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Abstract

Background: Sodium chloride (NaCl) 23.4% solution has been shown to reduce intracranial pressure (ICP) and
reverse transtentorial herniation. A limitation of 23.4% NaCl is its high osmolarity (8008 mOsm/I) and the concern for
tissue injury or necrosis following extravasation when administered via peripheral venous access. The use of this agent
is therefore often limited to central venous or intraosseous routes of administration. Our objective was to evaluate the
safety and efficacy of administration of 23.4% NaCl via peripheral venous access compared with administration via
central venous access.

Methods: We reviewed pharmacy records to identify all administrations of 23.4% NaCl at our institution between
December 2017 and February 2020. Medical records were then reviewed to identify complications, such as extrava-
sation, soft tissue injury or necrosis, hypotension (mean arterial pressure less than 65 mm Hg), pulmonary edema,
hemolysis, and osmotic demyelination. We also compared the change in physiological variables, such as ICP, mean
arterial pressure, cerebral perfusion pressure, and heart rate, as well as laboratory values, such as sodium, chloride,
bicarbonate, creatinine, and hemoglobin, following administration of 23.4% NaCl via the peripheral and central
venous routes.

Results: We identified 299 administrations of 23.4% NaCl (242 central and 57 peripheral) in 141 patients during

the study period. There was no documented occurrence of soft tissue injury or necrosis in any patient. One patient
developed hypotension following central administration. Among the 38 patients with ICP monitoring at the time of
drug administration, there was no significant difference in median ICP reduction (— 13 mm Hg [central] vs. — 24 mm
Hg [peripheral], p=0.21) or cerebral perfusion pressure augmentation (16 mm Hg [central] vs. 15 mm Hg [peripheral],
p=10.87) based on route of administration.

Conclusions: Peripheral venous administration of 23.4% NaCl is safe and achieves a reduction in ICP equivalent to
that achieved by administration via central venous access.
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Introduction

Elevated intracranial pressure (ICP) from cerebral edema
can occur following various forms of acute brain injury.
Current guidelines for the management of cerebral
edema and elevated ICP recommend the use of hyperos-
molar therapy with either hypertonic saline or mannitol
[1-3] Hypertonic saline (sodium chloride [NaCl]), com-
mercially available in concentrations ranging from 3 to
23.4%, is highly effective in lowering ICP [1, 4-8]. Recent
studies suggest hypertonic saline may achieve a more
enduring and potent reduction in ICP than mannitol, and
can effectively treat ICP elevations refractory to manni-
tol and hyperventilation [9, 10]. Hypertonic saline lacks
many of the detrimental properties of mannitol, such as
its potent diuretic effect (which may exacerbate preex-
isting hypovolemia), rebound intracranial hypertension,
and the need for an in-line filter due to the risk of crys-
tallization [11, 12]. Sodium chloride (NaCl) 23.4% solu-
tion is particularly advantageous because it is effective
in reversing transtentorial herniation [4] and is available
in compact 30-ml vials, more suitable for transport and
storage than bags of saline. Although these advantages
are relevant to a variety of settings, such as emergency
department and prehospital use by emergency medical
services, one specific benefit is that vials are more easily
carried in backpacks by military medics performing tac-
tical field care and tactical evacuation.

Concerns about the safety of use through peripheral
venous access has, however, limited the use of 23.4%
NaCl in these settings. When administered via peripheral
venous access, extremely hyperosmolar agents, such as
23.4% NaCl, may result in thrombophlebitis, injection-
site pain, and tissue injury or necrosis with extravasation
[13]. Tissue injury occurs as a result of severe dehydra-
tion of surrounding tissue. The perceived risk of tissue
injury has led to widespread restrictions on the route of
administration of 23.4% NaCl (osmolarity 8008 mOsm/])
to central venous access only [6, 7, 14]. Cerebral hernia-
tion is a medical emergency, however, and may result in
death or permanent neurological injury with any delay
in treatment [15]. Central venous cannulation takes
time and is associated with serious risks, such as pneu-
mothorax, arterial cannulation, bleeding, and infection.
As an alternative, emergent intraosseous administration
of 23.4% NaCl has been described [14]. However, this
route may also result in extravasation and tissue injury in
addition to other serious adverse events, such as osteo-
myelitis [16]. Peripheral venous access is present or

easily established in most patients with acute neurologi-
cal emergencies and allows for immediate administration
of the medication without delay or the need for expertise
in central venous or intraosseous access. Several studies
have demonstrated that administration of 3% NaCl via
peripheral venous access is associated with a very low
rate of significant complications [17, 18]. However, there
are no published studies of the safety of use of 23.4%
NaCl via peripheral venous access.

