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ABSTRACT

Objective

Several studies show that a low fat-free mass index (FFMI, kg/m2) is a stronger predictor
for mortality than a low BMI. Therefore, the main aim of this study was to assess the still
unknown association between a preoperatively low FFMI and adverse outcome after car-
diac surgery.

Methods

A prospective observational study was performed. FFMI was determined by bioelectrical
impedance spectroscopy on hospital admission. The associations between a low FFMI and
postoperative infections and mortality as well as prolonged length of ICU and hospital
stay were analyzed using logistic and Cox regression techniques.

Results

Between February 2008 and December 2009, 325 adult patients admitted for elective
open-heart surgery were included. Analyses showed that a low FFMI, present in 8.3% of
patients, was independently associated with the occurrence of infections after cardiac
surgery (18.5% vs. 4.7%, adj. OR:6.9; 95% confidence interval (95%CI) [1.8-27.7],
p=0.01). A low FFMI also tended to be associated with a higher risk for a longer post-
operative stay at the ICU (adj. HR:0.7; 95%CI [0.4-1.1], p=0.09). When classifying
patients as undernourished by traditional methods - BMI ≤ 21.0 kg/m2 and/or ≥ 10% WL
in the preceding six months - half of patients with a low FFMI were misclassified and
scored as well-nourished.

Conclusions

A low FFMI is associated with an increased occurrence of adverse outcome after cardiac
surgery. We advocate that FFMI should be the leading parameter in classifying and
treating undernourished cardiac surgery patients. As a result, recovery rates after cardiac
surgery might be improved.
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Introduction

Disease-related undernutrition (DRU) is associated with a higher postoperative risk
of infectious and non-infectious complications, increased morbidity and mortality,
prolonged hospital stay, and it can lead to impaired wound healing1;2. Undernutri-
tion is present in about 25-40% of hospital inpatients and in 10-20% of the preopera-
tive outpatient population3;4.
In cardiac surgery, 10-25% of patients are preoperatively undernourished2;5. Cardiac
surgery patients with a low preoperative BMI and/or unintended weight loss (WL)
are at higher risk for postoperative complications, infections and mortality than obese
and severely obese patients2;5;6. Although BMI and WL help to identify the under-
nourished, most probably because BMI and WL are related to fat-free mass index
(FFMI, kg/m2)7, they do not give exact information on body composition.
Body mass consists of metabolically-active fat-free mass and inactive fat mass. In stud-
ies in a mixed hospital population and on major vascular surgery a low FFMI has been
shown to be associated with a longer hospital stay and an increased occurrence of the
systemic inflammatory response syndrome, respectively8;9. It has been demonstrated
in COPD patients that a low FFMI is a stronger predictor for mortality than low BMI10.
Patients with a normal BMI may still suffer from undernutrition because of a low
FFM. Thus, if only BMI and WL are used to identify the undernourished, some car-
diac surgery patients with a low FFMI might be misclassified as well-nourished. It is
evident that these misclassifications may lead to inappropriate nutritional treatment
and possible postoperative complications. Both overfeeding in the well-nourished
and untreated undernutrition result in more complications after cardiac surgery5;11.
In contrast to BMI and WL, the association between a low preoperative FFMI and the
occurrence of postoperative infections has not yet been established in cardiac surgery
patients or, to the best of our knowledge, in other surgical populations. Therefore,
the main aim of this study was to assess the association between a low preoperative
FFMI and the occurrence of infections and mortality as well as the length of ICU
stay and hospital stay after cardiac surgery. Secondly, the additional value of measur-
ing low FFMI in addition to the most commonly used parameters to identify the
undernourished - low BMI and unintended WL - was assessed.

Methods
Subjects and design

Between February 2008 and December 2009, a prospective cohort study was conducted.
Patients admitted to the cardio-thoracic surgical ward at the Academic Medical
Center (AMC) for elective open-heart surgery (CABG and/ or heart valve surgery)
with extracorporeal circulation were consecutively asked to participate. Those patients
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who were not willing or able to give written informed consent, who had a pacemaker,
a congenital heart abnormality or who had undergone open-heart surgery within the
preceding three months were excluded. This study was approved by the Medical
Ethical Committee of the AMC, Amsterdam, The Netherlands.

