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Prolonged Mild Therapeutic Hypothermia versus Fever
Control with Tight Hemodynamic Monitoring and Slow
Rewarming in Patients with Severe Traumatic Brain Injury:
A Randomized Controlled Trial
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Abstract

Although mild therapeutic hypothermia is an effective neuroprotective strategy for cardiac arrest/resuscitated patients, and
asphyxic newborns, recent randomized controlled trials (RCTs) have equally shown good neurological outcome between
targeted temperature management at 33°C versus 36°C, and have not shown consistent benefits in patients with traumatic
brain injury (TBI). We aimed to determine the effect of therapeutic hypothermia, while avoiding some limitations of
earlier studies, which included patient selection based on Glasgow coma scale (GCS), delayed initiation of cooling, short
duration of cooling, inter-center variation in patient care, and relatively rapid rewarming. We conducted a multicenter
RCT in patients with severe TBI (GCS 4-8). Patients were randomly assigned (2:1 allocation ratio) to either therapeutic
hypothermia (32-34°C, n=98) or fever control (35.5-37°C, n=>50). Patients with therapeutic hypothermia were cooled as
soon as possible for >72h and rewarmed at a rate of <1°C/day. All patients received tight hemodynamic monitoring
under intensive neurological care. The Glasgow Outcome Scale was assessed at 6 months by physicians who were blinded
to the treatment allocation. The overall rates of poor neurological outcomes were 53% and 48% in the therapeutic
hypothermia and fever control groups, respectively. There were no significant differences in the likelihood of poor
neurological outcome (relative risk [RR] 1.24, 95% confidence interval [CI] 0.62-2.48, p=0.597) or mortality (RR 1.82,
95% CI 0.82—4.03, p=0.180) between the two groups. We concluded that tight hemodynamic management and slow
rewarming, together with prolonged therapeutic hypothermia (32-34°C) for severe TBI, did not improve the neurological
outcomes or risk of mortality compared with strict temperature control (35.5-37°C).
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Introduction

ILD THERAPEUTIC HYPOTHERMIA (MTH) improves neuro-

logical outcomes and can prevent severe brain damage after
cardiac arrest."> Beneficial effects of MTH have also been dem-
onstrated in several randomized controlled trials (RCTs) in new-
born infants with perinatal asphyxia,>® whereas a recent RCT
could not show significant effects of hypothermia between targeted
temperature management (36°C) and TH (33°C) with overall good
neurological outcome.” The efficacy of MTH has also been studied

in patients with severe traumatic brain injury (TBI).*"'? However,
the outcomes of these RCTs were conflicting, possibly because of
the significant pathophysiological complexity and variability of
this disease. Additionally, two well-designed RCTs in adults and
children did not show favorable outcomes with the use of MTH in
patients with severe TBL'*'* Although the overall results of the
National Acute Brain Injury Study: Hypothermia (NABISH) study
were negative,'® subsequent analyses identified several factors that
might improve the effects of MTH for treating patients with TBI in
clinical settings. These factors included the time to reach the target
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temperature,'® fluid management,'® intercenter variations in the
management of MTH,'® and the rewarming process.'” Several
systematic reviews suggested that MTH should be maintained
for >48 h, and that the rate of rewarming should be very slow.'®!?

The present study, the Brain-Hypothermia (B-HYPO) Study,
was designed to take into account these earlier discussions and
recommendations. Although several trials were published after
starting our study,?*~? the effects of MTH in patients with severe
TBI remained controversial in terms of neurological outcomes.

We performed this study in emergency and critical care centers
in Japan to compare the neurological outcomes between TH (32—
34°C) and fever control (35.5-37°C) for patients with TBI, and to
clarify the clinical efficacy of MTH.

