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Abstract
Objective—To describe the use and feasibility of cold saline to decrease body temperature in
pediatric neurocritical care.

Design—Retrospective chart review.

Setting—Pediatric tertiary care university hospital.

Patients—Children between 1 week and 17 yrs of age admitted to the pediatric intensive care
unit with acute brain injury and having received intravenous cold saline between June-August
2009.

Intervention(s)—None.

Measurements and Main Results—Eighteen subjects accounted for 20 infusions with mean
infusion volume 18 ± 10 cc/kg. Eight subjects had traumatic brain injury (TBI), 2 had intracranial
hemorrhage, 6 had cardiac arrest, and one each had ischemic stroke and status epilepticus. The
mean age was 9.5 ± 4.8 yrs. Temperature decreased from 38.7 ± 1.1°C to 37.7 ± 1.2°C and 37.0 ±
2.0 to 35.3 ± 1.6°C one h after infusion for fever (n=14, p<.05) or hypothermia (HT) induction
(n=6, p=.05), respectively. Cold saline was not bolused, rather infused over 10–15 minutes. Mean
arterial blood pressure and oxygenation parameters (PaO2/FiO2 ratio, mean airway pressure) were
unchanged, but heart rate decreased in HT subjects (121 ± 4 vs. 109 ± 12; p<.05). Serum sodium
concentration and International normalized ratio were significantly increased after cold saline
infusion. There were no differences between pre- and post-infusion serum glucose and hematocrit,
nor cerebral perfusion pressure or intracranial pressure in TBI patients.

Conclusions—Cold saline was an effective method of reducing temperature in children with
acute brain injury. This approach can be considered to treat fever or to induce HT. Prospective
study comparing safety and efficacy versus other cooling measures should be considered.

Keywords
Brain injury; Hypothermia; Fever; Pediatric; Cold saline

Correspondence should be addressed to: Ericka L. Fink, M.D., Children’s Hospital of Pittsburgh, 4401 Penn Ave, Faculty Pavilion,
2nd floor, Pittsburgh, PA 15224, Telephone: 412-692-5164, Fax: 412-692-6076, finkel@ccm.upmc.edu.

NIH Public Access
Author Manuscript
Pediatr Crit Care Med. Author manuscript; available in PMC 2013 April 29.

Published in final edited form as:
Pediatr Crit Care Med. 2012 January ; 13(1): 80–84. doi:10.1097/PCC.0b013e3181fe27c7.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



INTRODUCTION
Fever is common after acute brain injury causing increased oxygen consumption, release of
excitatory neurotransmitters, injury to the blood brain barrier, increased neuronal cell death
and unfavorable neurological outcome in a variety of experimental models of brain
injury 12, 3.

Fever in adults with cardiac arrest and stroke, children with traumatic brain injury (TBI),
and neonates with birth asphyxia is independently associated with worse outcome versus
patients who are normothermic 4–6. In children, fever is common in the first 24 hours after
resuscitation from cardiac arrest 7, 8.

Current American Heart Association guidelines recommend avoidance of fever and the
consideration of therapeutic hypothermia (HT) for children remaining comatose after
cardiac arrest but there are no recommendations for how to monitor or manipulate
temperature 9, 10. Avoidance of fever is also recommended in the pediatric TBI guidelines
but again without treatment recommendations if fever occurs 11.

Therapeutic HT (target temperature 32–34°C) is used clinically and is being tested as a
neuroprotectant in randomized, clinical trials after cardiac arrest and TBI in our pediatric
ICU 12. Neuroprotection is best achieved by rapid achievement of target temperature 13, 14.
Previous experience has shown that induction of HT can be slow when using surface cooling
in children with brain injury 15. Optimized surface cooling devices or catheter-based cooling
systems are not available for children, and intravenous cold saline is an attractive alternative
method as studies using intravenous cold saline in adults have a good safety profile and
efficacy 16–18.

We describe our center’s experience with the use of intravenous cold saline for temperature
control in pediatric neurocritical care. We hypothesized that intravenous cold saline would
be a relatively safe and effective method to decrease temperature promptly in children with
acute brain injury.

MATERIALS AND METHODS
Design and Setting

This study was approved by the University of Pittsburgh institutional review board. We
performed a retrospective chart review of subjects admitted to the pediatric ICU at the
Children’s Hospital of Pittsburgh between June 1 and August 31, 2009.

Inclusion and Exclusion Criteria
We studied children between 1 week and 17 years of age admitted with the following
diagnoses: TBI, cardiac arrest, stroke (hemorrhagic and ischemic), status epilepticus, and
central nervous system (CNS) infection. Subjects were identified by searching ICU
pharmacy records and a neurocritical care service database for use of cold saline. Two
subjects received cold saline on two separate occasions in the same admission, and both
interventions were recorded.

