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Abstract
Background: Adequate nutritional protein and energy intake are required for
optimal postoperative recovery. There are limited studies reporting the actual
postoperative protein and energy intakewithin the first week aftermajor abdom-
inal cancer surgery. The main objective of this study was to quantify the protein
and energy intake after major abdominal cancer surgery.
Methods: We conducted a prospective cohort study. Nutrition intake was
assessed with a nutrition diary. The amount of protein and energy consumed
through oral, enteral, and parenteral nutritionwas recorded and calculated sepa-
rately. Based on the recommendations of the European Society for Clinical Nutri-
tion andMetabolism (ESPEN), protein and energy intake were considered insuf-
ficient when patients received<1.5 g/kg protein and 25 kcal/kg for 2 ormore days
during the first postoperative week.
Results:Fifty patientswere enrolled in this study.Mean daily protein and energy
intake was 0.61± 0.44 g/kg/day and 9.58± 3.33 kcal/kg/day within the first post-
operative week, respectively. Protein and energy intake were insufficient in 45
[90%] and 41 [82%] of the 50 patients, respectively. Patients with Clavien-Dindo
grade ≥III complications consumed less daily protein compared with the group
of patients without complications and patients with grade I or II complications.
Conclusion: During the first week after major abdominal cancer surgery, the
majority of patients do not consume an adequate amount of protein and energy.
Incorporating a registered dietitian into postoperative care and adequate nutri-
tion support after major abdominal cancer surgery should be a standard thera-
peutic goal to improve nutrition intake.
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INTRODUCTION

Surgical procedures cause trauma to body tissue that
can lead to the activation of the systemic inflamma-
tory response and an increase in the metabolic demands
of the body. In order to maintain postoperative muscle
mass and prevent protein catabolism during the increased
metabolic demands, adequate protein and energy intake
are mandatory.1,2 Low skeletal muscle mass and acute
muscle loss have been extensively reported as independent
risk factors for mortality in critically ill patients admitted
to the intensive care unit (ICU).3–6 Maintenance of mus-
cle mass is also necessary to ensure functional recovery
after surgery.1 In contrast to the growing amount of knowl-
edge about the impact of nutrition and loss of muscle mass
on the recovery of ICU patients, there have only been a
few studies reporting about these parameters in patients
after major surgery. A recent study reported that muscle
loss after gastric cancer surgery was associated with higher
rates of postoperative complications and longer length of
hospital stay.7 The European Society for Clinical Nutrition
andMetabolism (ESPEN) estimated that the postoperative
protein and energy requirements to maintain postopera-
tive muscle mass are 1.5 g/kg/day and 25–30 kcal/kg/day,
respectively.1
The importance of adequate protein intake in critically

ill ICU patients has been shown in a recent study in which
a protein intake of >1.2 g/kg during the first 2–4 days of
admission to the ICU was associated with lower mortal-
ity in critically ill patients with low muscle mass.3 In con-
trast, there are limited studies reporting the actual nutri-
tional protein and energy intake after major abdominal
surgery. Themain aim of our current studywas to prospec-
tively quantify the actual postoperative protein and energy
consumption of patients who are undergoing open major
abdominal cancer surgery during the first postoperative
week.

METHODS

Study design

This study is part of theMUSCLE POWER study, an obser-
vational, single-center, prospective cohort study aiming to
identify the presence, impact, and risk factors for clinically

relevant, surgery-related muscle loss in patients undergo-
ing major open abdominal cancer surgery at the Univer-
sity Medical Center Groningen in the Netherlands.8 Fifty
patients who were scheduled for major abdominal can-
cer surgery based on an underlying malignancy of the
liver, pancreas, bile duct, colon, or rectum were included
between May 2019 and November 2019.
Exclusion criteria were as follows: emergency surgery,

laparoscopic surgery, robotic-assisted laparoscopic
surgery, patients <18 years old, and patients unable to
cooperate to give written informed consent.
This study was approved by the Medical Ethics Com-

mittee of the University Medical Center Groningen, the
Netherlands, and the study protocol was registered within
the Netherlands Trial Register ([NTR]; NTR NL7505, ver-
sion 1.0, February 7, 2019). Written informed consent was
obtained from all patients participating in this study.

