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BACKGROUND Bowel frequency in healthy children has been determined, but it is not well docu-
mented in critically ill children. The objectives of this prospective observational study were to deter-
mine if critical illness alters stool frequency in children and to identify risk factors that may increase or 
decrease stool frequency. 
METHODS Stool frequency was assessed in children admitted to the pédiatrie intensive care unit 
(PICU) over a five month period. The median daily number of bowel movements during admission to 
the PICU was compared to the patient's estimated number of bowel movements prior to illness. Step-
wise linear regression was performed to determine which factors best predicted stool frequency in 
critically ill children. 
RESULTS Daily stool frequency was significantly reduced (P < 0.001) during PICU stay (median = 
0.5; interquartile: 0,0.8) compared to preadmission stool frequency estimates (median = 2; interquartile: 
1,2.5). Covariates associated with an increase in stool frequency included male gender and length of 
stay in the PICU. Conversely, the administration of opioids decreased stool frequency. 
CONCLUSIONS Bowel frequency was reduced by 75% in children admitted to the PICU. The use of 
opioids was associated with decreased bowel frequency. Male gender and increased PICU stay was 
associated with increased bowel frequency. 
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INTRODUCTION 

Bowel frequency in healthy children has been well 
documented.1"4 However, there are no published 
data regarding the effects of critical illness or its 
treatment on stool frequency in this population of 
children. Several factors associated with critical ill-
ness (e.g., restricted oral intake, limited physical 
activity, electrolyte abnormalities, medications) may 
cause a decrease in stool output in children.5 Even 
though disorders of gastrointestinal tract motility 
in critically ill patients seem to occur frequendy, 
the pathophysiology is not well studied and both 
decreased motility and diarrhea can occur.67 

A study of adult patients admitted to a medi-
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cal/surgical ICU for at least three days reported 
that 83% of patients were constipated.8 The same 
study also noted that a greater number of consti-

ABBREVIATIONS: PICU, pédiatrie intensive care unit 

pated patients failed mechanical ventilation wean-
ing. It would be helpful to determine if critical 
illness alters stool frequency in children and to 
identify risk factors that may increase or decrease 
stool frequency. In the event that stool frequency 
decreases, these results could assist in developing 
a definition for constipation in this population. 
The results may also aid in the identification of 
risk factors for constipation and those Pédiatrie 
Intensive Care Unit (PICU) patients who may 
benefit from a prophylactic regimen. The purpose 
of this prospective observational study was to de-
termine if critical illness alters stool frequency in 
children and to identify factors related to critical 
illness that may contribute to stool frequency. 
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MATERIALS AND METHODS 

All patients admitted to the PICU for more than 
48 hours during a five-month study period were 
eligible for inclusion. Patients with a gastrointes-
tinal disease or any disorder that would alter or 
otherwise make assessment of stool output diffi-
cult (e.g., anatomic malformation, neuropathic 
condition, intestinal nerve or muscle disorder, 
connective tissue disorder, or recent gastrointes-
tinal surgery) were excluded. 

The number of each patient's daily bowel move-
ments during admission to the PICU was com-
pared to the patient's estimated number of daily 
bowel movements prior to illness. These estimates 
were obtained from the parents as part of rou-
tine admission data collection by the PICU nurses. 
Daily bowel movements during admission to the 
PICU were also compared to published values for 
bowel frequency in healthy children.1 Stool fre-
quency was routinely recorded as part of the daily 
PICU assessment. Data were collected for factors 
related to critical illness that might alter stool fre-
quency. These included patient demographic in-
formation (i.e., age, gender, race, diagnosis, 
height, weight), fluid and nutritional intake, meta-
bolic disorders (i.e., hypercalcemia, hypokalemia) 
and medication use (i.e., receipt of one or more 
doses of an opioid, laxative, prokinetic gastrointes-
tinal agent, or systemic catecholamine). The 
opioid primarily used in our PICU was fentanyl. 
The gastrointestinal medications primarily used 
included metoclopramide to facilitate enterai feed-
ing, histamine receptor antagonists for stress ulcer 
prophylaxis and docusate sodium and prune juice 
when a laxative was needed. At the time of the study, 
erythromycin, antacids, and other laxatives were not 
used routinely; hence, data for these agents were 
not collected. Four pharmacy students involved with 
the research project collected the data using a uni-
form data collection tool. Bowel frequency data 
were obtained from the PICU flowsheet. 

