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The term targeted temperature management (TTM) encom-
passes both induced hypothermia and fever reduction 

(normothermia).1,2 For patients with acute ischemic stroke 
(AIS), the use of TTM has been increasingly explored as a 
form of neuroprotection.3–5 The growing body of TTM liter-
ature provides pathophysiologic evidence but does not spe-
cifically provide evidence to address the role of the nurse.6 
Therefore, the purpose of this review is to provide a summary 
of the current state of the evidence for TTM nursing care of 
the patient with AIS.

Background
Although thrombolytic therapy (tissue-type plasminogen acti-
vator [tPA]) and mechanical thrombectomy are associated 
with improved outcome for AIS, a large percent of patients 
are unable to receive tPA based on various exclusion crite-
ria.7 Recent estimates indicate that <30% of eligible patients 
receive tPA.8 So, there are ≈565 000 patients for whom neuro-
protection will be a primary strategy.

Before the use of intravenous tPA, there were few ther-
apeutic options to treat the vascular cause (blocked arterial 
blood flow) of an AIS event.6 Thus, throughout the majority of 
the 20th century, nursing research focused on stroke preven-
tion and subsequent rehabilitation after AIS.6 With tPA, and 
now mechanical thrombectomy, the focus has shifted toward 
early intervention to restore blood flow. However, restoring 
flow to the penumbra is only part of the solution because neu-
rons have to recover.

Evidence suggests that in patients with stroke or other 
brain injuries, fever is associated with worse outcomes, lead-
ing to higher mortality rate, disability, loss of function, and 
longer hospital stay.9 In response, cooling was developed as 
a neuroprotection for ischemic cerebral tissues. Cheung et 
al10 did systematic review of randomized controlled trials and 
found that despite differences in cooling protocols between the 
studies, the pooled results demonstrated that mild hypother-
mia is associated with statistically significant and clinically 
important decreases in hospital mortality and improvements 
in neurological outcome after cardiac arrest.10

Despite the fact that TTM is a changing landscape, nursing 
care must continue to be delivered. Two recent articles provide 
direction to understand the nurses’ role. Olson et al6 divided 

the evidence by systems and provide 23 recommendations. 
Rockett et al11 discussed about TTM from a disease-driven 
perspective and provided additional insight by comparing 
results from a recent national survey with results noted in 
2007 by the finding of Thompson et al12 that there was an 8% 
increase in respondents having institutional fever protocol 
specific for neurological patients. This shows positive change 
in evidence-based nursing practice for the past several years. 
On the basis of data available to date, cooling seems neces-
sary and beneficial in patients with AIS, and more research is 
needed to provide evidence for nursing interventions.

Methods
A comprehensive literature review was performed to update a pre-
viously published set of recommendations.6 An online search was 
performed using combinations of the MeSH terms hypothermia, 
normothermia, and temperature cross referenced with the words 
nursing or nurse (in any field). To capture those publications since 
the 2011 article, a search was conducted from the years 2011 
through 2015 to include human, full text, and clinical or randomized 
clinical trials. This yielded 46 articles. A secondary search based on 
reference lists from the 35 articles included in the 2011 article re-
sulted in an additional 173 citations, for a total of 219. Then, for any 
article that was listed twice in data set, the second (duplicate) was 
removed, and 175 articles were left to review for title an abstract 
inclusion. Of these, 150 were: not English (9), not evidence-based 
(1), not adult (28), not stroke (81), not in hospital/critical care (6), 
not temperature management (13), and not nursing related (12). The 
25 remaining articles were subjected to full-text read: 22 did not ad-
dress nursing care, 2 did not address stroke or critically ill patients, 
and 1 was not evidence-based.