Because cerebral herniation is a time-sensitive neu-
rological emergency, our institution revised its policy
to permit the use of 23.4% NaCl via peripheral venous
access when central venous access is unavailable. Our
objective therefore was to evaluate the safety and efficacy
of peripheral venous administration of 23.4% NaCl com-
pared with central venous administration for the treat-
ment of cerebral herniation and elevated ICP.

Methods

The institutional review board determined that this
retrospective cohort study, with data obtained exclu-
sively from chart review, was exempt from the need for
approval. For this type of study, formal consent is not
required. All adult patients (aged older than 18 years)
who received 23.4% NaCl in the period from December
2017 to February 2020 were included and identified via
pharmacy records, which include all instances of 23.4%
NaCl use at our institution. Data extracted via chart
review included demographics, diagnoses, physiological
variables prior to and following the use of 23.4% NaCl,
route of administration, dose administered, and the
occurrence of complications. The occurrence of cerebral
herniation was also extracted through review of the med-
ical record. A diagnosis of cerebral herniation was made
on the basis of new and otherwise unexplained symptoms
of stupor, posturing, or pupillary asymmetry in combina-
tion with radiological evidence of a mass lesion or diffuse
cerebral edema.

The primary objective of this study was to evaluate the
safety of administration of 23.4% NaCl via peripheral
compared with central venous access. Soft tissue com-
plications related to peripheral venous administration
included known extravasation, documentation of pain
during injection, and signs of thrombophlebitis, cellulitis,
and/or necrosis. Other complications included hypoten-
sion to mean arterial pressure (MAP) less than 65 mm
Hg within 60 min of drug administration, drop in sys-
tolic blood pressure (SBP) by 20 mm Hg within 60 min of
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drug administration, hemolysis, acute pulmonary edema,
osmotic demyelination, and any other adverse event
documented to be a consequence of administration of
23.4% NaCl. Skin and soft tissue complications, includ-
ing thrombophlebitis and tissue injury, were routinely
documented by nursing in designated areas of the elec-
tronic medical record. We reviewed medical records for
soft tissue complications for the duration of the inpatient
stay. Pulmonary edema as a complication of administra-
tion of 23.4% NaCl was defined as the new development
of airspace or interstitial opacities on the radiograph or B
lines on the lung ultrasound image, in conjunction with
clinical respiratory deterioration in any form (increased
oxygen requirement, increased work of breathing,
tachypnea, or other), within 24 h of administration of the
agent or acute worsening of existing radiographic abnor-
malities or clinical symptoms within this period. Osmotic
demyelination was defined as neurological deteriora-
tion, particularly new bulbar symptoms, occurring at
any time during the inpatient stay following administra-
tion of the agent, in conjunction with new hyperintense
lesions observed in the brainstem or diencephalon on the
magnetic resonance imaging scan consistent with demy-
elination. The sample size for analysis of safety outcomes
(complications) included all administrations of the agent,
including repeat administration in individual patients.

Our secondary objective was to evaluate the efficacy of
peripheral versus central venous administration of 23.4%
NacCl for the lowering of ICP and augmentation of cer-
ebral perfusion pressure (CPP). To avoid error from mul-
tiple measurements, only the first administration of the
agent per patient was considered in the analysis of before
and after changes in physiological variables, including
ICP and CPD, as well as the analysis of changes in labora-
tory values. The sample size for these analyses was there-
fore the number of eligible participants.

