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Traumatic Brain Injury: Bolus Versus
Continuous Infusion of 3% Hypertonic Saline
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Hypertonic saline (HTS) is used as an adjunct in the conservative management of
increased intracranial pressure; however, the ideal concentration or route of delivery is
unknown. Our objective was to assess whether there is a difference in route of delivery,
bolus versus infusion, of 2% versus 3% HTS in patients with traumatic brain injury. The
study comprises a retrospective analysis of all patients who sustained traumatic brain
injury resulting in increased intracranial pressure that required HTS from January 2012 to
December 2014. We examined time to therapeutic serum sodium concentration greater or
equal to 150 mEq; incidence of ventriculostomy placement and neurosurgical intervention
for refractory intracanial hypertension; and disability burden among the different
infusates and route of delivery. A total of 169 patients received either 2% or 3% HTS,
given as a bolus or continuous infusion. Patients had an average age of 61.4 years; 100
patients (59.2%) were male and 69 (40.8%) were female; 62 patients were taking either an
antiplatelet or anticoagulant agent. Infusion of 3% saline was associated with the shortest
interval to reaching a therapeutic level at 1.61 days (P = 0.024). There was no statistically
significant difference between placement of a ventriculostomy among the bolus and
infusion groups of 3% normal saline (NS) (P = 0.475). However, neurosurgical intervention
was less prevalent in those receiving 3% infusion (P = 0.013). Infusion of 3% HTS was
associated with a more rapid increase in serum sodium to therapeutic levels. Neurosurgical
intervention for refractory hypertension was less prevalent in the 3% NS infusion group.
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During the golden hour following the initial insult that follows from increased intracranial pres-
trauma, key steps in the management of sure (ICP). In the United States, among all age
traumatic brain injury (TBI) can avoid secondary groups, TBI is the leading cause of trauma-related
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deaths, accounting for more than 60% of trauma-
related deaths.! Mortality correlates with intracra-
nial hypertension ranging from 18.4% for patients
with pressures less than 20 mmHg to 55.6% for
those with pressures greater than 40 mmHg. Those
who survive the trauma burden often sustain
various degrees of disability. Each year approxi-
mately $60 billion is spent for ongoing care of more
than 80,000 persons who have varying degrees of
TBI> Goals of treatment are targeted at decreasing
cerebral swelling, avoiding herniation and ischemia.
Intensive care unit admissions for these patients
focus on early recognition of changes in Glasgow
Coma Scale (GCS), ICP and hemodynamics. Phar-
macologic agents, such as hypertonic saline (HTS)
and mannitol, are employed to manage intracranial
hypertension along with the help of neurosurgical
interventions. HTS is used in many different con-
centrations, ranging from 2% to 23.4% administered
as bolus or infusion.’

There are no prospective randomized controlled
trials exploring the use of HTS in the setting of TBL
The Brain Trauma Foundation cannot provide
strong recommendations for the use of HTS over
mannitol in the setting of elevated intracranial
hypertension, despite its frequent use. Pediatric
societies, as a level II recommendation, endorse the
use of HTS>* To our knowledge, there are no
studies that have specifically assessed the therapeu-
tic value of bolus versus infusion routes of delivery
for HTS. We performed a retrospective review of all
patients who received 2% and 3% saline for elevated
ICP. The route and concentration administered were
examined to see which combination reached thera-
peutic range of serum sodium (150-159 mEq) in the
shortest amount of time. Secondary outcomes that
were assessed included change in GCS, neurosurgi-
cal intervention, and disposition after hospitaliza-
tion.

