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ABSTRACT

Objective: To determine the neurological outcome of targeted temperature management (TTM)for patients scoring lower than 8 on
the Glasgow coma scale (GCS) upon return of spontaneous circulation (ROSC) after cardiac arrest.

Study Design: Retrospective cohort study.

Place and Duration of Study: Department of Anaesthesiology and Reanimation, Sakarya University Education And Research
Hospital, Sakarya, Turkey from January 2018 to October 2019.

Methodology: Data of patients hospitalised in the Anaesthesialntensive Care unit for cardiac arrest receiving TTM and standard
supportive therapy were analysed. Neurological outcome was evaluated with cerebral performance category (CPC) scores. Hospital
stay and 30-day mortality was also noted.

Results: Data from 58 patients were analysed; 31 had received standard supportive therapy (non-TTM group) and 27 were treated
with TTM (TTM group). There was no significant difference in hospital stay and patients’ 30-day mortality between the two groups.
The number of patients in the TTM group with CPC scores of 1 and 2, rated as a good neurological result, was significantly higher
(n=11,40.7%) than in the non-TTM group (n=2, 6.5%;p=0.002). The number of patients with CPC scores of 3 and 4, rated as having
a neurological disability,was higher in the non-TTM group (n = 9, 29%) than in the TTM group (n=1, 3.7%).

Conclusion: Neurological results were better in the TTM group of patients with ROSC. However, there was no significant difference

in mortality between the TTMand non-TTM groups.

Key Words: Targeted temperature management, Cardiac arrest, Neurological outcome, Cerebral performance category.

How to cite this article: Kocayigit H, Suner KO, Kaya B, Tomak Y, Tuna AT, Erdem AF. Neurological Outcomes of Normothermia versus
Targeted Temperature Management in Post-cardiac Arrest Syndrome. J Coll Physicians Surg Pak 2021; 31(05):497-501.

INTRODUCTION

Cardiac arrestis a major cause of mortality and neurological disa-
bility. The primary determinant of morbidity and mortality
outcomesaftercardiacarrestisanoxic braininjury.'Duringcardiac
arrest, cessation of cerebral oxygen delivery occurs within
minutes, with resultant neuronischemia and cell death. The brain
is devoid of nutrient stores, and consequently,neuroglycopenia
and metabolic crisis occur within minutes after cardiac arrest,
leading to cell death.’Secondary injury is the additional cerebral
injury characterised by an imbalance between cerebral oxygen
delivery anddemandin the postresuscitation period, ultimately
culminating in neuronal death. It begins immediately after the
return ofspontaneouscirculation (ROSC).
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Structures, especially susceptible, include thehippocampi,
thalami, cerebral cortex, corpus striatum, and cerebellar
vermis, owing to metabolically high active tissue. Post-cardiac
arrest syndrome includes anoxic brain injury, cardiac dysfunc-
tion, whole body ischemia, and reperfusion injury.Management
of post-cardiac arrest syndrome focusses on limiting secondary
injury by optimizing the balance between cerebral oxygen
deliveryanditsuse.’

At the cellular level, the beneficial effects of hypothermia are
welldocumented on comatose survivors of cardiac arrest. Cere-
bral metabolism is reduced by 5% to 10% per 1°C decrease in
core body temperature. In addition, global carbon dioxide
production and oxygen consumption decline in proportion to
reductions in core body temperature.*® By decreasing cerebral
metabolism, hypothermia avoids excessive intracellularanaer-
obic metabolism, which increases lactate production.
Hypothermia also improves cerebral glucose use and allows
available cellularenergy storestobe usedfornecessary cellular
functionsrequiredforneuronal survival.

Hyperthermia is associated with numerous pathophysiologi-
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calsequelae that are potentially harmful after anoxic brain
injury. Hyperthermia may increase blood-brain barrier permea-
bility, leading to worsening cerebral oedema, intracranial pres-
sure,and cerebralischemia.’