Body composition

On the day of admission to the cardio-thoracic surgery ward, preoperative patient
baseline measurements were taken. Data were collected on body height, weight and
body composition while patients were barefoot and in underwear. Body height was
measured to the nearest 0.5 cm using a stadiometer (Seca, Germany). Current body
weight was measured using an electronic beam scale with digital read-out to the near-
est 0.1 kg (Inventum Scala PW200). Patients were asked what their weight had been at
one and six months before admission. Body composition, i.e. FFM, was determined
by bioelectrical impedance spectroscopy (BIS; BodyScout Fresenius Kabi, Germany).
BIS measurements were done while the patients were lying supine with legs apart and
arms abducted. BIS measurements were performed once on the same patient. BIS
measurements are highly reproducible and operator-independent12. The measurement
was performed on the right side of the body using four electrodes (3 M Red Dot,
Health Care, Borken, Germany); two electrodes were placed on the dorsum of the
hand and two on the dorsum of the foot. A 5-1000 kHz electrical current was briefly
introduced into the body and tissue conductivity was measured. Multiple frequencies
enabled a difference between intracellular fluid and extracellular fluid to be measured.
Subsequently, FFM was calculated13. To adjust for differences in body height, FFMI
was calculated by dividing FFM (kg) by squared height (m2).

Undernutrition

Patients were classified as undernourished in terms of a low FFMI according to the
cut-off points suggested by research of Kyle et al, i.e. FFMI ≤ 14.6 kg/m2 in women
and ≤ 16.7 kg/m2 in men14. This healthy population study (n=5635) shows FFMI
values of 16.7 to 19.8 kg/m2 for men and 14.6 to 16.8 kg/m2 for women within normal
BMI ranges (18.5 to 25 kg/m2). Patients undergoing cardiac surgery were classified
as undernourished by BMI, if BMI was ≤ 21.0 kg/m2 and/or by unintended WL, if
WL had been ≥ 10% in the preceding six months5.

Patient characteristics 

Patient characteristics such as age, gender, operative procedure, operative risk, in-
flammatory activity, hypoalbuminaemia, heart failure and operation time were
extracted from medical files and the standard electronic database of the cardio-
thoracic surgery department.
For statistical analysis, age was modelled as continuous and dichotomised variable,
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≥ 65 y vs. <65 y. The operative procedure was dichotomised as isolated CABG vs. iso-
lated heart valve surgery or both. Operative risk, i.e. the EuroSCORE (European
System for Cardiac Operative Risk Evaluation) was dichotomised as score ≥ 6 (high
operation risk) compared with score <6 (low risk). Inflammatory activity was dicho-
tomised as CRP ≥ 5 mg/L vs. <5 mg/L, hypoalbuminaemia as ≤ 39 g/L vs. >39 g/L and
heart failure as NT-pro BNP ≥ 600 ng/l vs. <600 ng/l. Operation time was divided
into cardiopulmonary bypass (CPB) time and aortic cross-clamp (ACC) time, and
dichotomised as ≥ 130 min vs. <130 min for CPB and ≥ 90 min vs. <90 min for ACC.

Postoperative adverse outcome

Data about postoperative complications were also collected from medical files and
from the standard electronic database of the cardiothoracic surgery department at
the AMC. The postoperative adverse outcomes were the occurrence of postoperative
infections and death as well as length of ICU stay and length of hospital stay, all
during the period of hospitalization for surgery. Additionally, these outcome data
were completed with data covering the complete hospitalization period directly fol-
lowing transfer from the hospital where surgery was carried out back to the referring
hospital. Postoperative infection was defined as the composite of septicaemia, respi-
ratory tract infection, mediastinitis, deep sternal wound and leg wound infection.
These were in accordance with the definitions of The Society of Thoracic Surgeons
(version 2.61, 2007; www.sts.org). To assess the association between a low FFMI
and length of stay ICU and hospital stay, these outcome data were modelled as con-
tinuous variables with ICU stay in hours and hospital in days. Postoperative death
was defined as death during hospital admission.

