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Background: Studies on the use of therapeutic hypothermia (TH) to improve the outcome of high-grade 
aneurysmal subarachnoid hemorrhage (aSAH), show promising, though conflicting results because of the 
lack of high-quality trials. The aim of this study is to evaluate the safety and efficacy of TH (maintaining 
bladder temperature at 33 ℃ for ≥72 h) to treat patients with high-grade aSAH (Hunt-Hess grade IV–V). 
Methods: A multicenter, randomized, controlled clinical trial will be conducted for October 2020 to 
September 2024 involving 10 clinics. Patients who meet the inclusion criteria will be randomized 1:1 to a 
TH group and a normothermia group. The trial will enroll 96 participants in TH group and normothermia 
one, respectively. The trial was registered with ClinicalTrials.gov (NCT03442608) on February 22, 
2018. Following conventional treatment for aSAH, patients will undergo either TH for at least 72 h or 
normothermia. The primary endpoint is the Glasgow outcome scale at 6 months after bleeding. The 
secondary endpoints are: (I) mortality at 6 months after bleeding; (II) intracranial pressure; (III) intensive 
care unit stay; and (IV) hospital stay. The safety endpoints include neurological, infectious, intestinal, 
circulatory, coagulation, and bleeding complications, electrolyte disorders, and other complications.
Discussion: If the study hypothesis is confirmed, TH at 33 ℃ in patients with high-grade aSAH may 
become a promising treatment strategy for improving 6-month outcome. 
Trial registration: The trial has been registered at ClinicalTrials.gov (ID: NCT03442608).
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Introduction

Subarachnoid hemorrhage (SAH) is an uncommon type of 
stroke in which bleeding in the subarachnoid space leads 
to brain injury, high rates of morbidity, and death (1). 
SAH is most often caused by the rupture of an intracranial 
aneurysm (85% of cases), but can less frequently be 
idiopathic or the result of various other causes (1-3). The 
global reported incidence of SAH is 9.1 cases per 100,000 
persons/year, peaking in adults aged 50–60 years old (1,4). 
Modifiable risk factors for SAH include hypertension, 

smoking, alcohol abuse, and sympathomimetic drug use 
such as cocaine (1,5). 

The management of patients with SAH includes 
determining the grade of SAH (e.g., Hunt and Hess grade) 
and transferring the patient to a comprehensive stroke 
center, when possible. Regular neurological and vital 
sign assessments are conducted until the patient is stable. 
Blood pressure (BP) must be monitored closely as normal 
BP is essential to avoid the risk of rebleeding. The culprit 
aneurysm must be repaired as soon as possible, with the 
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aim of complete obliteration. Other considerations include 
maintaining euvolemia, starting nimodipine, elevating 
the head to 30° for at least 24–48 h, and managing acute 
complications such as cerebral vasospasms, ischemia, 
hydrocephalus, seizure, hyponatremia, fever, hyperglycemia, 
deep vein thrombosis, anemia, edema, neurocardiogenic 
injury, and renal dysfunction (5-10). However, the prognosis 
of SAH remains poor, with a 30-day mortality rate of  
33% (11), while 80% of survivors are unable to resume 
their previous lifestyle in 3–6 months (12) and 45% unable 
to regain independent function (1).

