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Fortyfikacja diety
Fortyfikacja („wzmacnianie”) żywności to sposób na 

zwiększenie wartości odżywczej diety poprzez:
1. dodawanie produktów naturalnych o dużej gęstości 

kalorycznej (np. masło, śmietanka, czekolada, miód, 
żółtko jaja, oleje roślinne, mleko kokosowe, gęste 
kasze, zmielone orzechy, mięso itp.);

2. dodawanie preparatów produkowanych przemy-
słowo, jedno- lub wieloskładnikowych. Preparaty 
jednoskładnikowe zawierają białka, węglowodany 
lub tłuszcze, preparaty wieloskładnikowe — różne 
kombinacje wymienionych makroskładników, zazwy-
czaj z dodatkiem witamin i minerałów. Przy fortyfi-
kowaniu żywności często konieczna jest równoległa 
zmiana tekstury diety oraz objętości i częstości 
posiłków ze względu na ograniczony apetyt i różne 
dolegliwości chorego. 
Fortyfikowanie żywności powinno być zawsze nad-

zorowane przez wykwalifikowany personel medyczny. 

Nieprawidłowo fortyfikowana dieta nie pokrywa za-
potrzebowania na składniki pokarmowe i/lub zaburza 
właściwe ich proporcje, może się więc stać dietą niedobo-
rową, a także — w przypadku nieprawidłowo zalecanych 
ONS — może mieć negatywny wpływ na objawy ze strony 
przewodu pokarmowego (np. nasilenie biegunek).

Wydanie zaleceń dla pacjenta
Wydanie zaleceń dla pacjenta powinno się odbyć 

w sposób zrozumiały dla niego i/lub dla jego rodzi-
ny. Należy wydać (najlepiej na piśmie) konkretne 
wskazówki, co chory ma jeść, jak często, jaka ma być 
konsystencja posiłków. Pomocne jest wydanie przykła-
dowego jadłospisu oraz pomocy edukacyjnych. Należy 
pouczyć chorego, jak fortyfikować („wzmacniać”) dietę 
i jakie są zasady przyjmowania doustnych diet przemy-
słowych. Należy dobrać właściwy ONS do problemu 
klinicznego, z jakim zmaga się chory. W przypadku 
Szpitalnych Zespołów Żywieniowych konsultacja die-
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It must be emphasized, that good evidence is available only for
patients undergoing colorectal surgery. With special regard to the
elderly the benefits are less clear in patients undergoing upper
gastrointestinal and pancreatic surgery [131,132] both (1!).

So far, no controlled data are available for patients with oeso-
phageal resection. The study protocol for an ongoing multicentre
study in the Netherlands has been recently published [23].

4. Indication for nutritional therapy

4.1. When is nutritional assessment and therapy indicated in the
surgical patient?

Recommendation 6:

It is recommended to assess the nutritional status before and after
major surgery.

Grade of recommendation GPP e strong consensus (100%
agreement)

Recommendation 7:

Perioperative nutritional therapy is indicated in patients with
malnutrition and those at nutritional risk. Perioperative nutritional
therapy should also be initiated, if it is anticipated that the patient will
be unable to eat for more than five days perioperatively. It is also
indicated in patients expected to have low oral intake and who cannot
maintain above 50% of recommended intake for more than seven days.
In these situations, it is recommended to initiate nutritional therapy
(preferably by the enteral route e ONS-TF) without delay.

Grade of recommendation GPP e strong consensus (92%
agreement)

Commentary:

The influence of nutritional status on postoperative morbidity
and mortality has been documented well in both retrospective
[133e137] (both 2!) and prospective studies [34,46,138e149] (all
2þ). Inadequate oral intake for more than 14 days is associatedwith
a higher mortality [150] (1!).

The energy and protein requirements can be estimated with
25e30 kcal/kg and 1.5 g/kg ideal body weight [105].

Twomultivariate analyses have shown, for hospitalised patients
in general and for those undergoing surgery for cancer in particular,
that undernutrition is an independent risk factor for the incidence
of complications, as well as increased mortality, length of hospital
stay, and costs [50,151] (both 2þþ).

Undernutrition occurs frequently in associationwith underlying
disease (e.g. cancer) or with chronic organ failure [34e36,151e158]
(both 2!) (see respective guidelines). In a prospective multicentre
observational study of patients with gastric cancer [159] (2þ)
dysphagia and gastric outlet obstruction have been shown inde-
pendent factors for the risk of anastomotic leakage after total gas-
trectomy. Nutritional status also influences outcome after
transplantation [36,160e168] (all 2þ) as well as increasing the
morbidity and mortality in geriatric patients undergoing surgery
[40] (2þ).

The general indications for nutritional support therapy in pa-
tients undergoing surgery are the prevention and treatment of
undernutrition, i.e. the correction of undernutrition before surgery
and the maintenance of nutritional status after surgery, when pe-
riods of prolonged fasting and/or severe catabolism are expected.
Morbidity, length of hospital stay, and mortality are considered
principal outcome parameters when evaluating the benefits of
nutritional support [169e178] (all 2!).

After discharge from hospital or when palliation is the main aim
of nutritional therapy, improvement in nutritional status and in
quality of life are the main evaluation criteria.

The enteral route should always be preferred except for the
following contraindications:

# Intestinal obstructions or ileus,
# Severe shock
# Intestinal ischaemia
# High output fistula
# Severe intestinal haemorrhage

The effect of EN on the outcome after surgery has not been
assessed in a consistent manner.

The working group reviewed thirty-five controlled trials
[179e213] (all 1), focussing on endpoints of outcome, and including
patients after gastrointestinal surgery (without transplantation),
trauma, and hip fracture. EN was defined as the use of oral nutri-
tional supplements (ONS) and tube feedings (TF). Early EN was
compared with normal food, administration of crystalloids and PN.
Twenty-four of these 35 trials reported significant advantages of EN
with particular regard to the reduction of infectious complications,
length of hospital stay and costs.

In eight of these 35 studies no benefits were observed
[180,188,192,196,197,202,211,212] (all 1). Some authors have
pointed out possible disadvantages of EN which have not been
observed by others. These are increased length of stay [206] (1!),
reduced lung function after oesophageal or pancreatic resection
through abdominal distension [209] (1!) or delayed gastric
emptying with increased length of stay following pancreatic sur-
gery [213] (2þ). These problems may have been related to too rapid
administration of feed in the early stages. In patients with severe
trauma tolerance of enteral intake has to be carefully monitored
[214] (1!). Compared with PN, early EN decreased postoperative
infection rate in undernourished GI cancer patients, but not in
those who were well nourished [185] (1!).

In seven out of eleven RCTs [215e225] only surrogate measures
of outcome were used, e.g. positive effects of EN on nitrogen bal-
ance and substrate tolerance. In four out of eleven studies no sig-
nificant differences were shown between early EN and standard
hospital feeding practice [215e217,224] (all 1!).

The advantages of early EN within 24 h versus later
commencement have been clearly shown in two meta-analyses
(one Cochrane systematic review) [115,116] (both 1þþ).

The American Society for Parenteral and Enteral Nutrition
(ASPEN) guidelines from 2016 [226] recommend postoperative EN
when feasible within 24 h.

In three older trials enteral feeding in patients with fracture of
the hip and the femur neck was studied. In one trial of overnight
nasogastric feeding [181] (1!), in which the patients were first
stratified by nutritional status before randomisation, there was a
significant reduction in rehabilitation time and postoperative stay
in the undernourished groups. In another study of TF, there was no
influence on hospital outcome, although six-month mortality was
reduced [207] (1!). In the third study ONS given once daily
significantly improved outcome at six months with a lower rate of
complications and mortality [187] (1!).

Recommendation 8:

If the energy and nutrient requirements cannot be met by oral and
enteral intake alone (<50% of caloric requirement) for more than
seven days, a combination of enteral and parenteral nutrition is
recommended (GPP). Parenteral nutrition shall be administered as
soon as possible if nutrition therapy is indicated and there is a

A. Weimann et al. / Clinical Nutrition 36 (2017) 623e650 631
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Abstract Background: Intensive care outcome measured
by morbidity and mortality is altered in the severely mal-
nourished ICU patient, and nutritional support of the crit-
ically ill is accepted as a standard of care. Current rec-
ommendations suggest starting enteral feeding as soon as
possible whenever the gastrointestinal tract is functioning.
The disadvantage of enteral support is that inadequate en-
ergy and protein intake can occur. The present commentary
focuses on some recent findings regarding the nutritional
support of critically ill patients and proposes to promote
mixed nutrition support by enteral nutrition (EN), and by
parenteral nutrition (PN) whenever EN is insufficient. Re-
cent findings: An increasing nutrition deficit during a long
ICU stay is associated with increased morbidity (increased
infection rate or impaired wound healing). Evidence shows
that EN can result in underfeeding and that nutrition goals
are reached only after 5–7 days. Contrary to former beliefs,
recent meta-analyses of studies in the ICU showed that PN
is not related to excess mortality but may even be asso-
ciated with improved survival. Conclusions: Optimising
the increased substrate requirement for the critically ill by
initiating timely nutrition support and ensuring tight gly-
caemic control with insulin is now considered central for

improved intensive care outcomes. Supplemental PN com-
bined with EN could be an effective alternative to achieve
100% of energy and protein targets at day 4, when EN
alone fails to achieve goals greater than 60% by day 3.
Whether such combined nutrition support provides addi-
tional benefit on overall outcome has to be ascertained in
further studies.

Keywords Nutritional support · Critical care · Human ·
Practice guidelines · Standards · Enteral nutrition · Par-
enteral nutrition · Outcome · Combined nutrition

Introduction
For many years the major concern of physicians caring for
critically ill patients was to stabilise vital signs, including
haemodynamic and respiratory function, and to control in-
fection. Nutrition was often a second priority. During the
past decade, however, increasing evidence in critical care
medicine suggests that optimal nutritional management of
critically ill patients could positively influence clinical out-
come. The rationale for nutritional support is based on the
observation that critically ill patients undergo an obliga-
tory catabolic phase. This is associated with protein break-
down to produce energy and amino acids, a metabolic con-
dition resulting in protein-energy malnutrition and with an
increased rate of complications, including infections, mul-
tiple organ failure, poor outcome and prolonged length of
stay [1–7]. In ICU patients, the cumulated deficit has been
associated with increased morbidity [8]. In addition, up to
50% of patients admitted to European hospitals have vari-
ous degrees of malnutrition [9]. Thus, standards of care for
ICU patients should include nutritional support.

Over the years, opinion on the best nutritional support
administration route has evolved. This was demonstrated
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O co w tym chodzi ??

