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ABSTRACT
In patients undergoing elective cardiovascular and thoracic surgery, malnutrition and the 
deterioration of nutritional status are associated with negative outcomes. Recognition of 
the contributory factors and the complications stemming from surgical stress is important 
for the prevention and management of these patients. We have reviewed the literature 
available and focused on the nutritional and metabolic aspects affecting surgical 
patients, with emphasis on the recommendations of enhanced recovery protocols. The 
implementation of enhanced recovery protocols and nutritional support guidelines 
focusing on the surgical patient as part of a multidisciplinary approach would improve the 
nutritional status of surgical patients at risk for negative outcomes. 
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INTRODUCTION

Postsurgical management and prognosis in elective surgery 
patients is influenced by preoperative nutritional status 
that predisposes to negative outcomes.1,2 Recent initiatives 
in evidence-based perioperative nutrition guidelines, 
including enhanced recovery protocols and nutritional 
support recommendations, aim to provide surgery-focused 
goals for patient care.

BACKGROUND
The American College of Surgeons National Surgical 
Quality Improvement Program database developed a 
preoperative mortality predictor (PMP) for general surgery. 
PMP identified nine variables as predictors of death, among 
them “inpatient status, poor functional status, age, cancer, 
comorbidities, and weight loss.”3

Hiram Studley in 1936 established the association 
between preoperative weight loss and postoperative 
mortality rate in patients with peptic ulcer disease.4,5 

The understanding of the impact of nutritional status on 
surgical outcomes showed slow progress until the 2018 
joint consensus statement of the Perioperative Quality 
Initiative (POQI) workgroup and American Society for 
Enhanced Recovery (ASER).6 Since then, recognition of the 
effect of age, mobility status, comorbidities, presence of 
malignancies, and performance status on outcomes has 
promoted the search for evidence-based preventive and 
therapeutic interventions.3 

Fowler et al. compared historical references and 
showed that progressive aging among surgical patients 
has increased and is expected to continue in the future.7 

The impact of aging on mechanical muscle function was 
evaluated by Hvid et al. in young and older healthy active 
men, comparing muscular function after short-term 
disuse followed by retraining. After equal time for recovery, 
younger men showed restored function while older men 
had an impaired ability to restore function, confirming a 
similar early study by Suetta et al.8,9 

Subsequently, establishment of strategies to prevent 
and address modifiable factors in surgical patients took 
the form of initiatives such as the Enhanced Recovery 
After Surgery (ERAS®) program promoted by the ERAS® 
Society and the European Society for Clinical Nutrition 
and Metabolism. The American Society for Parenteral and 
Enteral Nutrition is currently working on ERAS® nutrition 
guidelines.

PREDICTORS OF SURGICAL OUTCOME

The National Veteran Affairs (VA) Surgical Risk Study with 
the participation of 44 tertiary care VA medical centers and 

the analysis of a total of 54,215 major noncardiac surgical 
cases showed the value of albumin levels as a predictor of 
surgical outcomes, highlighting easy accessibility and low 
cost.10 Meyer et al. evaluated a cohort of 204,819 surgical 
patients, of which 55.6% corresponded to oncology surgery 
and 25.4% to cardiovascular surgery. Hypoalbuminemia 
correlated with worse outcomes, expressed as higher rates 
of complications, reoperations, readmissions, extended 
length of stay, and mortality in a cohort of patients 
undergoing surgical procedures.11 A systematic review by 
Karas et al. in cardiac surgery patients found a correlation 
with adverse outcomes without establishing a specific level 
of albumin as an abnormal cutoff.12 An evaluation by de 
la Cruz et al. in 1,164 patients who underwent primary 
isolated coronary artery bypass graft (CABG) surgery 
presenting hypoalbuminemia did not show increased early 
postoperative morbidity or mortality but predicted poor 
long-term survival after CABG.13

Kudsk et al. evaluated patients undergoing non-
emergent esophageal and pancreatic procedures with 
albumin levels below 3.25 g/dL who could have been 
delayed for nutritional optimization. They were not 
delayed, and they showed higher risk than colon surgery 
patients.14 