Therapeutic hypothermia (TH) may improve several 
outcomes in both ischemic strokes and SAH (13-15), 
although it may not reduce intracranial pressure (ICP) 
(16-19). The exact mechanisms of TH protection could 
include reducing the neuronal metabolic rate, reducing 
oxidative stress, alleviating inflammation, inhibiting 
excitotoxicity, and inhibiting apoptosis (20). Also, a 
reduction in blood flow velocity could play a role in 
improving patient outcomes when high ICP is present (21).  
Two studies have suggested that TH can be used in 
patients with poor-grade SAH and that it could reduce 
the occurrence of cerebral vasospasm and delayed cerebral 
ischemia (22-25), although this is not supported by 
others (26-29). Among the latter, a retrospective study by 
Karnatovskaia et al. (26) showed that the use of TH (n=19) 
with decompressive hemicraniectomy (DHC) in patients 
with aSAH, global cerebral edema, and refractory high 
ICP prolonged the duration of mechanical ventilation and 
failed to improve the Rankin score compared with DHC 
alone (n=16). Seule et al. (27) suggested that prolonged 
TH should be kept as a last-resort option for patients with 
SAH and high ICP because of safety issues. A recent meta-
analysis suggested that TH did not reduce mortality and 
poor outcomes, but decreased delayed cerebral ischemia 
occurrence (30). While high-quality trials on TH for 
SAH are missing, the ongoing “Cooling in IntraCerebral 
Hemorrhage” randomized controlled trial could provide 
insightful results in the future (31). Another ongoing 
randomized controlled trial, “HYBERNATUS” (32), plans 
to enroll 270 patients with convulsive status epilepticus, 
randomized to TH vs. standard care. A review highlighted 
that the conflicting results among trials could be due to the 
different TH protocols used and that special care should be 
taken during rewarming (33). 

Indeed, despite its potential benefits, TH carries 
some risks that must be tightly kept in check. During the 
induction phase, the fluid balance must be verified to prevent 

hypovolemia and hypotension; glucose and electrolyte must 
be maintained at the proper levels; infections, pressure 
injuries, and shivering have to be prevented (33,34). During 
the maintenance phase, pneumonia, infections, and pressure 
injury should be prevented (33,34). During rewarming, 
there is a risk of hypokalemia and imbalances in oxygen 
supply/consumption (35,36). In general, TH carries risks 
of ischemia due to coronary vasoconstriction, electrolyte 
abnormalities, hyperglycemia, impaired blood gases, mild 
acidosis, bleeding, infection (>50% risk of nosocomial 
pneumonia), respiratory alkalosis and hypocapnia, cold 
diuresis, shivering, and altered drug metabolism that can 
increase the risk of drug-related adverse events (37).

The purpose of this trial is to evaluate the safety and 
efficacy of TH (maintaining bladder temperature at 33 ℃ for 
≥3 days) for the treatment of patients with high-grade (Hunt-
Hess grade IV–V) aSAH. All patients in this study will be 
followed for 6 months after SAH to evaluate the efficacy and 
safety of TH in the treatment of high-grade aSAH.

We present the following article in accordance with the 
CONSORT reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-4719).

Methods

Study design

A prospective, multicenter, randomized, controlled clinical 
trial is proposed for October 2020 to September 2024 
involving 10 clinics. Patients who meet the inclusion 
criteria are randomized 1:1 to a TH group and a normal 
temperature group (Figure 1). The trial will enroll 
96 participants in TH group and normothermia one, 
respectively. The trial was registered with ClinicalTrials.
gov (NCT03442608) on February 22, 2018. This study 
was approved by the ethics committee of Xuanwu Hospital 
([2019]032) and will follow the tenets of the Declaration of 
Helsinki (as revised in 2013). 

Study population

The inclusion criteria are: (I) 18–65 years of age, male or 
non-pregnant female; (II) SAH confirmed by plain CT 
scan, mFisher grade 3–4, global cerebral edema, Hunt-
Hess grade IV-V, WFNS grade IV–V; (III) aneurysm 
confirmed by CTA or DSA and responsible for SAH; (IV) 
admission within 72 h after bleeding; (V) Glasgow coma 
scale (GCS) 3–8 points at admission or after resuscitation; 
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Eligibility assessment

Baseline assessment and routine 
management of SAH (surgery or 
interventional embolization)

Randomization 1:1

INTERVENTION group 
Hypothermia for at least 72h

CONTROL group
Body temperature maintained 
at 36-37℃

Follow-up at 1, 2, 3, 4, 5, 6,
7 and 14 days or at discharge

6-month follow-up

Exclusion:
-Not meeting the inclusion criteria
-Declined participation
-Serious comorbidity
-Systolic BP <90 mmHg

Eligibility 
assessment

Randomization 1:1

6-month follow-up

CONTROL group
Body temperature maintained at 

36–37 ℃

INTERVENTION group 
Hypothermia for at least 72 h

Follow-up at 1, 2, 3, 4, 5, 6, 7 and 
14 days or at discharge

Baseline assessment and routine 
management of SAH (surgery or 

interventional embolization)

Exclusion:
-	 Not meeting the inclusion criteria
-	 Declined participation
-	 Serious comorbidity
-	 Systolic BP <90 mmHg

Figure 1 Flow diagram of the trial.