Statistical analyses

To estimate the effect size of the association between a low preoperative FFMI and
the occurrence of postoperative infections, firstly univariate logistic regression analysis
was carried out. The odds ratio (OR) and 95% confidence interval (95%CI) were cal-
culated, with postoperative adverse outcome as a dependent variable and low FFMI
as an independent variable. Secondly, if a p value ≤ 0.10 for low FFMI in the uni-
variate logistic regression analysis was present, multivariate regression analysis
adjusting for gender, age, operative procedure, operative risk, heart failure, inflam-
matory activity, hypoalbuminaemia and operation time was performed. Similar pro-
cedure was conducted to assess the association between a low preoperative FFMI
and mortality. In order to include time-related information concerning length of
ICU and hospital stay, these dependent outcome variables were analysed using uni-
and multivariate Cox regression analyses adjusting for gender, age, operative proce-
dure, operative risk, heart failure, inflammatory activity, hypoalbuminaemia and opera-
tion time. Discharge at any point during the admission period was coded as event
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and death or loss to follow up as censored data. The proportional hazard assumptions
of Cox regression analysis were met. Hazard ratios (HR) and their 95%CI were cal-
culated. Lastly, to determine the independent value of a low FFMI, in addition to
the traditional way of identifying the undernourished - BMI ≤ 21.0 kg/m2 and/or
≥ 10% WL in the preceding six months - we also entered low BMI and/or WL in the
previously mentioned multivariate logistic and Cox regression models. To demon-
strate the additional value of classifying patients as being undernourished with a low
FFMI instead of low BMI and/or recent WL, crosstabs were presented. A p value of
≤ 0.05 was considered statistically significant. All statistical analyses were done with
SPSS (version 16.0; SPSS Inc, Chicago, IL) statistical software for WINDOWS.

Results
Subjects

Between February 2008 and December 2009, 770 patients undergoing cardiac surgery
were eligible for inclusion. Between June and October 2008 inclusion was interrupted
due to logistical reasons (n=162). In addition, 174 patients could not be asked to
join because of logistical interference with the usual preoperative medical assessment
protocol. Two patients were excluded because they had no command of the Dutch
language, and in three patients no bodyweight and height measurements could taken
as they were confined to bed. In 33 patients no BIS (FFMI) measurements could be
performed because they had a pacemaker.
A total of 396 patients were asked to participate. Of these patients 17.9% (n=71) refused
to participate. These patients had a higher operation risk and were older than those
patients who gave informed consent (p<0.005 and p=0.01, respectively). The remain-
ing data from 325 patients were analysed. Their preoperative baseline characteristics
are summarized in Table 5.1.

Preoperative undernutrition and low FFMI

Preoperatively 13.0% (n=42) of cardiac surgery patients were undernourished. 8.3%
(n=27) had a low FFMI, 4.0% a BMI ≤ 21.0 kg/m2 and 5.3% had ≥ 10% weight loss
in the preceding 6 months. A low FFMI was largely present in women (16.7% vs. 5.1%),
elderly patients (11.3% vs. 4.3%), high operation risk patients (15.0% vs. 4.0%),
patients undergoing heart valve surgery (11.5% vs. 5.4%), and in patients suffering
from severe heart failure (15.0% vs. 5.0%), (p≤ 0.05). No associations were found
with inflammatory activity or hypoalbuminaemia.
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Table 5.1 Preoperative baseline characteristics of the study cohort (n=325).