Methods
Patients, randomization, and blinding

The study covered the period from December 2002 to September
2008. It was designed as a multicenter RCT with prospective an-
alyses and blinded assessment of neurological outcomes. The
protocol and consent procedures were approved by the Institutional
Review Board of each participating hospital. The study was reg-
istered with the University Hospital Medical Information Network
(UMIN-CTR, No. C000000231) in Japan and the National In-
stitutes of Health (Clinical Trials.gov Identifier NCT00134472) in
the United States of America. The randomization list was auto-
matically generated by the UMIN computer system to allocate
patients in a 2:1 ratio to receive TH (32-34°C) or fever control
(35.5-37°C). The temperature of the control group was set to 35.5—
37°C for ethical reasons, because MTH was reported to be effective
in adult cardiac arrest/resuscitated patients at that time."> We also
attempted to try quick initiation of temperature managements in
which cooling was allowed to be 35.5°C before the randomization
in both groups, to prolong duration of hypothermia (>72h), to
reduce rewarming speed (< 1.0°C/day) and to randomize for two
parameters (Glasgow Coma Scale [GCS] scores 4-5 and 6-8; ages
15-45 years and 46—69 years) in each participating hospital.

Inclusion criteria were age 15-69 years for both sexes, GCS
score of 4-8, and ability to initiate cooling within 2 h after the onset
of TBI. Patients with any of the following were excluded: good
motor response (GCS motor response =6), systolic blood pressure
<90 mm Hg after fluid and vasopressor resuscitation, platelet count
<50,000 /mm3, severe pre-existing medical conditions (e.g., liver,
kidney, or heart failure, or severe arrhythmia), acute myocardial
infarction, pregnancy, severe alcohol intoxication that prevented
assessment of consciousness, penetrating brain injury, epidural
hematoma without brain parenchymal injury, or core body tem-
perature <30°C. Eligible patients were enrolled and their core
temperature was lowered to the desired temperature as quickly as
possible. Head computed tomography (CT) scans were performed
and evaluated on admission and after rewarming in all patients.

After obtaining written informed consent from the patient’s le-
gally authorized representative, the patient was randomized to ei-
ther TH or fever control based on the randomization list. An
Internet-based enrolment system managed by the UMIN enabled
instant randomization for the patient upon admission at each par-
ticipating site. Patient private information was secured. If informed
consent could not be obtained within 2 h of admission, the consent
policy was waived.

Treatments

Core body temperature was measured by a thermistor coupled to
an internal jugular venous catheter. If the catheter could not be
inserted, body temperature was measured in another site that was
selected in the following order: pulmonary artery, bladder, rectum,
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and tympanic membrane. In addition to critical neurological care,*
an arterial catheter, a pulmonary arterial catheter, and an intracra-
nial pressure (ICP) monitoring probe were inserted to maintain
hemodynamic status and ICP at the following levels: mean arterial
pressure (MAP)>80mmHg, cardiac index (CI)>2.5 L/min/m?,
systemic vascular resistance index (SVRI) 800-1200 dynes/sec/
cm®, ICP <20 mm Hg, and cerebral perfusion pressure (CPP) > 60
mm Hg. The partial pressures of arterial oxygen (PaO,) and carbon
dioxide (PaCO,) were maintained at> 100 mm Hg and 30-40 mm
Hg, respectively. If ICP was>20mm Hg, any treatment re-
commended by the Japanese guidelines could be applied, including
mannitol/glycerol and/or a bolus infusion of barbiturates,” but not
continuous infusion of barbiturates, because of the enormous sup-
pressive effects on cardiac function. Hyperventilation was allowed,
but excessive hypocapnia <30 mm Hg was prohibited. ICP could
also be reduced by decompressive craniectomy. Anticonvulsants
were allowed as deemed necessary.

Cooling blankets, rapid cold fluid infusion (up to 1000 mL sa-
line, human plasma products, or dextrose-free plasma expanders),
and/or cold gastric lavage could be used during the induction phase
in both groups. The aim was to achieve the target temperature
within 6 h after the onset of TBI. The desired temperature was to be
maintained for >72h, mainly using surface cooling blankets, in
each group. The patient was rewarmed at a rate of <1°C/day and
core body temperature was maintained at <38°C for 7 days after
the onset of TBI.

