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Abstract
Purpose of Review In this article, we review the use of hypertonic saline (HTS) for FDA-approved indications, namely treat-
ment of hyponatremia and elevated intracranial pressure (ICP), as well as the routes of administration appropriate for infusion.
Recent Findings Though society guidelines for treating hyponatremia have not recently changed, new data is emerging that 
supports the use of bolus-based HTS treatment regimens. HTS is at least as effective as mannitol for lowering elevated ICP 
from cerebral edema and is also now the preferred hyperosmolar treatment in patients with intracranial hemorrhage (ICH) 
and traumatic brain injury (TBI). Central venous catheter (CVC) has been recommended in the past for HTS infusions, but 
emerging data suggest infusion via peripheral intravenous catheters (IV) is likely safe and may be worth avoiding the time 
intensive and potentially harmful process of placing a CVC.
Summary HTS infusion via peripheral IV appears to be safe, effective, and more time efficient than infusion via CVC in 
treating acute hyponatremia and increased ICP.
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Introduction

Hypertonic saline (HTS) is a critical medication used in 
the hospital setting. Administration of concentrations rang-
ing from 2 to 23% saline are described in the literature as 
well as continuous or bolus dosing strategies. Historically, 
infusion via central venous catheter (CVC) has been recom-
mended due to perceived extravasation risk when infused via 
peripheral intravenous (IV) access. However, emerging data 
suggests peripheral IV may be a safe and effective option.

HTS is most commonly used for treating symptomatic 
hyponatremia and elevated intracranial pressure (ICP). 
Hyponatremia, defined as serum sodium < 136 mEq/L, is the 
most commonly encountered electrolyte abnormality among 

patients in the USA, present in an estimated 1.72% of the 
US population in general [1] and 20–40% of all hospitalized 
patients [2, 3]. Though many cases are mild and relatively 
asymptomatic, hyponatremia is independently associated with 
increased morbidity and mortality both in the inpatient and 
outpatient setting [1]. Identifying, differentiating, and manag-
ing hyponatremia are a crucial skill for a physician caring for 
the critically ill. Improper management of these conditions can 
lead to worsening clinical status of the patient and can increase 
morbidity and mortality. HTS is commonly used in the man-
agement of patients with moderate to severe symptoms.

Additionally, HTS has demonstrated utility in the initial 
management of increased ICP in both the adult and pediatric 
populations. Increased ICP as the result of cerebral edema, 
can be caused by a variety of insults such as trauma, epidural/
subdural hematoma, intracranial masses, and hydrocephalus.

Hyponatremia

Etiology and Pathophysiology

Establishing the cause of hyponatremia is important to 
guide treatment. In most cases, hyponatremia is simply a 
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manifestation of a more general hypotonic state, but in two 
specific conditions, hyponatremia can also occur in iso-
tonic or hypertonic states. In one subset of these isotonic 
or hypertonic states, a significant excess of lipids or pro-
teins can cause pseudohyponatremia due to the relatively 
larger plasma volume occupied by these particles. These 
patients will have a normal plasma osmolality. Hypona-
tremia with normal or increased osmolality can also occur 
when other solutes outside of sodium are present in the 
plasma. This most commonly occurs with hyperglycemia, 
as significant hyperglycemia can induce an osmotic diure-
sis resulting in hypertonic hyponatremia [4••].

Most cases of hyponatremia are due to hypotonicity. 
Hypotonic hyponatremia is due to a disorder of water bal-
ance with an excess of total body water in relation to extra-
cellular sodium. Decreased extracellular osmolality due to 
decreased sodium creates an osmotic gradient, causing water 
influx into cells, creating edema. Cells, especially those in 
the brain, regulate osmotically active solutes to compensate. 
As hyponatremia is corrected, the process reverses, though 
this is much slower than the initial recalibration.

Hypotonic hyponatremia can be further subdivided by 
underlying etiology into hypovolemic, euvolemic, and 
hypervolemic states. Hypovolemic hyponatremia results 
from a loss of solutes from the body. This can be seen 
with gastrointestinal disease, diuretic therapies, cerebral 
salt wasting, and mineralocorticoid deficiency. Euvolemic 
hyponatremia is a result of relative excess of body water, 
usually due to syndrome of inappropriate antidiuretic 
hormone (SIADH), glucocorticoid deficiency, hypothy-
roidism, low solute intake, or primary polydipsia. Hyper-
volemic hyponatremia is caused by inability of the kid-
neys to maximally excrete water, caused by heart failure, 
cirrhosis, acute kidney injury, chronic kidney disease, or 
nephrotic syndrome [4••].

