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Patients with diabetes mellitus (DM) are known to have reduced life expectancy and be at
increased risk for multiple morbidities including serious infection. However, published data
on DM outcomes after left ventricular assist device (LVAD) implantation are sparse, inconsis-
tent and individual studies are small with limited power. We conducted a systematic review
and meta-analysis to compare survival and adverse events post-LVAD in DM versus non-
DM (NDM) patients. Medline, Scopus, and Cochrane Central databases were searched for
studies comparing outcomes in DM and NDM patients who underwent LVAD implantation
for advanced heart failure. Results were reported as random effect risk ratios (RR) with 95%
confidence intervals. We identified 5 retrospective cohort studies, at low risk of bias, reporting
on 1,351 patients (n = 488 DM). There was increased 30-day mortality (RR 1.57 [1.00, 2.47];
p = 0.05; I2 = 0%) among DM versus NDM. The DM and NDM groups did not differ signifi-
cantly in terms of 1-year mortality (RR 1.15 [0.98, 1.35]; p = 0.08; I2 = 39%), device-related
infection (RR 1.05 [0.92, 1.19]; p = 0.88; I2 = 0%), ischemic stroke (RR 1.29 [0.91, 1.83];
p = 0.69; I2 = 0%), hemorrhagic stroke (RR 1.10 [0.42, 2.83]; p = 0.85; I2 = 69%), or bleeding
(RR 1.06 [0.80, 1.40]; p = 0.70; I2 = 27%). After LVAD implantation, patients with DM, versus
patients without, have a modestly elevated 30-day mortality rate. However, 1-year mortality
and morbidity did not differ. © 2019 Elsevier Inc. All rights reserved. (Am J Cardiol
2019;124:1918−1923)
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The negative impact of DM on heart failure (HF) has been
well documented. Despite optimal medical therapy, many HF
patients with coexisting DM progress to Stage D HF in which
heart transplantation is the gold-standard treatment.1−3 How-
ever, limited allograft resources could mean long waiting
periods before transplantation.4 Furthermore, diabetic end-
organ complications and/or severe obesity often exclude these
patients from heart transplant candidacy.5 In such situations,
implantation of a left ventricular assist device (LVAD) could
continue to provide mechanical circulatory support to these
patients as a bridge-to-transplant therapy or a destination ther-
apy. According to the current guidelines by International
Society for Heart and Lung Transplantation, LVAD implanta-
tion in DM patients is permissible unless the patient has very
poor glycemic control or severe end-organ damage (Class IIb;
Level of Evidence C).6 However, this recommendation is
based on limited and conflicting data from observational
studies.7−11 Hence, to address the inconsistencies in the litera-
ture, we performed this study by meta-analyzing data from all
available observational studies.
Methods

This meta-analysis was reported in accordance with the
Preferred Reporting Items for Systematic review and Meta-
Analyses guidelines,12 and conducted following the Ameri-
can Heart Association guidelines.13

MEDLINE, Scopus, and Cochrane Central were searched
in February 2018, without any time or language restrictions.
Search strategies used in each database are given in Supple-
mentary Table S1. Snowballing from retrieved articles and
relevant reviews was performed to ensure no relevant article
was missed. All articles were transferred to Endnote X7 (Clar-
ivate Analytics, Pennsylvania), and duplicates were identified
and removed. Two reviewers (NL and MSU) independently
screened the remaining articles. Articles were initially short-
listed on the basis of title and abstract, following which the
full-text was read to assess relevance. Any discrepancies
between the 2 reviewers were solved by discussion until con-
sensus was reached.

Observational studies or clinical trials reporting out-
comes in DM and NDM patients supported with LVADs
for HF with any length of follow-up and reporting at least
one of the prespecified outcomes were included in our anal-
ysis. Editorials, review articles, and single-arm studies were
excluded.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.amjcard.2019.09.021&domain=pdf
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All pertinent data were extracted on a standardized data
collection form and verified by 2 reviewers (NL and MSU).
In case of discrepancies, the original reference article was
reviewed. The following study characteristics were
extracted: study design, number of patients assigned to
each group, participant characteristics, details of the LVAD
support, and duration of follow-up. Outcomes of interest
included all-cause mortality (30-day and 1-year), thrombo-
embolic stroke/transient ischemic attach, intracerebral hem-
orrhage/hemorrhagic stroke, device-related infections, and
bleeding. In case data on mortality were only given in a
graphical form (Kaplan-Meier curves), raw data were digi-
tized and extracted using Plot Digitizer 2.6.8; and risk ratios
(RRs) were subsequently calculated.

Risk of bias of the included cohort studies was assessed
using the Newcastle-Ottawa scale.14 This scale is used to
assign studies a score out of 9 based on 3 broad criteria: the
selection of the study groups; the comparability of the
groups; and the ascertainment of the outcome. A study with
a score of 7 or more is considered to have a good methodo-
logical quality.