Pretreatment vital signs and laboratory measures in
the analysis were those recorded closest in time prior to
the administration of 23.4% NaCl. Posttreatment vital
signs used in the analysis were recorded a minimum of
10 min following the completion of drug administration.
Posttreatment laboratory measures were recorded a min-
imum of 60 min following drug administration. All labo-
ratory measures used in the analysis were within 12 h of
drug administration. Institutional practice requires that a
serum sample for testing of electrolytes and renal func-
tion be obtained prior to initiation of any new osmotic
agent, such as mannitol or an infusion of 3% NacCl,
although clinicians are not required to obtain the results
of such testing prior to administration of the new osmotic
agent. The laboratory changes described herein are based
on repeat testing performed following administration of
23.4% NaCl and prior to initiation of new osmotic agents

and therefore reflect the use of 23.4% NaCl alone rather
than multiple osmotic agents used together. Physiological
changes also reflect values before and after use of 23.4%
NaCl alone.

23.4% Nadl Institutional Protocol

Our institution’s protocol restricts administration of
23.4% NaCl to patients with acutely elevated ICP or
clinical concern for ongoing or threatened cerebral
herniation. Approval of an attending neurointensivist,
neurosurgeon, or trauma surgeon is required. Admin-
istration through central venous access is preferred but
not required, particularly in the setting of cerebral her-
niation. The rationale for this provision is to avoid delays
in treatment, in which the risk of death or devastating
brain injury outweighs the risk of the more localized
and reversible injury that may result from extravasa-
tion. Administration of each 30-ml (4 mEq/ml) dose is
performed as an intravenous push over at least 10 min
to minimize the risk of hypotension. In adults, the mini-
mum dose used is one vial (30 ml=120 mEq), and a sec-
ond vial may be administered immediately afterward
at the discretion of the provider on the basis of clinical
response.

Statistical Analysis

Descriptive statistics were calculated by using pro-
portions for categorical variables and medians with
interquartile ranges (IQR) for continuous variables.
Associations between variables and outcomes of interest
were tested by using the x> or Fisher’s exact test for cate-
gorical variables and the Mann—Whitney U-test for con-
tinuous variables. Only the first administration of 23.4%
NaCl in each patient was used in all comparative analy-
ses of administration via central and peripheral venous
access, as well as the analysis of before and after change
in physiological and laboratory variables, to avoid error
from multiple administrations in the same patient. When
two vials (60 ml) were administered, all before and after
changes in physiological and laboratory variables were
adjusted per vial (30 ml) by dividing the change value by
2. We therefore assumed a linear change in all physiologi-
cal and laboratory variables following administration of
23.4% NaCl such that each vial achieved the same quan-
tum of change for an individual patient at a given time.
The threshold for statistical significance was a two-sided
p value less than 0.05. Statistical analyses were performed
by using MedCalc for Windows, version 19.4 (MedCalc
Software, Ostend, Belgium).

Results
A total of 141 patients met eligibility criteria; 38 had an
ICP monitor in place at the time of drug administration.
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Baseline characteristics of patients are in Table 1. The
median age was 57 years (IQR 38-69), 64 (45%) patients
were female, and the two most common diagnoses were
traumatic brain injury and intracerebral hemorrhage,
with 33 patients (23%) each. There were 299 adminis-
trations of 23.4% NaCl during the study period in these
141 patients, of which 242 (80.9%) were through central
venous access and 57 (19.1%) through peripheral venous
access. Four patients received 23.4% NaCl via peripheral
venous access twice, and one patient received 23.4% NaCl
via peripheral access three times. As expected from the
parameters of our institutional protocol, suspected cer-
ebral herniation was significantly more frequent prior to
administration via peripheral venous access (p=0.003),
and a significantly smaller proportion of patients who
received 23.4% NaCl via peripheral venous access had
ICP monitoring in place at the time of administration
(p=0.01).

Safety

Safety outcomes are in Table 2. Among 57 administra-
tions via peripheral venous access, there was one recog-
nized instance of extravasation during administration;

Table 1 Distribution of baseline variables

All patients (N=141) 23.4% NaCl administered
via central venous catheter

(n=90)

this did not result in visible tissue injury. In another case,
administration of the medication via peripheral venous
access was terminated when the patient who was suffi-
ciently awake to respond complained of pain at the injec-
tion site after a small volume was administered. There
was no documented occurrence of thrombophlebitis,
cellulitis, or tissue damage in either group. There were
no instances of hemolysis or osmotic demyelination.
Although several patients had varying degrees of pul-
monary edema at the time of administration of the drug,
medical records did not reflect worsening of pulmonary
edema or oxygenation in any patient following adminis-
tration of 23.4% NaCl. None of the patients who received
23.4% NaCl more than once via peripheral access suf-
fered any complications.

