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Introduction
Dehydration, usually due to infectious gastroenteritis, is one of the most common reasons for ED visits in children.  Data from the 1998 National Hospital Ambulatory Care Survey (NHAMCS) for 1998 show that there were 1.76 million visits to US emergency departments with a chief complaint of diarrhea and/or vomiting among children less than 5 years of age.  Of these, over 244,000 (13.9%) received intravenous fluid therapy, and nearly 183,000 were admitted to the hospital or transferred to another facility.

Since the 1970s, numerous clinical trials have established the efficacy of oral rehydration therapy for children with dehydration due to gastroenteritis
,
,
, and ORT is recommended as first-line therapy by organizations such as the World Health Organization
 and the American Academy of Pediatrics
.  However, many physicians, particularly those practicing in emergency department settings, have not followed these recommendations, opting instead for parenteral treatment.
,
,
,
,
,
  Among the barriers to greater adoption of oral therapy cited are expectations and attitudes of parents and referring physicians, the perception that ORT is more time-consuming and labor intensive, lack of familiarity and knowledge of the techniques of ORT by physicians and staff, and reimbursement issues.

Traditional teaching since the 1950s has emphasized somewhat complex calculations of fluid and electrolyte requirements and the need for relatively slow replacement of fluid deficits in dehydration, over periods of 24-72 hours, to permit restoration of both extracellular and intracellular fluid.
  More recently, several authors have questioned this approach. 
,
  They cite evidence that diarrheal dehydration is primarily a contraction of extracellular volume, as well as the demonstrated success of ORT, in which deficits are replaced within 4-6 hours.  More rapid fluid replacement, beside the obvious benefits in terms of time and cost, has other theoretical advantages: improved gastrointestinal perfusion with earlier tolerance of feeding, and earlier increase in renal perfusion leading to correction of acid-base and sodium disturbances via homeostatic mechanisms.13  In recent years, there has therefore been an increased interest in rapid intravenous rehydration strategies.
  The purpose of this article is to review the literature on rapid IV therapy as it relates to the care of children with dehydration due to gastroenteritis.
Methods


In preparing this review, we began with an Ovid search of Medline for the years 1960 to the present, using the following search strategy: *fluid therapy.sh. AND (rapid.tw. OR fast.tw.)   This search yielded 203 titles.  The titles and abstracts were reviewed to identify articles with original data on rapid intravenous fluid therapy in children with dehydration due to gastrointestinal disease.  Articles dealing exclusively with adult patients, animals, or other disease states (e.g., trauma, burns) were excluded.  Also excluded were articles describing only oral therapy (those including both oral and rapid parenteral treatment were included).  Neither language nor study design were selection criteria: case series, observational studies, and controlled trials were reviewed.

Results

Ten articles met inclusion criteria (Table 1).  The studies varied substantially in their definition of rapid IV hydration with regard to fluid composition, rate of administration, duration of therapy, and volume delivered, as shown in Table 2.  Additionally, different studies reported different outcomes of interest, making comparisons somewhat problematic.  The results of the studies are summarized below.
Table 1.  Features of studies identified.
	Author
	Year
	Country
	Study design1
	Setting2
	Severity of dehydration3
	number of patients4

