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Urine Specific Gravity and Other Urinary Indices
Inaccurate Tests for Dehydration

Michael J. Steiner, MD,*t1 Alan L. Nager, MD,*1§ and Vincent J. Wang, MD*1§

Objective: Urine output, specific gravity, and ketones (urinary
indices) are commonly used as an objective means to assess for
dehydration and gastroenteritis severity; however, their utility has not
been established. The study was designed to evaluate the accuracy of
urinary indices as diagnostic tests to identify acute dehydration.
Methods: We completed a prospective cohort study in the
Emergency Department of an urban pediatric hospital. Seventy-nine
subjects ages 3 months to 36 months with gastroenteritis, clinically
suspected moderate dehydration, and the need for intravenous
rehydration were enrolled in the trial. Urine specific gravity and
urine ketone levels were determined with bedside calorimetric
(dipstick) testing, and urine output during rehydration and observa-
tion was measured by commonly used techniques. An internally
validated, weight-based criterion standard for the percent dehydra-
tion on enrollment was used to identify the cohort of dehydrated
subjects. Correlation statistics were calculated for urine output,
specific gravity, and ketones. In addition, multilevel tables were
created to determine the sensitivity, specificity, and likelihood ratio
at varying test cutoff values to detect 3% and 5% dehydration.
Results: Urine specific gravity (r = —0.06, P = 0.64), urine ketones
(r=10.08, P =0.52), and urine output during rehydration (» = 0.01,
P = 0.96) did not correlate with the initial degree of dehydration
present. Clinically useful cutoff values for urine specific gravity
and ketones to increase or decrease the likelihood of dehydration at
the time of enrollment could not be identified.

Conclusions: Urinary indices are not useful diagnostic tests to
identify the presence of dehydration during the initial assessment of
children with gastroenteritis.

Key Words: dehydration, gastroenteritis, diagnosis, urinalysis,
specific gravity

ehydration is one of the leading causes of morbidity and
mortality in children throughout the world.' * In the
United States, more than 2 million office wvisits, 10% of
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hospital admissions, and 2 billion dollars in direct medical
costs occur annually because of dehydration associated with
gastroenteritis.> > Dehydration is associated with many other
pediatric illnesses and the ability to accurately assess
hydration status is an important skill for all emergency
department physicians and other pediatrics practitioners.
Treatment guidelines for children frequently stress the
importance of dehydration assessment, especially in the care
of children with gastroenteritis.*®~

Clinicians caring for ambulatory pediatric patients
assess hydration status primarily by physical examination,
but historic details and laboratory values are also incorpo-
rated into the evaluation. Despite the importance of an
accurate hydration assessment, a recent systematic review
and meta-analysis found that most individual historic points,
examination signs, and laboratory tests to detect dehydration
lack accuracy and precision.’

Urine output and urine specific gravity are often used
as tests to determine dehydration among patients in
ambulatory settings. This practice is based on the physio-
logic principle that as children become dehydrated, renal
compensation will decrease urine volume and increase the
urine concentration.'®”'* In addition, many illnesses that
cause dehydration have a concurrent decrease in oral
carbohydrate intake leading to an increase in fatty acid
oxidation and the presence of serum and urine ketones.'*
Although ketosis is not directly caused by dehydration, many
clinicians use ketonuria as an indication of inadequate oral
intake, severity of illness, and consider it suggestive of
dehydration. Both urine ketones and urine specific gravity
can be assessed quickly and inexpensively through the
calorimetric or dipstick method by clinicians at the bedside.
Pediatric textbooks and commonly used dehydration assess-
ment scales reinforce the utility of these urinary indices in
the evaluation of dehydration.>'>~'®

Despite widespread use and physiological plausibility,
the validity of urinary indices to assess dehydration has not
been adequately studied. We designed this study to evaluate
the utility of measuring urine specific gravity, urine ketone
levels, and the urine output during rehydration to identify
dehydration in children with gastroenteritis presenting to an
emergency department.

