
ORIGINAL RESEARCH

Prognostic Value of Circadian Brain Temperature
Rhythm in Basal Ganglia Hemorrhage After Surgery

Hsueh-Yi Lu . Abel Po-Hao Huang . Lu-Ting Kuo

Received: August 5, 2021 /Accepted: September 7, 2021 / Published online: September 24, 2021
� The Author(s) 2021

ABSTRACT

Introduction: Intracerebral hemorrhage (ICH)
is associated with high mortality and morbidity
rates. However, both the rhythmic variation
and prognostic value of brain temperature after
ICH remain unknown. In this study, we inves-
tigated brain temperature rhythm and its prog-
nostic value for post-operative mortality and
long-term functional outcomes in patients with
ICH.
Methods: Post-operative diurnal brain temper-
ature patterns at the basal ganglion are descri-
bed. Following surgery for ICH, 78 patients were
enrolled, and intracranial pressure and brain
temperature were monitored using a fiber optic

device. Brain temperature mesor, amplitude,
and acrophase were estimated from the recor-
ded temperature measurements, using cosinor
analysis, and the association between these
patterns and clinical parameters, mortality, and
functional outcomes at the 12-month follow-up
were examined.
Results: According to cosinor analysis, brain
temperature in 55.1% of patients showed a cir-
cadian rhythm within 72 h post-surgery. The
rhythm-adjusted mesor of brain temperature
(± standard deviation) was 37.6 (± 0.7) �C, with
a diminished mean amplitude. A temperature
acrophase shift was also observed. Multivariate
logistic regression analysis revealed that initial
age and circadian rhythm of brain temperature
appeared to be predictive and prognostic of
functional outcomes. Further, patients with
higher brain temperature mesor were more
likely to survive than those with a lower mesor.
Conclusion: For patients with ICH, brain tem-
perature rhythm analysis is an improved prog-
nostic tool for mortality and functional
outcome predictions.
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Key Summary Points

Intracerebral hemorrhage (ICH) is
associated with high mortality and
morbidity rates. The rhythmic variation
and prognostic value of brain temperature
after ICH remain unknown.

This study investigated brain temperature
rhythm and its prognostic value for
postoperative mortality and long-term
functional outcomes in patients with ICH.

According to cosinor analysis, 55.1% of
patients showed circadian rhythm of
brain temperature within 72 h post-
surgery with a diminished mean
amplitude.

Multivariate logistic regression analysis
revealed that initial age and circadian
rhythm of brain temperature appeared to
be predictive and a prognostic factor of
functional outcomes

Brain temperature rhythm analysis in
patients with ICH improves outcome
predictions.

INTRODUCTION

Intracerebral hemorrhage (ICH) is the deadliest
form of stroke and the leading cause of disabil-
ity and mortality worldwide. ICH accounts for
approximately 20–40% of all strokes, and only
12–39% of survivors achieve long-term func-
tional independence [1–6]. Improvement in
diagnosis, surgical intervention, and intensive
care has increased the survival rate of patients
with ICH; however, long-lasting disability leads
to significant functional, emotional, and eco-
nomic sequelae [4–8]. Thus, it is important to
identify ICH-related prognostic factors and
establish prognostic models that can assist
clinicians in communicating with the patient’s
family and in developing the appropriate treat-
ment plan. Although previous studies have

identified clinical parameters that can predict
conscious and functional recovery [9–11], some
patients with ICH have unpredictable outcomes
during the early stage of treatment.

The circadian rhythm is a biological adapta-
tion to the light–dark cycle which regulates
sleep–wake cycles, body temperature, mela-
tonin levels, and other important physiological
functions. Brain temperature, a part of the cir-
cadian rhythm, mostly reflects body tempera-
ture under physiological conditions and brain
metabolism. A previous study demonstrated
changes in blood pressure (BP) and heart rate
(HR) rhythms after ICH, which could be a early
predictors of post-operative prognosis in
patients with ICH [12]. However, to the best of
our knowledge, no study has explored changes
in brain temperature rhythm in patients with
ICH. Therefore, the aim of this study was to
characterize brain temperature rhythms and
investigate their prognostic value in terms of
post-operative mortality and long-term func-
tional outcomes in patients with ICH.