Patient characteristics

Demographic data including age, gender, weight, height,
medical history, disease characteristics, and prior onco-
logical treatment were prospectively recorded using elec-
tronic patient files.

Outcomemeasures

Nutritional protein and energy intake

Postoperative nutritionmanagement was based on the rec-
ommendations of the Enhanced Recovery After Surgery
(ERAS) program.9,10 Actual daily nutritional protein and
energy intake were recorded from the first postoperative
day up to 7 days after surgery or up to the day of dis-
charge in case patients left the hospital within the first
postoperative week. The amount of protein and energy
consumed through oral, enteral, and parenteral nutrition
was recorded separately by patients, nurses, and kitchen
staff. The amount of protein and calories consumed each
day was calculated with a nutrition calculator application
(Isala voeding, Isala Development Services, Netherlands
Nutrition Center Foundation). Based on the recommen-
dations of ESPEN, protein intake was considered to be
insufficient when patients received <1.5 g/kg protein for
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2 or more days during the first postoperative week. Energy
intake was considered insufficient if patients received <25
kcal/kg for 2 or more days during the first postoperative
week.1 The same definitions were also used for patients
who were discharged within the week after surgery. Nutri-
tion intake in these patients was not recorded after hospital
discharge.

Complications

The occurrence and severity of postoperative complica-
tions until 30 days after discharge were registered accord-
ing to the Clavien-Dindo classification system.11 Grade I
complications were defined as any deviation from the nor-
mal postoperative course without the need for pharma-
cological treatment or interventional procedures. Grade
II complications were complications requiring pharma-
cological treatment. Major postoperative complications
were classified as grade III (ie, severe adverse events
requiring interventional procedures) and grade IV (ie, life-
threatening adverse events requiring intensive care sup-
port). Treatment-related mortality was defined as patient
death within 30 days of surgery or during hospital stay
(grade V).

Data analysis

Datawere analyzed using SPSS Statistics version 24.0 (IBM
Corporation, Armonk, NY, USA). Distribution of the data
was assessed with histograms. Continuous variables are
presented as mean with SD, and categorial variables as
number with proportion (percentage). Hypothesis testing
was done using an unpaired t-test or a Mann-Whitney U
test for normal or nonnormal distributed data, respectively.
The significance threshold was set at P < .05.

RESULTS

Patient characteristics

Patient and tumor characteristics for the entire cohort are
shown in Table 1. Fifty patients were enrolled in this study.
Twenty-eight (28 of 50 [56%]) were female, the mean age
was 64 ± 13 years, and the mean body mass index was 27
± 4 kg/mš. Almost half of the patients had a colorectal
tumor (21 of 50 patients [42%]), and in nine cases (9 of 50
patients [18%]) metastatic disease was already present dur-
ing surgery. Twenty-six patients (26 of 50 patients [52%])
had undergone prior abdominal surgery.
Table 2 provides an overview of the different treatment

characteristics; major liver resections (14 of 50 patients

TABLE 1 Patient and tumor characteristics

Variable Data
Age, mean (SD), years 64 (13)
Body mass index, mean (SD), kg/m2 27 (4)
Gender, N (%)
Female 22 (56)

Comorbidity, N (%)
Hypertension 16 (32)
Cardiac comorbidity 13 (26)
Pulmonary comorbidity 6 (12)
Renal comorbidity 3 (6)

ASA classification, N (%)
I 2 (4)
II 39 (78)
III 9 (18)

Distant metastases, N (%)
0 30 (60)
1 7 (14)
X 13 (26)

Location of the tumor, N (%)
Colorectal 21 (42)
Liver 10 (20)
Pancreas 10 (20)
Bile ducts 8 (16)
Pseudomyxoma peritonei 1 (2)

Prior abdominal surgery, N (%)
Yes 26 (52)
No 24 (48)

Prior oncologic treatment, N (%)
Neoadjuvant chemoradiotherapy 11 (22)
Neoadjuvant chemotherapy 1 (2)
None 38 (76)

Abbreviation: ASA, American Society of Anesthesiologists.

