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Abstract

Background/Objectives—This study evaluated nutrition after oesophago-gastric resection and 

the influence of home jejunostomy feeding in the six months after surgery.

Subjects/Methods—Data on nutritional intake and physiologic measures were collected as part 

of a randomised trial with measurements taken before and up to six months after surgery.
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Results—41 participants (32 oesophagectomy, 9 total gastrectomy) received home jejunostomy 

feeding (n=18) or usual care without feeding (n=23). At hospital discharge, oral intakes were 

adequate for energy and protein in 9% and 6% respectively. By three and six months, these values 

had increased to 61% & 55%, 94% & 77% respectively. Six participants (26%) who received usual 

care required rescue feeding. Six weeks after hospital discharge, energy intakes were met in those 

who received jejunal feeding due to the contribution of enteral nutrition. Jejunal feeding did not 

affect oral intake, being similar in both groups (fed: 77% estimated need, usual care: 79%). At 

three months, inadequate micronutrient intakes were seen in over one third. Compared to baseline 

values, six weeks after surgery, weight loss exceeding 5% was seen in 5/18 (28%) who received 

feeding, 14/17 (82%) who received usual care and 5/6 (83%) of those who required rescue 

feeding, p=0.002. Weight loss averaged 4.1% (fed), 10.4% (usual care) and 9.2% (rescue fed), 

p=0.004. These trends persisted out to six months.

Conclusions—Supplementary jejunostomy feeding made an important contribution to meeting 

nutrition after oesophago-gastric resection. Importantly, oral nutritional intake was not 

compromised dispelling the assertion that jejunal feeding deincentivises patients from eating.
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Introduction

Nutritional status is often compromised in the early months following oesophagectomy or 

total gastrectomy for cancer, with findings from a recent systematic review of cohort studies 

suggesting a deterioration in body mass index in the region of 8% – 10% during the first six 

months after surgery.1 The reasons for this are multi-factorial, relating to altered anatomy, 

gastrointestinal symptoms2, and changes in nutrient absorption3

There is only limited information in the literature regarding assessing nutritional intake in 

the short and long term following oesophago-gastric resection. Ryan et al.4 noted at hospital 

discharge that nutritional intake after oesophagectomy did not meet requirements, with 

patients falling short of 30% of their daily energy and 35% of their daily protein 

requirements. Haverkort et al.5 identified that at six months after surgery, 23% of 

participants still did not meet their energy requirements and 9% did not meet their protein 

requirements. The authors also noted that many patients had an inadequate intake of 

vitamins and trace elements, more evident at six compared to twelve months after surgery. 

Ludwig et al.6 in the only study reporting longer follow up, at a mean of 34 months, found 

that still 22% of patients had an inadequate energy intake.

Randomised controlled trials of the role of nutritional support in meeting nutritional 

requirements or preventing deterioration in nutritional status, outside of the immediate post-

operative period are lacking. Although Hyltander et al.7 showed no significant benefit, in 

terms of energy and protein intake or change in nutrition status, when giving supplementary 

enteral or parenteral nutrition in 80 subjects following curative upper gastrointestinal 

surgery, the amount of supplementary nutrition was relatively small (approximately 120 kcal 
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daily for three months), thus limiting the chances of a beneficial effect for feeding being 

identified.

The aim of this paper was to report in detail the nutrient intakes of participants enrolled in a 

pilot and feasibility study of home enteral feeding, via a jejunostomy tube after 

oesophagectomy or total gastrectomy for cancer8,9. In particular, we aimed to determine (1) 

nutrient intake in the first six months following surgery, (2) the contribution of dietary and 

supplementary jejunostomy feeding to meeting estimated nutritional requirements, (3) 

whether the provision of supplementary jejunostomy feeding affected oral nutritional intake, 

and (4) the effect of supplementary jejunostomy feeding on nutritional status.

Methods

The sample was drawn from those participating in a prospective randomised controlled 

trial8,9, conducted at University Hospitals of Leicester NHS Trust. Approval was obtained 

from the Nottingham 2 Local Research and Ethics committee (protocol #11/EM/0383). The 

trial was registered with the UK Clinical Research Network (UKCRN 12447 / 13361). Each 

participant provided written informed consent. Recruitment commenced in July 2012 and 

closed in March 2014. Participant follow up was completed in September 2014.

Inclusion criteria were adult patients with a diagnosis of oesophago-gastric cancer 

considered suitable for potentially curative surgical resection. The only specific exclusion 

criteria were patients in whom, home enteral feeding was deemed inappropriate by either the 

patient or the managing healthcare team.

All participants received standardised post-operative care while in hospital, consisting of 

feeds, via the jejunostomy, placed at time of surgery. Tube insertion, commencement of 

feeds and subsequent increase in rate and volume followed an agreed care pathway8. In all 

participants, continuous jejunostomy feeds of Nutrison Energy Multifibre (Nutricia) were 

reduced to supplementary overnight feeds (10 – 15 hours duration) when oral intake 

recommenced (at approximately post-operative day seven) and continued until the morning 

of the day of hospital discharge.8 Dietary advice, including food fortification and the use of 

prescribable nutritional supplements, with supporting written information, was provided to 

all patients prior to discharge.