Ø Stopniowe budowanie podaży drogą jelitową

dostosowane do tolerancji żywienia przez chorego

Ø Minimalizacja strat białkowo-energetycznych

Ø Uzupełnienie drogą pozajelitową podaży energii i

białka koniecznych do osiągnięcia 100% 

zapotrzebowania

Ø Deeskalacja PN w miarę budowy podaży EN



Pytanie tylko, czy to działa??
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s u m m a r y

Background & aims: Individualized supplemental parenteral nutrition (SPN) providing measured energy
expenditure from day 4 reduced infectious complications in a previous study including 305 intensive
care (ICU) patients. The study aimed at investigating the metabolic, and immune responses underlying
the clinical response of the previous trial.
Methods: Randomized controlled trial enrolling 23 critically ill patients on day 3 (D3) of admission to the
ICU who were fed less than 60% of their energy target by the enteral nutrition (EN) alone: allocation to
either continued EN or to SPN to a target validated by indirect calorimetry. Protein and glucose meta-
bolism (primary endpoint) were investigated with tracer isotopes on D4 and D9. Secondary endpoints: 1)
immune response, investigated in serum and in stimulated peripheral blood mononuclear cells (PMBC),
by dosing a panel of cytokines (infectious complications were recorded), and 2) Muscle mass was
assessed by ultrasound of the thigh.
Results: Comparable at baseline, the SPN group (n ¼ 11) received more energy (median 24.3 versus
17.8 kcal/kg/day: p < 0.001) and proteins (1.11 versus 0.69 g/kg/day: p < 0.001) than the control group
during the five days' intervention, resulting in a less negative energy balance by D9 (p ¼ 0.0027). Net
protein breakdown and Glucose kinetics on D9 did not differ, within or between groups. In agreement
with a decrease in infection rate, immune response in the SPN group showed decreased serum IL-6
(p ¼ 0.024), IL-1b, IL-10 levels and TNF-a secretion by PBMC (p ¼ 0.018) at D9. Muscle mass loss from
D4 to D15 tended to be less in the SPN group ("16% versus "23%: p ¼ 0.06). Clinical course by D28 did
not differ.
Conclusions: Feeding patients to cover an individualised measured energy target with SPN from D4 to
cover needs, was associated with improved immunity, less systemic inflammation and a trend to less
muscle mass loss.
Clinical trial registry: NCT02022813 at https://clinicaltrials.gov/

© 2018 Published by Elsevier Ltd.

Abbreviations: ARDS, Acute respiratory distress syndrome; AUC, Area under the curve; CSA, Cross sectional areas; CRP, C-reactive protein; D, Day; EE, Energy expenditure;
EN, Enteral nutrition; EGP, Endogenous glucose production; EPD, Endogenous protein degradation; Exo, Exogenous; GNG, Gluconeogenesis; GRa, Glucose rate of appearance;
IC, Indirect calorimetry; IL, Interleukin; IQR, Interquartile ranges; Leu, Leucine; PN, Parenteral nutrition; PMBC, peripheral blood mononuclear cells; PHA, phytohemag-
glutinin; Ra, Rate of appearance; R, Responders; SPN, Supplemental parenteral nutrition; TNF, Tumor necrosis factor.
* Corresponding author. Service of Intensive Care Medicine and Burns, Lausanne University Hospital (CHUV-BH08.612), Rue du Bugnon 46, 1011 Lausanne, Switzerland.
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Abstract
Purpose The international guidelines recommend the use of supplemental parenteral nutrition (SPN) in cancer patients when they
are malnourished and hypophagic and where enteral nutrition is not feasible. However, there are limited data on the short-term
effects of SPN in this patient population.
Methods The aim of this bicentric single-arm clinical trial (NCT02828150) was to evaluate the effects of early 7-day SPN on
bioimpedance vectorial analysis (BIVA)–derived body composition, handgrip strength (HG), and serum prealbumin (PAB) in
131 hypophagic, hospitalized cancer patients at nutritional risk, with contraindications for enteral nutrition.
Results One hundred eighteen patients (90.1%) completed the 7-day SPN support regimen and 102 of them (86.4%) were in
advanced disease stage.

SPN induced a significant improvement of phase angle (PhA, + 0.25 [95% CI 0.11, 0.39]; p = 0.001), standardized phase
angle (SPA, + 0.33 [95% CI 0.13, 0.53]; p = 0.002), HG (+ 2.1 kg -95% CI 1.30, 2.81]; p < 0.001), and PAB (+ 3.8 mg/dL [95%
CI 2.1, 5.6]; p < 0.001).

In multivariable analysis, the effects on BIVA parameters were more pronounced in patients (N = 90, 76.3%) in whom
estimated protein and calorie requirements were both satisfied (adjusted difference: PhA, + 0.39 [95% CI 0.04, 0.73]; p =
0.030; SPA, + 0.62 [95% CI 0.16, 1.09]; p = 0.009).

No significant changes in hydration status were detected and no severe metabolic or other complications occurred.
Conclusions Early 7-day SPN resulted in improved body composition, HG and PAB levels in hypophagic, and hospitalized
cancer patients at nutritional risk in the absence of any relevant clinical complications. Further trials, aimed at verifying the
efficacy of this early nutritional intervention on mid- and long-term primary clinical endpoints in specific cancer types, are
warranted.

Electronic supplementary material The online version of this article
(https://doi.org/10.1007/s00520-018-4527-0) contains supplementary
material, which is available to authorized users.
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A randomized trial of supplemental
parenteral nutrition in underweight and
overweight critically ill patients: the TOP-UP
pilot trial
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Daren K. Heyland11,12,13

Abstract

Background: Nutrition guidelines recommendations differ on the use of parenteral nutrition (PN), and existing
clinical trial data are inconclusive. Our recent observational data show that amounts of energy/protein received
early in the intensive care unit (ICU) affect patient mortality, particularly for inadequate nutrition intake in patients
with body mass indices (BMIs) of <25 or >35. Thus, we hypothesized increased nutrition delivery via supplemental
PN (SPN) + enteral nutrition (EN) to underweight and obese ICU patients would improve 60-day survival and quality
of life (QoL) versus usual care (EN alone).

Methods: In this multicenter, randomized, controlled pilot trial completed in 11 centers across four countries, adult
ICU patients with acute respiratory failure expected to require mechanical ventilation for >72 hours and with a BMI
of <25 or ≥35 were randomized to receive EN alone or SPN + EN to reach 100% of their prescribed nutrition goal
for 7 days after randomization. The primary aim of this pilot trial was to achieve a 30% improvement in nutrition
delivery.

Results: In total, 125 patients were enrolled. Over the first 7 post-randomization ICU days, patients in the SPN + EN
arm had a 26% increase in delivered calories and protein, whereas patients in the EN-alone arm had a 22% increase
(both p < 0.001). Surgical ICU patients received poorer EN nutrition delivery and had a significantly greater increase
in calorie and protein delivery when receiving SPN versus medical ICU patients. SPN proved feasible to deliver with
our prescribed protocol. In this pilot trial, no significant outcome differences were observed between groups,
including no difference in infection risk. Potential, although statistically insignificant, trends of reduced hospital
mortality and improved discharge functional outcomes and QoL outcomes in the SPN + EN group versus the
EN-alone group were observed.
(Continued on next page)
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Większa podaż energii i białka

delivery over the first ICU week, nearly achieving the
targeted 30% increase in caloric delivery. SPN + EN
proved feasible to deliver with our prescribed proto-
col. As expected in this pilot trial, which was not
powered for clinical outcomes, no significant outcome
differences, including no difference in infection risk
between groups, were observed. However consistent
encouraging trends in hospital/ICU mortality, QoL,

and functional endpoints in the SPN + EN group were ob-
served. Signals of reduced mortality in the NUTRIC ≥5
and BMI <25 subgroups also indicate that SPN + EN may
have a particular benefit in higher-nutritional-risk, lower-
BMI patients.
Enrollment of critically ill patients meeting the BMI

<25 or >35 criterion proved challenging. As the average
BMI in recent North American and even European ICU

Table 3 Primary outcome: calorie and protein delivery
EN only (n = 71) SPN + EN (OLIMEL) (n = 49) Difference mean, % (95% CI) p value

Evaluable days 11 ± 7 11 ± 8 0 (−2 to 3) 0.765

Evaluable days in first week 6 ± 2 6 ± 2 0 (−1 to 1) 0.992

Calorie prescription 1844 ± 420 1728 ± 444 −116 (−275 to 42) 0.149

Protein prescription 106 ± 30 100 ± 31 −6 (−17 to 6) 0.319

% of prescribed kcal/protein received

EN only

Calories first 27 days 70 ± 26 67 ± 25 −3 (−12 to 7) 0.551

Calories first 7 days 68 ± 28 68 ± 27 −1 (−11 to 9) 0.905

Protein first 27 days 66 ± 26 60 ± 23 −5 (−14 to 3) 0.231

Protein in first 7 days 63 ± 26 61 ± 25 −3 (-12 to 7) 0.566

PN + EN

Calories first 27 days 72 ± 25 90 ± 16 18 (11 to 25) <0.001

Calories first 7 days 69 ± 28 95 ± 13 26 (18 to 34) <0.001

Protein first 27 days 68 ± 25 82 ± 19 13 (6 to 21) <0.001

Protein in first 7 days 64 ± 26 86 ± 16 22 (14 to 29) <0.001

Values are means ± standard deviations, unless noted otherwise. P values and 95% CIs were calculated by the independent t test for unequal variance. Only days
after the date of randomization and before date of ICU discharge or death are considered evaluable days. Days where oral feeding was indicated as the reason for
not receiving EN or PN have also been excluded. Two patients randomized to the EN arm and three patients randomized to the SPN + EN arm had no evaluable
days and are thus excluded from this analysis. All calories exclude propofol but include protein supplementation. PN includes both study PN and non-study PN
Abbreviations: CI confidence interval, EN enteral nutrition, PN parenteral nutrition, SPN supplemental parenteral nutrition

Table 4 Primary outcome quality measures: intervention
Variable EN only (n = 73) SPN + EN (OLIMEL) (n = 52) p value

Days from ICU admission to randomization 1.4 (0.8–2.0) 1.1 (0.7–1.8) 0.19

Hours from randomization to start of intervention (SPN + EN arm) — 1.6 (0.6–4.9) —

Duration of intervention, days (SPN + EN arm) — 5.9 (2.4–7.6) —

Protocol violation: <80% study PN (SPN + EN arm) — 13 (25.0%) —

Protocol violation: >120% study PN (SPN + EN arm) — 2 (3.8%) —

Other protocol violations and reasons

Received non-study PN before 7 days 5 (6.8%) 0 (0.0%) 0.05

Received non-study IV lipids before 7 days 1 (1.4%) 0 (0.0%) 0.40

Received protein supplements before 7 days 1 (1.4%) 4 (7.7%) 0.08

Received study PN before 7 days (EN-only arm) 2 (2.7%) — —

Other (no further data provided) 1 (1.4%) 0 (0.0%) 0.40

Early deaths or drop-outsa (<72 hrs on protocol) 1 (1.4%) 10 (19.2%) 0.16

Data reported as median (Q1–Q3) or n (%). The Mann-Whitney U test was used for continuous variables, and the chi-square test was used for categorical variables
Abbreviations: EN enteral nutrition, ICU intensive care unit, IV intravenous, PN parenteral nutrition, SPN supplemental parenteral nutrition
aThis occurred in the PN group due to the following reasons: goal was reached by EN-alone group in 72 hours (n = 6), transitioned to oral feeds (n = 2), central line
removed (n = 1), and fluid overload (n = 1)
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Wyniki końcowe
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our outcomes, particularly as early protein/calorie delivery
may be key in optimizing post-ICU lean body mass and
QoL. Our pilot data reveal consistent trends in improve-
ment of functional and QoL endpoints in the SPN+ EN
group versus EN alone. In particular, trends to improved
hospital discharge handgrip strength, 6-minute walk test,
Barthel Index, and SF-36 scores were observed in the SPN
+ EN group versus EN alone. This included a significant
improvement in the vitality subscore at 6 months (p =
0.05). Overall, these data are consistent in the direction of
benefit for functional and QoL outcomes in patients receiv-
ing early SPN, and we believe this deserves further study in
the larger TOP-UP trial. Further, given the consistent signal
seen in functional and QoL outcomes, we would propose
considering a QoL or functional outcome be the primary
outcome of a future full-scale SPN trial. For, as many have

said, the epidemic of PICS is one that we must address with
targeted trials as soon as possible [26, 28].