(VI) Aneurysms responsible for SAH should be treated 
by surgical clamping or interventional embolization as 
soon as possible when the patient’s condition permits 
after admission or after resuscitation; (VII) an intracranial 
pressure probe was implanted in the operating room or 
ICU; and (VIII) the subject or their legal representative 
understood and signed informed consent documentation.

The exclusion criteria are: (I) serious underlying organ 
diseases such as severe heart disease or other intracranial 
diseases; (II) systolic BP <90 mmHg after resuscitation; (III) 
bilateral fixed and dilated pupils.

The standard procedure is to secure the aneurysm first, 
and then randomize the patients.

Randomization and blinding

Center-based s trat i f icat ion i s  used,  and blocked 

randomization is conducted within each center using a 
computer generated random sequence. The random coding 
scheme is distributed in envelopes and sent to each center, 
assigning an individual to be responsible for the custody 
of the envelopes. The custodian does not participate in 
the process of inclusion, grouping, and treatment of the 
patients, and when a patient meets the criteria, the clinician 
notifies the custodian and requests an allocation number. 
The patients will be included during working hours, night 
shifts and weekend ones. And there will be a 24-h hotline 
for the physicians if there are questions on patient inclusion.

Treatment and management

All patients undergo conventional neurosurgical treatment 
protocols and are treated in the Neuro-ICU, Stroke Unit 
or General ICU after surgery. The main principles refer 
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to the “Consensus on Management of Severe Aneurysmal 
Subarachnoid Hemorrhage (2015)” (38). The main goals 
are to maintain a systolic BP of 120–160 mmHg, oxygen 
saturation ≥95%, intracranial pressure <25 mmHg using 
ICP probe monitoring, and cerebral perfusion pressure 
(CPP) of at least 50 mmHg. The latter is measured with 
an MAP transducer at the level of the foramen of Monro 
during the first 72 hours after aneurysm securing. After  
72 hours, a CPP of 70–80 mmHg may be required because 
of vasospasm. Antihypertensive drugs include urapidil, 
nicardipine, and nimodipine. Extracranial spinal fluid 
drainage, 20% mannitol and/or 4.2% hypertensive saline 
are used to reduce intracranial pressure. Transcranial 
Doppler ultrasound (TCD) is performed daily, and cerebral 
vasospasm is indicated when blood flow velocity >120 cm/s  
in the middle cerebral artery (MCA) or the ratio of blood 
flow velocity in the MCA to that in the internal carotid 
>3. Routine blood and urine examination, chest X-ray are 
performed before starting the cooling procedure.