A decrease in SBP of at least 20 mm Hg was noted fol-
lowing 33 of 299 (11%) administrations of 23.4% NaCl.
Only 1 of 299 (0.3%) administrations was followed by a
drop in MAP to 65 mm Hg or lower. No alternate cause
of hypotension could be identified during this episode.
Twenty-two of thirty-three (67%) instances of fall in
SBP by at least 20 mm Hg were associated with potential
alternate or exacerbating factors, such as rapid sequence

23.4% NaCl administered
via peripheral intravenous access
(n=>51)

Baseline variables

Age, median (IQR) (yr) 57 (38-69) 56 (37-64) 60 (40-74) 0.10

Sex, female, n (%) 64 (45%) 39 (43%) 25 (49%) 0.60

Body mass index, median (IQR) 27 (23-33) 28 (24-33) 27 (23-32) 042

Diagnosis category, n (%) 0.08

Acute ischemic stroke 19 (13%) 15 (17%) 4 (8%) -
Acute liver failure 7 (5%) 7 (8%) 0 (0%) -
Cardiac arrest 6 (4%) 6 (7%) 0 (0%) -
Intracerebral hemorrhage 33 (23%) 20 (22%) 13 (25%) -
Infectious 4 (3%) 3 (3%) 1 (2%) -
Posterior reversible encephalopathy 1(<1%) 1(1%) 0 (%) -

syndrome

Subarachnoid hemorrhage 23 (16%) 12 (13%) 11 (22%) -

Traumatic brain injury 33 (23%) 19 (21%) 14 (27%) -
Tumor 15 (11%) 7 (8%) 8 (16%) -

Clinical concern for cerebral herniation, 88 (62%) 47 (52%) 41 (80%) 0.003
n (%)

ICP monitoring at time of administration, 38 (27%) 31 (34%) 7 (14%) 0.010
n (%)

Dose administered, n (%) 038
30 ml 121 (86%) 79 (88%) 42 (82%) -
60 ml 20 (14%) 11 (12%) 9 (18%) -

ICP intracranial pressure, IQR interquartile range, NaCl sodium chloride
P values are for the univariate analysis
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Table 2 Safety outcomes, efficacy for the reduction of ICP and augmentation of CPP, and impact on physiological

and laboratory variables

ariable or outcome

All patients (N=141)

Safety outcomes, n (%)

23.4% NaCl administered
via central venous catheter

23.4% NaCl administered
via peripheral intravenous access
(n=51)

p value

Extravasation 1(0.7) 0(0) 102

Tissue injury or necrosis 0(0) 0(0) 0(0)

Pain during injection 1(0) 0(0) 1(2)

Pulmonary edema (new or worsening) 0 (0) 0(0) 0(0)

Osmotic demyelination 0(0) 0(0) 0(0)

Death 70 (50) 39 (43) 31 (61) 0.08
Efficacy and change in physiological variables (per 30-ml vial)

A MAP, median (IQR) (mm Hg) —2(—=10to+6) —1(=9t0+49) —4(=12to+3) 0.04

SBP decrease by >20 mm Hg, n (%) 24 (17) 12(13) 12 (24) 0.10

A HR, median (IQR) (beats per min) 0(—4to+6) +1(=2to+7) —3(—8to+4) 0.02

A ICP, median (IQR) (mm Hg)? — 14 (=23t0o—5)° —13(=19to—5)% —24(—27t0o—11)° 0.21°

A CPP, median (IQR) (mm Hg)? +16 (+8to+21)° +16 (+7t0+21)° +15(+9to+21)° 0.87°
Change in laboratory values (per 30-ml vial)

A sodium, median (IQR) (mEg/I) +4(+2t0+6) +35(+2to+6) +4(+3t0o+7) 0.09

A chloride, median (IQR) (mEqg/1) +5(H+3to+38) +4(+2to+7) +6(+5t0+9) 0.01

A potassium, median (IQR) (mEg/I) 0(—0.25t0+0.25) 0(—02t0+03) —0.1(—=05t0+0.18) 0.04