Intervention (home jejunostomy feeding) and usual care groups

Participants randomised to the intervention arm received a planned programme of home 

jejunostomy feeding following hospital discharge. The goal of feeding was to provide at 

least 50% of estimated energy and protein requirements via overnight jejunostomy feeds for 

a minimum of six weeks. Participants randomised to the usual care arm were discharged 

from hospital with a feeding jejunostomy in place. The tube was flushed with 10 ml sterile 

water daily to prevent tube blockage, but it was not used unless rescue feeding was 

indicated. The indications for rescue feeding were weight loss of greater than 5% from 

baseline level, reduced physical functional status or an estimated oral calorie intake less than 

one third of predicted requirement.8,9 These assessments and the decision to restart 
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jejunostomy feeding were undertaken by the community dietitian or the hospital clinical 

team, who were independent of the research team.

A small number of patients who had experienced post-operative complications (principally 

anastomotic leak) were discharged home from hospital on planned total jejunostomy feeding 

to allow recovery from the complications. These participants were not allowed oral fluids 

during this time.

Outcome measures

There were five data collection time points: (i) prior to surgery, (ii) at the time of hospital 

discharge, (iii) six weeks after hospital discharge, (iv) three months after surgery, and (v) six 

months after surgery. All assessments were undertaken by the Research Dietitian (MB).

Nutritional assessment

Weight was measured in kilograms to the nearest 0.1 Kg using calibrated (SECA®) stand on 

scales with subjects wearing light clothing. Weight in health and at diagnosis were taken 

from medical records where available or recall weight was used, converted from imperial 

measurements where required. Height was taken from pre-surgical assessment records, 

measured using a SECA® height measure in participants with footwear removed. Body 

mass index (BMI Kg/m2) and percentage weight change (previous weight − current weight / 

previous weight x 100) were calculated. Anthropometric measures were performed on the 

left arm in all participants. This was to avoid the confounding effect of the thoracotomy 

wound on the right side for those individuals undergoing oesophagectomy. Measurements 

were standardised and recognised techniques were followed10. Triceps skinfold thickness 

was measured using calibrated Harpenden® callipers and the mean of three attempts was 

recorded. Mid arm circumference was performed and mid arm muscle circumference was 

calculated. Hand grip dynamometry was taken on the left side, in the standing position using 

a calibrated Takei® measure and the mean of three results recorded11. The Malnutrition 

Universal Screening Tool was derived from this information and calculated for each trial 

participant.12

Nutritional intake assessment

Subjects were instructed to record all food and fluid intake for three days (two week days 

and one weekend day) to assess oral diet and fluid intake prior to each study data collection 

time point. Types of food, brand names and quantities consumed were clarified by the 

Research Dietitian at the time of visit, using visual aids if required. Each record was 

analysed using a computerised nutrition package (Dietplan 6®) using data from the UK 

Nutrient Database (replaced by the food integrated dataset in 201513 with additional food 

tables imported where appropriate (Nutricia®). Where food labels and packages were 

available and there was no corresponding item on the database, these items were manually 

added. Details of oral nutritional supplements and type and amount of jejunostomy feeds 

were also captured for the same time period to estimate total nutritional intake.
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For those receiving jejunostomy feeds, the mean intake provided was estimated for the same 

period as dietary intake using prospective fluid balance charts during hospital stay or 

retrospective reports post discharge from hospital.

Estimation and adequacy of requirements

Daily energy requirements were estimated using the Henry Equation14 adjusted for a 

physical activity level. A factor of 1.3 was used for visit two, whilst in-hospital, and a factor 

of 1.5 at other time points to reflect increased physical activity levels post-discharge from 

hospital15. Protein requirements were based on standardised amounts of 1.25g/kg/day16. 

Both energy and protein needs were based on weight maintenance, adjusted for those 

individuals with BMI >30 Kg/m2.17

Daily nutrient intakes were considered adequate if mean intake was greater than 90% of 

estimated requirements for energy and protein, or provided amounts equal to or above 

estimated average requirement (EAR) for micronutrients18. The UK national dietary intake 

is indicated for reference19.

Data analysis

Descriptive data was summarised as mean (standard deviation) for the whole group. To 

consider the impact of jejunostomy feeding on nutritional intake and nutritional status, 

participants who received home jejunostomy feeds for more than one week were compared 

to those who did not receive jejunostomy feeds, irrespective of the arm they were 

randomised to. This per protocol analysis differ from the previously published reports of this 

clinical trial, which employed an intention to treat analysis8,9. Statistical analysis was 

performed using SPSS. Comparison between groups was made using repeated measure 

ANOVA for continuous data and Fisher’s exact test for categorical data. We caution 

however, that as this was a pilot and feasibility study, this was not a formally powered study, 

and consequently all formal comparisons are interpreted with caution.

Results

The study population comprised 41 participants (36 males) of mean age 64 years (SD 8), see 

Table 1. Further clinical details have been previously published9. Data on nutritional intake 

was available for 35 participants at the time of hospital discharge (two participants were nil 

by month and four did not complete the food diaries), 38 participants three months after 

surgery (2 withdrawn and 1 non-completer) and 35 participants six months after surgery (4 

withdrawn and 2 non-completers). Changes in nutritional status have been reported for 18 

participants who received home jejunostomy feeds (excluding participant withdrawal), the 

17 participants who did not receive home jejunostomy feeds and the six participants initially 

allocated to the usual care arm of the study who restarted “rescue” jejunostomy feeds 

(Figure 1). For those allocated to planned jejunostomy feeds, the feed provided on average 

over the course of the six weeks, 63% (SD 15, range 41-91%) and 61% (SD 15, range 

44-94%) of predicted energy and protein requirements respectively.
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Jejunostomy complications

As indicated above, all participants received enteral feeding while in hospital. This was 

discontinued in those allocated to the usual care arm, after discharge from hospital. There 

were two major (Clavien-Dindo grade 3b or greater20,21) jejunostomy tube feed related 

complications before hospital discharge. These two participants allocated to the in the 

control arm, who had undergone total gastrectomy, required laparotomy and small bowel 

resection for feed related small bowel necrosis. There was no tube associated mortality. 