The TH group is treated with TH (bladder temperature 
maintained at 33 ℃) plus conventional neurosurgery 
management. TH includes intravascular cooling, analgesics, 
and sedatives. An 8.5F (outer diameter is 2.87 mm) × 38 cm 
heat exchange catheter (Icy catheter, Alsius, USA) is inserted 
from the femoral vein to the inferior vena cava. The heat 
exchange catheter consists of an infusion lumen and a saline 
lumen (three cooling balloons that can circulate isotonic 
saline). The infusion lumen is used to infuse of fluids or 
medicine, and the saline lumen is in full contact with the 
blood for heat exchange. The heat exchange catheter is 
connected to an external heat exchange controller (CoolGard 
3000, Alsius, USA). A temperature-measuring silicone 
urethral catheter (Guangzhou Weili Medical Equipment 
Co., Ltd.) is used to monitor the bladder temperature of 
the patient, and the probe connected to the heat exchange 
controller. The heat exchange controller can automatically 
adjust the temperature of the saline cavity based on the 
bladder temperature. When inducing TH, a maximum 
rate of 2 ℃/h is used to reduce the bladder temperature 
to a targeted temperature 33 ℃ as soon as possible, then 
maintained for at least 72 hours. Appropriate doses of 
sedatives and analgesics are used to prevent shivering when 
implementing TH. The Bedside Shivering Assessment 
Scale (39) is used to asses shivering. The use of midazolam  
0.02–0.1 mg/kg/h, propofol 4–12 mg/kg/h, dexmedetomidine 
0.2–0.7 μg/kg/h, remifentanil 0.02–0.15 μg/kg/h, meperidine 
0.03–0.06 mg/kg/h, respectively is recommended. The 
speed and dosage of analgesics and sedatives are based on 

the patient’s body core temperature, BP, heart rate stability, 
and presence of shivering, and a ventilator should be used 
to prevent respiratory depression caused by their use. TH is 
maintained for ≥72 hours. Rewarming is performed slowly 
after the intracranial condition improves. The rewarming 
rate should not exceed 0.5 ℃/4 h. During rewarming, care is 
taken to keep the other vital indicators stable. If a patient gets 
severe vasospasm during rewarming, a temperature of 33 ℃ is 
maintained for several days until relief of severe vasospasm. If 
severe pneumonia, septic shock, bleeding due to coagulation 
dysfunction, or heart failure occur during TH, rewarming 
should be initiated in advance.

In the normal temperature group, the bladder temperature 
is maintained at 36–37 ℃. The temperature measurement 
method is the same as in the TH group. When the patient 
is admitted to hospital, hyperthermic treatment is not 
performed if there is a low body temperature. When the 
body temperature is >37 and <38.5 ℃, the temperature 
is lowered with ice packs. When the body temperature is  
>38.5 ℃, acetaminophen and indomethacin, cold iv. fluids, 
and ice blanket are used to lower the temperature. If the fever 
is refractory to this medication, adjunctive cooling measures 
such as cooling blanket and ice packs are applied to maintain 
bladder temperature at 36–37 ℃. Sedative and analgesic drugs 
should be given when necessary. The cause of fever must be 
investigated by physical, laboratory and imaging examination. 
Physical examination includes pulmonary auscultation et al. 
Laboratory examination includes blood routine test, PCT, 
blood culture, sputum culture, cerebrospinal examination and 
so on. Imaging examination includes chest X-ray, chest CT 
and so on. We usually perform chest X-ray once three days. 
Antibiotics would be given according to the clinical situation 
after blood and urine cultures.

Safety

Adverse events (AEs) such as vasospasm, pneumonia, and 
deep vein thrombosis are recorded during treatment. 
Severe adverse events (SAEs) are defined as events 
requiring hospitalization, prolonged hospital stays, 
impacting on work capacity, life-threatening or death, 
resulting in disability, congenital malformation, and 
other events. When an SAE occurs, the investigator must 
immediately take necessary measures to protect the safety 
of the patient. The “adverse reaction monitoring team” or 
the general medical duty team should immediately contact 
the relevant department to assist in the rescue and the 
patient sent to the ICU if necessary.
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Course of events

The examinations to be performed and data to be collected 
are outlined in Table 1. The vital signs are evaluated after 
admission to the emergency department. If unstable, 
resuscitation is performed immediately. The GCS score, 
BP, and SPO2 are evaluated, and after the patient’s vital 
signs are stabilized, a skull CT examination is performed 
for the first time. DSA is performed after the diagnosis is 
confirmed, and surgery or interventional embolization is 
performed after an aneurysm diagnosis is confirmed. The 
necessity of implanting an ICP probe is explained to family 
members, and the probe is implanted in the operating 
room or ICU. After returning to the ward, the patient is 
admitted to the ICU or neurosurgery ICU. Randomization 
is performed, and TH is performed according to grouping. 
During treatment, the body temperature, name and dose 
of various drugs, input and output fluid volumes over 24 h, 
supplemented electrolytes, types and doses of nutritional 
support, complications, GCS score, ICP, blood routine, 
electrolytes, blood gas analysis, TCD, chest X radiographs, 
and ultrasound of bilateral lower limbs and other results 
are recorded over the 7–15 days of hospitalization. The 
head CT is repeated at 1, 4, and 7 days, then 1 month, and  
6 months after bleeding. Telephone or outpatient follow-up 
is performed at 1 and 6 months after bleeding.