Conclusions
This pilot trial was undertaken to answer key questions on
the feasibility of conducting a multinational, multicenter
trial of SPN in low- and high-BMI patients, based on the
concept that these patients would most likely benefit from
additional calorie and protein delivery in the first week of
ICU care. Additionally, compliance and patient ability to
complete functional and QoL testing needed to be evalu-
ated. Our data show that the provision of SPN + EN ver-
sus EN alone significantly increased calorie/protein
delivery over the first ICU week versus EN alone. Further,
consistent encouraging trends in hospital mortality, ICU
mortality, and QoL and functional endpoints (with no

Table 8 Functional and quality-of-life outcomes
Variable EN only (n = 73) SPN + EN (OLIMEL) (n = 52) p-value

Handgrip at ICU discharge Unable (62) [unable–18] 9 (43) [unable–25] 0.21

Handgrip at hospital discharge Unable (56) [unable–20] 12 (36) [unable–33] 0.14

6-minute walk test at hospital discharge Unable (60) [unable–unable] Unable (40) [unable–0] 0.20

Barthel Index hospital discharge 46.5 ± 32.1 (41) 61.1 ± 32.4 (28) 0.08

SF-36 3 months

Physical functioning 39.4 ± 34.3 (30, 55%) 34.8 ± 31.5 (24, 63%) 0.76

Role-physical 30.2 ± 31.8 (30, 55%) 32.8 ± 32.6 (25, 66%) 0.59

Pain index 59.1 ± 28.8 (28, 52%) 66.4 ± 27.3 (24, 63%) 0.44

General health perceptions 61.2 ± 18.3 (27, 50%) 49.5 ± 24.3 (24, 63%) 0.14

Vitality 52.8 ± 21.4 (28, 52%) 51.0 ± 21.7 (24, 63%) 0.72

Social functioning 60.4 ± 31.8 (30, 55%) 56.5 ± 28.2 (25, 66%) 0.56

Role-emotional 63.2 ± 34.6 (29, 54%) 65.3 ± 34.4 (25, 63%) 0.88

Mental health index 72.9 ± 18.7 (28, 52%) 76.1 ± 18.5 (23, 61%) 0.39

Standardized physical component scale 35.3 ± 10.8 (27, 50%) 33.3 ± 10.1 (22, 58%) 0.38

Standardized mental component scale 50.0 ± 10.5 (27, 50%) 51.5 ± 10.0 (22, 58%) 0.38

SF-36 6 months

Physical functioning 39.3 ± 34.0 (31, 57%) 50.8 ± 36.5 (20, 53%) 0.21

Role-physical 40.2 ± 33.1 (32, 59%) 47.5 ± 33.4 (20, 53%) 0.43

Pain index 52.5 ± 31.0 (31, 57%) 68.6 ± 28.2 (20, 53%) 0.08

General health perceptions 50.9 ± 20.6 (31, 57%) 56.8 ± 26.2 (20, 53%) 0.46

Vitality 47.8 ± 21.2 (31, 57%) 59.1 ± 21.7 (20, 53%) 0.06

Social functioning 50.4 ± 32.2 (31, 57%) 68.8 ± 32.6 (20, 53%) 0.06

Role-emotional 52.2 ± 41.0 (32, 59%) 72.1 ± 30.3 (20, 53%) 0.10

Mental health index 66.1 ± 22.5 (31, 57%) 70.5 ± 24.9 (20, 53%) 0.36

Standardized physical component scale 35.8 ± 11.2 (30, 55%) 39.3 ± 10.2 (20, 53%) 0.17

Standardized mental component scale 43.2 ± 14.8 (30, 55%) 49.0 ± 13.5 (20, 53%) 0.11

Handgrip strength and 6-minute walk test data using rank-based analysis: Values reported as n (%) or n (median) [Q1–Q3]. (n = observations collected). Values that
were missed or have an unknown reason for not being done are excluded. The remaining values are ranked as died < unable < refused = 0 < other non-zero values.
The p values are calculated by the rank-based Wilcoxon rank-sum tests. Barthel Index and SF-36 data: ranges for Barthel Index and SF-36 are 0–100, with 100 as
the best score. Mean ± SD (n = observations collected, % of possible measures that could be obtained after subtracting out deaths prior to measurement time
point) was reported for continuous variables. The Mann-Whitney U test was used for comparisons
Abbreviations: EN enteral nutrition, ICU intensive care unit, SF-36 36-Item Short Form Health Survey, SPN supplemental parenteral nutrition

Wischmeyer et al. Critical Care  (2017) 21:142 Page 12 of 14

patients. As has been previously described [15], surgi-
cal ICU patients in our study had a much poorer de-
livery of baseline EN than the medical ICU patients.
Further, the targeted greater than 30% increase in cal-
orie delivery by SPN was also able to be achieved in
the surgical ICU group. It is possible these data sug-
gest that a future SPN trial may also be optimally fo-
cused on a high-nutritional-risk surgical ICU group,
as these patients demonstrate a greater deficit in EN
calorie and protein delivery and thus may be more
likely to benefit from additional SPN delivery.

Finally, over the last 10 years we have begun to reduce
in-hospital mortality following severe sepsis in some coun-
tries worldwide [26]. However, the same data also reveal
that we have tripled the number of patients going to re-
habilitation settings [26]. We also know that up to 40% of
mortality within the first year of ICU stay occurs after ICU
discharge [27], often due to post-intensive care syndrome
(PICS). As a result, many leading experts are calling for fu-
ture ICU trials to not focus on mortality as the primary
endpoint, but rather to focus on QoL [26]. As such, we
strived to introduce functional and key QoL indicators in

Fig. 3 Hospital and ICU mortality outcomes by subgroup. a Mortality outcomes by admit NUTRIC score <5 (n = 73) and >5 (n = 52). b Mortality
outcomes by BMI <25 (n = 65) and >35 (n = 60). Odds ratio for hospital mortality by subgroup. BMI body mass index, EN enteral nutrition, ICU
intensive care unit, PN parenteral nutrition
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more modern, non-pure-soy-oil-based lipid formulation,
which may have contributed to the lack of infection risk
from SPN in this trial. Recent meta-analyses have shown
that lipid formulations reducing soy-based lipid delivery
via use of non-pure-soy-oil formulations have lower
rates of infection in ICU patients [24].
A key goal of this trial was to attempt to identify a

“high nutritional risk” group of ICU patients to target
the use of more complex PN delivery and assess the po-
tential benefits of SPN + EN given poor EN delivery
worldwide. In this pilot study, encouraging trends to-
ward reduced ICU and hospital mortality were observed
only in the BMI <25 subgroup of the SPN + EN arm,
and no trend was observed in the BMI >35 subgroup.
Thus, it is possible that this strategy of early SPN deliv-
ery may have greatest efficacy in patients with lower
BMIs and who may have the lowest lean body mass

reserve. As neither BMI group was powered to meaning-
fully look at clinical outcomes, both BMI subgroups
should be considered targets of future research and will
require further study. In addition, subgroup analysis re-
vealed that patients with the highest ICU admission nu-
trition risk, as defined by a NUTRIC score of ≥5,
appeared to show the largest trend to benefit from SPN.
As such, we believe that the future full TOP-UP trial
should focus enrollment on patients with a NUTRIC score
≥5 to target, or personalize, early SPN therapy for patients
most likely to benefit. Thus, we may have further learned
that BMI is not the ideal indicator of nutrition risk in the
ICU, but perhaps the NUTRIC score has promise as a bet-
ter objective measure of nutritional risk [8, 25].
Additionally, a significantly greater increase in cal-

orie delivery was achieved by SPN + EN over EN
alone in the surgical ICU patients versus medical ICU

Table 7 Infection outcomes
Variable EN only (n = 73) SPN + EN (OLIMEL) (n = 52) p value

Number of patients with a suspected infection 33/73 (45.2%) 26/52 (50.0%) 0.72

Total number of suspected infections 83 78

Average suspected infections per patient, ± SD 1.7 ± 2.6 1.9 ± 2.6 0.62

Number of patients with newly acquired infection 23/73 (31.5%) 14/52 (26.9%) 0.69

Total number of newly acquired infections 46 38

Adjudicationa

Definite 30 (65.2%) 18 (47.4%)

Possible 1 (2.2%) 2 (5.3%)

Probable 15 (32.6%) 18 (47.4%)

Type of newly acquired infectiona

Surgical deep 0 (0.0%) 1 (2.6%)

Skin/soft tissue 3 (6.5%) 0 (0.0%)

Catheter BSI 0 (0.0%) 7 (18.4%)

Primary BSI 1 (2.2%) 0 (0.0%)

Lower UTI 2 (4.3%) 5 (13.2%)

Upper UTI 0 (0.0%) 1 (2.6%)

Intra-abdominal 0 (0.0%) 4 (10.5%)

Lower RTI 17 (37.0%) 5 (13.2%)

ICU pneumonia 18 (39.1%) 12 (31.6%)

Other 5 (10.9%) 3 (7.9%)

Organism typesb 27 19

Bacteria 24 (88.9%) 14 (73.7%)

Fungi/yeast 2 (7.4%) 5 (26.3%)

Virus 1 (3.7%) 0 (0.0%)

Mean ± SD reported for continuous variables. Count (%) reported for categorical variables. Number of suspected and newly acquired infections was compared
using the Fisher’s exact test, and the average number of infections per patient was compared using the Mann-Whitney U test
Abbreviations: BSI bloodstream infection, EN enteral nutrition, ICU intensive care unit, RTI respiratory tract infection, SD standard deviation, SPN supplemental
parenteral nutrition, UTI urinary tract infection
aThe denominator is the total number of newly acquired infections
bThe denominator is the total number of newly acquired infections with organisms detected
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3.6. Muscle ultrasound (CSA)

For technical reasons, the three determinations (days 4, 9, and
15) were available in only 21 patients. All patients lost muscle mass,
the decline becoming highly significant by day 15 (p < 0.0001) with
a median CSA decrease of !20.4% from D4. While there was an
important individual variation, the total loss of muscle surface
tended to be less in the SPN group (!16% versus !23%: p ¼ 0.068:
Fig. 4). The inter- and intra-observer reliability were both excellent
(variability<5%: ICCs ¼ 0.950, and 0.979, respectively).

4. Discussion

The present study shows that in a selected population of criti-
cally ill patients the provision of energy, and proteins by means of a
supplemental PN to cover an individually measured energy target
improves immunity without being detrimental to either glucose, or
protein metabolism. Despite covering energy needs, and recom-
mended higher protein intakes in the SPN group, this did not
translate into significant effects on protein synthesis, or break-
down. This tracer study was a crude, exploratory assessment of
protein metabolism. Nevertheless, our observation that SPN
significantly modified the immune function (see below) suggests
that improvement of protein, and energy metabolism in discrete
specific organs, and systems may have passed undetected.