Clinical Features

The laboratory-defined severity of hyponatremia is 
divided into mild (Na 130–135 mEq/L), moderate (Na 
125–129 mEq/L), and profound (Na < 125 mEq/L), but 
the specific clinical presentation and timeframe over which 
hyponatremia develops is most clinically relevant when 
determining treatment [5••]. Hyponatremia is divided into 
“acute” and “chronic” based on whether it has been present 
for more or less than 48 h, which is the average amount 
of time required for cells to adapt to a hypotonic environ-
ment. Mild-moderate symptoms include nausea with or 
without vomiting, headache, confusion, whereas severe 
symptoms include cardiorespiratory distress, altered men-
tal status, seizures, obtundation, coma, and death [5••, 
6]. These severe manifestations are more likely to occur 

with less profound hyponatremia in acute cases, due to 
significant cerebral edema from delayed solute redistribu-
tion within the brain. In cases of chronic hyponatremia, 
the brain is able to equilibrate osmolality leading to less 
edema and thus less severe clinical manifestations until 
the sodium has reached a more profound nadir [6]. Any 
patient with moderate-profound hyponatremia displaying 
moderate to severe symptoms should undergo immediate 
sodium correction. Treatment becomes more nuanced with 
chronic hyponatremia with mild to moderate symptoms.

One of the most feared complications of correcting 
hyponatremia is osmotic demyelination (ODS), a clinical 
syndrome defined by worsening neurologic symptoms after 
a rapid correction of hyponatremia. Symptoms of ODS 
may include quadriplegia, pseudobulbar palsy, coma, sei-
zures, and death. ODS is most common when patients with 
chronic hyponatremia undergo rapid correction, as the brain 
has been equilibrated to a hypotonic serum and is unable to 
regulate its solutes as rapidly as the serum sodium is being 
corrected [7]. The true incidence of ODS is unknown, but 
MRI based studies estimate an incidence of approximately 
0.3–1.1%, with higher incidence in high risk groups such as 
patients receiving liver transplantation [8].

Treatment

The general guiding principles for treatment of hyponatremia 
were most recently defined in US and European consensus 
guidelines for hyponatremia [4••, 5••]. Hypertonic saline, 
specifically 3%, is recommended for treatment of moder-
ate to profound hyponatremia (serum sodium < 130) with 
moderate to severe symptoms. Both guidelines recommend a 
bolus-based correction strategy in most cases with either up 
to three 100-mL boluses of 3% HTS infused over 10 min or 
two 150-mL boluses infused over 20 min each [4••, 5••]. In 
the US guidelines, slow continuous infusion of 0.5–2 mL/kg/
hr was still recommended for mild-moderate symptoms [4••] 
versus the European guidelines which advocated for bolus-
based correction for anyone with moderate-severe symp-
toms or anyone with acute hyponatremia displaying a drop 
of 10 mEq/L from baseline [5••]. A serum sodium increase 
of 4–6 mEq/L in the first 6 h is recommended, as literature 
has shown this increase sufficient to reverse the most serious 
neurologic manifestations of severe hyponatremia without 
increasing the risk of osmotic demyelination syndrome [9]. 
The suggested ceiling for sodium increase to reduce risk of 
ODS is 10 mEq/L in the first 24 h and 8 mEq/L every 24 h 
thereafter until the sodium reaches 130 mEq/L [5••], which 
coheres with previous studies showing an increased risk of 
ODS at rates above than 12 mEq/L/24 h [9]. If sodium cor-
rection exceeds the suggested limit, therapeutic re-lowering 
with desmopressin and serial 3-mL/kg infusions of dextrose 
5% in water is recommended [4••].
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Since guideline publication, several studies have aimed 
to further evaluate the bolus-based infusion strategy rec-
ommended as well as pros and cons of the slow continu-
ous infusion. In Europe, Ayus et al. evaluated the treatment 
of hyponatremic encephalopathy with a limited infusion 
of 500 mL of 3% HTS infused over 6 h. They showed an 
improvement in neurologic status without osmotic demy-
elination. However, the rate of correction seen at 24 h was 
at the upper limit of recommendations (9.8 + / − 1 mEq/L), 
making this a less ideal strategy in patients where chronicity 
of hyponatremia is unclear [10].

