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ABSTRACT. Background: The purpose of this study was to
assess the structure and function of the small intestine before
and after enteral feeding given via a percutaneous feeding
gastrostomy (PEG). It is not known whether this method of

feeding provides a good luminal drive to the small intestine.
Methods: Studies were performed of patients at the time of PEG
placement, in a cross-sectional group after a period of feeding
and in a smaller longitudinal subgroup. Enteral feeds were

adjusted in volume and caloric content for each patient. Duodenal
biopsies were taken during endoscopy for quantitative mor-
phometry, and lactulose-rhamnose permeability tests were

performed during the next day. Duodenal fluid was cultured

quantitatively in the first study, and disaccharidases determined
in the second study. Results: The first study of 15 patients, who
had enteral feeding for a median (range) period of 13 (8 to 104)
weeks, showed partial villous atrophy with normal crypt length,

no increase in duodenal bacteriology, and abnormal lactulose-
rhamnose sugar permeability due to rhamnose malabsorption.
These changes were also present in 38 similar patients before
enteral feeding. A second study before enteral feeding showed
lowered maltase activity (24 patients), and similar intestinal

permeability findings (22 patients). Twelve of these patients
were followed longitudinally for 3 months of enteral feeding
that maintained but did not improve nutrition, as assessed by
body mass index and mid-arm muscle circumference, and
there was no change in duodenal morphometry (11 patients),
rhamnose malabsorption (4 patients), or disaccharidases (11
patients). Conclusions: These studies suggest villous atrophy was
not due to an inflammatory enteropathy but resulted from a
poor luminal "drive" associated with the enteral feeding. Enteral
feeding maintained but did not improve nutrition status. (Journal 
of Parenteral and Enteral Nutrition 19:193-198, 1995)

An increasing number of patients with chronically
impaired oral feeding are given percutaneous endoscopic
gastrostomy (PEG) feeding for long-term nutrition. 1-3
There has been a rapid expansion of PEG feeding to
older general medical patients to facilitate their nursing
care with cerebrovascular accidents and other chronic

neurological disorders. This route of enteral feeding is
more acceptable to patients and is easier to maintain
and manage by their caregivers.1 An important advantage
of this method is the certainty that a specified volume,
caloric and nutrient content are delivered without

interruption, which contrasts with nasogastric feeding
in which displacement of the feeding tube is common.
For example, Park et a15 found that gastrostomy patients
received 93% of their prescribed feed vs only 55% for
patients on nasogastric feeding. Recent studies have
indicated that body nutrition is improved with some
increase in body mass index and mid-arm muscle
circumference. 5,1
The success of enteral feeding, however, depends on

an intact intestinal mucosa with good absorptive

function. The critical assumption has been made that
liquid isocaloric enteral feed is equivalent to a normal
diet in providing an adequate luminal drive for
maintenance of growth and integrity of the small
intestine. The concept of luminal drive is derived from
the observations that mucosal atrophy occurs in

surgically bypassed loops of intestine or during total

parenteral nutrition.7,8 The underlying mechanisms as to
why luminal food exerts its effect on crypt proliferation
of the intestine remain uncertain, but suggested mecha-
nisms include direct gut or neuropeptide hormonal

control, food antigenic stimulation exerted through
mucosal immune cells, and growth factors released from
fibroblast pericrypt cells (perhaps modulated from
mucosal immune cells). ‘-9 If there is a deficiency of
luminal drive, then malabsorption could occur which
would hinder restitution of body nutrition, even though
an adequate volume, caloric and nutrient content had
been delivered.
A decrease in luminal drive would be expected to

result in hypoplastic villous atrophy, which contrasts
with states of enteropathy in which hyperplastic villous
atrophy is associated with increased intestinal perme-
ability.&dquo; The double sugar permeability test should be
useful to distinguish villous atrophy due to impaired
luminal drive or enteropathy, inasmuch as the disaccha-
ride, lactulose, is normally excluded from the intact
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intestinal mucosa probably because of tight epithelial
junctions, whereas permeation of the monosaccharide,
rhamnose, is dependent on intestinal surface area.10,11
Inflammatory enteropathies, such as celiac disease, are
associated with increased lactulose permeation, as well
as a decrease in rhamnose absorption. 10,11
The purpose of this study was to assess duodenal

morphometry and absorptive function of the small
intestine by double sugar permeability test before and
after enteral feeding using PEG. In one study, patients
were studied in a cross-sectional manner, whereas in
the second study, patients were compared longitudinally
from a second larger study group. To exclude the

possibility that enteropathy might be caused by bacterial
overgrowth, duodenal juice was quantitatively cultured
in one of the studies.