Review Manager (Version 5.3. The Cochrane Collabora-
tion; London, United Kingdom) was used to perform the anal-
ysis. When analyzing the outcomes, RRs and 95% confidence
Figure 1. PRISMA flow chart depi
intervals were computed and pooled using a random effects
model. A random effects model was selected due to observed
heterogeneity in study and participant characteristics. Forest
plots were generated to visually assess the results of pooling.

Since we used unadjusted outcome measures, we assessed
baseline differences between DM and NDM patients included
in this study to identify potential confounding factors. To
achieve this, we meta-analyzed the baseline demographics
and summarized them as weighted mean differences
(WMDs) or odds ratios.

Statistical heterogeneity across studies was assessed
using Higgins I2 statistic and a value of I2 = 25% to 50%
was considered mild heterogeneity, 50% to 75% as moder-
ate, and >75% as severe.15 A p value of ≤0.05 was consid-
ered significant in all cases.
Results

A total of 1,287 articles were retrieved from the initial
search. After exclusions, 5 retrospective cohort studies
remained for analysis.7−11 The Preferred Reporting Items
for Systematic review and Meta-Analyses flow chart
(Figure 1) outlines the literature search process. The 5
selected studies included 1,351 patients (n = 488 DM
cting study selection process.
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patients, n = 864 NDM patients). Study and baseline charac-
teristics are outlined in Table 1. Table 2 summarizes the dif-
ferences in key characteristics between DM and NDM
patients. In comparison to NDM patients, diabetic patients
were significantly older (WMD = 3.27 years; p = 0.01), had
a higher body mass index (WMD= 2.44 kg/m2; p <0.001),
were more likely to be hypertensive (p <0.001), and had
more often ischemic etiology of HF (p = 0.04). Further-
more, DM patients were more likely to receive LVAD
implantation as destination therapy (p <0.001). Left ven-
tricular ejection fraction was similar between the 2 groups
(p = 1.00).

Mortality (Figure 2): Patients with DM had a modest but
significantly higher risk of 30-day mortality (RR 1.57 [1.00,
2.47]; p = 0.05; I2 = 0%). However, no significant difference
in 1-year mortality (RR 1.15 [0.98, 1.35]; p = 0.08;
I2 = 39%) was noted between the DM and NDM groups.

Device-related infection (Figure 3): There were 155/ of
488 (31.8%) events in DM group and 300 of 864 (34.7%)
events in NDM group. The risk of device-related infection
did not differ significantly between DM and NDM patients
(RR 1.05 [0.92, 1.19]; p = 0.88; I2 = 0%).

Thromboembolic stroke (Figure 4): Eight one of 488
(16.6%) DM patients and 174 of 864 (20.1%) NDM patients
had thromboembolic stroke but the risk did not vary signifi-
cantly between the 2 groups (RR 1.29 [0.91, 1.83];
p = 0.69; I2 = 0%).

Hemorrhagic stroke (Figure 5): There was no significant
difference in the incidence of hemorrhagic stroke between
the 2 groups (RR 1.10 [0.42, 2.83]; p = 0.85; I2 = 69%) with
12 of 179 (6.7%) and 39 of 331 (11.8%) events occurring in
DM and NDM patients, respectively.

Bleeding (Figure 6): The incidence of LVAD-associated
bleeding was 70 of 228 (30.7%) in DM group and 144 of
483 (29.8%) in NDM group, however, the relative risk was
similar between the 2 groups (RR 1.06 [0.80, 1.40];
p = 0.70; I2 = 27%).

All included studies were of good methodological qual-
ity, with a mean Newcastle-Ottawa scale score of 7.2
(Table 1). Publication bias could not be assessed by funnel
plot due to low number of included studies (<8).
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Discussion

To the best of our knowledge, this is the first meta-analy-
sis to compare outcomes in DM and NDM patients after
LVAD implantation. The results of this study suggest that
DM is associated with an increase in short-term mortality;
however, there is no significant difference in long-term
mortality. Furthermore, patients with DM are not at
increased risk for adverse events such as device infection,
thromboembolic stroke, hemorrhagic stroke, or bleeding.

All 5 included studies reported 1-year mortality, and the
results of this meta-analysis are consistent with 3 of them,
which showed no association between DM and post-LVAD
mortality at 1 year.9−11 For example, the study by Vest et al
—comprised of 300 patients—found no link between DM
and post-LVAD mortality. In contrast, the most recent and
largest study (341 patients) on this topic showed signifi-
cantly increased 1-year mortality in DM patients, which
remained after accounting for 12 confounding factors.8 The

www.ajconline.org


Table 2

Pooled weighted baseline demographics comparing patients with and with-

out diabetes mellitus (DM)

Baseline Characteristic DM vs NDM patients p Value

Age WMD (95% CI) = 3.27 [0.74, 5.80] 0.01

Males OR (95% CI) = 1.23 [0.80, 1.90] 0.34

Hypertension OR (95% CI) = 2.56 [1.52, 4.30] <0.001
Ischemic heart failure OR (95% CI) = 1.49 [1.02, 2.18] 0.04

Device as destination

therapy

OR (95% CI) = 1.73 [1.28, 2.32] <0.001

BMI WMD (95% CI) = 2.44 [1.79, 3.09] <0.001
LVEF WMD (95% CI) = 0.00 [�0.87, 0.87] 1

BMI = body mass index; LVED = left ventricular ejection fraction;

OR = odds ratio; WMD =weighted mean difference.