Our sedation protocol specified either midazolam (0.2-0.4 mg/
kg/h) and non-narcotic analgesics for patients treated between
December 2002 and April 2005, or neuroleptic analgesia (NLA)
(25 ug/kg/h droperidol and 1 pg/kg/h fentanyl) for patients treated
between May 2005 and May 2008. Vecronium (0.05 mg/kg/h) or
pancuronium (0.05 mg/kg/h) could be used in each sedation pro-
tocol during the induction and maintenance phases as deemed
necessary. In terms of hemodynamic outcomes, NLA may be su-
perior to midazolam, because NLA can dilate peripheral blood
vessels, increase cardiac output, and facilitate quicker cooling.**
Sedatives and analgesics were usually tapered off, once the patients
had been rewarmed to 36°C. The muscle relaxant was stopped
when shivering had disappeared, which usually occurred during the
maintenance phase. Muscle relaxants were restarted as deemed
necessary.

Data collection and study outcomes

All data, except head CT data, were transmitted to the UMIN
center via an Internet-based system. Injury severity score (ISS) and
head CT classification were also assessed. In this studgy, ISS was
also calculated as an abbreviated injury score (AIS).*” Head CT
was classified as follows: diffuse injury grade I, all diffuse injuries
without CT findings; diffuse injury grade II, high or mixed density
lesions with a volume of <25 mL; diffuse injury grade III, high or
mixed density lesions with a volume of <25 mL and compressed or
absent basal cisterns; diffuse injury grade IV, high or mixed density
lesions with a volume of <25 mL and a midline shift of >5 mm;
and evacuated/nonevacuated mass, high or mixed density lesions
with a volume of >25mL with or without surgical evacuation.?
Hemodynamic and laboratory data were recorded on Days 0, 1, and
3, as well as 1 day after rewarming (defined as the day on which the
core body temperature reached 36°C). Representative values were
recorded for each day.

The primary outcome, Glasgow Outcome Scale (GOS) at 6
months, was assessed by a neurosurgeon, a neurologist, or an
emergency physician who was unaware of the patient’s treatment
method.?” After discharge from the original hospital, the patients
were evaluated by telephone. Severe disability (SD), persistent
vegetative state (PVS), or death (D) were defined as poor neuro-
logical outcomes, whereas moderate disability (MD) or good re-
covery (GR) were defined as good neurological outcomes. The
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Patients randomized between February 2003 and March 2008
(n=150)

Y

Allocated to therapeutic hypothermia
n=99)

Failed to obtain informed consent
(n=1)

Y

Included in the final analysis
n=98)

FIG. 1.

RCT stopped at the interim because of a shortage of TBI patients
and the trial’s futility.

Statistical analysis

The planned sample size of 300 patients allocated in a 2:1 ratio to
receive TH or fever control would detect a 20% difference (90%
power) in the percentage of patients with a good neurological
outcome because the percentage of good neurological outcomes in
severe TBI patients without MTH was 31% by an inquiry taken
from the participating hospital in Japan before our RCT and there
was a 20% difference between TH and control groups in the cardiac
arrest /resuscitated patients."> From these facts, the sample sizes
were planned to be 200 and 100 for TH and fever control groups,
respectively.

Poor neurological outcomes and mortality were compared be-
tween the two groups. Patients were stratified into predefined
subgroups according to initial GCS (4-5 or 6-8) and age (<45 or
>45 years old) based on the results of the first NABISH study."?
Continuous variables were statistically analyzed using Student’s
t test and the Mann—Whitney U test, as appropriate. Categorical
variables were statistically analyzed using y* tests and Fisher’s
exact probability test, where appropriate. The threshold of signifi-
cance was set at p <0.05.