PATIENTS AND METHODS

Patients and Study Design
Patients referred to the Gastroenterology Unit for PEG placement

were entered into this study after informed consent. The majority of
patients had neurological disorders, such as strokes, dementia, motor
neuron disease, multiple sclerosis, or Parkinson’s disease. Control subjects
for duodenal biopsy or sugar permeability test were subjects having
investigations for other reasons, and whose subsequent medical course
excluded gastrointestinal disease (except for irritable bowel syndrome).

Study 1. An initial study was performed on 15 patients who received
enteral feeding for a mean of 13 weeks (range 8 to 104 weeks). They
received a mean of 1930 mL/24 hours (range 1000 to 2400 mL/24
hours) of enteral feed (Isocal, Mead Johnson, Bristol-Myers Pty Ltd,
Sydney, Australia) containing 8300 kJ/24 hours (4400 to 10,500 kJ/24
hours). The patient with the lowest enteral intake was receiving a
small quantity of oral food. Four of the 15 patients subsequently
returned to full oral intake. The volume and constitution of enteral
feed was assessed and monitored by the Department of Dietetics at
The Queen Elizabeth Hospital. These patients were compared with
38 patients at the time of insertion of their PEG tube, as well as 50
control patients undergoing endoscopy. The patient group was

heterogeneous as to their prior food intake; some patients with chronic
neurological disorders had deteriorating oral food intake for months,
whereas other patients referred from within the Hospital had impaired
intake for only days or weeks, but were often given nasogastric
feeding during this time. Before endoscopy, blood was taken for
blood lymphocyte count, plasma albumin and serum transferrin
estimations. During endoscopy, duodenal fluid was aspirated for

quantitative bacteriology, and biopsies were taken for morphometry.
A sugar permeability test was subsequently performed.

Study 2. A further 25 patients were recruited from patients referred
for PEG placement. Nutritional assessment was performed using body
mass index and mid-arm muscle circumference on the day of

endoscopy. Blood was taken for blood lymphocyte count, plasma
albumin and serum transferrin estimations. Duodenal biopsies were
taken from 20 patients during endoscopy for quantitative morphometry
and disaccharidases. A sugar permeability test was subsequently
performed. From this total group, 12 patients (6 males, 6 females)
were restudied after 3 months of enteral feeding. Attempts were made
to study a larger number but were unsuccessful because of the
intrinsic high mortality of this patient group, as well as migration of
some patients to other areas of Australia. Some investigations were
not available in every patient; duodenal biopsies were only obtained
in 11 patients (one patient did not have duodenal biopsies performed
at the time of gastrostomy insertion and another patient with

quadriplegia did not have reendoscopy), and paired sugar permeability
tests were only available in four patients. This was because of the
difficulty of ensuring proper collection of urine especially as outpatients
in nursing homes. These 12 patients received a mean of 1888 mix24
hours (range 1200 to 2500 mIJ24 hours) of enteral feed (seven: Isocal,
Mead Johnson; three: Jevity, Abbott Australasia, Sydney, Australia)
containing 7370 kJ/24 hours (4400 to 8800 kJ/24 hours). Three patients
with the lowest enteral intakes also received a small amount of solid
food that was not included in the calculated nutrient and liquid intake.
This also explains the lower range of volume intake for enteral feed

in the study. Control patients of a similar age range to the patients
having PEG were recruited from those undergoing endoscopy for
other medical reasons. Because of the age selection, many of these
patients had other medical conditions but their investigations excluded
diseases affecting the intestines. These studies was approved by the
Ethics of Human Research Committee of The Queen Elizabeth Hospital.