METHODS
Study Design

This prospective cohort study enrolled a convenience
sample of subjects with gastroenteritis, clinically diagnosed

Pediatric Emergency Care ® Volume 23, Number 5, May 2007

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



Pediatric Emergency Care ® Volume 23, Number 5, May 2007

Urinary Indices and Dehydration

dehydration, and the need for intravenous fluid rehydration.
The study cohort was the subset of this group who had
moderate (>3% or >5%) dehydration confirmed by the
weight-based criterion standard. The control subjects met all
of the clinical enrollment criteria, but in actuality, were not
moderately dehydrated based on the criterion standard.

The institutional review board at Childrens Hospital Los
Angeles approved this study as part of a larger ongoing study
to assess the safety and efficacy of ultrarapid intravenous
rehydration in the emergency department. Assent was not
obtained because of the young age of subjects; however,
consent was obtained from parents or legal guardians.

Study Setting and Population

This study was conducted in the emergency depart-
ment of an urban pediatric teaching hospital that has
approximately 62,000 annual visits.

Children were included if they were 3 months to 36
months of age, had presumed viral gastroenteritis, and were
estimated to have moderate dehydration as determined by a
standard pediatric dehydration scale.'"® In addition, the
treating physician had to decide that the child required
intravenous rehydration due to the failure of oral rehydration
therapy (refusal, recurrent emesis, or inadequate intake).

Children with an underlying chronic medical condition
where rapid volume infusion could be injurious were
excluded (eg, chronic lung disease, renal disease, or
congenital heart disease). In addition, subjects were with-
drawn if a new diagnosis requiring a change in therapy
became evident during the study protocol.

Study Protocol

Upon entering the emergency department, subjects had
a baseline weight obtained on an electronic scale by a
standard protocol. After enrollment, a urine sample was
collected primarily by catheterization or by spontaneous void
if this occurred before intravenous fluid administration.
Subjects were randomized to receive 50 mL/kg of isotonic
sodium chloride solution over either 1 or 3 hours based on the
protocol of the companion study. Vital signs, oral intake,
urine and stool output, and physical examination were
monitored every hour during therapy. After intravenous
hydration, subjects were given an oral fluid challenge, and a
repeat urine sample was collected by spontaneous void or
rarely by catheterization. Subjects were then reweighed on
the same scale and by the same protocol as initially used.

Subjects were considered rehydrated and discharged
home if they tolerated oral fluids without emesis, had normal
vital signs, capillary refill time, tears with crying, and moist
mucous membranes after hydration. Subjects who failed to
meet these criteria were admitted to the hospital for further
observation and therapy. Study personnel contacted families
the day after emergency department discharge to obtain
clinical follow-up information.

Measurements

Body weight before and after intravenous hydration
was recorded. Total urine volume after enrollment was
documented, and the urine output in milliliters per kilogram
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of rehydrated weight per hour of protocol time was
calculated. In addition, for children who were rehydrated
over 3 hours, the number of subjects with increasing urine
output during hydration was noted. A visual calorimetric
analysis was carried out by the bedside nurse or the physician
on both urine samples using Multistix-10 SG urinalysis strips
(Bayer Healthcare Diagnostics Division, Tarrytown, NY).
Urine specific gravity and urine ketone levels before and
after rehydration were extracted from those results.

Criterion Standard

The criterion standard or gold standard for the initial
degree of dehydration in each subject was determined by
calculating the difference between the initial weight at
enrollment and the final rehydrated weight, dividing that
by the rehydrated weight, and transforming that into a
percentage dehydrated.

A weight-based criterion standard calculated with an ill
weight and a post-illness weight has been frequently used and
validated in the literature.”-29-2° However, this is one of the
only studies to use an immediate posthydration weight instead
of the post-illness weight as a well weight surrogate in that
calculation.®® To validate the posthydration weight as a
surrogate for the well weight, we searched for previously
documented well weights for all subjects using the method
described by Gorelick et al.?* Medical charts were reviewed
for each subject enrolled. If a well weight was obtained within
10 days of this illness, then that weight was directly extracted.
Other children had a well weight extrapolated if they had 3 or
more weights documented within a year of study enrollment
and those weights were all within 10 growth percentiles of
each other. For children who met that criteria, the well weight
was determined by calculating the mean of those consistent
weight percentiles, and then an electronic growth chart was
used to extrapolate the weight at the time of enrollment
based on that percentile mean (STAT GrowthCharts, Austin
Physician Productivity, 2000).