There were a number of minor jejunostomy tube complications at the index admission 

requiring adjustment of the feed type or rate, or tube replacement for blockage, see Table 2. 

There were no major (Clavien-Dindo grade 3b or greater20,21) tube or feed related 

complications after discharge from hospital, see Table 2. Ninety-one percent and 71% of 

participants had a functioning jejunostomy tube still in situ at the time of hospital discharge 

and six weeks after hospital discharge respectively.

Dietary (oral) nutritional intake

At the time of hospital discharge, oral dietary intake (food and oral fluids, including oral 

nutritional supplements) was poor and, compared to estimated nutritional requirements, 

considered adequate for 9% of participants for energy and 6% participants for protein (Table 

3). By three months after surgery, these corresponding values were 61% and 55% for energy 

and protein respectively, and by six months, adequacy of intake was seen for 94% and 77% 

of participants, for energy and protein respectively. A similar pattern was observed in 

relation to micronutrient intake. At the time of hospital discharge, compared to estimated 

average requirement18, inadequate intake was observed in more than 50% of participants for 

all micronutrients apart from Thiamine (Table 3). At the three month time point, inadequate 

intake of zinc, magnesium, selenium, vitamins A and C was seen in more than a third of 

participants. At the six month time point, inadequate intake of all trace elements was 

observed in some participants with the exception of calcium, thiamine and vitamin B6.

Contribution of jejunostomy feeding to meeting nutritional requirements following hospital 
discharge

In-patient jejunostomy feeding was employed up until the time of hospital discharge in 38 

participants (93%). In three participants randomised to the usual care group (no home 

feeding) the jejunostomy feeding was stopped by the healthcare team, because of diarrhoea 

in two patients, and raised blood glucose level in a third patient.

Overall, 24 participants received jejunostomy feeding at home, 18 as part of a planned 

programme and six because of the need for rescue feeding (Figure 2). This group received 

feeding for a mean of 75 days (range 35-172). Average intakes of energy and protein via the 

jejunostomy feed in the first six weeks were 1410 kcal (SD 270) and 56g (SD 10) daily 

respectively. Jejunostomy feeding was continued beyond six weeks in 10 of the 18 

participants in the intervention group (56%), reducing in quantity as oral intake improved (as 

assessed by a Dietitian). Nine participants (37%) were still receiving feeding at three months 

after surgery. None were receiving jejunostomy feed supplementation by six months after 

surgery. The indications for continued feed were continued poor physical functional status or 

an estimated oral calorie intake less than one third of predicted requirement. Jejunostomy 
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tubes were usually left in situ beyong the six week intervention time in case rescue feeding 

was required. In the group that received jejunal feeding in the first six weeks, tubes remained 

in situ for an average of 105 days (range 53-205) and in the usual care group, they remained 

in place for an average of 71 days (range 32-155).

Ten participants in the usual care group met the weight loss threshold criteria for 

recommencing jejunostomy feeding in the first six weeks after hospital discharge, but this 

was administered either because of a non-functioning jejunostomy tube or participant 

refusal.

Feed composition

The feed employed was Nutrison Energy Multifibre (Nutricia), which is an isotonic feed 

containing 153 kcal/100 ml, 6 g protein per 100 ml.22 Calories are delivered 16% by 

protein, 48% by carbohydrate and 34% by fat. Its mineral content per 100 ml comprises 84 

mg calcium, 2.4 mg iron, 1.8 mg zinc, 30 mg magnesium, 8.6 μg selenium, 123 μg vitamin 

A, 15 mg vitamin C, 1.9 mg vitamin E, 0.23 mg thiamine, 0.24 mg riboflavin, 0.26 mg 

vitamin B6 and 40 µg folic acid.

Dietary and total nutritional intake

Figures 3 and 4 show the contribution of oral and jejunostomy feeding to meeting energy 

and protein needs at six weeks after hospital discharge in those who did, and did not, receive 

supplementary jejunostomy feeds. There was no significant difference in either the dietary 

energy or protein intake between those who did and did not receive jejunostomy feeding 

(p=0.80). The mean oral dietary intakes failed to meet 100% of energy or protein 

requirements in either group. Importantly, planned jejunostomy feeding did not negatively 

impact the oral intake of those receiving jejunostomy feeds. In the group of participants who 

received jejunostomy feeds, total nutritional intake (energy and protein) was significantly 

higher than those participants who did not receive feed (p<0.01), see Figure 5. All 

participants in the fed group had what would be considered an adequate intake, solely due to 

the contribution of jejunostomy feeding (Figure 5).

Impact on nutritional status

Weight at six weeks following discharge and three months post operatively was evaluated in 

39 participants. Fourteen participants (36%) demonstrated weight maintenance or weight 

increase between the two visits, while 25 participants demonstrated weight loss. By 

treatment group, 12 of 16 who received jejunal feeding as planned experienced weight 

maintenance or increase, compared to one of 17 in the non-fed usual care group and one of 

six if the rescue fed group, p=0.0001. Energy intakes exceeded estimated requirements at six 

weeks for 10 of the 14 (71%) who achieved weight stability or gain. On average, participants 

received 125% (SD 36) of estimated energy requirements. In the group that lost weight, 13 

of the 25 (52%) received in excess of estimated energy requirement.

