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Background. The implantation of ventricular assist
evices (VAD) is an established treatment for end-stage
ongestive heart failure. Extremes of body mass index
BMI) are associated with decreased survival after cardiac
urgery. Many patients with congestive heart failure
evelop cardiac cachexia. In this study the association
etween BMI and outcomes after VAD implantation was

nvestigated.
Methods. Consecutive patients (n � 590) who under-
ent VAD placement between 1996 and 2006 were di-

ided into five groups based on BMI (kg/m2) quintiles
<20; 20 –24; 25–29; 30 –35; and >35). In a multivariate
nalysis adjusted for age, sex, diagnosis, emergency
evel, and type of device (left ventricular or biventricular
ssist device), procedural success (recovery, transplanta-
ion, or 30-day survival) and complications were ana-
yzed. The best group was set as reference category for

alculation of odds ratios.
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Results. The groups with both extremes of BMI had the
orst outcomes. The best procedural success was in the

roup with BMI 25 to 29 kg/m2. Underweight patients
ad similar survival rates to patients with normal weight.
verweight and obese patients did not have decreased

urvival. Extreme obesity at the time of VAD implanta-
ion showed elevated risk for postoperative death. There
as no significant difference for BMI groups in the type

f complications and cause of death. Cumulative survival
urves for BMI category and overall VAD patient sur-
ival showed no significant differences.
Conclusions. Cardiac cachexia need not be an exclusion

riterion for VAD placement. Underweight patients ap-
ear to have benefit from mechanical support. Severely
bese patients should be carefully selected before VAD
lacement.

(Ann Thorac Surg 2008;86:1236 – 42)

© 2008 by The Society of Thoracic Surgeons
nd-stage heart failure patients are increasingly often
without any effective therapeutic solution because of

he limitations of pharmacologic therapy combined with
he donor organ shortage for cardiac transplantation. Al-
hough criteria for the listing of transplant candidates vary
epending on the center, severe obesity is considered a
ontraindication as a result of higher posttransplant mor-
ality [1]. Nutritional factors such as low albumin identify
atients at increased surgical risk, but low body mass index

BMI) actually need not be a contraindication for heart
ransplantation. Currently, ventricular assist devices
VADs) offer a “long” bridge to transplantation, and some
f them are now approved for permanent support in
atients who cannot be transplant candidates. The first
andomized clinical trial assessing left ventricular assist
evice (LVAD) implantation as “permanent” therapy dem-
nstrates that mechanical circulatory support can success-
ully address this need in highly selected patients, with
ignificant survival benefit for LVAD recipients compared
ith standard pharmacologic therapy [2].

ccepted for publication May 15, 2008.

resented at the Poster Session of the Forty-fourth Annual Meeting of
he Society of Thoracic Surgeons, Fort Lauderdale, FL, Jan 28–30, 2008.

ddress correspondence to Dr Musci, Deutsches Herzzentrum Berlin,
However, VAD implantation and subsequent care are
xpensive. To optimize the cost-effectiveness of this ap-
roach and minimize futile application, data are necessary
n which to base the selection of VAD candidates with
resumed acceptable outcomes. Malnutrition is generally
ecognized as a major risk factor for surgery [1, 3, 4] and

ight consequently be expected to influence efficacy of
AD therapy. Obesity is epidemic and is associated with
orse perioperative outcome for surgical procedures in
eneral [5] and with higher mortality rates after heart
ransplantation [6]. An association between BMI and VAD
utcome has been described by only a few groups [7–9]. In
his study, we assessed whether recipient BMI is correlated
ith the mortality and major morbidity among patients
ndergoing VAD implantation. With the high prevalence of
verweight and obese patients in the developed countries,
his issue is currently becoming extremely important.

