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Abstract
Background: Cardiovascular surgery patients with a prolonged intensive care unit (ICU) stay may benefit most from early
nutrition support. Using established scoring systems for nutrition assessment and operative risk stratification, we aimed to
develop a model to predict a prolonged ICU stay �5 days in order to identify patients who will benefit from early nutrition
interventions. Methods: This is a retrospective analysis of a prospective observational study of patients undergoing elective
valvular, coronary artery bypass grafting, or combined cardiac surgery. The nutrition risk was assessed by well-established
screening tools. Patients’ preoperative EuroSCORE (European System for Cardiac Operative Risk Evaluation), primary disease,
and intraoperative cardiopulmonary bypass (CPB) time were included as independent variables in a multivariate logistic regression
analysis to predict a prolonged ICU stay (>4 days). Results: The number of cardiac surgery patients included was 1193.
Multivariate analysis revealed that for prediction of ICU stay >4 days, both Nutritional Risk Screening 2002 (area under
the curve (AUC): 0.716, P = .020) and Mini Nutritional Assessment (MNA) score (AUC: 0.715, P = .037) were significant,
whereas for prediction of ICU stay >5 days, only the MNA score showed significant results (AUC: 0.762, P = .011). Conclusion:
Present data provide first evidence about the combined use of EuroSCORE, primary disease, CPB time, and nutrition risk
screening tools for prediction of prolonged ICU stay in cardiac surgery patients. If prospectively evaluated in adequately designed
studies, this model may help to identify patients with prolonged ICU stay to initiate early postoperative nutrition therapy and thus,
facilitate an enhanced recovery. (JPEN J Parenter Enteral Nutr. 2019;43:768–779)
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Clinical Relevancy Statement

Emerging evidence indicates that adequate nutrition sup-
port is of special clinical significance for cardiac surgery
patients with prolonged intensive care unit (ICU) stay. This
small but resource-intensive group are at increased risk to
develop malnutrition, which is associated with increased
morbidity andmortality. Our data demonstrate good ability
of a model combining both preoperative risk stratification
and nutrition risk screening tools to predict prolonged ICU
length of stay (defined as �5 days) after cardiac surgery.
These findings are clinically relevant for identifying patients
with an estimated prolonged ICU stay, enabling clinicians
to start early a postoperative nutrition support to prevent
malnutrition and resulting delayed recovery.

Introduction

Adequate nutrition support is of special significance for
critically ill patients with prolonged intensive care unit
(ICU) stay as these patients are at increased risk to develop
malnutrition and protein-energy deficits, which in turn are
associated with increased morbidity and mortality.1-5 Both
protein and energy deficiency are commonly observed in
ICUs, occurring in 43%–88% of critically ill patients.6,7

Emerging evidence indicates that critically ill cardiac
surgery patients are particularly prone to be at increased
risk of malnutrition in the postoperative course.8,9 In this
setting, nutrition support was started later and had lowest
total nutrition adequacy when compared with other surgical
or medical ICU patients.8 Low nutrition adequacy during
the postoperative course is associated with an increased
rate of infection, poor wound healing, reduced respiratory
muscle mass, delayed weaning from mechanical ventilation,
increased length of ICU stay, increased readmission
rates, and high healthcare costs and shorter survival
time.6,7,10-12

While disease-related malnutrition (DRM) represents
a specific type of malnutrition caused by a concomitant
disease,13 which cannot be easily treated by nutrition sup-
port only, the early identification of patients at nutrition
risk may allow an early initiation of an adequate nutrition
support during critical illness, to prevent a further aggrava-
tion of malnutrition. Although the cardiac surgery setting
provides advantages due to its predictable inflammatory
response and scheduled insult, valid assessment tools for
the detection and evaluation of cardiac surgery patients at
nutrition risk are still poorly investigated. While there are
numerous risk scores and assessment tools that quantify the
nutrition risk,14-19 or which assist identifying critically ill
patients most likely to benefit from nutrition therapy,20-23

hitherto none have been specifically designed for cardiac
surgery ICU patients. During the postoperative ICU stay,
most would uniformly classify all critically ill patients to
be at high nutrition risk.14,21 As an alternative to the