Data Analysis

Spearman coefficient of rank correlation was used to
establish the correlation between urine specific gravity,
ketones, output, and the degree of dehydration present.
Before statistical analysis, urine ketone descriptive values
were transferred to a commonly used numerical scale of 0
(no ketones), 1 (slight or trace ketones), 2 (moderate
ketones), and 3 (large ketones). The Centers for Disease
Control and Prevention gastroenteritis management guide-
line that has been adopted by the American Academy of
Pediatrics uses 3% as the lower limit of clinically important
dehydration.? Previous research and other commonly taught
pediatric dehydration assessment scales use greater than 5%
as the cutoff limit for moderate dehydration.'>!6-20-21.24:26
Therefore, we created multilevel tables to calculate sen-
sitivities, specificities, likelihood ratios (LRs), and confi-
dence intervals (CIs) for varying cutoffs of the urine specific
gravity and urine ketones to detect both 3% and 5%
dehydration. All statistical analyses were carried out using
Microsoft Excel spreadsheet programs (Microsoft Corp,
Redmond, Wash) and STATA 8.0 (Stata Corp, College
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FIGURE 1. Scatter plot and regression line for rehydration
weight and corresponding well weight from chart.
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Station, Tex). Confidence intervals for the LRs were
calculated in the method recommended by Simel et al.>'

RESULTS

Subject Characteristics

Seventy-nine subjects were enrolled in this study. Four
of these subjects were eventually excluded, leaving 75 for
full analysis. The mean age of included subjects was 17.3
months. Three subjects had a history of diarrhea without
vomiting, 11 had vomiting without diarrhea, and 61 of 75
subjects had both vomiting and diarrhea before enrollment.

The range of dehydration in our subjects was 0.1% to
7.9%. Fifty of 75 included subjects were at least 3%
dehydrated, and 16 of the subjects were at least 5% dehydrated
by the weight-based criterion standard.

Two of the subjects were excluded from analysis
because of refractory hypokalemia, and 1 child was excluded

because of hypernatremia. The treating physicians believed
that these children needed specific therapy beyond the study
protocol, and therefore they were withdrawn from the study.
A fourth subject had excessive ongoing stool losses neces-
sitating a change in therapy and exclusion. No children were
admitted to the hospital solely because of failure to meet
the clinical rehydration criteria. There was no statistically
significant difference between the 4 excluded subjects and
the included sample with regard to age (17.3 and 18.4
months, respectively, P = 0.94), percent dehydration (3.5%
and 3.9%, P = 0.98), urine output during hydration (4.7 and
5.3 mL/kg per hr, P = 0.91), initial urine specific gravity
(1.024 and 1.025, P = 0.56), or initial degree of ketonuria
(1.5 plus and 1.6 plus, P = 0.77).

Validity of Criterion Standard

Thirteen of the enrolled subjects or 16% of the sample
had well weight information available from the medical
record. Eight subjects had a well weight obtained within 10
days of enrollment, and we were able to extrapolate a well
weight from 5 other subjects.

There was a high degree of correlation between the
rehydrated weights and the well weights (Spearman o = 0.97,
P < 0.001). Linear regression of the well weights and the
rehydrated weights are displayed in Figure 1. The slope of
the regression line was 1.09 (P < 0.001; 95% CI, 0.94 to
1.24) and the y intercept was —0.91 (P = 0.26, 95% CI,
—2.58 to 0.76). Six subjects had well weights that were
higher than their rehydrated weights; 7 subjects had well
weights that were lower than their rehydrated weights.

As an additional evaluation for the accuracy of the
rehydration weight as a well weight surrogate, sample
calculations for test characteristics of urine were carried out
for the children with available well weight information. Two
subjects would have been reclassified with greater than 5%
dehydration using the well weight, and 1 subject would no
longer have been considered dehydrated. These alterations
would not have caused important changes in the underlying
test characteristics.