Data Collection
Medical record review was used for data collection. Demographical data including age,
weight, and sex were recorded. Physiological data (temperature, heart rate, and mean arterial
blood pressure, central venous pressure, weight) were recorded one hour pre and post cold
saline infusion along with details of cold saline infusion (volume infused, method of
infusion). Laboratory (arterial blood gas, electrolytes, blood counts, coagulation studies) and
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ventilator settings pre and post cold saline infusion were recorded as close to the time of
infusion as possible. Hourly rectal or esophageal temperatures were measured on most
patients, but method of temperature measurement was not uniform across subjects.

Fever and HT induction
Subject temperatures >38°C provoke a search for an etiology and an effort to actively reduce
the temperature. Treatment of fever in children with acute brain injury in our ICU includes
one or a combination of the following methods: cooling blanket (Cincinnati Sub-Zero
Plastipad ®) positioned under the patient and controlled by an automated cooling system
(Gaymar Medi-Therm III ®) set to the target temperature, ice packets, bath and fan, lowering
of the room and ventilator humidifier thermostat, acetaminophen, and intravenous cold
saline. Cold saline is typically infused over 10–20 minutes. Analgesics, sedatives, and
neuromuscular blockade medications were used at the discretion of the attending physician.
One liter saline bags are stored in two areas of our ICU in Pyxis® MedStation® system at
4°C and their use is monitored by the hospital pharmacy. The 5 subjects who received iced
saline for induction of therapeutic HT after cardiac arrest were cooled as part of their post-
resuscitation clinical care. Up to 40% of children have temperatures at or below target
temperature (32–34°C) post-resuscitation, which has been taken into consideration in our
protocol which has been published elsewhere 8, 12.

Outcome Measures
The primary outcomes were logistics related to the application of cold saline and changes in
physiological and laboratory parameters pre and post cold saline infusion.

Data analysis
Data were analyzed for differences pre- and post-cold saline infusion using paired t-test. All
p-values were two-sided. Missing data were not imputed. Data are presented as mean ±
standard deviation (SD). Data analysis was performed using Stata software, version 10
(College Station, Texas).

RESULTS
In the 3 month study period, 18 children received cold saline for a total of 20 infusions. Cold
saline was used most frequently in children with TBI or cardiac arrest (Table 1). All cardiac
arrests occurred outside the hospital. The youngest child was 18 months of age and the
smallest child was 12 kg in body weight.

Details of cold saline infusion
Cold saline infusions were prescribed for fever reduction (n=15) and induction of
therapeutic HT (n=5). Mean infusion volume was 18.2 ± 10.1 cc/kg cold saline per dose
(16.4 ± 10.6 cc/kg for fever group and 23.7 ± 6.8 cc/kg for HT induction, p=n.s.). Peripheral
or central venous catheters were used (Table 2). Adjunctive cooling measures such as
cooling blanket and ice packs were simultaneously applied in 75% of the subjects. One child
placed on ECMO received cold saline infusion after initially being warmed from a
presenting temperature of 28°C to 34.6°C. The ECMO circuit’s return blood temperature
read 33°C at the time.

Physiological variables
Mean temperatures 1 hour post-infusion were decreased versus baseline overall from 38.2 ±
1.6°C to 36.9 ± 1.6°C, p < .05) (Table 3). Mean temperatures in the fever group decreased
from 38.7 ± 1.0°C to 37.6 ± 1.1°C (p < .05) and in the HT group from 36.6 ± 1.9°C to 34.9
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± 1.6°C (p = .1)(Figures 1a, b, and c) (Figures 2a and b). Cold saline infusion resulted in
8/15 children with fever and 2/5 children with HT having temperature reductions to < 38°C
and < 34°C, respectively, after completion of the infusion. Median time from ICU admission
to target temperature for the HT group was 8 hours (range 0–12 hours). Heart rate was
significantly decreased post-infusion among children undergoing HT but not children with
fever (115 ± 34 bpm to 107 ± 36 bpm, p=.2 for fever and 121 ± 4 bpm to 106 ± 11 bpm, p
< .05 for HT), and mean arterial blood pressures were unaffected (86 ± 13 mmHg to 83 ± 22
mmHg for fever and 96 ± 9 mmHg to 94 ± 9 mmHg for HT). Central venous pressure was
unchanged after cold saline infusion (9.8 ± 4.0 mmHg to 11.3 ± 6.8 mmHg). In children
with TBI and invasive monitoring, intracranial pressure (ICP) (15 ± 7 mmHg to 13 ± 7
mmHg) and cerebral perfusion pressure (CPP) (73 ± 20 mmHg to 72 ± 18 mmHg) were
unaffected by cold saline infusion. There was no difference in PaO2 (269 ± 164 mmHg to
271 ± 159 mmHg), FiO2 (.73 ± .24 to .70 ± .24), or mean airway pressure (12.4 ± 5.2 mmHg
to 12.8 ± 5.2 mmHg) pre- and post-infusion.