Methods

NYU Lutheran functions as a Level I trauma center
and a designated stroke center. A retrospective
analysis was performed examining all patients
who received HTS, 2% or 3%, from January 2012
through December 2014. Institutional Review Board
approval was obtained for a retrospective chart
analysis for prospectively collected data. A total of
169 patients were identified who had sustained an
injury that resulted in elevation of ICP. To increase
the power of this analysis, a decision was made to
include all patients who sustained a TBI regardless
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of mechanism of injury. Patients were admitted
under medical or surgical service pending their
etiology. There is no definitive protocol established
at our institution for the use of HTS. Use of 2% or 3%
saline was under the discretion of the neurosurgeon
and neurologist in coordination with the medical/
surgical intensivist. Generally, boluses were admin-
istered at 4- to 6-hour intervals versus continuous
infusion of HTS infusate from initiation to termina-
tion of therapy. All patients were managed accord-
ing to the recommended guidelines for patients with
TBI. Intensive care unit admission with continuous
hemodynamic monitoring, hourly neuro checks,
ventilatory support when indicated, and manage-
ment of medical conditions or trauma burden was
performed. Neurosurgery was consulted in all cases
of intracranial hemorrhage regardless of etiology.
Blood products were transfused in setting of
previous antiplatelet/anticoagulant agent use as
well as hypotension secondary to hemorrhagic
shock. Serial computed tomography scans were
performed on admission and at 4- to 6-hour
intervals to monitor progression of intracranial
hemorrhage. A serum sodium concentration be-
tween 150 and 159 mEq was defined as therapeutic,
and administration of HTS was held when sodium
was greater than 160 mEq or serum osmolality was
greater than 320. This was based on common
practice at our institution because no literature
consistently supports a particular range of serum
sodium. Statistical analysis of the resulting data set
was performed with SPSS statistical software. Time
to return of laboratory serum sodium concentration
>150 mEq from admission to hospital was assessed
for patients who received 2% and 3% HTS.
Regression analysis was used to examine the
relationship between route (bolus versus infusion)
and concentration of HTS (2% versus 3% HTS), and
degree of neurosurgical intervention. Neurosurgical
intervention was targeted at treating refractory
intracranial hypertension with placement of a
ventriculostomy or decompressive surgery when
indicated. Analysis of variance was used to compare
both posthospitalization disposition location and
GCS trend to infusate.

Results

A total of 169 patients received either 2% or 3% HTS,
given as a bolus or continuous infusion; average age
was 61.4 years; and 100 patients (59.2%) were male
and 69 (40%) were female. Table 1 demonstrates the
comorbidities that existed in our patient population:
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Table 1  Patient demographics

Epidemiology No. (%)
Male 100 (59.2)
Female 69 (40.8)
Average age, y, =SD 61.4 + 20.6
HTN 103 (60.9)
DM 40 (23.7)
CHF 56 (33.1)
CAD/ Afib 56 (33.1)
CKD/ESRD 8 (47)
HLD 46 (27.2)
Antiplatelet/anticoagulant 62 (36.7)
Systolic blood pressure <90 on admission 6 (3.6)
Transfused blood products on admission 15 (8.9)

Afib, atrial fibrillation; CAD, coronary artery disease; CHF,
chronic heart failure; CKD, chronic kidney disease; DM, diabetes
mellitus; ESRD, end-stage renal disease; HLD, hyperlipidemia;
HTN, hypertension.

60.9% of the patients suffered from hypertension.
Antiplatelet and anticoagulant use, including clopi-
dogrel, full-dose aspirin, warfarin, and rivaroxaban,
were analyzed; 62 of the patients took one of the two
agents for their comorbid conditions. On presenta-
tion, 6 of 169 patients presented hypotensive with
systolic blood pressures below 90 mmHg; however,
only 15 patients required blood product transfusion
for purposes of hemorrhagic shock and antiplatelet/
anticoagulant use. The etiologies for elevated intra-
cranial hypertension are represented in Table 2.

On admission, the mean GCS for the patients
who received 2% HTS was 12 and 10.77 for bolus
and infusion, respectively. The mean GCS for
patients receiving 3% HTS was 8.28 and 9.6 for
bolus and infusion, respectively (Table 3). Examin-
ing the effect of HTS on GCS change on hospital day
1, it was noted that the administration of HTS as a
bolus versus infusion in both the 2% (—0.33 versus
—0.49) and 3% (—0.225 versus —0.36) HTS groups was

