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Abstract

Enteral nutrition, Pharmaco-nutrition

Nutrition support is a necessary therapy for critically ill cardiac surgery patients. However, conclusive evidence for
this population, consisting of well-conducted clinical trials is lacking. To clarify optimal strategies to improve
outcomes, an international multidisciplinary group of 25 experts from different clinical specialties from Germany,
Canada, Greece, USA and Russia discussed potential approaches to identify patients who may benefit from nutrition
support, when best to initiate nutrition support, and the potential use of pharmaco-nutrition to modulate the
inflammatory response to cardiopulmonary bypass. Despite conspicuous knowledge and evidence gaps, a rational
nutritional support therapy is presented to benefit patients undergoing cardiac surgery.

Keywords: High-risk cardiac surgery, Cardiopulmonary bypass, Systemic inflammatory response, Organ dysfunctions,
Nutrition risk stratification, Underfeeding, Postoperative nutritional management, Supplemental parenteral nutrition,

The scientific rationale for nutrition therapy in
the cardiac surgery ICU

Patients undergoing cardiac surgery are routinely ex-
posed to significant systemic inflammation, causing
organ injury and dysfunction. Cardiopulmonary bypass
(CPB) triggers systemic inflammatory response syn-
drome (SIRS) with release of reactive oxygen species
(ROS) and reactive nitrogen species (RNS) and mainly
pro-inflammatory cytokines [1-3]. This often results in
serious life-threatening complications with loss of physi-
cal capacity, associated with prolonged critical illness,
which may negate any benefit from correction of the
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original, underlying cardiac disease. Such patients re-
quire aggressive, life-sustaining therapies to promote
organ recovery and mid to long-term outcome advan-
tages [4].

Underfeeding is a major issue in cardiac surgery
patients [5, 6]. Table 1 demonstrates an overview of
clinical studies investigating nutritional support in pa-
tients undergoing cardiac surgery. No sufficiently de-
signed, adequately powered, randomized controlled
trials investigating the effect of nutritional therapy initi-
ated early in high-risk cardiac patients after surgery are
available. Yet, several small studies have provided initial
evidence on the feasibility and clinical significance of
nutritional therapy in cardiac surgery patients. We
therefore aimed to develop an expert-derived consensus
on best nutritional practices in this patient population.
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Nutrition in cardiac surgery patients

Preoperative fasting sets the stage for catabolic stress [7],
insulin resistance [8], nutrient deficiencies, and adverse
immune function [9]. During cardiac surgery, patients
commonly receive only intravenous crystalloid solutions,
which are continued for several days postoperatively [9].

Considering the postoperative course, in a retro-
spective analysis of about 5400 mechanically ventilated
patients, cardiac surgery was most associated with iat-
rogenic malnutrition [5]. This alarming finding is
compounded by observations that nutrition support
was implemented later and with the lowest nutritional
adequacy in the cardiac surgery population compared
to all other surgical or medical ICU patients [5]. Re-
cently, Rahman et al. [6] evaluated nutrition practices
in cardiac surgery patients and demonstrated that nu-
trition support was insufficient with respect to energy
and protein needs. Patients only received approximately
50% of what was prescribed. Importantly, an improvement
in 60-day mortality with greater nutrition intake could not
be demonstrated. This observation raises the question
whether all cardiac surgery patients benefit the same from
artificial nutrition therapy or whether there are specific
subgroups of cardiac surgery patients that will benefit
more.