assessment of nutrition risk, the prediction of prolonged
ICU stay may be a promising approach to identifying
patients at risk for underfeeding. Faisy et al demonstrated
that large, negative energy balance increases with duration
of ICU stay, becoming most relevant during prolonged
mechanical ventilation, in patients fed under standardized
nutrition management protocol.24 In contrast to general
ICU patients, elective cardiac surgery allows for pre-insult
nutrition risk assessment and preoperative risk stratification
by well-established scoring systems, such as EuroSCORE
(European System for Cardiac Operative Risk Evaluation)
and anticipated duration of cardiopulmonary bypass (CPB)
time.25-27 The EuroSCORE is routinely used for preoper-
ative risk stratification in cardiac surgery patients prior to
surgery, which is based on patient factors, cardiac factors,
and operation factors. In addition to these operative risk
models, Lomivorotov et al provided first evidence about the
predictive accuracy of nutrition screening and assessment
tools for postoperative complications and ICU stay longer
than 2 days.28 International nutrition guidelines recommend
malnutrition risk screening and subsequent nutrition assess-
ment in identified at-risk patients in the ICU,29 as screening
and subsequent assessment represent the basis for the di-
agnosis decisions, further therapeutic actions, and initiation
of specific nutrition treatment. For cardiac surgery ICU
patients, the effects of surgery obviously represent a further
major determinant for postoperative outcomes; therefore,
we developed a new conceptual model to consider these rele-
vant factors for an early prediction of postoperative com-
plications resulting in prolonged ICU stay in these patients
(Figure 1).

We followed the hypothesis that a simple prediction
of prolonged ICU stay by combination of specific car-
diac surgery risk scores (eg, EuroSCORE), key surgical
information (eg, cardiopulmonary bypass (CPB) time), and
nutrition risk measures could be an alternative approach to
identify cardiac surgery patients with prolonged ICU stay
to enable in future an early-initiated postoperative intense
nutrition therapy in these critically ill patients.

Methods

Study Design

The present study is a retrospective secondary analysis
of a prospective observational study of nutrition prac-
tice in cardiac surgery patients. The original trial was
focused on the short-term prognostic value of different
nutrition screening tools in patients undergoing CPB, with
regard to the development of adverse clinical outcomes
in the early postoperative course (48 hours).28 The study
was approved by the local ethics committee and patients
were consecutively enrolled after informed consent before
surgery. The trial had been registered at clinicaltrials.gov as
NCT01366807.
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Figure 1. Conceptual model to identify patients with prolonged ICU stay and adapt ICU nutrition management accordingly.
CK-MB, creatine kinase MB; CPB, cardiopulmonary bypass; CRP, C-reactive protein; EuroSCORE, European System for
Cardiac Operative Risk Evaluation; ICU, intensive care unit; IL, interleukin; MNA, Mini Nutritional Assessment; NRS-2002,
Nutritional Risk Screening 2002; PCT, procalcitonin; TNF, tumor necrosis factor.

Patient Cohort

For this analysis, patients were included if they were >18
years and scheduled for cardiothoracic surgery with CPB,
and underwent coronary artery bypass grafting (CABG),
valvular, or combined cardiac surgery. The patients were
assessed in the preoperative period within 48 hours of
admission to the hospital. Both clinical management of
patients and nutrition practice followed local clinical stan-
dards. Exclusion criteria were (i) emergency surgery, (ii)
pulmonary thromboembolism in need of thrombectomy,
(iii) aortic dissection (performed in deep hypothermic cir-
culatory arrest), or (iv) off-pump cardiac surgery. These
exclusion criteria were established to provide time for the
preoperative assessment.

General Data Collection

Data regarding baseline characteristics, including patient
demographics, preoperative comorbidities, primary diag-
nosis, planned operative procedure, and baseline nutrition
information were collected for each enrolled patient. Details
on intraoperative events including CPB time and postop-
erative events including organ dysfunctions care processes

such as length of stay and outcomes including in-hospital
mortality were also collected.