METHODS

Study Design

This was a prospective, observational study in
which the clinical characteristics, brain tem-
perature, and post-operative outcomes of
patients with ICH at the basal ganglia were
obtained for analysis. All patients were followed
up until they regained a modified Rankin Scale
(mRS) score of 0 or up to 12 months after sur-
gery. The primary endpoint was mortality and
functional outcomes following ICH surgery.
This study was conducted at the National Tai-
wan University Hospital, in accordance with
applicable local regulations and the Declaration
of Helsinki. This study was approved by the
Institutional Review Board of the National Tai-
wan University Hospital (IRB number:
201211025RIB). Written informed consent was
obtained from the caregivers of patients, as
patients were in a comatose state.
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Study Population

All patients eligible for inclusion in the study
had been admitted to the National Taiwan
University Hospital between May 2011 and
December 2017. Patients with[ 30 mL unilat-
eral ICH at the basal ganglia, aged[18 years,
who underwent ICH surgery with intracranial
pressure (ICP) monitoring and had brain tem-
perature data for C 72 h post-surgery were
included. Patients with pre-existing brain dis-
eases (e.g., brain tumor, stroke, or meningitis),
substance abuse (e.g., illicit drugs or alcohol),
combined traumatic injuries (i.e., subdural
hemorrhage, epidural hemorrhage, brain con-
tusions, rib fracture, hemothorax, liver or
spleen laceration, or bone fracture, except the
skull bone), infection within 72 h after admis-
sion, or survival time\ 3 days after traumatic
brain injury (TBI) surgery were excluded. To
consider the effects of intraventricular hemor-
rhage (IVH) and subsequent hydrocephalus on
patient outcome, patients who underwent
external ventricular drainage for ventricular
blood extension were excluded, as were those
who signed a do-not-resuscitate order.

Medical Procedure and Assessments

Upon hospital admission, a physician evaluated
the patient’s Glasgow Coma Scale (GCS) score,
and a brain computed tomography (CT) scan
was conducted immediately. Prehospital man-
agement was completed according to the stan-
dards of the Taiwan Society of Emergency
Medicine.

All patients underwent a surgical approach,
which included endoscopy-assisted hematoma
evacuation and intraparenchymal placement of
a fiberoptic ICP monitor (Camino Laboratories,
San Diego, CA, USA; model 110-4BT) based on
the GCS score, pupillary examination findings,
CT findings, age, hematoma volume, and
occurrence of neurological deterioration (e.g.,
decrease in the GCS score or abnormal papillary
response to light). Brain temperature was
recorded using the ICP catheter, which was
placed at a depth of approximately 3 cm from
the brain surface.

All patients were admitted to the intensive
care unit (ICU) after surgery. Brain temperature
was continuously recorded using an ICP moni-
toring device, with a bolt screwed into the skull,
and hourly data were collected for circadian
rhythm analysis. Standard monitoring proce-
dures at the ICU included invasive measure-
ment of arterial BP (zero-point at the fourth
intercostal space in the midclavicular line),
pulse oximeter oxygen saturation, end-tidal
CO2 concentration, and blood sugar level.
Neurological assessments (e.g., GCS, pupil size,
and pupil reflex to light) were performed
hourly. Tympanic body temperature was mea-
sured every 3 h. Mean arterial BP and ICP were
monitored continuously.

Post-operative management included
mechanical ventilation, oxygenation, fluid
resuscitation, and use of antiepileptic drugs
(i.e., valproic acid and levetiracetam).
Hypothermia treatment was not applied,
although antibiotic prophylaxis was adminis-
tered to each patient for at least 3 days after
surgery. Enteral feeding was initiated on post-
operative day 2, using a nasogastric or orogas-
tric tube for patients without upper gastroin-
testinal hemorrhage. A 2-h ICP[20 mmHg
during the first 3 days after surgery was consid-
ered to be the threshold to initiate a head CT
scan and treatment; otherwise, a head CT scan
was performed on post-operative day 3. If a
patient complied with the weaning parameters
for extubation from mechanical ventilation, he/
she was extubated. The ICP catheter was used
until around post-operative day 7 if there was
no increased ICP.

