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Abstract

Background: Hyperosmolar therapy is the cornerstone of medical management of sustained elevated intracranial
pressure from cerebral edema. Acute intracranial hypertension and herniation is a medical emergency that requires
rapid treatment and stabilization to prevent secondary brain injury or death. Intravenous hypertonic sodium chloride
(NaCl) 23.4% is an effective treatment modality commonly used in this setting. Because of its high osmolarity, use has
historically been limited primarily to central venous line administration as an intermittent infusion due to concerns
about thrombophlebitis, injection site pain, and tissue necrosis or injury with extravasation. The objective of this
analysis was to prospectively evaluate the safety of administration of 23.4% NaCl as a rapid intravenous push over
2-5min.

Methods: A prospective analysis of patients admitted between April 2021 and December 2021 who received

23.4% NaCl intravenous push over 2-5 min in a central or peripheral line was performed. Safety end points included
incidence of new onset hypotension [defined as systolic blood pressure (SBP) <90 mm Hg or SBP decrease of at least
20 mm Hg], bradycardia (defined as heart rate < 50 beats per minute), and infusion site reactions documented within
1 h of administration. For secondary safety outcomes, highest and lowest SBP and lowest heart rates documented
within 1 h before 23.4% NaCl administration were compared with values collected within 1 h post administration and
evaluated by mixed-design analysis of variance test with adjustment for peripheral versus central line administration.

Results: We identified 32 patients who received 79 administrations of 23.4% NaCl through a central line or peripheral

line during the study period. An SBP decrease of at least 20 mm Hg was observed in 13% of patients, an SBP <90 mm

Hg occurred in 16% of patients, and bradycardia occurred in 3% of patients who received 23.4% NaCl. Injection site

pain was reported by one patient without documented thrombophlebitis, cellulitis, or tissue damage. Pain was not

reported during two subsequent administrations in the same patient. There was no documented occurrence of soft

tissue injury or necrosis in any patient. Compared with baseline vital signs before 23.4% NaCl administration, no differ-
| ence in vital signs post administration was observed.
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Conclusions: Central and peripheral administration of 23.4% NaCl over 2-5 min was well tolerated, and incidence of
hypotension, bradycardia, or infusion site-related adverse events was rare.

Keywords: Hypertonic saline solution, Intracranial pressure, Brain injuries

Introduction

In patients with acute brain injury, sustained intracranial
hypertension>20 mm Hg is considered a medical emer-
gency that requires immediate recognition and treat-
ment to prevent progression to cerebral ischemia, brain
herniation, and death [1]. Hyperosmolar agents, such as
mannitol and hypertonic saline [sodium chloride (NaCl)]
are considered first line therapies for the treatment of
intracranial hypertension in current guidelines [2]. These
agents may rapidly reduce brain volume and intracranial
pressure (ICP) in patients with vasogenic cerebral edema
by creating an osmolar gradient facilitating fluid shifts
out of the intracranial space [3]. Furthermore, mannitol
exerts a rheological effect, reducing blood viscosity and
promoting plasma expansion and cerebral oxygen deliv-
ery. In response, cerebral vasoconstriction occurs due to
autoregulation, and cerebral blood volume is decreased
[4]. Further mechanisms of hypertonic saline include
direct vasodilation, increased cardiac output, and poten-
tial neurochemical and immune-modulating effects [5].
Mannitol and hypertonic saline were compared in at
least eight randomized trials of patients with elevated
ICP from a variety of causes, such as stroke, traumatic
brain injury, and tumors [6]. Meta-analyses of these tri-
als found that hypertonic saline may have greater efficacy
in managing elevated ICP and is effective for the rever-
sal of transtentorial herniation without the unwarranted
side effects of mannitol, such as its potent diuretic effect,
rebound intracranial hypertension, and the risk of crys-
tallization on administration requiring use of an in-line
filter [7]. Hypertonic saline is available in concentrations
ranging from 3 to 23.4%, administered intravenously (IV)
by central or peripheral lines and by intraosseous injec-
tion [8, 9].