Withdrawal criteria

All subjects for whom a consent form is signed, undergo 
screening, and who qualified for the clinical trial are 
considered as lost, irrespective of when they were lost, if 
any of the following occur: (I) family members ask that the 
patient be withdrawn; (II) the investigator considers from 
a medical perspective that the subject must terminate the 
study; (III) those who had an incomplete informed consent 
process; and (IV) those who need to suspend the trial for 
other reasons. The cause and date of loss are collected.

Endpoints

The primary endpoint is the Glasgow outcome scale (GOS) 
at 6 months after bleeding. The secondary endpoints are: 
(I) mortality at 6 months after bleeding; (II) ICP; (III) 
ICU stay; and (IV) hospital stay. The safety endpoints 
are complications, including neurological complications 
(cerebral vasospasm, cerebral infarction, cerebral 
hemorrhage, hydrocephalus, etc.), infectious complications 

(intracranial infection and pneumonia), complications of 
coagulation and bleeding (deep limb deep vein thrombosis), 
complications of the circulatory system, electrolyte 
disorders, intestinal dysfunction, and other complications.

Sample size

A review of previous studies of hypothermia (26,31), indicated 
that the proportion of patients with GOS ≥4 points in the 
TH group at 6 months would be 40%, and the proportion in 
the control group will be 20%. Considering a cut-off value 
for the superiority of 3%, a statistical significance level (α) 
of 0.05, and a power (1-β) of 80%, it was calculated that 86 
patients are required in each group. With an assumed loss 
rate of 10%, this means 96 cases are required.

Statistical analysis

This study will use a full analysis set (patients who received the 
treatment and one efficacy evaluation) for efficacy analysis and 
a safety data set (patients who received the treatment and one 
efficacy evaluation) for safety analysis. The missing data will be 
handled using the last observation carried forward method.

An interim analysis will be performed when 96 patients 
have completed the follow-up. Only safety indicators will 
be analyzed. If the proportion of complications in the 
TH group is significantly higher than that of the control 
group (chi-square test or exact probability method), the 
clinical trial will be terminated. A stratified analysis will be 
performed according to different treatment settings.

The 6-month GOS is an ordinal categorical variable. 
Comparisons between groups will be performed using 
the Mann-Whitney U-test and the unordered categorical 
variables, such as sex, will be analyzed with the chi-
square test or exact probability method. Analysis of 
continuous variables such as age will be performed using 
the independent sample t-test or Mann-Whitney U test, 
according to the results of the Kolmogorov-Smirnov test 
for normal distribution.

Discussion

This study will provide high-quality data about the 
effectiveness and safety of TH in patients with high-grade 
aSAH. The primary endpoint is the GOS at 6 months, and 
the sample size is based on a proportion of patients with GOS 
≥4 points in the TH group of 40% compared with 20% in the 
control group. Similar studies used mortality as the primary 
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Table 1 Flow chart of the trial

Time points
Day of 

admission (D0)