A bicarbonate, median (IQR) (mmol/l) —05(—1to+1) —05(—1to+1) 0(—2to1) 0.89

A creatinine, median (IQR) (mg/dl) —0.02(—007t04004) —0.02(—0.07to+0.03) —0.02(—0.10t0+0.04) 0.79

A hemoglobin, median (IQR) (g/dl) —06(—16to—0.1) —035(—=1.18t00) —12(—1.88t0—0.53) 0.007

CPP cerebral perfusion pressure, HR heart rate, ICP intracranial pressure, IQR interquartile range, MAP mean arterial pressure, NaCl sodium chloride, SBP systolic blood

pressure, A, change in value from prior to administration of 23.4% NaCl

P values are for the univariate analysis

@ Only includes the 38 patients (31 with central venous administration and 7 with peripheral venous administration) with ICP monitoring at the time of drug

administration

intubation performed by using medications such as
propofol; up-titration of infusions such as propofol, dex-
medetomidine, and nicardipine; or recent administra-
tion of agents such nimodipine. Two of these episodes
occurred in the setting of fever and clinical suspicion for
sepsis.

Efficacy and Impact on Laboratory Values

Resolution of signs of herniation, such as pupillary
asymmetry, were clearly documented in 19 of 88 (22%)
patients who were treated with 23.4% NaCl for suspected
cerebral herniation. Persisting signs of herniation were
documented in 46 of 88 (52%) patients, and in 23 of 88
(26%) patients, documentation was insufficient to deter-
mine whether resolution had occurred. Resolution of
signs of cerebral herniation was clearly observed in 9 of
47 (19%) herniating patients in whom administration was
via central venous access, as opposed to 10 of 41 (24%)
herniating patients in whom administration was via
peripheral venous access (p =0.61).

The before and after magnitude of change in physi-
ological and laboratory variables per 30 ml of 23.4%
NaCl administered is in Table 2, and the analysis of sta-
tistical significance of the difference in values before and
after 23.4% NaCl administration is in Table 3. Across all
patients (Table 2), median (IQR) changes per 30-ml vial of
23.4% NaCl administered were as follows: ICP, — 14 mm
Hg (—23 to—5); CPP+16 mm Hg (+8 to+21);
sodium, +4 mEq/l (+2 to+6); chloride,+5 mEq/l (+3
to+8); and hemoglobin,—0.6 g/dl (—1.6 to—0.1). As
expected, a statistically significant reduction in ICP
(p<0.0001), along with a significant increase in CPP
(»p=0.004), sodium (p <0.0001), and chloride (p <0.0001),
was observed across patients following administration of
23.4% NaCl (Table 3). No statistically significant changes
in MADP, heart rate, potassium, bicarbonate, or creatinine
were observed across all patients following administra-
tion (Table 3). Of note, a significant reduction in hemo-
globin (p =0.006) was observed (Table 3).

The median fall in ICP (—13 mm Hg [central]
vs.—24 mm Hg [peripheral], p=0.21) and median
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Table 3 Change in physiological and laboratory variables following administration of 23.4% NaCl (per 30-ml vial)

Prior to administration of 23.4%

\Eld]

Following administration of 23.4%
NaCl

p value

Physiological variables

MAP, median (IQR) (mm Hg) 96 (83-108)
HR, median (IQR) (beats per min) 79 (67-95)
ICP, median (IQR) (mm Hg) 27 (23-40)
CPP, median (IQR) (mmHg) 62 (51-74)
Laboratory variables

Sodium, median (IQR) (mEg/1) 141 (138-144)
Potassium, median (IQR) (mEg/1) 39(36-4.2)
Chloride, median (IQR) (mEg/l) 108 (104-115)
Bicarbonate, median (IQR) (mmol/l) 24 (22-26)

Creatinine, median (IQR) (mg/dl)

Hemoglobin, median (IQR) (g/dl) 114 (9.1-13.7)

0.81(0.63-1.12)

93 (85-103) 0.34
78 (67-96) 0.46
17 (11-20) <0.0001
75 (64-86) 0.004
146 (142-151) <0.0001

