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Pediatric hypertonic saline use in emergency i
departments

Hypertonic saline (HTS) is often used to manage cerebral edema
and increased intracranial pressure (ICP) in children via creation of
an osmolar gradient which promotes decreases in brain interstitial
volume along the blood-brain barrier [1]. It also acts as a plasma vol-
ume expander. There is scant evidence directing administration in
children [2,3,4] resulting in variation in emergency physician prac-
tices [5,6]. HTS exhibits low rates of adverse effects, even with the
use of intravenous (IV) concentrations through 23.4% [7-9], IV
bolus doses up to 24 ml per kilogram (ml/kg) [10], or with adminis-
tration over 3 min [11-13]. However, hypernatremia is a common
side effect of continuous HTS infusion [14,15] and serious adverse
events have been reported when infusions are sustained over several
days [16-19].

The objectives of this cross-sectional survey were to describe the
emergency physician practice variability in HTS administration in
children, and to identify enablers and barriers to use with a goal of
informing of common practice until quality evidence-based recom-
mendations are derived. The American Academy of Pediatrics
Section on Emergency Medicine (AAP-SOEM) and the American Col-
lege of Emergency Physicians Section of Pediatric Emergency Medi-
cine (ACEP-Peds) approved the electronic survey distribution to
their listservs following evaluation for significance and methodol-
ogy. Surveys were distributed over a consecutive three-month pe-
riod with up to three reminders after distribution. Consent was
implied by survey completion. Participants were instructed to com-
plete the survey only once, regardless of dual memberships with
AAP and ACEP. Participants were not compensated. No identifiers
were collected. The primary investigator's University Human Rights
Protection Office approved this study with a waiver of documented
consent.

Survey items were developed to inform domains regarding HTS
use: physician knowledge; clinical practice; and perceived barriers
to use. Items were generated through literature reviews and inter-
views with multidisciplinary experts. Items were grouped into do-
mains with subtopic development in use, administration, and
dosing. A survey expert led item reduction and question formatting.
Survey validity was established using a modified Delphi method.
Multidisciplinary experts convened to review and revise survey
items. Reliability of the survey was established using test-retest
methodology. The survey was pilot-tested among a representative
group of emergency medicine physicians caring for children with
re-testing for reliability 2 weeks later (o« = 1.0) and interview to as-
sess their views on the survey's comprehensiveness, clarity, and face
validity. The final survey consisted of 22 individual items, and
employed anonymous bivariate, multiple choice, and free text
responses.

Grouped data and comparisons were made using the Chi-squared
test or Fisher Exact test, as appropriate and related to: 1. Level of
training (junior physicians were in practice <10 years since training
or currently in training); 2. Hospital types were categorized
factorially relative to their distinction as a children's hospital and
Level 1 Trauma Center; 3. Knowledge base' ; and 4. Preference for
HTS over mannitol.? Analyses were run using Stata®> 14/SE for
Windows.

! Respondents were identified as knowledgeable of indications for HTS use if they an-
swered anything other than “I prefer not to use osmotic agents” in question Al
(Appendix A).

2 To differentiate between a participant's preference of HTS over mannitol, question A1
(Appendix A) was dichotomized such that those who chose answer A were considered pre-
ferring HTS, while those who preferred mannitol chose B or C.

3 StataCorp, LP College Station, TX.

Table 1

Respondent characteristics.
Characteristics N (%)
N 338

Categorized trauma and children's hospital type

Level 1 trauma children's hospital 210 (67.1%)

Level 1 trauma non-children's hospital 30 (9.6%)
Non-level 1 trauma children's hospital 51 (16.3%)
Non-level 1 trauma non-children's hospital 22 (7.0%)

Report of academic hospital
Physician type
Academic Faculty
Completed pediatric residency
Completed emergency medicine residency
Completed pediatric emergency medicine fellowship
Year since completion of last training

282 (90.1%)

272 (86.9%)
227 (67.2%)
47 (13.9%)

263 (77.8%)

0-5 years 81 (26.1%)
5-10 years 73 (23.5%)
10-15 years 47 (15.1%)
15-20 years 29 (9.3%)
>20 years 74 (23.8%)
Still in training 7 (2.3%)

Level of experience
Junior physician
Senior physician

161 (51.8%)
150 (48.2%)

Of the 338 respondents, the majority practiced in a Level 1
Trauma Center at a children's hospital and half were junior
physicians (Table 1). For the following statistical results see
Tables 2-4.