There was no difference in the rate of temperature decrease over one hour between the group
that received adjunctive cooling measures and the group that did not (1.28°C versus 0.95°C,
p=.6). All but 5 subjects received neuromuscular blockade during the infusion. There was no
difference in the rate of temperature decrease between subjects weighing less than 20 kg
(n=8) versus subjects weighing more than 20 kg (n=12) (0.86°C versus 1.45°C, p=.3).

Laboratory values
Serum sodium (140 ± 5 mmol/L to 142 ± 6 mmol/L) and International normalized ratio
(INR) (1.3 ± 0.3 to 1.4 ± 0.4 were increased post-infusion (p < .05). Glucose (154 ± 46 mg/
dl to 158 ± 75 mg/dl), hemoglobin (11.2 ± 1.7 g/dl to 10.6 ± 1.9 g/dl), hematocrit (32.7 ± 5.4
% to 30.9 ± 5.7 %), and platelet (232 ± 93 × 109/L to 208 ± 109 × 109/L) measurements
were unaffected by cold saline infusion.

DISCUSSION
We found that a mean infusion of 18 cc/kg cold saline decreased core temperature by
~1.0°C in children with acute brain injury who were treated for fever and ~1.7°C in children
treated to induce therapeutic HT. Cold saline infusion in this study represents a tool to
promptly treat fever and initiate induction of HT, but we did not study maintenance of target
temperature. During induction of HT, it may be that additional infusions or other methods
are needed to continue cooling if the reduction was still above the target temperature. Cold
saline was not bolused, rather infused over 10–15 minutes.

The detrimental effects of fever on the outcome of brain injured patients and the importance
of achieving therapeutic HT quickly for maximum effect are well documented 4–6, 13. The
need for improved methods for the safe and rapid reduction and maintenance of patient
temperatures has led to the investigation of new devices such as advanced surface cooling
systems, intravascular catheters, and even nasal cooling approaches, but these are similarly
unavailable in younger infants and children.

Surface cooling with ice packs and cooling blankets can be slow to decrease temperature in
children and adults 15, 19, 20 but may be more effective in infants due to their large surface
area to volume ratio 21. Cold intravenous fluid can be readily available and is relatively
cheap. Similar to our findings, prospective pilot studies using ~20–30 ml/kg cold
intravenous fluids in adults surviving cardiac arrest decreased temperatures by 1.4–1.8°C
over 30–60 minutes. All subjects were given sedation and neuromuscular blockade to
prevent agitation and shivering, and fluid composition was lactated Ringer’s solution or
normal saline 16, 18, 22. Recently a randomized, controlled trial comparing standard methods
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of cooling with or without intravenous cold saline in children less than 22 months of age
with congenital heart disease for treatment of junctional ectopic tachycardia showed that 10–
20 cc/kg cold normal saline decreased temperature by 4.2°C per hour 23. One child was
slowly warmed after overcooling beyond the 32–34°C target temperature. Subjects received
continuous infusions of analgesics and sedatives and it was not described as to how many
were given neuromuscular blocking agents. Additionally, a case report described success
using cold saline infusion (30 cc/kg) to induce therapeutic HT in a 12 year old child post–
resuscitation from cardiac arrest after the combination of a cooling blanket with sedation and
neuromuscular blockade failed 24. The median time from ICU admission to target
temperature in our five patients was relatively long overall due to one child in whom
therapeutic HT was initiated later upon decline in mental status.

Decreases in heart rate and bradycardia (variously defined) are well known consequences of
decreased temperature. We found that while fever and HT groups had decreased heart rates
after cold saline infusion, only the latter achieved statistical significance. No subjects
required clinical interventions for bradycardia. There were no differences in other
hemodynamic and oxygenation parameters in our subjects but other studies have found
changes after infusion including increased central venous pressure, increased blood pressure,
decreased PO2 and PO2/FiO2 ratios, and clinical evidence of pulmonary edema 16, 18, 22.

Other complications such as changes in sodium homeostasis or alterations in coagulation are
important considerations when instituting an iced saline infusion. In our series, we found
short term alterations in serum sodium and INR which did not have clear evidence of
clinical consequences. Normal saline is our standard fluid for volume expansion because it
is isotonic and is less likely to decrease serum sodium concentration than other fluids, which
might be detrimental to patients with brain injury who are already at risk of brain edema and
sodium dysregulation. Other groups have found derangements in coagulation, electrolyte
concentrations, and decreased in platelet and hematocrit count after cold fluid
administration. We did not record other boluses or fluid infusions the subjects received
during the cold saline infusion period.