As society ages, older patients are presenting for
cardiac surgery with an increased prevalence of comor-
bidities. In addition, the number of patients with ad-
vanced heart failure has increased and the implantation
of pulsatile-flow ventricular assist devices (VAD) has
become an established therapeutic strategy to improve
survival rates and quality of life [10]. Malnutrition may
be a significant comorbidity and driver for dysfunction
of many organ systems. This can exacerbate an already
impaired organ reserve, increasing susceptibility to opera-
tive trauma, ischemia/reperfusion injury, anesthesia-
related complications, and inflammation. Cardiac patients
who are well-nourished prior to surgery experience less
morbidity and mortality than those who are malnourished
[11, 12]. Several observational studies have noted the
importance of energy and protein metabolism in the early
recovery period after cardiac surgery, documenting sig-
nificant postoperative depletion of macronutrients and
micronutrients [11-14]. Adequate nutritional therapy
was suggested to improve patients’ outcomes through
maintenance of energy metabolism, gut integrity, mi-
crobial diversity and improved wound healing [15]. In
summary, preoperative nutritional status and postoper-
ative nutritional management may represent important
drivers for clinical outcomes in patients undergoing
cardiac surgery, who are at high nutritional risk, which
will be discussed in the following section.

Figure 1 demonstrates selected key factors, which are
considered to crucially influence the nutritional state
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and potential need for intense nutrition therapy in car-
diac surgery patients.

Nutrition risk stratification in cardiac surgery
patients

Selection of patients who will benefit most from nutri-
tion support in the postoperative period is critical, but
has not been established or standardized. When devel-
oped, this selection process would be based on a com-
bination of clinical and biochemical parameters related to
validated risk scores for nutrition, cardiac surgery, critical
illness, and emerging markers of systemic inflammation,
particularly those related to cardiopulmonary bypass and
postoperative ICU pharmacology and technology.

Preoperative nutrition risk assessment

Several scores or assessment tools have been intro-
duced to enable the quantification of nutrition risk.
These tools were neither developed for nor validated in
critically ill patients [16]. Therefore, the measurement
of a patient’s current nutritional status predominantly
identifies those who have already reached an under-
nourished general state. To foresee an aggravation in
the nutritional status, an assessment of nutritional risk
must also identify patients at a pre-critical level of
malnutrition, who will benefit (and not be harmed) by
nutrition support. The Malnutrition Universal Screen-
ing Tool (MUST), the Mini Nutritional Assessment
(MNA), the Short Nutritional Assessment Question-
naire (SNAQ), the Malnutrition Screening Tool (MST),
and the Subjective Global Assessment (SGA) [16] are
well-established assessment tools used to evaluate nu-
trition status in clinical practice.

Lomivorotov and colleagues demonstrated that in pa-
tients undergoing cardiac surgery, detection of malnutri-
tion is associated with prolonged ICU stay (>2 days) and
both MUST and MNA have independent predictive ac-
curacy with regard to postoperative complications [14].
In a subsequent study, the authors further detected that
the SNAQ and MUST have comparable accuracy in de-
tecting malnutrition. Nevertheless, the authors acknow-
ledge that whether preoperative nutritional therapy
would improve the outcome in malnourished patients
needs to be studied [13]. In fact, no validated pre-
surgical scoring system is available to identify patients at
an early enough time point for preoperative nutritional
replenishment.

Postoperative nutrition risk assessment to identify
patients who may benefit from nutrition therapy

As the aforementioned tools consider all critically ill
patients at high risk for malnutrition, the Nutrition Risk
in the Critically ill (NUTRIC) score was developed to
define nutrition risk in the critically ill ICU patients
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Fig. 1 Organizing framework malnutrition and undernutrition and impact on outcomes in cardiac surgery patients. The patients’ preoperative,
intraoperative and postoperative time windows comprise specific variables, which may be of particular relevance for potential nutrition support
and patients’ outcomes after surgery. Notably, additional studies are encouraged to identify further relevant factors and to validate its clinical
significance. STS Society of Thoracic Surgeons, BMI body mass index, ICU intensive care unit, APACHE Il Acute Physiology And Chronic Health
Evaluation II, SOFA sequential organ failure assessment, Nutric Nutrition Risk in the Critically ill, CRP C reactive protein, IL interleukin, PCT procalcitonin,
PUFA polyunsaturated fatty acids, SYNTAX scoring system to guide decision between coronary artery bypass graft (CABG) surgery or percutaneous

[17-19]. The observation that not all ICU patients will
respond the same to nutritional interventions was the
critical driver for the development of the NUTRIC
score [17, 20]. Yet, the NUTRIC score has not yet been
validated in cardiac surgery patients.