Endoscopy, Duodenal Fluid Aspiration, Duodenal
Biopsy, and PEG Insertion

At the time of endoscopy, duodenal juice was aspirated using a
sterile catheter from the distal second part of the duodenum. Antibiotics
were not administered before or during the procedure and thus would
not confound the culture results. Duodenal biopsies from the distal
portion of the second or third part of the duodenum were taken and
placed in Clarke’s fixative (75% ethanol, 25% acetic acid), with shaking
to remove mucus, for later microdissection.12,13 Endoscopic duodenal
biopsies have been shown to be adequate for assessment of

enteropathies such as celiac disease.&dquo; PEG tubes were inserted as
previously described.&dquo; Flexiflo 18 French gastrostomy kits were used
from Ross Laboratories (Columbus, OH).

Lactulose-Rhamnose Sugar Permeability Test
After insertion of the PEG tube, the patient was fasted for 6 hours

before 5% glucose was infused through the PEG tube (80 mL/h) for
the following 12 hours. The intestinal permeability test was performed
on the morning that followed the PEG placement. One hundred
milliliters of test sugars were syringed down the PEG tube. This
solution contained 22.6 g glucose, 1.0 g &OElig;-L-rhamnose (R-3875, Sigma,
St. Louis, MO), and 5.0 g lactulose (Duphalac, Dulphar BV, Holland)
and had a osmolality of 1500 mOsmol. Glucose was used as an
osmotic filler in preference to lactose or sucrose, because these could
be malabsorbed in villous atrophy. Urine was collected for 5 hours.
This was often done using an indwelling urinary catheter, except for
some outpatients who were continent. All patients had normal renal
function. Enteral feeding was subsequently commenced. Urinary
rhamnose and lactulose were measured using high-performance
thin-layer chromatography.’2 Rhamnose concentrations were corrected
for urinary urea which co-elutes with rhamnose in this system. Intestinal
permeability was expressed as the milligram ratio of urinary lactulose
to rhamnose, with each expressed as a percentage of ingested dose.&dquo;-&dquo;

Microdissection and Duodenal Morphometry
Duodenal biopsies were transferred from Clarke’s fixative to 70%

ethanol after 1 to 3 days and stored. Biopsies were stained with
Feulgen reagent and microdissected using a cataract knife.12,13 Villus
area was calculated by a trapezoid approximation using measures of
apical and basal villus widths and villus length.’&dquo; Crypt length and
mitotic count were also determined. Villus area and crypt length
correlate with villus and crypt epithelial cell populations, respectively,.&dquo; 
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Mitotic count was expressed as mitotic figures per crypt.

Disaccharidases

Lactase, sucrase, and maltase activities were assayed as previously
described.&dquo; Units of activity were expressed as mol disaccharide

hydrolysed/min per gram of wet tissue. This is preferred because
expression per protein concentration exacerbates a surface-to-volume
error based on unjustified assumptions about homogeneous distribution
of enzyme activity and maintenance of the proportion of enzyme
protein to total mucosal protein. The 90% reference ranges for

endoscopic duodenal biopsies for lactase, sucrase, and maltase
activities are 3 to 14, 6 to 26, and 19 to 75 mol disaccharide

hydrolysed/min per gram of wet tissue, respectively.&dquo;

Plasma Albumin and Serum Transferrin
Plasma albumin and serum transferrin were measured by standard

techniques in the Department of Clinical Chemistry, The Queen
Elizabeth Hospital.

Quantitative Bacteriology of Duodenal Fluid
Duodenal fluid was diluted serially and cultured aerobically on

blood agar for quantification of colony forming units/mL in the

Department of Clinical Microbiology and Infectious Diseases, The
Queen Elizabeth Hospital.
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Statistics

Data were summarized as the means ± SEM or the range. The

period of enteral feeding was summarized as the median and range;
the permeability ratio and rhamnose and lactulose permeations used
the geometric mean and 95% confidence interval because these data
were not normally distributed. These data were transformed by loglO(x)
to normalize the distribution and stabilize the variance before

significance testing by Student’s t test or Peritz’ F test.’8

RESULTS

Study 1: Cross-Sectional Comparison of Patients Before
and After PEG Feeding
The data of study 1 are given in Table I and Figure