Results

The RCT enrollment began in 2002 and was stopped in 2008
before completion of sample size (300 cases) goals, because of
concern about shortage of TBI patients (95 cases) and very small
differences in neurological outcome between the two groups at the
interim analysis in 2005. After this analysis, the sedative protocol
was changed from midazolam to NLA as the initial plan. Figure 1
shows the disposition of the 150 patients enrolled and randomized

A

y

Allocated to fever control
(n=51)

A 4

Failed to obtain informed consent

(=1)

Y

Included in the final analysis
(n=>50)

TABLE 1. PATIENT CHARACTERISTICS

Patient dispositions. Overall, 99 patients were enrolled in the therapeutic hypothermia group and 51 patients were enrolled in
the fever control group. Hemodynamic status, laboratory parameters, and the primary outcome were assessed in 148 patients.

Hypothermia Fever control

(32.0-34.0°C) (35.5-37.0°C)

Variable n=98 n=50 p value
Age (years) 39+19 39+18 0.940
Male 69 (70) 34 (68) 0.763
Systolic blood pressure 144134 151+39 0.222
(mmHg)
Diastric blood pressure 81+20 83+20 0.464
(mmHg)
Heart rate (beats/min) 92+28 88+£24 0.431
Glasgow Coma Scale 58+14 59+13 0.513
4-5 41 (42) 16 (32) 0.245
6-8 57 (58) 34 (68)
Unreactive pupil or pupils 47 (48) 23 (46) 0.821
Scores on head CT scans
Diffuse injury grade I 1 (1) 1(2) 0.600
Diffuse injury grade II 30 (31) 16 (32)
Diffuse injury grade III 15 (15) 9 (18)
Diffuse injury grade IV 3(3) 12
Evacuated mass 43 (44) 21 (42)
Nonevacuated mass 5(5) 0 (0)
Unknown 1(1) 2 (4)
Surgical operation 61 (62) 31 (62) 0.977
for TBI
Injury severity score 2719 24+7 0.037
AIS score for head 4.3+0.7 4.2+0.7 0.560
AIS score >4 10 (10) 3 (6) 0.393

for other organs

Values are n (%) or mean * standard deviation.
TBI, traumatic brain injury; AIS, Abreviated Injury Score.
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TABLE 2. PATIENT CHARACTERISTICS

Median
(interquartile
Variable Group n range) p value
Time from the onset of TBI
To admission (h) Hypothermia 98 0.7 (0.5-1.0) 0.780
Fever control 50 0.8 (0.5-0.9)
To randomization (h) Hypothermia 91 3.8 (2.7-5.1) 0.906
Fever control 46 3.3 (2.3-4.5)
To the start Hypothermia 94 3.0 (2.3-4.5)
of cooling (h)
to 35.5°C (h) Hypothermia 91 5.2 (3.5-7.5)
to 34.0°C (h) Hypothermia 92 8.1 (5.3-11.8)

Duration of cooling (h) Hypothermia 82 75.5 (68.9-84.0)
Duration of Hypothermia 80 76.0 (51.5-113.5)
rewarming (h)

TBI, traumatic brain injury.

in this study. Ninety-nine patients were randomized to the TH
group and 51 to the fever control group. After enrolment, informed
consent could not be obtained from two patients (one patient per
group). Therefore, intention-to-treat analyses were performed in
148 patients. One patient in the fever control group was found to be
>70 years old after randomization. Six patients in the TH group and
one patient in the fever control group had unstable vital signs before
temperature management. Neurological outcomes could not be

- Hypothermia group

38

37

36
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assessed at 6 months in four patients in the TH group and in two
patients in the fever control group, respectively. Four patients in the
fever control group received hypothermic treatment during their
clinical course because of uncontrollable ICP. In these patients,
hypothermic treatment was only performed after several attempts
to reduce ICP, including decompressive craniectomy.