Next, combinations of the keywords (stroke, hypothermia, 
and nursing) were entered without being limited to MeSH terms. 
Five articles were found that contribute to evidence-based nursing 
care of the patient with stroke during TTM.13–17 Finally, a second-
ary search of articles included in the review of Rockett et al11 was 
performed, which identified 2 additional articles that met inclusion 
criteria.18,19 One additional article was identified during the peer-
review process.20

Results
There were 7 new articles found that provided specific evi-
dence to support TTM nursing care for AIS. Of these, 3 pro-
vided evidence that nurses can and should use a variety of 
TTM interventions.15,18,19 Three articles provide evidence to 
support TTM practice protocols.13,18,20 One provided evidence 
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背景	

•  以前は、脳梗塞の原因となる血管を治療する方法は、血
栓溶解療法（tPA）以外にはほぼなかった	

•  近年、tPAに加え血栓除去術も加わり、血流再開のため
の早期治療介入手段が増え、重要視されてきている	

•  tPAと血栓除去は、脳梗塞の予後の改善に関連している	
•  しかし、ペナンブラへの血流が再開しても、脳神経が回復

しなければならないので、血流再開は問題解決の一部で
しかない	

•  患者の大部分は除外基準によってtPAを受けることができ
ていない。tPAを受けているのは、脳梗塞患者の30％以
下で、米国では神経保護が第一戦略である患者は
565000人/年いる	

	 Heart disease and stroke statistics–2015 update: a report from the American Heart 
Association. Circulation. 2015;131:e29–e322.  

 
 	



背景	

•  脳梗塞患者のTTM(targeted	temperature	
management)は、神経保護の視点から数多く
の研究がなされ検討されてきている	

•  TTMは、hypothermia(低体温)と
normothermia(正常体温：高体温を避ける）の
両方を含んでいる	

	



TTMとは	

l  2009年にSociety	of	CriDcal	Care	Medicine,	European	Society	
of	Intensive	Care	Medicineなど5学会によるconsensus	
conferenceが開催	

l 方法が多様だった「TherapeuDc	Hypothermia」を「Targeted	
Temperature	Management	（TTM）」という用語に統一	

l  「導入、維持、復温」を詳細にプロファイル化することで研究
の比較・評価を容易にする	

2014.01.28　ICU勉強会「心肺停止後の体温管理」 より	



背景	
ー脳梗塞と高体温に関する研究ー	

Ø 目的：脳梗塞や他の脳障害における発熱の影響を検
討する	

Ø デザイン：A	Comprehensive	Meta-Analysis；39studies	
Ø 対象：出血性梗塞、虚血性梗塞、外傷性脳障害、他の

神経障害	
Ø 人数：14431人	
Ø Outcome	:	mortality,	Glasgow	Coma	Scale,	Barthel	
Index,	modified	Rankin	Scale,	Canadian	Stroke	Scale,	
intensive	care	length	of	stay,	hospital	length	of	stay	

	
	

	

.		
	

Impact	of	Fever	on	Outcome	in	PaDents	With	Stroke	and	Neurologic	Injury	
A	Comprehensive	Meta-Analysis	.	Stroke.	2008;39:3029-303.	
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mortality meta-analysis, in which some studies had 3 or 4 hypotheses
assessing small variations, the single hypothesis with the most
distant mortality point and the least restrictive hyperthermia timing
was evaluated. In all, we evaluated 67 hypotheses from 39 studies
addressing the following widely used measures of clinical, func-
tional, and economic outcome: mortality, Glasgow Outcome Scale
(GOS), Barthel Index (BI), modified Rankin Scale (mRS), Canadian
Stroke Scale (CSS), ICU length of stay (LOS), and hospital LOS.
Sample sizes ranged from 38 to 4295, as shown in Table 1, with a
total of 14 431 patients. The clinical populations of these studies
overlapped. To minimize selection bias, we included studies that
combined ischemic and hemorrhagic stroke and studies of neurolog-
ical ICU populations that also included patients with traumatic brain
injury (TBI) as well as studies examining fever in targeted stroke and
TBI populations.