Table 2 Distribution of injury profile associated with elevated ICPs

Mechanism No. (%), n = 169
MVA 8 (4.7)
Assault 10 (5.9)
Hemorrhagic stroke 54 (32)
Fall 25 (14.8)
Coiling 424
Ischemic stroke 34 (20.1)
Metabolic 7 (4.1)
Pedestrian struck 12 (7.1)
Ischemic stroke converted to hemorrhagic stroke 10 (5.9)
Other 5(3)

MVA, motor vehicle accident.
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Table 3 Mean Glasgow Coma Scale (GCS) on admission for the
corresponding infusates reviewed

Infusate GCS on admission, mean No. (n = 168)
Bolus 2% 12 = 4.38 6
Infusion 2% 10.77 + 4.22 66
Bolus 3% 8.28 + 4.36 43
Infusion 3% 9.6 = 4.8 53

associated with a smaller drop in mean GCS (P =
0.984). This difference was also seen on hospital
days 3 and 7, but it was not statistically significant
as well.

Time to serum sodium concentration greater than
150 mEq from admission was assessed to determine
both the infusate and route that reached the
therapeutic level in the shortest amount of time.
Infusion of 3% saline was associated with the
shortest interval to reaching a therapeutic level at
1.61 days (P = 0.024), as seen in Fig. 1.

The disability burden is reflected through the
location of discharge: death, home, or rehab/skilled
nursing facility (Fig. 2). As depicted there were no
statistically significant differences between the 2%
and 3% normal saline (NS) groups, for both infusion
and bolus administrations.

The effect on reducing neurosurgical interven-
tion, including ventriculostomy placement, is de-
picted in Fig. 3. It was decided that only patients
who received 3% HTS were examined, because they
had the lowest GCS scores on admission. There was
no statistically significant difference between place-
ment of a ventriculostomy among the bolus and
infusion groups (P = 0.475). However, neurosurgical

Days to Therapeutic
N

Bolus 2% Infusion 2% Bolus 3%
Infusate

Infusion 3%

Fig. 1 Infusion of 3% NS reached serum Na in 1.61 days from
time of admission (P = 0.024).
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Fig. 2 Location of discharge (home, 10
rehabilitation/skilled nursing facility,
expiration) versus infusate and route of
IV versus bolus. No statistically
significant differences were seen (P = 0

0.08).

Bolus 2%

intervention was less prevalent in those receiving
3% infusion (P = 0.013). Performing a logistic
regression analysis accounting for use of antiplatelet
and anticoagulant agents, there was a persistent
association between the degree of neurosurgical
intervention and use of 3% NS as a bolus, with an
odds ratio of 3.794 (P = 0.005).

Discussion

Etiologies for intracranial hypertension include, but
are not limited to, TBI, ischemic stroke, neoplasm,
infection, liver dysfunction, and aneurysmal rup-

3% HTS Infusate vs. Intervention
33

= Ventri y = Neur gical Intervention
26

20

3% Bolus 3% Infusion

Fig.3 No difference seen in ventriculostomy placement between
3% bolus versus infusion. Neurosurgical intervention more likely
in 3% bolus group (P = 0.013). Performing a logistic regression
analysis accounting for use of antiplatelet and anticoagulant
agents, there was still a higher degree of neurosurgical
intervention, with an odds ratio of 3.794 (P = 0.005).
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Area of Disposition

= expired home = rehab

Infusion 2% Bolus 3% Infusion 3%
Infusate

ture. Approximately 1.4 million people every year
sustain a TBI, resulting in 235,000 hospitalizations
and 50,000 deaths.” Mortality rate is directly
proportional to episodes of hypotension and hyp-
oxia in the setting of TBI, reaching 75%. The use of
osmotic agents is a key component of nonsurgical
management of TBI. The effectiveness depends on
blood-brain barrier integrity, reflection coefficient of
osmotic agent, and osmotic gradient created.® The
use of HTS as osmotic therapy to target elevated
intracranial hypertension has an effect on both ICP
and cerebral perfusion pressure. The effect of
lowering ICP is believed to result from its capacity
to lower brain water. Additionally, HTS induces a
change in blood viscosity that is hypothesized to
affect cerebral blood flow, increasing cerebral per-
fusion pressure in areas that are hypoperfused at
baseline.” Hyponatremia can result in the setting of
TBI secondary to cerebral salt-wasting syndrome or
inappropriate antidiuretic hormone secretion. This
leads to brain ischemia resulting from swelling of
perivascular astrocytes and an increase in the brain-
contusion volume and ICP?

