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Study objective: To investigate the efficacy of magnesium 
citrate in reducing gastrointestinal transit time of activated char- 
coal in children. 

Design: A prospective, randomized, clinical comparison of four 
magnesium doses. 

Setting: Urban children's hospital emergency department. 

Participants: Children aged 1 month to 6 years who presented 
for management of an acute toxic ingestion. 

Intervention: Each child received 1 g/kg activated charcoal 
combined with a randomly assigned dose of a 6% solution of 
magnesium citrate: 0 mL/kg, 4 mL/kg (standard recommended 
dose), 6 mL/kg, or 8 mL/kg. The primary outcome measure was 
the interval to first activated charcoal-containing stool, which 
was determined by follow-up telephone call or review of the 
medical record. 

Results: Sixty-four children were enrolled. Median times to 
first charcoal stool were 19.5 hours (0 mL/kg), 13.0 hours 
(4 mL/kg), 14.0 hours (6 mL/kg), and 12.0 hours (8 mL/kg). 
Intergroup differences were significant by KruskaI-Wallis anal- 
ysis of variance (P=.0035). 

Conclusion: Magnesium citrate reduces gastrointestinal tran- 
sit times of activated charcoal stools when administered to chil- 
dren who receive activated charcoal for a toxic ingestion. Further 
study is needed to determine the clinical value of this reduction. 

[Sue Y-J, Woolf A, Shannon M: Efficacy of magnesium citrate 
cathartic in pediatric toxic ingestions. Ann Emerg MedOctober 
1994;24:709-712.] 

OCTOBER 1994 24:4 ANNALS OF EMERGENCY MEDICINE 7 0 9 



I N G E S T I O N S  
Sue, Wooly & Shannon 

INTRODUCTION 

Gastrointestinal decontamination after a toxic ingestion 
typically involves three measures intended to minimize 
absorption of ingested poisons: gastric emptying, adminis- 
tration of sorbent, and catharsis. Cathartics are thought to 
decrease absorption of toxic substances by accelerating 
the expulsion of both the substance and the charcoal- 
substance complex. The need for timely elimination of the 
complex is supported by evidence for desorption of toxic 
substances from charcoal. J 

Despite widespread use, there is no conclusive evi- 
dence that cathartics decrease morbidity. %~ Several reports 
have described serious adverse outcomes associated with 
cathartic administration to young children. 4-6 Thus, the 
role of cathartics in pediatric gastrointestinal decontami- 
nation has become increasingly controversial. The dose of 
cathartics recommended for childhood toxic ingestions 
has not been studied, but rather has been extrapolated 
from adult doses. The lack of data guiding the administra- 
tion of cathartics allows for potentially unnecessary and/or 
unsafe treatment practices. 

Our study investigated the effect of magnesium citrate 
(MgC) on the time interval to first charcoal-containing 
stool when administered with activated charcoal (AC) to a 
child undergoing treatment for a toxic ingestion. 

MATERIALS AND METHODS 

All children aged 1 month to 6 years who presented from 
October 1990 to April 1992 to the emergency department 
of Children's Hospital, Boston, following a toxic ingestion 
that required a single dose of AC were considered for 
inclusion in this prospective, randomized, clinical com- 
parison. Children with dehydration (determined clini- 
cally) or a condition associated with renal dysfunction (eg, 
collagen-vascular disease and nephrotic syndrome) and 
those whose ingestions required multiple doses of AC (eg, 
theophylline and carbamazepine) were excluded. This 

Table. 
Effect of MgC on the interval to first charcoal .stool. 

Group 

1 2 3 4 

Dose of MgC (6%)(mL/kg) 0 4 6 8 
Number enrolled 14 16 16 18 
Time to first charcoal stool (median)(hr) 19.5 13 14 12 
Interquartile range (25%/75%) (17/24) (10/17) (12/21) (10/14) 
Number requiring hospitalization 1 0 1 2 

I 

study was approved by our hospital's institutional review 
board, and individual informed consent was obtained 
from each child's parent prior to enrollment. 

Appropriate initial care (supportive care, gastric empty- 
ing if indicated, and diagnostic laboratory evaluation) was 
provided in all cases. Thereafter, each child received a 
slurry of 1 g/kg activated charcoal (50 g/240 mL) 
combined with one of the following doses of MgC (6%) 
according to a monthly randomization schedule: 1, 
0 mlJkg and 6 mIJkg water; 2, 4 mL/kg and 2 mIJkg 
water; 3, 6 mL/kg; or 4, 8 mL/kg. The slurry was given 
orally if accepted by the child or instilled by nasogastric 
tube. 

The disposition decision was made by the managing 
physician independent of study group assignment. 
Outcome measures that were determined during the sub- 
sequent 48 hours, either by review of the hospital chart, if 
hospitalized, or telephone follow-up on days 1 and 2 fol- 
lowing treatment, included the time interval to produc- 
tion of first charcoal stool (defined as any black-colored 
bowel movement following previously normal-colored 
stools), number of charcoal stools, and adverse effects. 
Discharge instructions alerted parents to potential adverse 
effects (eg, vomiting, diarrhea, abdominal pain, or 
lethargy) of the treatment. Follow-up information was 
accepted from the child's caretaker only, ie, the parent at 
home that day or the baby-sitter. 

Data were analyzed using Kruskal-Wallis analysis of 
variance and the Mann-Whitney rank-sum test. r Signifi- 
cance was established at P<.05. 