Diagnostic Test Characteristics

Urine specific gravity of enrolled subjects was not
significantly correlated with their degree of dehydration

TABLE 1. The Test Characteristics of Urine Specific Gravity to Detect 3% Dehydration

Specific Gravity Subjects Controls

Values (>3% Dehydration) (<3% Dehydration)  Total Sensitivity Specificity LR Positive
1.030 32 16 47 64.0 (49.2, 77.1)  40.0 (21.1, 61.3) 1.1 (0.7, 1.6)
1.025 4 3 7 72.0 (57.5, 83.8)  28.0 (12.1, 49.4) 1.0 (0.7, 1.4)
1.020 7 2 9 86.0 (73.3,94.2)  20.0 (6.8, 40.7) 1.1 (0.9, 1.4)
1.015 4 4 8 94.0 (83.5, 98.8) 4.0 (0.1, 20.4) 0.98 (0.87, 1.12)
1.010 1 0 1 96.0 (86.3, 99.5) 4.0 (0.1, 20.4) 1.0 (0.9, 1.1)
1.005 2 1 3 100 0 1

Total 50 25 75

Sensitivity, specificity, and LR positivity are expressed as % and/or CL
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TABLE 2. The Test Characteristics of Urine Specific Gravity to Detect 5% Dehydration

Specific Gravity Subjects Controls

Values (>5% Dehydration) (<5% Dehydration)  Total Sensitivity Specificity LR Positive
1.030 6 41 47 37.5 (15.2, 64.6)  30.5(19.2,43.9) 0.54 (0.30, 1.04)
1.025 2 5 7 50.0 (24.7,75.4)  22.0 (12.3,34.7)  0.64 (0.41, 1.07)
1.020 3 6 9 68.8 (41.3, 89.0) 11.9 (4.9, 22.9) 0.78 (0.58, 1.01)
1.015 3 5 8 87.5 (61.7, 98.5) 3404, 11.7) 0.91 (0.76, 1.10)
1.010 0 1 1 87.5 (61.7, 98.5) 1.7 (0.04, 9.1) 0.90 (0.75, 1.07)
1.005 2 1 3 100 0 1

Totals 16 59 75

Sensitivity, specificity, and LR positivity are expressed as % and/or CL

(r = —0.06, P = 0.64). Tables 1 and 2 demonstrate that
after the creation of multilevel tables, we were unable to
identify clinically useful test characteristics for urine spe-
cific gravity. No cutoff level increased or decreased the
likelihood of either 3% or 5% dehydration to a statisti-
cally significant degree. As expected, the urine specific
gravity of individual subjects did decrease after rehydra-
tion (1.025 and 1.018, respectively, Wilcoxon signed rank
test, P < 0.001).

Because of concern that young children may not be
able to maximally concentrate their urine, we carried out
subset analysis based on age. There was no correlation
between the urine specific gravity and the degree of
dehydration in the subset of subjects 18 months of age or
older (r = 0.08, P = 0.64).

In these children with gastroenteritis, urine ketone
levels were not correlated with the parental report of emesis
frequency (» = 0.16, P = 0.16), length of illness (» = —0.03,
P = 0.82), or degree of dehydration (» = 0.08, P = 0.52).
Similarly to specific gravity, no degree of ketonuria
increased the likelihood of 3% or 5% dehydration (LR
positive point estimate range, 0.94 to 1.12). The amount of
urine ketones did not decrease after rehydration (P = 0.67).

Urine output after enrollment and during the period of
rehydration and observation did not correlate with the degree
of dehydration that had been present when the subjects were
enrolled (» = 0.01, P = 0.96). Thirty-one of 37 subjects
randomized to the 3-hour rehydration group had increasing
urine output during therapy. This characteristic had a
sensitivity of 89% to detect 5% dehydration at presentation
(95% CI, 51.8 to 99.7). However, an increase in urine output
had a specificity of only 18% (95% CI 6.1 to 36.9) and
likelihood ratios that did not statistically change the odds that
dehydration had been present (LR positive 1.1, 95% CI, 0.84
to 1.44; LR negative 0.62, 95% CI, 0.08 to 4.65).