Heart Failure/LVAD in Diabetes Mellitus Patients 1921
study by Butler et al showed similar results.7 Three studies
reported 30-day post-LVAD mortality,7−9 and all leaned
toward a higher mortality in the DM group, but did not
reach statistical significance. A similar result of borderline
significance was seen upon meta-analysis of these studies.
Figure 2. Forest plot comparing 30-day and 1-year mortality between DM and ND

zontal lines represent the 95% confidence intervals (CI) of the risk ratio. The size

in the meta-analysis. The diamonds represent the pooled risk ratio or the overall ef

Figure 3. Forest plot comparing the risk of device-related infection be
DM is associated with an increased risk of certain infec-
tions, including soft tissue infections, which are relevant to
patients who underwent LVAD implantation.16 This is due
to an impaired immune response in these patients.17,18

However, our study shows no increase in the risk of device-
related infections in diabetic patients. In 2014, Boyle et al
reported DM as an independent risk factor for ischemic
stroke in 956 patients on LVAD support.19 However, a sim-
ilar effect was not seen upon meta-analysis of the 4 studies
reporting this outcome. Similarly, this study showed no
association between DM and hemorrhagic stroke (reported
by 3 studies) or bleeding (reported by 3 studies) after
LVAD implantation. These results concur with those
obtained by Boyle et al.19

It is important to consider that the DM patients in this
study were significantly older and had a higher prevalence
of hypertension and ischemic HF at baseline, all of which
are independent risk factors for adverse events or mortality
in patients who underwent LVAD implantation.7,20 Despite
the considerable burden of risk factors within the DM
M patients. Squares represent the risk ratio of the individual studies; hori-

of the squares reflects the weight that the corresponding study contributes

fect. DM = diabetes mellitus; NDM= nondiabetes mellitus.

tween DM and NDM patients. Other annotations as in Figure 2.



Figure 4. Forest plot comparing the risk of thromboembolic stroke between DM and NDM patients. Other annotations as in Figure 2.

Figure 5. Forest plot comparing the risk of hemorrhagic stroke between DM and NDM patients. Other annotations as in Figure 2.

Figure 6. Forest plot comparing the risk of bleeding between DM and NDM patients. Other annotations as in Figure 2.
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group, the DM status did not increase the long-term risk of
mortality or adverse outcomes during LVAD support.

A possible explanation for this could be the presence of
certain protective factors which may benefit diabetics such as
higher body mass index. In HF, obese patients have shown to
have more favorable outcomes than nonobese ones, despite
obesity being a causal factor for HF.21 This “obesity paradox”
has also been demonstrated in a specific population of HF
patients who underwent LVAD implantation.22 Although we
do not believe that obesity is truly protective of mortality in
HF, it is likely a phenotypic marker indicating better progno-
sis, one of the possible explanations being the inclusion of
cachexic HF patients in the comparison cohorts. Further, there
is robust evidence suggesting improved glycemic control after
LVAD implantation.8,10,23,24 In fact, a 2014 study showed that
average HbA1c levels can drop up to 2.3%, and persist for at
least 1-year post implant.24 This likely results from the favor-
able metabolic effects of improved hemodynamics in HF
patients who have received an LVAD. Mechanical support
increases perfusion and decreases congestion of the pancreas,
and concurrently improves systemic circulation of insulin.25

This study has important clinical implications as it
presents a strong case to proceed with LVAD implantation
in DM patients who otherwise meet mechanical circulatory
support criteria in accordance with current guideline.6 How-
ever, the latter also caution against LVAD placement in dia-
betics with poor glycemic control. Due to insufficient data,
we were unable to study the association between baseline
glycemic levels and post-LVAD outcomes. Higher glucose
levels at baseline have been shown to be associated with
increased adverse outcomes in patients who underwent cor-
onary artery bypass graft surgery.26 However, there exists a
dearth of literature in this area for patients who underwent
LVAD implantation. Thus, existing evidence does not sup-
port the assertion that poor glycemic control reduces sur-
vival in LVAD patients with DM.10

Certain limitations are applicable to this study. First, use
of unadjusted values from observational studies is likely to
introduce substantial confounding into meta-analyses. Sec-
ond, although mortality was stratified by time, all other out-
comes were considered over the entire study period. Hence,
variation in follow-up times between studies could have led
to some bias in these outcomes. Third, some outcomes were
only reported by 3 studies, reducing the power of meta-
analysis.

In conclusion, patients with DM, versus patients without,
have a modestly elevated 30-day mortality rate after LVAD
implantation. However, 1-year mortality rates, device-related
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infection, and bleeding rates were not different. In essence,
LVAD implantation in DM patients appears to be safe and
effective. However, our results represent an overall cohort of
DM patients and related factors such as type, severity of DM,
and diabetic end-organ complications could not be accounted
for. Future studies must investigate whether these factors
impact outcomes in DM patients after LVAD implantation.
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