A study by Garrahy et al. in patients with hyponatremia 
from SIADH compared prospective data from a bolus pro-
tocol to retrospective data from prior continuous infusion 
protocols. The bolus protocol involved 100-mL bolus of 3% 
HTS over 15 min, repeated up to two more times to achieve 
4–6-mEq/L rise over 6 h, whereas the continuous protocol 
involved 500 mL of 3% HTS infused at 20 mL/hr, adjusted 
to achieve a rise of 8–12 mEq/L over the first 24 h. They 
showed the bolus protocol produced a faster rise in serum 
sodium and a more favorable neurologic recovery (based on 
improved Glasgow Coma Scale) initially, but ultimately no 
difference was seen at 24 h. However, the bolus-based dos-
ing was more likely to overcorrect sodium, requiring dex-
trose infusions or desmopressin to offset the increase. This 
occurred more in patients requiring a third bolus, though 
most patients in the study were only treated with two [11].

More recently, the SALSA randomized controlled trial 
(RCT) aimed to assess the risk of overcorrection in rapid bolus 
versus slow continuous HTS infusion, as well as efficacy and 
safety of proposed regimens [12]. This study was more inclu-
sive than prior studies, focusing on patients with many differ-
ent causes of hyponatremia, and was one of the first RCTs on 
this topic. Treatment in the bolus group included one 2 mL/
kg 3% bolus for moderate symptoms or two boluses for severe 
symptoms, and slow continuous included infusions of 0.5 mL/
kg/hr for moderate symptoms or 1 mL/kg/hr for severe symp-
toms with adjustments at 1 and 6 h based on sodium response 
on repeat labs. Treatment goals were to increase sodium by 
5–9 mEq/L and achieve symptom relief in the first 24 h and 
to increase sodium by 10–17 mEq/L or to > 130 mEq/L and 
achieve symptom relief in the first 48 h. Overcorrection was 
also monitored and treated. Both bolus and continuous infu-
sion methods were found to be safe and effective, with no 
significant difference in overcorrection risk. Bolus infusion 
was found to have a greater increase in sodium within 1 h and 
required less therapeutic re-lowering, thus suggesting bolus 
doses as the preferred treatment as recommended by the cur-
rent guidelines [12].

Treatment of chronic hyponatremia is more nuanced and 
depends on the underlying cause and volume status of the 
patient. Hypertonic saline has a more limited use, as patients 
with chronic hyponatremia develop severe symptoms less 

frequently. If severe symptoms develop, bolus-based cor-
rection as described above is recommended [4••]. In two 
specific cases, namely heart failure and cirrhosis, hyper-
tonic saline with possible addition of loop diuretics have 
shown benefit in cases of profound hyponatremia, regard-
less of severity of symptoms [4••, 13]. Typically, for other 
etiologies or mild presentations, etiology specific treatment 
is more commonly indicated for chronic hyponatremia [14]. 
The rate of correction for chronic hyponatremia also differs 
slightly from that of acute hyponatremia and depends on risk 
factors for ODS. Patients at high risk, including those with 
a serum sodium concentration < 105 mEq/L, hypokalemia, 
alcoholism, cirrhosis, and malnutrition, an initial target of 
4–6 mEq/L per day is recommended with a maximum daily 
correction of 8 mEq/L. Patients without these high risk fea-
tures should be targeted for an initial increase of 4–8 mEq/L 
in the first 24 h and a subsequent limit of 10 mEq/L per day 
afterwards [4••].

Elevated Intracranial Pressure

Increased ICP, as a result of cerebral edema, may develop 
after a variety of insults, such as the disruption of the 
blood–brain barrier, vascular changes, local inflammation, 
altered cellular metabolism, or trauma [15••]. ICP can 
vary with age and monitoring is often unavailable at the 
time of initial treatment decisions. Normal values are typi-
cally < 15 mmHg for adults and older children. ICP values 
greater than 20 mmHg require treatment in most circum-
stances, with ICP values > 40 mmHg indicating severe, life-
threatening intracranial hypertension [16]. The use of hyper-
osmolar therapy has been a cornerstone in treating increased 
ICP for decades. Hyperosmolar agents create an osmotic 
gradient across the blood–brain barrier which pulls fluid 
from the interstitial space into the vascular space. Histori-
cally mannitol has been used; however, hypertonic saline has 
emerged as an alternative hyperosmolar agent which may 
have some advantages over mannitol [16].