After transfer to the general ward, patients
participated in rehabilitation programs and
were followed up for at least 12 months in an
outpatient setting. Post-operative follow-up
included mRS assessment and evaluation of
survival status. The mRS is a 7-point scale that
measures the degree of disability in patients
with stroke, with a score of 6 indicating death
and 0 indicating good recovery without symp-
toms. It has been widely regarded in the litera-
ture that mRS B 2 reflects independence while
mRS[ 2 implies dependence [13–16]. In this
study, unfavorable outcome was defined as an
mRS score of 3–6 at 12 months post-surgery and
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favorable outcome as an mRS score of B 2 at
12 months. In this study, 58 patients (74.36%)
were found to have unfavorable outcomes. To
examine the adequacy of the sample size for the
detection of significant differences, the mini-
mum sample size was 72, which was obtained

using the following simple formula [17]: n ¼
Z2Pð1�PÞ

d2
where we assumed a level of confidence

(z) of 1.96, a precision level (d) of 10%, and an
arbitrary figure of 0.75% as the proportion (p) of
unfavorable outcome.

Brain Temperature Analysis

Temperature measurements were divided into
24-h segments over a 72-h period, beginning
from 2 h after surgery, to ensure sufficient
temperature records for an unbiased estimation
of cosinor parameters were obtained and to
minimize potential confounders due to post-
operative hypothermia.

Cosinor analysis involves fitting the brain
temperature data to a 24-h cosine curve with
estimates of circadian rhythm parameters,
including the mesor (i.e., the circadian rhythm-
adjusted mean of temperature oscillations), the
amplitude of temperature oscillations (defined
as half of the difference between the lowest and
highest temperature), and acrophase (i.e., the
time when the temperature rhythm reached its
maximum daily value) [18].

Statistical Analyses

The chi-squared test (or Fisher’s exact test) and
t test were used to compare outcomes between
patient subgroups for categorical and continu-
ous data, respectively. Significant variables
found in the univariate analysis were analyzed
using multivariate logistic regression models
constructed with stepwise selection to identify
independent predictors of mortality and func-
tional outcomes. Missing data were not inclu-
ded in the analysis. A p value\0.05 was
considered to indicate statistical significance.
Data were analyzed using SPSS version 14.0 for
Windows (SPSS IBM Corp., Armonk, NY, USA).

RESULTS

Demographic Data

Demographic and clinical characteristics of the
study population are presented in Table 1.

We enrolled 78 patients who met the inclu-
sion criteria. The majority were men (64.1%),
and the mean age ± standard deviation (SD)
was 60.9 ± 15.0 (range 20–89) years. All
patients were diagnosed with ICH at the basal
ganglia. Of these 78 patients, 55 (70.5%) had a

Table 1 Clinical parameters of patients

Parameters Results (n = 78)

Male, n (%) 50 (64.1)

Age, years

Mean (SD) 60.9 (15.0)

Median 61.5

Range 20–89

DM, n (%) 16 (20.5)

HTN, n (%) 55 (70.5)

Initial GCS score, n (%)

3–8 46 (59.0)

9–15 32 (41.0)

12-Month post-operative outcomes, n (%)

mRS

1 19 (24.4)

2 1 (1.3)

3 24 (30.8)

4 7 (9.0)

5 18 (23.1)

6 9 (11.5)

Favorable (mRS\ 3) 20 (25.6)

Alive 69 (88.5)

DM Diabetes mellitus, GCS Glasgow Coma Scale, HTN
hypertension, mRS modified Rankin Scale, SD standard
deviation
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history of hypertension and 16 (20.5%) had
diabetes mellitus. Upon arrival at the hospital,
46 patients (59.0%) had a GCS score of 3–8 and
32 (41.0%) had a GCS score of 9–12. The surgi-
cal approach to these ICH cases included cran-
iotomy for hematoma evacuation and insertion
of a fiber optic ICP monitoring device for brain
temperature measurement.

Postoperative Outcome

At 12 months after surgery, 20 patients (25.6%)
showed favorable outcomes (mRS\ 3) and nine
(11.5%) had died (Table 1; Fig. 1).

Fig. 1 Functional outcome at 12 months according to the modified Rankin Scale

Fig. 2 Mesor of brain temperature. Temperature (in �C) presented along the x-axis
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Characteristics of Brain Temperature
Analysis

The mesor (± SD) was 37.6 ± 0.7 �C, with
19.2% of patients showing 37.1–37.5 �C, 46.2%
showing 37.6–38.0 �C, and 16.7% showing
38.1–38.5 �C (Fig. 2; Table 2); the amplitude for
the majority of patients (75.6%) was\ 0.4 �C
(Fig. 3; Table 2). According to cosinor analysis,
43 patients (55.1%) showed a circadian rhythm
(Fig. 4; Table 2), defined as R2 C 0.10. The

acrophase of 31 patients (39.7%) fell between
12:00 and 18:00 hours, and the acrophase of 33
patients (42.3%) peaked between 18:00 and
24:00 hours (Fig. 5; Table 2).