Although no subjects were anuric during the period of
treatment, 7 subjects had oliguria (<0.5 mL/kg per hr) from the
time of enrollment until discharge. None of these children
were greater than 5% dehydrated; however, 3 (43%) of 7
returned to the emergency department for further therapy later
in the course of their illness. Only 8 (12%) of 68 children with
normal urine output returned to the emergency department
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during their illness. That difference was statistically signifi-
cant (Mann-Whitney U test, P = 0.03).

DISCUSSION

Common clinical teaching suggests that an elevated
urine specific gravity and decreased urine output are helpful
to identify children with dehydration.!213-16.18 This obser-
vation has largely been based on our understanding of renal
physiology instead of the evaluation of these diagnostic tests
in clinical settings where they are used. Based on the results
of our study, an elevated urine specific gravity and elevated
levels of urine ketones determined with bedside dipstick
testing are not helpful diagnostic tests to determine whether
children with gastroenteritis are dehydrated. In addition, a
low urine output during rehydration did not accurately
predict dehydration severity at the time of presentation.

Previous research into the relationship between urinary
indices, urine volume, and the degree of dehydration in
acutely ill children has produced results similar to this study.
English et al** and Teach et al** did not find an association
between the urine specific gravity and the degree of
dehydration in acutely ill ambulatory children. Neither of
those authors evaluated cutoff values for specific gravity that
could be replicated by clinicians and used as tests for
dehydration. A recently published study by Neville et al*?
also documented a wide range of urine osmolalities in
children presenting with gastroenteritis and clinically
determined dehydration. Our study is the first to present
dehydration data at varying cutoff levels of urine specific
gravity. These findings reinforce all of the previously
published data and demonstrate that urine specific gravity
values are broadly distributed in mild and moderate
dehydration, and in addition, that there is no specific gravity
cutoff level with clinically useful test characteristics.?3-24-32

We are unaware of previous studies that have directly
assessed the presence of urine ketones as a test for
gastroenteritis severity and dehydration. Teach et al**
assessed serum anion gap as a diagnostic test for dehydration.
Serum ketones and other unmeasured anions such as lactic
acid could contribute to an elevated anion gap in the serum. As
a test for dehydration in children with gastroenteritis, an
elevated anion gap did not increase the odds of dehydration.**
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Our findings for urine ketone levels mirror the previous
negative findings for serum anion gap by Teach et al.**

Three different authors have included the parental
report of urine output in the clinical assessment of
dehydration.?°%?> A meta-analysis of their findings demon-
strated that a reported history of low urine output did not
accurately predict dehydration.” Although we did not assess
parental report of prior urine output, we did objectively
quantify urine output during clinical treatment and its
relationship to dehydration at the time of presentation. We
are unaware of previous studies that have examined the
diagnostic use of this procedure in this clinical setting. Our
study suggests that measuring urine output by the commonly
used, but often inaccurate, combination of adhesive urine
bag, diaper weight, and spontaneous elective void does
not have clinical utility to assist with the identification of
dehydrated children. However, based on the high rate of
return to the emergency department in children with low
urine outputs, ongoing oliguria may be a marker for other
aspects of disease severity and suggestive of the need for
more intense or ongoing therapy.

The use of a definitive criterion standard is crucial for
studies of diagnostic tests.>>** Although debate exists, the
generally accepted criterion standard for the degree of
dehydration is the difference between the ill weight and the
well weight for the child expressed as a percentage of the well
weight.®-2935 One potential limitation of our article is the use of
an immediate rehydration weight instead of an established well
weight to calculate the initial percent dehydration. A previous
study by Friedman et al*® also used a weight obtained soon after
aggressive rehydration as a surrogate for the well weight.
Because of the importance of the criterion standard and the lack
of validation of the rehydration weight in the Friedman study,
we attempted to validate the rehydration weight as a well
weight surrogate. The rehydrated weights in this study were
directly compared with previously documented well weights
for a subset of subjects. The weights demonstrated a high
degree of correlation, and the point estimate of the y intercept
was not statistically different from zero. The y intercept did
display a trend suggestive of potential systematic overhydra-
tion. This risk of overhydration if excess intravenous fluid was
infused should have been minimized by rapid renal adjustment
and increased urine output. The potential risk of systematic
underhydration was mitigated by the study protocol that used
the normalization of clinical examination findings, such as
moist mucous membranes and a normal capillary refill time to
assure adequate hydration after intravenous fluid administra-
tion. The high degree of correlation between well and
rehydrated weights and the lack of statistically significant
unidirectional bias suggests that meeting the clinical criteria in
this protocol prevents underhydration and that overhydration
also did not occur. Because of our small sample size, further
studies should confirm this criterion standard before it is widely
adopted in dehydration research.

