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Impaired gastric emptying in mechanically
ventilated, critically ill patients

Abstract Objective: To measure
gastric emptying in critically ill
patients using an acetaminophen
absorption model and determine
which variables are associated with
impaired gastric emptying.

Design: A prospective, cohort
study.

Setting: A medical/surgical ICU at
a tertiary care hospital: Hamilton
General Hospital, Hamilton,
Ontario.

Patients and participants: We re-
cruited 72 mechanically ventilated
patients expected to remain in the
ICU for more than 48 h. Our results
were compared to those in healthy
volunteers.

Intervention: Within 48 h of admis-
sion to the ICU, 1.6 g acetamino-
phen suspension were administered
via a nasogastric tube into the
stomach. Blood samples were
drawn a t = 0, 30, 60, 90, and

120 min for measurement of plasma
acetaminophen levels determined
by the enzymatic degradation
method.

Measurements and results: Maximal
concentration of acetamino-

phen was 94.1(75.3) pmol/1

Introduction

Critical illness is characterized by multiple factors
which can alter the structure and function of the gas-
trointestinal tract. These alterations may include

compared to 208.4(33.1) umol/l in
a control population (p < 0.0001).
The time to reach the maximal
concentration was 105 min (60—-180)
compared to 30 min (15-90) in
controls (p < 0.0001). The area
under the time-acetaminophen con-
centration curve ¢ = 120 was

9301 (7343) umol/min per I com-
pared to 11 644 (1336) pmol/min per
| in the controls (p = 0.28). The
variables associated with delayed
gastric emptying were age, sex and
use of opioids for analgesia and
sedation.

Conclusions: Gastric emptying is
delayed in critically ill patients. The
important consequences of this
phenomenon include intolerance to
enteral nutrition and gastric coloni-
zation. Strategies to minimize the
use of narcotics may improve gas-
tric emptying. Studies to examine
the effect of gastrointestinal
prokinetic agents on gastric empty-
ing are needed.

Key words Gastrointestinal
motility - Gastric emptying -
Critical care - Opioids - Prokinetic
drugs - Enteral nutrition

changes to splanchnic blood flow, mucosal injury and

disturbance in gastrointestinal immune function and
motility. Gastrointestinal motility is a major, natural

defense mechanism against infection of the gut [1].
Microorganisms are relatively scarce in the esophagus,
stomach, duodenum and jejunum due to powerful,
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peristaltic contractions (known as migrating motor
complexes), which periodically flush the luminal con-
tents of the proximal gut towards the colon. As move-
ment of the intestinal contents slows in the terminal
ileum, the quantity of bacteria rises tremendously [2].
Patients who have impaired gastrointestinal motility
are at risk of bacterial overgrowth of the upper gut with
potentially pathogenic organisms and increased trans-
location, conditions associated with a higher incidence
of acquired infection in the intensive care unit (ICU)
[3,4].

Furthermore, our previous observations of enteral
feeding practices suggest that large volume gastric re-
siduals frequently preclude the successful implementa-
tion of enteral nutrition [5], especially when feeds are
administered early in the course of critical illness [6].
To correlate these findings with a physiological phe-
nomenon and to determine the extent of the problem,
we measured gastric emptying in critically ill patients
early in the course of their stay in the ICU and com-
pared the results with those derived from healthy vol-
unteers. Additionally, we performed a statistical analy-
sis to evaluate which variables correlate with impaired
gastric emptying in critically ill patients.

Materials and methods

We conducted this study in the Hamilton General Hospital ICU,
a 15-bed unit which serves as a regional facility for trauma and
neurosurgery. We included mechanically ventilated patients who, at
admission, were expected to be in the ICU for more than 48 h. We
excluded patients who were already receiving enteral nutrition,
patients who were pregnant, had bowel perforation or obstruction,
gastroesophageal surgery in the last week or a clinically significant
gastrointestinal bleed in the last 48 h.