	Sperotto

	1977
	Brazil
	CS
	IP
	mild-severe
	30

	Posada

	1986
	Costa Rica
	CS
	ED
	mild-severe
	50

	Vesikari

	1987
	Finland
	RCT
	IP
	mild-mod
	15

	Rosenstein

	1987
	USA
	CS
	ED
	mod (5-9%)
	58

	Rahman

	1988
	Bangladesh
	RCT
	IP
	mod-severe
	67

	Moineau

	1990
	Canada
	CS
	ED
	mild-mod (3-6%)
	17

	Sunoto

	1990
	Indonesia
	CS
	IP
	severe
	21

	Ferrero

	1991
	Argentina
	CS
	IP
	mod (5-10%) and failed ORT
	22

	Reid

	1996
	USA
	CS
	ED
	
	58

	Nager

	2002
	USA
	RCT
	ED
	
	44


1 RCT: randomized clinical trial; CS: case series

2 ED: emergency department; IP: inpatient

3 estimated deficit in parentheses when provided

4 in clinical trials, this represents the number assigned rapid IV therapy


Sperotto and colleagues first described what they referred to as rapid parenteral fluid therapy in 1977.16  In their paper they contrast the traditional method of providing parenteral replacement over 24-48 hours with their approach, characterized by  “infusion at the start of treatment of a larger amount of fluid than generally recommended.”  They describe 30 infants (age not reported) with mild to severe dehydration, as determined by clinical criteria, treated with a solution of half-normal saline and 2.5% dextrose, with 40-100 ml/kg administered in the first two hours.  The authors report that, at the end of four hours, all 30 patients had urine osmolarity less than 300 mOsm/kg, which they suggest indicates rehydration.  In addition, serum sodium concentration was measured in all subjects before and after therapy.  There was a mean decrease of 4 mmol/L, from 137 to 133; all patients had a final serum sodium within the normal range.  The authors conclude that rapid infusion of large amounts of fluid in dehydrated infants is safe and effective.

         Table 2.  Treatment regimens 

	Author
	Na (mmol/L)
	K (mmol/L)
	Base (mmol/L)
	Glucose
	Volume administered1
	Duration (hours)
	Other treatment

	Sperotto (1977)16
	77
	0
	0
	2.5%
	50 ml/kg in 1st hour, then 10 ml/kg/hr to replace estimated deficit (50 ml/kg/hr for 1st 2 hours for severe dehydration
	
	

	Posada (1986)17
	90
	20
	30 (acetate)
	2%
	25 ml/kg/hr (mean total 81 ml/kg)
	2-6
	

	Vesikari (1987)18
	1302
	4
	28 (acetate)
	0
	2/3 of estimated deficit
	6
	D5W at maintenance rate throughout 12 hour period

	
	2 mmol/kg
	1 mmol/kg
	0
	5%
	1/3 of estimated deficit (mean total of 105 ml/kg over 12 hours)
	6
	

	Rosenstein (1987) 19
	31-154
	0-4
	0-28
	±5%
	14-103 ml/kg (mean 40)
	1.5-7.6 (mean 3.9)
	

	Rahman (1988)20
	133
	13
	48 (acetate)
	±2.5%
	50-100
	4
	Add water or ORS offered throughout IV treatment

	Moineau (1990)21
	46
	0
	0
	3.3%
	30 ml/kg
	3
	

	Sunoto (1990)22
	1302
	4
	28 (acetate)
	0
	70 ml/kg
	3
	further hydration as needed after 3 hours  with ORT

	Ferrero (1991)23
	90
	20
	30 (bicarbonate)
	2%
	20 ml/kg/hr (mean 90 ml/kg total volume)
	3-8 

 (mean 5 )
	

	Reid (1996)24
	154
	0
	0
	0
	20-30 ml/kg
	1-2
	clear liquid trial of 1-3 ounces after IV

	Nager (2002)25
	154
	0
	0
	0
	 50 ml/mg
	3
	


1 total volume unless otherwise indicated

2 Ringer’s lactate


Posada and Pizarro17 present their experience with 50 patients treated with an intravenous solution formulated to mimic the World Health Organization oral rehydration solution.  Patients were 1 month to 6 years of age (mean 15 months), with diarrheal illness and mild-severe dehydration (at least 5%) based on clinical evaluation.  Fluid was administered at a rate of 25 ml/kg/hour for 2-6 hours until clinical signs of dehydration resolved.  Patients were also weighed at the start and end of therapy; mean weight gain was 6.3%.  Serum chemistries were also measured before and after rehydration therapy.  Of the 37 isonatremic children, serum sodium dropped by a mean of 1.1 mmol/L.  There were 8 patients with hyponatremia (serum Na < 130 mmol/L), rehydrated in a mean of 6 hours, with an average rise in serum sodium of 7.9 mmol/L (all ended in the range of 131-135 mmol/L).  Five patients presented with hypernatermia (serum Na 150-158 mmol/L).  These children were treated over a mean of 6.6 hours, with a subsequent mean decrease in serum sodium of 8.2 mmol/L.  One child suffered a complication; this child was accidentally given fluids at twice the intended rate and suffered a generalized seizure after four hours of treatment. However, at the time of the seizure, serum potassium and sodium were normal (sodium had decreased from 148 on entry to 144), and pH had increased from 6.9 to 7.27.  A cause for the seizure was not identified.  All other patients were successfully discharged from the ED after a mean of 12 hours.