Glucose kinetics was strictly similar in both groups despite a
higher dose of insulin being needed in the SPN group to maintain

Fig. 3. Energy and Protein intakes before and during the 5 days-intervention. The
horizontal red, and black lines represent the mean intake of each group during the 5
days intervention. While the change over time was significant in both groups
(p < 0.0001), the difference between groups was p ¼ 0.006 for energy, and p ¼ 0.05 for
proteins. The mean value of intakes during the intervention is indicated on the right
side.

Table 2
Clinical outcome variables.

Units EN (n ¼ 12) SPN (n ¼ 11) p

Cumulated energy balance
- ICU Admission to day 3 kcal/24h !3448 !4063 to !2796 !2741 !3130 to !2406 0.0522
- Day 4e9 kcal/24h !3018 !6671 to !1412 !90 !1503 to 47 0.0055
- ICU Admission to day 9 kcal/24h !6050 !100637 to !4830 !3416 !4027 to !2336 0.0027
Blood glucose days 4e9 mmo/l 7.3 5.7e8.6 7.5 5.9e8.4 ns
AUC glucose days 4e9 mmol/l 1091 977e1183 1062 1025e1185 ns
Insulin dose/24h days 4e9 IU/24h 8 0e125 48 19e179 0.0031
Length of mechanical ventilation days 5.5 4.2e14.5 8.9 4.9e15.7 ns
Renal replacement therapy n 3 3 ns
Length ICU stay days 9.5 7.1e24.4 15.3 10.6e17.4 ns
Length hospital stay days 48 25e59 44 30e57 ns
Hospital death n 1 0 ns
Antibiotic prophylaxis days 2.5 0e6 1 0e3 ns
Antibiotics total days 13.5 7e17 8 3e15 ns
Antibiotic free days days 10.5 6.3e17 18 12e20 0.2597
Infections /D28 n 1 1e2 1 1e1 ns
Nosocomial infections#D3 n 1 0e2 0 0e1 0.1215
Time to 1st infection after D3 days 9 7.5e22 28* 10e28 0.132
Time to 1st infection after D9 days 13.5 9e28 28* 13e28 0.217

Data in Median (Q1-Q3 ranges), *: the value “28” indicates a median absence of infection between day 3 (or day 9) and day 28.

Table 3A
Whole-body protein kinetics (Leucine infusion rate ¼ 0.1 umol/kg/min).

Exogenous Leu (mg/kg/min) Leucine rate of
appearance (mg/kg/min)

Leucine oxidation
(mg/kg/min)

Non oxidative Leu
disposal (mg/kg/min)

Endogenous protein
degradation (Leu Ra-Exo) (mg/kg/min)

Day 4
EN 0.026 (0.0e0.055) 0.198 (0.142e0.229) 0.048 (0.037e0.068) 0.135 (0.087e0.186) 0.167 (0.121e0.173)
SPN 0.064 (0.053e0.078)# 0.209 (0.171e0.261) 0.058 (0.029e0.091) 0.145 (0.100e0.223) 0.138 (0.111e0.199)
Day 9
EN 0.054 (0.017e0.071) 0.199 (0.164e0.225) 0.051 (0$043-0$056) 0.145 (0.117e0.171) 0.149 (0.101e0.174)
SPN 0.077 (0.058e0.094)b 0.277 (0.226e0.312)* 0.099 (0$069-0$161)c 0.176 (0.130e0.208) 0.163 (0.129e0.227)

#p ¼ 0.0022; *: p ¼ 0.0071; b: p ¼ 0.066; c: p ¼ 0.004; Data as median (IQR).
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that the feeding to measured EE value occurred only by D4, after a
modest !4000 kcal energy deficit had accumulated. The EAT-ICU
trial [18] enrolled 199 mechanically ventilated patients to full
nutrition from day 1: the authors showed no benefit of the EE
measurement strategy, possibly because they realised early full
feeding. This early strategy does not consider the energy value of
the endogenous glucose production, which may reach 300 g
glucose/day in young trauma patients [13], and was approx. 200 g
glucose/day in the present study on D4, decreasing thereafter.
Several trials have confirmed that early full feeding based on
equation estimated targets is potentially deleterious. The INTACT
study in ARDS patients [19] was interrupted due to four early
deaths in the full feeding group, which was possibly due to a
refeeding syndrome as the patients had been 7e8 days without

feeding before receiving full feeding (target 30 kcal/kg). The indi-
vidual target were not verified by indirect calorimetry [19]. The
ANZIC-Refeeding trial compared a progressive restricted feeding to
standard feeding [20], and showed mortality benefit from early
limitation, and progression over 3e4 days to target.

The feeding route seems to be less important than the dose and
its timing: two large randomised trials in ICU patients comparing
EN and PN aiming at full early feeding, with an equation based
target: 1) the CALORIES trial [21] enrolled ventilated patients
showed no difference in the 30-day mortality despite more hypo-
glycaemic episodes and digestive complications in the enteral
group; 2) the NUTRI-REA trial which enrolled patients in septic
shock showed no mortality difference but again more digestive
complications in the enteral group.

Fig. 5. Inflammatory and Immunological markers.A: Serum IL-6 at D4 and D9 in both groups; B: Serum IL-10, TNF-a, CRP, IL-8, IL-6 and IL-1b in EN and SPN groups, expressed as
ratio post/pre of concentrations. (C to F) PBMC responses to in vitro stimulation with mitogen PHA (C, D and F) or recall antigens (E). C: TNF-a response of PBMC in vitro to PHA. D
and E: proliferation and cytokine productions expressed as ratio post/pre of the stimulation indices or of concentrations in the 2 treatment groups. F: Proliferative response as
numbers of responders are compared in the two groups. Responders (R) have a minimum increase of 20% of their proliferative response to PHA. Lines show median values and IQRs
(A and C). Boxes show median and IQRs; wiskers are 5th and 95th percentiles (B, D and E). P values from the Wilcoxon tests (A and C), Mann.Whitney (B) and Fisher's exact test (F);
*, p<0.05 Wilcoxon test of comaprison post vs. pre (B, D and E).
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Zalecenia

It must be emphasized, that good evidence is available only for
patients undergoing colorectal surgery. With special regard to the
elderly the benefits are less clear in patients undergoing upper
gastrointestinal and pancreatic surgery [131,132] both (1!).

So far, no controlled data are available for patients with oeso-
phageal resection. The study protocol for an ongoing multicentre
study in the Netherlands has been recently published [23].

4. Indication for nutritional therapy

4.1. When is nutritional assessment and therapy indicated in the
surgical patient?

Recommendation 6:

It is recommended to assess the nutritional status before and after
major surgery.

Grade of recommendation GPP e strong consensus (100%
agreement)

Recommendation 7:

Perioperative nutritional therapy is indicated in patients with
malnutrition and those at nutritional risk. Perioperative nutritional
therapy should also be initiated, if it is anticipated that the patient will
be unable to eat for more than five days perioperatively. It is also
indicated in patients expected to have low oral intake and who cannot
maintain above 50% of recommended intake for more than seven days.
In these situations, it is recommended to initiate nutritional therapy
(preferably by the enteral route e ONS-TF) without delay.

Grade of recommendation GPP e strong consensus (92%
agreement)

Commentary:

The influence of nutritional status on postoperative morbidity
and mortality has been documented well in both retrospective
[133e137] (both 2!) and prospective studies [34,46,138e149] (all
2þ). Inadequate oral intake for more than 14 days is associatedwith
a higher mortality [150] (1!).

The energy and protein requirements can be estimated with
25e30 kcal/kg and 1.5 g/kg ideal body weight [105].

Twomultivariate analyses have shown, for hospitalised patients
in general and for those undergoing surgery for cancer in particular,
that undernutrition is an independent risk factor for the incidence
of complications, as well as increased mortality, length of hospital
stay, and costs [50,151] (both 2þþ).

Undernutrition occurs frequently in associationwith underlying
disease (e.g. cancer) or with chronic organ failure [34e36,151e158]
(both 2!) (see respective guidelines). In a prospective multicentre
observational study of patients with gastric cancer [159] (2þ)
dysphagia and gastric outlet obstruction have been shown inde-
pendent factors for the risk of anastomotic leakage after total gas-
trectomy. Nutritional status also influences outcome after
transplantation [36,160e168] (all 2þ) as well as increasing the
morbidity and mortality in geriatric patients undergoing surgery
[40] (2þ).

The general indications for nutritional support therapy in pa-
tients undergoing surgery are the prevention and treatment of
undernutrition, i.e. the correction of undernutrition before surgery
and the maintenance of nutritional status after surgery, when pe-
riods of prolonged fasting and/or severe catabolism are expected.
Morbidity, length of hospital stay, and mortality are considered
principal outcome parameters when evaluating the benefits of
nutritional support [169e178] (all 2!).

After discharge from hospital or when palliation is the main aim
of nutritional therapy, improvement in nutritional status and in
quality of life are the main evaluation criteria.

The enteral route should always be preferred except for the
following contraindications:

# Intestinal obstructions or ileus,
# Severe shock
# Intestinal ischaemia
# High output fistula
# Severe intestinal haemorrhage

The effect of EN on the outcome after surgery has not been
assessed in a consistent manner.

The working group reviewed thirty-five controlled trials
[179e213] (all 1), focussing on endpoints of outcome, and including
patients after gastrointestinal surgery (without transplantation),
trauma, and hip fracture. EN was defined as the use of oral nutri-
tional supplements (ONS) and tube feedings (TF). Early EN was
compared with normal food, administration of crystalloids and PN.
Twenty-four of these 35 trials reported significant advantages of EN
with particular regard to the reduction of infectious complications,
length of hospital stay and costs.

In eight of these 35 studies no benefits were observed
[180,188,192,196,197,202,211,212] (all 1). Some authors have
pointed out possible disadvantages of EN which have not been
observed by others. These are increased length of stay [206] (1!),
reduced lung function after oesophageal or pancreatic resection
through abdominal distension [209] (1!) or delayed gastric
emptying with increased length of stay following pancreatic sur-
gery [213] (2þ). These problems may have been related to too rapid
administration of feed in the early stages. In patients with severe
trauma tolerance of enteral intake has to be carefully monitored
[214] (1!). Compared with PN, early EN decreased postoperative
infection rate in undernourished GI cancer patients, but not in
those who were well nourished [185] (1!).

In seven out of eleven RCTs [215e225] only surrogate measures
of outcome were used, e.g. positive effects of EN on nitrogen bal-
ance and substrate tolerance. In four out of eleven studies no sig-
nificant differences were shown between early EN and standard
hospital feeding practice [215e217,224] (all 1!).

The advantages of early EN within 24 h versus later
commencement have been clearly shown in two meta-analyses
(one Cochrane systematic review) [115,116] (both 1þþ).

The American Society for Parenteral and Enteral Nutrition
(ASPEN) guidelines from 2016 [226] recommend postoperative EN
when feasible within 24 h.

In three older trials enteral feeding in patients with fracture of
the hip and the femur neck was studied. In one trial of overnight
nasogastric feeding [181] (1!), in which the patients were first
stratified by nutritional status before randomisation, there was a
significant reduction in rehabilitation time and postoperative stay
in the undernourished groups. In another study of TF, there was no
influence on hospital outcome, although six-month mortality was
reduced [207] (1!). In the third study ONS given once daily
significantly improved outcome at six months with a lower rate of
complications and mortality [187] (1!).