The median daily number of bowel movements 
during the entire admission to the PICU was com-
pared to the patient's estimated number of bowel 
movements prior to illness using Wilcoxon 
matched pairs signed ranks test. Median stool 
output determination and nonparametric analy-
ses were required because of skewed data. A z-test 
for two population means was used to compare 
mean stool frequency during illness to a calcu-
lated weighted mean of published stool frequency 

Table 1. Patient Demographics (n = 58) 

Variable 

Age (mo) 
Weight (kg) 
Height (cm) 
Gender (male) 
Race 

Hispanic 
White 
American Indian 
Black 
Asian 
Other 

Primary Diagnosis Category 
Respiratory disease 
Cardiac disease or surgery 
Neurologic disease 
Non-respiratory infection 
Other 

Median 
(Interquartile Range) 

25.4 (3.5, 92) 
11.7(5.4,27.3) 
88.0(64,116) 

52% 

45% 
4 1 % 
7% 
3% 
2% 
2% 

34% 
29% 
12% 
7% 
17% 

for healthy children.1,9 The published article re-
ports the number of patients, mean and standard 
deviation of stool frequency for six different age 
categories in a total of 662 healthy children. Due 
to our small sample size, comparisons of mean 
and standard deviations for each respective age 
category was not possible so a calculated (from 
the data provided in the published article) 
weighted mean stool frequency of all the healthy 
children was used in the comparison. 

Step-wise linear regression was performed to de-
termine which factors related to critical illness best 
predicted stool frequency. The following variables 
were included: age, gender, height, weight, diag-
nosis, length of PICU stay, total intake, enterai in-
take, intravenous intake, total output, urine output, 
hypokalemia (i.e., serum potassium < 3.5 mEq/L 
at any time during PICU stay), hypercalcemia (i.e., 
serum calcium > 11 mg/dL at any time during PICU 
stay), and use of opioids, dopamine, prune juice, 
docusate, or metoclopramide. An a priori level of 
significance for all analyses was defined as P <. 0.05. 

The study was approved by the University of 
New Mexico Health Science Center Human Re-
search Review Committee. Informed consent was 
not required. 

RESULTS 

Fifty-eight patients were enrolled in the study. 
Demographic data are presented in Table 1. The 
median daily stool frequency during PICU admis-
sion was 0.5 compared to the median estimated 
daily stool frequency prior to PICU admission of 
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Table 2. Bowel Frequency and Factors That May Alter Bowel Frequency (n = 58) 

Variable Median (Interquartile Range) 

Estimated stool frequency prior to admission (d) 
Stool frequency during PICU stay (d) 
Length of PICU stay (d) 
Intake (mL/kg/d) 
Output (ml_/kg/d)* 
Urine output (mL/kg/hr) 
Enterai intake (mL/kg/d) 
Drug Use During PICU Stay 

Opiates 
Dopamine 
Prune juice (laxative) 
Docusate 
Metoclopramide 

Electrolyte abnormality 
Hypokalemia (< 3.5 mEq/L) 
Hypercalcemia (> 11 mg/dL) 

2(1.0,2.5) 
0.5 ( 0, 0.8) 
5 (4.0, 8.0) 

88.4(62.6,117.5) 
65.6 (45.5, 97.2) 

2.1 (1.6,3.5) 
14.1 (0,32.9) 

91% 
34% 
14% 
7% 
5% 

47% 
7% 

*Output included urine, stool, gastric fluid suctioning, chest tube output, gastrostomy, jejunostomy and other ostomy output. 