Analysis of Post-operative Outcome
Predictors

Univariate analysis of post-operative outcomes
revealed that sex, diabetes, initial GCS score,
mesor within the middle 50% of its distribution,
and brain temperature rhythm may be prog-
nostic factors of post-operative functional out-
comes (Table 3).

Compared with patients with unfavorable
outcome (mRS 3–6) at 12 months, patients with
favorable outcomes (mRS\3) at 12 months
were mostly men, had higher GCS scores before
surgery, and few had diabetes. Additionally, the
cohort with favorable outcomes also showed a
higher proportion of patients with mesor
within the middle 50% of the distribution in
the first 72 h after surgery and a higher pro-
portion of patients with intact brain tempera-
ture rhythm, compared with those with an
unfavorable outcome. Furthermore, initial
white blood cell[10,000/lL and the brain
temperature mesor after surgery appeared to be
prognostic factors of survival status at 1 year
after surgery. Compared with the patients who
died, a lower proportion of patients who were
alive at 12 months had leukocytosis before sur-
gery and a lower brain temperature mesor after
surgery.

Potential predictors identified in the uni-
variate analysis were included in the multivari-
ate analysis (Table 4). Functional outcomes at
12 months after surgery were significantly
associated with age and brain temperature
rhythm. Specifically, patients with an intact
brain temperature rhythm were 8.82-fold more
likely to have a favorable functional outcome at
12 months after surgery (odds ratio [OR] 8.82,
95% confidence interval [CI) 2.00–39.02). In
comparison, older patients were less likely to
have a favorable outcome (OR 0.95, 95% CI
0.91–0.99). Survival status at 12 months after
surgery was significantly associated with the
temperature mesor. The results revealed that

Table 2 Brain temperature analysis

Characteristics Results (n = 78)

Brain temperature mesor (�C)

Mean (SD) 37.6 (0.7)

B 35.0, n (%) 1 (1.3)

35.1–35.5 2 (2.6)

35.6–36.0 0 (0)

36.1–36.5 0 (0)

36.5–37.0 8 (10.3)

37.1–37.5 15 (19.2)

37.6–38.0 36 (46.2)

38.1–38.5 13 (16.7)

[ 38.5 3 (3.9)

Circadian rhythm of brain temperature, n (%)

Presence 43 (55.1)

Absence 35 (44.9)

Amplitude (�C), n (%)

Mean (SD)

B 0.4 59 (75.6)

0.41–0.6 14 (17.9)

[ 0.6 5 (6.4)

Acrophase quadrant, n (%)

00:01–06:00 hours 7 (9.0)

06:01–12:00 hours 7 (9.0)

12:01–18:00 hours 31 (39.7)

18:01–24:00 hours 33 (42.3)
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patients with lower brain temperature mesor
were less likely to survive after surgery (OR 0.34,
95% CI 0.14–0.83).

DISCUSSION

To the best of our knowledge, this study pro-
vides the first comprehensive characterization
and analysis of brain temperature rhythm in
patients who underwent surgery for ICH at the
basal ganglia. We also examined the association
of brain temperature rhythm with mortality

Fig. 3 Amplitude of brain temperature (�C) in study population

Fig. 4 Presence/absence of circadian rhythm of brain temperature
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and 12-month functional outcome. All cases
were treated with craniotomy alone within 12 h
of an ictus, but none of the cases needed a
subsequent craniectomy. Some studies mention
that minimally invasive endoscopic evacuation
is useful in early cases in contrast to delayed
([48 h) cases, which may need craniectomy
with or without ICH evacuation [19–23]. Mul-
tivariate analysis of our findings demonstrated
that age and an intact/absent brain temperature
rhythm were significantly correlated with
functional outcomes at 12 months after surgery,
while only the brain temperature mesor after
surgery was associated with patient survival at
12 months.

