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Abstract Purpose: Gastrointesti-
nal motility can be impaired by
serious illness or medications, com-
promising enteral feeding in critical
care patients. We compared small
bowel transit time and morphology in
neurosurgical critical care (ICU)
patients with those in healthy sub-
jects. Methods: We evaluated small
intestinal transit time, quality of
visualization and intestinal morphol-
ogy in 16 ICU patients (Glasgow
Coma Scale score from 6 to 14) and
16 healthy ambulatory patients.
Video data were obtained with Pill-
Cam SB capsules (Given Imaging
Ltd., Yoqneam, Israel).

Results: Transit time was 5.1 h
(3.9–7.7) (median [IQR]) in ICU and
4.3 (4.1–5.3 h) in ambulatory patients
(P = 0.481). Six ICU patients (37%)
and two ambulatory patients (12%)
had pathological findings (ulcers,
petechia, erosions) (P = 0.10).
Conclusions: Median small bowel
transit times in critically ill neuro-
surgical patients were similar to those
in ambulatory subjects, although
transit times were more variable in
the critically ill patients.

Keywords Critical care �
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Introduction

Patients in critical care units frequently receive inade-
quate nutrition. There is now a consensus that enteral
nutrition is preferable to parenteral feeding. But a limi-
tation of enteral feeding is that gastrointestinal motility
can be impaired by illness or medications. Ileus in
intensive care is associated with delayed enteral feeding
and increased risk for other morbidities, which often
prolong the duration of hospitalization [1].

Ileus is common in postoperative patients, especially
after major abdominal surgery and in those given high-
dose opioids for treatment of pain. However, the extent to
which bowel motility is impaired in critical care patients
remains poorly characterized. Clinically used parameters

such as audible bowel sounds on auscultation are poor or
unreliable indicators of propulsive peristalsis.

Furthermore, research in critically ill patients has
largely focused on delayed gastric emptying and patho-
morphological changes such as ulcers, bleeding, ischemia,
and atrophy of the upper gastrointestinal tract [2–5]. Little
is known about small intestinal motility and morphology
because the small bowel is relatively inaccessible to
endoscopic examination due to length, location, and
tortuosity.

Wireless capsule endoscopy is a technique that allows
investigation of small bowel disease. High-quality images
using this technique in healthy volunteers were published
in 2000 [6]. Wireless capsule endoscopy was initially
used to investigate the causes of obscure gastrointestinal
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bleeding. More recently it has facilitated diagnosis in
patients with inflammatory bowel disease and obscure
abdominal pain [7, 8]. We used capsule endoscopy to
compare small intestinal transit time and pathology in
neurosurgical critical care patients with transit time and
pathology in healthy subjects. Specifically, we tested the
hypothesis that transit times in critical care patients are
prolonged compared to healthy subjects and that mor-
phologic complications are more common in critically ill
patients [9, 10].

Methods

This prospective study was conducted with the approval
of the Human Studies Committees at the University of
Louisville. All participants or their legal representatives
provided written informed consent. Among the 32 total
patients recruited for this study, 16 were critically ill (i.e.,
all were intubated, mechanically ventilated, and sedated)
and 16 were scheduled for an outpatient procedure but
were otherwise healthy.

Patients were excluded from participation if they were
younger than 18 years, suffered multiple injuries (espe-
cially abdominal trauma or inflammatory bowel disease),
had a history of complicated or unknown abdominal
surgery, or presented with clinical evidence of ileus or
suspected obstruction. Patients with a pacemaker were
also excluded, because the video capsule we used (below)
is not recommended for use in these patients.

The critically ill subjects included mild-to-moderate
brain injury patients who suffered from traumatic or non-
traumatic intracranial hemorrhage, were admitted to an
intensive care unit (ICU), and needed an enteral tube
placed for feeding. Mild-to-moderate brain injury was
defined as a Glasgow Coma Scale score between 6 and
14.

The control (ambulatory) group consisted of outpa-
tients with no history of major abdominal surgery. They
were able to walk around during the recording time but
could take nothing by mouth during study.

