MACCE rates in both groups over time.
These results point towards an impact of DM, including ar-
rhythmic events and HF progression, which are addressed
by an ICD/CRT therapy and thereby further underline the
importance and need of device therapy in DM patients with
HF beyond an optimal medical therapy.
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