Yu et al. used a cutoff of < 20 mg/dL for prealbumin 
levels to look for the effect on surgical outcomes in cardiac 
surgery patients. The study found that patients had an 
increased risk for perioperative infections and extended 
need for mechanical ventilation support.15

While serologic markers and their complementary role for 
other tools are useful for recognizing clinical malnutrition, it 
also is important to acknowledge their limitations, as they 
may overlook a sizable portion of elective surgery patients 
who otherwise could benefit from interventions aiming at 
risk modification.1

NUTRITION AND FRAILTY IN THE SURGICAL 
PATIENT 
The surgical stress response is a hypermetabolic and 
hypercatabolic state characterized by protein catabolism, 
primarily relying on skeletal muscle mass, resulting in 
a net loss of skeletal muscle mass. Surgeries requiring 
cardiopulmonary bypass are among the most stressful, 
and cardiac surgery has the highest rates of iatrogenic 
malnutrition globally.16-18 Due to the protein-wasting 
nature of the surgical stress response, preexisting cachexia, 
sarcopenia, or malnutrition is a major risk factor for 
postoperative morbidity and mortality. Impaired functional 
status is also a major risk factor for poor postoperative 
outcomes.19 Kassin et al. identified that among the factors 
affecting 30-day hospital readmission in general surgery 
patients, “failure to thrive/malnutrition” has a frequency of 
10.4%.20 
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PATHOPHYSIOLOGICAL RESPONSE TO 
SURGERY

The surgical patient presents acute physiological 
responses to several exposures, including the effect of 
prolonged fasting, surgical stress response, perioperative 
hyperglycemia, and enhanced inflammatory response to 
surgery.

PREOPERATIVE FASTING EFFECT 
Extended preoperative fasting is still prevalent in the 
preoperative setting despite the wealth of evidence against 
this practice. The American Society of Anesthesiologists 
Task Force on Preoperative Fasting and the Use of 
Pharmacologic Agents to Reduce the Risk of Pulmonary 
Aspiration issued updated guidelines in 2017. In patients 
evaluated and cleared for antecedents of gastroesophageal 
reflux disease, dysphagia, or other motility and metabolic 
disorders (ie, diabetes), “clear liquids may be ingested 
for up to 2 hours before procedures requiring general 
anesthesia, regional anesthesia, or procedural sedation 
and analgesia.”21

In 2003, a systematic review of the effect of 
different preoperative fasting regimens on perioperative 
complications and patient wellbeing showed “no evidence 
that the volume or pH of the participants’ gastric contents 
differed significantly depending on whether the groups 
were permitted a shortened preoperative fluid fast or 
continued a standard fast.”22 

ERAS® guidelines for clinical nutrition in surgery23——
including ERAS® Cardiac,24 ERAS® Esophagectomy,25 and 
European Society for Clinical Nutrition and Metabolism—all 
recommend limiting the duration of preoperative fasting.6,26 

SURGICAL PROCEDURE STRESS RESPONSE
The physiological response to cell injury that surgical 
intervention entails manifests as an acute stress response. 
Initial neuroendocrine response with the release of 
stress hormones, adrenocorticotrophic hormone, cortisol, 
vasopressin, and growth hormone predispose increased 
free water retention and hyperglycemia. The effect on 
glucose homeostasis expressed by increased glycogenolysis 
and gluconeogenesis, along with insulin resistance, leads 
to a hyperglycemic state known to increase postoperative 
complications. It is important to recognize a biphasic 
hypermetabolic response expressed as an initial ebb phase 
and flow phase that follows. The ebb starts within hours of 
the injury and lasts until 2 to 3 days after, manifesting with 

“a reduction of cardiac output, oxygen consumption, basal 
metabolic rate, and glucose tolerance.”27 The flow phase 
follows the ebb phase and can last from days to weeks, 
and it is characterized by an “increase in cardiac output, 

respiratory rate, oxygen consumption, hyperglycemia, 
skeletal muscle catabolism, and a negative nitrogen 
balance.”27 As the patient evolves through these phases 
into a recovery state or a chronic stress state, significant 
variability occurs in nutrition requirement, intake absorption, 
and substrate utilization.27,28 