Various predictive models for death and
functional outcome in patients with ICH have
been reported. Important outcome predictors in
ICH include age, GCS score, ICH volume, pres-
ence of IVH, deep or infratentorial ICH loca-
tion, and preceding oral anticoagulant use
[20, 24, 25]. There are also three major clinical
prediction scores: the ICH score [9], GCS score
[10], and FUNC score, with the latter rating
prognosis for good neurologic outcome on an
11-point scale [11]. The ICH and GCS scores
correlated well with mortality in our analysis.
The use of these scores is recommended, as they
are useful for early decision-making for patients
and their family members. However, for
patients with ICH scheduled for surgery, there

Table 3 Univariate analysis for post-operative outcomes

Outcome
predictors

Unfavorable outcomea

(n = 58)
Favorable outcomea

(n = 20)
pb Deadc

(n = 9)
Alivec

(n = 69)
pb

Male 33 (56.9) 17 (85.0) \ 0.05 5 (55.6) 45 (65.2) 0.57

Age, mean, years

(SD)

62.76 (14.94) 55.65 (14.14) 0.07 64.67

(17.44)

60.45

(14.70)

0.43

DM 15 (25.9) 1 (5.0) \ 0.05 2 (22.2) 14 (20.3) 0.89

HTN 40 (69.0) 15 (75.0) 0.61 5 (55.6) 50 (72.5) 0.30

GCS B 8 39 (67.2) 7 (35.0) \ 0.05 8 (88.9) 38 (55.1) 0.05

WBC[ 10,000/

lL

28 (48.3) 7 (35.0) 0.30 7 (77.8) 28 (40.6) \ 0.05

Glucose[ 120 mg/

dL

35 (60.3) 10 (50.0) 0.42 6 (66.7) 39 (56.5) 0.56

Mesor, mean, �C
(SD)

37.55 (0.79) 37.71 (0.35) 0.39 36.87

(1.60)

37.68 (0.43) \ 0.01

Mesor mid-50%d 25 (43.1) 14 (70.0) \ 0.05 2 (22.2) 37 (53.6) 0.08

Intact rhythm of

BTe

26 (44.8) 17 (85.0) \ 0.01 5 (55.6) 38 (55.1) 0.98

Values in table are presented as n (%), unless indicated otherwise
BT Brain temperature, WBC white blood cell
b p values were accessed by t the test for continuous variables and chi-square test for dichotomous variables
a Favorable outcome was defined as mRS score 0–2 at 12 months after surgery; unfavorable outcome was defined as mRS
score 3–6 at 12 months after surgery
c Survival status was followed up at 12 months after surgery
d Within the middle 50% of the distribution in mesor
e Intact rhythm of BT was defined as fitting the p value of the cosinor analysis (p\ 0.05) for brain temperature
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appears to be limited literature on outcome
prediction.

Regarding the role of age in predicting
functional outcomes, our findings are consis-
tent with those of previously established prog-
nostic models [26, 27]. The initial GCS score in
patients with an unfavorable outcome was sig-
nificantly lower than that in patients with a
favorable outcome. However, no significant
difference was noted after multivariate analysis
(OR 1.2, 95% CI 0.97–1.50).

Our study showed that the percentage of
patients with leukocytosis before surgery,
defined as WBC[10,000/lL, significantly dif-
fered between the mortality and survival groups
at 12 months. Of the nine deceased patients,
77.8% had leukocytosis. In contrast, only 28
(40.6%) of the 69 patients who survived
for[ 1 year after surgery had leukocytosis.
However, this parameter showed no significant
difference in the multivariate analysis. Inflam-
mation is one of the key pathological pathways
involved in secondary ICH injury, and cytoki-
nes can regulate leukocyte migration to the
hematoma and facilitate secondary brain injury
[28–30]. Leukocytosis or the increased ratio of
absolute neutrophil to absolute lymphocyte

count is associated with poor functional out-
comes and higher mortality after ICH [31, 32].
The effectiveness of anti-inflammatory therapy
for ICH in humans remains questionable
because of potential complications, despite the
neuroprotective effects of the inhibition of
neuroinflammation and therapeutic hypother-
mia shown in animal models [29, 33, 34, 35].