Patients were recruited for this study within their first 72h of
admission to the ICU before the institution of enteral nutrition.
After informed consent had been obtained from family members, the
patient underwent an assessment of gastric emptying at 18:00 p.m.
the same day. To measure gastric emptying, the stomach contents
were first removed by nasogastric suction, after which the suction
was discontinued for the duration of the acetaminophen sampling.
Via a nasogastric tube (position confirmed by X-ray to be in the
stomach), 1.6 g (50 ml) of liquid acetaminophen were then instilled
into the stomach followed by 20 cc of water to flush the tube. Blood
samples for acetaminophen levels were drawn at the time the acetam-
inophen was given (time = 0) and 30, 60, 90, and 120min later.
Plasma acetaminophen levels were determined by the enzym-
atic degradation method. We measured the maximum plasma
concentration (umol/1), time to reach maximal concentration
(min} and area under the plasma concentration-time curve
t = 120(umol/min per 1).

Acetaminophen absorption has been previously used as an index
of gastric emptying in other studies [7,8] including studies conduc-
ted in the critical care setting [9—12]. As acetaminophen is absorbed
in the small intestine rather than the stomach, its rate of absorption
following oral administration reflects the rate of gastric emptying,
This model has been validated by studies showing that the changes
in plasma acetaminophen concentration reflect the rate of gastric
emptying as determined by an In-113 DPTA chelate scintiscanning

technique [13, 14]. One study assessed the inter- and intra-subject
variability of gastric emptying in healthy volunteers measured by
acetaminophen absorption. Intra-subject variability was not statisti-
cally significant for any measurements, while inter-subject variabil-
ity was significant for all parameters [15]. Thus, the acetaminophen
drug model is simple, valid and reproducible.

We collected the following demographic data on each study
patient: age, sex, diagnosis, simplified acute physiology score (SAPS)
and medication use. Motility agents and enteral feeds were not
administered during the study period. All patients received sucral-
fate via the nasogastric tube for stress ulcer prophylaxis; doses were
held during the assessment of acetaminophen absorption. In this
study, we did not assess clinically important patient outcomes, nor
did we assess the link between gastric motility and pneumonia.
Rather, the results from critically ill patients were compared to the
assessments of gastric emptying in healthy normal volunteers (age
22-26 years) using a similar methodology previously published
[16]. After an overnight fast, volunteers received 1.5 g acetamino-
phen(tablets) with 100ml of water, and serial determinations of
acetaminophen concentrations were undertaken.

The primary outcomes of the study were the area under the
plasma concentration curve for acetaminophen, the peak concentra-
tion of acetaminophen (reported as the mean and standard devi-
ation) and time to peak concentration of acetaminophen (reported
as median and interquartile range). We used a Z test to compare
the means from the two groups. For time to peak concentration of
acetaminophen, the median was used as an estimate of the mean
and the standard deviation was estimated to be one-fifth of the
range [17].

Analysis of variance models were used to test the effect of the
following covariates on acetaminophen absorption: age, sex, use of
opioids, operative versus non-operative admitting diagnosis, and
Simplified Acute Physiology Score. We also examined the effect of
dose of morphine or morphine-equivalent in the preceding 24h
period on acetaminophen absorption. For the multivariate regres-
sion, we used a backward elimination algorithm, which deletes terms
from the model iteratively until all terms in the model are significant
at the 0.05level [18]. Variables with a significance level less that 0.05
were deemed to be statistically significant.

This study was approved by our local Institutional Review
Board.

Results

Consecutive, eligible critically ill patients were screened
for participation in this study. We enrolled 72 patients;
39% were female; the average age was 54.0( + 19.1)
years; 47% were postoperative, 83% were receiving
opioids and the mean Simplified Acute Physiology
Score was 9.5( + 3.0). The primary admitting diagnosis
of study patients was as follows: head trauma 14 (19%),
surgical including multiple trauma 19 (26%), neurosur-
gical 20(28%), and medical 19(26%). The control
population was 12 healthy, non-smoking, male volun-
teers with an average age of 22.8 years [ 16].