1. Plasma albumin and serum transferrin were used to
assess nutrition and are given in Table I. Plasma albumin
was significantly decreased in patients before and after
PEG feeding compared with control subjects, and no
improvement was present after enteral feeding. Serum
transferrin was also decreased in patients before and
after PEG feeding, but there was significant improvement
after enteral feeding. Thus, there was evidence for

improved nutrition, although it remained subnormal.
Villus area, crypt length, and mitotic count are given
in Figure 1. Partial villous atrophy was present in patients
before and after PEG feeding. Mean villus area in

patients at the time of commencement of PEG feeding
was only two-thirds of that of controls. This did not
improve after enteral feeding. Crypt length was similar
in controls and in patients before and after enteral

feeding. Mitotic count was similar in control subjects
and patients before PEG feeding and failed to improve
after feeding. A few patients had three or more biopsies
performed over approximately 18 months. These did not
show any progressive improvement in villous atrophy
(data not shown). Thus, intestinal morphometry showed
partial villous atrophy with crypt normoplasia. Quanti-
tative bacterial culture of duodenal fluid yielded similar
loglo CFU/mL for control, and patients before and after
PEG feeding. Thus, there was no evidence of bacterial
overgrowth as determined by bacterial culture. Lactu-
lose-rhamnose permeation and ratio are given in Table
I. Small bowel exclusion of lactulose remained intact,
but rhamnose permeation was decreased compared with
control values in patients before and after PEG feeding.
This suggested villous atrophy was due to poor luminal
drive rather than an enteropathy. No improvement in
rhamnose permeation was evident.

Study 2: Investigation of Patients Before PEG Feeding
and Longitudinal Study Before and After PEG Feeding
The data of study 2 are given in Table II and Figure

2. Patients having a PEG inserted had body mass index
and mid-arm muscle circumference values that were
lower than controls of similar age. Some nutritional

deficiency was evident by decreased plasma albumin
and serum transferrin levels but not blood lymphocyte
count. Maltase activity, sugar permeability ratio, and
rhamnose permeation were decreased, but lactulose

permeation was intact in PEG patients. Duodenal

morphometry showed partial villous atrophy compared
with control subjects but without alteration in crypt
length or mitotic count (Fig. 2). The longitudinal

subgroup of these patients were restudied after 3 months
of enteral feeding. Some investigations were not always
able to be performed, but where it was possible data
are presented before and after from the same subjects.
These patients on enteral feeding maintained but did
not increase body mass index, mid-arm muscle circum-
ference, blood lymphocyte count, plasma albumin, and
serum transferrin concentrations. Disaccharidases did
not change and duodenal morphometry showed persist-
ence of partial villous atrophy with normal crypt length
and mitotic count (Fig. 2). Interestingly, 6, 2, and 7 of
13 control subjects of similar age had lactase, sucrase,
and maltase activities, respectively, below the lower
reference range, presumably due to subclinical bacterial
overgrowth associated with aging, but these were not
excluded from the control group due to their assignment
a priori.

DISCUSSION

The success of enteral feeding depends on good
absorptive function of the small intestine, which in turn
assumes that liquid enteral feed provides a good luminal
drive. In these present studies, enteral feed was

administered by the PEG technique and monitored so
that an adequate delivery of volume, nutrients, and
calories were assured. The purpose of these studies was
to assess the structure and function of the small intestine
before and after enteral feeding. In the studies, body
nutrition was maintained but did not significantly
improve, whereas duodenal biopsies showed villous

atrophy with normal crypt length and mitotic count
both before and after enteral feeding. No bacterial

overgrowth was present. The double sugar permeability
test showed an intact mucosal barrier to the disaccharide

lactulose, but impaired permeation of the monosaccha-
ride, rhamnose. Thus, villous atrophy was associated
with malabsorption of rhamnose.
The structure and function of the small intestine were

measured by intestinal morphometry of duodenal biop-
sies and by the lactulose-rhamnose sugar permeability
test. Villus area was reduced to approximately two-thirds
of that in control subjects (Figs. 1 and 2). Inasmuch
as villus area correlates directly with the number of
epithelial cells on the villus&dquo; and the villus is the
functional absorptive unit of the small intestine, villous
atrophy represents a state of intestinal failure. This was
also confirmed functionally by malabsorption of rham-
nose, whose permeation is dependent on intestinal
surface area.lO,l1 Rhamnose is similar to xylose in