Highly concentrated 23.4% NaCl is operationally
advantageous, given its standardized dosing and avail-
ability in compact 30-mL containers allowing for easier
transportation or inclusion in “brain code kits” [3]. How-
ever, because of its high osmolarity (8008 mOsm/1), there
are concerns about thrombophlebitis, injection site pain,
and tissue necrosis or injury with extravasation when
administered rapidly via IV push (IVP), which has limited
the use of 23.4% NaCl in such a setting [10]. Additionally,
because of its direct vasodilatory effects, there are con-
cerns that rapid administration may result in hypoten-
sion, bradycardia, or hemodynamic collapse [5]. Recently,
the safety of 23.4% NaCl administered through peripheral

IV lines as IVP over 10 min was established in a single-
center retrospective study [11].

In the emergency department and critical care settings,
increased nursing workloads, higher patient volumes,
and ongoing staff shortages have placed increased strain
on demands for nursing time. Use of IVP medications
can reduce time spent preparing for medication admin-
istration to allow performance of other critical tasks. It
can further reduce operational barriers, such as acquisi-
tion of an in-line filter or IV infusion pump [11]. In 2021,
our institution revised its guidance to allow for rapid
administration of 23.4% NaCl as IVP over 2—5 min. The
objective of this study was to prospectively evaluate the
safety of administration of 23.4% NacCl as rapid IVP over
2-5 min.

Methods

A single-center prospective, observational analysis of
patients with at least one documented administration
of 23.4% NaCl over 2-5 min through a peripheral or
central line in the emergency department or inpatient
setting between April 2021 and December 2021 at Mas-
sachusetts General Hospital in Boston, Massachusetts,
was performed. Patients were excluded if they were less
than 18 years of age, if safety data were not collected fol-
lowing administration, or if the 23.4% NaCl administra-
tion was not administered over 2—5 min. Information on
patient demographics and physiological variables, includ-
ing blood pressure, heart rate, and infusion site reac-
tion grading scale, were collected for analysis by using a
secure, Web-based application (Epic Systems Corpora-
tion, Verona, WI).

Institutional Protocol

Prior to April 2021, the institutional protocol recom-
mended administration of 23.4% NaCl as an intermit-
tent infusion over 10 min by using an IV syringe pump
in adult and pediatric patients. However, health-system
wide standardization of IV pump technology resulted in
the retirement of IV syringe pump use in adult patients,
and all adult patients were transitioned to receive inter-
mittent infusions through a large volume IV infusion
pump. The lack of syringe pumps introduced barriers to
administration of 23.4% NaCl at our institution. There-
fore, our hospital followed the Institute for Safe Medi-
cation Practices (ISMP) strategies regarding prefilled
and/or ready-to-administer syringes with the rate of



administration on the pharmacy label [12]. Standard-
ized doses of 23.4% NaCl 30 mL were compounded by
the pharmacy department in 60-mL leur-lock syringes
as ready-to-administer packaging that was stored in the
automated dispensing cabinets in the emergency depart-
ment and intensive care units, requiring dual authoriza-
tion for removal.

Through process examination with nursing, physician,
and pharmacists, the institutional protocol maintained
current packaging of this ready-to-use, high-risk medica-
tion and revised recommendations for administration by
IVP to streamline hospital-wide implementation, storage,
and nursing education. Safe administration as quick as
possible is necessary to ensure adequate nursing support
to stabilize the patient beyond just treatment with 23.4%
NaCl. Previous small case series reported protocols that
administered 23.4% NaCl over shorter time periods,
ranging from 10 to 20 min [13, 14]. Therefore, in April
2021 our institutional protocol was adjusted to admin-
ister 23.4% NaCl as IVP over 2—5 min with close moni-
toring for adverse events. Our hospital policy allows for
peripheral administration of hypertonic saline via 16-20-
gauge catheters; however central line is preferred.