Considering the critically ill, the Nutritional Risk
Score (NRS)-2002 must be interpreted cautiously as an
Acute Physiology and Chronic Health Evaluation (APA-
CHE) score >10 in cardiac surgery patients indicates
that a patient is already at high risk for malnutrition.
Patients with an NRS-2002 score >3 are defined as at
“risk for malnutrition”, and those with an NRS-2002
score 25 as “high risk for malnutrition”, which may be
too broad and nonspecific for directing aggressive nu-
trition support. In contrast, the NUTRIC score was
demonstrated in five prospective, but non-randomized
studies, as a sensitive measure to identify the nutri-
tional risk and to discriminate between patients with
high risk for malnutrition and those likely to benefit
from aggressive nutrition therapy [21]. Additionally,
nutritional assessment by the NUTRIC score identified
patients with a low nutrition risk in whom additional
nutritional therapy may have neutral or negative effects.

The importance of this is evident in the EDEN trial,
which compared the effects of early trophic feeds to
early full enteral nutrition (EN) [22]. No difference was
shown between trophic vs full feeds in terms of
ventilator-free days, infections, or 60-day mortality rate.
However, this study was performed in a rather young,
initially well-nourished, and nutritional-insensitive pa-
tient population with a low NUTRIC score [22]. Casaer
et al. [23] compared those with inadequate intake
(caloric restriction) to early supplemental parental nu-
trition (PN) with prior glucose loading. Early initiation
of PN to supplement insufficient EN was associated
with a higher incidence of infections, delayed recovery,
and higher health care costs compared with late initi-
ation of PN. Again, this may have been the wrong
target population as the majority of study patients had
a short ICU stay, suggestive of a low nutrition risk. Fur-
thermore, tight glycemic control and high-dose glucose
loading may have negatively affected the results. It is
unlikely that patients having cardiac surgery and at low
nutrition risk would benefit from aggressive, early PN,
therefore enrolment of these patients in a large clinical
trial would be nonsensical. An adequate risk assessment
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is mandatory to first identify high-risk patients for car-
diac surgery before scientifically studying nutrition sup-
port implementation.

Further nutrition assessments tools in cardiac surgery
Ultrasound of the quadriceps muscle is an easy-to-use and
readily available tool to measure muscle mass and deter-
mine changes in muscle and fat tissue [24—26]. Computed
tomography (CT) is also a well-established body compos-
ition analysis tool, though more expensive, not risk-free,
and difficult to access [25, 26]. Recently, the validity of
bioelectrical impedance spectroscopy (BIS) that calculates
fat-free mass from measurements of body water has
shown promising results in determining nutritional re-
serve in cardiac patients [27]. In that study a preoperative
low bioelectrical impedance phase was associated with
malnutrition and increased risk of adverse postoperative
events [27]. Yet, the high fluid intake may significantly in-
fluence the reliability of BIS. Considering clinical practic-
ability, both CT scan and BIS may open the opportunity
for preoperative and postoperative nutrition assessment in
cardiac surgery patients. In summary, biochemical inflam-
matory markers are unlikely to be of use. Ultrasound, CT,
and BIS may represent promising future tools allowing
quantitative assessment of body composition and, there-
fore, nutritional status.