Patients profile n %

Gender: female 90 27.7
Age (y) (mean±SD) 325 66.2±9.8
Age: ≥ 65 y 186 57.2
BMI (kg/m2) (mean±SD) 325 27.2±4.1
BMI ≥  30.0 kg/m2 63 19.4
LVEFa <30% 8 2.5
Diabetes mellitus 70 21.7 
COPDb 24 7.6
Smoking 62 19.1
Pulmonary hypertension 7 2.2
Recent myocardial infarct 28 8.6
Extracardiac arteriopathy 24 7.4

EuroSCOREc

0-2 (low risk) 89 27.4
3-5 (medium risk) 109 33.5
≥ 6 (high risk) 127 39.1

Laboratory

Serum creatinine ≥ 200 µmol/L 2 0.6
NT pro BNPd ≥ 600 ng/L 107 32.9e

CRPf ≥ 5 mg/L 53 16.3
Albumin ≤ 39 g/L 12 3.7g

Operative procedure

CABGh 168 51.7
Heart valve surgery 105 32.3
Both 52 16.0

Duration of extra corporeal circulation

Cardiopulmonary bypass time ≥ 130 min 106 32.6
Aortic cross clamp time ≥ 95 min 96 29.5

a LVEF; left ventricle ejection fraction, b COPD; chronic obstructive pulmonary disease,
c EuroSCORE; European system for cardiac operative risk evaluation, d NT pro BNP; NT pro-
hormone Brain Natriuretic Peptide: marker for heart failure, e NT pro BNP values were miss-
ing in 17 patients, f CRP; C-reactive protein, g Albumin was missing in one patient, h CABG;
coronary artery bypass graft.

95

Fat-free mass and adverse outcome after cardiac surgery



Low FFMI and postoperative adverse outcome 

Postoperative infections occurred in 19 patients (5.8%), and eight patients (2.5%) died
during admission to the operating hospital (Table 5.2). Most of the infections were
of the respiratory tract (17/19). The cumulative incidence of postoperative infection
or death was 7.7% (n=25).

Table 5.2 The occurrence of postoperative infections and death after cardiac surgery
in patients with and without a low preoperative fat free mass index.

All Low No 
FFMIa low

FFMI
n (%) % % p

[AMC]b Mortalityc 8 (2.5) 7.4 2.0 0.14
Infection 19 (5.8) 18.5 4.7 0.01*

Septicaemia 1 (0.3) 0 0.3 -
Respiratory tract infection 17 (5.2) 18.5 4.0 0.01*
Mediastinitis 0 (0) - - -
Deep sternal wound infection 0 (0) - - -
Leg wound infection 1 (0.3) 0 0.3 -

[OVERALL]d Mortalitye 9 (3.2) 13.6 2.3 0.03*
Infection 35 (12.3) 31.8 10.6 0.01*

Septicaemia 1 (0.4) 0 0.4 -
Respiratory tract infection 24 (8.4) 27.3 6.8 0.01*
Mediastinitis 4 (1.4) 4.5 1.1 0.28
Deep sternal wound infection 1 (0.4) 0 0.4 -
Leg wound infection 5 (1.8) 0 1.9 -

a Low FFMI; low fat free mass index, FFMI ≤ 14.6 kg/m2 in women and ≤ 16.7 kg/m2 in men
(8.3%, n=27), b [AMC]; Academic Medical Center, postoperative outcome during initial
hospital admission in which surgery was carried out, c All these eight patients died within 30
days from surgery (range 0-25 d), d [OVERALL]; postoperative outcome data were complet-
ed with data covering the complete hospitalization period directly following transfer from the
hospital where surgery was carried out back to the referring hospital, e This patient died 43
days after surgery. * p≤ 0.05. A p value ≤ 0.05 was considered statistically significant with the
use of the Fisher’s exact test.
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Univariate analysis showed that a preoperatively low FFMI was associated with the
occurrence of postoperative infections (18.5% vs. 4.7%, OR; 4.5 [95%CI 1.5-13.8],
p=0.01) (Table 5.2, Table 5.3).
After multivariate logistic regression analysis adjusting for operative risk, heart
failure and other prognostic factors, the association between a preoperatively low
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Table 5.3 Uni and multivariate regression analyses of low preoperative fat-free mass index a and
the occurrence of infections, prolonged ICU and hospital stay after cardiac surgery.