Table 4 shows the change in nutritional status from baseline (pre-operative) levels. Six 

weeks after hospital discharge, both the degree of weight loss and the deterioration in hand 

grip dynamometry were significantly better in those that received planned home jejunal 
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feeding compared to those who did not. The favourable effects on weight proved durable and 

were still evident long after the six week home feeding time.

Discussion

This is the first study to prospectively assess the contribution of home jejunostomy feeding 

to meeting nutritional requirements after oesophagectomy and total gastrectomy, and the 

only study to report dietary intake three months after surgery in this population.

At the time of hospital discharge, the current study identified adequacy of oral intake in 9% 

and 6% of participants for energy and protein respectively. These values had climbed to 61% 

and 55% respectively at three months after surgery, and by six months 94% and 77% had 

adequate dietary energy and protein intakes. The values observed in the current study are 

more extreme than those seen by Ryan et al.4 who identified adequacy of oral intake of 

energy and protein at hospital discharge in 70% and 65% respectively, although the authors 

did not define adequacy of intake. Haverkort et al.5 who used a similar definition as 

employed in this study (<90% of recommended daily amount) identified adequacy of intake 

for energy and protein in 77% and 91%, and 76% and 93% of patients, six and 12 months 

after oesophagectomy. In the other study assessing nutritional intake, Ludwig et al.6 

identified adequacy of dietary intake in 78% of patients an average of three years after 

surgery, although no definition was given for adequacy. Although there are potential 

differences in definition and the information is derived from patient recall food diaries, it is 

evident that the current findings are in agreement with prior studies indicating suboptimal 

intake of energy and protein for many patients after oesophagectomy.

Three months after surgery, less than two thirds of participants in this study were meeting 

estimated average intakes18 for Zinc, Magnesium, Selenium, Vitamin A and C. Haverkort et 
al.5 likewise identified suboptimal intake of multiple micronutrients at both six and 12 

month intervals after surgery. In that study, the authors used Recommended Daily Amounts 

as their defining threshold. In the current study, the threshold employed was estimated 

average intakes. Both studies used thresholds benchmarked to their index populations. 

Clinical manifestations of micronutrient insufficiency were not assessed in this study, but it 

is unlikely that at a follow up interval of six months, any clinical symptoms would have 

developed. Further, those participants who received jejunostomy feeding would have 

received micronutrient replacement from this source. Longer term studies are required to 

assess the risk of micronutrient deficiency in patients who are years out from their surgery.

In this study patient group, supplementary jejunostomy feeding contributed a significant 

amount of energy and protein to overall nutritional intake. This feeding conferred a 

nutritional advantage in terms of preserving weight and function assessed by hand grip 

strength. Six of the 23 participants (26%) in the usual care arm required rescue jejunostomy 

feeding because of nutritional concerns, so that overall 76% of the study participants 

received feeding. Accepting that this was a pilot feasibility study and far reaching 

conclusions cannot be based on the study findings, an argument could be made for routinely 

offering home jejunostomy feeding to all patients after oesophagectomy.
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An unexpected finding from this study was that nutritional status deteriorated in a number of 

participants even when estimated energy and protein requirements were being met or 

exceeded. For example at three months post-surgery, 54% of those losing weight were 

meeting estimated energy requirements. The reasons for this are unclear. It is possible that 

the food diaries overestimated dietary intake.23,24 It is possible that nutritional 

requirements in this patient group have been grossly underestimated25. Okamoto et al.26 

measured energy expenditure using indirect calorimetry in eight male patients after 

oesophagectomy receiving parenteral nutrition, and found that although resting energy 

expenditure was increased initially, by post-operative day 14 values had returned to pre-

operative normal levels. Once at home, measured resting energy expenditure was shown to 

remain stable at three, six and 12 months post oesophagectomy5 and higher than predicted 

in those after total gastrectomy27. It is possible that some patients experienced 

malabsorption as this was not routinely assessed3.

A further important finding was that oral energy intake in the first six weeks after surgery 

was similar between those who did and did not receive jejunostomy supplementation. This 

provides some evidence to counter the assertion that provision of additional energy through 

jejunostomy feeds will have a deleterious effect on oral energy intake. This has been an 

important message that the authors have tried to disseminate to fellow healthcare 

professionals and patients alike.

In this study, indirect calorimetry was not performed and instead energy requirements were 

estimated using Henry equations14 adjusted with a physical activity level ranging from 

1.3-1.515. The Scientific Advisory Committee on Nutrition have suggested using a physical 

activity level of 1.49 for less active individuals (based on the 25th percentile of large data 

sets using healthy volunteers)16. For a post-surgical cancer population, most of whom 

received perioperative chemotherapy, a physical activity level of 1.49 may not be 

appropriate. A study assessing physical activity after oesophagectomy indicated a marked 

impairment at the time of hospital discharge, with a gradual recovery over three to six 

months28. Haverkort et al.5 reported that normal or minimally restrictive activity level was 

achieved by 92% after five months. This suggests that total energy expenditure may be 

reduced after surgery compared to normal individuals while physical activity levels remain 

low. Further research is needed to evaluate nutritional requirements in this population to 

inform goals of not only of nutritional interventions but rehabilitation after surgery.