absorption although there are minor differences in that
xylose has passive mediated diffusion and is predomi-
nantly absorbed in the jejunum due to a large intestinal
reserve, whereas rhamnose is passively absorbed

throughout the whole length of the small bowel. Thus,
rhamnose is the preferred marker as it measures the
total intestinal absorptive capacity.19
The majority of causes of villous atrophy are associated

with inflammatory enteropathies, which are characterized
by villous atrophy, crypt hyperplasia, and increased
intestinal permeability. The increased intestinal perme-
ability is due to a combination of increased lactulose

absorption due to breakdown of tight junctions and
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decreased rhamnose absorption due to villous atrophy.
This is best exemplified by coeliac disease.10--12 In states
of impaired luminal drive, there is villous atrophy that
is usually associated with normal to small crypts.&dquo; The
finding of villous atrophy with normal crypt length and
mitotic count in this present study would be best

characterized as inadequate luminal or mucosal drive.
This could be a consequence of immunosuppression
from malnutrition and decreased activity of mucosal T
cells, which are known to modulate intestinal crypt
proliferation. 11,21 The patients in this study were not
receiving corticosteroids. It is also interesting that

enteropathy associated with human immunodeficiency
virus infection has partial villous atrophy with impaired
crypt hyperplasia and shares similarities with the present
mucosal lesion.15,22 However, it is highly unlikely that
any of these patients had human immunodeficiency virus
infection, but it does illustrate the effect of deficiency
of T cells. An alternative mechanism is that impaired
luminal drive results from lowered endogenous growth
factors (epidermal growth factor and transforming
growth factor, which are not protected from degradation
by food proteins).23

It might be argued that perhaps patients in this study
did not receive adequate nutrients and this might explain
the failure to show increases in indices of nutrition

(longitudinal study; see Table II). This is unlikely because
of the gastrostomy route of administration. The nutri-

tional values that we obtained for patients before and
after PEG feeding are similar, if not better, than those
of other recent studies.5~6 For example, in our longitudinal
group (Table II), the mean body mass index was 19.8

TABLE I

Study 1: Comparison of patients (PEG I follow-up), a cross-sectional

- 

group (PEG/initial), and a control group of subjects.
- . .........~......,. 0.’&dquo; -- - .- 1..

Values are means ± SEM, except for sugar permeability data, which
are given as geometric mean with 95% confidence interval (in
brackets) because of nonnormal distribution. Values in parentheses
are number of subjects.Group means with the same superscript are
significantly different.
a-d p < .05, ep < .033, fgp < .0001,’’p = .0011,’p = .0073.

TABLE II

Study 2: Comparison of patients having PEG with a control of similar age and a longitudinal study
was performed using 12 of the patients from the PEG group

Enteral feeding was continued for 3 months. Values are means ± SEM, except for sugar permeability data, which are given as
geometric mean values with 95% confidence interval (in brackets) because of nonnormal distribution. Data in the longitudinal study
are paired from the same subjects. Values in parentheses are number of subjects. Group means with the same superscript are
significantly different. ap < .0001, bp < .017, cp < .0001, dp < .0001, ep < .004, Fp < .0001, gp = .0011.
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FiG. 1. Study 1. Patients (PEG/follow-up) were studied at various times
after PEG feeding and were compared with a cross-sectional group
(PEG/initial), as well as a control group, at the time of PEG insertion. Villus
areas, crypt length, and mitotic count per crypt are given as means ± SEM.
n = number of subjects in each group. Mitotic count values that are given
below the crypt histogram are mitotic index (± SEM).