Definition of Prolonged ICU Stay

Prolonged postoperative ICU stay was defined as patients
being treated at the ICU for 5 days or more. Patients
requiring ICU treatment for >5 days most often suffer from
severe postoperative complications along with prolonged
weakness, mechanical ventilation and sedation time, and
gastrointestinal dysfunction.30,31 ICU residency of <4 days
is often not associated with major morbidity, and these
patients are more likely to quickly resume routine oral
intake.

Nutrition Screening and Assessment

Nutrition screening was performed daily by Nutritional
Risk Screening 2002 (NRS-2002) and Malnutrition Uni-
versal Screening Tool (MUST). The nutrition assessment
was performed in all subjects by Subjective Global Assess-
ment (SGA), Mini Nutritional Assessment (MNA), and
Short Nutritional Assessment Questionnaire (SNAQ) score.
The preoperative assessment was performed by 2 trained
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Table 1. Univariate Analysis of the Prognostic Value of Nutrition Screening Tools.

ICU Stay >4 Days ICU Stay >5 Days

Nutrition Screening Tools Odds Ratio (95% CI) P Odds Ratio (95% CI) P

SNAQ (malnourished) 1.273 (0.811–1.998) .294 1.217 (0.721–2.054) .463
MUST (medium or high risk) 1.853 (1.231–2.789) .003 1.831 (1.148–2.922) .011
NRS-2002 (malnourished) 2.672 (1.576–4.532) .0003 2.264 (1.227–4.180) .009
MNA (risk/malnourished) 1.711 (1.154–2.536) .008 1.894 (1.216–2.949) .005
SGA (Score B or C) 1.896 (0.982–3.661) .057 1.662 (0.767–3.601) .198

ICU, intensive care unit; MNA, Mini Nutritional Assessment; MUST, Malnutrition Universal Screening Tool; NRS-2002, Nutritional Risk
Screening 2002; SGA, Subjective Global Assessment; SNAQ, Short Nutritional Assessment Questionnaire.
P, Wald χ2 test; significant values (P < .05) are depicted in bold.

specialists. The definitions for malnutrition or risk for
malnutrition were classified as follows: SGA score of B or
C, NRS-2002 score �3, MUST score of 1 or 2, SNAQ score
of 2 or 3, and MNA score of �7.

Statistical Methods

Data from a completed observational study were available
for 1210 patients. This sample was selected pragmatical
reasons and considered sufficient for the for planned ex-
ploratory analysis. Analysis was performed on available
data by use of common statistical methods. Binary and
categorical variables are presented as counts and per-
centages and compared between groups using Fisher’s
exact test in case of binary variables or χ2 test if >2
categories are compared. Continuous variables are pre-
sented as means with standard deviations and ranges
and compared between groups using the Wilcoxon rank
sum test. To assess the predictive value of different pre-
and perioperative factors with regard to prolonged ICU
stay, univariate analysis has been performed. Results of
the univariate analyses are presented as odds ratios to-
gether with Wald asymptotic confidence limits and 2-sided
P-values for the standard Wald test. Model selection was
based on multivariate logistic regression analyses applying
a backward selection strategy with a significance level of
0.1 required for a variable to stay in the model. Models
were analyzed covering an ICU stay of >4 days with
an additional sensitivity analysis of >5 days. The cutoff
for EuroSCORE (9.4) and CPB time (>108 min) was
calculated for prediction of ICU stay >5 days ICU by
Youden Index. Given that the underlying disease signifi-
cantly influences patients’ nutritional state, subsequent sub-
group analysis we performed stratified analysis by primary
disease (coronary artery disease (CAD) vs heart valvular
disease (HVD)). As for cardiac surgery patients, the pre-
operatively assessed EuroSCORE as well as the CPB time
are known relevant determinates for patients’ outcomes;
therefore, we included these parameters in the multivariate
analysis.

Model diagnostics include odds ratios together with 95%
Wald confidence intervals and corresponding P-values for
factors in the model and the Hosmer-Lemeshow goodness-
of-fit test. Models were also compared by means of the area
under the receiver operator characteristic curve. A 2-sided
P-value < .05 was considered statistically significant.