Table 1 shows the patients’ characteristics. There were no sig-
nificant differences between the two groups for age, sex, blood
pressure, heart rate, GCS on admission, nonreactive pupil or pupils,
head CT scan scores, neurosurgical operation rate, ISS, AIS score
for the head, or AIS score =4 for other organs, except for ISS which
was significantly higher in the TH group. Decompressive cra-
niectomy applied to six patients in the TH group and to five in the
fever control group. Table 2 shows the times from the onset of TBI
to admission, randomization, initiation of cooling, and reaching the
desired core body temperature (35.5°C or 34°C) in the TH group.
The durations of the maintenance and rewarming periods in the TH
group are also shown. The median times from the onset of TBI to
the desired core body temperatures of 35.5°C and 34°C in the TH
group were 5.2h and 8.1h, respectively. The durations of the
cooling and rewarming periods for the hypothermia group were
75.5h and 76.0 h, respectively. Figure 2 shows temperature curves
in both groups.

Table 3 shows the hemodynamic parameters measured on days
0, 1, and 3 of treatment, and 1 day after rewarming. Most of the
patients had an arterial catheter (100%), a pulmonary arterial
catheter (89%), a jugular venous catheter (85%), and an ICP

=== Fever Control group
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FIG. 2. Blood temperature. Core temperature was defined as a bladder temperature or blood temperature in the study. Pulmonary
blood temperature of therapeutic hypothermia group and fever control group are plotted. A pulmonary arterial catheter was used for
tight hemodynamic monitoring in 133 patients and automatically recorded blood temperature was available in 84 patients. The
temperature curves display the means, and the I bars indicate + standard deviation.