Not all centres routinely place a feeding jejunostomy tube at the time of oesophagectomy. A 

previous National survey in the United Kingdom identified wide variation in practice. In that 

audit of over 2000 patients, overall 68% of patients had a feeding jejunostomy placed at the 

time of surgery.29 Twenty-eight percent had no feeding adjunct and four percent received an 

alternative adjunct, such as a nasojejunal tube. The audit further highlighted that even within 

centres practice varied, the proportion of patients undergoing oesophagectomy who received 

a feeding tube ranging from under 25% to in excess of 75%.29 Some of the reticence about 

tube placement may stem from the potential complications of the tube and feed. In this study 

both serious complications occurred in patients who had undergone total gastrectomy. None 

occurred in patients who had undergone oesophagectomy. As a result of this a subsequent 

audit of practice,30,31 the in-patient feeding regimen has been amended for patients who 
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undergo total gastrectomy. The feeding rate is not escalated to more than 40 ml/hour until 

day seven. In that audit, the risk of small bowel complications (necrosis, perforation) 

requiring laparotomy was 0% (0 out of 285 patients) for oesophagectomy and 8% (6 out of 

75 patients) for total gastrectomy. 30,31 All complications developed after discharge from 

the intensive care unit to the ward, on the seventh post-operative day (range 5-14 days). 

30,31 The current study and the literature indicate that the jejunostomy tubes are very safe in 

the out of hospital setting, with problems being restricted to the tube site (infection, skin 

excoriation) or feed related (bloating, diarrhoea). The latter can be easily managed by 

amending the type or rate of feeding.

In an interview study of participants drawn from the same study, we identified a high level of 

acceptability to patients about home jejunostomy feeding32. All participants and their 

informal carers reported coping strategies for dealing with feed, jejunal tube and pump site 

problems. Going forward, this information would be used to amend practice. It was clear 

from patient reports that overnight feeding caused significant disruption to sleep. A feeding 

regimen running in the late afternoon and evening might be less disruptive to sleep patterns.

Conclusion

Patients undergoing oesophagectomy or total gastrectomy for cancer are at high risk of 

compromised oral nutritional intake in the months following surgery. Nutritional advice 

should consider both macronutrient and micronutrient intake. This study has pointed to the 

potential role of extended jejunostomy feeding in making a significant contribution to 

meeting nutritional requirements after surgery and reducing deterioration in body weight.
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Figure 1. 
Participant disposition
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Figure 2. 
Number of days of administration of home jejunal feeding.

The grey shaded bars indicate participants in the planned jejunal feeding arm. The black 

shaded bars indicate participants in the usual care arm who required rescue feeding.
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Figure 3. 
Percentage of estimated energy and protein requirements derived from oral dietary sources

Baker et al. Page 15

Eur J Clin Nutr. Author manuscript; available in PMC 2017 September 08.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



Figure 4. 
Percentage of estimated energy and protein requirements derived from all sources (oral 

dietary and jejunostomy feed)
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Figure 5. 
Mean % contribution to estimated daily requirement from oral dietary sources and jejunal 

feeding at hospital discharge, six weeks after hospital discharge and three months after 

surgery
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Table 1
Demographic characteristics of study population

Enteral feed (n=18) No feed (n=17) Rescue feed (n=6)

Sex

 Male 16 (89%) 15 (88%) 5 (83%)

 Female 2 (11%) 3 (12%) 1 (17%)

Age in years 63 (7) 63 (9) 68 (22)

Body mass index at baseline (Kg/m2) 27.2 (4.9) 28.7 (4.2) 26.2 (8.2)

BMI at enrolment (Kg/m2)

 20-25 (%) 8 (44%) 4 (24%) 3 (50%)

 25-30 (%) 6 (33%) 7 (41%) 3 (50%)

 >30 (%) 4 (22%) 6 (35%) 0 (0%)

Weight loss at diagnosis (%) 4.4 (8.1) 2.7 (9.0) 3.8 (7.5)

MUST score at enrolment12

 standard risk 14 (78%) 13 (76%) 3 (50%)

 medium risk 2 (11%) 3 (18%) 1 (17%)

 high risk 2 (11%) 1 (6%) 2 (33%)

aNeoadjuvant chemotherapy 18 (100%) 14 (82%) 6 (100%)

Cancer stage

T stage 0 (0%) 1 (6%) 0 (0%)

 Tis 0 (0%) 0 (0%) 0 (0%)

 T1 3 (17%) 4 (24%) 1 (17%)

 T2 14 (78%) 12 (71%) 5 (83%)

 T3 1 (6%) 0 (0%) 0 (0%)

 T4

N stage

 N0 6 (33%) 5 (29%) 1 (17%)

 N1 6 (33%) 9 (53%) 5 (83%)

 N2 6 (33%) 3 (17%) 0 (0%)

 N3 0 (0%) 0 (0%) 0 (0%)

Type of surgery

 Transhiatal oesophagectomy 2 (11%) 1 (6%) 0 (0%)

 Ivor Lewis oesophago-gastrectomy 13 (72%) 11 (65%) 5 (83%)

 Total gastrectomy  3 (17%)  5 (29%)  1 (17%)

bSurgical approach

Open 5 (28%) 6 (35%) 1 (17%)

Hybrid 13 (72%) 11 (65%) 5 (83%)

Values indicated are mean (standard deviation) for continuous measures, and counts (percentages) for categorical measures