[28%]) and colon resections (11 of 50 patients [22%]) were
most frequently performed. Intestinal anastomoses were
made in 19 patients (19 of 50 patients [38%]), and an intesti-
nal stoma was created in nine patients (9 of 50 patients
[18%]). Two patients (2 of 50 patients [4%]) had a non-
therapeutic laparotomybecause of the intraoperative unex-
pected detection of extensive peritoneal metastases.
During the first postoperative week, the majority of

patients (36 of 50 patients [72%]) received oral nutrition
only, eight patients (8 of 50 patients [16%]) received enteral
nutrition through a duodenal feeding tube, and six patients
(6 of 50 patients [12%]) received parenteral nutrition.
Oral nutrition was initiated on the first postoperative

day in 17 patients (17 of 50 patients [34%]), and enteral
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TABLE 2 Treatment characteristics

Data, N (%)
Surgical procedure
Major liver resection 14 (28)
(Sub) total colon resection 11 (22)
PPPD 9 (18)
CRS with HIPEC 4 (8)
Colon and liver resection 3 (6)
(Sub) total pelvic exenteration 2 (4)
Distal pancreatectomy 2 (4)
Partial small-bowel resection 1 (2)
Partial small-bowel resection and liver
resection

1 (2)

Whipple 1 (2)
Nontherapeutic laparotomy 2 (4)

Intestinal anastomoses
0 31 (62)
1 18 (36)
2 1 (2)

Stoma postoperatively 9 (18)

Note: Major liver resection is defined as a resection of at least three liver seg-
ments.
Abbreviations: CRS, cytoreductive surgery; HIPEC, hyperthermic intraperi-
toneal chemotherapy; PPPD, pylorus preserving pacreatoduodectomy.

nutrition was initiated on the first postoperative day in
seven patients (7 of 50 patients [14%]).
All 50 patients were admitted to the hospital up to the

third postoperative day. Five patients (5 of 50 patients
[10%]) were discharged on the fourth postoperative day,
four patients (4 of 50 patients [8%]) on the fifth day, and
seven patients (7 of 50 patients [14%]) were discharged on
the seventh day after surgery. The remaining 34 patients
(34 of 50 [68%]) were still admitted to the hospital 1 week
after surgery.

Protein and energy intake

Patients were encouraged to start a normal diet with the
addition of oral nutrition supplements on the first postop-
erative day in accordance with the nutrition recommen-
dations of the ERAS program. Patients were provided five
dailymeals by the hospital food service. Patients consumed
their meals in their own rooms andwere encouraged to eat
sitting at a table.
The mean daily protein consumption was 0.61 ± 0.44

g/kg/day (ie, 41% consumption of the recommended
1.5 g/kg daily protein intake). Figure 1 shows that during
the first 7 postoperative days the daily protein intake grad-

ually increased from 0.19 g/kg/day to 0.57 g/kg/day. Forty-
five patients (45 of 50 [90%]) were not able to consume
the recommended amount of protein. Most protein was
consumed through oral nutrition (Table 3). Furthermore,
more protein was consumed through enteral nutrition via
a duodenal feeding tube compared with parenteral nutri-
tion. There was no difference between the mean daily pro-
tein consumption of patients who were discharged before
the seventh postoperative day and that of patients who
were still admitted to the hospital after the first postop-
erative week (36.36 ± 18.12 g vs 30.08 ± 26.37 g, P = .38).
No significant differences were found in the daily protein
intake between those patients with and without metastatic
disease (39.22 ± 34.31 g vs 28.32 ± 20.25 g, P = .27).
Energy intake averaged 9.58± 3.33 kcal/kg/day, which is

associated with only 38% of the recommended 25 kcal/kg
daily postoperative energy intake (Figure 2). Forty-one
patients (40 of 50 patients [82%]) did not consume suf-
ficient energy. Similar to the protein consumption, most
energy was consumed through oral nutrition (Table 3).
The mean energy intake of patients who were discharged
early did not differ from that of patients who were still
admitted to the hospital after the first postoperative week
(803 ± 431 kcal vs 659 ± 520 kcal, P = .33). No signif-
icant differences were found in the daily energy intake
between patients with and patients without metastatic dis-
ease (882.11 ± 641.98 kcal vs 624.29 ± 418.82 kcal, P = .20).