There are studies that show a reduction in ICP,
and improvement in cerebral perfusion pressure
(CPP), from repeated boluses of HTS (1.6%-
23.4%).5° Similarly, continuous infusion of HTS in
TBI patients has been shown to increase natremia
and osmolarity, decrease intracranial hypertension,
and improve CPP*'° Administration of HTS as
either a continuous infusion or bolus has been
proven to be efficacious in the setting of intracranial
hypertension; however, the most optimal route and
concentration is unknown due to lack of random-
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ized controlled trials. We performed a retrospective
analysis on prospectively collected data at our
institution, which serves as both a designated stroke
center and trauma center. We examined all patients
from January 2012 through December 2014 who
received either 2% or 3% HTS. It was determined
that 3% saline administered as a continuous infusion
reached therapeutic levels in the shortest period of
time from admission, at 1.61 days. There was no
bolus given prior to starting the infusion.

Neurosurgical intervention can assist in the
management of refractory hypertension. In our
patient population of 169 patients, 42 (43.8%)
underwent decompressive surgery. Patients who
received 3% NS had a lower GCS on admission, 8.28
versus 9.6 for bolus and infusion, respectively. Bolus
of 3% NS saline was associated with an increased
rate of neurosurgical intervention compared with
infusion (P = 0.013). There was a logistic regression
analysis performed taking into account the use of
antiplatelet and anticoagulant agents. Despite their
presence there was a higher rate of neurosurgical
intervention seen in the bolus group, with an odds
ratio of 3.794 (P = 0.005). There was no statistically
significant difference in the placement of a ventric-
ulostomy in the two groups, as seen in Fig. 3.

TBI can result in significant impairment, leading
to long-term placement in a rehabilitation or skilled
nursing facility. Figure 2 depicts the location to
which the patients were discharged, as well as the
number of people that died. There was no statisti-
cally significant difference among the bolus and
infusion groups of 3% NS. To note, the bolus group
did have a lower mortality of 16 patients versus 22
in the infusion group; however, this was not
statistically significant.

Conclusion

The Brain Trauma Foundation currently cannot
advise for or against the use of HTS in the setting
of elevated ICP in the adult population. There
currently are no randomized controlled trials to
date, and data are lacking on ideal concentration
and route of delivery of HTS. In our retrospective
review we found a shorter time to therapeutic
sodium levels, indicating faster time to treatment in
the infusion of 3% NS. Additionally, need for
neurosurgical intervention to control refractory
intracranial hypertension was less in the infusion
group. There were no statistically significant differ-
ences in mortality and location to which they were
discharged. There are a number of limitations in this
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study: 1) no uniform patient population, because all
patients regardless of etiology were grouped togeth-
er to increase the power of this study; 2) being a
retrospective analysis, we used time from admission
to reported lab values as time to therapeutic levels;
3) there is no established protocol for administration
of hypertonic saline at our institution, thus con-
founding variables, such as use of other agents to
increase diuresis, were not accounted for; and 4) the
sodium level that was used as therapeutic was
selected based on common practice at our institution
and available literature.

We conclude that there is a difference in
outcomes regarding the route of delivery of HTS
in the treatment of TBI patients. Further studies
need to be performed, with a larger sample size, to
examine the ideal route of administration of HTS as
well as the most efficacious and safest concentration
to use.

