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Effect of growth hormone, glutamine, and enteral
nutrition on intestinal adaptation in patients with
short bowel syndrome
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Background/aims: In the management of short bowel syndrome, the benefits of treatment with growth hormone, glutamine, and
enteral nutrition for intestinal adaptation is still controversial. The aim of the current study was to determine whether growth hor-
mone, glutamine, and enteral nutrition had positive effect on intestinal adaptation. Materials and Method: Twelve patients with
short bowel syndrome (small-bowel remnant length, 59+9 cm; mean+SEM) received growth hormone (0.05 mg/kg/day), oral gluta-
mine (30 g/day), plus enteral nutrition for 4 weeks. Intestinal absorptive capacity and biochemical parameters were investigated
before treatment and after treatment. Body composition was determined by bioelectric impedance analysis. Result: All patients
completed the treatment. Intestinal absorptive capacity and plasma levels of proteins were significantly improved after treatment.
Body weight, lean body mass, total body water, and body cell mass also increased without any major adverse effects. At the 3-month
follow-up, the nutritional status of patients was also well maintained, and there was no death during this period. Conclusion: Fo-
ur weeks of intestinal rehabilitation therapy significantly improved intestinal absorption if appropriate patient with short bowel
syndrome was selected.
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Kisa bagirsak sendromu olan hastalarda biiyiime hormonu, glutamin ve
enteral beslenmenin intestinal adaptasyon iizerindeki etkisi

Giris ve Amag: Kisa barsak sendromunun tedavisinde, biiyiime hormonunun, glutaminin ve enteral beslenmenin barsak adapta-
syonuna olan etkisi halen tartismalidir. Bu ¢alismanin amact biiyiime hormonu, glutamin ve enteral beslenmenin barsak adapta-
syonuna katkisinin arastirilmasidir. Gereg ve Yontem: Kisa barsak sendromu olan 12 hastaya (kalan ince barsak uzunlugu 59+9
cm) biiyiime hormonu (0,05 mg/kg/giin), oral glutamin (30 mg/giin) ve enteral beslenme (4 hafta siire ile) uygulandi. Barsak
absorbtif kapasitesi ve biyokimyasal parametreler tedaviden once ve sonra incelendi. Viicut kompozisyonu biyoelektirik impedans
yontemi kullanilarak incelendi. Bulgular: Tim hastalar tedaviyi tamamladi. Tedavi ertesinde barsak absorbtif kapasitesinde,
plazma protein diizeylerinde belirgin diizelme kaydedildi. Hastalarin kilo, kuru viicut agirligi, toplam viicut suyu ve hiicre
Fiitlesinde de artis kaydedildi ve ciddi yan etki tespit edilmedi. U¢ aylik takipten sonra, 6liim gérilmedi ve hastalarin beslenme
durumu iyiydi. Sonug: lyi secilmis kisa barsak sendromlu hastalarda 4 haftalik rehabilitasyon uygulamast absorbtif kapasitede
belirgin diizelme saglamaktadur.

Anahtar kelimeler: Kisa bagirsak sendromu, bliiyime hormonu, glutamin, enteral beslenme

INTRODUCTION

Short bowel syndrome (SBS) is characterized by
the inability to maintain protein-energy, fluid,
electrolyte, or micronutrient balances when on a

conventionally accepted, normal diet and results
in chronic diarrhea, dehydration, fluid and elec-
trolyte imbalances, and malnutrition (1).
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To maintain acceptable fluid, electrolyte, and nut-
ritional balances, patients with SBS often require
long-term parenteral nutrition (PN), which is ex-
pensive and associated with liver failure, repeated
catheter sepsis, or venous thrombosis with loss of
vascular access, resulting in failure of parenteral
therapy (2-5). In patients who can no longer recei-
ve parenteral support, small bowel transplantati-
on has been performed. The results of transplan-
tation have improved but still remain disappoin-
ting. The long-term survival rate of intestinal
transplantation is not high enough to be accepted
as a routine procedure for some patients. Since the
program of intestinal rehabilitation had been pro-
posed in 1995 (6), it is hoped that some patients
with SBS could be weaned from PN through intes-
tinal compensation. However, the results of clini-
cal studies are controversial (7-9).