Brain temperature is mainly dependent on
cerebral blood flow, blood temperature, and
cerebral metabolism. Fiber optic catheters for
continuous ICP and brain temperature mea-
surement were placed into the brain par-
enchyma through bolts, with the catheter tip
placed approximately 3 cm from the dura. Brain
temperature is normally approximately 0.3 �C
higher than the body core temperature [36, 37].
In addition to the absolute temperature, circa-
dian rhythms are another feature of brain and
body temperatures. The suprachiasmatic nuclei
(SCN) in the anterior part of the hypothalamus
serve as a central pacemaker for multiple bio-
logical rhythms. Cosinor analysis was strictly
performed a 24-h intervals in this study, which
is the most commonly used model for describ-
ing rhythmic temperature patterns. Studies
involving brain injury patients support a period

Table 4 Multivariate analysis for post-operative outcomes

Outcome predictors Functional outcomea Survival outcomeb

Coefficient OR (95% CI) Coefficient OR (95% CI)

Sex 1.10 3.01 (0.68–13.36)

Age - 0.05* 0.95 (0.91–0.99)

DM - 2.01 0.13 (0.01–1.84)

GCS 0.19 1.20 (0.97–1.50) - 1.35 0.23 (0.03–2.40)

WBC[ 10,000/lL 1.68 5.25 (0.81–35.51)

Mesor - 1.07* 0.34 (0.14–0.83)

Intact rhythm of BTc 2.18** 8.82 (2.00–39.02)

OR Odds ratio, CI confidence interval
*p\ 0.05, **p\ 0.01
a Functional outcome, defined as unfavorable/favorable ratio, with favorable outcome defined as mRS score 0–2 at
12 months after surgery, and unfavorable outcome as mRS score 3–6 at 12 months after surgery
b Survival outcome, defined as the alive/dead ratio, was followed up at 12 months after surgery
c Intact rhythm of BT was defined as fitting the p value of the cosinor analysis (p\ 0.05) for brain temperature
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of approximately 24 h for body temperature and
BP assessment [38–40]. Our study identified a
mesor[ 37.5 �C in 66.6% of patients. The ele-
vation of brain temperature after ICH may
imply a reset of the thermoregulatory center in
the hypothalamus, metabolic changes in the
injured brain, hyperemia, or a local inflamma-
tory response [41–43]. Our results demonstrate
that patients with a higher brain temperature
mesor during the first 3 days after ICH surgery
had a better chance of survival, according to
multivariate analysis. Previous studies suggested
that patients with the highest and lowest aver-
age brain temperatures after TBI were more
likely to have poor outcomes [44, 45], and some
studies have shown associations between ele-
vated body temperature at admission and poor
outcomes in nonsurgical patients with stroke
[46, 47]. A retrospective study showed that
surgical evacuation was a significant predictor
of fever in patients with ICH and that the
location of hemorrhage also influences body
temperature, especially in the brainstem, tha-
lamus, or ventricles [48]. In our study, the lower
mesor of the 3-day brain temperature after sur-
gery was an independent predictor of 12-month
mortality, with only putaminal hemorrhage
included. Since we analyzed brain temperature
mesors instead of absolute body temperature

values, elevated temperature as outcome pre-
dictor was not comparable to the temperature
definition of fever in other studies. In nonsur-
gical patients, hematoma growth with sur-
rounding brain edema, brain–blood barrier
breakdown, inflammation, and glutamate exci-
totoxicity may be associated with poor out-
comes in those with fever [5, 49]. Further, the
inversion of the brain/body temperature gradi-
ent was previously associated with poor out-
comes in severe TBI [45, 50, 51].

Cosinor analysis in this study identified
changes in brain temperature rhythm after ICH.
Brain temperature rhythm was absent in 44.9%
of patients with ICH, and the amplitude of
brain temperature changes was blunted in
75.6% of patients, with 60.3% of the latter
showing a shift in the acrophase. Rhythmic
alterations in brain temperature were signifi-
cantly correlated with functional outcome at
12 months after surgery. Jain et al. reported loss
of nocturnal BP decline in 44 (88%) of 50
patients with stroke, and 23 of these 44 patients
showed reverse dipping with a nighttime BP
increase compared with daytime levels [52]. In a
study including 17 patients with stroke, the
circadian variations of BP, neurohumoral, and
coagulation factors were decreased; these
decreases were mainly attributed to autonomic