Dosing

Hypertonic saline concentrations ranging from 2 to 23.4% 
and multiple dosing strategies have been described in the lit-
erature for the treatment of elevated ICP. Titratable continu-
ous infusions of 3% HTS at an initial rate of 30–50 mL/h can 
be administered to maintain serum sodium 145–155 mEq/L 
[19]. While there are many options for bolus dosing, con-
centrations of 7.5% and 23.4% are frequently used. A bolus 
of 7.5% saline can be administered at a rate of 2 mL/kg 
over 20 min [20]. Alternatively, a single 30–60-mL bolus of 
23.4% saline can be administered over 2–10 min as needed 
to treat acute ICP elevations [21].
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There is little evidence demonstrating superiority of a 
specific dose or concentration of HTS by direct comparison. 
Carter et al. conducted a single center, retrospective study 
comparing 5% HTS as an alternative to 23.4% for the treat-
ment of ICP and found similar reduction of ICP at 120 min, 
and faster time to administration due to not needing central 
venous access. Although this study had a small sample size, 
they did not see a significant difference in efficacy or adverse 
events [17]. Busey et al. looked at a single bolus of 23.4% 
HTS compared to weight-based dosing of 23.4% HTS and 
found no statistically significant differences in ICP reduc-
tion between groups [18]. Similarly, Maguigan et al. looked 
at bolus versus continuous infusion of 3% HTS in patients 
with severe traumatic brain injury (TBI) and found no dif-
ference between ICP, length of stay, and mortality [19]. A 
2022 systematic review noticed greater reductions in ICP 
amongst studies that utilized lower concentrations of saline 
(3% or 7.5%) rather than higher concentrations. It should 
be noted that concentration and dosing strategies were not 
directly compared in the source studies [22•]. Given the lack 
of quality evidence demonstrating a superiority of a specific 
dosing strategy, we suggest adhering to institutional guide-
lines when administering HTS for elevated ICP.

Treatment

Evidence shows that HTS is helpful in reducing elevated 
ICP in patients with TBI, subarachnoid hemorrhage (SAH), 
intracranial hypertension, hepatic encephalopathy, acute 
ischemic strokes, and bacterial meningitis [15••, 23]. Early 
and continuous infusion of 3% HTS in patients with cerebro-
vascular disease might reduce the frequency of ICP crisis 
and cerebral edema [24, 25]. The evidence is most robust for 
reduction of ICP in patients with severe TBI [22•, 26–28]. 
Rockswold et al. looked at the effects of a 30-mL bolus of 
23.4% HTS on ICP reduction and concluded that hypertonic 
saline as a single osmotic agent decreases ICP while improv-
ing cerebral perfusion pressure (CPP) [27]. Munar et al. 
administered a 15 min infusion of 7.2% HTS (1.5 mL/kg) in 
patients with TBI and found a significant reduction in ICP 
to approximately 30% of the baseline [28]. The most recent 
systematic review showed an average 44% decrease in ICP 
over 15 studies, with an average 8 mmHg decrease in ICP 
when comparing before and after infusion or bolus [22•]. 
Additionally, there was a correlation between a greater ICP 
reduction and lower concentrations of HTS [22•].

Neurocritical Care Society (NCS) guidelines were pub-
lished in 2020 and since then there have been few consist-
ent or meaningful updates to the literature. Guideline authors 
affirmed that hypertonic saline reduces ICP, but has not been 
consistently shown to improve neurologic outcomes or mor-
tality in patients with cerebral edema. Due to the low qual-
ity of evidence, there were few recommendations on dosing 

strategies apart from suggesting symptom-based bolus dos-
ing over sodium target-based dosing in patients with cerebral 
edema due to SAH. Authors also recommended frequent mon-
itoring of serum creatinine in addition to sodium and chloride 
concentrations to prevent renal injury. They suggested upward 
limits of 155–160 mEq/L for sodium and 110–115 mEq/L for 
chloride. They also gave multiple recommendations address-
ing the use of HTS vs mannitol in treating cerebral edema. 
However, due to conflicting and often low quality of evidence, 
the NCS suggests HTS over mannitol only for the indications 
of cerebral edema in ICH and TBI. The panel felt that the 
putative advantages of HTS for fluid resuscitation and cerebral 
perfusion justified this suggestion [15••]. There is insufficient 
evidence for the NCS to suggest the use of either agent in 
treating cerebral edema from AIS, hepatic encephalopathy 
and bacterial meningitis [15••].