AL.
MAEKAWA ET
426

1
i status was weln
1c ee
hemodynam differed betwee
uently, arameters systemic
90%). Conseq e of these p except foI'. he TH
Onitor ( 3) and non ment dayv hlgher n t X
5 m lled (Table > measure A niﬁCandy rewarming
© o = contro S on any ich was S1g day after ere
3 oup. hi t1 tw
°g E883 2 e two esistance index w dcell count a of treatmen
L 23 N sSaS > lar resistan hite bloo on day 3 ntrol group,
2| e a8 N s a8 9 vascu day 1. The w ferase (AST) in the fever co ificantly
EER=EAEEY = g n e ste n . igni
A= - 2 group Oartate ammqtrige TH group than did not differ sig
o > = and asp icher in meters ical
o) @ . hi ara 1ca
- Q8T = S o significantly fer laboratory p ith poor neurolog hs
& N pacs o ) + ® < 4 (—t]l & g hereas the ot roups. f patients with p tes at 6 mont
i RS R RRR RN ) <+ 7 w two g ions o lity ra ients
g % 5 I H 4+ Z = RER VAN, ° . n the oportio morta all pati
N TS| INE- « g betwee s the pr nd the wn for 11
3 iy Sy 4 g 4 show orD)a are sho he overa
E IR S| g = Table D, PVS, s. Data dage. The 1
S =g g (ie., SD, in both groups GCS an contro
2 =3 =+ E tcomes Blin bo ified by d fever
- = < — E ou setof T ients strati 3 TH an ionificant
£ SRR i z after the on s of patient omes in the found no signi -
2 '§ o0 > =8 $2d & d for subgroup ological outc tively. We 01 utcomes, eva 1
> N —_— ~+~vm, q = an eur spec ical o interva
3 S S HEZ Z =g Z 00T N 8%, resp ologic inter
= S S +H H Z22 8 te of p and 48%, T neur fidence
0 & 3 X002 ra 53% and d of poo 5% con 10.82-
~ N s 2Rx=E0 2 S were ikelihoo 24,9 5% C
NS roups . like . 1.24, 2,9 ;
T3 E’\ “ g 28287 5 ﬁifference lgéhsrelati"e risk (ERn}jirtality RR lfh hypothermia ?IZ
e =g PN - by G 97) an ated w ifference
2888 = & SSe i uated by =05 tients treate ificant di
R =R 2] =] e = 62-2.48, p n the pal o signi
SRRSEARS s S £ o betwee e was n li-
S E5S : ~0-180). bewen the pa ton and comp
S v ~ A 4.03, p trol group ubgroups. iation and od
o " 3 Q ict fever con n the two s f protocol dev 34°C exceed
N i e ,
~ X ~R g —i [_:| + U{ str tcome betwe incidence o P erature of tes of com:
Lo RPN IRAR-CIN Al g % the ou1 5 shows the i the target tempThe overall ra control
— = —_—— = ~ ~ S Table ime to up. . fever
%) § HHH D= Zeo @ e =} The tim . TH gro in the
~ ~ = . es. . he 2%
Nl 28 d8Q~ S cation rat f patients in t TH group and
o~ S S o 5 6hin 62% o 17% in the significant.
g < & ¢ plications were ere statistically
Sd = o T ich w
g = 1C
g2 SEmas I H HH o group, wh £ poor
~ = i w:+lv;\o\°[\; g ikelihood of p
RS + 4+ ;ln D 3 = 2 ion ce in the like lity, between
<= = é . )
R lf‘\ g ﬁ N = o g Discussio ignificant differen GOS and morta ature control
” S5l a e « d no sign luated by ict tempera injury
& T a4 =8 g 243 E We foun tcomes, eva 32-34°C) or stri he severity of i jate
= =g S &« SssS g logical ou ith TH (3234 ics and the ser propria
g v =3 L8 s s = neurolog ted witl cteristics and dicating ap de-
= HARSEE SIS E ients trea nd chara S, Indicating t care
= = SSs £ the pati ckgrou in both group O patien S
= N =] °C). Ba SS in ddition, itals was
= v Ne) g 5.5-37 t for I 1). In a C . hOspl
=~ o ~ el . (35. imilar, excep Table 1). icipating and
~ ilar, . rticip 3)
C - Nasw Y g were slf'rl ion of patients ( its of the pa eter (Table DS
S oS8 R 4 H ation . e un ic param: group
E S e X ;5 2 Ha< (=) %) % U, randomiz he intensive Carh odynamlc p tween the tWOI table
z = S HAnel o d = g ivered in the one hem iffered betwe be atfributat
E © W‘j N = % g R ~ O é live rable’ as Only arameters di results n-l]ght nd nursing
g ~ 255 & compa laboratory p s. These ement, a
E 2 ~ @ «@ 0 i on]y a few la asurement day‘ dynamic manag 1so
an S ~ S2=9 g of the meas ol, hemo Ts that als
) ToF3= I onany rotocol, T RCTs ¢ t-
e T . SRS N & £ r treatment p ctors. d NABISH ological ou
= g 2a 23 H——=u 28 5 to ou other fa BISH an 00T neur tstudy
2 §l S ?I + H puging Saw o) *® = care, amongd with the NIIA% 22 the rates Ofr.)] in the presen
< S 1= < 9 =~ — g pare TBL!'> 1y similar
= ad s = ® 8 Com evere ’ enerally ified
= % - AS =2 % used TH for Srtality rate were g of patients Stratlﬁld)
2% 233E A and mo in subgroups 5 years o
< 0 <t Al mes subg >4 y
2l angy a3 SSsd 3 - le 4). outcomes m ears old or tes of poor
T g5 2S oga © (Table ompared e(s45y es in the ra ups.
AR 2| We also comp 08 and age (=42 years ¢ the two groups.
o - R 2 S (4- 0 signi ity between s highe
CoLw Z by GC ere n lity ity rate wa
Qo o~ 3] y € W rta ra 6%,
- ol N | = Ther mo tality 1
S o =2 Teeq o8 l,ér% oy (Table 4). al outcomes grs of 6-8, the mor control group ﬂg‘lcant-
NRAR=E HTCSH = Noo = 5% eurologic itha G in the fever istically sign -
: S +H O+ o X o a == n ients w mn tatistic ith se
< 8 n oL g s ati than ots ildren wi
o K TRAKQS 25 Among p (33%) e was n f childre .
LRI = 58 oup is differenc . dy o ia itself is a
= S| & 5 g TH gr his di a study ia its
ISR o =2 the ugh t ted in therm d
= ~ 3 = = altho repor . t hypo ulate
S &y e - - =0.084), ions were ion is tha Ily, accum
Q NS — = M- 5 p=1 bservatio xplanation ¥ Actually, H group
S TS + A+ g= Similar o bable exp atients. inthe T i
S @@2¢0N38+Imml\ g '“ A pro ity in trauma p able 5) ay indi
257228 cEagndn *lig Sm sctor o oty sifcantly roup (2 Out el wefully in
e — o0 O — @2 . cto igni 0). ca
1S nEagz S8 risk fa ions were sig 1 group ied more
BRI v £ & lications contro be applie
= mp . fever uld
S22 A ‘ol s co in the ful or sho rature
2 | 5 (177%) than in the fever cor 8 ict tempe
P =} a f 6-8. stric %
5 g S cate that THhH%];]I and a GC? \?er control gr?upofltcomes andfzi’he
= S E = g 3 ients wit] dy, the fe favorable half o
< < P £ patie nt study, 8% un imately
- o) e G S g5 he prese °C) had 4 roxim
E ¥ e 2 ZE S| SEG Int -37°C) ently, app
S g i EESE| 4 25 ool 038 o 4). Consequ
S s |23 EocEE AEEE ality (Ta
S = EEE o Eo oI O | S 2 mort
& E ovag‘”;l\'ﬁ/\g:ﬁﬁ -
S55% 2EaVing Cee
£STF e o
I S O =
S35