aterial and Methods

opulation
he study population for this retrospective investigation
onsisted of 590 patients with advanced heart failure who
nderwent VAD placement between 1996 and 2006. Pa-

ients were divided into five groups based on their BMI

uintiles distribution: BMI less than 20 kg/m2; BMI 20 to

0003-4975/08/$34.00
doi:10.1016/j.athoracsur.2008.05.044
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4 kg/m2; BMI 25 to 29 kg/m2; BMI 30 to 35 kg/m2; and
MI greater than 35 kg/m2. These groups were compared

or success rate and morbidity after VAD implantation.
Consent to the study was obtained from all patients.

utcomes and Definitions
biventricular assist device (BVAD) or total artificial

eart was adopted in the case of multiorgan failure, high
entral venous pressure, high pulmonary vascular resis-
ance, low mean pulmonary artery pressure, low right
entricular ejection fraction with tricuspid insufficiency,
r severe ventricular arrhythmias.
The primary study end points were recovery, trans-

lantation, and 30-day survival, which defined the pro-
edural success after VAD placement. Survival was also
ssessed as the proportion of patients within each BMI
uintiles alive at 180 and 365 days after implantation.
ause of death was studied by dividing deaths into the

ollowing complication categories: neurologic, infectious,
nd multiorgan failure. Change of device, correlated to
hrombotic events, was also assessed and analyzed as a
ostoperative morbidity factor. All the complications
ere compared among the five groups.
Neurologic complications included transient ischemic

ttack and embolic or hemorrhagic stroke, considering
he special significance of thromboembolism and antico-
gulation issues among patients undergoing VAD place-

able 1. Baseline Patient Characteristics in Different Body M

haracteristics

Overall
(n � 590)

(%)

�20 kg/m2

(n � 35)
(%)

ge (y) mean � SD 51.6 � 12.3 45.8 � 17.6
ale 85.9 74.3
eight (cm) mean � SD 175.2 � 8.2 175 � 8.8
eight (kg) mean � SD 79.5 � 14.9 56.1 � 7.4

ody surface area (m2)
mean � SEM

1.95 � 0.017 1.3 � 0.04

MI (kg/m2) mean � SD 25.8 � 4.2 18.2 � 1.2
ilative CMP 44.9 42.9

schemic dilative CMP 29.1 22.9
cute infarction 9.8 . . .
yocarditis 3.5 5.7

estrictive CMP 1.7 8.6
eoperation 4.2 14.3
omorbidities
Diabetes 26.4 22
Hypertension 37.8 32
Dyslipidemia 28.4 21

revious transient neurologic event 3.8 5
aboratory values
Creatinine (mg/dL) 1.6 � 0.8 1.4 � 0.5
Total bilirubin (mg/dL) 1.6 � 1.0 1.6 � 0.5
Prothrombin time (s) 15.9 � 3.1 15.9 � 3.2

MI � body mass index; CMP � cardiomyopathy; NS � not sign
ent. Infection complications were defined as any posi- p
ive blood or tissue culture requiring antibiotic therapy.
e also specifically studied pump pocket or driveline

nfections and systemic sepsis. Bleeding complications
ere defined as requiring more than 5 units of packed

ed blood cell transfusions within a 24-hour period and
equiring rethoracotomy in the operating room.

tatistical Analysis
univariate analysis was performed to assess associations

etween patient characteristics and the various patient

ig 1. Distribution of body mass index (BMI) in the study

dex Groups

BMI

–24 kg/m2

n � 247)
(%)

25–29 kg/m2

(n � 220)
(%)

30–34 kg/m2

(n � 72)
(%)

�35 kg/m2

(n � 16)
(%)

p
Value

0.8 � 12.6 52.9 � 11.2 52.9 � 10.5 51.8 � 13.2 0.019
83.8 91 86.1 75 0.027

75 � 8.4 176 � 7.6 174 � 7.6 171.2 � 11.3 0.1
1.3 � 8.9 84.6 � 8.4 97.3 � 9.5 112.2 � 17.9 0.00
1.7 � 0.01 2.08 � 0.01 2.3 � 0.03 2.7 � 0.13 0.00