Optimal time point for perioperative nutrition
therapy in cardiac surgery patients

Determining the ideal time to start feeding in relation
to cardiac surgery represents a crucial factor for nu-
tritional support to be effective. Until now, only a few
studies have addressed this question. In regards to
timing, the following time windows may be of par-
ticular relevance:

— Preoperative: at least 2—7 days before surgery
Early preoperative: <24 hours before surgery

Early postoperative: <24 hours after ICU admission
— Dostoperative: >24 hours after ICU admission

One challenging aspect facing perioperative nutri-
tional support is the fact that over half the patients hav-
ing cardiac surgery are admitted as outpatients on the
day of surgery, creating a significant challenge to pre-
operative nutritional risk assessment and timely inter-
vention. If a beneficial role for a preoperative approach
is determined, clinicians will need to overcome this
challenge and consider an outpatient approach to
optimize the nutritional status prior to admission. In
the meantime, the best assessment and treatment win-
dow for now is immediately after surgery or soon after
arrival at the ICU. Due to the limited evidence on the
preoperative or early postoperative identification of
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these patients, current practice currently only allows
practitioners to initiate the nutrition therapy on an in-
dividualized patient-tailored consideration.

Enteral vs parenteral nutrition in cardiac surgery patients
Considering international guidelines, there is a strong
consensus and most experts will report that EN is al-
ways preferred to PN. Following cardiac surgery, critic-
ally ill patients are frequently on vasopressor treatment
because of an inflammatory response syndrome, vaso-
plegia, and/or postoperative low output syndrome due
to myocardial stunning. The need for vasopressor
support further results in marked changes in energy ex-
penditure and frequent intolerance to oral feeding,
leading to significant energy/protein deficits and in-
creased risk of malnutrition. Although proven safe [28],
EN is often thought to be contraindicated and consid-
ered as harmful especially in hemodynamically unstable
patients on large doses of inotropes and/or vasopres-
sors, leading to a widespread use of PN in clinical prac-
tice. Berger et al. were among the first to provide
evidence from a small cohort on the feasibility and
safety of early nutrition support in patients after cardiac
surgery. Using a well-established paracetamol absorp-
tion test, the investigators demonstrated that hypocalo-
ric EN was feasible in such patients with altered
hemodynamic status [28]. Kahlid et al. demonstrated in
a large scale, multi-center, observational study that
mechanically ventilated, vasopressor-dependent pa-
tients (mixed population) had a significant survival ad-
vantage when EN feeding was started within the first
48 hours after ICU admission, compared to those re-
ceiving EN feeding later than 48 hours [29]. Further-
more, in a subgroup analysis, they demonstrated that
the sickest patients (on multiple vasopressors compared
to those on one vasopressor only) had a more pro-
nounced survival advantage. In addition, nutrition sup-
port was demonstrated to be feasible in patients with
extracorporeal life support systems (ECLS). All patients
on ECLS (in venovenous or venoarterial mode) were
fed using existing protocols that emphasize early EN in
preference over PN or delayed EN [30]. Notably, the
use of paralysis and sedation did not affect feeding tol-
erance regarding the time to reach goal rate, incidence
of intolerance in the first 5 days, or time until first ob-
served bowel motion. In contrast, actual guidelines rec-
ommend withholding EN nutrition in hemodynamically
unstable patients, though this is primarily based on pre-
clinical and observational studies [31]. The rationale
behind this is that the hemodynamic failure may
compromise the splanchnic blood flow, causing intes-
tinal ischemia [32], which is associated with high
mortality [33, 34].
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Given the current evidence, vasopressor use per se is
not a contraindication to EN. In hemodynamically
unstable critically ill or cardiac surgery patients, there is
at least some evidence that early EN is absorbed and
metabolized without any harmful effect on systemic
measurements of oxygenation and perfusion and sup-
portive evidence from a large-scale observational study
that this translates into an advantage in terms of mortality
[28]. Therefore, early EN may be beneficial in patients
after initial resuscitation from critical organ failure. Future
well-designed studies are needed for an adequate assess-
ment of this important question.