PROLONGED HYPOTHERMIA FOR TRAUMATIC BRAIN INJURY 427

TABLE 4. RATES OF POOR NEUROLOGICAL OUTCOMES AND MORTALITY
Total ~ Poor outcomes Relative risk Total Relative risk

Treatment group n n (%) (95% CI) p value n Mortality (95% CI) p value

All patients 142 1.24 (0.62-2.48) 0.597 142 1.82 (0.82—4.03) 0.180
Hypothermia 94 50 (53) 94 33 (35)
Fever control 48 23 (48) 48 11 (23)

Patients with GCS 4-5 56 0.50 (0.14-1.83) 0.365 56 1.00 (0.30-3.31) 1.000
Hypothermia 40 24 (60) 40 15 (38)
Fever control 16 12 (75) 16 6 (38)

Patients with GCS 6-8 86 1.77 (0.72-4.38) 0.263 86 2.70 (0.89-8.19) 0.084
Hypothermia 54 26 (48) 54 18 (33)
Fever control 32 11 (34) 32 5 (16)

Patients >45 years old 63 0.89 (0.28-2.82) 1.000 63 1.82 (0.61-5.41) 0.418
Hypothermia 42 29 (69) 42 20 (48)
Fever control 21 15 (71) 21 7 (33)

Patients <45 years old 79 1.61 (0.60-4.35) 0.462 79 1.92 (0.56-6.58) 0.392
Hypothermia 52 21 (40) 52 13 (25)
Fever control 27 8 (30) 27 4 (15)

CI, confidence interval; GCS, Glasgow coma scale.

patients with severe TBI could return to their daily life with good
outcomes or only moderate disability, a result that may have been
attributable to suppression of reactive hyperthermia.

We admitted that GCS and ISS differed slightly between the two
groups despite the randomization. Therefore, we conducted a post-
hoc multivariate logistic analysis to confirm that the differences in
severity of the cases did not have any effect on the outcome. We set
the poor outcome (binary) as the object variable, and age, sex, GCS,
ISS, evacuated mass lesion, and TH as the explanatory variables.