Statistical Analyses
Our intention to include as many studies as possible, despite great
variation in individual study statistics, necessitated a flexible statis-
tical approach. For each outcome measure, a combined test (Zc) was
developed from probability values (Stouffer’s approach) or t values
(Winer’s approach; whichever was available in the source study) and
was used to determine whether there was a significant difference
between the fever and nonfever groups. We calculated individual
effect size r(es) for each study using Rosenthal’s correlational ap-
proach17 and used it to derive unbiased Cohen’s d from which
combined effect size was calculated for each pooled analysis.
Combining effect sizes is preferable to combining probabilities from
separate studies because it unambiguously adjusts for different
sample sizes in the combined analysis.18

In addition, we derived more clinically relevant relative risk (RR)
statistics for each study and for each meta-analysis. For each study,
available statistics such as odds ratios, probability values, and t
values were used to calculate the proportion of each group (febrile/
afebrile) having a good or bad outcome, and the results were
presented in a Binomial Effect-Size Display table from which
relative risk for each meta-analysis was derived. Rosenthal and
Rubin’s Binomial Effect-Size Display approach is consistent with
the dichotomized outcome reporting used in many of the studies, and
it avoided excluding studies solely on the basis of statistical
presentation. CIs for RR are not shown because the Binomial
Effect-Size Display method for calculating RR, necessitated by the
available statistics, produces a CI involving a fixed lower bound that
is not directly comparable to CI around an RR calculated with more
common approaches. (See Supplemental Table II, available online at
http://stroke.ahajournals.org, for counter effect size provided as an
alternative approach to CI around correlational effect size.)
Finally, homogeneity of effect size was assessed with a !2 test
using Cohen’s d.

Description of Data Variability
Multivariate studies included a wide array of moderating or medi-
ating variables in addition to body temperature. Studied factors
included patient demographics, comorbidities, severity indicators,
clinical indicators, and timing of fever onset. Covariates and results
for each tested hypothesis are shown in Supplemental Table II.

As noted previously, the included articles used a range of
statistical methods depending on the variables studied and on how
the body temperature variable was structured. Most studies examined
body temperature as a dichotomized (eg, febrile versus afebrile) or
categorical (level of fever) variable, whereas some treated body
temperature as a continuous variable. Thus, we refer to “fever/higher
body temperature” in reporting findings across these approaches. Of
studies defining fever, 13 studies used 37.5°C as the cutoff point;
values from other studies ranged from 37.0 (tympanic) to 39.0°C
(core), listed in Supplemental Table II.

Studies that provided sufficient detail for GOS or mRS to permit
separate assessment of mortality were included in the mortality
meta-analysis even if mortality was not overtly discussed in the
original study. Whenever a study in the meta-analysis included a
pediatric population, the meta-analysis was conducted with and
without the pediatric study. In no case did inclusion of a pediatric
study make a statistically significant difference in the results.

Results
Collectively, the meta-analyses presented a consistent result.
In each of the 7 outcome measures evaluated, the meta-anal-
ysis indicated that fever/higher body temperature was signif-
icantly associated with worse outcome as indicated by higher
mortality rates, greater disability, more dependence, worse
functional outcome, greater severity, and longer stays in the
hospital and ICU. The size of the effect of fever/higher body
temperature on outcome in each meta-analysis ranged from
moderately small (0.26 for GOS) to large (over 0.8 for mRS,
ICU LOS, and hospital LOS) per Cohen’s interpretation,19 as
shown in Table 2. The RR calculations for each meta-analysis
(Table 2) showed results consistent with the effect size
analysis. The probability of a poorer outcome among patients
with hemorrhagic or ischemic stroke or traumatic brain injury
who had fever/higher body temperatures ranged from 1.3 for
GOS to 3.2 times greater for hospital LOS than the probabil-
ity among such patients without fever or with lower body
temperatures.