MUST = Malnutition Universal Screening Tool score which categorises risk of malnutrition into standard risk (score of 0), medium risk (score of 1) 
and high risk (score of 2 or more)12 Tis = in situ carcinoma

a
No participant received either pre- or post-operative radiotherapy.
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b
Total gastrectomy and transhiatal oesophagectomy were performed through open abdominal incisions. Ivor Lewis oesophago-gastrectomy was 

performed through a hybrid approach (laparoscopic abdominal and open thoracic access).
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Table 2
Jejunostomy access and feeding complications

Minor Jejunostomy complications In-hospital (n=45) Out of hospital (n=41)

Clavien-Dindo grade 3 or 420,21 2/45 (4%) 0/26 (0%) a

Feed related small bowel necrosis requiring
laparotomy (non-fatal)

Clavien-Dindo grade 1 or 220,21

Diarrhoea (%) 4/45 (9%) 7/26 (27%) a

Reflux of feed / vomiting (%) 0/45 (0%) 2/26 (8%) a

Tube displacement or migration (%) 1/45 (2%) 1/41 (2%)

Inadvertent tube removal (%) 2/45 (4%) 8/41 (20%)

Leakage around insertion site (%) 6/45 (13%) 8/41 (20%)

Tube occlusion (%) 7/45 (16%) 4/41 (10%)

Functional jejunostomy at end of study interval 41/45 (91%) 32/45 (71%)

a
This includes the 18 participants allocated to the intervention arm who received home jejunostomy feeding as planned and the 6 participants 

allocated to the usual care arm who required rescue feeding. The remaining patients had the jejunostomy tube left in situ but not utilised. Unless 
there was a need for ongoing enteral feeding, jejunostomy tubes were removed six weeks after discharge from hospital.

Eur J Clin Nutr. Author manuscript; available in PMC 2017 September 08.



 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts

Baker et al. Page 21

Ta
b

le
 3

D
ie

ta
ry

 N
ut

ri
ti

on
al

 I
nt

ak
es

 a
t 

ti
m

e 
of

 h
os

pi
ta

l d
is

ch
ar

ge
, t

hr
ee

 a
nd

 s
ix

 m
on

th
s 

af
te

r 
O

es
op

ha
ge

ct
om

y 
an

d 
To

ta
l G

as
tr

ec
to

m
y

N
ut

ri
en

t
O

ra
l D

ie
ta

ry
 I

nt
ak

e 
M

ea
n 

(S
D

)
U

K
 P

op
ul

at
io

nc
 (

>6
5y

rs
)

E
st

im
at

ed
 A

ve
ra

ge
 R

eq
ui

re
m

en
t 

d  
(f

or
 >

50
yr

 m
al

e)

T
im

e 
of

 H
os

pi
ta

l D
is

ch
ar

ge
 (

n=
35

)
3 

M
on

th
s 

af
te

r 
su

rg
er

y 
(n

=3
8)

6 
M

on
th

s 
af

te
r 

su
rg

er
y 

(n
=3

5)

E
ne

rg
y 

kc
al

/d
98

0 
(4

80
)

19
20

 (
62

0)
22

50
 (

54
0)

17
07

 (
49

0)
26

05
e

[k
ilo

jo
ul

es
/d

]
[4

10
0 

(2
00

8)
]

[8
03

3 
(2

59
4)

]
[9

41
4 

(2
25

9)
]

[7
14

0 
(2

05
0)

]
[1

09
00

]e

%
 o

f 
es

tim
at

ed
 r

eq
ui

re
m

en
ts

50
 (

25
)

84
 (

24
)

10
0 

(1
9)

A
de

qu
at

e 
in

ta
ke

a
3 

(9
%

)
23

 (
61

%
)

32
 (

94
%

)

P
ro

te
in

 g
/d

32
 (

16
)

72
 (

26
)

83
 (

24
)

70
 (

20
)

53
.3

%
 o

f 
es

tim
at

ed
 r

eq
ui

re
m

en
ts

35
 (

20
)

78
 (

28
)

93
 (

26
%

)

A
de

qu
at

e 
in

ta
ke

 a
2 

(6
%

)
21

 (
55

%
)

27
 (

77
%

)

C
al

ci
um

 m
g/

d
59

1 
(2

83
)

97
5 

(4
14

)
10

37
 (

31
7)

90
1 

(3
49

)
52

5

A
de

qu
at

e 
in

ta
ke

 b
15

 (
43

%
)

33
 (

87
%

)
35

 (
10

0%
)

Ir
on

 m
g/

d
5.

1 
(4

.3
)

9.
2 

(4
.8

)
10

.4
 (

3.
1)

11
.2

 (
7.

8)
6.

7

A
de

qu
at

e 
in

ta
ke

 b
6 

(1
7%

)
26

 (
68

%
)

32
 (

91
%

)

Z
in

c 
m

g/
d

3.
3 

(2
.9

)
7.

8 
(3

.3
)

9.
1 

(2
.5

)
8.