Postoperative complications

Table 4 presents the overall postoperative morbidity rates
categorized by type and severity of the postoperative com-
plication. No treatment-related mortality occurred. Ten
patients (10 of 50 patients [20%]) had grade I or II compli-
cations, and 14 patients (14 of 50 patients [28%]) had grade
≥III complications.
All patients with a postoperative complication had

insufficient nutritional protein and energy intake days
prior to the complication, and postoperative nutrition
intake decreased in nine patients (9 of 50 patients [18%])
after the occurrence of a postoperative complication.
Patients with grade ≥III complications consumed less

daily protein compared with the group of patients with no
complications and patientswith grade I or II complications
(20.06 ± 21.92 g vs 36.77 ± 22.41 g, P = .02).
No statistically significant differencewas found between

the mean daily energy intake in patients with complica-
tions grade ≥III and that of the group of patients without
complications or with grade I or II complications (470 ±
525 kcal vs 794 ± 456 kcal, P = .06).
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F IGURE 1 Protein consumption after surgery

TABLE 3 Daily protein and energy consumption through oral, enteral, and parenteral nutrition

Daily protein consumption, mean ± SD, g/kg Daily energy consumption, mean ± SD, kcal/kg
Postoperative
day Oral nutrition

Enteral
nutrition

Parenteral
nutrition Total Oral nutrition

Enteral
nutrition

Parenteral
nutrition Total

1 (n = 50) 0.12 ± 0.20 0.53 ± 0.18 0.02 ± 0.13 0.19 ± 0.27 2.75 ± 4.65 1.15 ± 3.85 0.34 ± 2.40 4.25 ± 5.75
2 (n = 50) 0.17 ± 0.26 0.09 ± 0.28 0.03 ± 0.19 0.30 ± 0.38 4.10 ± 6.15 1.92 ± 5.63 0.62 ± 3.67 6.64 ± 8.09
3 (n = 50) 0.24 ± 0.31 0.10 ± 0.31 0.04 ± 0.21 0.39 ± 0.41 5.45 ± 5.57 2.32 ± 6.49 0.74 ± 3.92 8.51 ± 8.55
4 (n = 45) 0.25 ± 0.27 0.14 ± 0.38 0.05 ± 0.22 0.44 ± 0.40 5.83 ± 6.57 2.92 ± 7.76 0.71 ± 3.32 9.46 ± 7.77
5 (n = 41) 0.33 ± 0.42 0.15 ± 0.39 0.06 ± 0.25 0.54 ± 0.48 8.82 ± 10.11 3.10 ± 8.14 0.94 ± 3. 59 12.87 ± 11.83
6 (n = 41) 0.32 ± 0.39 0.16 ± 0.41 0.07 ± 0.25 0.55 ± 0.45 7.42 ± 9.41 3.30 ± 8.35 1.10 ± 4.00 11.82 ± 10.03
7 (n = 34) 0.24 ± 0.34 0.19 ± 0.46 0.14 ± 0.37 0.57 ± 0.50 6.11 ± 7.61 3.84 ± 9.46 1.73 ± 4.18 12.03 ± 9.74

DISCUSSION

This prospective observational cohort study showed that,
despite efforts to encourage postoperative nutrition intake,
patients did not consume the recommended amount of
protein and energy during the first postoperative week
after major open abdominal cancer surgery. The mean

daily protein intake was 33 g (ie, 0.61 g/kg/day), and the
mean energy intake was 732 kcal (ie, 9.6 kcal/kg/day). This
resulted in an insufficient protein and energy consump-
tion in 45 [90%] and 41 [82%] of the 50 surgical patients,
respectively.
Interestingly, postoperative nutrition management

based on the ERAS recommendations was mainly focused

F IGURE 2 Energy intake after surgery
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TABLE 4 Postoperative complications

Complications N (%)
Grades I–II 10 (20)
Grade ≥III 14 (28)
Reoperation 5 (10)
Hospital mortality 0 (0)
Grade ≥3
Gastroparesis 9 (18)
Anastomotic leakage 8 (16)
Electrolyte disorder 6 (12)
Postoperative bleeding 5 (10)
Intra-abdominal abscess 4 (8)
Wound infection 4 (8)
Pneumonia 3 (6)
Pulmonary embolism 1 (2)
Anemia 1 (2)

Note: Electrolyte disorder: serum sodium concentration <135 mmol/L or a
serum potassium level <3.5 mmol/L.