Outcomes

The primary safety outcome was the composite inci-
dence of hypotension, bradycardia, and infusion site
reactions (infiltration, phlebitis) within 60 min of 23.4%
NaCl administration. Hypotension was defined as a sys-
tolic blood pressure (SBP) <90 mm Hg or a reduction in
SBP by 20 mm Hg within 60 min of drug administration.
This difference in SBP was calculated by using the low-
est SBP values within the 60 min preadministration and
post administration. Bradycardia was defined as a heart

Table 1 Infusion site reaction grading scale

Infiltration scale

rate <50 beats per minute within 60 min of drug admin-
istration. Vital signs in the emergency department and
inpatient setting were cycled and documented at variable
intervals. Blood pressure cycling approximately every
5 min in the emergency department or during acute
neurologic declines, whereas patients admitted to the
intensive care unit with arterial line placement undergo
continuous vital sign monitoring. Because of the vari-
ability in documentation and observation periods, we
collected the lowest and highest blood pressure within
the 60-min time period. Infusion site reaction outcomes
assessed included the incidence of infusion site reactions
defined as any documented infiltration or phlebitis noted
in a peripheral, central, or intraosseous line. Signs of infil-
tration or phlebitis were prospectively assessed and doc-
umented by the bedside nurse who delivered the 23.4%
NaCl (Table 1). Assessment of infusion site reactions
occurred after each administration of 30 mL of 23.4%
NaCl IVP over 2-5 min. Secondary safety end points
included comparison of highest and lowest SBP values
and lowest heart rate documented within 60 min pre-
23.4% NaCl administration by IVP to values documented
60 min post 23.4% NaCl administration by IVP. Clinical
pharmacists verify all medication orders for 23.4% NaCl
and are able to prospectively evaluate patients for inclu-
sion. On receipt of a 23.4% NaCl medication order, the
clinical pharmacist communicates with the bedside nurse
to assess for signs of infiltration or phlebitis and docu-
ments the responses along with the site of administra-
tion in the patient’s medical record. To ensure maximum
documentation of 23.4% NaCl administrations, a report
was generated each morning, identifying all 23.4% NacCl
orders, so that the pharmacist could communicate with
the bedside nurse to assess for safety outcomes within

No clinical symptoms

AW NN = O

Skin blanched, edema > 1 inch in any direction, cool to touch, with or without pain

Skin blanched, edema 1 to 6 inches in any direction, cool to touch, with or without pain

Skin blanched, translucent, gross edema > 6 inches in any direction, cool to touch, mild to moderate pain, possible numbness
Skin blanched, translucent, tight, leaking, discolored, bruised, swollen, gross edema > 6 inches in any direction, deep pitting

tissue edema, circulatory impairment, moderate-severe pain, infiltration of any amount of blood product, irritant, or vesicant

Phlebitis scale

0 No clinical symptoms

1 Erythema at access site with or without pain

2 Pain at access site with erythema and/or edema

3 Pain at access site, streak formation, and/or palpable venous cord

4 Pain at access site, streak formation, and/or palpable venous cord > 1 inch in length, and/or purulent drainage

Signs of infiltration, phlebitis, and assessment of infusion site reactions were prospectively assessed and documented after each administration of 30 mL of 23.4%

NaCl IVP over 2-5 min. NaCl, sodium chloride
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60 min post administration. This project was undertaken
as a Quality Improvement Initiative at our hospital, and
as such was not formally supervised by the institutional
review board and exempt from review per their policies,
with a waiver for informed consent.

Statistical Analysis

The primary safety outcome was described by using
descriptive statistics. For the secondary safety outcomes
comparing within-patient postadministration vital signs
to baseline, a mixed-design analysis of variance with a
two-level repeated patients factor for preadministration
and postadministration data, and a two-level between-
patients factor for IV line type (central line or peripheral
line) was used on each of the following outcomes: high-
est and lowest SBP values 60 min before and 60 min after
23.4% NaCl administration and lowest heart rate 60 min
before and 60 min after 23.4% NaCl administration. The

threshold for statistical significance was a two-sided p
value less than 0.05. Statistical analyses were performed
using the Statistical Package for the Social Sciences, ver-
sion 27.0 (IBM Corp, Armonk, NY).