The 2016 American Heart Association (AHA)guidelines and the
International Liaison Committee on Resuscitation (ILCOR)
recommend targeted temperature management (TTM) as the
standard protocol for all patients with a Glasgow Coma Scale
(GCS)lowerthan 8 after cardiacarrest.”®

The aim of this study was to describe the outcome of applying
TTMin patient with GCS less than 8, after cardiac arrest
compared to standard supportive therapy.

METHODOLOGY

Following approval from the Ethics Committee, the data of
patients hospitalised for cardiac arrestinthe anaesthesiainten-
sive care unit between January 2018 and December 2019 were
analysed. Inclusion criteria specified adult patients aged 18-70
years with a GCS score less than 8, whose spontaneous circula-
tion had returned after cardiac arrest, and who were admitted
through the emergency room or coronary care unit. Patients
were excluded from the study if the cause of their arrest was
otherthan myocardial infarction, if data such as waiting time for
cardio pulmonary resuscitation (CPR) were missing, and if the
patientdied beforetheendofthe TTM procedure.

For each patient, the following data were obtained upon admis-
sion: age, gender, the presenting rhythm (ventricular fibrillation
(VF), asystole), APACHE score, time before starting CPR, CPR
duration, Glasgowcoma scale, and serum lactate levels. During
the intensive care follow-up, renal failure, presence of sepsis,
finalGCSscore,andthe patient’sfinal status wereadded.

Of 58 patients, who met the study criteria, 27 had therapeutic
hypothermia therapy and 31 did not. The Arctic Sun® device
(Medivance Corp., Louisville, KY) was used for TTM. During
hypothermia, deep sedation and neuromuscular blockers were
applied to patients undergoing TTM. TTM was applied as rapid
coolingin 1-3 hours with atarget of 33°-35° Celsius, maintaining
the core body temperature constant at 33°-35° for the next 24
hours, then re-warming 0.2°-0.33°C per hour to reach
36.5°-37.5°C. Standard supportive therapy was applied to the
non-TTM patients. Although TTM should be applied to all patients
after cardiac arrest, it could not be applied to patients who were
admitted tointensive care whilethe TTM devicewasinuse.

The primary outcome was survival and hospital discharge with
good neurological condition. Neurological status was evaluated
using the cerebral performance category (CPC). CPC levels are
scoredas 1 =normal mental performance, 2 = mild disability, 3 =
severe disability, 4 = vegetative state, and 5 = brain death. CPC
points of 1 and 2 indicated a good neurological outcome, 3 to
5points reflected poor neurological outcomes.’The secondary
outcome wasthetimetohospital discharge ofthe survivors.

RESULTS

Sixty-nineconsecutive patients with ROSC following myocardial
infarction who were admitted to the ICU between January 2018
and December 2019. Eight patients were excluded because
they died within the first 24 hours; and three patients had
multiple cardiac arrests. Thus, 58 patients were included in the
analysis.Of those, 31 (53.4%) patients had received standard
supportive therapy (non-TTM group) and27 (46.6%) patients
had TTM (TTMgroup).

The mean age of patients was 56.4 + 8.4yearsin the TTM group
and 59.8 = 8.0 years in the non-TTM group. In the TTM group,
85.2% of the patients were males, and in the non-TTM group,
87.1% were males. Hypertension (10 [32.3%] vs. 4 [14.8%]),
diabetes mellitus (8 [25.8%] vs.3[11.1%]), and coronary artery
disease(8[25.8%]vs.6[22.2%]) were the mostcommon comor-
bidities (Tablel).

There was a statistically significant difference between the
APACHE scores of the two groups (34.7 = 3.7 versus 27.5 + 7.6,
p<0.001). The number of patients with witnessed arrest in the
TTMgroup,18(66.7%), was significantly higher than in the non-
TTMgroup,7(22.6%) (p=0.001). However, there were no statis-
tically significant differences in out-of-hospital cardiac arrest
rates, presenting shockable rhythm, duration of CPR, inotropic
agentinfusion atadmission, serum lactate levels, and develop-
ment of acute renal failure between the TTM group and the non-
TTMgroup (p=0.217,p=0.820,p=0.426,p =0.268,p =0.160,
andp=0.092, respectively) (Tablel).