3.1 � 1.3 27.2 � 1.2 32 � 1.3 38 � 2.6 0.00
47.6 44.2 44 23.5 0.4
27.4 29.5 34.7 35.3 0.6
8.9 11.5 9.3 23.5 0.07
4 3.7 . . . 5.9 0.4
2.8 . . . . . . . . . 0.002
3.6 3.2 4 5.9 0.04

19 27 27 37 NS
27 40 45 45 NS
19 28 37 37 NS
3 2 2 7 NS

1.7 � 0.8 1.6 � 0.8 1.6 � 0.8 1.7 � 0.9 NS
1.5 � 0.9 1.5 � 0.8 1.6 � 0.9 1.7 � 1.5 NS
5.6 � 3.2 15.2 � 4.5 15.2 � 3.5 16.1 � 2.3 NS

t; SD � standard deviation; SEM � standard error of the mean.
ass In
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roups based on BMI using �2 tests for categorical variables
nd analysis of variance for continuous variables.

Complications after VAD implantation were com-
ared among the five groups using the same analytic
pproach. The Kaplan–Meier survival curve was used
o assess overall survival. Log-rank statistics were
erformed to assess statistical significance between
urvival differences among the five groups. Cox regres-
ion analyses were performed to calculate odds ratios
OR) and 95% confidence intervals (CI). The following
haracteristics were studied as potential predictors:
ge, sex, dilative cardiomyopathy as primary diagnosis,
VAD implantation, or emergency regimen of VAD
lacement. A probability value of 0.05 was used to
esignate statistical significance. Categorical variables
re presented as proportions and continuous variables,
s means � standard deviation. All analyses were
erformed using SPSS for Windows Release 11.5 (SPSS

nc, Chicago, IL).

able 3. Postoperative Assist Device Implantation Complicati

haracteristics

Overall
(n � 590)

(%)

�20 kg/m2

(n � 35)
(%)

20–
(n

nfections
Pump pocket/drive line 2.9 . . .
Systemic 17.9 8.6
eurologic
TIA 8.7 2.9
Stroke 12.2 11.4

eoperation for bleeding 13.2 20
ump change for thrombosis 11 8.6

able 2. Types of Assist Devices Implanted in Different Body

evice

Overall
(n � 590)

(%)

�20 kg/m2

(n � 35)
(%)

erlinHeart Excor 46.5 48.6
ncor LVAD 17.7 8.6
ovacor LVAD 11.8 14.3
biomed BVS 5000 6.6 2.9
icroMed DeBakey LVAD 6.1 14.3

mpella Recover 4.1 5.7
ardiowest TAH 2 2.9
ionHeart LVAD 1 . . .
eartMate I LVAD 1 . . .
uraHeart LVAD 1 2.9
eartMate II LVAD 0.2 . . .
orAide LVAD 0.2 . . .

MI � body mass index; LVAD � left ventricular assist device; T
MI � body mass index; TIA � transitory ischemic attack.
esults

atient Characteristics
he average age of the study population was 51.6 � 12.3
ears (range, 18 to 78 years). More than 85.9% of the patients
ere males. Patient characteristics are shown in Table 1. In
ur study 5.9% of patients in our study were cachectic,
5.9% overweight, and 14.9% obese. The average BMI was
5.8 � 4.2 kg/m2 with a range from 14.6 kg/m2 to 43.8 kg/m2

Fig 1). The average weight and body surface area for the
tudy population were 79.5 � 14.9 kg (range, 42 to 140 kg)
nd 1.95 � 0.017 m2 (range, 0.93 to 3.53 m2), respectively
Table 1). Table 2 shows the different types of VAD
mplanted.

omplications After Ventricular Assist Device
one of the complications differed significantly among

he five groups (Table 3). As shown in Table 4 there were
o significant differences among BMI groups in unad-

ates in Different Body Mass Index Groups

BMI

/m2

47)
25–29 kg/m2

(n � 220)
(%)