3 
(2

.6
)

7.
3

A
de

qu
at

e 
in

ta
ke

 b
4 

(1
1%

)
21

 (
55

%
)

24
 (

69
%

)

M
ag

ne
si

um
 m

g/
d

78
 (

46
)

20
0 

(8
1)

24
0 

(6
6)

25
2 

(8
1)

25
0

A
de

qu
at

e 
in

ta
ke

 b
0 

(0
%

)
12

 (
32

%
)

14
 (

40
%

)

Se
le

ni
um

 µ
g/

d
10

.5
 (

13
.7

)
33

.5
 (

19
.9

)
48

 (
27

)
46

 (
21

)

A
de

qu
at

e 
in

ta
ke

 b
0 

(0
%

)
1 

(3
%

)
4 

(1
1%

)

V
it

am
in

 A
 (

re
ti

no
l)

 µ
g/

d
20

6 
(2

20
)

13
06

 (
25

88
)

93
2 

(1
84

2)
84

6 
(1

35
6)

50
0

A
de

qu
at

e 
in

ta
ke

 b
2 

(6
%

)
19

 (
50

%
)

17
 (

49
%

)

V
it

am
in

 C
 m

g/
d

45
 (

40
)

62
 (

51
)

92
 (

12
6)

10
6 

(1
16

)
25

A
de

qu
at

e 
in

ta
ke

 b
17

 (
49

%
)

23
 (

61
%

)
25

 (
71

%
)

Eur J Clin Nutr. Author manuscript; available in PMC 2017 September 08.



 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts

Baker et al. Page 22

N
ut

ri
en

t
O

ra
l D

ie
ta

ry
 I

nt
ak

e 
M

ea
n 

(S
D

)
U

K
 P

op
ul

at
io

nc
 (

>6
5y

rs
)

E
st

im
at

ed
 A

ve
ra

ge
 R

eq
ui

re
m

en
t 

d  
(f

or
 >

50
yr

 m
al

e)

T
im

e 
of

 H
os

pi
ta

l D
is

ch
ar

ge
 (

n=
35

)
3 

M
on

th
s 

af
te

r 
su

rg
er

y 
(n

=3
8)

6 
M

on
th

s 
af

te
r 

su
rg

er
y 

(n
=3

5)

V
it

am
in

 E
 m

g/
d

2.
5 

(2
.9

)
6.

1 
(3

.6
)

8.
2 

(5
.1

)
13

.1
 (

24
.5

)
n/

a

A
de

qu
at

e 
in

ta
ke

 b
n/

a
n/

a
n/

a

T
hi

am
in

e 
m

g/
10

00
kc

al
0.

5 
(0

.3
)

0.
7 

(0
.2

)
0.

7 
(0

.2
)

N
R

0.
3

[m
g/

d]
[0

.5
 (

0.
4)

]
[1

.4
 (

0.
4)

]
[1

.4
 (

0.
4)

]
[2

.1
 (

5.
2)

]
[N

/R
]

A
de

qu
at

e 
in

ta
ke

 b
24

 (
69

%
)

38
 (

10
0%

)
35

 (
10

0%
)

R
ib

of
la

vi
n 

m
g/

d
1.

0 
(0

.6
)

2.
0 

(0
.9

)
2.

0 
(0

.8
)

2.
3 

(1
.7

)
1.

0

A
de

qu
at

e 
in

ta
ke

 b
15

 (
43

%
)

35
 (

92
%

)
32

 (
91

%
)

V
it

am
in

 B
6 

m
g/

g 
pr

ot
ei

n
15

.1
 (

9.
5)

21
.6

 (
5.

6)
21

.6
 (

5.
6)

N
/R

13

[µ
g/

d]
[0

.5
6 

(0
.4

6)
]

[1
.7

4 
(0

.5
1)

]
[1

.7
 (

0.
5)

]
[2

.8
 (

4.
0)

]
[N

/R
]

A
de

qu
at

e 
in

ta
ke

 b
17

 (
49

%
)

38
 (

10
0%

)
35

 (
10

0%
)

F
ol

at
e 

µg
/d

a
11

3 
(7

1)
22

9 
(8

7)
22

8 
(8

6)
31

7 
(3

58
)

15
0

A
de

qu
at

e 
in

ta
ke

 b
7 

(2
0%

)
33

 (
87

%
)

29
 (

83
%

)

T
he

 T
ab

le
 s

ho
w

s 
th

e 
co

nt
ri

bu
tio

n 
fr

om
 d

ie
ta

ry
 (

or
al

) 
in

ta
ke

, i
nc

lu
di

ng
 o

ra
l s

up
pl

em
en

t d
ri

nk
s

a C
on

su
m

in
g 

>
90

%
 o

f 
es

tim
at

ed
 r

eq
ui

re
m

en
t f

or
 e

ne
rg

y 
an

d 
pr

ot
ei

n.

b C
on

su
m

in
g 

>
 E

st
im

at
ed

 A
ve

ra
ge

 R
eq

ui
re

m
en

t1
5

c U
K

 N
at

io
na

l D
ie

t a
nd

 N
ut

ri
tio

n 
Su

rv
ey

 2
01

41
9

d D
ie

ta
ry

 R
ef

er
en

ce
 V

al
ue

s1
5

e D
ie

ta
ry

 R
ef

er
en

ce
 V

al
ue

s 
fo

r 
al

l m
al

es
 f

or
 e

ne
rg

y1
6

Eur J Clin Nutr. Author manuscript; available in PMC 2017 September 08.



 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts

Baker et al. Page 23

Ta
b

le
 4

C
ha

ng
e 

in
 p

hy
si

ol
og

ic
 p

ar
am

et
er

 f
ro

m
 b

as
el

in
e 

(e
nr

ol
m

en
t 

to
 s

tu
dy

 p
ri

or
 t

o 
su

rg
er

y)

a %
 W

ei
gh

t 
ch

an
ge

D
eg

re
e 

of
 w

ei
gh

t 
lo

ss
C

ha
ng

e 
in

 M
A

M
C

 
(c

m
)

C
ha

ng
e 

in
 T

SF
 (

m
m

)
C

ha
ng

e 
in

 h
an

d 
gr

ip
 

st
re

ng
th

N
on

e
<5

%
5-

10
%

>1
0%

F
ed

6 
w

ee
ks

 (
n=

18
)

-4
.1

 (
3.