Recommendation 8:

If the energy and nutrient requirements cannot be met by oral and
enteral intake alone (<50% of caloric requirement) for more than
seven days, a combination of enteral and parenteral nutrition is
recommended (GPP). Parenteral nutrition shall be administered as
soon as possible if nutrition therapy is indicated and there is a
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guidelines regarding fasting.33 This change in guidelines was
prompted by the absence of evidence that fasting reduced the risks
of aspiration. Allowing patients to drink also relieves the feeling of
thirst that many patients experience before surgery.

During the past decade, the metabolic effects of undergoing
surgery in an overnight fasted state have been studied extensively
and compared with the fed state.34 The fed state may be induced
prior to elective surgery by providing a carbohydrate load suffi-
ciently large to elicit an insulin response similar to that occurring
after a normal meal. Insulin sensitivity is increased when this
treatment is given before the onset of the stress of the surgical
trauma. This change in metabolism upon entering surgery has been
shown to have several effects on the response to the operation.
Studies have reported positive effects in the postoperative recovery
period such as improved protein balance,35 improved preservation
of lean body mass36 and muscle strength37 and reduced length of
hospital stay after the operation.38,39

In contrast with elective surgery where the emphasis is on early
return to oral intake, much progress has been made during the last
20 years concerning the optimal design of PN to enhance recovery
from critical illness. Firstly, it has been recognised that both the quality
and quantity of lipid supplied may influence organ function, particu-
larly that of the liver, and immune system.40 This is especially relevant
inpatients that are critically ill for protracted periods of time. Secondly,
the importance and the dangers of hyperglycaemia due to insulin
resistance have been reported.41 However, the initial enthusiasm for
tight glucose control has been tempered by recognising the difficulty
of maintaining low glucose levels without inducing periods of hypo-
glycaemia. Although convincing data shows that tight glucose control
is of clinical benefit (fewer infectious episodes and lower mortality) in
patients undergoing cardiovascular surgery, its clinical applicability at
present appears only to be advantageous in intensive care settings
where this tight control can be rigidly maintained.42 Another modi-
fication of the PN regimen that may be of benefit consists of the
addition of extra glutamine and arginine (see Section 9.2).

1. When is preoperative PN indicated?

In severely undernourished patients who cannot be
adequately orally or enterally fed (Grade A).

Comments: The influence of nutritional status on postoperative
morbidity and mortality has been well documented in both retro-
spective43–46 and prospective studies.47–59 Inadequate oral intake
for more than 14 days is associated with a higher mortality.60 Two
multivariate analyses have shown, for hospitalised patients in
general and for those undergoing surgery for cancer in particular,
that undernutrition is an independent risk factor for the incidence
of infectious complications, as well as increased mortality, length of
hospital stay, and costs.61

Undernutrition frequently occurs in association with underlying
disease (e.g. cancer) or with organ failure.61–69 The risk of severe
undernutrition is considered by the ESPEN working group to be
present when at least one of the following criteria is present:
weight loss > 10–15% within 6 months; BMI < 18 kg/m2; subjective
global assessment, Grade C; serum albumin < 30 g/L (with no
evidence of hepatic or renal dysfunction).

On the basis of several reports in the literature and a large
cohort study,70 the working group considers hypoalbuminaemia to
reflect inflammatory activity and as such to be a risk indicator of
postoperative infectious complications and mortality rather than of
nutritional status itself.

Several studies have demonstrated that 7–10 days of preoper-
ative parenteral nutrition improves postoperative outcome in
patients with severe undernutrition.10,71–73 Conversely, its use in

well-nourished or mildly undernourished patients is associated
with either no benefit or with increased morbidity.71 Moreover,
preoperative parenteral nutrition is costly and can generally only be
applied in the hospital setting, prolonging length of stay in the
hospital. Significant improvements in postoperative outcome have
been reported by using preoperative oral nutritional supplements
enriched with specific immune-modulating substrates regardless
of baseline nutritional status.74–82 This approach is cheaper than PN
and patients can be treated at home. It requires extra attention to
ensure that oral supplements or nutritional drinks are actually
taken by the patients.

2. When is postoperative PN indicated?

Parenteral nutrition is beneficial in the following circum-
stances: in undernourished patients in whom enteral nutrition is
not feasible or not tolerated (Grade A); in patients with post-
operative complications impairing gastrointestinal function who
are unable to receive and absorb adequate amounts of oral/
enteral feeding for at least 7 days (Grade A).

In patients who require postoperative artificial nutrition,
enteral feeding or a combination of enteral and supplementary
parenteral feeding is the first choice (Grade A).

Combinations of enteral and parenteral nutrition should be
considered in patients in whom there is an indication for nutritional
support and in whom >60% of energy needs cannot be met via the
enteral route, e.g. in high output enterocutaneous fistulae (Grade C)
or in patients in whom partly obstructing benign or malignant
gastrointestinal lesions do not allow enteral refeeding (Grade C).

In completely obstructing lesions surgery should not be post-
poned because of the risk of aspiration or severe bowel distension
leading to peritonitis (Grade C).

In patients with prolonged gastrointestinal failure PN is life-
saving (Grade C).

Comments: Patients having major surgery for head-neck,
and abdominal cancer (larynx, pharynx or oesophageal resection,
gastrectomy, pancreatoduodenectomy) often exhibit nutritional
depletion before surgery47,51,54–56,63,65,67,68 and run a higher risk of
developing septic complications.47,51,54–56,68 Postoperatively, oral
intake is often delayed due to swelling, obstruction, impaired gastric
emptying or paralytic ileus, making it difficult to meet nutritional
requirements. In these patients surgeons should consider the
placement of a feeding jejunostomy at the time of surgery. Nutri-
tional support reduces morbidity and immune-modulating formulae
appear to be especially efficacious.81 Morbidity, length of hospital
stay, and mortality are considered principal outcome parameters
when evaluating the benefits of nutritional support. After discharge
from the hospital or when palliation is the main aim of nutritional
support, improvement in nutritional status and in quality of life is
the main evaluation criteria.83–93

Other current guidelines recommend postoperative artificial
nutrition for patients who cannot meet their caloric requirements
within 7–10 days.24,94 In patients who require postoperative arti-
ficial nutrition, enteral feeding or a combination of enteral and
supplementary parenteral feeding is the first choice. The routine
use of postoperative parenteral nutrition has not proved useful
either in well-nourished patients or in those with adequate oral
intake within a week after surgery.24,94

New anaesthetic techniques for pain control and the develop-
ment of early postoperative recovery protocols allow the majority
of patients to return to oral feeding very shortly after surgery.
Consequently, the number of patients requiring postoperative
nutritional support is progressively declining.

M. Braga et al. / Clinical Nutrition 28 (2009) 378–386380
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The provision of parenteral nutrition (PN) to ‘stressed’ patients often results in hyperglycaemia, which may be detrimental. In animal models
limited amounts of enteral nutrition (EN) improve intestinal integrity and stimulate intestinal incretin production, which may lead to improved
glucose control. We set out to assess if combining EN with PN results in improved glucose homeostasis rather than PN given alone. We conducted
a randomised trial in a university teaching hospital of patients undergoing a ‘curative’ oesophagectomy for adenocarcinoma. Differences between
the two intervention groups were assessed for continuous glucose measurement, insulin sensitivity using insulin tolerance tests (ITT) and
homeostasis model analysis (HOMA), the incretin glucose-dependent insulinotropic polypeptide (GIP) and intestinal permeability. The combi-
nation of PN with EN resulted in lower interstitial glucose concentrations (P¼0·002), reduced insulin resistance, improved insulin sensitivity
(HOMA-insulin resistance (IR) P¼0·045; HOMA b P¼0·037; ITT P¼0·006), improved intestinal permeability (P,0·001) and increased
GIP (P¼0·01) when compared with PN alone. The combination of EN with PN, when compared with PN alone, results in reduced glucose
concentrations, reduced insulin resistance, increased incretins and improvements in intestinal permeability.

Glucose: Insulin: Nutrition: Parenteral nutrition: Enteral nutrition

Under normal homeostasis, euglycaemia is normally main-
tained by a combination of metabolic, neural, hormonal
and hepatic autoregulatory mechanisms, but can be disrupted
in various pathophysiological states. Among these, stress
hyperglycaemia occurs in critically ill patients and is associ-
ated with worse outcome(1,2). Stress-induced hyperglycaemia
represents a complex neuroendocrine response to inflam-
mation and is characterised by inappropriately enhanced
gluconeogenesis, glycogenolysis, relative insulin deficiency,
and impaired glucose utilisation. Indeed, in such patients, it
has been shown that maintaining normoglycaemia improves
outcome(1–4), though this may result in hypoglycaemia and
associated metabolic disturbance(4).

Poor glycaemic control is a particular problem in post-
operative patients receiving parenteral nutrition (PN) and is
associated with poorer outcome(5). In this context, there is
considerable data in both human subjects and animals to
show that PN is less beneficial than enteral nutrition (EN),
being associated with increased intestinal atrophy(6), enhanced
intestinal permeability(7–9), a heightened inflammatory

response(10), increased serum glucose concentrations(11),
impaired wound healing(12) and worse outcome(13–15). The
poorer clinical outcome associated with PN is reportedly
related to increased septic complications(16–18) and, if these
could be reduced by improved nursing care, the benefits of
EN over PN might be negated. However, in some patient
groups nutritional requirements cannot be met using EN
alone; in this situation animal work suggests that combining
EN with PN may result in better outcomes than using PN
alone(19,20). In animals, this improvement is unlikely to be
related to better clinical care and the mechanism is open
to speculation. One possibility is that glucose homeostasis
is better maintained (perhaps via secretion of incretins such
as glucose-dependent insulinotropic polypeptide (GIP) and
glucagon-like peptide-1 from intestinal K- and L-cells)
and reduced insulin resistance reduced during combined EN
and PN nutrition but, to date, there have been no controlled
human studies examining this combination.

In the present study we have explored the effect of combin-
ing EN with PN on glucose homeostasis in a well-defined

*Corresponding author: Dr Stephen Lewis, fax þ44 1752 792240, email sjl@doctors.org.uk

Abbreviations: CRP, C-reactive protein; EN, enteral nutrition; GIP, glucose-dependent insulinotropic polypeptide; HOMA, homeostasis model analysis;

PN, parenteral nutrition.
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Clinical progress and outcomes

Patients in both groups received all their PN and EN
prescribed according to protocol and without complication.
No evidence of refeeding syndrome was seen. There was no
difference between the two groups of patients for clinical
course, removal of lines, fluid balance (and energy content),
analgesia use, weight loss or length of postoperative
hospital stay. Five postoperative complications were seen
in those patients receiving PN only (1 £ anastomontic leak,
1 £ cardiac failure, 3 £ wound infection) and seven in
those receiving the combination of EN and PN (1 £ cardiac
failure, 2 £ pneumonia, 1 £ wound infection, 1 £ diarrhoea,
2 £ superficial wound dehiscence); this difference was not
significant and there was no mortality.