30–34 kg/m2

(n � 72)
(%)

�35 kg/m2

(n � 16)
(%) p Value

3.7 4.1 . . . 0.6
16.6 13.3 11.8 0.1

10.2 9.5 5.9 0.6
11.1 14.7 5.9 0.8
11.1 10.8 11.8 0.5
10.6 13.5 11.8 0.9

s Index Groups

BMI

24 kg/m2

� 247)
(%)

25–29 kg/m2

(n � 220)
(%)

30–34 kg/m2

(n � 72)
(%)

�35 kg/m2

(n � 16)
(%)

47.2 44.7 46.7 52.9
15.3 18.4 28 17.6
14.1 12.4 4 . . .
6.9 5.5 8 17.6
6.9 5.1 4 . . .
2.8 5.5 2.7 5.9
2 1.8 2.7 . . .
1.2 0.9 1.3 . . .
2 0.5 . . . . . .
0.4 1.8 . . . . . .
. . . 0.5 . . . . . .
. . . 0.5 . . . . . .

total artificial heart.
on R

24 kg
� 2
(%)

2.5
22.2

8.3
12.9
14.9
10.7
Mas

20–
(n
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usted values for wound infection, transient ischemic
ttacks, bleeding, or incidence of pump change. How-
ver, patients of BMI 30 to 34 kg/m2 had an elevated risk
f pump device change for clotting (OR, 1.2; 95% CI, 0.5 to
.8), and after adjustment the rate of BVAD implantation
as significant (p � 0.007).
The same BMI category (30 to 34 kg/m2) had an

levated risk of wound infection (OR, 1.2; 95% CI, 0.3 to
.9). There was no significance after adjustment.
Patients with BMI less than 20 and 30 to 34 kg/m2 had

n elevated risk of transient ischemic attack (OR, 1.2; 95%
I, 0.3 to 3.8 and OR, 1.4; 95% CI, 0.6 to 3.1), and after
djustment the frequency of emergency VAD placement
as significant (p � 0.04).
Patients with BMI less than 20 and 20 to 24 kg/m2

howed an elevated risk of rethoracotomy for bleeding
OR, 1.7; 95% CI, 0.6 to 4.6 and OR, 1.3; 95% CI, 0.7 to 2.3),
nd after adjustment the BVAD placement rate was
ignificant (p � 004).

Both stroke and sepsis were causes of death and are
iscussed below.

rocedural Success and Survival
verall 232 of 590 (39.3%) patients died on VAD support
ithin 30 days, 116 (19.6%) received heart transplantation,

nd 47 (7.9%) gained recovery from VAD support. Perma-
ent support was achieved in 12.4% of patients. No statis-

ically significant difference in the distribution for groups

able 4. Relationship Between Risk for Complications After A
alculated in Relation to the Body Mass Index Group With L

haracteristics

Unadjusted

OR 95% CI p Value

ound infection
�20 kg/m2 0.0 0.4–5.1 0.9
20–24 kg/m2 0.6 0.2–1.9 0.4
30–34 kg/m2 1.2 0.3–4.9 0.7
�35 kg/m2 0.0 0.4–5.1 0.9

IA
�20 kg/m2 1.2 0.3–3.8 0.7
20–24 kg/m2 1.1 0.6–2.1 0.5
30–34 kg/m2 1.4 0.6–3.1 0.3
�35 kg/m2 0.5 0.07–4.5 0.5

leeding
�20 kg/m2 1.7 0.6–4.6 0.2
20–24 kg/m2 1.3 0.7–2.3 0.2
30–34 kg/m2 0.9 0.4–2.2 0.9
�35 kg/m2 1.1 0.2–5.2 0.9

ump change
�20 kg/m2 0.6 0.1–2.3 0.5
20–24 kg/m2 0.9 0.4–1.6 0.7
30–34 kg/m2 1.2 0.5–2.8 0.5
�35 kg/m2 0.9 0.2–4.8 0.9