SURGERY-INDUCED HYPERGLYCEMIA
The anabolic effect of insulin promotes glycogenesis 
and the uptake of glucose into the muscle and adipose 
tissue. This effect in the context of surgical injury is offset 
by increased insulin requirements and insulin resistance, 
leading to an overall catabolic state and residual persistent 
hyperglycemia. Persistent hyperglycemia in addition to 
immobilization leads to a multiplying effect of increased 
insulin resistance and decreased muscular synthesis, thus 
enhancing the catabolic effect. 

Kotagal et al. evaluated a cohort of 40,836 surgical 
patients from the Surgical Care and Outcomes Assessment 
Program for diabetes mellitus status, perioperative 
hyperglycemia, and adverse events. Patients with diabetes 
had a higher rate of adverse events compared with non-
diabetes mellitus patients. Patients with hyperglycemia had 
an increased risk for events compared with normoglycemic 
patients, and patients without diabetes mellitus had a 
dose-response relationship between blood glucose level 
and adverse events.29 The ERAS® guidelines recognize this 
issue and recommend evaluation of hemoglobin A1c in 
preoperative evaluation of surgical candidates.

SURGICAL INFLAMMATORY RESPONSE
The surgical injury triggers a systemic inflammatory 
response susceptible for being evaluated and followed up 
by biomarkers such as interleukin-6 and C-reactive protein 
(CRP). Watt and colleagues in a systematic review involving 
14,362 patients undergoing elective procedures showed 
that interleukin-6 and CRP responses were associated  
with the magnitude of the operative injury and the 
invasiveness of the operative procedure.”4 Postoperative 
levels of CRP have shown a strong correlation with 
complications in patients with major abdominal surgery.30 
The dual measurement of albumin and CRP in patients 
with advanced esophageal cancer may offer prognostic 
parameters in evaluating patients being considered for 
palliative surgery.31

MALNUTRITION SCREENING

Malnutrition screening is the essential first step for 
identifying patients at risk for malnutrition and will help 
target patients who would benefit from preoperative 
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nutrition optimization. The Malnutrition Screening Tool 
used at Houston Methodist Hospital (HMH) is validated in 
both inpatient and outpatient settings and simply screens 
for weight loss and eating poorly due to decreased appetite. 
It does not require a measured height and weight and 
therefore is quick and easy to administer.32-35

Many other tools exist and are validated with screening 
criteria of weight status—such as body mass index (BMI) 
and/or recent weight loss—and recent nutritional intake.35 
However, none were developed solely for preoperative use. 
The 2018 joint consensus statement of ASER and the POQI 
describes a new screening tool, the perioperative nutrition 
screen, or PONS.6 It is a modified version of a previously 
validated screening tool, the Malnutrition Universal 
Screening Tool (MUST), which requires a measured height 
and weight. The MUST assigns risk for low BMI < 18.5, 
unintentional weight loss, and decreased oral intake. 

The PONS changed the BMI cutoff for risk triggers to BMI 
< 20 and added criteria for age > 62 and low albumin, which 
as previously discussed has proven to be a valuable surgical 
prognosticator of postoperative morbidity and mortality. 
The PONS keeps the original MUST questions regarding 
unintentional weight loss and decreased oral intake. In the 
subsequent validation study, unintentional weight loss and 
low albumin were associated with significantly increased 
length of stay (LOS) and 30-day readmission rates, while 
decreased oral intake was associated with significantly 
increased LOS and low BMI was not associated with 
increased LOS.36 Apart from the PONS, no validated tool for 
scoring a patient’s perioperative nutritional risk has existed 
in modern surgical care.18

NUTRITION ASSESSMENT BY REGISTERED 
DIETITIAN
Patients who are identified at malnutrition risk should 
be referred to a Registered Dietitian to perform a formal 
nutrition assessment along with nutrition-focused physical 
exam (NFPE) to assess body composition and, if present, to 
diagnose and quantify degree of malnutrition.6,36-39 Labs 
are reviewed, including micronutrient levels that need 
correction, to help with appetite or other symptoms.