Another limitation of our study is that all subjects were
thought to be dehydrated based on initial clinical assessment.
In reality, many were not truly dehydrated based on our
criterion standard; however, spectrum bias can occur when a
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diagnostic test is evaluated in a population preselected for
the presumed presence of the underlying disease (in this
case, dehydration).® This phenomenon can produce test
characteristics that seem better than if the test was applied to
an unselected population. Because the test characteristics of
urinary indices were not helpful to predict dehydration in our
preselected population, it is very unlikely that the tests will
be useful in children solely at risk for dehydration.

Limitations in the timing and collection of urine
samples might explain the discrepancy between urine specific
gravity results and volume status. For example, rapid blood
loss in a child would stimulate an immediate increase in free
water absorption and urine concentration, however, the urine
in the bladder at that instant would still be dilute. It is unlikely
that rapid volume changes similar to this scenario produced a
sampling error in the setting of a protracted dehydrating
process such as diarrhea and vomiting.

Urine specific gravity measured by refractometry is
highly correlated with urine osmolality in most clinical
settings.” ~*° However, the accuracy of bedside calorimetric
assessment used in this study and elsewhere has been
questioned.*>*' Measurement inaccuracy might have con-
tributed to the lack of correlation between urinary indices
and dehydration in our study. Urine dipsticks are often used
for assessment because they are quick, inexpensive, and easy
to use. Future dehydration research could use refractometer-
determined specific gravity or osmolality measurement to
assess urine concentration. However, the relatively high cost,
time, and effort associated with performing those tests
decrease their practical use in ambulatory clinical settings,
even if they demonstrated diagnostic effectiveness.

The clinical literature on urine specific gravity in the
assessment of dehydration seems to be different than our
understanding of the basic mechanisms of renal adaptation to
hypovolemia. Ongoing research in renal physiology may help
explain why urinary indices have not demonstrated accuracy
in predicting dehydration in clinical studies. For example,
previous research has elegantly demonstrated that even
isonatremic fluid deficits in gastroenteritis cause a decrease
of intravascular volume that is proportional to the degree of
dehydration.** This intravascular component of the fluid
deficit should quickly elicit renal compensatory mechanisms
including sodium retention.'™'" However, Neville et al*?
recently demonstrated surprisingly high urinary sodium
concentrations and fractional sodium excretions in children
with gastroenteritis and dehydration. The dysfunction of
sodium retention during dehydration and nonosmotic causes
of antidiuretic hormone release predisposed their subjects to
dilutional hyponatremia during rehydration. The clinical data
on urinary indices in dehydration may help to stimulate further
basic science research into the complex interaction between
dehydration, gastroenteritis, neurohormonal activation, and
renal physiology.

There were some clinical measurements in our study
that did reinforce standard physiological principles of renal
filtration and reabsorption. The wurine specific gravity
decreased after subjects were rehydrated. Similarly, most
subjects with a 3-hour rehydration period had an increase in
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urine output. These 2 findings suggest that as individual
children are rehydrated, their urine output increases and
urine specific gravity decreases. Despite individual trends,
initial values are inconsistently dispersed which makes them
invalid tools for dehydration assessment.

This study demonstrates that urine specific gravity,
ketone levels, and measurements of urine output during
hydration are not valid methods to determine the degree of
dehydration in children with gastroenteritis. In fact, the
validity of using these measures to assess the hydration status
of previously well ambulatory children has never been
confirmed in a clinical trial. Therefore, we recommend that
bedside urinary indices not be used to assess hydration status
in these settings.
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