Logistic regression analysis OR 95%CI p Adj. ORd 95%CI p

Infection [AMCb]
5.8% (n=19) 4.52 1.49-13.78 0.01* 6.89 1.75-27.17 0.01*

Infection [OVERALLc]
12.3% (n=35) 3.91 1.46-10.51 0.01* 3.83 1.27-11.6 0.02*

Mortality [OVERALLc]
3.2% (n=9) 6.64 1.53-28.77 0.01* - - -

Cox regression analysis HR 95%CI p Adj. HRd 95%CI p

Discharge from ICU [AMCb] 0.56 0.36-0.86 0.01* 0.67 0.42-1.07 0.09#

Median (10th-90th percentile)
ICU stay 30h (21-112))

Discharge from hospital [AMCb] 0.65 0.43-0.99 0.05* 0.81 0.52-1.27 0.36
Median (10th-90th percentile)
hospital stay 5d (4-12)

Discharge from hospital 0.60 0.37-0.97 0.04* 0.88 0.53-1.47 0.36
[OVERALLc]
Median (10th-90th percentile)
hospital stay 10d (7-18))

a Low fat free mass index, FFMI ≤ 14.6 kg/m2 in women, ≤ 16.7 kg/m2 in men (8.3%, n=27), b[AMC];
Academic Medical Centre, postoperative outcome during hospital admission in which surgery was carried
out, c[OVERALL]; postoperative outcome data completed with data covering the complete hospitalization
period directly following transfer from the hospital where surgery was carried out back to the referring hos-
pital, d In the multivariate models was adjusted for gender, age, operative procedure, operative risk, heart
failure, inflammatory activity, hypoalbuminaemia and operation time, * p≤ 0.05. A p value ≤ 0.05 was con-
sidered statistically significant with the use of logistic or Cox-regression analysis, # 0.05< p≤ 0.10.



Figure 5.1 Postoperative admission rate to the ICU in patients undergoing car-
diac surgery with low FFMI and no low FFMI. Black line represents
the subgroup with ‘Low FFMI according to the definition of Kyle and
others’; Dotted line represents the subgroup with ‘No low FFMI
according to the definition of Kyle and others’.

FFMI and the occurrence of infections after cardiac surgery persisted (adj. OR;
6.9 [95%CI: 1.8-27.2], p=0.01) (Table 5.3). Also during the entire hospitalization
period, logistic regression analyses showed that a preoperatively low FFMI was inde-
pendently associated with an increased occurrence of infections (31.8% vs. 10.6%, adj.
OR; 3.8 [95%CI: 1.3-11.6], p=0.02) (Table 5.2, Table 5.3). Regarding mortality, uni-
variate analysis showed that a preoperatively low FFMI was associated with the occur-
rence of postoperative death during hospital admission but only for the entire hospi-
talization period (13.6% vs. 2.3%, OR; 6.6 [95%CI: 1.5-28.8]) (Table 5.2, Table 5.3).
Mortality was not further analyzed because of its low prevalence (3.2%, n=9).
About length of stay, a low FFMI tended to be associated with a higher risk of a longer
postoperative stay in ICU (adj. HR; 0.7 [95%CI: 0.4-1.1], p=0.09, Table 5.3), (Figure
5.1). No patients were re-admitted to the ICU during the hospitalization period after
transfer back to the referring hospital. Univariate analysis showed an association
between low FFMI and hospital stay during admission at the operating hospital and
during the entire hospital admission but these could be completely explained by the
adjusting factors; gender, age, operative procedure, operative risk, heart failure,
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inflammatory activity, hypoalbuminaemia and operation time (Table 5.3).
In 40 patients (12.3%) data covering the entire hospitalization period were missing.
Gender, age, operation procedure, risk or FFMI did not differ between patients
included and those lost to follow up.