Results

Patient Cohort and Baseline Characteristics

From 1210 patients initially screened and consented pa-
tients, 17 had to be excluded (13 patients underwent off-
pump surgery, 4 required deep hypothermic circulatory
arrest), so that 1193 patients were included in the final
analysis. Of these, 125 (10%) patients underwent combined
CABG plus valvular surgery; 507 (43%) valvular surgery
alone; and 561 (47%) CABG surgery alone (Table S1A).
Demographics and patients’ baseline clinical characteristics
are depicted in Tables S1A and S1B.

Univariate Analysis of the Prognostic Value of
Nutrition Screening & Assessment Tools

Among the investigated nutrition screening and assess-
ment tools, the NRS-2002, MUST, and MNA were sig-
nificant to predict an ICU stay >4 and >5 days (Table
1). Following these analyses, we performed a univariate
analysis stratified by primary disease. The results showed
that there were no significant predictive values for ICU
stay >4 and 5 days when focusing on patients with
CAD solely, whereas the predictive value remained signif-
icant when regarding patients with valvular disease alone
(Tables S2–S7).

Multivariate Analysis of the Prognostic Value
of Nutrition Screening Tools

First, we entered model selection with different sets of base-
line parameters and applied backward selection procedures.
We found that all resulting models contained EuroSCORE
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Table 2. Prognostic Value of Nutrition Screening Tools on Prolonged ICU Stay: A Multivariate Analysis.

ICU Stay >4 Days ICU Stay >5 Days

SNAQ Model

β Odds Ratio (95% CI) P β Odds Ratio (95% CI) P

Intercept −3.759 NA < .0001 −4.384 NA < .0001
PrimPath CAD 0.592 1.807 (1.120–2.915) .015 0.771 2.160 (1.234–3.783) .007
EuroSCORE 0.056 1.057 (1.027–1.089) .0002 0.070 1.072 (1.039–1.107) < .0001
CPB time 0.010 1.010 (1.006–1.013) < .0001 0.010 1.010 (1.006–1.014) < .0001
SNAQ (malnourished) 0.094 1.099 (0.628–1.922) .742 0.083 1.086 (0.565–2.089) .804

HL = 0.142; AUC = 0.711 HL = 0.552; AUC = 0.752

MUST Model

β Odds Ratio (95% CI) P β Odds Ratio (95% CI) P

Intercept −3.855 NA < .0001 −4.496 NA < .0001
PrimPath CAD 0.657 1.929 (1.194–3.116) .007 0.846 2.329 (1.329–4.082) .003
EuroSCORE 0.055 1.056 (1.025–1.088) .0003 0.069 1.071 (1.038–1.106) < .0001
CPB time 0.010 1.010 (1.006–1.013) < .0001 0.010 1.010 (1.006–1.014) < .0001
MUST (medium or high

risk)
0.461 1.586 (0.951–2.644) .077 0.483 1.620 (0.899–2.921) .108

HL = 0.146; AUC = 0.709 HL = 0.601; AUC = 0.749

NRS-2002 Model

β Odds Ratio (95% CI) P β Odds Ratio (95% CI) P

Intercept −3.847 NA < .0001 −4.480 NA
PrimPath CAD 0.654 1.922 (1.193–3.098) .007 0.837 2.309 (1.321–4.037) .003
EuroSCORE 0.056 1.058 (1.027–1.090) .0002 0.070 1.073 (1.039–1.108) < .0001
CPB time 0.010 1.010 (1.006–1.013) < .0001 0.010 1.010 (1.006–1.014) < .0001
NRS-2002 (malnourished) 0.812 2.252 (1.140–4.451) .020 0.763 2.144 (0.975–4.718) .058

HL = 0.096; AUC = 0.716 HL = 0.406; AUC = 0.755

MNA Model

β Odds Ratio (95% CI) P β Odds Ratio (95% CI) P

Intercept −3.900 NA < .0001 −4.618 NA < .0001
PrimPath CAD 0.668 1.949 (1.207–3.149) .006 0.897 2.452 (1.395–4.310) .002
EuroSCORE 0.053 1.055 (1.024–1.086) .0004 0.067 1.069 (1.036–1.104) < .0001
CPB time 0.010 1.010 (1.006–1.014) < .0001 0.010 1.010 (1.006–1.014) < .0001
MNA (risk/malnourished) 0.507 1.660 (1.030–2.676) .037 0.702 2.018 (1.178–3.456) .011