In our critically ill cohort, the maximal concen-
tration of acetaminophen was 94.1 ( & 75.3)umol/!
compared to 208.4 ( & 33.1) umol/l in the control pop-
ulation (p < 0.0001); the time to reach the maximal
concentration was 105min (60-180) compared to 30
(15-90) in controls (p < 0.0001) and the area under the
time-acetaminophen concentration curve t = 120 was
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9301 ( £ 7343) compared to 11,644 ( + 1336) in the con-
trols (p = 0.28, see Table 1). There was no statistically
significant difference in acetaminophen adsorption be-
tween postoperative and medical critically ill patients
(see Table 2).

In the univariate regression analysis, variables asso-
ciated with impaired gastric emptying in the critically
ill group were age, sex, use of opioids and dose of
opioids (see Table 3). The older the patient, the greater
the time to maximal concentration of acetaminophen.
For area under the time/absorption curve and maximal
concentration of acetaminophen, results were higher

Table 1 Results of acetaminophen absorption, compared (a measure
of gastric emptying) in critically ill patients to those of healthy
volunteers: maximum plasma concentration (C.y, tmol/l), time to
reach Cpax(tmax, Min) and the area under the plasma concentration-
time curve ¢t = 120 (AUC, 4, pmol/min/l)

Critically ill Healthy p value

patients volunteers [16]

n="172) n=12)
Conax 94.1 (£ 75.3) 2084 ( 4+ 33.1) 0.0001
max ™ 105 (60-180) 30 (15-90) 0.0001
AUC30" 9301 (£ 7343) 11644( + 1336) 0.28

“mean and standard deviation
* mean and interquartile range

for females. For all three parameters, the admitting
diagnosis was just short of statistical significance: surgi-
cal/trauma patients had worse gastric emptying than
other admitting diagnoses. Patients who were not on
opioids had a better gastric emptying, as evidenced by
a quicker time to maximal concentration, a greater area
under the time/absorption curve and a higher maximal
concentration of acetaminophen. Finally, higher doses
of opioids were associated with lower acetaminophen
absorption and, thereby, a greater impairment of gas-
tric emptying. In the multivariate analysis, only age and
the use of opioids remained significant.

Table 2 Results of acetaminophen absorption in medical and
post-operative critically ill patients: maximum plasma concentra-
tion (Cuayx, pmol/l), time to reach Cpy(tmay, min) and area
under the plasma concentration-time curve t =120 (AUC,o,
pmol/min/l)

Medical Postoperative p value
(n=38) (n=234)
Crax ™ 102.5(78.7) 84.7(71.4) 0.32
max® 90(60-180) 120(60-180) 0.064
AUC120"  10,037(7680) 8479 (6968) 0.37

"mean and standard deviation
* mean and interquartile range

Table 3 The results of the univariate analyses of possible predictors of gastric emptying. The dependent variables are: maximum plasma

concentration (Cpax, pmol/l), time to reach Cray(fmax, min),

and area under the plasma concentration-time curve ¢= 120

(AUC,0, pmol/min/l). (SAP simplified acute physiology; Surg surgical/multiple trauma; Neurosx neurosurgical, Med medical); * Note A
negative parameter estimate means that the association is negative (i.e., a 1 mg/24 h change in morphine dose is associated with a 0.4 decrease
in Cpay and a 38.2 decrease in AUC,,5). A positive parameter estimate means that the association is positive (i.e. 1 year increase in age is
associated with a 0.73 min increase in the time to reach maximum acetaminophen concentration)