ASSESSMENT OF FRAILTY AND SARCOPENIA
Having identified the malnutrition risk and completed the 
nutrition assessment and NFPE to diagnose malnutrition, 
assessment then pivots to identify the extent of frailty 
in these patients. Handgrip strength using a hand 
dynamometer and six-minute walk test are both objective 
and easy to administer.40,41 Measured and calculated gait 
speed also adds to the assessment.42 A hand dynamometer 
is the gold standard for determining decreased functional 
status, but a simple handshake during the NFPE, where the 
clinician instructs patients to squeeze tightly, will suffice if 
these devices are not available. 

At HMH, the outpatient transplant dietitians use some 
of these objective measures along with two subjective 
questions, based on the Fried Frailty Phenotype, to then 
categorize a patient as frail, pre-frail, or not frail.43,44 A 
treatment plan including nutrition and physical therapy 
is implemented and, in some cases, surgery is not 
recommended until progress is made. The algorithm in 
Figure 1 depicts clinical practice guidelines for frailty that 
are followed by the HMH outpatient transplant team.

Figure 1 Clinical practice guidelines for frailty followed by the Houston Methodist Hospital outpatient transplant team.



89Sanchez Leon et al. Methodist DeBakey Cardiovasc J doi: 10.14797/mdcvj.1248

Elderly, obese, and chronically ill frail patients need 
special consideration of their lean body mass (LBM).6 Pairing 
nutrition assessment and frailty assessment provides 
insight into a patient’s LBM status, but objective measures 
of LBM with innovative use of computed tomography 
and ultrasound for assessment of muscle mass and 
body composition are emerging in recent literature and 
are proposed for use in preoperative risk stratification.6,45 
Weerink et al. evaluated the influence of preoperative 
sarcopenia using low psoas muscle mass on postoperative 
complications in surgical oncology patients and showed 
increased risk of postoperative complications and 30-day 
mortality.46 

ENHANCED RECOVERY AFTER SURGERY 

The Enhanced Recovery After Surgery (ERAS®) protocol 
was developed in 1997 as a set of interventions aimed to 
improve outcomes in patients undergoing elective surgery. 
The protocol encompasses a series of interventions 
preadmission, preoperative, intraoperative, and 
postoperatively. Table 1 highlights ERAS® nutrition-related 
recommendations for general surgery and subspecialized 
populations of interest to our readers (cardiac, lung, and 
esophagectomy).23–25,47,48

A systematic review of the effect of enhanced recovery 
programs (ERP) on surgical patients in different surgical 
specialties showed that ERP decreased the length of stay 
and the risk for complications within 30 days.49

The implementation of an ERAS® cardiac program 
in the United States was evaluated by Williams et al. 
and demonstrated improved outcomes expressed as 
decreased LOS, decreased total intensive care hours, and 
gastrointestinal complications.50

The use of oral nutritional supplements (ONS) providing 
preoperative carbohydrate load (PCL) is intended to blunt a 
hyperglycemic surge associated with fasting and surgical 
stress. The intervention uses ONS such as oral carbohydrate-
loading mixtures, immunomodulatory formulas, and 
isocaloric and/or high-protein supplements. Additionally, 
enteral and parenteral nutrition support is used in selected 
patients. Smith et al. performed a systematic review 
evaluating the effects of PCL compared with placebo on 
preoperative fasting, postoperative recovery, and insulin 
resistance in patients undergoing elective surgery. The 
results showed that PCL was associated with shortened 
length of hospital stay and did not show aspiration 
pneumonia in any of the study groups.51

Gianotti et al. evaluated the effect of PCL in patients 
with elective abdominal surgery and showed that PCL 
effectivity maintained glycemia < 180 mg/dL without 
affecting the risk for postoperative complications.52  
Feguri et al. studied the use of PCL and IV omega-3 
polyunsaturated fatty acids in 57 patients undergoing 
CABG and evaluated postoperative outcomes. The results 
showed no effect on LOS in the ICU or total days but 
did show a significant decrease in postoperative atrial 
fibrillation.53 The guidelines of the Endocrine Society for 
the management of hyperglycemia in adult hospitalized 
patients discourage PLC for patients with type-one 
diabetes, type-two diabetes, or other forms of diabetes 
when undergoing surgical procedures due to “potential for 
harm and uncertainty of benefit.”54