HL = 0.446; AUC = 0.715 HL = 0.428; AUC = 0.762

SGA Model

β Odds Ratio (95% CI) P β Odds Ratio (95% CI) P

Intercept −3.796 NA < .0001 −4.399 NA
PrimPath CAD 0.632 1.881 (1.169–3.026) .009 0.788 2.198 (1.264–3.822) .005
EuroSCORE 0.056 1.058 (1.027–1.089) .0002 0.070 1.073 (1.039–1.108) < .0001
CPB time 0.010 1.009 (1.006–1.013) < .0001 0.010 1.010 (1.006–1.014) < .0001
SGA (B or C) 0.667 1.948 (0.894–4.246) .094 0.403 1.496 (0.579–3.868) .406

HL = 0.688; AUC = 0.710 HL = 0.243; AUC = 0.751

AUC, area under the curve; CAD, coronary artery disease; CPB, cardiopulmonary bypass; EuroSCORE, European System for Cardiac Operative
Risk Evaluation; HL, Hosmer and Lemeshow goodness-of-fit test; ICU, intensive care unit; MNA, Mini Nutritional Assessment; MUST,
Malnutrition Universal Screening Tool; NA, not available; NRS-2002, Nutritional Risk Screening 2002; PrimPath, primary pathology; SGA,
Subjective Global Assessment; SNAQ, Short Nutritional Assessment Questionnaire.
β, parameter estimate; P, Wald χ2 test; significant values (P < .05) are depicted in bold.



Stoppe et al 773

Figure 2. ROC curves for selected models including NRS-2002 for prediction of ICU stay >4 and >5 days. CPB,
cardiopulmonary bypass; EuroSCORE, European System for Cardiac Operative Risk Evaluation; ICU, intensive care unit;
NRS-2002, Nutritional Risk Screening 2002; PrimPath, primary pathology; ROC, receiver operating characteristic. P: Wald χ2

test; significant values (P < .05) are depicted in bold.

and CPB time. Primary disease was also found as a relevant
factor, and nutrition factors were selected as relevant in
several models. EuroSCORE was found to be a good
substitute for individual baseline parameters, and nutrition
parameters were found to be interchangeable to some ex-
tent. CPB time was an independent factor in all models.

Next, we applied multivariate analyses to characterize
the prognostic value of the well-known risk variables Eu-
roSCORE and CPB time, as well as primary disease and
the nutrition screening tools. Both EuroSCORE and CPB
time remained highly significant for prediction of ICU stay
>4 and >5 days in this analysis. In addition, the NRS-2002
(P = .020) and MNA score (P = .037) showed significant
values to predict an ICU stay >4 days (Table 2). Regarding
the prediction of ICU stay >5 days, the NRS-2002 score
showed a trend (P = .058) and MNA score was significant
(P = .011) (Table 2).

Receiver Operating Characteristic (ROC)
Curve for the Prediction of ICU Stay

Figure 2 illustrates the ROC curves for single and combined
relevant factors to predict a prolonged ICU length of stay.
In contrast to the well-established risk factors EuroSCORE
and CPB time, which demonstrated adequate predictive ac-
curacy, the primary pathology alone and nutrition screening
and assessment tools alone showed less predictive ability

for prolonged ICU stays. The complete model using CPB
time, EuroSCORE, underlying pathology, and nutrition risk
scores showed improved predictive ability for prolonged
ICU, when compared with CPB time or EuroSCORE alone.
Results were comparable when using other scores than
NRS-2002 (data not shown). The calculation of ROC con-
trast estimation further confirmed a significantly different
predictive value of the combined model compared with the
single parameters.