Protocol

Within 4 days of hospital admission, qualifying critically
ill patients were assigned to the study and received a
gastro-jejunal tube and one PillCam video telemetry
capsule (Given Imaging Ltd., Yoqneam, Israel). In each
critical care patient, placement of the video capsule was
coupled with the placement of the medically necessary
feeding tube. A flexible endoscope was inserted into the
patient’s mouth, and then advanced into the esophagus,
stomach, and upper small intestine. The capsule was
placed into a capsule delivery device and released into the

distal duodenum after it had passed beyond the sight of
the scope; a wire was placed to facilitate passage of the
feeding tube. An abdominal X-ray was obtained to con-
firm feeding tube tip placement.

The patients in the ambulatory group swallowed the
capsule on the day of the study. All patients in both
groups were allowed nothing by mouth, except for med-
ications, throughout the approximate 8-h study. None of
the patients received prokinetic medication before or
during the study.

Measurements

Patient characteristics including body-mass index, age,
sex, and ethnicity were recorded at baseline. Patients or
their legal representatives were specifically asked about
social history (i.e., tobacco and alcohol use) and medical
history (i.e., cardiovascular, intestinal, neurological,
metabolic disease, and drug use).

Video data were obtained and analyzed using the
GIVEN Diagnostic System (Given Imaging Ltd.) that
consists of the PillCam SB capsule, a DataRecorder, and
the RAPID Workstation with proprietary application
software. With this system, video images, captured at two
frames per second, were transmitted by video telemetry to
an array of eight sensors that was secured to the abdom-
inal area of the patient. Each sensor had an adhesive
sleeve for placement. Images were stored in a digital
recorder. The position of the capsule within the abdomen
was estimated by the strength of the signal detected at
each sensor and is accurate to ±3 cm. Movement of the
capsule was recorded for about 8 h, which corresponds to
the life of the capsule battery.

Thereafter, a gastroenterologist (KK) with 7 years
experience reading capsule endoscopy analyzed small
bowel morphology and pathology (e.g., ulcerations,
bleeding, edema). The quality of the visualization was
determined using a three-step scale: Grade 0: intraluminal
fluid disturbed visualization and significantly impaired
interpretation: grade 1: intraluminal fluid present but did
not impair visualization or interpretation; grade 2: no
intraluminal fluid, excellent visualization [11].

Small bowel transit time was calculated by measuring
the difference between the start-time (i.e., placement of
the capsule in the duodenum) and end-time (i.e., capsule
enters the cecum). Examination of the differences
between subsequent images indicates the amount of
capsule movement and is proportional to the instant
velocity (‘‘motility’’) of the capsule.

Daily laboratory measurements, including serum
electrolytes (sodium, potassium, and chloride), clinical
parameters (core body temperature, mean arterial pres-
sure), and drug use (vasopressors, analgesics, hypnotics/
sedatives) were obtained from the patient’s chart. Patients
were evaluated daily until the capsule was viewed in the
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stool, an abdominal X-ray revealed that the capsule had
passed, or the patient died.

Statistical analysis

Demographic results are expressed as mean ± SDs,
means [interquartile range (IQR)], or counts with per-
centages. The small bowel transit times are summarized
with median, interquartile range, and range. For com-
paring the difference in demographics between the
critically ill and ambulatory group, we used unpaired,
two-tailed t or chi-square tests. The Mann–Whitney rank-
sum test was used to compare the transit times because
transit times in the ambulatory patients were not nor-
mally distributed. Spearman’s rank correlation was used
for the correlations between APACHE, GCS, and small
bowel transit time. P \ 0.05 was considered statistically
significant. Analysis was conducted with SAS 9.1.3 (The
SAS institute, Cary, NC, USA).

Results

Characteristics in critically ill and healthy ambulatory
patients were similar (Table 1). ICU patients were seda-
ted with propofol (25–50 lg kg-1 min-1) and were given
intravenous morphine and midazolam intermittently.
Analgesia, sedation and vasopressor requirements were
similar among the intensive care patients. None of the
ICU patients reported regular NSAID use or a history of
peptic ulcer disease prior to admission.