2.0 (Table 2). This 75% reduction in stool fre-
quency was statistically significant (z = 5.699, P 
< 0.0001). In addition, there was a statistically sig-
nificant decrease (z = 9.14, P < 0.0001) in stool 
frequency in our sample of ill children (0.7 ± 0.8) 
compared to previously published values for 
healthy children (1.7 ± 0.8).1 

Factors that may alter bowel frequency in the 
critically ill patient are presented in Table 2, and 
nutritional intake data is shown in Table 3. The 
median length of stay in the PICU was 5 days 
(range: 2 to 35). Almost all of the patients received 
fentanyl and the majority received enterai feeds 
at some time during the PICU stay. 

Male gender, length of PICU stay, and use of 
opioids were the significant predictors of stool 
frequency (Table 4). Increased length of stay and 
male gender were significantly predictive (P = 
0.014 and P = 0.016, respectively) of increased 
bowel movements. The use of opioids was signifi-
cantly predictive (P = 0.041) of decreased bowel 
movements. In an attempt to explain why male 
gender was a significant positive predictor of stool 
output, differences between males and females 
were assessed. There were no differences between 
genders for any demographic variables (i.e., age, 
diagnosis, height, weight, length of stay), fluid and 
nutrition intake, presence of metabolic disorders 
(i.e., hypercalcemia, hypokalemia) or medication 
use (i.e., narcotics, laxatives, metoclopramide, 
systemic catecholamines). 

DISCUSSION 

Critical illness can produce changes in intesti-

nal motility resulting in either decreased motility 
or diarrhea.7 The cause of bowel dysfunction in 
critically ill patients is presumed to be multifacto-
rial. Any disruption in regulation of the intestinal 
nervous system, hormonal interactions or smooth 
muscle contraction can cause changes in intesti-
nal motility. Suggested mechanisms for this alter-
ation include the release of endotoxins during 
sepsis, abdominal ischemia from cardiovascular 
dysfunction or use of catecholamines, lack of in-
testinal stimulation during periods of decreased 
enterai intake, and use of medications that either 
inhibit or stimulate gastrointestinal tract motil-
ity.6,7 This study demonstrated a 75% decrease in 
bowel movement frequency during a median 
PICU stay of five days. A study of adult patients 
also suggests a decrease in bowel movement fre-
quency during critical illness.8 While changes in 
baseline bowel frequency were not reported, con-
stipation occurred in 85% of patients. Studies of 
nutritional support during critical illness noted 
that constipation occurred in 15.7% of adult pa-
tients and 79% of pédiatrie patients.10,11 

Stool output is assessed daily in critically ill pa-
tients, in part, to determine if constipation is 
present and if pharmacological treatment is war-
ranted. The North American Society for Pédiat-
rie Gastroenterology and Nutrition has developed 
guidelines for the evaluation and treatment of 
constipation in children.5 They define constipa-
tion as a delay or difficulty in defecation, present 
for two or more weeks, sufficient to cause signifi-
cant distress for the patient. This definition seems 
overly stringent for hospitalized children. Another 
approach would be to define constipation in this 
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Table 3. Nutrition Intake 

Type of Nutrition Patients* Days in PICU' 
(n = 58) (n = 435) 

Parenteral 9% (n = 5) 11% (n = 47) 
Enterai 59% (n = 34) 47% (n = 203) 
None 36% (n = 21 ) 43% (n = 185) 

*Patients receiving nutrition at any time during PICU stay. Some pa-
tients received both parenteral and enterai nutrition on the same day; 
hence the sum of the percentages exceeds 100. 
**Total patient days nutrition received in PICU. 

population using a threshold numerical value for 
daily bowel movements (e.g., constipation is 
present when bowel movement frequency is less 
than one per day). This approach was taken by 
Mostafa and colleagues who defined constipation 
in critically ill adults as no bowel movement for 
three consecutive days.8 This criteria may also be 
inappropriate because stool frequency varies 
widely in children.1"4 Our study suggests that a 
reasonable definition of constipation in the criti-
cally ill child would be a 75% reduction from the 
child's non-hospitalized bowel frequency, over a 
period of three to five days. 

Male gender and increased length of PICU stay 
were predictive of increased bowel movements. 
It is unclear why male gender was a predictive 
variable in the step-wise regression analysis. 
Mostafa et al. reported no statistically significant 
differences in gender between constipated and 
non-constipated critically ill adult patients.8 In an 
attempt to explain why male gender was a signifi-
cant predictor of increased stool output, differ-
ences between males and females in other vari-
ables (e.g., length of PICU stay, opioid use) were 
assessed, but none were found. 