Vesikari et al. conducted a randomized trial of rapid oral versus intravenous rehydration.18  37 infants under 5 years of age with dehydration were randomly assigned to either an oral rehydration regimen or IV fluid regimen aimed at replacing the estimated deficit over 12 hours.  Fluid deficit was estimated from the difference between the weight on presentation and the prior weight obtained from growth charts.  All 15 patients randomized to receive IV fluids were successfully rehydrated, as defined by correction of hematocrit and blood protein (details not reported).  However, there was no net weight gain in the IV by the time of discharge, compared with a mean increase of 2.9% of baseline weight in the ORT group.  In addition, tolerance of feedings after 12 hours was greater in the ORT group (77%) than in the IV group (40%), and the subsequent duration of diarrhea was 1.6 days longer in the IV group.  However, they also note that 2 of 22 patients initially assigned to the ORT groups failed and crossed over to receive IV treatment.


Rosenstein and Baker19 describe their institution’s experience with 58 patients with moderate dehydration (based on clinical estimate) treated with IV rehydration in a pediatric emergency department.  The treatment regimens were determined by the treating physician and varied widely, as shown in Table 2.  The mean amount of fluid administered was 40 ml/kg, and the mean duration of ED treatment was just under 4 hours.  All patients were discharged from the ED; of 48 contacted for follow-up, 3 (6%) returned to the ED and were given IV fluids.  All 48 parents contacted expressed satisfaction with their experience; two stated they would have preferred hospital admission.  These authors recommend that outpatient rehydration be considered as an option for moderately dehydrated children with uncomplicated dehydration.

The study by Rahman et al. was done as a randomized trial comparing two different methods of rapid IV rehydration.20  Children with moderate to severe dehydration (using WHO clinical criteria) were assigned to receive Dhaka solution (see Table 2 for electrolyte composition), either with or without dextrose 2.5%.  In the initial 4 hours phase of therapy, 50-100 ml/kg was given, depending on the estimated deficit; after 4 hours, the fluid was decreased to match ongoing losses, and all patients were allowed free access to water and ORS throughout the study period.  Rehydration was defined by clinical improvement, changes in serum protein concentration, and weight change.  All patients had clinical improvement, and the median weight increase at 24 hours was 6.7-8.6% (higher among children with non-cholera diarrhea).  In addition, serum protein fell significantly by four hours and remained unchanged at 24 hours, suggesting that rehydration was complete by four hours.   Serum sodium increased by a mean of 3 mmol/L, and was normal in all but one patient at 4 hours (one child had a sodium less than 130 mmol/L).  Serum glucose was higher in the patients receiving dextrose; one child in the non-dextrose group developed hypoglycemia.  Urine volume over 24 hours was equivalent in both groups, suggesting an absence of significant osmotic diuresis in the dextrose group.  The investigators conclude that rapid IV therapy is effective, and that inclusion of dextrose in the treatment fluid may prevent occurrence of hypoglycemia without harmful effects.

In Moineau and Newman’s report21, 17 children from 1 to 6 years of age (mean 2.6 years) with mild-moderate dehydration (clinically estimated) were treated with a total of 30 ml/kg of 0.3% normal saline with 3.3% dextrose, administered over a 3-hour period.  No oral fluids were given during this time.  Patients with any electrolyte abnormality were excluded, including sodium less than 135 mmol/L or greater than 145 mmol/L, or serum bicarbonate less than 14 mmol/L.  All patients were described as clinically improved and were discharged to home.  At the time of discharge, 35% had had some emesis after therapy; one patient was still vomiting 48 hours later and returned for further IV therapy.


Sunoto22 reported on a series of 21 children less than 2 years of age treated with 70 ml/kg of Ringer’s lactate administered over 3 hours, followed by ORS and oral feeding.  At the end of 3 hours of IV therapy, the average weight increase was 6.7%, and 14 of 21 patients appeared clinically rehydrated while the remaining 7 still had some signs of mild dehydration which responded to oral therapy.  Serum chemistries remained within normal limits in all patients.