Treatment Follow-up

D1 D2 D3 D4 D5 D6 D7 D14
Discharge or 

death
1 month 6 months

Enrollment

Informed consent √

Inclusion and exclusion criteria √

History collection √

General data [1] √

Implantation of ICP probe √

Assessment

Temperature √ √ √ √ √ √ √ √

Vital signs [2] √ √ √ √ √ √ √ √ √

ICP √ √ √ √ √ √ √ √

GCS √ √ √ √ √ √ √ √ √ √ √ √

Drugs and doses [3] √ √ √ √ √ √ √ √ √

24-h volume of fluid intake and urine √ √ √ √ √ √ √ √ √

Blood routine, liver and kidney function, 
electrolytes

√ √ √ √ √

Blood gas analysis √ √ √ √ √ √ √ √

TCD √ √ √ √ √ √

Chest radiography √ √ √

Bilateral lower limb ultrasound √ √ √

TEG √ √ √

Head CT √ √ √ √ √ √ √ √

Complications and adverse reactions [4] √ √ √ √ √ √ √ √ √ √ √ √

GOS √ √ √

ICU, total length of hospital stay √

Notes: [1] Age, sex, underlying disease, time from bleeding to admission to the emergency room; [2] Vital signs: blood pressure, heart 
rate, respiratory rhythm, and oxygen saturation; [3] Drugs include analgesics, sedatives, dehydration drugs (mannitol, glycerol fructose, 
albumin), diuretics, vasopressors, and others; [4] Adverse reactions include neurological complications (new intracranial hematomas 
(including epidural, subdural, intracranial hematomas), cerebral hernia, cerebral infarction, hydrocephalus, seizures, and cerebral 
vasospasm), infectious complications (pneumonia, urinary tract infection, intracranial infection, drainage tube or wound infection, soft 
tissue infection, fever of unknown reason), cardiovascular complications (hypotension, myocardial infarction, arrhythmia, cardiac arrest, 
pulmonary embolism, deep vein thrombosis of the lower limbs), coagulation and bleeding complications (abnormal coagulation function, 
gastrointestinal bleeding, major bleeding in other organs outside the brain), and other complications (complications not included in the 
above). ICP, intracranial pressure; GCS, Glasgow coma scale; TCD, transcranial Doppler; TEG, thromboelastography; CT, computed 
tomography; GOS, Glasgow outcome scale; ICU, intensive care unit.

endpoint (26,31,32), which could lead to some resolution 
and accuracy loss. Instead of analyzing the outcomes dead/
alive, the present study will examine the patients’ condition 

regarding the extent of improvement. We consider that early 
TH after SAH could reduce the occurrence of vasospasm and 
lead to better recovery of functional outcomes at 6 months. 



Annals of Translational Medicine, Vol 9, No 7 April 2021 Page 7 of 9

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2021;9(7):581 | http://dx.doi.org/10.21037/atm-20-4719

Nevertheless, we acknowledge that the results about the 
efficacy of TH are conflicting and that there is a possibility 
that the results of this trial will not be definitive. Despite this, 
the secondary endpoints of mortality at 6 months, ICP, ICU 
stay, hospital stay, and complications can provide useful data 
for the use of TH for patients with high-grade aSAH and 
other subgroups.

It must be highlighted that the prognosis of high-
grade aSAH is poor and there is a paucity of research on 
the condition. If the study hypothesis is confirmed, TH 
will improve patient outcomes and may become part of 
standard practice in the treatment of aSAH. The safety 
of TH is a concern, and we designed criteria for the early 
termination of TH and interim analysis to address this. 
During rewarming period, the rewarming rate should not 
exceed 0.5 ℃/4 h as too fast a rise in core body temperature 
could cause systemic vasodilation and hypotension, which 
could trigger cerebral vasodilation and rebound edema and 
increased ICP (40). Conversely, a too slow rewarming speed 
could result in more hypothermia related complications. 

The results of the present study will need be carefully 
weighed against the available data. Indeed, Karnatovskaia  
et al. (26) showed that the use of TH prolonged the duration 
of mechanical ventilation and did not improve the mRankin 
score compared with DHC alone. Seule et al. (27) suggested 
that prolonged TH should be kept as a last-resort option for 
patients with aSAH. Two ongoing trials titled, “Cooling in 
Intracerebral Hemorrhage” (31) and “HYBERNATUS” (32), 
should provide further information.
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