TABLE 5. DEVIATIONS FROM THE STUDY PrROTOCOL
AND COMPLICATIONS

Variable n (%)
Deviations from the study protocol
Therapeutic hypothermia group 98
Patients who could not be cooled to
35.5°C within 6 h of TBI onset 35 (36)
34.0°C within 6 h of TBI onset 61 (62)
Unexpected hypotension before temperature 5(5)
management
Unexpected hypoxia before temperature 1(1)
management
Untreatable bleeding after cooling 2(2)
Continuous infusion of barbiturate or propofol 3(3)
Fever control group 50
Found to be >70 years old after randomization 12
Unexpected hypotension after temperature 1(2)
management
Uncontrollable ICP and using hypothermia 4 (8)
treatment
Complications
Therapeutic hypothermia group 98
Thrombocytopaenia 6 (6)
Sepsis 5(5)
Severe pneumonia 3(3)
Coagulopathy 2(2)
Arrythmia 1(1)
Fever control group 50
Severe pneumonia 12

TBI, traumatic brain injury; ICP, intracranial pressure

As a result, it was proved that the status of statistical non-
significance of TH was not affected at all even after adjusted for
other factors including GCS and ISS.

One limitation of our study may be that 62% of patients in the
TH group could not be cooled to the target temperature within 6 h
(Table 5). In the present study (Table 2), cooling started within a
median of 3.0 h, and randomization was achieved within a median
of 3.8 h after the onset of TBI, respectively. Physicians might take
time to perform a trauma survey before cooling, and 62% of pa-
tients in the therapeutic hypothermia group underwent a surgical
procedure for TBI (Table 1). Nevertheless, patients should be kept
cool during the surgical procedures. It took 8.1 h to reach the target
of 34°C in the TH group in the present study (Table 2), which was
similar to the time taken to reach the target temperature in NABISH
study.'® Although it had become 4.4 h in NABISH II in 2011, the
neurological outcome was similar between the hypothermia and the
control groups. > However, this was the fastest time possible using
the available surface cooling methods at the time of performing this
study. Most of the patients allocated to the TH group were not
cooled to the target temperature within 6 h, highlighting the need
for additional rapid cooling methods, such as intravenous cooling in
a clinical setting.29 It is,therefore, notable that much better results
were reported in a large retrospective observational study in Japan,
in which quicker cooling was achieved using a cardiopulmonary
supporting device after cardiac arrest.*

The second limitation was that we enrolled only 150 of the
planned 300 patients, and had used a 2:1 randomization strategy.
Accordingly, this study was underpowered. The prevalence of TBI
decreased during the course of the study because of the im-
plementation of educational campaigns and because the Japanese
government introduced severe penalties for drunk drivers and their
passengers with driving licenses.

The third limitation was that the control temperature range was
chosen to be 35.5-37°C. When we designed our protocol, MTH was
reported to be effective in the cardiac arrest/resuscitated patients.'~
Therefore, we set the control temperature to 35.5-37°C for ethical
reasons. If we had selected it to 36.5-37.5°C, finding a difference in
neurological outcome would have had much less significance. In
patients with severe TBI, we found no differences in the rates of poor
neurological outcomes or mortality between patients who received
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prolonged MTH (>72h), slow rewarming, and neurological in-
tensive care, and those who received strict fever control only. For
these reasons, we recommend that further studies be performed to
assess the clinical outcomes of very rapid cooling and fever control.

Conclusion

Prolonged TH (=72 h) for patients with severe TBI together with
tight hemodynamic management and slow rewarming (< 1.0°C/day)
did not improve neurological outcomes or mortality compared with
strict fever control. However, the Cls for the primary outcome
were wide, and do not exclude either benefit or harm for MTH.
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