before and 21.5 after 3 months of enteral feeding, which
compares favorably with respective values of 19.0 and
19.7 in the study by Wicks et a1.6 Similarly, the mean
enteral volumes of 1930 (study 1) or 1888 (study 2)
mL24 hours are similar to the value of 1880 mL/24
hours in the study by Park et all and the mean energy
content of 8300 (study 1) or 8078 (study 2) kJ/24 hours
compare favorably with the value of 6350 kJ/24 hours
in the study of Park et a1.5 In addition, our patients
with the lowest enteral feed intakes were receiving
small amounts of oral food that would have provided
additional energy and nutrients. It is also interesting
that the PEG follow-up group in study 1 and in the
PEG group after 3 months of enteral feeding in study
2 had very similar values for plasma albumin, serum
transferrin, intestinal morphometry, and to a lesser extent
intestinal permeability, despite the first study being a
cross-sectional study, and the second a longitudinal
study. A recent study by Kaw and SekaS2’ also confirmed
that long-term feeding by gastrostomy did not improve
nutritional status, as assessed by serum albumin levels
that had similar mean values of 30 to 35 g/L to the
present study before and at varying intervals up to 13
to 18 months of feeding. These comparable findings
would indicate that enteral feeding maintains but does
not improve nutrition that our present studies indicate
are due to structural and functional villous atrophy.
A deficiency in luminal drive has been investigated

in two previous studies using the sugar permeability
test and impaired monosaccharide absorption was found

FiG. 2. Study 2. Patients (Initial PEG) were studied at the time of PEG
insertion and were compared with a control group of subjects of simnilar
age. A longitudinal subgroup of patients was subsequently restudied after
3 months of enteral feeding. Villus areas, crypt length, and mitotic count
per crypt are given as means ± SEM. n = number of subjects in each group.
Mitotic count values that are given below the crypt histogram are mitotic
index (± SEM).

within a few days of reduced oral intake or during
short-term enteral feeding.25,26 No duodenal biopsies were
performed in those studies, but otherwise the abnormality
of monosaccharide absorption is similar to that found
in these present studies. Hoensch et a127 also studied
enteral feeding for 7 days in 11 subjects and performed
intestinal biopsy and simple morphometric assessment.
They observed villous atrophy (by decreased villous

length) and normal crypt length. Our present studies
extended these findings over a longer period of enteral
feeding and confirmed both the morphometric lesion of
villous atrophy and associated functional defect of

impaired monosaccharide absorption. A study in rats

has shown that the addition of insoluble cellulose fiber
to an elemental diet does not improve this villous

atrophy. 28
It might be suggested that glutamine supplementation

to the enteral feed would have improved villous atrophy.
Certainly, glutamine, as well as glucose and ketones,
are preferred energy sources for the small intestine,29,30
and glutamine has also been shown to partially improve
villous atrophy associated with total parenteral nutri-
tion. 13,11 Baker and Baker2 have challenged this notion
by emphasizing that improvement of villous atrophy is
still incomplete, that glutamine is also well absorbed
from arterial blood and is not dependent on luminal
absorption, and that studies that advocate glutamine as
a supplement use large unphysiological doses of

glutamine (20% to 50% vs 5% of total amino acids),
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which may be associated with hyperammonemia, acido-
sis, and neurotoxicity at least in children. A study that
illustrates this failure of glutamine at physiological doses
in parenteral nutrition is that of Burrin and coworkers,~
who have shown that miniature piglets fed 5% glutamine
did not show increased small intestinal mucosal weight,
protein, DNA content, villus length, or normalization of
disaccharidases. Despite other studies showing improve-
ment in intestinal structure and function after high dose
glutamine supplementation to total parenteral nutrition,
we are not aware of any study that shows a beneficial
effect after supplementation of enteral feeds. Thus, the
notion that glutamine at physiological doses in enteral
feed will restore intestinal integrity remains unsupported.
However, it would be worthwhile to undertake a

randomized study of glutamine supplementation of
enteral feed in patients receiving gastrostomy placement.

Although, it is obviously disappointing that enteral

feeding did not restore villous atrophy, it should be

. emphasized that it does maintain at least a certain state
of nutrition (although subnormal) and villous architec-
ture. This contrasts with total parenteral nutrition which
causes more severe villous atrophy with crypt hypoplasia
as well as having other disadvantages such as high
infection rates.23,34 We conclude that enteral feeding does
not reverse villous atrophy associated with impaired
oral feeding and that nutrition remains subnormal. As
an increasing number of chronically ill patients are being
enterally fed by PEG, future studies should be directed
at improving this villous atrophy and subnormal nutrition.
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