The aim of the current study was to determine the
effect of 4 weeks of treatment with recombinant
human growth hormone (rhGH), glutamine (Gln),
and enteral nutrition (EN) on intestinal adaptati-
on in patients with SBS.

MATERIALS and METHODS

Twelve patients (9 men, 3 women; mean age 33+4
years, range 8-61lyears) with SBS were eligible for
this study. Six had ileocecal valves and intact co-
lon. All patients had previously undergone exten-
sive bowel resection for small-bowel volvulus
(n=4), intestinal obstruction (n=1), mesenteric in-
farction (n=4), Crohn’s disease (n=1), and trauma
(n=2). The average length of jejunum-ileum, as de-
rived from operative reports and confirmed by ra-
diographic examinations, was 59+9cm (range, 10-
100 cm) in all patients. All patients received bowel
rehabilitation therapy <2 years after massive in-
testinal resection, except one who received the
therapy after 2.5 years.

Criteria for eligibility in the study were as follows:
adults aged 18-70 years; the length of residual
small bowel not exceeding 100 cm; acceptable liver
and kidney function on admission; normal or stab-
le cardiovascular status. Patients in an unstable
condition such as sepsis, acute gastroenteritis, pne-
umonia, or previous exposure to GH were excluded.

All patients gave informed consent after receiving
written information on the protocol. The protocol
for the present study was approved by the Ethics
Committee of Jinling Hospital.
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On admission, the first week served as control pe-
riod. Since most patients with SBS had malnutri-
tion and/or dehydration, to attain positive nitro-
gen balance and maintain adequate fluid and elec-
trolyte balance, PN was started early in the majo-
rity of them. The total calories given according to
the energy expenditure was determined by indi-
rect calorimetry. Once this had been achieved, EN
was started. To avoid EN-related gastrointestinal
complications, EN enriched with dietary fiber
(Nutrison Fibreboard, Nutricia Pharmaceutical
(Wuxi, China) Co., Ltd.; 15 g dietary fiber in 1000
mL, 1.0 kcal/mL) was delivered gradually to the
patients from 500 kcal/day to 1500-2000 kcal/day
via nasogastric tube, or percutaneous endoscopic
gastrostomy tube, or gastrostomy tube. The speed
of transfusion was controlled at 25 mL/h with a
peristaltic pump until the patients tolerated it
well, and the speed was also increased. When EN
exceeded 50% of patient’s caloric requirement, PN
was withdrawn gradually.

Intestinal rehabilitation therapy was initialed at
the second in-hospital week. RhGH (Serono Inc,
Switzerland) was administered subcutaneously at
a dose of 0.05 mg/kg/day for 28 days. Supplemen-
tal Gln (Ajinomoto, Kawasaki City, Japan) was
provided at 30 g/day by the oral route and was di-
vided into three doses dissolved in warmed water.

Anti-diarrhea agents were given in patients with
severe diarrhea when EN was initiated; commonly
used drugs were diphenoxylate-atropine (Lomotil,
Pfizer Inc., USA) or loperamide (Imodium, John-
son&dJohnson Inc., USA). In addition, other drugs,
such as vitamin D3, calcium, and anti-acids
agents (omeprazole 40 mg/d in two divided dosa-
ge), were delivered if necessary.

On completion of the 28-day protocol, GH was dis-
continued, and the patients were discharged home
on glutamine (30 g/day) and EN. When total EN
was tolerated well, a high-carbohydrate, low-fat
(HCLF) diet was added. The proportion of EN to
HCLF diet depended on the capacity of absorption
and patient’s nutritional status.

Immediately before the treatment (baseline) and
at the end of the treatment, a nutritional status
(body weight, body composition) and intestinal ab-
sorptive function assessment were performed. In
addition, a series of blood tests including the levels
of plasma protein, albumin, and hemoglobin was
assessed once a week. Follow-up data were collec-



ted at regular intervals and compared with the ba-
seline data. The evaluation included patient’s sur-
viving times, body weight, defecate frequency, and
serum proteins.