The pre- or postoperative use of immunomodulatory 
(IMN) formulas—containing most commonly arginine, 
omega-3 fatty acids, and antioxidants delivered by ONS—
or enteral nutrition formulas aim to reduce risk in surgical 
patients. The weight of the evidence supporting their use 
is variable, depending on the surgical population studied. 

Table 1 The Enhanced Recovery After Surgery nutrition-related recommendations for general surgery and subspecialized populations 
including cardiac, lung, and esophagectomy patients.

Preadmission •	 Preoperative nutritional screening and assessment plus nutritional support 

•	 Esophagectomy: in high-risk cases, preference to enteral support by feeding tubes

•	 Optimization of chronic disease (identification of hyperglycemia and optimization of diabetes mellitus)

Preoperative •	 Preoperative carbohydrate loading

•	 Cardiac surgery: minimize fasting by continuing clear liquids up to 2 to 4 hours before anesthesia

Intraoperative •	 Maintenance of fluid balance avoiding both under- and over-hydration

•	 Esophagectomy: avoid positive balance resulting in weight gain > 2 kg/d

Postoperative •	 Early intake of fluids and solids

•	 Intake of nutritional supplements

•	 Cardiac surgery: insulin infusion in all patients with postoperative hyperglycemia

•	 Esophagectomy: enteral feeding with nutritional rate on target by day 3-6
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They generally are accepted in patients at high nutritional 
risk or who present with underlying malignancies 
and benefit from a decreased incidence of infectious 
complications.6,55 In opposition, their use is not supported 
by the ERAS®-Esophagectomy protocol due to lack of 
significant evidence.25

Braga et al. evaluated patients with malnutrition as 
candidates for major elective surgery due to malignancy 
of the gastrointestinal tract. Patients were divided into 
preoperative, perioperative, and control groups and were 
provided an IMN formula, with all showing a significantly 
shorter LOS.56 Tepaske et al. evaluated high-risk patients 
undergoing elective cardiac surgery to randomly receive 
preoperative IMN or standard ONS to evaluate effect on 
host defense and showed significant decrease in IL-6 and 
higher expression of HLA-DR in the IMN intervention group 
along with reduction in total infectious complications.57

In a study by Senkal et al., 154 patients eligible for elective 
surgery due to malignancy of the upper gastrointestinal 
tract were randomized to oral IMN versus isoenergetic 
control diet preoperatively, and via catheter jejunostomy 
postoperatively, and demonstrated decreased occurrence 
of early infectious complications as well as cost reduction 
related to treating complications.58 An umbrella review by 
Slim et al. evaluating perioperative IMN versus normal diet 
or isocaloric isonitrogenous feeding in abdominal surgeries 
(including esophageal) found significantly fewer infectious 
complications and less postoperative morbidity.59

Patients undergoing cardiac surgery have a distinctive 
hyperinflammatory response to surgical stress. Leong 
et al. compared a cohort of patients undergoing elective 
CABG and/or valve surgery and randomly receiving oral 

“metabolic therapy” (coenzyme Q, magnesium orotate, 
lipoic acid, omega 3 fatty acids, and selenium) versus 
placebo, and they showed improved redox status and 
myocardial damage, and shortened length of postoperative 
hospital stay.60

NUTRITIONAL INTERVENTIONS
Pharmaconutrients are indicated as a complement 
or substitute of oral nutrition in patients at risk for 
malnutrition or malnourishment. In the surgical population, 
the prevalence of malnutrition is increased due to 