There are many theoretical advantages to using HTS over 
mannitol for the initial management of elevated ICP [15••, 
29]. Mannitol is an osmotic diuretic and therefore can lead to 
volume depletion and hypotension when compared to HTS. 
This can specifically be consequential in trauma patients where 
hypovolemia should be avoided to decrease potential second-
ary brain injury. Several studies have compared the overall ICP 
reduction of HTS versus mannitol. Mangat et al. conducted 
a large retrospective study looking at ICP after severe TBI 
and concluded that HTS use was associated with a significant 
reduction in daily ICP burden and fewer total intensive care 
unit days when compared to mannitol [30]. Kochanek et al. 
conducted a comparative effectiveness study on the effects of 
HTS and mannitol in children with head trauma and elevated 
ICP. This study suggested that when ICP was greater than 
20 mmHg, HTS outperformed mannitol in ICP reduction [31].

However, evidence suggesting superiority of HTS com-
pared to mannitol is still debated, even amongst system-
atic reviews. A 2016 meta-analysis found no difference in 
mortality, ICP, or functional difference between HTS and 
other hyperosmolar therapies in patients with elevated 
ICP secondary to TBI [32]. A 2020 Cochrane review con-
cluded both therapies were effective in reducing ICP and 
that weak evidence suggests HTS is no better than mannitol 
for improving long term outcomes [26]. Conversely a 2021 
systematic review and meta-analysis concluded that HTS has 
a more sustained effect on lowering ICP and greater benefit 
in increasing CPP [33].

Overall, evidence supports administering HTS as an alter-
native to mannitol to reduce ICP and is preferred in TBI and 
intracranial hemorrhage [15••]. There is a dearth of evidence 
supporting one concentration or dosing strategy over another. 
Therefore, providers should adhere to their institutional guide-
lines when administering HTS. It is recommended that intra-
venous HTS be used as adjunctive therapy for raised ICP. 
However, survival benefit or improvement in neurological 
outcomes has not been well demonstrated [15••, 34].
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Route of Administration

Central Line

Hypertonic saline has traditionally been reserved for admin-
istration via CVC due to concerns for infusion related adverse 
events (IRAE’s) such as thrombophlebitis, infusion-related 
pain, and soft tissue injury from extravasation. Such practices 
appear to be extrapolated from parenteral nutrition studies 
rather than data specific to HTS [35]. There is a recent trend 
challenging this practice for two main reasons. First, guide-
lines derived from parenteral nutrition administration failed 
to weigh the inherent risks in placing and maintaining central 
lines as well as delays that impact care when treating time-
sensitive and potentially life-threatening emergencies [36]. 
Second, there is a growing body of literature demonstrating 
the relative safety of peripheral HTS infusion [37–45].

In a 2015 RCT, authors measured the rate of serious com-
plications resulting from central line placement in either the 
femoral, subclavian, or internal jugular vein. They found 
a 3–4% rate of serious complications overall, including 
symptomatic deep vein thrombosis, mechanical compli-
cation (arterial injury, pneumothorax, or hematoma), and 
central line associated bloodstream infection. In addition, 
authors noted an average time for insertion of 11.6–12.8 min 
depending on placement site [36]. The actual time until 
HTS administration via central line is substantially longer 
in practice, given the additional time required for consent, 
setup, and confirmation with imaging. These risks need to be 
weighed against both the frequency and severity of adverse 
events resulting from peripheral HTS infusion.

Peripheral Intravenous Catheter

There have been a number of studies exploring the safety 
of peripheral infusion of HTS in recent years. The overall 
quality of evidence addressing the topic remains low, with 
almost all study designs retrospective in nature or prospec-
tive without a comparison group. The only controlled trial 
was not randomized with respect to administration of HTS 
via peripheral line or central line, but rather to study arms 
with or without lidocaine co-infusion with HTS [37].

However, the low frequency and minor nature of adverse 
events consistently reported across studies are enough to call 
into question the practice of placing a central line for the sole 
purpose of HTS administration. IRAE frequency ranged in 
most studies from 0 to 10.7% with saline concentrations as 
high as 23.4% [37–45]. Though there were significant differ-
ences in outcome measurements, all reported adverse events 
were considered minor in severity. These events typically 
consisted of temporary erythema, pain, and edema at the IV 
site due to phlebitis or infiltration. There were no episodes of 

ischemia or permanent tissue damage, and no interventions 
were required apart from removal of the offending IV [see 
Table 1]. Many studies reported continuing HTS peripher-
ally through an IV at a different site following infiltration or 
phlebitis. In all of the studies combined, there was one deep 
vein thrombosis identified, though authors did not consider 
this a result of peripheral HTS infusion as it was likely pre-
sent prior to administration [44].