Odds ratios (OR) and 95% confidence intervals (CI) unadjusted and ad

MI � body mass index; BVAD � biventricular assist device; DC
as present in all described results. The success rate with T
dds ratios and ranges, unadjusted and adjusted, in the five
roups is summarized in Figure 2. Patients with BMI less
han 20 and greater than 35 kg/m2 had an elevated risk of
ostoperative mortality and failure of procedural success

OR, 2.1; 95% CI, 0.9 to 4.7, p � 0.05, and OR, 5.8; 95% CI, 1.8
o 18.8, p � 0.003, respectively), and after adjustment,
reater age (p � 0.003), dilative cardiomyopathy as primary
iagnosis (p � 0.000), and BVAD implantation (p � 0.001)
ere significant.
The 30-, 180-, and 365-day survival after VAD implanta-

ion were not significantly different (57.7%, 60%, 65.5%, 59.2%,
nd 35.3% for 30-day survival; 41.9%, 47.4%, 54.3%, 43.1%, and
3.5% for 180-day survival; 36.5%, 42%, 51.4%, 37.8%, and
3.5% for 365-day survival). Figure 3 demonstrates the
aplan–Meier survival curves for BMI category and overall
AD patient survival to be without any significant difference.
There was no significant difference for the BMI groups

n the rates of cause of death (Table 5).
As shown in Table 6, patients with BMI less than 20

nd greater than 35 kg/m2 had an elevated risk of
ultiple organ failure (OR, 2.1; 95% CI, 0.9 to 5.1, p � 0.05,

nd OR, 1.9; 95% CI, 0.5 to 6.2, p � 0.2, respectively), and
fter adjustment, male sex (p � 0.05), greater age (p �
.05), dilative cardiomyopathy (p � 0.02), BVAD implan-
ation (p � 0.05), and emergency VAD placement (p �
.01) were significant.
Patients with BMI 20 to 24 kg/m2 had an elevated risk

f sepsis as cause of death (OR, 1.3; 95% CI, 0.8 to 2.2).

Device Implantation in Different Body Mass Index
t Incidence (BMI � 25–29 kg/m2)a

Adjusted p Value

ex Age Emergency BVAD DCMP

6 0.07 0.5 0.7 0.09

2 0.2 0.04 0.1 0.6

06 0.4 0.1 0.04 0.1

8 0.08 0.7 0.007 0.7

are presented.

dilative cardiomyopathy; TIA � transitory ischemic attack.
ssist
owes

S

0.

0.

0.

0.

justed
here was no significance after adjustment.
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Patients with BMI 30 to 34 kg/m2 had an elevated risk
f stroke as cause of death (OR, 1.16; 95% CI, 0.3 to 4.0),
nd after adjustment, emergency VAD placement (p �
.04) was significant.

omment

n this study, patients with BMI 25 to 29 kg/m2 (over-
eight patients) had the best outcome in terms of proce-
ural success rate. Patients with BMI less than 20 and
reater than 35 kg/m2 (underweight and morbidly obese,
espectively) had an elevated risk of procedural failure.
reater age, cardiomyopathy as primary diagnosis, and
VAD implantation were significant after adjustment.
atients with BMI greater than 35 kg/m2 fared signifi-
antly worse in the outcome.

There was no significant difference among the five
roups in term of mid-term and long-term survival (Fig
). Neither cause of death nor comorbidities showed a
ignificant difference, in terms of rate and risk, in the
ifferent BMI groups. Only cachectic patients (BMI � 20
g/m2) were at high risk of multiple organ failure as a
ause of death. Male sex, advanced age, dilative cardio-
yopathy, BVAD, and emergency VAD placement were

ignificantly associated with the result.
At present, mechanical circulatory support is an expen-

ig 2. Relationship between risk for 30-day mortality in different
ody mass index (BMI) groups calculated in relation to the BMI
roup with lowest incidence (BMI � 25–29 kg/m2). Vertical bars
how 95% confidence intervals (CI). Odds ratios (OR) unadjusted
nd adjusted are given below the figure. (BVAD � biventricular as-
ist device; DCMP � dilative cardiomyopathy.)
ive option with important risks. Ventricular assist device s
se should be proposed to patients who can reasonably
enefit, in terms of length and quality of life, at a cost
omparable to that of other therapies. Consequently,
ppropriate candidate selection for VAD implantation is
ecessary. In this context our study addressed the role of
utritional status in VAD outcomes to try to develop
linical criteria for selection.