METHOD

Body weight was recorded in the morning, in light
clothing after urinating and defecating, before bre-
akfast, using a platform scale. Lean body mass,
body fat, total body water, and body cell mass were
measured by using bioelectric impedance analysis.

The 72-hour nitrogen balance study was comple-
ted with each patient who could depend on EN to
maintain daily resting energy expenditure. The
progress of the study was as follows: the period be-
gan at 8 o’clock on the first day when patients we-
re requested to urinate and defecate. During the
72-hour balance periods, all ad libitum oral intake
and stool outputs were weighed, and the content of
nitrogen was analyzed by using the Kjeldahl’s
method (10). The percentage absorption of nitro-
gen was calculated as [(oral intake-intestinal out-
put)/oral intake]x100.

Paired student’s t-test was used for statistical
analysis using the SPSS 16.0 (SPSS, Inc) softwa-
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re. A p-value of <0.05 was considered statistically
significant. All data are expressed as means+
SEM.

RESULTS

The baseline characteristics for each patient are
shown in Table 1. All patients completed bowel re-
habilitation therapy. Values on body weight and
body composition are summarized in Table 2. Af-
ter treatment with GH, Gln and EN, body weight
increased by 3.04+0.92 kg (p<0.05), lean body
mass increased by 2.39+0.63 kg (p<0.05), total
body water increased by 1.76+0.49 (p<0.05), body
cell mass increased by 1.66+0.45 (p<0.05), while
body fat did not change significantly (p>0.05). Mo-
reover, intestinal absorptive capacity was also sig-
nificantly improved after treatment (Table 3).

Of the 12 patients, 11 were dependent on PN.
Among the 11 patients, 5 were weaned off PN and
lived on a modified diet supplement with EN from
500 to 1000 kcal/day (the minimal intestinal
length of these patients was 25 cm with ileocecal
valve and intact colon). One patient was weaned
completely off PN and EN and lived on a modified
diet. Four patients experienced a reduction in the
volume and/or the frequency of PN that they re-
quired; the minimal intestinal length of these pa-
tients was 10 cm with a portion of colon in conti-
nuity without an ileocecal valve.

Table 1. Characteristics of the patients with SBS enrolled in the study

Patient Sex/age  Jejunal-ileal  Ileocecal Colon-in  Diagnosis Frequency Delay since PN
ID (year) length valve count of last surgery dependence

(cm) intact (%)* therapy (year) (%)’
1 M/44 100 N 84 AWD 1 2.5 67
2 M/18 25 Y 100 SBV 1 1.5 67
3 M/38 100 N 84 10 2 1 67
4 M/61 80 Y 100 MI 1 <1 67
5 M/32 50 Y 100 AWD 2 <1 75
6 M/33 80 Y 100 CD 1 <1 67
7 M/47 40 N 84 MI 2 <1 83
8 F/39 70 Y 100 MI 1 <1 67
9 M/31 35 N 100 SBV 2 <1 83
10 M/38 40 N 84 MI 1 <0.5 83
11 F/8 80 N 84 SBV 2 <0.5 67
12 F/8 10 Y 100 SBV 3 <0.5 91

CD: Crohn’s disease. MI: Mesenteric infarction. SBV: Small-bowel volvulus. IO: Intestinal obstruction. AWD: Abdominal wall defect.
*According to Cummings et al (11). In percent of total energy expenditure [(total PN energy deliver/resting energy expenditure)x100%].
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Table 2. Body weight and body composition before and immediately after the treatment (n=12)

Pre-treatment Post-treatment p-value
Body weight (kg) 49.53+3.99 52.57+3.91 0.007
Lean body mass (kg) 41.74+3.13 44.13+3.38 0.003
Body fat (kg) 7.78+1.29 8.80+1.17 0.244
Total body water (kg) 29.87+2.05 31.63+2.21 0.004
Body cell mass (kg) 28.20+2.41 29.86+2.50 0.004

Note. Results are expressed as mean+SEM.