Another case series, from Ferrero et al. in Argentina23, describes 22 infants 0-18 months of age with moderate dehydration (estimated deficit of 5-10% based on clinical evaluation) in whom oral rehydration therapy failed or was contraindicated.  The patients were treated with IV fluids at a rate of 15-20 ml/kg/hour until rehydration was complete (resolution of clinical signs).  All patients were successfully rehydrated by clinical criteria, in a mean of 5.1 hours, and all infants tolerated oral feedings at the end of IV therapy.  Average weight gain during therapy was 6.5%.   Serum sodium concentration remained in the normal range for all patients (mean increase of 1 mmol/L from start to end of therapy), while the base deficit decreased from a mean of 9.5 to 3.5.

The study by Reid and Bonadio24 is a case series of 58 children are 6 months to 13 years (median 22 months) with gastroenteritis and an estimated fluid deficit of 5-10% using modified WHO criteria (1984 version).  All patients were given 20-30 mmol/kg of isotonic crystalloid solution over 1-2 hours, followed by a trial of 30-90 ml of oral fluids.  Successful treatment was defined as no vomiting for 30-60 minutes after treatment.  Sixteen of the patients (28%) did not tolerate oral fluids and were admitted.  Of the 42 discharged from the ED, 6 (15%) returned to the ED for reevaluation and were subsequently admitted to the hospital.  Patients with moderate dehydration (6-10%) and those with an initial serum bicarbonate concentration of 13 mmol/L or less were more likely to fail outpatient treatment.  The authors conclude that “outpatient rapid IV rehydration is safe and effective…in selected children.”  However, it should be noted that, even among those with a serum bicarbonate of greater than 14 mmol/L, 10/46 (22%) required admission.

The most recent study to address rapid IV hydration is the study by Nager and Wang, which compared rapid IV and nasogastric rehydration.25  Ninety-six infants 3 to 36 months of age with moderate dehydration (defined by clinical criteria) who could not be orally hydrated were randomly assigned to IV or NG hydration.  The 44 infants in the IV groups were given normal saline, 50 ml/kg, over a 3 hour period, followed by an oral fluid challenge.  All patients were successfully rehydrated as defined by resolution of clinical signs and urine output of at least 0.5 ml/kg during the study period.  Mean weight gain was 3.6% of body weight.  There were no clinically important changes in serum sodium concentration (mean decrease of 0.3 mmol/L).  All patients tolerated the initial oral fluid challenge and were discharge to home; 7 of the 44 (15%) returned to the ED for subsequent vomiting, were successfully treated with oral fluids, and discharged again.  Results for the NG hydration group were similar.
Comments


Seven of the 10 studies identified were case series, with either convenience sampling or an inadequate description of the sampling to determine whether enrollment was sequential or not.  Three of the papers report the results of rapid IV hydration in the context of a randomized clinical trial; in one of these, two forms of rapid IV hydration were being compared, one study compared IV and oral hydration regimens, and the third was a comparison of IV and NG treatment.  Thus, most of what can be said about rapid IV hydration treatment is descriptive.  None of the studies can be considered to provide conclusive evidence for the safety of efficacy of rapid IV rehydration.

Moreover, there is considerable variation in what constitutes “rapid IV rehydration” in the literature, ranging from a simple 20 ml/kg bolus of normal saline over an hour (the usual starting point for IV hydration in the ED) to upwards of 100 ml/kg over a 4 hour period.  The composition of the rehydration solutions differ considerably in terms of sodium content and presence or absence of glucose or a base.  The studies also vary substantially in their inclusion criteria, standards for determining the degree of dehydration, and the outcomes of interest, all of which makes summarization of results across studies and comparisons difficult, but several points can be made.  Some summary results are shown in Table 3.
Table 3.  Summary of selected outcomes

	Outcome
	studies included
	total number of subjects
	number of subjects with outcome
	prevalence of outcome (95% confidence interval)

	successful rehydration1
	all
	382
	381
	99.7% (98.6%, 100%)

	abnormal serum sodium
	16,17,18,20,22,23,25
	249
	1
	0.4% (0.01%, 2.2%)

	severe complication
	all
	382
	2
	0.5% (0.06%, 1.9%)

	return for further treatment
	19,21,24,25
	167
	33
	19.8% (14.0%, 26.6%)

	return for further treatment2
	19,21,25
	109
	11
	10.1% (5.1%, 17.3%)