9(3.7-43) 0.63
4(109-121) <0.0001

23 (21 25) 0.15

0.74 (0.61-1.14) 042
103(85 123) 0.006

Includes all 141 patients, except for the analysis of ICP and CPP, which only includes the 38 patients (31 with central venous administration and 7 with peripheral
venous administration) with ICP monitoring at the time of drug administration. P values are for the univariate analysis

CPP cerebral perfusion pressure, HR heart rate, ICP intracranial pressure, IQR interquartile range, MAP mean arterial pressure, NaCl sodium chloride

increase in CPP (+ 16 mm Hg [central] vs.+ 15 mm Hg
[peripheral], p=0.87) following peripheral administra-
tion was at least equal to that following central admin-
istration, as was the median rise in sodium (4 3.5 mEq/l
[central] vs.4+4 mEq/]l [peripheral], p=0.09). A signifi-
cantly greater median fall in MAP (—1 mm Hg [central]
vs. —4 mm Hg [peripheral], p=0.04), heart rate (4 1 beat
per minute [central] vs. — 3 beats per minute [peripheral],
p=0.02), potassium (0 mEq/l [central] vs.—0.1 mEq/]
[peripheral], p=0.04), and hemoglobin (—0.35 g/dl
[central] vs.—1.2 g/dl [peripheral], p=0.007) was seen
following peripheral administration compared with cen-
tral administration, along with a significantly higher rise
in chloride (+4 mEq/l [central] vs.+6 mEq/]l [periph-
eral], p=0.01), although no instances of hypotension or
hemolysis were observed following administration via
peripheral venous access, and the magnitude of these dif-
ferences was quite small.

Discussion

Our study shows no difference in the occurrence of seri-
ous adverse effects following peripheral and central
administration of 23.4% NaCl. There were no instances
of thrombophlebitis, cellulitis, or tissue damage following
57 administrations of 23.4% NaCl via peripheral venous
access. One patient reported pain during injection,
which led to termination of the dose. Administration via
peripheral venous access appeared to be equally effica-
cious for the reduction of ICP and augmentation of CPP
compared with administration via central venous access.
Overall, adverse events following administration of
23.4% NaCl were uncommon, with only one instance of

hypotension, which occurred following central adminis-
tration. Changes in physiological variables and laboratory
values were likely confounded by patients’ critical illness.
Therefore, the minor differences between peripheral and
central administration in reductions of MAP, heart rate,
potassium, and hemoglobin almost certainly reflect the
greater severity of neurological illness in patients who
received 23.4% NaCl peripherally as well as confounding
factors, such as concomitant rapid sequence intubation
and fluid resuscitation. This was expected because our
institutional protocol specifies that peripheral admin-
istration may be resorted to mostly in the setting of an
emergency, such as cerebral herniation, whereas central
venous access was available in the majority of patients
who received the drug to treat an elevation in measured
ICP but were otherwise stable. A significantly greater fall
in MAP (median — 1 mm Hg [central] vs. median —4 mm
Hg [peripheral], p=0.04) and a greater percentage of
patients with a 20-mm Hg fall in SBP (not statistically
significant, 13% central vs. 24% peripheral, p=0.10) was
seen with peripheral venous administration. However,
there was no significant difference in augmentation of
CPP (median+ 16 mm Hg [central] vs. median+ 15 mm
Hg [peripheral], p=0.87), and the observed differences
likely reflect confounding by indication and clinical sta-
tus. Consistent with several other studies, our findings
confirm the efficacy of 23.4% NaCl, regardless of route
of administration, for reduction of ICP and augmenta-
tion of CPP (Table 3). We also did not find evidence of
a consistent reduction in bicarbonate or rise in creati-
nine following administration, suggesting that the risk
of hyperchloremic metabolic acidosis and acute kidney
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injury is low following a bolus dose. One notable find-
ing of our study was a statistically significant, if rela-
tively small (median 0.6 g/1), fall in hemoglobin following
administration of 23.4% NaCl. We had insufficient data to
establish etiology, although minor hemolysis, hemodilu-
tion from concomitant fluid resuscitation, and blood loss
from decompressive surgery are plausible explanations.