References

1. Doyle JA, Davis DP, Hoyt DB. The use of hypertonic saline in
the treatment of traumatic brain injury. | Trauma 2001;50(2):
367-383

2. Ropper AH. Hyperosmolar therapy for raised intracranial
pressure. N Engl | Med 2012;367(8):746-752

3. Lazaridis C, Neyens R, Bodle J, DeSantis SM. High-osmolarity
saline in neurocritical care: systematic review and meta-
analysis. Crit Care Med 2013;41(5):1353-1560

4. Kochanek PM, Carney N, Adelson PD, Ashwal S, Bell M],
Bratton S et al; American Academy of Pediatrics-Section on
Neurological Surgery; American Association of Neurological
Surgeons/Congress of Neurological Surgeons; Child Neurol-
ogy Society; European Society of Pediatric and Neonatal
Intensive Care; Neurocritical Care Society; Pediatric Neuro-
critical Care Research Group; Society of Critical Care
Medicine; Paediatric Intensive Care Society UK; Society for
Neuroscience in Anesthesiology and Critical Care; World
Federation of Pediatric Intensive and Critical Care Societies.
Guidelines for the acute medical management of severe
traumatic brain injury in infants, children, and adolescents—
second edition. Pediatr Crit Care Med 2012;13(suppl 1):51-582

5. Eskandari R, Filtz MR, Davis GE, Hoesch RE. Effective
treatment of refractory intracranial hypertension after trau-
matic brain injury with repeated boluses of 14.6% hypertonic
saline. | Neurosurg 2013;119(2):338-346

6. Rockswold GL, Solid CA, Paredes-Andrade E, Rockswold SB,
Jancik JT, Quickel RR. Hypertonic saline and its effect on

intracranial pressure, cerebral perfusion pressure, and brain

365

$S900E 93l) BIA /0-20-G20Z e /wod Aioyoeignd-poid-swud-yiewlarem-jpd-awndy/:sdiy woly papeojumoq



PARIZH

10.

11.

366

tissue oxygen. Neurosurgery 2009;65(6):1035-1041; discussion
1041-1042

. Scalfani MT, Dhar R, Zazulia AR, Videen TO, Diringer MN.

Effect of osmotic agents on regional cerebral blood flow in
traumatic brain injury. J Crit Care 2012,27(5):526.e7—e12

. Roquilly A, Mahe PJ, Latte DD, Loutrel O, Champin P, Di Falco

C et al. Continuous controlled-infusion of hypertonic saline
solution in traumatic brain-injured patients: a 9-year retro-
spective study. Crit Care 2011;15(5):R260

. Froelich M, Ni Q, Wess C, Ougorets I, Hartl R. Continuous

hypertonic saline therapy and the occurrence of complications
in neurocritically ill patients. Crit Care Med 2009;37(4):1433—
1441

Muizelaar JP, Shahlaie K. Hypertonic saline in neurocritical
care: is continuous infusion appropriate? Crit Care Med 2009;
37(4):1521-1523

Colton K, Yang S, Hu PE, Chen HH, Bonds B, Scalea TM et al.

Intracranial pressure response after pharmacologic treatment

12.

13.

14.

15.

HYPERTONIC SALINE USE IN TRAUMATIC BRAIN INJURY

of intracranial hypertension. | Trauma Acute Care Surg 2014;
77(1):47-53

Balbino M, Capone Neto A, Prist R, Ferreira AT, Poli-de-
Figueiredo LF. Fluid resuscitation with isotonic or hypertonic
saline solution avoids intraneural calcium influx after trau-
matic brain injury associated with hemorrhagic shock. |
Trauma 2010,68(4):859-864

Chesnut RM, Temkin N, Carney N, Dikmen S, Rondina C,
Videtta W et al. A trial of intracranial-pressure monitoring in
traumatic brain injury. N Engl | Med 2012;367(26):2471-2481
Sagher O. Treatment guidelines from the Brain Trauma
Foundation. | Neurosurg 2013;119(5):1246

Brain Trauma Foundation; American Association of Neuro-
logical Surgeons; Congress of Neurological Surgeons; Joint
Section on Neurotrauma and Critical Care, AANS/CNS,
Bratton SL et al. Guidelines for the management of severe
traumatic brain injury, II: hyperosmolar therapy. | Neurotrauma
2007;24(suppl 1):514-520

Int Surg 2016;101

$S900E 93l) BIA /0-20-G20Z e /wod Aioyoeignd-poid-swud-yiewlarem-jpd-awndy/:sdiy woly papeojumoq