“undernutrition” associated with extended nil per os orders 
and increased nutritional requirements from the surgical 
stress and heightened catabolic state. Oral nutrition 
should always be considered early and first, if possible, in 
the postoperative period.2,55 In an international and multi-
institutional study, Heyland et al. showed that when enteral 
feeding is started late, 38.8 hours after admission, patients 
received only 61.2% of calories and 57.6% of protein 

prescribed, with 74% of patients not meeting at least 
80% of their energy target.61 Undernutrition is particularly 
present in cardiac surgery62,63 and in patients subject to 
esophagectomy. Patients undergoing esophagectomy 
could remain nutritionally compromised in the months/
years that follow and may never return to baseline.64

ORAL NUTRITION SUPPLEMENTATION 
Oral nutrition supplements are indicated for patients with a 
preserved functional and structural intact gastrointestinal 
tract that cannot meet adequate nutritional goals for their 
calculated or measured requirements. The formulations 
vary from standard to caloric dense and standard to 
high protein formulations. IMN formulas are defined as 
containing arginine, omega-3 fatty acids, and a complex 
carbohydrate such as maltodextrin. IMN formulations have 
been recommended in the preoperative and postoperative 
period in patients undergoing elective surgery.23-25,47,48 
Berkelmans et al. performed an international multicenter 
trial with patients undergoing minimally invasive 
esophagectomy, testing direct start of oral feeding versus 
standard of care and the effect on primary (functional 
recovery) and secondary outcomes (anastomotic leak, 
pneumonia rate, and surgical complications). It showed no 
compromise of functional recovery without an increased 
incidence of postoperative complications.65

ENTERAL NUTRITION
Enteral nutrition (EN) is indicated in patients unable 
to meet nutritional requirements due to functional or 
structural limitations. In the preoperative period, EN could 
be a complement in patients with suboptimal oral intake, 
limited compliance with ONS, and patients at high risk of 
malnutrition or malnourished as part of the preoperative 
optimization.66,67 In the postoperative period, EN could be 
started after admission to intensive care68 and increased 
stepwise to achieve the nutritional goal over 3 to 5 days.26,55 
Berger et al. studied intestinal absorption in hemodynamic 
unstable cardiac surgery patients using an acetaminophen 
absorption test and showed decreased (but not suppressed) 
absorption associated with decreased pyloric motility.69 
The use of early EN is supported68 in critically ill and surgical 
patients alike: in a systematic review of a hospitalized 
mixed-population, Marik and Zaloga showed that early 
EN was associated with a significantly lower incidence 
of infections and reduced hospital LOS.70 In a group of 
patients with upper gastrointestinal cancer (54 esophageal, 
38 gastric, 29 pancreatic), Barlow et al. randomly assigned 
patients to EN versus control (nil per os and IV fluid) and 
showed that EN was associated with shortened LOS and 
improved outcomes.66,71
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An earlier study by Gabor et al. evaluated the impact of 
early postoperative EN on patients with esophagectomy 
or esophagogastrectomy and reconstruction and found 
that they recovered faster in terms of ICU and hospital 
stay, with no impact on mortality.72 A major drawback of 
this intervention is limited compliance and inappropriate 
quantification of delivery of the nutritional prescription.

EN is the first choice of nutritional delivery in all patients 
able to tolerate it. Li et al. performed a meta-analysis of 10 
studies evaluating safety and efficacy of jejunostomy versus 
nasoenteric tube in patients undergoing esophagectomy. 
Patients in the jejunostomy group had a lower incidence of 
postoperative pneumonia, shorter LOS, and lower risk for 
catheter dislocation, placing jejunostomy as the preferred 
EN route in these patients.73

Critically ill patients are often underfed due to 
interruptions in EN delivery. Interventions to improve 
delivery include the use of energy-dense formulations and 
strategies such as volume-based feeding, which allow for 
a catch-up time. The use of energy-dense formulation 
(1.5 kcal/mL versus 1.0 kcal/mL), evaluated by the TARGET 
Investigator Group, did not affect mortality (primary 
outcome) but showed the delivery of similar volumes of 
EN in both groups, with increased calorie delivery in the 
1.5 kcal/mL subgroup.74 In the surgical critically ill patient, 
undernutrition is prevalent along with an increased 
frequency of parenteral nutrition (PN),62 raising the question 
of benefit of PN over EN. Mazaki and Ebisawa studied 
the benefit of EN over PN in trials that included 2,552 
patients after elective gastrointestinal surgery and found a 
reduction of “any complications, infectious complications, 
anastomotic leak, intraabdominal abscess and duration of 
hospital stay.”75