Figure 2 shows the meta-analyses RR results and the
individual RR result for each component study grouped by
outcome measure and the clinical subgroup that best catego-

Table 2. Summary of Meta-Analysis Findings: Effect Size, Association, and RR

Outcome
Measure

No. of Articles/
Hypotheses* Total N Zc†

Effect
Size‡ RR

Fever/Higher Body Temperature
Associated Significantly With

Mortality 24/24 10 460 6.31 0.46 1.5 Death

GOS 9/11 1625 3.66 0.26 1.3 Neurological deficit/death

BI 8/10 2841 4.85 0.65 1.9 More dependence

mRS 5/5 1423 !27.6 0.89 2.2 Lower functioning

CSS 5/8 910 6.09 0.35 1.4 Greater severity

ICU LOS 6/6 5418 48.48 1.66 2.8 Longer ICU stay

Hospital LOS 3/3 4468 39.55 1.53 3.2 Longer hospital stay

*Sum does not equal total articles because some articles evaluated more than one outcome measure.
†Zc is Winer’s Zc for the Rankin scale and the 2 LOS measures, Stouffer’s Zc for all others. For the mRS, Winer’s Zc is negative because mRS

scores increase as outcomes worsen, whereas the opposite occurs with the other ordinal scales.
‡Cohen’s d corrected for sample size.
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rizes the study’s population. Studies involving ischemic
stroke exclusively were more consistent in their RR results
than were studies also including or focusing exclusively on
hemorrhagic stroke or traumatic brain injury. Mortality and
GOS show the tightest clustering of individual RR around the
meta-analysis results, illustrating more consistency of the
relationship between fever/higher body temperature and out-
comes across clinical groupings for these 2 measures com-
pared with some of the other outcome measures. However,
the overall results show that the association of fever with
poorer clinical outcomes cuts across all types of neurological
injury and is observed in every outcome measure analyzed.

Heterogeneity
Heterogeneity of effect size, measured using Cohen’s d, was
insignificant in 3 meta-analyses (mortality, GOS, and CSS)

and present in 4 (ICU LOS, hospital LOS, mRS, and BI).
Statistical heterogeneity is reasonably common in meta-anal-
yses using studies with divergent structures but always
warrants further examination. In these meta-analyses, there
are a variety of possible contributors to heterogeneity. In the
LOS analyses (ICU and hospital LOS), some studies were
testing the impact of fever on LOS, whereas others used fever
as the dependent variable.20,21 Furthermore, a continuous
variable such as LOS can produce larger effect sizes and
therefore more potential variance than dichotomous variables
or dichotomized ordinal scales. For studies examining the
mRS, differences in the timing and duration of the body
temperature reading(s) being assessed may have contributed
to heterogeneity of effect size. In the BI meta-analysis,
several studies investigated essentially the same hypothesis
with different statistical methods (nonparametric tests of

A

B

Figure 2. Relative risk of worse outcome with fever/higher body temperature.

Greer et al Fever and Outcome: Comprehensive Meta-Analysis 3033
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•  脳梗塞や他の脳障害において、発熱は、死亡率の増
加、機能障害の程度と関連している	
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•  脳梗塞や他の脳障害において、発熱は、予後の悪化、
機能障害、ICU在室期間、在院期間の延長と関連して
いる	

	
	

	



背景	
ー脳梗塞ガイドラインより（体温管理について）ー	

.		
	

Guidelines	for	the	early	management	of	paDents	with	acute	ischemic	stroke:	a	
guideline	for	healthcare	professionals	from	the	American	Heart	AssociaDon/
American	Stroke	AssociaDon.	Stroke.	2013;44:870–947.		