Neuromuscular blockade and sedation were used were used during 15/20 cold saline
infusions to facilitate effective temperature reduction though prevention of shivering. We
and other groups have successfully used peripheral and central venous intravenous catheters
to deliver the cold saline. Catheters in large caliber peripheral veins (i.e., antecubital) are
often placed for initial resuscitation and have less tubing length, which lessens the chance of
the fluid temperature increasing prior to reaching the vasculature of the patient.

Study limitations
The purpose of this observational study was to describe our experience using cold saline
infusion to decrease temperatures in children with acute brain injury and help care providers
in anticipating and preventing adverse events when using this approach. Data collection was
limited by available documentation. Rectal temperature probes are routinely used in our
ICU, largely because they are simple to use. However, they may less accurately measure
core temperature than other methods 25–30. Laboratory values were measured at room
temperature regardless of subject temperature, which may have an affected the results.

CONCLUSIONS
Cold saline was an effective method of promptly decreasing temperature in children with
acute brain injury who have fever or are undergoing induction of therapeutic HT.
Prospective study of the optimal fluid volume, composition, and concurrent adjunctive
measures to best achieve temperature targets are needed.
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Figure 1.
Figures 1a, b, and c. Temperature, heart rate, and mean arterial blood pressure 1 hour pre
and post-cold saline infusion.
*p < .05 post-infusion versus pre-infusion
Error bars are reported as standard error
*p < .05 post-infusion versus pre-infusion
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Figure 2.
Figures 2a and b. Expanded temperature curves for subjects with hypothermia and fever.
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Table 1

Subject information.

n=18 subjects

Age, yrs (mean ± SD) 9.5 ± 4.8

Gender, male/female 7/11

Weight, kg 33.9 ± 21.2

Etiology of brain injury

 TBI 8

 Cardiac arrest 6

 Hemorrhagic stroke 2

 Ischemic stroke 1

 Status epilepticus 1

TBI, traumatic brain injury
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Table 2

Cold saline infusion details.

n=20 infusions

Indication, n

 Fever 15

 Induced hypothermia 5

Infusion volume, cc/kg 18.2 ± 10.1

Infusion site, n

 CVC femoral 10

 CVC jugular 3

 Peripheral 4

 Unspecified 3

Adjunct cooling measures, n

 Cooling blanket 13

 Ice packs 3

 ECMO circuit 1

Neuromuscular blockade, n 15

CVC, central venous catheter; ECMO, extracorporeal membrane oxygenation
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Table 3

Physiological effects 1 hour pre and post iced saline infusion.

N 1 hour Pre-infusion (Mean ± SD) 1 hour Post-infusion (Mean ± SD) p-value

Temperature, °C

 Total 20 38.2 ± 1.6 37.0 ± 1.7 < .05

  Fever 15 38.7 ± 1.0 37.6 ± 1.1 < .05

  Induced hypothermia 5 36.6 ± 1.9 34.9 ± 1.6 .11

Heart rate, bpm

 Total 20 116 ± 29 107 ± 31 .06

  Fever 15 115 ± 34 107 ± 36 .23

  Induced hypothermia 5 121 ± 4 106 ± 11 < .05

Mean arterial blood pressure, mmHg

 Total 20 88.5 ± 12.8 85.5 ± 19.8 .33

  Fever 15 85.8 ± 13.1 82.7 ± 21.7 .40

  Induced hypothermia 5 96.4 ± 8.9 94.0 ± 9.3 .67

Central venous pressure, mmHg 13 9.8 ± 4.0 11.3 ± 6.8 .42

Intracranial pressure, mmHg 10 15 ± 7 13 ± 7 .28

Cerebral perfusion pressure, mmHg 10 73 ± 20 72 ± 18 .44

PaO2, mmHg 16 269 ± 164 271 ± 159 .94

Fraction of inspired O2 19 .73 ± .24 .70 ± .24 .56

PO2/FiO2 ratio 16 361 ± 149 363 ± 144 .91

Mean airway pressure, mmHg 17 12.4 ± 5.2 12.8 ± 5.2 .34

Sodium, mmol/L 20 140 ± 5 142 ± 6 < .05

Glucose, mg/dl 20 154 ± 46 158 ± 75 .63

Hemoglobin, g/dl 20 11.2 ± 1.7 10.6 ± 1.9 .25

Hematocrit, % 20 32.7 ± 5.4 30.9 ± 5.7 .25

Platelet (x 109/L) 20 232 ± 93 208 ± 109 .18

International normalized ratio 15 1.3 ± 0.3 1.4 ± 0.4 < .05

Partial thromboelastin time, sec 15 36.9 ± 24 37.2 ± 9.5 .96
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