on early initiation of oral nutrition and not on the required
amount of protein and energy necessary for adequate
postoperative recovery.
To the best of our knowledge, only a few studies reported

about nutrition and energy intake in patients after major
surgery. A prospective observational study, including 40
patients who underwent elective cancer surgery, reported
an average protein intake of 0.58 g/kg/day without oral
nutrition supplements and 0.72 g/kg/day with oral nutri-
tion supplements within the first 3 postoperative days.
These results were similar to our own findings.12 Regard-
ing the energy intake, they reported a mean intake of
1025 kcal without oral nutrition supplements and 1310 kcal
with oral nutrition supplements during the first 3 post-
operative days. In contrast to our study, in which energy
consumption averaged 38% of the recommended amount,
the authors reported that energy intake reached 60% of
the minimum required amount after implementing the
ERAS protocol. In another study, including 22 elderly
patients who underwent cardiac surgery, highermean pro-
tein intake and energy intake were found during the first
3 postoperative days (0.7 ± 0.3 g/kg/day and 2395 ± 645
kcal/day, respectively).13 In comparison, our study popu-
lation showed lower protein and energy intake; this might
be explained by the fact that one could expect an ear-
lier return of the gastrointestinal function after cardiac
surgery compared with open abdominal cancer surgery.
Despite receiving enteral nutrition, which was initiated
on the second postoperative day, 31 patients who under-
went pancreatic cancer surgery only consumed 27 g of pro-
tein and 588 kcal of energy during the first 2 postoperative
weeks.14

There are studies that report that adequate protein and
energy intake after surgery improve surgical outcomes,
including lower risks of late infections and a shorter length
of hospital stay.15,16 This study found no difference in the
protein intake of patients discharged prior to the seventh
postoperative day and patients hospitalized during the
entire postoperative week.
Patients in this study may have a low nutritional protein

and energy intake because they received open abdominal
surgery, which enhances surgical trauma compared with
laparoscopic procedures. It has been shown that patients
undergoing open abdominal surgery have a higher risk for
developing severe postoperative malnutrition compared
with patients receiving minimal invasive surgery for gas-
trointestinal cancer.17
To improve nutrition intake after major abdominal

surgery, the ESPEN and ERAS programs recommend
initiating oral or enteral nutrition within 24 h after
surgery.1,10,18 A meta-analysis of 11 randomized controlled
trials including 1095 patients found that early enteral nutri-
tion improved nutrition status, reduced the risk of post-
operative complications, promoted the functional recov-
ery of the digestive system, and shortened the length of
hospital stay after gastrointestinal surgery.19 Only 17 (34%)
patients received oral nutrition within 24 h after surgery,
and enteral nutritionwas initiatedwithin 24h after surgery
in seven patients (14%). Hence, in order to increase nutri-
tion intake, enteral nutrition should be started earlier in
patients who do not tolerate oral nutrition.
Multiple barriers have been shown to affect patients’

nutrition intake when in the hospital. Table 5 shows nutri-
tion barriers and possible measures that could aid in
increasing postoperative nutrition intake. First, the feeling
of being physically ill and a negative frame of mind neg-
atively affect nutrition intake by decreasing appetite and
energy.20,21
Dietary restrictions, such as sodium-restricted diets,

low-fat or cholesterol-free diets, andmissedmeals because
of diagnostic procedures, also cause insufficient nutri-
tional protein and energy intake.20,22–24 Patients have
describedmissing home-cookedmeals as a barrier for food
intake; hence, encouraging consumption of homemade
meals could also improve nutrition consumption.20,25
Inadequate knowledge, inadequate communication,

and misconceptions regarding the importance of nutrition
among patients and care providers also cause insufficient
nutrition intake.24,26 Patients have considered their med-
ical treatment to be more valuable than dietary interven-
tions and did not recognize eating poorly as a problem.25
Enhancing patient nutrition knowledge can be achieved

by handing out nutrition folders, hanging posters with pic-
tograms of protein-rich and energy-rich foods on the ward,
or providing patients with digital nutrition applications.
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TABLE 5 Measures to increase postoperative nutrition intake

Causes for insufficient postoperative nutrition intake Measures to increase postoperative nutrition intake
In-hospital barriers
Insufficient knowledge regarding nutrition management of
the hospital staff

Educational programs regarding the importance of adequate nutrition
Providing information about the amount of protein and energy
patients require

Describing which foods are high in protein and energy
Mandatory fasting for diagnostic procedures and (acute)
operations

Reducing periods of fasting during hospital admission

Dietary restrictions
- Electrolyte-restricted diets
- Fat-restricted diets
- Cholesterol-restricted diets

Avoiding unnecessary dietary restrictions as much as possible.