There was no significant difference between the two groups in
length of hospital stay (p = 0.074) and 30-day mortality(p =
0.847). Patients who were not deceased were evaluated as
“survivors,” and there was no difference in survival rates
between the TTM group and the non-TTM group (11 [35.5%]
versus 14 [51.9%], respectively, p=0.209).There was a signifi-
cantdifference betweenthe neurological status of the survivors
inthe TTM group and the non-TTM group. Neurological outcome
was evaluated with the CPC score.The number of patients with
CPCscoresofland?2, definedasagood neurological result, was
significantly higher in the TTM groupthan in the non-TTM group
(11[40.7%] vs. 2[6.5%], respectively, p = 0.002). Patients with
CPC scores of 3 and 4 were evaluatedas having a neurological
disability. The number of patients with CPC scores of 3and 4 in
thenon-TTM group was higherthaninthe TTM group (n=9, 29%,
and n=1, 3.7%, respectively) (Figure 1). It was found that a
significant difference between the time from hospitalisation to
discharge among survivors in the two groups (87.2 = 33.1 vs.
43.1+35.5,p=0.039) (Tablell).

DISCUSSION

In this observational study, the clinical characteristics, disease
severity, and clinical outcomes of TTM versus normothermia
were investigated. It was observed that TTM was associated
with better neurological outcomes and shortened the hospitali-
sation period (among the survivors), but did not affect 30-day
mortality and survival.
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Table I: Baseline characteristics and disease severity.

Non-TTM T™ p
(n = 31) (n = 27)
Age (years) 59.8 + 8.0 56.4 + 8.4 0.113
Gender (n, %) (n, %) p
Male 27,87.1 23,85.2
Female 4,12.9 4,14.8 >0.999
Comorbidities (n, %) (n, %) p
HT 10, 32.3 4,14.8 0.121
DM 8,25.8 3,111 0.154
CAD 8,25.8 6, 22.2 0.750
Malignancy 0 2,74 0.212
APACHE Score 34.7 £3.7 27.5+£7.6 <0.001
Witnesses to arrest 7,22.6 18, 66.7 0.001
Cardiac arrest (n, %) (n, %) p
Out of hospital 21,67.7 14,51.9
in hospital 10, 32.3 13,48.1 0.217
Presenting shockable rhythm (VF/VT) (n, %) (n, %)
14, 45.2 13,48.1 0.820
Duration of CPR, median (IQR) (min) (min)
20 (15-30) 20 (10-35) 0.426
Inotropic agent infusion (n, %) (n, %)
20, 64.5 21,77.8 0.268
Lactate (mmol/L), median (IQR) 6.8(4.3-8.8) 4.2 (1.6-10.2) 0.160
Acute renal failure (n, %) (n, %)
12, 38.7 5,18.5 0.092
HT: Hypertension; DM: Diabetes mellitus, CAD:Coronary artery disease, p<0.05 = statistically significant.
Table Il: Outcomes.
Non-TTM (n= 31) TTM (n = 27) p
Hospital stay (days), median (IQR) 39(10-69) 17 (4-29) 0.074
30 days mortality (n, %) 13,41.9 12,444 0.847
Survival (n, %) 11, 35.5 14,51.9 0.209
Hospital stay before discharge, (days) 87.2 £33.1 43.1 + 355 0.004*
Good neurologic results (n, %) 2,6.5) 11, 40.7 0.002*
Good neurologic results: Cerebral performance category 1-2,p<0.05 statistical significance.