The BMI expresses nutritional status, as well as meta-
olic abnormalities and general organ function of pa-

ients. We hypothesized that more precise division of
atients with regard to BMI would identify patients with
ptimal BMI and BMI at risk for adverse outcomes and
ortality after VAD placement.
Low body mass, as in cachectic patients, is a risk factor

n cardiac surgery [3, 4, 6, 10, 11] and in univariate
nalysis of the Cardiac Transplant Research Database
roup [1]. It was previously shown that patients with low
MI are at higher risk after cardiac surgery than obese
atients [12]. In another study it was demonstrated that
urvival after implantation of a VAD is related to body
ass at the time of implantation and that survival is

oorer in patients with low BMI [9].
Obesity is an independent risk factor for death

aused by coronary artery disease [5]. Other work has
uggested that overweight subjects, and those at the
xtremes of the weight range, have a worse prognosis
fter transplantation [1, 6].
The National Institutes of Health and the World Health
rganization define overweight as a BMI of 25 kg/m2 or

reater and obesity as a BMI of 30 kg/m2 or greater [10].

ig 3. Kaplan–Meier curves of survival stratified by body mass in-
ex (BMI) in the years after implantation (log-rank test). (SD �

tandard deviation.)
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lthough Roques and colleagues [11] classified patients with a
MI of 33 kg/m2 or greater as morbidly obese, Birkmeyer and
ssociates [12], on the other hand, defined patients with a BMI
f 36 kg/m2 or greater as severely obese.
According to these proposals, we divided our popula-

ion into five BMI groups, thus defining two classes for
besity (30 to 34 and greater than 35 kg/m2), with a small
umber of patients (n � 16) in the last class.
This study shows that heart failure patients with very

ow body weight can undergo VAD placement success-
ully and that the presence of cardiac cachexia and severe
rotein-calorie depletion, as one manifestation of far
dvanced heart failure, need not be an exclusion criterion
or such treatment. The results suggest that underweight
atients, because of the underlying extremely poor prog-
osis [13, 14], have, owing to the restoration of normal
emodynamics, a greater benefit from VAD placement
ompared with patients with higher body weight.

These results are similar to those of Deng and cowork-
rs [15] and Clark and associates [16], who have sug-
ested that the survival benefit from heart transplanta-

able 5. Causes of Death After Assist Device Implantation in

haracteristics

Overall
(n � 590)

(%)

�20 kg/m2

(n � 35)
(%)

20–24 k
(n �

(%

ultiple organ failure 20.1 28.6 20.
nfectious 17.9 8.6 22.
eurologic 12.2 11.4 12.

MI � body mass index.

able 6. Relationship Between Risk for Cause of Death After
alculated in Relation to the Body Mass Index Group With L

haracteristics

Unadjusted

OR 95% CI p Value

ultiple organ failure
�20 kg/m2 2.1 0.9–5.1 0.05
20–24 kg/m2 1.3 0.8–2.2 0.2
30–34 kg/m2 1.4 0.7–2.7 0.2
�35 kg/m2 1.9 0.5–6.2 0.2

nfectious
�20 kg/m2 0.4 0.1–1.6 0.2
20–24 kg/m2 1.3 0.8–2.2 0.1
30–34 kg/m2 0.7 0.3–1.6 0.5
�35 kg/m2 0.7 0.1–3.3 0.6
eurologic
�20 kg/m2 0.9 0.3–3.03 0.9
20–24 kg/m2 0.8 0.2–2.5 0.7
30–34 kg/m2 1.1 0.3–4.04 0.8
�35 kg/m2 0.4 0.04–4.5 0.5