Miscommunications between the hospital staff and patients Providing clear explanations about which types of food and how
much food patients should eat

Encouraging kitchen staff and dietitians to talk about nutrition with
patients

Patient-related factors
Insufficient knowledge regarding postoperative nutrition Proving information about the amount of protein and energy patients

require and describing which foods are protein- and energy-rich by:
- Handing out folders with information about nutrition
- Hanging posters with pictograms of the recommended food
products on the ward

- Providing nutrition applications in which patients can record and
keep track of the amounts of protein and energy they consume

- Face-to-face consultations by dietitians

Patient discomfort
Physical factors
- Nausea
- Malaise
- Bloating
- Ileus/gastroparesis
- Pain

Psychological factors
- Depression
- Sadness
- Delirium
- Forgetfulness

Preventing patient discomfort and managing the physical and
psychological factors that negatively affect food intake and recovery

Lack of motivation to eat Daily motivating patients to consume their required amounts of
protein and energy

Stimulating patients to eat home-cooked meals if patients do not like
the meals provided by the hospital

Encouraging patients to eat while seated at a table unless they are
physically restricted

Nutrition applications could also help patients keep track
of the amount of protein and energy they consume. Pro-
viding patients the opportunity to talk about postoperative
nutrition with a registered dietitian will increase the nutri-
tion knowledge of patients, which might hopefully lead to
an increase in postoperative nutrition intake.
Educational programs for hospital personnel high-

lighting the importance of adequate nutrition are also

necessary to improve nutrition intake. A qualitative
study among members of the hospital staff reported that
providing education, increasing awareness, and good
communication between hospital personnel are required
to improve in-hospital nutrition care.26 However, what
we learned from this study is that we should incorporate
the expertise of a registered dietitian into patient care
when measures to increase postoperative oral nutrition
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fail. A registered dietitian has the knowledge and exper-
tise to optimize postoperative nutritional protein and
energy intake. Furthermore, if a patient is unable to
adequately consume nutrition orally, then enteral nutri-
tion support should be considered by the healthcare
team.
Physical activity is also important to maintain mus-

cle mass and function after surgery. Recent studies have
shown that physical inactivity leads to loss of muscle mass
and function.27,28

Limitations

The present study has some limitations. Dietary intakewas
examined by using a nutrition diary that gives an esti-
mation of the nutrition intake. However, measuring the
weight of the food consumed would have provided a more
accurate measure of the nutrition intake. Hence, the pro-
tein and energy intake may be underrepresented or over-
represented in this study. Moreover, nutrition intake was
not assessed by a registered dietitian. By utilizing a regis-
tered dietitian to assess nutrition intake, a more accurate
estimation of protein and energy intake could have been
obtained. Furthermore, nutrition intake was notmeasured
after patientswere discharged. This could lead to an under-
estimation of the actual nutrition intake within the first 7
postoperative days, since the patients whowere discharged
might consume greater amounts of protein and energy at
home compared with the patients admitted to the hospital.
Although we reported one of the largest series regarding

the actual nutrition intake in patients after major abdom-
inal cancer surgery, the number of patients is still insuf-
ficient to perform various subanalyses in the group of
patients with grade >III complications in order to iden-
tify a direct effect between insufficient nutrition intake and
the occurrence of postoperative complications. Further-
more, certain complications, such as anemia, will proba-
bly be caused by the chronic illness itself or blood loss dur-
ing operation rather than by an insufficient postoperative
intake. We suspect a clearer answer to these questions in
the near future as participants for our earlier mentioned
MUSCLE POWER study are still being recruited. In addi-
tion, all patients included in this study underwent major
surgery in an academic setting. Thus, our study results
might not be generalizable to other medical centers.

CONCLUSIONS

Despite the implementation of ERAS guidelines, the
majority of patients in this study had insufficient postoper-
ative protein and energy intake to ensure optimal recovery

during the first week after open major abdominal cancer
surgery. Incorporating a registered dietitian and adequate
nutrition support into postoperative patient care could be
a future therapeutic goal to improve the outcome after
surgery.
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