We also considered the area under the curve (AUC) sep-
arately for CABG and valvular patients. The EuroSCORE
demonstrated more influence in the prediction model in
CABG patients, whereas CPB time was more relevant
for risk prediction in patients with valvular surgery. The
influence of nutrition factors was seen predominantly in
patients with HVD, with MNA showing the best results. In
patients with HVD, the addition of MNA to EuroSCORE
and CPB time further increased the AUC for prediction
of ICU stay >5 days (AUC: 0.816; P = .004 vs .794; P =
.354), whereas no increase of AUC could be detected when
adding the MNA to CPB and EuroSCORE in patients with
CAD (Figure 3, Table 3). The overall comparison is shown
in Figure S1.

Lastly, we focused on a model without CPB time, as it
is not always easy to predict preoperatively. Resulting data
demonstrated that the preoperatively assessed EuroSCORE
was only relevant in patients with CAD, whereas the MNA
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Figure 3. ROC curves for predicting ICU stay >5 days by underlying pathology, including nutrition parameters, EuroSCORE,
and CPB time. CAD, coronary artery disease; CPB, cardiopulmonary bypass; EuroSCORE, European System for Cardiac
Operative Risk Evaluation; HVD, heart valvular disease; MNA, Mini Nutritional Assessment; NRS-2002, Nutritional Risk
Screening 2002; ROC, receiver operating characteristic. P: Wald χ2 test; significant values (P < .05) are depicted in bold.

scorewas significant in themodel forHVDpatients. Overall,
the AUC results were smaller than in the previous models,
which included the CPB time (Figure S2).

Discussion

Numerous studies indicate that ICU patients with pro-
longed ICU stay experience greater protein and caloric
deficits, which in turn is associated with deleterious effects.
Thus, patients with prolonged ICU stays more likely may

benefit from intense nutrition intake comparedwith patients
with shorter stays.6,7,10-12,32 DRM and its subtype cardiac
cachexia represent a catabolic disorder, characterized by
inflammation, malabsorption, metabolic dysfunction, and
increased loss of nutrients, which is resistant to food intake
alone and needs a multimodal therapeutic concept, includ-
ing interventions such as physical exercise, improvement of
bowel function, change of lifestyle, and adequate nutrition
support.13 While adequate preoperative optimization strate-
gies represent a clinical imperative requiring validation by
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Figure 3. Continued.

adequately powered clinical studies,12 an early identification
of patients at risk for a prolonged ICU stay may help to
start an early initiation of adequate nutrition support post-
operatively, to provide best-possible treatment and prevent
a further aggravation in these critically ill patients.

In comparison with the majority of critically ill non-
cardiac patients, elective cardiac surgery opens preoper-
atively a time window of 24 hours for an early risk
assessment. This may enable an early postoperative ini-
tiation of nutrition support in such patients, who are
supposed to benefit most from intense nutrition support.
In this context, the present study provides first evidence
about the clinical utility of combining the data of Eu-
roSCORE, CPB duration, and nutrition assessment tools
for the prediction of prolonged ICU stay in cardiac surgery
patients.

In the majority of cardiac surgery patients undergoing
elective single surgical procedures, oral feeding is resumed
within 48–72 hours after surgery, and the patients are often
discharged from ICU within 12–48 hours after termination
of surgery. In contrast, 3%–35% of cardiac surgery patients
show a more complicated and prolonged postoperative
ICU stay with persistent organ dysfunction, resulting in an
extended need of mechanical ventilation, ongoing vasopres-
sor support, dialysis, or mechanical circulatory support.33

Especially in these high-risk cardiac surgery patients with
complex or combined surgical procedures and prolonged
ICU stay, an early initiation of nutrition support may be
helpful to prevent the frequently observed malnutrition
with associated significant protein deficiency. One of the
reasons for the late initiation is the commonly observed
low cardiac output syndrome with resulting prolonged
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Table 3. Predicting ICU Stay >5 Days, Separated by Underlying Pathology and Nutrition Screening Tools.