Fig. 5 Acrophase of brain temperature
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nervous disturbances after stroke [53]. Guan
et al. analyzed rhythmic changes in systolic BP
(SBP), diastolic BP (DBP), and HR during the first
24 h after surgery in 100 patients with ICH,
reporting the absence of SBP, DBP, and HR
rhythms in 43, 46, and 52% of patients,
respectively. Functional outcomes were better
in patients with SBP, DBP, and HR rhythms
compared to those patients with absence of SBP,
DBP, and HR rhythms [12]. In another study
including 86 patients with subarachnoid hem-
orrhage after cerebral aneurysm rupture, 89% of
patients had preserved diurnal body tempera-
ture rhythm [54], and cosinor analysis revealed
elevated mesors, diminished amplitude, and an
acrophase shift [54]. Although not completely
comparable to our study population, studies
including mixed brain injury and ICU patients
have also reported an acrophase shift [38, 55].
These studies have demonstrated that biological
rhythm may be disturbed in patients with
stroke, even if there was no direct injury to the
SCN. Moreover, there is a case report of a
patient with subarachnoid and intraventricular
hemorrhage around the hypothalamus due to a
posterior fossa arteriovenous fistula who
showed circadian rhythm disruption and
reverse paradoxical insomnia upon
polysomnography and actigraphy [56].

The disturbances of brain temperature
rhythm, with diminished amplitude and acro-
phase shift after ICH, may be explained by
contributing factors, such as direct or indirect
injury to the hypothalamus, pharmacological
treatment, nursing activities, and environmen-
tal factors in the ICU. Previous studies have
demonstrated that TBI may cause microscopic
hemorrhages of the retinohypothalamic tract,
which transmits photic information from reti-
nal ganglion cells to the hypothalamus and may
lead to circadian rhythm disruption [57].
Increased ICP and stress after TBI may cause
apoptosis in the hypothalamus and pituitary
gland, leading to hypothalamic pituitary dys-
function [58, 59, 60]. In our study, we included
only patients with putaminal hemorrhage, who
may not have this kind of direct injury to the
retinohypothalamic tract or SCN. Increased ICP
before surgical evacuation or focal edema
before/after surgery are considered to be the

main possible mechanisms leading to SCN
dysfunction or injury, compression of
hypothalamic structures, and impairment of
endogenous regulatory mechanisms. ICH may
also lead to changes in cerebral blood flow,
metabolic derangement, and a neurogenic
inflammatory response, all of which may affect
brain temperature stability [61, 62]. The pres-
ence or absence of the circadian rhythm of
brain temperature after ICH may indicate pro-
found neuronal damage, and the extent of
hypothalamic damage may correlate with out-
comes. Our results correspond with the above
findings and demonstrate that, in addition to
age, the presence of a brain temperature rhythm
may independently predict 12-month func-
tional outcomes.

Another possible mechanism is the disrup-
tion of the diurnal sleep/wake pattern due to
exogenous factors, including ICU hospitaliza-
tion, loss of zeitgebers, and the use of sedative-
hypnotic drugs. Post-operative care in the ICU,
where there is a lack of normal synchronizing
influences, may lead to disturbance of brain
temperature rhythms. Evidence has suggested
that the use of sedating medications for
mechanically ventilated patients in the ICU
may lead to temporal disorganization of pre-
served circadian rhythms [63]. Considering that
multiple factors may contribute to the distur-
bance of brain temperature rhythms and the
acrophase shift, further research is required to
characterize other potential factors.

This study had some limitations. First, the
heterogeneity of patients’ characteristics,
including age, hematoma size, and comorbidi-
ties, may have affected the study outcomes. The
effects of age on the pattern of circadian
rhythms, such as a decrease in magnitude,
lower mean values, and greater intra- and inter-
individual differences, should be considered.
Interestingly, studies have confirmed that a
relatively stable rhythm of core body tempera-
ture is observed in old age, persisting until the
end of life [64]. Second, in this study we ana-
lyzed the clinical data of a small population
patients with ICH in a single hospital; therefore,
the study results are not generalizable. Addi-
tional studies with a larger population from
multiple centers are required. Despite the above
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limitations, our findings suggest that brain
temperature parameters have clinical implica-
tions in the management of ICH, especially for
decision-making involving communication
between the patient’s family, neurosurgeons,
and neurocritical care experts. Early outcome
prediction may facilitate communication to
achieve optimal management and to avoid
deleterious effects to the patient, family, and
healthcare system.

CONCLUSIONS

In summary, to the best of our knowledge, this
is the first study to investigate the circadian
brain temperature rhythm in the acute stage of
ICH and its correlation with mortality and
functional outcomes. Our findings suggest that
presence of circadian brain temperature rhythm
in the first 72 h after surgery may be a predictor
of mortality and long-term functional
outcomes.
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