Independent fmax (MIN) Cinax (Lmol/]) AUC z0(pmol/min/1)
variables
Age Parameter estimate: 0.73 Parameter estimate: 0.61 Parameter estimate: 42.1

p =004 p=0.20 p =036
Sex Male: 109 Male: 78.5 Male: 7,780

Female: 114 p =075 Female: 118.7 p =003 Female: 11,550 p =004
Operative Yes: 116 Yes: 84.7 Yes: 8,479
diagnosis No: 106 p =044 No: 102.5 p =032 No: 10,037 p =037
SAP score Parameter estimate: — 0.14 Parameter estimate: 3.6 Parameter estimate: 516.7

Primary diagnosis

Use of opioids

Dose of morphine
(or equivalent)

p =095

Head trauma: 75.0
Surg/trauma: 123.2
Neurosx: 118.5

Med: 116.8 p =007
Yes: 118
No: 75 p =002

Parameter estimate: 0.09
p =052

p =0.06

Head trauma: 113.3
Surg/trauma: 57.8
Neurosx: 107.0

Med: 102.7 p =010
Yes: 84.2
No: 143.6 p=0.01

Parameter estimate: — 0.4
p =0.03

p =008

Head trauma: 10,729
Surg/trauma: 6,103
Neurosx: 9,756

Med: 10,969 p =0.16
Yes: 8,180
No: 14,908 p = 0.003

Parameter estimate: —38.2%
p=004
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Discussion

Using a well established model of gastric emptying, our
study shows that critically ill patients have impaired
gastric emptying early in the course of their illness
compared to healthy volunteers. Moreover, the use of
opioids is associated with impaired emptying in a dose-
dependent phenomenon. However, our choice of a con-
trol group may have biased the results for the following
reasons: 1) The control group was much younger than
the critically ill patients. Increasing age correlated sig-
nificantly with impaired gastric emptying in our study
population. 2} The control group swallowed their acet-
aminophen and the cephalic phase of swallowing may
increase gastric emptying whereas in critically ill pa-
tients this cephalic phase is absent and 3) The control
group received 100ml of liquid with their dose of acet-
aminophen while the critically ill patients received only
50ml. Differences in volume may have influenced gas-
tric emptying. Nevertheless, the results of our analysis
are consistent with the work of Nimmo and colleagues
[19], who have previously demonstrated that narcotic
analgesics significantly inhibit gastric emptying, and
Dive and colleagues [20] who also demonstrated that
gastroduodenal motility is severely impaired in mech-
anically ventilated patients. Using a manometer to re-
cord antroduodenal motility, Dive et al. demonstrated
that the activity front of the migrating motor complex
of the stomach was absent in adult patients.

By restoring gastric motility, critically ill patients
may better tolerate enteral nutrition. The early admin-
istration of enteral nutrition to critically ill patients is
associated with a decreased catabolic response to in-
jury, maintenance of bowel mucosal integrity, de-
creased translocation, improved wound healing and
reduced septic morbidity [21]. However, attempts to
feed in the stomach are often frustrated by gastrointes-
tinal intolerance, especially in the early course of a pa-
tient’s illness. Large volume gastric residuals and
vomiting are the most common reasons feeds are inter-
rupted or discontinued [5,6]. Using a radioisotope
liquid meal, Ott and colleagues [22] measured gastric
emptying over a 3-week period in head-injured pa-
tients. Patients who initially had normal or rapid gas-
tric emptying tolerated enteral feeds earlier than those
who experienced delayed gastric emptying (8.5 vs 13.7
days, p < 0.001). By improving gastric motility, can we
improve tolerance to enteral nutrition and, thereby,
favorably influence the outcome of critically ill
patients?