1 using clinical criteria as defined in individual studies

2 excludes study in which single bolus of 20-30 ml/kg was given

A major concern about rapid IV fluid therapy is safety. 
,
  Virtually all references in textbooks
,
 and review articles26,27,
  emphasize the importance of replacing fluid deficits over 24 hours in patients with isotonic and hypotonic dehydration, and more slowly in those with hypertonic dehydration.   This is in contrast to the rapid replacement recommended with oral rehydration therapy, where deficit replacement is recommended over 4 to 6 hours.4  One concern has been the possibility of electrolyte disturbance and the effects of fluid shifts between intracellular and extracellular spaces with rapid parenteral fluid administration.  However, despite the wide variety of regimens employed in the studies reviewed here, no complications were reported.  Most studies included an evaluation of serum electrolytes over the course of treatment, and no clinically relevant changes were noted.   Of the 249 subjects in studies where serum sodium was measured at the end of treatment, only 1 had an abnormal value (sodium < 130 mmol/L).  Only 2 patients in all the studies (0.5%, 95% CI: 0.06%, 1.9%) suffered a complication.  One was a seizure of unknown cause following inadvertent administration of fluid at twice the intended rate; the other was a patient given fluids without dextrose who developed hypoglycemia after 4 hours of treatment.  It seems reasonable to conclude that, in patients with uncomplicated dehydration associated with acute gastrointestinal illness such as those included in these studies, rapid administration of IV fluids to correct deficits completely in less than 8 hours is a safe approach.  Because these studies generally excluded patients with important abnormalities of serum sodium, the safety of this treatment modality cannot be extrapolated to such patients.

This approach also appears to be effective.  Nearly all patients were treated successfully in terms of clinical improvement at the conclusion of therapy.  An important limitation to all of these studies in this regard is the reliance on clinical assessment of dehydration for subject selection and evaluation.  Clinical criteria for dehydration were either not defined or used various scales that have not been validated.  Previous work has demonstrated that conventional clinical assessment tends to misestimate the degree of dehydration.
,
  Several studies demonstrated concomitant changes in patient weight or serum protein, supporting the conclusion that rehydration was successful.  However, because of the recognized tendency for fluid deficit to be overestimated by clinical assessment, it may be that the number of truly moderately to severely dehydrated patients in these studies is small.  Results should thus be extrapolated to these subgroups with caution.

The results are more mixed with regard to avoidance of hospitalization or relapse.  Overall, nearly 20% of subjects in those studies conducted in an ED setting either required hospital admission after treatment or returned for unscheduled care.  The one study that reported a high rate of treatment failure (in the form of hospital admission or return for further treatment) had the smallest total volume of fluid administered by the treatment regimen: the “rapid IV hydration” consisted of the administration of 20-30 ml/kg over 1-2 hours, followed by 1-3 ounces of clear fluid.  For most patients with mild-moderate dehydration, where the deficit is likely to be 5-10% of body weight, this would not constitute total deficit replacement.   Excluding this study, the rate of admission or relapse is 10.1% (95% CI: 5.1%, 17.3%).

It is a commonly accepted belief in clinical practice that patients who require more than 2 initial boluses of fluid in the ED require hospital admission.25   These studies, taken as whole, would suggest that patients can be given large volumes of fluid, in excess of 40-50 ml/kg, and still be safely and successfully discharged.


The question of how rapid IV hydration compares with the enteral approach is less well understood.  Most comparisons of ORT and parenteral fluid therapy have used traditional approaches to IV therapy over extended periods.  The study by Vesikari et al. suggests the oral approach is superior to the rapid IV method, but the number of patients was quite small.18  Nager and Wang found the IV and NG methods to be comparable in terms of efficacy, but patients in the IV groups frequently required multiple attempts at IV placement.  They found that patient charges were generally lower in the NG group, and suggest this is the more cost-effective method.25  However, more data directly comparing ORT and rapid IV treatment, in a randomized fashion, would lend further evidence with which to assess their relative efficacy and cost-effectiveness.

Summary

Ten studies of “rapid” IV fluid therapy in children with acute dehydration were identified and reviewed.  Although the studies varied widely in the treatment regimens employed, outcomes evaluated, and study design and quality, rapid IV therapy appears to be a safe and effective alternative approach to children with dehydration, which has the potential to decrease hospital admissions compared with traditional means of parenteral fluid replacement therapy.  Further study is needed to identify the optimal rapid IV treatment regimen and to define the relative merits and appropriate role of rapid IV therapy versus oral rehydration therapy.
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