Main outcomes

Continuous glucose measurement. Continuous glucose
measurements were started on the first postoperative day and
are presented in Fig. 1. Measurements were similar between
the two groups until the third postoperative day; from that
time point patients receiving the combination of EN and PN
had lower interstitial glucose than those receiving PN alone
(P¼0·009). There was an interaction between the two inter-
ventions with time (P¼0·02). For glucose measurements
made during the final 1 h of the ‘no nutrition’ period, those
performed in patients receiving the combination of EN and
PN were lower than in those receiving PN alone (P¼0·004).
Glucose, insulin, homeostasis model analysis and insulin

tolerance tests. Serum glucose and insulin concentrations
(combined groups) increased from their fasting preoperative
values of 4·83 (95% CI 4·59, 5·07) mmol/l and 9·91 (95%
CI 7·99, 11·82) mU/l, respectively, to 6·19 (95% CI 5·76,
6·62) mmol/l and 14·64 (95% CI 11·29, 18·01) mU/l on the
first postoperative day (P,0·001 (95% CI 21·77, 20·95)
and P¼0·001 (95% CI 27·49, 22·09)) then rose still further
when feeding was commenced. Neither glucose nor insulin
concentrations had fallen to their preoperative values by the
end of the study. Measurements of glucose and insulin were
similar between the two groups preoperatively and on the
first postoperative day. However, from the first postoperative

day, glucose values in patients receiving the combination of
EN and PN were lower than those receiving PN alone
(P¼0·002). No difference in insulin levels was seen between
the groups.

Insulin resistance (combined groups) as measured
by homeostasis model analysis (HOMA)-insulin resistance
(IR), increased from 2·21 (95% CI 1·69, 2·73) mUmmol/l2

preoperatively to 4·255 (95% CI 3·07, 5·55) mUmmol/l2 on
the first postoperative day (Fig. 2) (P,0·001; 95% CI
21·05, 23·05). The reverse pattern was seen for insulin
secretion (combined groups), as indicated by a decrease in
the preoperative HOMA b of 188·6 (95% CI 131·5, 245·6)
mU/mmol to 116·5 (95% CI 90·9, 142·0) mUmmol on the
first postoperative day (P¼0·01; 95% CI 18·1, 126·1).
In patients receiving the combination of EN and PN,
HOMA-IR (P¼0·045) was lower and HOMA b (P¼0·037)
higher than in those receiving PN alone.

Insulin sensitivity (combined groups), as deduced from
the outcome of glucose tolerance tests, was reduced on the
first postoperative day then increased with time back to
preoperative values (P,0·001; 95% CI 0·05, 0·10; Fig. 3).
Patients receiving the combination of EN and PN demon-
strated higher sensitivity to insulin than those receiving PN
alone (P¼0·006). Insulin tolerance in patients receiving the
combination of EN and PN returned to preoperative levels
by postoperative day 4, whilst in those receiving PN alone,
values were lower, suggesting continued insulin resistance.

Glucose-dependent insulinotropic polypeptide. GIP con-
centrations fell (combined groups) from the preoperation
value of 25·5 (95% CI 18·2, 32·8) pg/ml to 8·3 (95% CI
5·5, 11·1) pg/ml on the first postoperative day (P,0·001;
95% CI 16·7, 23·8; Fig. 4). Concentrations then increased in
those patients receiving the combination of EN and PN,
achieving preoperation levels by postoperative day 4. By con-
trast, GIP concentrations increased more slowly in patients
receiving PN alone and they had still not reached preoperation
levels by the end of postoperative day 4. Patients receiving the
combination of EN and PN had increased GIP concentrations
compared with those receiving PN alone (P¼0·013) (Fig. 4).

Permeability and C-reactive protein. Following surgery
intestinal permeability (lactulose:mannitol ratio) increased
significantly from baseline in both the PN and PN combined
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Fig. 1. Subcutaneous glucose concentrations presented in four-hourly blocks
of patients given parenteral nutrition (PN) only (–W–) or enteral nutrition
(EN) and PN (- -A- -). No-feed periods are shown. Values are means,
with 95% CI represented by vertical bars. *Mean value was significantly
different from that of the patients receiving both EN and PN (P,0·05).
ANOVA P¼ 0·009.
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Fig. 2. Homeostasis model analysis-insulin resistance (HOMA-IR) measure-
ments of patients given parenteral nutrition (PN) only (–W–) or enteral
nutrition (EN) and PN (- -A- -). Pre-op, preoperation. Values are means, with
95% CI represented by vertical bars. ANOVA P¼0·045.
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Clinical progress and outcomes

Patients in both groups received all their PN and EN
prescribed according to protocol and without complication.
No evidence of refeeding syndrome was seen. There was no
difference between the two groups of patients for clinical
course, removal of lines, fluid balance (and energy content),
analgesia use, weight loss or length of postoperative
hospital stay. Five postoperative complications were seen
in those patients receiving PN only (1 £ anastomontic leak,
1 £ cardiac failure, 3 £ wound infection) and seven in
those receiving the combination of EN and PN (1 £ cardiac
failure, 2 £ pneumonia, 1 £ wound infection, 1 £ diarrhoea,
2 £ superficial wound dehiscence); this difference was not
significant and there was no mortality.

Main outcomes

Continuous glucose measurement. Continuous glucose
measurements were started on the first postoperative day and
are presented in Fig. 1. Measurements were similar between
the two groups until the third postoperative day; from that
time point patients receiving the combination of EN and PN
had lower interstitial glucose than those receiving PN alone
(P¼0·009). There was an interaction between the two inter-
ventions with time (P¼0·02). For glucose measurements
made during the final 1 h of the ‘no nutrition’ period, those
performed in patients receiving the combination of EN and
PN were lower than in those receiving PN alone (P¼0·004).
Glucose, insulin, homeostasis model analysis and insulin

tolerance tests. Serum glucose and insulin concentrations
(combined groups) increased from their fasting preoperative
values of 4·83 (95% CI 4·59, 5·07) mmol/l and 9·91 (95%
CI 7·99, 11·82) mU/l, respectively, to 6·19 (95% CI 5·76,
6·62) mmol/l and 14·64 (95% CI 11·29, 18·01) mU/l on the
first postoperative day (P,0·001 (95% CI 21·77, 20·95)
and P¼0·001 (95% CI 27·49, 22·09)) then rose still further
when feeding was commenced. Neither glucose nor insulin
concentrations had fallen to their preoperative values by the
end of the study. Measurements of glucose and insulin were
similar between the two groups preoperatively and on the
first postoperative day. However, from the first postoperative

day, glucose values in patients receiving the combination of
EN and PN were lower than those receiving PN alone
(P¼0·002). No difference in insulin levels was seen between
the groups.

Insulin resistance (combined groups) as measured
by homeostasis model analysis (HOMA)-insulin resistance
(IR), increased from 2·21 (95% CI 1·69, 2·73) mUmmol/l2

preoperatively to 4·255 (95% CI 3·07, 5·55) mUmmol/l2 on
the first postoperative day (Fig. 2) (P,0·001; 95% CI
21·05, 23·05). The reverse pattern was seen for insulin
secretion (combined groups), as indicated by a decrease in
the preoperative HOMA b of 188·6 (95% CI 131·5, 245·6)
mU/mmol to 116·5 (95% CI 90·9, 142·0) mUmmol on the
first postoperative day (P¼0·01; 95% CI 18·1, 126·1).
In patients receiving the combination of EN and PN,
HOMA-IR (P¼0·045) was lower and HOMA b (P¼0·037)
higher than in those receiving PN alone.

Insulin sensitivity (combined groups), as deduced from
the outcome of glucose tolerance tests, was reduced on the
first postoperative day then increased with time back to
preoperative values (P,0·001; 95% CI 0·05, 0·10; Fig. 3).
Patients receiving the combination of EN and PN demon-
strated higher sensitivity to insulin than those receiving PN
alone (P¼0·006). Insulin tolerance in patients receiving the
combination of EN and PN returned to preoperative levels
by postoperative day 4, whilst in those receiving PN alone,
values were lower, suggesting continued insulin resistance.

Glucose-dependent insulinotropic polypeptide. GIP con-
centrations fell (combined groups) from the preoperation
value of 25·5 (95% CI 18·2, 32·8) pg/ml to 8·3 (95% CI
5·5, 11·1) pg/ml on the first postoperative day (P,0·001;
95% CI 16·7, 23·8; Fig. 4). Concentrations then increased in
those patients receiving the combination of EN and PN,
achieving preoperation levels by postoperative day 4. By con-
trast, GIP concentrations increased more slowly in patients
receiving PN alone and they had still not reached preoperation
levels by the end of postoperative day 4. Patients receiving the
combination of EN and PN had increased GIP concentrations
compared with those receiving PN alone (P¼0·013) (Fig. 4).

Permeability and C-reactive protein. Following surgery
intestinal permeability (lactulose:mannitol ratio) increased
significantly from baseline in both the PN and PN combined
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Fig. 1. Subcutaneous glucose concentrations presented in four-hourly blocks
of patients given parenteral nutrition (PN) only (–W–) or enteral nutrition
(EN) and PN (- -A- -). No-feed periods are shown. Values are means,
with 95% CI represented by vertical bars. *Mean value was significantly
different from that of the patients receiving both EN and PN (P,0·05).
ANOVA P¼ 0·009.
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Early combined parenteral and enteral nutrition for
pancreaticoduodenectomy e Retrospective cohort analysis

Pascal Probst a, b, Daniel Keller a, Johannes Steimer a, Emanuel Gmür a, Alois Haller c,
Reinhard Imoberdorf d, Maya Rühlin d, Hans Gelpke a, Stefan Breitenstein a, *

a Department of Surgery, Cantonal Hospital Winterthur, Brauerstrasse 15, 8400 Winterthur, Switzerland
b Department of General, Visceral and Transplantation Surgery, University of Heidelberg, Im Neuenheimer Feld 110, 69120 Heidelberg, Germany
c Intensive Care Unit, Cantonal Hospital Winterthur, Brauerstrasse 15, 8400 Winterthur, Switzerland
d Department of Medicine, Cantonal Hospital Winterthur, Brauerstrasse 15, 8400 Winterthur, Switzerland

h i g h l i g h t s

! ECPEN is one possible nutritional technique after pancreaticoduodenectomy.
! The coverage of caloric requirements per patient was 93.4%.
! The coverage was higher in patients with needle catheter jejunostomy.
! With ECPEN malnutrition or immunonutrition did not affect outcomes.
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a b s t r a c t

Background: Suggested guidelines for nutritional support after pancreaticoduodenectomy are still
controversial. Recent evidence suggests that combining enteral nutrition (EN) with parenteral nutrition
(PN) improves outcome. For ten years, patients have been treated with Early Combined Parenteral and
Enteral Nutrition (ECPEN) after PD. The aim of this study was to report on rationale, safety, effectiveness
and outcome associated with this method.
Methods: Consecutive PD performed between 2003 and 2012 were analyzed retrospectively. Early EN
and PN was standardized and started immediately after surgery. EN was increased to 40 ml/h (1 kcal/ml)
over 24 h, while PN was supplemented based on a daily energy target of 25 kcal/kg. Standard enteral and
parenteral products were used.
Results: Sixty-nine patients were nutritionally supplemented according to ECPEN. The median coverage
of kcal per patients related to the total caloric requirements during the entire hospitalization (nutrition
balance) was 93.4% (range: 100%e69.3%). The nutritional balance in patients with needle catheter
jejunostomy (NCJ) was significantly higher than in the group with nasojejunal tube (97.1% vs. 91.6%;
p < 0.0001). Mortality rate was 5.8%, while major complications (Clavien-Dindo 3e5) occurred in 21.7% of
patients. Neither the presence of preoperative malnutrition nor the application of preoperative immu-
nonutrition was associated with postoperative clinical outcome.
Conclusion: This is the first European study of ECPEN after PD. ECPEN is safe and, especially in combi-
nation with NCJ, provides comprehensive coverage of caloric requirements during the postoperative
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thesiology; ASPEN, American Society for Parenteral and Enteral Nutrition; BMI,
body mass index; CVC, central venous catheter; DGE, delayed gastric emptying;
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care unit; IBW, ideal body weight; NCJ, Needle catheter jejunostomy; NRS, nutri-
tional risk screening; PD, Pancreaticoduodenectomy; POPF, postoperative pancre-
atic fistula; RCT, randomized controlled trial.
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with regard to individual daily postoperative energy requirements.
The installation of a NCJ reduces postoperative caloric deficits to a
minimum.