The small intestine was examined completely in all
32 patients. The small bowel transit time in critically
ill patients ranged from 2.4 to 8 h (median 5.1 h;
IQR = 3.9–7.7). For ambulatory patients, the range was
3.8–6.5 h (median 4.3 h; IQR = 4.1–5.3) (Fig. 1). Five

critically ill patients exhibited the longest transit times,
with times at or very near 8 h. However, the difference
between the group medians was only 0.8 h (P = 0.481),
which was neither statistically significant nor clinically
important. Transit times were more variable in the criti-
cally ill patients (5.6 [IQR 3.8] h) than in the ambulatory
patients (2.7 [IQR 1.2] h).

The overall quality of visualization was a grade 1 in all
sixteen ICU patients. Especially toward the end of the
examination (terminal ileum) the visualization was a
grade 0 in 2 patients. Visualization in one patient was
poor (grade 0) for 50% of the video.

Six of sixteen (37.5%) patients in the ICU group had
pathological findings. Three of these patients had lesions
within the stomach and three others had lesions within the
proximal small bowel. Two patients presented with small
amount of blood in the stomach and proximal duodenum,
presumably related to insertion of the feeding tubes. In the
ambulatory group, only two of sixteen (12.5%) patients
presented with pathology. One patient had a non-bleeding
polyp and the other angiodysplasia. The capsule endos-
copy findings are listed in Table 2.

Although small bowel transit time tended to increase
in intensive care patients, a correlation could not be
established between transit time and the severity of the
disease using either APACHE III or Glasgow Come Scale
scores (Figs. 2, 3). All but two ICU patients passed the

Fig. 1 Dot plot and box plot of small bowel transit times in both
critically ill patients and ambulatory patients

Table 1 Patients’ demographic characteristics

Critical care
patients
(n = 16)

Ambulatory
patients
(n = 16)

P value

Sex (M/F) 12/4 10/6 0.446
Age (years) 52 ± 16 51 ± 15 0.840
Height (cm) 176 ± 9.8 166 ± 5.3 0.112
Weight (kg) 84 ± 19 84 ± 22 0.998
APACHE III score 45 ± 9 n/a –
Glasgow Coma

Scale score
9 ± 3 n/a –

Data presented as mean ± SD or counts
APACHE III Acute physiology, Age chronic health evaluation
prognostic system

Table 2 Pathological findings

Critical
care
(n = 16)

Ambulatory
(n = 16)

P value

Total number of patients
with pathological
findings, n (%)

6 (37.5%) 2 (12.5%) 0.102

Specific findings, n
Angiodysplasia 1 1 –
Ulcers 3 0 –
Erosions/petechia 1 0 –
Polyps 1 1 –
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capsule within 5–21 days after placement; those two
patients died from elevated intracranial pressure and
subsequent brain death before passing the capsule.

Discussion

The small intestine has been a neglected organ system in
intensive care medicine due to limited access and poorly
defined clinical standards. In recent years, advances in
technology allowed new insights into small bowel func-
tion. Wireless capsule technology has been established as
the standard method of the small bowel examination. The
method allows the visualization of small intestinal
mucosa and diagnosis of mucosal, vascular, and tumor-
like diseases.

The clinical relevance of small intestinal transit time
in contrast to gastric emptying has not been investigated

in critically ill patients whose lungs are mechanically
ventilated. There is sufficient evidence of delayed gastric
emptying in patients who are mechanically ventilated
[12–16], but data are limited regarding small bowel transit
time in critically ill patients. Impaired gastric emptying
and delayed enteral nutrition is associated with an
aggravation of the illness [13, 17–19]. Other studies that
focused on gastric emptying in head injured patients
found significant prolonged gastric emptying in these
patients [20–23]. The methods used in those studies were
either paracetamol absorption or radiolabeled substances.

Video capsule endoscopy is a new method to measure
gastric, small intestinal, and total intestinal transit time
with some limitations in the critical care setting. For
example, examinations of the small intestine by video-
capsule endoscopy are incomplete in 15–20% of patients
[24–26]. The most important factor for incomplete
examination is capsule retention in the stomach [27].
Therefore, we placed the capsule endoscopically into the
proximal duodenum to avoid delayed gastric emptying in
critically ill patients and to complete the examination
within the limited battery life of the capsule (approxi-
mately 8 hours).

Although many capsule endoscopists recommend a
bowel cleansing, we did not clean the bowel because it is
not a routine procedure in critically ill patients and
because the effect of cleansing on motility remains
unknown. The overall grade of visualization (mean grade
1.4) was nonetheless consistent with previous reports [11,
28]. Although this is not a validated and universally
accepted grading scale, it is clinically useful and with
acceptable to good interobserver variability rates.