Table 2
Survey responses.

Characteristics N (%)

N 338

Osmotic agent preferences in pediatric TBI
IV HTS 177 (52.8%)
HTS only if patient previously hypotensive 9(2.7%)
IV mannitol 146 (43.6%)
Prefer not to use osmotic agents 3(0.9%)

Preferred HTS Concentration
3% 327 (96.8%)
5% 5 (1.5%)
7% 2 (0.6%)
24% 4(1.2%)

Preferred HTS dose (for those who use 3% HTS)
1-2 ml/kg 62 (19.0%)
3-4 ml/kg 136 (41.6%)
5-6 ml/kg 105 (32.1%)
7-8 ml/kg 12 (3.7%)
9-10 ml/kg 11 (3.4%)
>10 ml/kg 1(0.3%)

Preferred method of HTS administration (for those who use 3% HTS)
Bolus administration via IV only
Continuous IV administration only
Bolus dose following continuous IV administration
Speed of administration if bolus given
IV push as fast as possible

220 (68.1%)
23 (7.1%)
80 (24.8%)

46 (21.3%)

Over 5-10 min 124 (57.4%)

Over 15-30 min 44 (20.4%)

Over1h 2 (0.9%)
Frequency of HTS use in the past year

1-2 times 144 (47.4%)

3-4 times 32 (10.5%)

5-6 times 19 (6.3%)

>6 times 16 (5.3%)

[ have not used it in the past year 93 (30.6%)

Methods of 3% HTS storage
Pre-packaged concentrations that are sent from pharmacy to ED
Compounded in the pharmacy and sent to ED
Physically stored in ED and accessible for immediate use

93 (32.2%)
27 (9.3%)
169 (58.5%)
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Table 3
Differences in HTS practice between junior and senior physicians.
Characteristics Junior Senior p-Value
physician physician
(%) (%)
N (%) 161 (51.8%) 150 (48.2%)
Prefer HTS over mannitol for pediatric TBI 103 (64.4%) 63 (43.2%) <0.001
Preferred HTS dose volume (if using 3%
HTS)
1-2 ml/kg 24 (15.4%)  28(19.2%)
3-4 ml/kg 71 (45.5%) 55 (37.7%)
5-6 ml/kg 51(32.7%) 50 (34.3%)
>7 ml/kg 10 (6.4%) 13 (8.9%) 0.491
Method of HTS administration (if using 3%
HTS)
Bolus infusion only 107 (69.0%) 100 (69.0%)
Continuous IV utilized 48 (31.0%)  45(31.0%) 0.990
Frequency of HTS use in the past year
<3 times 113 (74.3%) 116 (82.3%)
>3 times 39(25.7%) 25(17.7%)  0.101

Most (99.1%) respondents were knowledgeable of osmotic
agent indications in increased ICP secondary to traumatic brain
injury (TBI). When comparing preferences of mannitol versus
HTS in the scenario of pediatric TBI, junior faculty (64.4%) preferred
HTS significantly more than senior faculty (43.2%) (p < 0.001). HTS
was more frequently preferred over mannitol in Level 1 Trauma
Centers.

The vast majority of the respondents (96.7%) preferred using HTS
at a concentration of 3% and 3-4 mL/kg was the most commonly se-
lected 3% dose-volume option. The most preferred administration
route was via IV bolus (68.1%). Among participants who chose to ad-
minister 3% HTS as a bolus, 78.7% reported bolus administration over
<15 min.

Of all respondents, 99.4% did not observe any clearly attributable
side effects from administering HTS. Two respondents (0.6%) re-
ported adverse events; hypotension and central pontine
myelinolysis in the setting of chronic hyponatremia correction.