Odds ratios (OR) and 95% confidence intervals (CI) unadjusted and ad
MI � body mass index; BVAD � biventricular assist device; DCMP �
ion is greatest in patients with the poorest prognosis as
ssessed by a validated score [17].
Two-year use of an LVAD prolongs survival in patients
ith end-stage heart failure [2]. Both transplantation and
VAD implantation are major surgical interventions that
ubstantially improve cardiac output. One important
ifference between the two is the use of immune modu-

atory therapy after transplantation. We hypothesize that
mplantation of VAD support earlier and with less inva-
ive methods together with several other interventions,
ncluding intensified nutrition and hormonal treatment,
ould be even more successful in this category of
atients.
Meanwhile, the better nutritional, immunologic, met-

bolic, and inflammatory profile probably allows normal
nd even overweight end-stage heart failure patients to
olerate the perioperative stressors of VAD placement
ell. In chronic heart failure, being overweight is not

ssociated with adverse prognosis [18].
Severe and morbidly obese patients with high choles-

erol and possibly several comorbidities that reduce their

erent Body Mass Index Groups

BMI

2 25–29 kg/m2

(n � 220)
(%)

30–34 kg/m2

(n � 72)
(%)

�35 kg/m2

(n � 16)
(%) p Value

16.6 22.7 29.4 0.3
16.6 13.3 11.8 0.1
11.1 14.7 5.9 0.8

t Device Implantation in Different Body Mass Index
t Incidence (BMI � 25–29 kg/m2)a

Adjusted p Value

Sex Age Emergency BVAD DCMP

0.05 0.01 0.01 0.05 0.02

0.4 0.1 0.4 0.7 0.3

0.1 0.3 0.04 0.1 0.4

are presented.
Diff

g/m
247)
)

6
2
9

Assis
owes

justed
dilative cardiomyopathy.
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athophysiologic status remain high-risk patients for
AD placement, as for both routine cardiac surgery and

ransplantation.
In conclusion, in our opinion, cardiac cachexia need not

e an exclusion criterion for VAD placement. Underweight
atients appear to experience greater benefit from mechan-

cal support. Severely obese patients should be carefully
elected before VAD placement. Early implantation of VAD
ould restore the hemodynamics and BMI of patients in the
ow BMI population, thus stabilizing and preparing them
or heart transplantation in a shorter time than with phar-

acologic therapy only. According to the acceptable out-
omes in both low and high BMI VAD patients, the me-
hanical support approach, as treatment of end-stage heart
ailure, could provide a therapeutic alternative for cachectic
r overweight and obese patients without diverting scarce
earts from lower risk patients. However, further investi-
ations on the issue are clearly necessary.
The present study is a retrospective, secondary analy-

is of a registry, and not a prospective or randomized
tudy designed to address this specific question. There is

natural bias in the clinical assessment of the patient
roups. The most obvious limitation is the small number
f patients in the last BMI group, which, however, often
epresents the smallest cohort in a VAD patient popula-
ion. We do not have complete data on the pattern of
eight change after VAD placement, and further study is

learly needed. Several types of VADs were used in the
tudy population but with no significant difference in
heir distribution in the groups analyzed. The type of
AD did not significantly affect the outcome in the
roups of the population. Body mass index is an indicator
f nutritional status, and edema may falsify its estima-
ion. Therefore the collection of more nutritional labora-
ory variables and their analysis in a further study are
learly necessary.

Despite these limitations, the present study represents
n attempt to analyze the influence of BMI on the
utcome of VAD candidates in a large population as a
ingle-center experience.

he authors are grateful to Tanja Nienkarken for data collection,
strid Benhennour for bibliographic assistance, Julia Stein for

tatistical analysis, and Anne Gale for editorial assistance.
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