Results

During the study period, 32 patients representing 79
distinct administrations of 30 mL of 23.4% NaCl. Four-
teen (44%) patients received at least one dose through a
peripheral venous line, and 22 (69%) patients received
at least one dose through a central venous line. Cen-
tral line administrations occurred in 78% (62/79) and
peripheral line administration occurred in 22% (17/79)
of total administrations. Fourteen administrations were
excluded from the analysis; 13 administrations in nine
patients lacked safety data assessment, and 1 administra-
tion in one patient was excluded for deviancy from pro-
tocol administration rate recommendations (Fig. 1). The

documented administrations during study

Patients who received 23.4% NaCl

period
(N =40)

Exclusion

pharmacist schedule

(13 administrations in 9 patients)

administration duration 2-5 minutes

(n=1)

No data collected due to timing outside of clinical

Deviation from recommendation of IV push

Patients Included in Final Analysis *

(N=32)

collected.

sodium chloride

A patients were included in the final analysis if at least one administration had safety data prospectively

Fig. 1 Inclusion and exclusion flowsheet. Inclusion criteria were age over 18 who received 23.4% NaCl IVP over 2-5 min. Exclusion were patients
who received 23.4% NaCl IVP over 2-5 min with no data collected due to timing outside of clinical pharmacist schedule. VP intravenous push, NaCl
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median age was 55 years (interquartile range 37-67), and
11 (34%) patients were women (Table 2).

Safety

Overall, the primary composite safety outcome was
reported in 10 (31%) unique patients following 12 of 79
(15%) administrations of 23.4% IVP. Safety outcomes
stratified by peripheral and central line administration
are further described in Table 3. A decrease in SBP of at
least 20 mm Hg after administration of 23.4% NaCl IVP
was noted following 4 of 32 (13%) of patients and 6%
(5/79) total administrations.

However, all instances of fall in SBP by at least 20 mm
Hg were associated with potential alternative or exac-
erbating factors, such as up-titrations of infusions
of propofol, dexmedetomidine, and/or nicardipine
(Table 4). An SBP of<90 mm Hg was observed in 5 of
32 (16%) patients and after 8% (6/79) of 23.4% NaCl IVP
administrations. Three events occurred after peripheral
line administration, and three events occurred after cen-
tral line administration, with one patient experiencing
this event after both central and peripheral line admin-
istration. However, all these patients were on vasopressor

Table 2 Baseline characteristics

Baseline variables?

All patients (N=32)

support prior to the first administration of 23.4% NaCl.
Bradycardia was seen in one patient who received 23.4%
NaCl IVP via central line, requiring no medical interven-
tions. Infusion sites reactions were uncommon in our
analysis, occurring in one patient. This patient received
23.4% NaCl via peripheral line, with a complaint of pain
at the injection site. However, there was no documented
occurrence of thrombophlebitis, cellulitis, or tissue dam-
age at the time of pain report. In a separate incident, a
patient’s stay was complicated by cardiac arrest shortly
after IVP administration of 23.4% NaCl over less than
1 min via peripheral line, incongruent with the admin-
istration time being evaluated, and was excluded from
the analysis. However, this event is reported for aware-
ness. On further investigation, the neurocritical care
team attributed the cardiac arrest to acute subfalcine
and transtentorial uncal herniation syndrome in the set-
ting of lying flat for neuroimaging. Of note, the patient’s
blood pressure prior to administration of 23.4% NaCl was
220/137 mm Hg, a heart rate of 59 beats per minute, and
a respiratory rate of 8 breaths per minute.

The before and after magnitude of change in physi-
ological variables per 30-mL of 23.4% NaCl administered

Central line administration (1=22) Peripheral line

administration

Administrations reported 79

Age (year) 55 (37-67)
Weight (kg) 74 (62-88)
Female sex 11(34)

(n=14)
62 17
52 (36-59) 59 (43-74)
78 (64-89) 68 (58-81)
9 (41) 4(29)

@ Data presented as number (percent) or median (interquartile range)

Table 3 Safety outcomes by administration

Safety outcomes, n (%)

All administrations (N=79)

Central line administration Peripheral line

Composite primary outcome 12 (15)
Hypotension®

SBP decrease of at least 20 mm Hg 5(6)

SBP <90 mm Hg 6 (8)
Bradycardia

HR <50 bpm 1(1)
Infusion site reaction

Extravasation 0(0)

Tissue injury or necrosis 0(0)