RESULTS 

Sixty-four children were enrolled among the four groups. 
The median age was 25 months (range, 3 to 53 months). 
No potential enrollee was excluded on the basis of dehy- 
dration or preexisting renal disease. No enrolled patient 
withdrew from the study, and follow-up information was 
obtained for all children. No significant intergroup differ- 
ences were found for age of child, time of ingestion, time 
from ingestion to administration of charcoal slurry, need 
for gastric emptying, time of charcoal slurry administra- 
tion, or hospitalfzation, 

In addition, no significant intergroup differences were 
seen in admission heart rate, systolic blood pressure, tem- 
perature, occurrence of abdominal pain, diarrhea follow- 
ing administration of the charcoal slurry, or number of 
stools produced during the follow-up period. The 
incidence of dehydration or hypermagnesemia was deter- 
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mined clinically. At follow-up, all caretakers reported that 
the children were alert and behaving normally 

A difference found in the median bowel transit time 
between the control group and those groups receiving 
MgC (Table) was significant by Kruskal-Wallis analysis of 
variance (P=.0035). A significant decrease in interval to 
first charcoal stool was seen at a MgC dose of 4 mL/kg 
(P=.014). When analysis was limited to groups receiving 
MgC, ie, groups 2, 3, and 4, a significant difference was 
not found. Ingested substances are listed by group in the 
Figure. 

When toxic substances that might influence gastroin- 
testinal transit time were excluded from the analysis, eg, 
antihistamines, desipramine, phenothiazines, and opioids 
(which increase transit time) and iron and nicotine (which 
decrease transit time), the results were slightly modified, 
primarily due to the reduced power of the smaller sample 
sizes. However, the conclusions remained unaffected. The 
difference in the interval to first charcoal stool between 
the control group and the groups receiving MgC was sig- 
nificant (P=.002). While the difference in interval to first 
charcoal stool at a MgC dose of 4 mIJkg approached sig- 
nificance at P=.05, comparison limited to groups receiving 
MgC, groups 2, 3, and 4, did not produce a significant 
difference in interval to first charcoal stool. 

undeniably present, should be independent of group and 
therefore flee of inherent bias. Because we made no 
attempt to control the oral intake of the children following 
administration of the charcoal slurry, differences of oral 
intake among groups may have confounded our results. 

The administration of AC with MgC in our series 
resulted in intervals to first charcoal stools that greatly 
exceeded and manifested greater variability than those 
reported in adult volunteers receiving cathartic. Krenzelok s 
reported a mean time to first charcoal stool of 4 hours in 
five adult volunteers who received 300 mL of MgC with 
AC. Neuvonen and Olkkola 9 reported a mean value of 7 
hours following the administration of 250 mL of MgC with 
AC in seven adult volunteers. The reasons for this disparity 
are unclear. MgC is thought to exert its cathartic effect by 
creating osmotic forces that inhibit fluid absorption from 
the gut lumen and/or increase transudation into the gut, 
and by stimulating both gut secretory activity and motility 
through cholecystokmin release, lo One may postulate dif- 
ferences between adult and pediatric bowel physiology, ten- 
dency for constipation from AC, or susceptibility to 
anticholinergic properties of certain drugs. 

Because of the poor gastrointestinal absorption of the 
magnesium ion, systemic toxicity (eg, respiratory depres- 
sion, hypotonia, and hypotension) from MgC is rare. 11 

DISCUSSION 

Our data support the hypothesis that MgC diminishes 
gastrointestinal transit time of AC when administered fol- 
lowing a toxic ingestion in young children. This effect was 
present at a dose of 4 mL/kg of a 6% solution (the 
currently recommended pediatric dose). 8 No significant 
augmentation of this effect was demonstrated with doses 
of up to 8 mL/kg. Had a significant difference existed, the 
number of children enrolled in this study would have had 
a power of 80% to detect a 50% difference between 
groups 2, 3, and 4 with 95% confidence. 

Lack of significant intergroup differences in vital sign 
characteristics suggests that anticholinergic effects did 
not contribute to differences seen in the interval to first 
charcoal stool. Moreover, reanalysis of the data excluding 
children who ingested substances that might alter gastro- 
intestinal transit time did not change the results substan- 
tially 

A limitation of our study was the reliance on parental 
reporting for follow-up data in most patients. Most inges- 
tions in our series were benign, and children could be dis- 
charged home following treatment and observation in the 
ED. However, potential inaccuracies in reporting, while 

Figure. 
Toxic substances reportedly ingested by study subjects. 

Group I Group 2 
Alprazolam Acetaminophen (4) 
Cold preparation (6) Albuterol (2) 
Ibuprofen (2) Cold preparation (4) 
Nitroglycerin Desipramine 
Multiple substances (2) Isordil 
Unknown (2) 0xycodone/acetaminophen 

Pine-oil cleaner 
Thiamine 
Unknown 

Group 3 Group 4 
Albuterol Acetaminophen (2) 
Benztropine Acetaminophen/codeine 
Cold preparation (5) Albuterol (2) 
Enalapril Aspirin 
Glyburide Benzocaine 
Iron Cold preparation (2) 
Isosorbide Essential oils 
Lisinopril Mushrooms (2) 
Nail polish remover Nicotine 
Nicotine Phenothiazine (2) 
Unknown (2) Propranolol 

Warfarin 
Unknown 
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Nevertheless, repeat doses or overdose has resulted in 
hypermagnesemia, lz,1.3 Although it was reassuring that 
clinical symptoms of dehydration and hypermagnesemia 
were not seen in our patients even at higher doses of 
MgC, further study is required before conclusions may be 
drawn regarding dose-related toxicity of MgC cathartic in 
children. 

CONCLUSION 

Our study indicated that MgC is effective in decreasing 
the interval from administration with AC to production of 
the first charcoal stool in children. The reduction occur- 
red at a dose of 4 mIJkg of a 6% solution. Although this 
effect was not augmented by increased doses of up to 8 
mL/kg, the number of children in this study may have 
had insufficient power to detect a significant effect. 
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