Small bowel transit time has a high inter- and intra-
individual variability even in healthy subjects. It can vary
from 1.5 to 7.7 h (n = 89, mean 4.7 ± 1.4 h) [29]; others
report mean transit times of 3.9 ± 1.4 h (n = 87) [30],
3.5 ± 0.5 h (n = 9) [31], and 5.0 ± 1.1 h (n = 32) [32].
The small bowel passage in our control ambulatory group
ranged from 3.8 to 6.5 h, which is well within the range of
previously reported times.

Small bowel transit time was not significantly pro-
longed in our critical care patients, all of whom had
intracranial hemorrhage. However, the variability was
substantially greater in the critical care patients (inter-
quartile range of 3.8 vs. 1.2 h), and five had small bowel
transit times at or very near 8 h. We could not find any
correlation between transit time and the severity of the
disease or the pathomorphological findings. All ICU
patients tolerated enteral tube feeding without residuals.

In contrast to our findings, small bowel transit time in
critical care patients—as measured with the lactulose
breath hydrogen test—was reportedly lengthened to more
than 6 h in 20 of 31 patients [33]. A limitation of this
study, however, was that lactulose was delivered into the
stomach so that the apparent slow transit might have
resulted from delayed gastric emptying. The lactulose test

Fig. 2 Scatter plot showing small bowel transit time as a function
of Glasgow Coma Score (GCS). The correlation of 0.17 is not
statically different from 0 (P = 0.530)

Fig. 3 Scatter plot showing small bowel transit time as a function
of APACHE III score. The correlation of 0.23 is not statistically
different from 0 (P = 0.400)
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also relies on prompt bacterial breakdown of lactulose in
the colon. Patients receiving anti-infective treatment
resulting in bacterial growth changes within the intestine
can produce false transit time measurements. The limi-
tations of breath tests have been reviewed recently [34].

In our study more than one-third of the critically ill
patients (37.5%) presented with pathological findings of
the upper gastrointestinal tract. Two patients presented
with non-bleeding ulcers in the stomach and one with an
erosive gastritis. The findings in the small bowel varied
from aphthous ulcers, multiple small, non-bleeding ero-
sions to submucosal petechia. Other findings included
angiodysplasia, one polyp and lymphoid hyperplasia in
the terminal ileum. Only two patients in the control group
presented with pathological findings (non-bleeding polyp,
angiodysplasia). Although the number of pathologic
conditions did not differ significantly between the groups,
morphological findings in the critically ill group were
both more common and more serious.

One of the serious complications in critically ill
patients is upper gastrointestinal bleeding. Clinically rel-
evant bleeding is associated with hemodynamic instability
and the need for red blood cell transfusion [4]. Patients
that require controlled ventilation for longer than 48 h are
at high risk for bleeding [2, 5]. However, none of our
patients had a significant bleeding with a drop in hemo-
globin. The patients with ulcers were treated with a proton
pump inhibitor medication for about one week.

A study by Ritz did not find a correlation between
gastric emptying and APACHE II score [35]. In contrast,
Tarling reported a positive correlation between delayed
gastric emptying and risk score [14]. Our results did not

observe any consistent correlation between APACHE III
score and small bowel motility.

Our study was limited by the exclusion of patients
with severe brain injuries (GCS \ 6), with severe blunt or
open abdominal injuries, and with exploratory laparoto-
mies and shock. These are clinical situations that are
associated with higher gastrointestinal complications
(e.g., ileus) and delayed transit times. One cannot exclude
the possibility that we missed pathomorphological find-
ings due to the lack of a bowel preparation. Finally, small
bowel transit time was measured only once within 4 days
of admission before placement of the enteral feeding tube;
we, therefore, cannot exclude disturbance of small bowel
motility later in the critical care course.

In summary, this study shows that critically ill patients
with intracranial hemorrhage do not have significantly
delayed small bowel transit times but have a high number
of gastrointestinal pathomorphological complications
within the first four days of admission. Other factors, such
as delayed gastric or colonic emptying, may contribute
more to difficulties with enteral feeding in this population.
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