Most respondents (58.5%) reported that HTS was physically
stored in the ED and accessible by nursing or pharmacy for imme-
diate use. The majority of Level 1 Trauma children's hospitals
(67.9%) stored 3% HTS in a readily available formulation within
the ED.

Current literature supports that HTS is the first-line drug for
treating increased ICP, associated with more favorable cerebral
hemodynamics and fastest resolution of increased ICP [20,21].
A 2015 meta-analysis concluded that HTS is more effective than
mannitol in decreasing ICP secondary to TBI in adults, without a
difference in serum osmolarity [22]. However, a 2016 meta-
analysis determined there was no difference in mean ICP reduction
in adults, though HTS had fewer failures in ICP reduction than
mannitol [23]. Both osmotic agents temporarily augment cardiac
output, though mannitol is associated with subsequent diuresis
[24]. Animal models conclude that HTS results in similar fluid resus-
citative end-points as double the volume of normal saline [25].
Current guidelines for the management of severe TBI in children ad-
mitted to in-patient critical care settings recommend HTS doses of
6.5-10 ml/kg, however the data supporting this dosage comes from
a single small trial of 18 children in an intensive care unit setting
from 1990 [26,27].

This survey described wide variations in storage preferences by
hospital type possibly related to Joint Commission advisements
[28], space, and hospital regulations. The Joint Commission advises
that “it may be necessary to store concentrated electrolytes in spe-
cific patient care areas....[and] decisions should be based on the re-
sults of a robust risk assessment followed by implementation of
appropriate safeguards...” Safeguards suggested are segregation
from medications, limits to the amount stored; use of warning labels;
and restricted access [29]. Given that systolic blood pressures less
than the 75th percentile in children with acute severe TBI are associ-
ated with a higher risk of in-hospital mortality, we propose the stor-
age of 3% HTS in EDs for ease of rapid administration over <15 min in
the treatment of increased ICP due to its added benefit of plasma vol-
ume expansion [30].
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Table 4
Difference in HTS practice between varying hospital types.
Characteristics Level 1 trauma children's Level 1 trauma Non-Level 1 trauma  Neither Level 1 trauma nor p-Value
hospital (%) non-children's hospital (%) children hospital (%) children's hospital (%)
N (%) 210 (67.1%) 30 (9.6%) 51 (16.3%) 22 (7.0%)
Prefer HTS over mannitol for pediatric TBI 126 (60.3%) 19 (63.3%) 27 (56.3%) 10 (47.6%) 0.025
Preferred HTS dose volume (if using 3% HTS)
1-2 ml/kg 27 (13.0%) 9 (32.1%) 11 (22.9%) 5 (25.0%)
3-4 ml/kg 82 (39.4%) 14 (50.0%) 20 (41.7%) 10 (50.0%)
5-6 ml/kg 81 (38.9%) 4 (14.3%) 15 (31.3%) 2 (10.0%)
>7 ml/kg 18 (8.7%) 1(3.6%) 2 (4.2%) 3 (15.0%) 0.011
Method of HTS administration (if using 3% HTS)
Bolus infusion only 152 (73.4%) 18 (64.3%) 25 (52.1%) 14 (73.7%)
Continuous IV utilized 55 (26.6%) 10 (35.7%) 23 (47.9%) 5(26.3%) 0.032
Frequency of HTS use in the past year
<3 times 150 (74.6%) 23 (88.5%) 38 (80.9%) 20 (95.2%)
23 times 51 (25.4%) 3 (11.5%) 9 (19.2%) 1(4.8%) 0.076
Current 3% HTS storage preferences
Stored in the pharmacy as pre-packaged concentrations 52 (26.9%) 11 (40.7%) 20 (41.7%) 10 (47.6%)
Compounded in the pharmacy and send to ED 10 (5.2%) 4 (14.8%) 8 (16.7%) 5(23.8%)
Stored and Accessible in the ED 131 (67.9%) 12 (44.4%) 20 (41.7%) 6 (28.6%) <0.001
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patients self-reported tetanus vaccine status?

Immunization surveying is the milestone in prevention of diseases
and screening for populations at risk yet its reliability needs to be
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