Pain at access site with erythema and/or edema 1(

(GEY))] administration
(n=17)
7(11) 5(29)
3(5) (12)
3(5) (18)
1(2) 0(0)
©) 0(0)
0(0) 0(0)
) 1(6)

bpm beats per minute, HR heart rate, SBP systolic blood pressure

2 One patient experienced both a SBP decrease of at least 20 mm Hg and SBP <90 mm Hg
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Table 4 Baseline data and event details of patients who experienced significant blood pressure decline following 23.4%
NaCl administration

PatientID Age Sex

Weight (kg)

IV line type

Clinical concern for cerebral Vasopressors prior

herniation prior to 23.4%
NaCl administration (mm

to 23.4% NaCl administra-
tion

Up-titration of potential
exacerbating medications

SBP decrease > 20 mm Hg post administration

Hg)

1 37 Male 58.8 Central Y
2 28  Male 61.1 Central N
3 62  Female 769 Central Y
4 36 Male 122.7 Peripheral Y
5 79  Female 499 Peripheral N
SBP <90 mm Hg post administration

1 63 Male 113.2 Central Y
2 52  Female 679 Central N
3a 56  Female 718 Central Y
3b 56  Female 718 Peripheral Y
4 78  Male 65 Peripheral Y

79  Female 499 Peripheral N

Y-Norepinephrine
Y-Norepinephrine

Y-Norepinephrine and Vaso-
pressin

Y-Norepinephrine
Y-Norepinephrine
Y-Norepinephrine and Vaso-

Y-Propofol

Y-Propofol and Dexmedeto-
midine

Y-Propofol and Nicardipine

Y-Propofol

Y-Propofol

N
Y-Dexmedetomidine
N

Y- Dexmedetomidine
Y-Propofol
Y-Propofol

pressin

ID identification, IV intravenous, NaCl sodium chloride, SBP systolic blood pressure

and the analysis of statistical significance are shown in
Table 5. There were no significant changes in the high-
est SBP value, lowest SBP value, and the lowest heart rate
before administration versus post administration was
observed.

Discussion

In this prospective analysis of patients receiving 23.4%
hypertonic saline at our institution, we found adminis-
tration through IVP over 2—5 min to be safe and associ-
ated with a low incidence of drug-related adverse events
among total administrations. The high osmolarity of
23.4% NaCl (8008 mOsm/l) has brought forth concerns
about thrombophlebitis, injection site pain, and tissue
necrosis or injury with extravasation when adminis-
tered rapidly through IVP. However, infusion sites reac-
tions were uncommon in our analysis, occurring in 3%
of patients who received 23.4% NaCl IVP. This is con-
sistent with the retrospective study performed by Faiver

et al. [11] evaluating the safety of 299 administrations of
23.4% NaCl 30 mL infused over 10 min in 141 patients.
The authors found no documented occurrence of soft tis-
sue injury or necrosis in any patient, and only one patient
developed hypotension following central administration
(defined as a mean arterial pressure (MAP) 65 mm Hg or
lower) [11].

Our study revealed a SBP decrease by at least 20 mm
Hg in 16% of patients and 8% of total administrations
who received 23.4% NaCl IVP over 2—5 min. This is con-
sistent with the retrospective study performed by Faiver
et al. [11], who reported 17% of patients and 11% of
administrations had a SBP decrease by >20 mm Hg fol-
lowing 23.4% administration. Furthermore, our low rate
of bradycardia, demonstrated in only one patient, is also
consistent with Faiver et al. [11], who found no docu-
mented occurrence of bradycardia.

In a separate incident, a patient’s stay was compli-
cated by cardiac arrest shortly after IVP administration

Table 5 Change in physiological variables following administration of 23.4% NaCl 30 mL

Preadministration cen- Postadministration

Postadministration

Preadministration

tral line central line peripheral line peripheral line
Highest SBP (mm Hg) 131.59 (20.148) 144.41 (25.802) 13522 (20.824) 152.76 (39.739) 0.391
Lowest SBP (mm Hg) 119.13 (19.852) 124.76 (30.880) 123.56 (19.653) 11841 (25.199) 0.051
Lowest HR (bpm) 78.62 (16.308) 80.88 (16.789) 81.02 (16.936) 85.06 (22.512) 0.606

bpm beats per minute, HR heart rate, NaCl sodium chloride, SBP systolic blood pressure

@ Data presented as mean (standard deviation)
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of 23.4% NaCl over less than 1 min via peripheral line.
Although the cardiac arrest was attributed to acute her-
niation syndrome and lying flat for neuroimaging, we
cannot rule out that overly rapid administration con-
tributed to the severity of this event. Hemodynamic col-
lapse has been reported in the literature with inadvertent
rapid IVP of <1 min with NaCl [15]. Administration over
2-5 min may be safe, but a straight push over<1 min
may cause harm.