Low FFMI in relation to the traditional way of identifying undernutrition

After multivariate modelling including undernutrition defined by low BMI and/or
unintended WL and the other prognostic factors, a preoperatively low FFMI was still
independently associated with the occurrence of postoperative infections during
hospital stay at the operating hospital and during hospital stay including admission to
the referring hospital (adj. OR; 7.5 [95%CI: 1.6-34.8], p=0.01, and adj. OR; 5.0
[95%CI: 1.4-18.1], p=0.02, respectively). Also independent of low BMI and/or unin-
tended WL, a low preoperative FFMI still had a tendency to be associated with a high-
er risk of a longer postoperative stay in ICU (adj. HR; 0.6 [95%CI: 0.4-1.0], p=0.06).
Classifying undernutrition using low FFMI in stead of low BMI and/or WL, it was
demonstrated that half of the patients with a low FFMI (13/27) were misclassified as
well-nourished if low BMI and WL only were used to identify undernourishment
(Table 5.4). The other way around, 15/29 patients classified as undernourished using
low BMI and WL had no low FFMI. In three patients no data were available on body
weight 6 months before hospital admission. None of these patients had a low FFMI.
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Table 5.4 Agreement between low fat free mass index and low BMI and/or weight loss.

Undernourished Not undernourished
according to current guidelines according to current guidelines
(BMI ≤ 21.0 kg/m2 and/or (BMI >21.0 kg/m2 and/or
WL ≥ 10%in6mb) WL <10%in6mb)

Low FFMIa 14 13 27
No low FFMI 15 280 295

29 293 322

a Low FFMI; low fat free mass index, FFMI ≤ 14.6 kg/m2 in women and ≤ 16.7 kg/m2 in men (8.3%, n=27),
b WL ≥ 10%in6m; ≥ 10% weight loss in the preceding 6 months.