The optimal route and timing for nutritional support after PD is
under debate [22]. While the paradigm of preoperative fasting of
patients is outdated [23], early oral postoperative food intake
within fast-track pathways such as the ERAS concept [4] gain evi-
dence and interest. A recent publication in ICU patients confirms
the negative impact of postoperative caloric deficit on the occur-
rence of postoperative complications [24]. This finding contradicts

previous opinions, that postoperative caloric deficits after major
surgery have to be accepted as “physiological adaption of the me-
tabolisms” with reduced requirements of caloric intake, particu-
larly in the early postoperative phase [5]. However, there is a lack of
scientific evidence on this topic. Most guidelines are based on
consensus of experts regarding timing and extent of postoperative
nutritional care following specific procedures such as PD [3,5].

Based on the intent to optimize clinical outcome by covering a
maximum of caloric requirements postoperatively, the strategy of
ECPEN was initiated. The two aspects which were considered were
the early postoperative start of the nutritional support and the
combined enteral and parenteral route of nutritional support. The
rationale behind the addition of PN to the enteral intake was to
reduce the risks of paralysis and of non-occlusive mesenterial
ischemia, by limiting the amount of high caloric fluids introduced
into the bowel [25].

After two comparative trials in Asiatic populations, in 17 and 174
[8,9] patients respectively, the present cohort represents the first
study in Europe to evaluate the effect of ECPEN after PD. In addition
to postoperative nutritional care, surgical as well as postoperative
procedures were highly standardized. Only 3 senior pancreatic
surgeons performed the operations.

The present data confirms that ECPEN is a possible method to
optimize caloric intake after PD. Complete intake of daily caloric
requirements by ECPENwas reached in 6 out of 7 days while caloric
balance was 93,4% over the whole hospitalization. In comparison,
other strategies of postoperative nutritional support include a slow
increase of postoperative caloric intake leading to an obviously
lower caloric balance after PD.

The mortality rate of 5.8% and the occurrence of 21.7% major
complications after PD with standardized ECPEN in the present
collective are in line with expected outcome data after PD for non-
high volume centers [26]. A trend indicating that patients with less
caloric deficit had fewer major complications was also observed.
However, this study is certainly underpowered. Specific complica-
tions such as DGE (18.8%) and POPF (15.9%) were low in relation to
the expected range of occurrence (DGE 0e45% and POPF 6e38%).

Table 2
Caloric intake.

Nutritional balance (%)a 93.4% (100%e69.3%)
Individual caloric deficit during hospitalization(kcal)b 754 (0e16350)
25 kcal/kg achieved during hospitalization (overall days) 1081/1516 (71.3%)
25 kcal/kg achieved during first seven postoperative days)a 6 (0e7)

Nutritional balance: the % coverage of kcal per patients related to the total caloric requirements during the entire
hospitalization.

a Median with range.
b Mean with range.

Table 3
Perioperative outcomes.

Patients n ¼ 69

Mortality 4 (5.8%)
Morbidity (Clavien-Dindo)
None (0) 15 (21.7%)
Minor (1 þ 2) 39 (56.6%)
Major (3e5) 15 (21.7%)
DGE (n)
A 11 (15.9%)
B 2 (2.9%)
C 0 (0%)
POPF (n)
A 0 (0%)
B 7 (10.1%)
C 4 (5.8%)
PPH (n) 0 (0%)
LOS (d)a 23.2(±11.6)
ICU (d)a 6.8 (±4.6)
Place of discharge (n)
Home 38 (55.1%)
Health resort 7 (10.1%)
Rehabilitation facility 19 (27.6%)
Death 4 (5.8%)
Internal medicine 1 (1.4%)
First bowel movement (d)a 5.6 (±2.8)
CVC removed (d)a 10 (±4.7)

DGE: delayed gastric emptying; POPF: postoperative pancreatic fistula;
PPH: postpancreatectomy hemmorage; LOS: length of stay; ICU: intensive
care unit; CVC: central venous catheter.

a Mean with standard deviation.

Fig. 2. Postoperative comparison of caloric balance between feeding routes.

Table 4
Rate of complication in subgroup analyses.

Immunonutrition
Yes Complication No p ¼ 0.7125
7 (20.0%) None 8 (23.5%)
19 (54.3%) Minor 20 (58.9%)
9 (25.7%) Major 6 (17.6%)

NRS
<3 Complication #3 p ¼ 0.3486
4 (33.3%) None 11 (19.3%)
7 (58.4%) Minor 32 (56.1%)
1 (8.3%) Major 14 (24.6%)

Feeding route
NCJ Complication Nasojejunal p ¼ 0.5192
8 (22.9%) None 7 (20.6%)
19 (54.2%) Minor 20 (58.8%)
8 (22.9%) Major 7 (20.6%)
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with regard to individual daily postoperative energy requirements.
The installation of a NCJ reduces postoperative caloric deficits to a
minimum.

The optimal route and timing for nutritional support after PD is
under debate [22]. While the paradigm of preoperative fasting of
patients is outdated [23], early oral postoperative food intake
within fast-track pathways such as the ERAS concept [4] gain evi-
dence and interest. A recent publication in ICU patients confirms
the negative impact of postoperative caloric deficit on the occur-
rence of postoperative complications [24]. This finding contradicts

previous opinions, that postoperative caloric deficits after major
surgery have to be accepted as “physiological adaption of the me-
tabolisms” with reduced requirements of caloric intake, particu-
larly in the early postoperative phase [5]. However, there is a lack of
scientific evidence on this topic. Most guidelines are based on
consensus of experts regarding timing and extent of postoperative
nutritional care following specific procedures such as PD [3,5].

Based on the intent to optimize clinical outcome by covering a
maximum of caloric requirements postoperatively, the strategy of
ECPEN was initiated. The two aspects which were considered were
the early postoperative start of the nutritional support and the
combined enteral and parenteral route of nutritional support. The
rationale behind the addition of PN to the enteral intake was to
reduce the risks of paralysis and of non-occlusive mesenterial
ischemia, by limiting the amount of high caloric fluids introduced
into the bowel [25].

After two comparative trials in Asiatic populations, in 17 and 174
[8,9] patients respectively, the present cohort represents the first
study in Europe to evaluate the effect of ECPEN after PD. In addition
to postoperative nutritional care, surgical as well as postoperative
procedures were highly standardized. Only 3 senior pancreatic
surgeons performed the operations.

The present data confirms that ECPEN is a possible method to
optimize caloric intake after PD. Complete intake of daily caloric
requirements by ECPENwas reached in 6 out of 7 days while caloric
balance was 93,4% over the whole hospitalization. In comparison,
other strategies of postoperative nutritional support include a slow
increase of postoperative caloric intake leading to an obviously
lower caloric balance after PD.

The mortality rate of 5.8% and the occurrence of 21.7% major
complications after PD with standardized ECPEN in the present
collective are in line with expected outcome data after PD for non-
high volume centers [26]. A trend indicating that patients with less
caloric deficit had fewer major complications was also observed.
However, this study is certainly underpowered. Specific complica-
tions such as DGE (18.8%) and POPF (15.9%) were low in relation to
the expected range of occurrence (DGE 0e45% and POPF 6e38%).

Table 2
Caloric intake.

Nutritional balance (%)a 93.4% (100%e69.3%)
Individual caloric deficit during hospitalization(kcal)b 754 (0e16350)
25 kcal/kg achieved during hospitalization (overall days) 1081/1516 (71.3%)
25 kcal/kg achieved during first seven postoperative days)a 6 (0e7)

Nutritional balance: the % coverage of kcal per patients related to the total caloric requirements during the entire
hospitalization.

a Median with range.
b Mean with range.

Table 3
Perioperative outcomes.

Patients n ¼ 69

Mortality 4 (5.8%)
Morbidity (Clavien-Dindo)
None (0) 15 (21.7%)
Minor (1 þ 2) 39 (56.6%)
Major (3e5) 15 (21.7%)
DGE (n)
A 11 (15.9%)
B 2 (2.9%)
C 0 (0%)
POPF (n)
A 0 (0%)
B 7 (10.1%)
C 4 (5.8%)
PPH (n) 0 (0%)
LOS (d)a 23.2(±11.6)
ICU (d)a 6.8 (±4.6)
Place of discharge (n)
Home 38 (55.1%)
Health resort 7 (10.1%)
Rehabilitation facility 19 (27.6%)
Death 4 (5.8%)
Internal medicine 1 (1.4%)
First bowel movement (d)a 5.6 (±2.8)
CVC removed (d)a 10 (±4.7)

DGE: delayed gastric emptying; POPF: postoperative pancreatic fistula;
PPH: postpancreatectomy hemmorage; LOS: length of stay; ICU: intensive
care unit; CVC: central venous catheter.

a Mean with standard deviation.

Fig. 2. Postoperative comparison of caloric balance between feeding routes.

Table 4
Rate of complication in subgroup analyses.

Immunonutrition
Yes Complication No p ¼ 0.7125
7 (20.0%) None 8 (23.5%)
19 (54.3%) Minor 20 (58.9%)
9 (25.7%) Major 6 (17.6%)

NRS
<3 Complication #3 p ¼ 0.3486
4 (33.3%) None 11 (19.3%)
7 (58.4%) Minor 32 (56.1%)
1 (8.3%) Major 14 (24.6%)

Feeding route
NCJ Complication Nasojejunal p ¼ 0.5192
8 (22.9%) None 7 (20.6%)
19 (54.2%) Minor 20 (58.8%)
8 (22.9%) Major 7 (20.6%)
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nutritional support algorithm would have probably resulted in
inadequate protein-calorie intake in several patients due to the
delay in satisfying the estimated requirements. Nonetheless,
the significant differences detected between patients satisfying
and those not satisfying the estimated nutritional requirements
support for the effectiveness of the intervention.

We are aware that the 7-day treatment duration may
limit the relevance of the results; however, it corresponds
to the median time of hospitalization in our Institution and
it is consistent with the study of Krüger and colleagues
[37]. We are also conscious that our endpoints were based
on secondary nutritional and functional parameters, al-
though they are associated with primary clinical out-
comes. Moreover, our population consisted of a very frag-
ile class of oncologic patients, i.e., requiring admission
for active treatments or supportive care, for different can-
cer types of varying prognoses. This reflects the reality of
hospital everyday life, but limits the specificity of our
findings. Therefore, we acknowledge that this study is
propaedeutic to future trials aimed at verifying the clinical
efficacy of this early nutritional approach in the mid and
long term in specific cancer types. Indeed, one such trial
is currently being designed by our group for newly diag-
nosed metastatic gastric cancer patients.