ICU Stay >5 Days

CAD HVD

Base Model

β Odds Ratio (95% CI) P β Odds Ratio (95% CI) P

Intercept −3.321 NA < .0001 −4.949 NA < .0001
EuroSCORE 0.090 1.094 (1.045–1.145) .0001 0.057 1.058 (1.010–1.109) .018
CPB time 0.005 1.005 (1.001–1.010) .023 0.015 1.015 (1.009–1.020) < .0001

HL = 0.348; AUC = 0.709 HL = 0.946; AUC = 0.794

MNA Model

β Odds Ratio (95% CI) P β Odds Ratio (95% CI) P

Intercept −3.371 NA < .0001 −5.316 NA < .0001
EuroSCORE 0.088 1.092 (1.043–1.143) .0002 0.052 1.053 (1.004–1.104) .033
CPB time 0.005 1.005 (1.001–1.010) .021 0.015 1.015 (1.009–1.020) < .0001
MNA (risk/malnourished) 0.340 1.405 (0.608–3.246) .426 0.999 2.715 (1.268–5.809) .010

HL = 0.693; AUC = 0.705 HL = 0.192; AUC = 0.816

NRS-2002 Model

β Odds Ratio (95% CI) P β Odds Ratio (95% CI) P

Intercept −3.314 NA < .0001 −5.101 NA < .0001
EuroSCORE 0.089 1.093 (1.045–1.144) .0001 0.056 1.058 (1.009–1.108) .019
CPB time 0.005 1.005 (1.001–1.010) .023 0.014 1.014 (1.009–1.020) < .0001
NRS-2002 (malnourished) −0.195 0.823 (0.106–6.401) .852 1.072 2.920 (1.162–7.337) .023

HL = 0.308; AUC = 0.710 HL = 0.183; AUC = 0.795

AUC, area under the curve; CAD, coronary artery disease; CPB, cardiopulmonary bypass; EuroSCORE, European System for Cardiac Operative
Risk Evaluation; HL, Hosmer and Lemeshow goodness-of-fit test; HVD, heart valvular disease; ICU, intensive care unit; MNA, Mini Nutritional
Assessment; NA, not available; NRS-2002, Nutritional Risk Screening 2002.
β, parameter estimate; P, Wald χ2 test; significant values (P < .05) are depicted in bold.

need of vasopressor support.34,35 Despite lack of evidence,
enteral nutrition (EN) is widely withheld during the early
postoperative course of cardiac surgery patients and is
often considered harmful, whereas current guidelines rec-
ommend only to withhold EN in hemodynamically unstable
patients.29 Importantly, inadequate or delayed initiation
of nutrition support, or both, may further aggravate pre-
existing malnutrition of cardiac surgery patients during the
postoperative course. Therefore, an early identification of
such patients at risk for prolonged ICU stay and early
initiation of adequate postoperative nutrition support in
such patients at risk may improve outcomes after cardiac
surgery by maintaining gut integrity and improving wound
healing.36

Until now, no validated methods have existed for the
assessment of nutrition risk in cardiac surgery patients.
As previous studies demonstrated that a prolonged ICU
stay is associated with a significantly increased risk for
underfeeding,24 we evaluated whether an early perioperative

prediction of prolonged ICU stay may represent an al-
ternative approach for an early identification of cardiac
surgery patients at risk for underfeeding during the post-
operative course. However, there are few empiric data to
identify such patients with prolonged ICU stay, although
previous studies demonstrated that such patients benefit
most from postoperative nutrition support.32 Notably, there
exist already well-established scores for perioperative risk
stratification (eg, EuroSCORE-II score or CPB time), which
may assist to identify patients at high risk for postop-
erative complications.25,27 In addition, Lomivorotov et al
provided first evidence about how nutritional status of
patients was predictive for early postoperative complica-
tions. Therefore, we investigate the accuracy of these tools
and their combination to predict a prolonged ICU stay.
The NRS-2002, MUST, and MNA score were significant
for prediction of ICU length of stay longer than 4 and
5 days. As the underlying disease has previously been
shown to significantly influence patients’ nutrition state,37
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Figure 4. Schematic illustration of perioperative risk factors for a prolonged ICU stay of cardiac surgery patients. The figure
depicts the perioperative variable, which should be considered to estimate an increased risk for a prolonged ICU stay (CPB time
>108 min, EuroSCORE >9, nutrition risk should be assessed with MNA). CPB, cardiopulmonary bypass; EuroSCORE,
European System for Cardiac Operative Risk Evaluation; ICU, intensive care unit; MNA, Mini Nutritional Assessment.