6)
1 

(6
%

)
12

 (
67

%
)

4 
(2

2%
)

1 
(6

%
)

-1
.6

 (
1.

2)
-0

.8
 (

2.
0)

-1
.5

 (
3.

2)

3 
m

on
th

s 
(n

=
16

)
-6

.6
 (

5.
6)

1 
(6

%
)

8 
(5

0%
)

3 
(1

9%
)

4 
(2

5%
)

-1
.6

 (
1.

3)
-1

.2
 (

2.
3)

-2
.0

 (
4.

1)

6 
m

on
th

s 
(n

=
14

)
-8

.1
 (

5.
8)

2 
(1

4%
)

2 
(1

4%
)

4 
(2

9%
)

6 
(4

3%
)

-1
.5

 (
1.

6)
-2

.2
 (

3.
0)

-0
.1

 (
2.

9)

N
ot

 f
ed

6 
w

ee
ks

 (
n=

17
)

-1
0.

4 
(4

.3
)

0 
(0

%
)

2 
(1

2%
)

7 
(4

1%
)

8 
(4

7%
)

-2
.3

 (
2.

1)
-1

.7
 (

2.
4)

-4
.8

 (
4.

7)

3 
m

on
th

s 
(n

=
17

)
-1

2.
2 

(4
.8

)
0 

(0
%

)
1 

(6
%

)
4 

(4
1%

)
12

 (
71

%
)

-2
.5

 (
1.

9)
-2

.3
 (

2.
8)

-4
.9

 (
4.

8)

6 
m

on
th

s 
(n

=
17

)
-1

3.
6 

(6
.7

)
0 

(0
%

)
2 

(1
2%

)
2 

(1
2%

)
13

 (
76

%
)

-2
.4

 (
2.

4)
-3

.7
 (

2.
7)

-2
.4

 (
4.

5)

R
es

cu
e 

fe
d

6 
w

ee
ks

 (
n=

6)
-9

.2
 (

6.
4)

1 
(1

7%
)

0 
(0

%
)

2 
(3

3%
)

3 
(5

0%
)

-1
.8

 (
1.

3)
-1

.9
 (

1.
3)

-2
.6

 (
4.

6)

3 
m

on
th

s 
(n

=
6)

-8
.3

 (
7.

5)
1 

(1
7%

)
1 

(1
7%

)
1 

(1
7%

)
3 

(5
0%

)
-1

.7
 (

1.
5)

-1
.2

 (
0.

4)
-2

.8
 (

1.
9)

6 
m

on
th

s 
(n

=
6)

-8
.9

 (
4.

8)
0 

(0
%

)
1 

(1
7%

)
2 

(3
3%

)
3 

(5
0%

)
-2

.8
 (

1.
0)

-1
.1

 (
0.

5)
-1

.8
 (

1.
6)

p-
va

lu
e 

fe
d 

vs
 n

on
-

fe
d

c 0
.0

38
d 0

.0
02

 (
6 

w
ee

ks
),

 0
.0

1 
(3

 m
on

th
s)

, 0
.1

7 
(6

 m
on

th
s)

c 0
.7

38
c 0

.0
15

c 0
.0

16

V
al

ue
s 

in
di

ca
te

d 
ar

e 
m

ea
ns

 (
st

an
da

rd
 d

ev
ia

tio
n)

.

c R
ep

ea
te

d 
m

ea
su

re
s 

A
N

O
V

A
.

d X
2  

te
st

. S
ta

tis
tic

al
 c

om
pa

ri
so

ns
 w

er
e 

no
t m

ad
e 

to
 th

e 
re

sc
ue

 f
ed

 g
ro

up
 b

ec
au

se
 o

f 
th

e 
sm

al
l g

ro
up

 s
iz

e.
 T

im
e 

pe
ri

od
s 

re
la

te
 to

 6
 w

ee
ks

 a
ft

er
 h

os
pi

ta
l d

is
ch

ar
ge

, t
hr

ee
 m

on
th

s 
af

te
r 

su
rg

er
y 

an
d 

si
x 

m
on

th
s 

af
te

r 
su

rg
er

y

M
A

M
C

 =
 m

id
 a

rm
 m

us
cl

e 
ci

rc
um

fe
re

nc
e 

in
 c

m
, T

SF
 =

 tr
ic

ep
s 

sk
in

 f
ol

d 
th

ic
kn

es
s 

in
 m

m

a In
di

ca
te

s 
pe

rc
en

ta
ge

 c
ha

ng
e 

in
 w

ei
gh

t f
ro

m
 b

as
el

in
e 

(s
tu

dy
 e

nr
ol

m
en

t p
ri

or
 to

 s
ur

ge
ry

)

Eur J Clin Nutr. Author manuscript; available in PMC 2017 September 08.


	Abstract
	Table T5
	Introduction
	Methods
	Intervention (home jejunostomy feeding) and usual care groups
	Outcome measures
	Nutritional assessment
	Nutritional intake assessment
	Estimation and adequacy of requirements
	Data analysis

	Results
	Jejunostomy complications
	Dietary (oral) nutritional intake
	Contribution of jejunostomy feeding to meeting nutritional requirements following hospital discharge
	Feed composition
	Dietary and total nutritional intake
	Impact on nutritional status

	Discussion
	Conclusion
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Table 1
	Table 2
	Table 3
	Table 4