Counteracting the inflammatory response - the
role of key nutrients

Cardiac surgery with myocardial ischemia/reperfusion
and use of CPB is known to be associated with deleteri-
ous consequences, resulting from the inflammatory re-
sponse during cardiac surgery. The duration of CPB
time correlates with the extent of the inflammatory re-
sponse. Furthermore, surgical trauma, ischemia/reperfu-
sion, and contact activation with the CPB circuit result
in the release of mainly pro-inflammatory markers, re-
active oxygen species, and reactive nitrogen species that
contribute to the development of organ dysfunction
[35]. In this setting, the use of pharmaco-nutrients,
which may exert specific effects on metabolism, the in-
flammatory response, markers of oxidative stress, and
immune cell activity, are of considerable interest. The
amino acids glutamine and arginine, lipids such as
omega-3 fatty acids, micronutrients such as selenium
and zinc, or vitamins A, C, D, and E, are examples of
such key nutrients. Despite theoretical promise, several
large-scale clinical trials involving these nutrients had
disappointing results in the general ICU patient popula-
tion [22, 36—38]. However, in a small randomized trial in
177 patients, Leong et al. demonstrated that periopera-
tive metabolic therapy with coenzyme Q10, magnesium,
lipoic acid, omega-3 fatty acids, and selenium was
feasible, safe, and associated with improved redox status,
reduced myocardial damage, and shorter length of post-
operative hospital stay after cardiac surgery [39]. Al-
though by no means generalizable, the results of that
study support the hypothesis that key nutrients can miti-
gate perioperative oxidative stress and improve cardiac
surgical outcomes. Similarly, recent results from a non-
randomized open-label study indicate a beneficial effect of
perioperative sodium selenite supplementation, whereas
the supplementation strategy was still insufficient to com-
pensate for a second decrease in selenium levels during
the postoperative course. Given these data, a large-scale
multi-center trial was recently launched to study the
clinical significance of high-dose (2000 pg) perioperative
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sodium selenite supplementation in patients at high risk
after cardiac surgery [40].

In a recent clinical trial, perioperative nutritional
therapy was administered in the cardiac surgery ICU in
order to increase myocardial and plasma arginine/
asymmetric dimethylarginine ratio and other amino
acids [41]. The investigators demonstrated an increase
in inflammatory cells in cardiac tissue at the start and
end of cardiac surgery, whereas perioperative supple-
mentation during surgery did not affect the myocardial
inflammatory response [41]. Similarly, Tepaske et al.
performed a double-blind, three-arm clinical trial to
determine whether the addition of glycine to oral nutri-
tion may improve the patients’ outcomes after cardiac
surgery. It was demonstrated that oral immune-enhancing
nutrition reduced postoperative complications, whereas
the addition of glycine did not result in any additional
beneficial effect [42]. Taken together, recent data do not
show a clinical relevant benefit after supplementation of
arginine or glycine in patients undergoing cardiac surgery.

So far, preliminary results from small phase II trials
on fish oil (FO)-containing emulsions have demon-
strated that preoperative FO application is a promising
strategy to modulate the biological and clinical re-
sponse to cardiac surgery [43]. Berger et al. demon-
strated that perioperative FO infusions significantly
decreased biological and clinical signs of inflammation,
in a rather low-risk population of cardiac surgery pa-
tients, as reflected by a low mean Euroscore (5), which
is routinely used for the preoperative risk stratification
in cardiac surgery patients. Furthermore, mainly un-
complicated coronary artery bypass surgery was per-
formed [44]. Given these findings, supplementation of
FO may be of particular relevance in patients with
more complex procedures with more prolonged CPB
time and subsequent pronounced inflammatory re-
sponse. Manzanares et al. recently conducted a system-
atic review and included 10 randomized controlled
trials (RCTs), in which researchers evaluated FO-
containing emulsions in PN or EN in the ICU. The re-
searchers found that FO-containing emulsions may
significantly reduce the rate of infections. In addition,
FO-containing emulsions were associated with clinic-
ally important reductions in duration of mechanical
ventilation and hospital length of stay [45]. Further re-
search is encouraged and is needed in cardiac surgery
patients to clarify the role of FO.