The use of metoclopramide or laxatives (i.e., 
prune juice or docusate) was not predictive of 
stool output. However the use of opioids was pre-
dictive of decreased bowel movements. Based on 
the pharmacological actions of opioids this is not 
surprising. Opioids can decrease gastrointestinal 
neural activity, which causes decreased propul-
sion in the small and large intestines, increased 
fluid absorption, and increased anal sphincter 
tone, all of which leads to constipation and in-
complete bowel evacuation. Some of these effects 
are due to activation of opioid receptors in the 
central nervous system but they are primarily due 
to activation of intestinal opioid receptors.12 The 
mechanism of opioid-induced constipation is 
complex and involves decreased neural output 
via inhibition of acetylcholine release and in-

creased fluid absorption via stimulation of mu-
cosal sensory receptors.12 

A complicating factor in this study is the lim-
ited amount of enterai intake, which may be an 
important reason for decreased bowel move-
ments. The median intake of any enterai nutri-
tion was only 14 mL/kg/day. Enterai intake for 
otherwise healthy children can range from about 
80-150 mL/kg/day, depending on the type of for-
mula. While caloric requirements during critical 
illness may vary, 14 mL/kg/day of any infant for-
mula is very low. Total parenteral nutrition is usu-
ally initiated in the PICU when nutrition has not 
been provided for a few days and enterai nutri-
tion is undesirable. About 9% of patients received 
parenteral nutrition. While not investigated in this 
study, it is possible that stool frequency would 
decrease in children receiving intravenous nutri-
tion compared to enterai nutrition. 

A limitation of the study involves the use of pa-
rental recall to estimate usual bowel frequencies 
prior to PICU admission. The estimated frequency 
may not be accurate; however, a study of children 
with defecation disorders documented fair agree-
ment between parental recall and recorded def-
ecation frequency.13 Given this potential limita-
tion, bowel frequency was also compared to pub-
lished values in normal children and a statistically 
significant decrease was also found. Another limi-
tation involves the collection of the bowel fre-
quency data during ICU admission from the 
flowsheet. The flowsheet data recorded by the 
nurses were not formally assessed for accuracy. 
The patients in this study represent only the sick-
est children at a time when their illness is most 
severe. These children eventually were transferred 
to the sub-acute care unit or general pédiatrie 
ward when their illnesses were improved. Since 
patients were not followed after transfer from the 
PICU, it is unknown when their bowel frequency 
returned to normal. 

In conclusion, bowel frequency was altered in 
our sample of critically ill children. Male gender 
and increased length of PICU stay predicted an 
increase in stool frequency. The use of opioids 
was a predictor of decreased stool frequency. Over-
all, there was a 75% decrease in stool frequency 
compared to preadmission estimates. It may be 
reasonable to diagnose constipation in critically 
ill children with at least a 75% reduction of their 
usual bowel frequency over a period of several days 
during hospitalization and to initiate laxative 
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Table 4. Variables that Best Predicted Stool Frequency* 

Variable 

Male gender 
Length of PICU stay 
Opiate use 

Regression Standard Error 
Coefficient of Coefficient 

0.522 0.209 
0.037 0.015 

-0.744 0.354 

Standardized Regression 
Coefficient (ß) 

0.317 
0.330 

-0.272 

F value 

6.246 
6.547 
4.409 

P value 

0.016 
0.014 
0.04 

*Stepwise linear regression (r= 0.516, r2 = 0.266). 
The following variables were included in the model, but were not statistically significant: hypercalcemla, hypokalemia, diagnosis, race, weight, 
age, intake, output, urine output, intravenous intake, enterai nutrition intake, prune juice, dopamlne, metoclopramide, docusate. 

therapy in all children receiving scheduled opioid 
medications. Unfortunately, the ideal laxative regi-
men is unknown. Studies assessing the efficacy of 
both prophylactic and treatment regimens in criti-
cally ill patients are needed. 
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