Table 3. Intestinal absorptive capacity before and immediately after the treatment (n=12)

Pre-treatment

Post-treatment p-value

Absorptive rate of nitrogen (%) 59.16+2.93

79.13+1.07 0.000

Note. Results are expressed as mean+SEM.

Table 4. Body weight, defecation frequency, and selected blood values over the study period (n=12)

Pre-treatment Post-treatment Follow-up
Body weight (kg) 49.53+3.99 52.57+3.91% 52.18+3.73*
defecate frequency (per day) 5.42+0.53 2.33+0.22* 2.83+0.32*
Total protein (g/L) 59.78+1.30 65.81+1.18* 64.83+1.66*
Albumin (g/L) 37.68+1.28 41.25+1.32% 41.48+1.33*
Hemoglobin (g/L) 110.58+5.67 118.42+3.77 114.42+4.18

Note. Results are expressed as mean+SEM. #*p<0.01; post-treatment and follow-up vs. pre-treatment values.

Minor adverse effects occurred in some patients,
but not all patients, during the study. Two pati-
ents complained of diarrhea after tube feeding,
which resulted from cold temperature and was
controlled by warming the EN along the feeding
tube. Three patients noticed slight stiffness of jo-
ints at the beginning of treatment with GH. This
discomfort seemed to be minor and did not justify
any particular treatment. With discontinuation of
GH, all symptoms related to the drug resolved in
all subjects.

The length of follow-up was between 3 months and
1 year, and no deaths occurred among the patients
during this period. Frequency of stool increased
slightly but remained reduced compared to pre-
treatment values (p<0.05). Nutritional status was
well maintained, body weight deceased but still
remained within ideal body weight range (Table
4).

DISCUSSION

In this open-label trial, we studied the effect of
GH, GIn, and EN on intestinal adaptation in pati-
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ents with SBS. Patients receiving this therapy
decreased or were even completely weaned off PN
requirements by 4-week treatment compared with
baseline. During the treatment, patients maintai-
ned an appropriate body weight and nutritional
status while PN was reduced or weaned off sug-
gestion that compensatory events in the residual
intestine had occurred. Thus, this therapy appears
useful to aid intestinal adaptation in patients with
SBS.

The intestine has an inherent ability to adapt in
response to internal and external environmental
stimuli (12,13). Following intestinal resection, re-
sidual intestine undergoes adaptation and nutri-
tional autonomy may be obtained. However, intes-
tinal adaptation is a fairly long and complex pro-
cess and is influenced by several factors.

The length of the residual intestine is the key fac-
tor which significantly influences the intestinal
adaptation. The longer the residual intestine, the
greater the tendency to wean from PN. In the cur-
rent study, almost all patients with intestinal
length >60 cm had favorable outcomes compared



with those with shorter intestinal length. In addi-
tion, the quality of the residual intestine is anot-
her important factor influencing the adaptive po-
tential of the residual intestine. As suggested by
Byrne et al (14), the presence of active disease (e.g.
Crohn’s disease) in the residual intestine has an
inhibitory effect on intestinal compensation, and
rehabilitation efforts should be delayed in patients
with active disease until the primary disease pro-
cess is in remission.

The presence of ileocecal valve and the colon,
which reduce the gastrointestinal transit time and
increase the absorption of water and electrolyte, is
another important factor determining the adapta-
tion of patients with SBS. The presence of an ile-
ocecal valve may allow independence from PN in
patients with short bowel lengths. In the current
study, the patients with an ileocecal valve and in-
tact colon had a more optimistic outcome than pa-
tients without ileocecal valve.

Age is also an important factor affecting patient
outcome. It has been reported that the capacity of
intestinal compensation in paediatric short bowel
syndrome patients is superior to the adults (15).
In the current study, one paediatric patient (pati-
ent 11) had been weaned off PN completely and li-
ved on a modified diet supplement with EN 500
kcal/day, while another aged patient (patient 4)
just reduced the requirements of PN.

The interval between intestinal resection and the
initial treatment is a determinate factor in the ef-
ficacy of bowel rehabilitation therapy. Intestinal
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