Pharmaco-nutrition offers a promising approach to en-
hance the body’s defense mechanisms and to attenuate
the deleterious effects of SIRS and improve outcomes.
This may be of particular relevance for high-risk patients
undergoing complex procedures with prolonged CPB dur-
ation and an overwhelming release of pro-inflammatory
mediators.
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Main open research topics concerning nutrition in
patients after cardiac surgery

The few randomized trials of nutrition support in patients
undergoing cardiac surgery are limited to small numbers
of patients and demonstrate heterogeneous results, so the
experts felt unable to give strong recommendations for
clinical practice. Nevertheless, six key messages have been
identified by the experts, which are thought to be of clin-
ical relevance in the treatment of these patients:

1. Whenever possible, preoperative optimization of
the nutritional state should be targeted in the
malnourished patient undergoing cardiac surgery.
The increasing number of patients with advanced
heart failure and planned VAD implant represent a
subpopulation that may as well benefit from
optimization of the nutritional state. Thus,
determination of nutritional risk, preferably using a
structured scoring tool, should be part of the
patient’s preoperative assessment.

2. To reach maximum benefit, preoperative nutritional
therapy should be initiated in malnourished patients
after cardiac surgery at least 2—7 days before surgery
(e.g., as part of a preoperative evaluation and
optimization therapy) [46].

3. Monitoring of nutrition intake should be routinely
assessed daily in patients after cardiac surgery during
the ICU stay. In particular, on day 3 all patients
should be carefully evaluated as to their nutrition
risk and effort should be made to achieve at least
80% of their prescribed protein/energy requirements,
either by enteral or parental feeding, as soon as
possible.

4. Postoperative nutrition support should be initiated
early (0—24 hours after surgery) in patients at high
nutritional risk with an expected prolonged ICU stay.

5. Attention to refeeding syndrome may be of
importance for patients in whom nutrition support
is started after a prolonged period of starvation or in
patients with preexisting malnutrition, respectively.
In those patients, advancement of feeding should be
slower, taking 3—4 days to reach goal, and targeting
to adapt to both macronutient and micronutrient
special needs [31].

6. If initiated early postoperatively within <24 hours
after ICU admission, an additional immune-
modulating component (e.g., selenium, fish oil) to
nutrition may be considered for patients with
complex and prolonged surgical procedures, to
counteract the overwhelming inflammatory response.

In extension to the need of reliable data, international
standardized procedures such as the ESPEN and IASMEN
endorsed strategy for Enhanced Recovery After Surgery
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(ERAS) are warranted to optimize nutrition support in
cardiac surgery patients. In view of the heterogeneous
standards of perioperative care in these patients and lack
of evidence provided by large-scale RCTs, the multi-
modal ERAS program for optimal perioperative care may
help to reduce surgical stress, maintain physiological func-
tional capacity, and facilitate postoperative recovery by
providing the best available evidence [47].

Furthermore the multidisciplinary group identified six
important topics for future research:

1. Targeting preoperative optimization of the
nutritional state may result in improved
postoperative outcome. Structured scoring tools
should be validated and implemented as part of
preoperative assessment and to monitor the efficacy
of nutrition therapy.

2. In identified patients, the feasibility and clinical
significance of early-initiated postoperative nutrition
support needs to be evaluated.

3. Dose-finding studies for both macronutrients and
micronutrients are needed to answer the questions
of “how to supplement patients after cardiac
surgery” and “with which combination of nutrients”.

4. To counteract the frequently occurring
inflammatory response, the clinical significance of an
immune-modulating component (e.g., selenium, fish
oil) should be evaluated in patients with complex
and prolonged surgical procedures.

5. Validated and reliable assessment of energy
requirement in patients after cardiac surgery need to
be developed.

6. The role trophic EN might play in the
hemodynamically stable patient after initial
stabilization needs further evaluation.

Conclusion

Valid and reliable data are urgently needed to improve
the so far non-standardized clinical practice of nutrition
screening, assessment, and support in patients after car-
diac surgery. Although both inflammatory response and
postoperative complications are predictable, clinical
practice has several restrictions, limiting optimal nutri-
tion therapy. The accurate identification of patients who
benefit most from nutritional therapy presents a clinical
imperative requiring validation by adequately powered
clinical studies.
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