Although significant differences between mortality and 30-
day mortality between the two groups were not found, there
are many studies in the literature reporting that TTM
decreases mortality. In a retrospective cohort study
examining patients with out-of-hospital cardiac arrest, the
mortality of the TTM group was found to be significantly
lower than that of the non-treated group.*The FINNRESUSCI
study that examined non-hospital cardiac arrest patients
reported that TTM application reduced mortality.'’In addi-
tion, in a review published in 2016 of non-hospital cardiac
arrest patients, treatment with TTM after ROSC was shown
to reduce mortality (OR 0.51; 95% CI 0.40-0.64)."

Researchers recently published a large randomised
controlled trial involving 950 patients who were unconscious
after cardiac arrest. They stated that there was no difference
in mortality between 33° and 36° target temperature (33°C,
50% and 36°C, 48%) as in this study.' Further, in a study
involving 950 unconscious survivors of out-of-hospital
cardiac arrest, alarge meta-analysis stated that TTM treat-
ment had no effect on mortality.”* In the literature,
although concensus on the effect of TTMon mortality has not
yet been reached, a difference between the two groups in

mortality was not found.

In previous studies, the neurological status of patients was
generally evaluated using the classification of cerebral
performance category. Patients with a score of 1 and 2 were
accepted as having good neurological outcomes.™ In this
study, compatible with the literature, the authorsevaluated
patients with CPC scores 1 and 2 as having good neurolog-
ical status and found that the number of patients with good
neurological status was significantly higher in the TTM group
(40.7%) than in the non-TTM group (6.5%, p = 0.002).
According to a Cochrane analysis first published in 2009 and
updated over the years, participants in the conventional
cooling group were more likely to achieve a favourable
neurological outcome than the non-cooling group (risk ratio
[RR] 1.94, 95% confidence interval [CI] 1.18 to 3.21).*There-
fore, we think that TTM application reduces the disability
level of patients by having a neuroprotective effect.

In this study, the number of surviving patients was similar in
the two groups, but comparing the duration of hospitalisa-
tion of survivors reflected that the non-TTM group stayed in
the hospital longer than the TTM group before discharge
(p=0.004). Survivors in the non-TTM group mostly have CPC
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scores of 3 and 4, which indicates severe disability. Before
discharge, patients with severe disabilities need some surg-
ical procedures, such as tracheostomy and percutaneous
endoscopic gastrostomy, and require a home ventilator. In
this regard, we think that TTM application influences the
time of hospital discharge in relation to the level of neurolog-
ical disability.

Although there is no age limit in the literature for TTM applica-
tion, the general approach is to apply TTM for younger
patients. A study on the effectiveness of TTM in patients aged
75 and over indicated that TTM does not have a positive
effect on CPC scores and mortality.”” Similarly, a study investi-
gating the effectiveness of TTM in elderly patients found no
statistically significant difference in neurological outcomes
and mortality between patients having a33° and a 36° target
temperature.” In our daily practice, we evaluate TTM applica-
tion based on the premise that neurological recovery
decreases with age. To collect data for analysis in this study,
older patients were excluded due to the high risk of
unfavourable outcomes in patients over 75 years.

Different methods used for cooling have proven to be effec-
tive. These include surface cooling methods (pre-cooled
surface cooling pads, water-circulating surface cooling pads)
and intra-body cooling methods (cooled intravenous fluids,
endovascular devices inserted through a central catheter).”?
However, external water-circulating cooling pads with gel
coating are easy to apply for reliable temperature control. In
our study, TTM was applied with the Arctic Sun® device (Medi-
vance Corp., Louisville, KY).

This retrospective study has the usual limitations of retrospec-
tive studies, such as randomisation. Due to the study design,
we could not obtain data of door-to-cooling time or the time
to reach the targeted temperature for patients on whom TTM
was applied.

CONCLUSION

This study found that neurological results were better in the
TTM group in patients with ROSC, in accordance with the
literature. Among the survivors in the non-TTM group, the
hospital stay was longer due to poor neurological results.
However, there was no difference in mortality between the
two groups.
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