One study appears to be an outlier, reporting a 47% rate of 
phlebitis among patients. The notably increased frequency is 
likely due to authors using Infusion Nursing Society defini-
tions which categorize isolated pain at the infusion site as 
grade 1 phlebitis. There was no difference in phlebitis rates 
compared to patients in the control arm of the study who 
received infusions of medications typically given through 
peripheral IV catheters [46].

Infusion-related pain is a common complaint as con-
firmed by a single-center RCT of 106 patients receiving 
peripheral HTS administration. Patients in the treatment 
arm received a lidocaine bolus prior to HTS and lidocaine 
co-infusion with HTS versus the control arm who received 
equivalent doses of placebo (normal saline) before and dur-
ing HTS infusion. Pain was reported in 48% of patients in 
the control arm, though low in severity with a median visual 
analog scale of 2 out of 10. Pain was reported in 20% of 
patients in the lidocaine arm with a median visual analog 
scale of 0 out 10. Patients receiving lidocaine experienced 
transient dizziness and tinnitus 8% of the time and there 
were no serious adverse events [37]. It should be noted that 
this study was not powered to identify or compare rare but 
serious adverse events associated with intravenous lidocaine. 
Lidocaine may be considered for reducing the frequent, 
though minor, pain associated with peripheral HTS infusion.

There are few pediatric studies of HTS administered via 
peripheral IV; however, the available data suggests a simi-
lar low frequency and minor severity of complications as 
adults. The largest cohort of pediatric patients showed an 
overall complication rate of 3.8%, none of which required 
intervention. Short term pain and swelling were the most 
common complications and there were no reports of tissue 
injury from extravasation. There was a significantly higher 
rate of infiltration in pediatric patients receiving continuous 
infusion (7.6%) compared to those receiving bolus infusions 
(0.9%). Authors speculated that the frequency of occurrence 
in continuous infusion is related to the prolonged vascular 
contact with HTS [45]. In the two additional hospital-based 
pediatric studies, authors reported zero adverse events out of 
a total of 98 patients given HTS via peripheral IV [38, 43].

Though IRAE’s are generally reported as relatively infre-
quent and minor in the literature, safety with peripheral IV 
administration may be improved by following a few sensi-
ble practices. A recently published manuscript described a 
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multi-disciplinary quality improvement project utilizing 
updated policies, nursing education, and development of 
electronic medical record order sets. Their policies restricted 
peripheral hypertonic saline infusion from 18 to 22 gauge IV 
catheters, placed proximal to the wrist, with less than 48-h 
dwell time, and prohibited the use of IVs started prior to 
hospital arrival. They also limited infusion rates to less than 
100 ml/hr. Following these interventions, authors recorded 
an IRAE rate of 2.9% for peripheral hypertonic saline infu-
sion. The three adverse events in their study were minor infu-
sion site reactions that were managed by catheter removal 
and switching the infusion to a different peripheral IV [41]. 
While not directly compared, they achieved a lower frequency 
of adverse events that were also less severe than complications 
from central line placement reported in the literature [36]. 
Though the policies followed in the above study may be rea-
sonable, caution should be advised in applying them as rigid 
requirements, as the evidence at this point does not consist-
ently demonstrate a correlation between peripheral catheter 
size, location, or infusion rate with IRAE frequency.

Electrolyte abnormalities are reported in up to almost 
half of patients treated with HTS. Hyperchloremia is the 
most common abnormality occurring in 39–49% of patients, 
followed by hypokalemia (25–47%), and hypernatremia 
(8–22%) [42, 43]. Route of administration is not thought 
to influence the rate of electrolyte abnormalities. Chem-
istries should be monitored frequently during and after 
administration of hypertonic saline and risks from abnor-
mal values should be weighed against the benefit of ongoing 
administration.

Intraosseous (IO)

When peripheral IV catheter placement is unobtainable, IO 
administration may be a suitable alternative in life-threat-
ening situations to avoid treatment delays. One case series 
highlighted five adults with acute brain injury without cen-
tral or peripheral venous access who received 3% saline 
through humeral or tibial IOs. There was an expected rise 
in serum sodium concentration and there were no episodes 
of infection, soft tissue injury, extravasation, or accidental 
IO dislodgement [47].