Discussion

To the best of our knowledge this study is the first to demonstrate that undernutrition
in terms of a low preoperative FFMI is independent of other prognostic risk factors
associated with a higher risk of developing an infection after cardiac surgery. Patients
with a low FFMI also tended to have a higher risk of a longer postoperative stay in ICU.
A low FFMI was seen in 8.3% of patients undergoing cardiac surgery. If low BMI and
WL only were used to identify cardiac surgery patients who were undernourished pre-
operatively, half of patients with a low FFMI were misclassified as well-nourished.
The association that we found between a low FFMI and the occurrence of adverse
outcome in general was consistent with studies in other areas of medicine8-10. A
plausible explanation is that a low FFMI represents insufficient nutritional reserve.
This implies decreased lean body mass, in other words less metabolically-active
body cell mass. Less metabolically-active cell mass results in a longer convalescence
period after surgery, as patients are not able to adequately respond to operative stress
or to handle complications well15;16. A low FFMI could be expected to be associated
with all kinds of infections2;9. The fact that in this study a low FFMI was associated
with the occurrence of respiratory tract infections and not wound infections, can be
explained by the low incidence of wound infections and, more importantly, by the
fact that obesity, which is less often accompanied by a low FFMI, is a well-estab-
lished significant risk factor for the occurrence of wound infections after cardiac
surgery17. Also after adjustment for COPD and smoking which are possible con-
founders specifically for the association with respiratory tract infections, the associ-
ation between a low FFMI and infections persisted. Future intervention studies
assessing FFMI and outcome have to further reveal the degree of causality between
low FFMI and postoperative infections.
In addition to other studies, our study demonstrated that FFMI provides information
to assist in making a prognosis beyond that provided by BMI and WL prior to
surgery7;8;10. Most likely, fat mass reduces the sensitivity of low BMI and WL in
detecting nutritional depletion7. In cardiac surgery patients in particular, who are
often overweight or obese, the sensitivity of BMI in detecting undernutrition is
expected to be inadequate. In line with this, our study results showed that half of
our cardiac surgery patients with a low FFMI were misclassified as well-nourished if
only classified by low BMI and WL. In clinical practice this implies that prior to car-
diac surgery half of patients with insufficient nutritional reserve are currently not
receiving the nutritional intervention necessary to optimal their postoperative
recovery. It was also observed that half of patients classified as undernourished
based on low BMI and WL only had no low FFMI. This is not a consequence of
inaccurate BIS measurements but because FFMI at a given time does not account for
relevant losses of FFM in the preceding months. Except for one patient, all patients
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classified as undernourished but no low FFMI, lost 10% or more body weight in the
preceding months. Therefore, to effectively identify and thereby treat the preopera-
tively undernourished cardiac surgery patients, we advocate the measurement of
FFMI in addition to the traditional way based on recent WL and BMI.
It could be hypothesized that higher cut-off points for a low FFMI in cardiac surgery
patients are needed because overweight and obese individuals may have a ‘normal’
absolute quantity of FFM but their FFM might still be inadequate for their size18.
Therefore, we also analyzed the lower 5th, 15th and 25th percentile of FFMI derived
from this cardiac surgery population sample. It was shown that the lower 15th per-
centile, FFMI ≤ 14.4 kg/m2 in women (n=13) and ≤ 17.8 kg/m2 in men (n=34), was
independently associated with a higher risk of a longer postoperative stay in ICU
(adj. HR 0.7; [95%CI 0.5-1.0], p=0.03). Continued research to validate cardiac-
surgery-specific cut-off points for a low FFMI is recommended.
The finding that undernourished cardiac surgery patients only very exceptionally look
thin or correspond with general definitions of undernutrition, underlines the abso-
lute necessity of measuring body composition in cardiac surgery patients. To reduce
the resulting extra workload and costs, it would be of value to develop a quick-and-
easy cardiac-surgery-specific nutritional screening tool which would easily identify
those patients at higher risk for a low FFMI. This study observed that a low FFMI
was largely presented in women, the elderly, high operative risk patients, patients
undergoing heart valve surgery, and patients suffering from severe heart failure.
Our study had some limitations. The total number of events was relatively low and
it can not be excluded that results are context specific. Therefore, we invite other
researchers to reproduce our study and test our preliminary findings. Furthermore,
although it is reasonable to assume that BIS accurately measured FFM, it should be
realized that BIS is sensitive to hydration abnormalities13. Analyzing our data, it was
observed that decompensatio cordis was present in 8%. This may have resulted in
some bias and overestimation of the metabolically-active part of FFM and, thus, in
underestimation of undernutrition. 
Since about 10-25% of patients undergoing cardiac surgery either are or become
undernourished resulting in a higher risk of postoperative complications, prolonged
admissions and less quality of life5;19, care should be taken that their pre and postop-
erative nutritional status is the best possible. Supplementation of essential amino
acids increases lean body mass, muscle strength and physical condition by stimulat-
ing muscle protein synthesis, and improves postoperative outcome20;21. In general,
10-14 days preoperative nutritional support improves postoperative outcome in the
undernourished22. Since the majority of patients undergoing elective cardiac surgery
have to wait for at least 14 days, nutritional treatment to improve insufficient preop-
erative nutritional reserve could easily be started in the period prior to the operation.
Moreover, nutritional support to increase muscle protein synthesis seemed most
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effective in combination with physical exercise23. In the setting of cardiac rehabilita-
tion and in elderly, early resistance training has been shown to be safe and of addi-
tional value to aerobic regimes to increase muscle strength and mass, clinical status,
exercise capacity and quality of life24;25. Therefore, we suggest to study the effect of a
programme that focuses on resistance muscle training combined with nutritional
interventions to overcome the cardiac surgery-induced catabolic response. This pro-
gramme should be started preoperatively, restarted in the early postoperative phase
and continued in the long-term. To effectively identify and thereby treat the preop-
eratively undernourished cardiac surgery patients, we advocate, certainly in high-
risk patients, the measurement of FFMI in addition to the traditional way using BMI
and recent WL only. Whether BIS or dual-energy X-ray absorptiometry (DXA) is the
instrument of choice to measure FFMI is still the subject of debate13. As a result,
recovery rates after cardiac surgery may be improved.
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