Lack of or institutional changes in equipment, such as
IV syringe pumps or IV smart infusion pumps, intro-
duce barriers to clinical care associated with limitation
of resources. The ISMP proposes several different plan-
ning strategies for anticipated shortages of smart infusion
pumps, one of which is to use IVP instead of infusions.
To support IVP administration, prefilled and/or ready-to-
administer syringes of medications should be dispensed
whenever possible. Furthermore, ISMP encourages phar-
macy staff to indicate how fast to administer the IVP
medication on the pharmacy label. Therefore, decreased
access to syringe or infusion pumps may force institu-
tions to evaluate ISMP optimization strategies for admin-
istration of medications. On evaluation of the limited
literature, 23.4% NaCl was identified as a candidate for
IVP administration over 2—5 min [12]. The transition to
23.4% NaCl IVP was potentially advantageous for several
reasons. First, material and labor costs could be reduced
by administering 23.4% NaCl without a syringe pump
and by reducing the time needed to establish an IV infu-
sion by nursing staff. Second, administering 23.4% NaCl
IVP via a peripheral line permits expedient treatment of
patients with elevated ICP, reducing the time and exper-
tise required to obtain central or intraosseous access. Of
note, our hospital policy allows for peripheral adminis-
tration of hypertonic saline via 16—20-gauge catheters,
and the majority of the patients in our study received
23.4% NaCl peripherally by the antecubital site. Finally,
the availability of 23.4% NaCl in compact 30-mL vials can
result in a shorter time to first dose in a variety of set-
tings. This is particularly advantageous for military medi-
cal personnel deployed in austere environments, with
limited equipment and resources [16]. Although 23.4%
NaCl is administered via peripheral venous access at
other institutions, our analysis is the first, to our knowl-
edge, to prospectively demonstrate that such administra-
tion over 2—5 min is safe and well tolerated. As such, our
analysis benefits from several strengths. First, all infu-
sion site reactions were evaluated prospectively during
23.4% NaCl administration. Second, the administration
time of 2—5 min is notably shorter than 10 min, which is
the amount of time used in the most recent study [11].
The time period of risk of extravasation-related injury is,
therefore, much lower compared with that for continuous

infusion of 3% NaCl over hours or days and allows for
rapid administration during emergent situations. Our
findings suggest the risks of peripheral administration of
23.4% NaCl are low.

There are some potential limitations to our analysis.
First, in patients with low levels of arousal secondary to
acute brain injury or sedation, injection site pain may not
have been able to be communicated, and/or extravasation
and vessel injury may not have been physically apparent.
Second, although a pharmacist communicated with the
bedside nurse to assess for and document infusion site
reactions prospectively, it is possible that delayed mild
events were not adequately documented in the medi-
cal record given the fluid acuity in the department if not
documented by the inpatient floor team once the patient
is admitted. Furthermore, there may have been adverse
reactions that were under documented in the electronic
medical record. Because this was a prospective analy-
sis of a hospital-wide medication administration policy
change, this study lacked a comparator arm. Fourth, our
study has a relatively small sample size. Finally, because of
limitations in staffing and centralized clinical pharmacy
model on overnight shifts (22:00-07:00), 13 administra-
tions in four unique patients were not able to be prospec-
tively evaluated for safety.

Conclusions and relevance

This study represents the largest prospective analysis,
to date, to examine the safety of 23.4% NaCl IVP over
2-5 min. IVP administration of 23.4% NaCl was associ-
ated with comparable rates of hypotension, bradycardia,
and infusion site—related adverse events. I[IVP administra-
tion of 23.4% NaCl may be considered a safe, alternative
method of administration.
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