A separate case series described the infusion of 23.4% 
saline via IO in six patients with suspected impending her-
niation. All patients had an appropriate elevation in serum 
sodium concentration following infusion and there were no 
reported IO-related complications. Only one patient had ICP 
monitoring available at the time of infusion which demon-
strated a reduction from 43 to 28 mmHg [48]. To date, there 
are no prospective studies reporting the safety and efficacy 
of IO HTS administration.

Conclusions

Hypertonic saline is an important tool in the care of criti-
cally ill patients with acute severe hyponatremia or ele-
vated ICP. Three percent saline is indicated in patients 
with acute symptomatic hyponatremia and in all patients 
with moderate to severe symptoms resulting from hypona-
tremia regardless of chronicity. Boluses are preferred 
over continuous infusion due to more timely correction 

Table 1  Studies reporting IRAE's fo HTS through peripheral IV

Study Design N Age Infusion type Adverse events (%) Adverse 
event sever-
ity

Intervention 
required

Brenkert et al. [38] Retrospective 49 Pediatric 3% bolus 0 (0) NA NA
Dillon et al. [39] Retrospective 66 Adult 3% continuous or 

bolus
4 (6.1) Mild Removal of IV

Faiver et al. [40] Retrospective 51 Adult 23.4% bolus 2 (3.9) Mild Removal of IV
Janotta et al. (2021) Prospective obser-

vational
103 Adult 3% continuous or 

bolus
3 (2.9) Mild Removal of IV

Jones et al. [42] Retrospective 213 Adult 3% continuous 15 (7) Mild Removal of IV
Meng et al. [46] Prospective obser-

vational
60 Adult 3% continuous 28 (47) Mild Removal of IV

Mesghali et al. [43] Retrospective 85 Adult and Pediatric 3% continuous or 
bolus

0 (0) NA NA

Perez et al. [44] Prospective obser-
vational

28 Adult 3% continuous 3 (10.7) Mild Removal of IV

Pohl et al. [45] Retrospective 526 Pediatric 3% continuous or 
bolus

20 (3.8) Mild Removal of IV

Song et al. [37] Randomized con-
trolled trial

99 Adult 3% bolus 0 (0) NA NA
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of severe symptoms without increased risk of overly rapid 
correction. Patients with a serum sodium concentration 
less than 120 mEq/L of greater than 48 h duration are at 
risk of ODS when undergoing treatment with HTS. Goals 
for immediate correction should be 4–6 mEq/L with no 
more than a 10 mEq/L rise in any 24-h period to avoid 
ODS. Certain patients face a markedly increased risk of 
ODS, including those with serum sodium concentration 
less than 105 mEq/L, alcoholism, cirrhosis, hypokalemia, 
and malnutrition. In this subgroup of patients, initial 
correction targets should be 4–6 mEq/L per day and not 
exceed 8 mEq/L in any 24-h period. In addition to hyper-
tonic saline, all patients should undergo diagnostic workup 
to identify and initiate etiology specific treatment.

Hypertonic saline has been shown to reduce ICP in 
patients with cerebral edema of various causes. To date, evi-
dence does not show effectiveness for improving neurologic 
outcomes or reducing mortality. Hypertonic saline may have 
less risk of causing hypovolemia and hypotension compared 
to mannitol and is preferred by the NCS for the treatment 
of elevated ICP stemming from TBI or ICH. Its use is sup-
ported as an alternative to mannitol for elevated ICP caused 
by SAH, acute ischemic stroke, bacterial meningitis, and 
hepatic encephalopathy. For most indications, there is not 
enough evidence to recommend a specific concentration or 
dosing strategy at this time.

Peripheral IV administration may result in minor infusion 
related pain as well as a low frequency of local infiltration, 
redness and swelling. These infrequent and minor adverse 
events should be weighed against the serious complications 
and treatment delays associated with central line placement. 
Peripheral IV administration should be utilized if there is 
no other indication for central line placement. Central line 
placement may be considered when continuous infusion will 
be prolonged over several days. IO administration appears 
safe and effective based on case reports and should be con-
sidered in life-threatening situations when IV access is not 
immediately obtainable. Electrolyte abnormalities are com-
mon regardless of route of administration and should be 
monitored frequently.
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