It has been hypothesized that the loss of peristaltic
activity of the stomach may be one of the major deter-
minants of gastric colonization in the critically ill popu-
lation. Atherton and White [23] initially suggested this
relationship between dysmotility, gastric colonization
and pneumonia. They described ten mechanically ven-

tilated patients with paralytic ileus who developed
microbial overgrowth of the stomach. In six patients,
the same gram-negative bacilli were subsequently
found in the trachea, and in three patients the sequence
of transmission from the stomach to the trachea was
clearly documented. Several other studies have sub-
sequently documented this sequence of transmission
— retrograde transmission of contaminated stomach
contents to the lungs [24-28]. Inglis and colleagues
further described the association of impaired gastroin-
testinal motility and colonization of the stomach [29]
and the trachea [30] in critically ill patients. The pres-
ence of duodeno-gastric reflux (indicated by the pres-
ence of conjugated bilirubin in the stomach secretions)
was shown to correlate with the isolation of gram-
negative bacteria in the stomach and the trachea in
mechanically ventilated patients. Several studies have
examined the association between body position, pres-
ence of a nasogastric tube, the development of gastro-
esophageal reflux and the incidence of aspiration pneu-
monia in critically ill patients [31-33]. These studies
suggest that the supine body position and the presence
of a nasogastric tube increase gastroesophageal reflux;
the more gastroesophageal reflux, the greater is the
likelihood of finding gastric contents in endobronchial
secretions.

The foregoing results are consistent with our under-
standing of the gastropulmonary route of infection [24]
and raises the question: Would restoring gastrointes-
tinal motility (increasing lower esophageal sphincter
tone, decreasing gastroesophageal regurgitation, im-
proving gastric emptying and gastroduodenal coord-
ination) reduce gastric colonization and subsequent
pulmonary infection in critically ill patients?

Strategies to improve gastric motility in critically ilt
patients include minimizing the use of opioids and
using gastrointestinal prokinetic agents. Opioids are
frequently used to provide adequate analgesia and se-
dation to critically ill patients [34, 35]. As suggested by
our study and demonstrated in others [19], opioids
significantly impair gastric emptying and probably
contribute to feeding intolerance and bacterial over-
growth. In a randomized study of 21 brain-injured
patients requiring sedation, McArthur and colleagues
compared the effect of morphine and midazolam to
propafol on gastric emptying [12]. In this study, there
was no significant difference in gastric emptying, as
assessed by acetaminophen absorption and by residual
volumes following a 200ml test feed. More studies on
‘opioid-reducing’ sedation strategies are needed to de-
termine which drugs and doses have the least impact on
gastrointestinal motility.

There have been three studies of prokinetic agents
in critically ill patients. Spapen and colleagues [36]
randomized 21 stable, medical ICU patients receiving
continuous enteral feeds to receive cisapride 10mg
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g.i.d. or placebo. After 5-7 days of treatment, gastric
emptying, as measured by bedside scintigraphy, was
markedly delayed and the mean gastric residuals were
higher in the control group compared to patients re-
ceiving cisapride. In a randomized, double-blind,
placebo-controlled study, we evaluated the effect of
cisapride on gastric emptying in mechanically ven-
tilated patients early in the course of their illness. Using
an acetaminophen absorption model, we demonstrated
that cisapride improves gastric emptying in both
medical and surgical patients, including those patients
on narcotics [37]. Finally, erythromycin, a macrolide
antibiotic that mimics the effects of motilin, which
stimulates smooth muscle in the gastrointestinal tract,
is the only other prokinetic agent that has been evaluated

in critically ill patients. In ten stable, mechanically
ventilated patients, 200 mg of erythromycin was admin-
istered in a randomized, cross-over design. As meas-
ured by acetaminophen absorption and antral
manometry, erythromycin was shown to improve gas-
tric motility [11].

In conclusion, our study documents and our dis-
cussion highlights the important relationship between
gastrointestinal motility and critical illness. Strategies
to minimize the use of opioids in critically ill patients
may improve gastric emptying. To date, there are
promising results of studies evaluating the effect of
motility agents on physiologic endpoints in critically ill
patients. Further research evaluating the effect of motility
agents on clinically important endpoints is warranted.
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