We should point out that our study has several
strengths and interesting aspects, which make it innova-
tive and useful for the development of new therapeutic
approaches. First, it indicates that early SPN can safely
bring to the improvement of relevant nutritional parame-
ters in one of the most fragile hospital populations, such
as hypophagic, advanced cancer patients at nutritional risk
with contraindications for enteral support, in a time frame
which may correspond to the median hospital stay. This
implies that an early approach, followed by strict moni-
toring of SPN adequacy and safety, could be adopted dur-
ing hospitalization in a large clinical population, in whom
other nutritional support strategies may not be tolerated or
practicable, thereby satisfying an unmet need and
avoiding detrimental weight loss [43]. In this scenario,
our data suggest that the systematic use of BIVA in the
monitoring of SPN is feasible and may assist in improving
the accuracy of the clinical assessment and the quality and
efficacy of nutritional interventions.

With respect to this last issue, also, PAB has gained the
interest of clinicians because of its short half-life (2 days),
which permits not only the detection of short-term impair-
ment in energy balance but also the monitoring of the
effectiveness of nutritional support [27, 28]. An associa-
tion between reduced PAB and adverse outcomes has
been detected in several chronic diseases [28]. Similarly,
HG is a simple and inexpensive prognostic marker in
cancer patients [26, 44]. A recent study showed that HG
was compromised (− 2.3 kg) within the first 7 days of

hematological treatment [45]; our results indicate that
SPN contributed to improve this parameter in the same
time frame.

In conclusion, early 7-day SPN resulted in improved body
composition and HG and PAB levels in hypophagic, hospital-
ized cancer patients at nutritional risk, the majority of whom
were in advanced disease stage, in the absence of any relevant
clinical complications. Full attainment of both calorie and
protein requirements may be a key issue in the initial improve-
ment of nutritional status in this patient population. Further
trials, aimed at verifying the efficacy of this early nutritional
intervention on mid- and long-term primary clinical outcomes
in specific cancer types, are warranted.
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undergoing in-hospital work-up for biliopancreatic mass le-
sions, irrespective of their nutritional status. After a median
7-day duration, PN was even more effective in patients with
malignant lesions (+ 2.7 kg), but was accompanied by the
decrease in PhA and the increase in extracellular mass/water.
These results are not surprising, considering that SPN was
provided on fasting days and that even patients receiving PN
were substantially underfed. In line with this evidence, the
results of our trial highlight the importance of avoiding not
only fasting but also underfeeding. PhA did not improve in
patients not achieving the estimated requirements and most
patients with fluid retention did not satisfy protein
requirements.

Therefore, two critical issues need to be discussed more
extensively: the timing of PN initiation and the amount of
protein and calories to be provided. A very recent critical
review of the guidelines by the European Society on Clinical
Nutrition andMetabolism (ESPEN), of the ASPEN consensus
statements and the available literature, has suggested that SPN
should begin at hospital admission in non-intensive care

malnourished patients [15, 16]. The ESPEN guidelines rec-
ommend with a low level of evidence the use of PN if oral/
enteral food tolerance is insufficient to supply the required
amounts of energy and nutrients [3]. However, by following
standard nutritional treatment algorithms, in the context of full
evaluation of oral and enteral nutrition feasibility and efficacy,
PN is not likely to be implemented as a short-term strategy, or
in acute conditions. Nonetheless, the efficacy of enteral vs
parenteral nutrition in patients with inadequate nutritional in-
take undergoing curative anticancer treatment remains an
open issue for research [3], bearing in mind that SPN is ap-
parently the most frequent modality of administration of PN
support in cancer patients [38].

With respect to energy and protein intakes, guidelines recom-
mend providing 25–30 kcal/kg/day and up to 1.5 g/kg/day, re-
spectively [3, 4]. Interestingly, the mean total energy and protein
intakes given to our patients were 36 kcal/kg/day and 1.6 g/kg/
day, which increased up to 39 kcal/kg/day and 1.7 g/kg/day in
those patients who fully attained estimated requirements, while
patients not attaining them received 28 kcal/kg/day and 1.2 g/kg/

Table 3 Change in energy intake
in the study population after one-
week personalized nutritional
support according to the satisfac-
tion of stimated energy
requirements

Variable Overall (N = 118) Satisfied (N = 90) Not satisfied (N = 28) p valuea

Final energy intake, mean (SD)

Total (kcal/day) 2016 (340) 1986 (334) 2111 (346) 0.090

Total (kcal/kg/day) 36.4 (8.5) 39.1 (7.7) 27.8 (4.6) < 0.001

Percentage of requirements 106 (18) 112 (16) 88 (11) < 0.001

Oral food 14.1 (6.3) 16.1 (5.8) 7.6 (2.7) < 0.001

Supplemental PN 22.3 (5.6) 23.0 (6.0) 20.2 (3.6) 0.020

Final protein intake, mean (SD)

Total (g/day) 88.6 (15.6) 88.2 (15.1) 90.0 (17.2) 0.60

Total (g/kg/day) 1.59 (0.31) 1.71 (0.22) 1.19 (0.15) < 0.001

Percentage of requirements 106 (20) 114 (15) 79 (10) < 0.001

Oral food 0.64 (0.25) 0.73 (0.19) 0.32 (0.15) < 0.001

Supplemental PN 0.95 (0.20) 0.98 (0.20) 0.87 (0.18) 0.008

a For comparison between patients satisfying and not satisfying protein-calorie requirements by unpaired
Student’s t test or Fisher’s exact test or linear regression

Table 4 Analysis of the primary,
secondary and exploratory
endpoints in patients completing
the one-week personalized nutri-
tional support

Endpoints Baseline

Mean (SD)

Day 7

Mean (SD)

Mean change (95% CI) p value

Phase angle (°) 4.12 (1.23) 4.37 (1.30) 0.25 (0.11–0.39) 0.001

Standardized phase angle − 1.58 (1.55) − 1.25 (1.75) 0.33 (0.13–0.53) 0.002

Body weight (kg) 57.1 (11.2) 57.8 (11.4) 0.7 (0.4–1.1) < 0.001

Body mass index (kg m−2) 20.3 (3.6) 20.6 (3.6) 0.3 (0.1–0.4) < 0.001

Handgrip strength (kg) 18.8 (9.3) 20.9 (9.3) 2.1 (1.3–2.8) < 0.001

Prealbumin (mg/dL) 16.4 (7.5) 20.2 (10.2) 3.8 (2.1–5.6) < 0.001

SD, standard deviation
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day. Hence, protein-calorie targets need to be reconsidered, at
least in severely hypophagic, malnourished advanced cancer
patients. A recent trial on enteral nutrition in head and neck
cancer patients showed that the average caloric intake sufficient
to maintain body weight during CT-RTwas 35 kcal/kg/day [39],
and in the same patient population, it has already been proposed
that requirements should be tailored on usual body weight be-
fore diagnosis [40]. An interesting aspect is that the difference in
total calorie and protein intakes between those patients who
meet the estimated requirements, and those who do not, was
due to oral intake, which can be difficult to increase in poor
responders due to their clinical condition. Besides, protein intake
appeared to be the major determinant of fluid retention,
supporting the critical role of protein supply in the anabolic
pathways of cancer patients [3]. Although we could have hypo-
thetically risked overfeeding patients, the strict monitoring
meant we observed only a few and easily remedied metabolic
complications. At the same time, the prescription of SPN ac-
cording to the clinical conditions, which included the evaluation

of basal hydration status by BIVA, allowed us to minimize the
proportion of patients with fluid retention occurring.

All these considerations are consistent with the tight ca-
loric control (TiCaCo) approach proposed in oncology by
De Waele and colleagues [41]. Unlike the TiCaCo pilot
study, we did not use indirect calorimetry to assess energy
requirements. This could have impaired the accuracy of our
intervention, but, on the other hand, indirect calorimetry is
still expensive, time-consuming, and hardly feasible in the
everyday clinical activity of most oncologic centers.
However, indirect calorimetry remains a tool of paramount
importance, whose recent technical developments will al-
low a broader use in patients with different diseases and
clinical conditions and may contribute to optimize the effi-
cacy and safety of nutritional therapy in the future [42].

We recognize the following limitations. A possible critical
aspect may be single-arm study design. A concomitant com-
parative arm would have enabled the detection of a proper
cause-effect relationship between SPN and the selected end-
points. However, the use of placebo (hydration) would have
been unethical, while a comparison with the guidelines-based

T0 - All pa!ents (n=75)

T7

T0 - All pa!ents (n=43)

T7

a

b

Fig. 1 Changes in mean impedance vectors and confidence ellipses on
the BIVA nomogram by sex for the overall study population

T0 - All pa!ents (n=75)

T7 - Intake sa!sfied (n=58)

T7 - Intake not sa!sfied (n=17)

.
.

T0 - All pa!ents (n=43)

T7 - Intake sa!sfied (n=32)

T7 - Intake not sa!sfied (n=11)

Fig. 2 Changes in mean impedance vectors and confidence ellipses on
the BIVA nomogram according to gender and the satisfaction of
estimated energy and protein requirements
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Ale należy próbować…





Jak to robimy??

Usunięcie przełyku z powodu raka

Rozległy zabieg w obrębie trzech jam 
ciała

Niedożywienie (BMI <18, utrata masy ciała 
>10%), liczne choroby współistniejące

Przygotowanie ONS przed operacją



Jak to robimy??

Mężczyzna 60 kg m.c, 185 cm wzrostu, BMI 
17.5

Zapotrzebowanie ok 1800 kcal , 90 g białka 
(30 kcal/kg; 1.5 g/kg)

EN – jejunostomia, dieta peptydowa 1 
kcal/ml, 16 godz/d

PN – worek indywidualny mieszalnikowy



EN PN EN PN % E % B
POD 1 10-20 

ml/h
50% 
EPR

250 kcal; 10 g B 900 kcal; 45 g B 64% 61%

POD 2 30-40 
ml/h

50% 
EPR

500 kcal; 20 g B 900 kcal; 45 g B 77% 72%

POD 3 40-60 
ml/h

50% 
EPR

750 kcal; 30 g B 900 kcal; 60 g B 92% 100%

POD 4 60-70 
ml/h
+ONS

40% 
EPR

1000 kcal; 40 g B

300 kcal, 20 g B

700 kcal; 40 g B 100% 100%

Jak to robimy??



Zalety

´ Osoby z większą masą ciała i dużym 
zapotrzebowaniem energetyczno-białkowym

´ Zła tolerancja diety dojelitowej

´ Jejunostomia

´ Leczenie powikłań, nieszczelności zespoleń

´ Powrót do zdrowia po leczeniu powikłań –
rozszerzanie diety doustnej



Konieczność adaptacji

´ Większe ryzyko przeżywiania

´ Ważniejsze jest zwiększanie EN niż PN

´ Możliwe jest SPN – PN+ON

´ Włączanie żywienia doustnego wg protokołów ERAS

´ Jaka minimalna wielkość worka PN?? 



Gorąco
zachęcam do 
stosowania



Pytania??