we performed a univariate analysis stratified by primary
disease. Interestingly, we found that in patients with valvular
disease and following surgery, the nutrition assessment tool
MNA showed significant predictive accuracy. No adequate
predictive accuracy was received for patients with CABG
surgery alone, indicating the relevance of the pathophysiol-
ogy from the underlying disease37 and the close link between
malnutrition and heart valve diseases. In fact, previous
studies already demonstrated that malnutrition occurred
more often in patients with valvular disease,38 which may
result from the significant alterations in hemodynamic state
and inflammation observed in these patients.37

In extension, the following multivariate analysis con-
firmed the significant influence of EuroSCORE, CPB time,
underlying physiopathology, and nutrition risk in models
predicting a prolonged ICU stay. For the primary outcome,
prediction of ICU stay >4 days, both NRS-2002 andMNA
score showed significant predictive accuracy. A following
ROC analysis for prediction of such prolonged ICU stay
demonstrated that the predictive value of the single rel-
evant parameters, the EuroSCORE, CPB time, primary
underlying pathology, and nutrition assessment tools, was
moderate. The significantly higher AUC of the combined
EuroSCORE and CPB time further increased after com-
bination with the nutrition assessment. The duration of
CPB showed the most important value in the model. As the
underlying pathology was previously shown to be of high
relevance for the nutrition risk, the following ROCs were
categorized with respect to the underlying disease. While for
the well-known parameters—EuroSCORE andCPB time—
a significant predictive accuracy was confirmed, in patients
with valvular surgery the AUC for prediction of ICU
stay >5 days further increased. It showed best predictive
accuracy in a model after combining EuroSCORE, CPB
time, and the nutrition assessment toolMNA;whereas, it re-
mained unchanged in patients after CABG. When focusing
on preoperative variables only and excluding variables such

as CPB time, the predictive accuracy of the EuroSCORE
significantly increased after combination with the MNA
score, only in patients with valve surgery. Therefore, present
findings highlight hitherto underestimated factors for pre-
diction of ICU stay, which increased the predictive accuracy
for prolonged ICU stay in cardiac surgery patients with
valve surgery. To better visualize a potential approach
regarding how to identify patients in which a nutrition
support should be initiated, we developed the following
cartoon (Figure 4). Yet, it must be recognized that the
study is exploratory in nature and thus should be consid-
ered to be hypothesis generating, which is reflected in the
statistical methodology. Therefore, an adequately designed
prospective follow-up study is needed to validate whether
the presented model of CPB time, EuroSCORE, and MNA
score may help to identify early the patients at risk for
long ICU stay. If this concept is proven valid, it may assist
decision making in clinical practice for dietitians, nurses,
and physicians during the daily rounding to plan and initiate
early an adequate nutrition support in cardiac surgery ICU
patients.

While the current ASPEN guidelines recommend with-
holding nutrition support in hemodynamically unstable
patients and while no recommendations exist exclusively
for cardiac surgery patients during the postoperative ICU
stay, we hypothesize that a more precise discrimination
between cardiac surgery patients with short vs prolonged
ICU stay may assist to identify patients who may benefit
from nutrition therapy and those who may not. Yet, we
concede that in the present study we could not answer
the question as to whether in patients identified with pro-
longed ICU stay, an early postoperative–initiated nutrition
therapy would provide beneficial effects. Yet, based on
present results, additional studies are encouraged to evalu-
ate whether an early initiation of nutrition support in those
patients with prolonged ICU stay may provide beneficial
effects.
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Conclusion

In conclusion, present data provided first evidence about
the utility of a combined model of EuroSCORE, CPB,
and the nutrition risk score MNA for the prediction of
prolonged ICU stay in cardiac surgery patients. Present
findings extended current knowledge about the predictive
accuracy of CPB time and EuroSCORE, which further
increased after combination with nutrition assessment tools
in cardiac surgery patients with valvular surgery.

Supplementary Information

Additional supporting information may be found online in the
Supporting Information section at the end of the article.
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