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Studies in volunteers
The following studies were excluded because they were proof-of-concept assessments of the 
effect of a head-cooling method or device on intracranial temperature in volunteers, i.e. studies 
that were not for therapeutic purposes in TBI, stroke or cardiac arrest. In four of the studies 
(listed first), participants had brain injuries but most were conscious and eligible for these studies 
because they had intracranial temperature monitoring as part of their normal care rather than 
because of their injuries. The healthy volunteers (three studies) had non-invasive magnetic 
resonance spectroscopy brain temperature measurement. Some of these studies provided 
information on adverse effects.

Shiraki and colleagues 1988195 (Japanese study, language English)

n = 1, 12 years, male

Conscious, 8 days after pineal tumour removal, undergoing radiotherapy, 
ventricular drain/temperature monitoring in situ

Intervention: Face fanning with 25 ºC (ambient) air, body covered. One 
convective session and one convective plus evaporative (body heating 
with electric blanket to produce facial sweating); 20 minutes with 
cooling followed by 20 minutes without

Outcome: No convincing effect on intracranial or oesophageal 
temperature

Observational study

Site of temperature measurement: intracranial (lateral ventricle and 
parenchyma 1 cm above ventricle) and oesophageal

Mariak and colleagues 1999196 (Polish study, language English)

n = 4, age 38–55 years, 2 female

Conscious, post surgery for minor SAH occurring 7–10 days earlier, 
mildly hyperthermic (active warming inducing sweating)

Intervention/outcome: On extubation intracranial temperature above 
the cribriform plate reduced by 0.4–0.85 °C (mean 0.55 ± 0.21 °C). 
Intensive breathing induced a further reduction 0.20–0.30 °C (mean 
0.26 ± 0.04 °C)

Observational study of the effect of extubation and restoration of airflow 
through the upper respiratory tract on temperature

Site of temperature measurement: intracranial (subdural and on midline 
between frontal lobes and cribriform plate), oesophageal
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Mariak and colleagues 2003197 (Polish study, language English)

n = 14, age 28–70 years, 9 male

Unanaesthetised patients after surgery for subdural haematoma (n = 8), 
ICH (n = 2), brain tumour (n = 4); eight conscious with no neurological 
deficit, four GCS 9–14, 2 GCS 8; all had head dressings of various 
kinds; mildly hyperthermic as a result of active post-op warming (n = 6), 
feverish > 38 °C (n = 4), normothermic (n = 4)

Intervention: Face fanning 32.5 m/second for 20–30 minutes depending 
on individual tolerance

Outcome: Mean decrease in subdural temperature 0.15 ± 0.18 °C, 
mean decrease in oesophageal temperature 0.05 ± 0.09 °C, mean 
decrease in rectal temperature 0.03 ± 0.07 °C

Adverse event: ‘Generally all patients reported an unpleasant sensation 
when fanned’ (p. 281)

Non-randomised observational study to identify extracranial temperature 
sites that reliably and repeatably reflect intracranial temperature

Sites of temperature measurement: intracranial (subdural), tympanic 
membrane, oesophageal and rectal

Kuhnen and colleagues 2005198 (language English)

n = 1

Intubated patient before removal of a deep brain tumour

Intervention/outcome: Nasal airflow increasing from 5–10–15 l over 
20 minutes appeared to attenuate rise in brain temperature but the 
patient was hypothermic throughout (all brain temperature points 
< 36 °C)

Observation of nasal airflow in an intubated patient with intracranial 
temperature measurement at four points (35-, 28-, 21- and 14-mm 
depth)

Corbett and Laptook 1998199 (language English)

Ten healthy volunteers, aged 22–47 years

Intervention: Passive head-cooling session – two Elasto-gel head caps, 
inner cap precooled to 4 ºC and outer to –20 ºC. Control session – same 
caps but prewarmed to 34 ºC (n = 9) or room temperature (n = 1). 
Duration 50 minutes with each set of caps

Outcome: Mean superficial cortex temperature with cooling 36.8 ºC, 
without 37 ºC. Mean thalamic temperature with cooling 36.6 ºC, without 
36.6 ºC. Oral and axillary temperatures unchanged between sessions

Non-randomised crossover study – cap sequence and magnetic 
resonance spectroscopy measurement sequence alternated between 
subjects

Site of temperature measurement: intracranial measured by magnetic 
resonance spectroscopy, oral, axilla

Harris and colleagues 200824; Harris 201057 (PhD thesis) (language 
English)

Five unsedated healthy volunteers, aged 31–48 years, 3 male

Interventions: 30-minute head cooling followed by 30-minute head and 
neck cooling with prototype convective cooling helmet delivering air 
42.5 l/second at 14.5 °C

Outcome: Net brain temperature reduction with head cooling 0.45 °C 
(SD 0.23 °C, p = 0.01, 95% CI 0.17–0.74°C); with head and neck 
cooling 0.378 °C (SD 0.30 °C, p = 0.049, 95% CI 0.00 °C to 0.74 °C). 
Equivalent net reductions in oesophageal temperature 0.16 °C (SD 
0.04 °C) and 0.36 °C (SD 0.12 °C)

Adverse events: None

Non-randomised observational study

Site of temperature measurement: intracranial measured by magnetic 
resonance spectroscopy, oesophageal

Covaciu 201065 (PhD thesis, Swedish study, language English)

Ten unsedated healthy volunteers; mean age 22 years, range 
21–62 years, 9 male

Intervention: Active cooling with bilateral intranasal balloons (QuickCool) 
at 20 °C, unilateral in one subject, for 60 minutes

Outcome: Brain temperature reduction measured by magnetic 
resonance spectroscopy –1.7 ± 0.8°C (n = 9), brain temperature 
reduction measured by phase mapping method –1.8 ± 0.8°C (n = 9), 
rectal temperature reduction –0.5 ± 0.3°C (n = 5)

Adverse events: Ear, nose and throat examination showed increased 
nasal secretions (n = 9), redness (n = 3), small ulcers (n = 3). Headache 
(n = 4), dizziness (n = 1). Subsequent rhinorrhoea (n = 7). Balloons rated 
as pleasant (n = 1), neutral (n = 3), unpleasant (n = 6). All fully recovered 
by day 7 follow-up

Non-randomised observational study

Site of temperature measurement: intracranial measured by magnetic 
resonance spectroscopy, axilla (n = 4), rectal (n = 5)