PARENTERAL NUTRITION AND SUPPLEMENTAL 
PARENTERAL NUTRITION 
The use of PN is indicated in the perioperative period 
in surgical patients who are unable to meet nutritional 
requirements with oral intake or EN. PN is indicated in 
the well-nourished patient after 7 days of admission if 
EN is delivering < 50% of the caloric requirements.26 In 
the postoperative period, use of PN is indicated if EN is 
deemed high risk for complications (ie, high vasopressor 
requirements) or gastrointestinal intolerance prevents 
adequate nutritional delivery, and in those patients with 
severe malnutrition or high nutritional risk.

Supplemental parenteral nutrition (SPN) is indicated to 
complement EN when it is insufficient to deliver caloric 
requirements, always keeping EN as tolerated, to preserve 
gastrointestinal trophism. Heidegger et al. evaluated the 
effect of SPN in 153 patients targeting at 100% of energy 
delivery from day 4 to 8 upon admission to the ICU; they 

found that patients randomized to SPN versus EN had a 
lower occurrence of nosocomial infections after day 8.76 A 
similar study by Wischmeyer et al. showed no increase in 
infection risk in patients receiving SPN.77

The evolution of intravenous lipid emulsion (ILE) 
development and the impact on outcomes in patients 
receiving PN is noteworthy, from the historical use of soy-
based emulsions to the latest incorporation of ILEs with a 
mixture of olive oil-based emulsion and fish oil (FO)-based 
emulsions. Manzanares et al. performed a systematic 
review and meta-analysis evaluating the efficacy of FO-
based emulsions on clinical outcomes in critically ill patients. 
Ten randomized controlled studies including 733 patients 
were evaluated for clinical outcomes and showed that FO-
based emulsions may be associated with a reduction in 
infections.78 

SPECIAL POPULATIONS

EXTRACORPOREAL MEMBRANE OXYGENATION 
Extracorporeal membrane oxygenation (ECMO) is indicated 
in critically ill patients with cardiac or respiratory failure, 
and the use of EN in this population has been a subject of 
concern for practitioners. Ferrie and colleagues evaluated 
86 patients retrospectively who received ECMO at a single 
center: 31 patients receiving ECMO for heart failure were 
subject to venoarterial (VA) ECMO, with the rest receiving 
venovenous ECMO. All received early EN, and it was well 
tolerated with both modalities.79 Umezawa et al. showed 
feasibility and safety in a case series of seven patients 
receiving VA ECMO with nutrition support for severe 
hemodynamic failure using early EN in a step-up manner 
over 4 days.80 Karpasity reviewed published randomized 
trials and observational studies between July 2000 and 
July 2020, evaluating nutritional interventions in critically ill 
patients receiving ECMO therapy for nutritional adequacy 
and gastrointestinal complications. EN was found feasible 
and safe albeit with difficulties meeting nutritional goals.81

SUMMARY

In patients undergoing elective surgery, failure to identify, 
quantify, prevent, and intervene with proper perioperative 
non-nutritional and nutritional interventions leads to 
negative outcomes. The evidence supporting the use of 
enhanced recovery nutrition protocols applies to most 
patients and is best implemented in a multidisciplinary 
and integrative approach. Development of higher quality 
evidence in this area would increase the applicability in 
specific surgical groups.
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KEY POINTS 

•	 Screen all patients for malnutrition risk before major 
cardiothoracic interventions. Implement the use of 
PONS, a new validated perioperative nutrition screen, 
in all patients undergoing major cardiothoracic 
interventions.

•	 Quantify degree of malnutrition and frailty and 
incorporate a multidisciplinary integrative approach to 
therapeutic interventions.

•	 Adapt evidence-based ERAS® (Enhanced Recovery 
After Surgery) protocols whenever possible for all 
planned surgeries.
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