Although 23.4% NaCl has likely been administered
via peripheral venous access at other institutions, our
study is the first to systematically demonstrate that such
administration is safe and effective. Peripheral venous
administration permits expedient treatment of patients
with herniation syndromes in a variety of settings, obvi-
ating the time and expertise required to obtain central
venous or intraosseous access, as well as the risks of such
access. Concerns about safety currently limit the use of
23.4% NaCl vials, otherwise convenient for transporta-
tion and storage, by military medics in tactical evacu-
ation and prolonged field care. The ability to use this
agent through peripheral venous access will also facili-
tate the management of neurological emergencies in the
emergency department, by rapid response teams in the
inpatient setting, and in civilian prehospital settings.
Our findings suggest that in adult patients, the risks of
administration via peripheral venous access appear to be
minimal. However, central venous access should likely
be obtained in critically ill patients who require ongoing
administration of hypertonic saline. This is analogous to
the administration of vasopressors via peripheral venous
access for limited periods of time for the treatment of
shock until central access is available [19].

Several studies have shown that 3% NaCl can be infused
via peripheral venous access, with a low rate of complica-
tions [17, 20, 21]. Although 23.4% NaCl has much higher
osmolarity (8008 mOsm/l) than 3% NaCl (1026 mOsm/1),
it is administered as discrete bolus doses over 10 min
in the context of emergencies. 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. In a study of 66 patients, the majority
of whom (64%) were treated for hyponatremia alone, the
median duration of infusion of 3% NaCl via peripheral
venous access was 14 h, and the rate of serious adverse
events was 6%, with no permanent injuries [17]. In this
study, all but one patient received the infusion in their
upper limbs, and 60% of peripheral intravenous cannulas
were 20 gauges or smaller. In another study of 213 neuro-
critical care patients treated with 3% NaCl via peripheral
venous access alone for a median duration of about 45 h,
an infusion-related reaction occurred in 15 (7%) patients
[20]. In this series, most patients received the infusion at
an antecubital site (64%) and had an 18-gauge (47%) or
20-gauge (47%) cannula.

The main limitation of our study is its retrospective
observational nature and relatively small sample size.
Ninety patients received their first dose of 23.4% NaCl
via central venous access and 51 via peripheral venous
access. It is possible that mild tissue injury or thrombo-
phlebitis occurred following administration but was not
documented in the medical record. This is unlikely; how-
ever, evaluation and documentation of skin and device-
related (including intravenous cannulas) injury has
been a focus of nursing quality assurance at our institu-
tion during the study period. Also, the risk of mild tis-
sue injury or thrombophlebitis likely does not outweigh
the benefit of expeditious treatment of a life-threaten-
ing condition. We were unable to systematically assess
pain during administration, except for one documented
instance, because most patients were poorly responsive
as a result of brain injury or sedation. The administra-
tion of other medications that commonly cause pain dur-
ing peripheral administration, such as 50% dextrose and
propofol, is considered appropriate for the treatment of
serious medical conditions. Although studies that have
examined the safety of 3% NaCl infusions administered
via peripheral venous access have described the site and
gauge of peripheral venous access [17, 20], this informa-
tion was not available in our registry. We were therefore
unable to establish the comparative safety of administra-
tion through smaller versus larger veins and cannulas.
However, our protocol did not restrict use via peripheral
venous access by site or size, and we did not observe any
serious complications with peripheral administration. We
assumed a linear relationship between dose and response
to quantify the impact of each 30-ml vial on physiological
and laboratory parameters when 60 ml was administered
as a single dose. This assumption may not be valid under
all circumstances. Laboratory measures of hemolysis
were not routinely checked. Less severe or subclinical
hemolysis might have been overlooked, a distinct possi-
bility given the small but significant drop in hemoglobin
levels seen following administration. However, clinically
relevant hemolysis was not observed. Finally, our analysis
of the ability of 23.4% NaCl to reverse cerebral herniation
was limited by the available documentation and the dif-
ficulty in separating the impact of 23.4% NaCl from the
impact of other measures implemented immediately fol-
lowing administration, such as craniotomy and decom-
pression. However, other studies have established the
efficacy of 23.4% NaCl for the reversal of herniation [4].

Conclusions

Peripheral venous administration of 23.4% NaCl is safe
and achieves a reduction in ICP equivalent to administra-
tion via central venous access.
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