高体温	

脳梗塞発症から1時間以内の高体温は1/3に認められる。	
発症後の高体温は神経学的予後不良と関連する。おそらく、
代謝障害、神経伝達物質放出の増強、フリーラジカルの産
生増加によると考えられている。	
解熱剤の投与や機械的に高体温を避ける事で予後が改善
するのではないかとの仮説がたてられ多くの研究がなされた。	

2013.06.04 ICU勉強会　脳梗塞ガイドライン2013 part2」より 
 	



最近のメタアナリシスで高体温と短期死亡率の関係が
アップデートされた。（死亡率が２倍になる）Acta	Neurol	
Scand.	2010;122:404–408.		

2013.06.04 ICU勉強会　脳梗塞ガイドライン2013 part2」より 
 	

Guidelines	for	the	early	management	of	paDents	with	acute	ischemic	stroke	



高体温のまとめ	

・発症24時間の38℃以上の高体温は明らかに予後不良であ
る。	
・現時点では、アセトアミノフェンによる解熱療法は37℃以上
の患者では、安全で有益な可能性がある。	
・高体温群を対象とした大規模な研究が望まれる。	

Guidelines	for	the	early	management	of	paDents	with	acute	ischemic	stroke	

2013.06.04 ICU勉強会　脳梗塞ガイドライン2013 part2」より 
 	



低体温（脳神経保護の章に記載されている）	

•  効果：エネルギー消費を減らす、代謝障害・フリーラジカル産生
の抑制、炎症やサイトカイン産生の抑制	

•  治療的低体温の副作用：低血圧、不整脈、肺炎、血小板減少	
•  2009年のシステマティックレビューでは、脳梗塞患者への低体温

について、臨床的に有意な効果も害も示せなかった	
	
•  中等度の低体温について	
ü 心停止後の患者の脳神経学的予後の改善に関連する	
ü 脳出血後の予後の改善には関連しなかった	
ü いくつかの小規模の研究では、脳梗塞後の効果を評価している	
ü 低体温による合併症を減らす	
・現時点では、ClassⅠのエビデンスとなるような研究はない	
・低体温の効果を検討する大規模な研究が望まれる	

Guidelines	for	the	early	management	of	paDents	with	acute	ischemic	stroke	

Cooling therapy for acute stroke. Cochrane Database Syst Rev. 2009;(1):CD001247.  
 	



•  tPAが主流だった時は、比較的軽症例のみだったが、血
栓除去術が加わることで血管内治療をできる症例が増
えてきた。つまり、新たに急性期集中治療管理をする患
者層が増えてきた。	

•  そこで、急性期集中治療管理の一つとしてTTMの病態
生理学的根拠を検討する研究がなされるようになった	

•  看護研究においても、20世紀の大半は、脳梗塞の予防
とリハビリテーションに焦点が当てられていた。そのため、
TTMにおけるナースの役割や効果に関する研究はほと
んどなされておらず、その根拠は明示されていない。	

	

背景	
ー看護研究の変遷ー	



•  脳梗塞患者へのTTMに関する看護ケアのレビュー	
•  2011〜2015年の文献を新たに加えて検討	
•  23のrecommendaDonを改訂して8つのrecommendaDonを提示	

Protocol

The Evidence Base for Nursing Care and Monitoring
of Patients During Therapeutic Temperature Management

DaiWai Olson, PhD, RN,1 Jana L. Grissom,2 and Keith Dombrowski1

Therapeutic temperature management (TTM) is fast becoming a primary management strategy for a variety of
medical conditions treated in critical care settings throughout the world. Nurses who provide direct care and
who are tasked with developing multidisciplinary protocols and pathways are struggling to collate evidence
from which to support specific nursing interventions. The aim of this project was to create the first compre-
hensive set of evidence-based guidelines specific to nursing care of the patient for whom TTM is medically
necessary. Evidence-based nursing practice summaries are provided for nine nursing content areas: interven-
tions to manage temperature, monitoring temperature, neurologic, cardiac, pulmonary, skin care, gastrointes-
tinal/endocrine, laboratory findings, and general considerations for nursing care.

Background

The first portion of the new millennia has seen a resur-
gent effort toward controlling the temperature of patients

who have, or are at risk for, secondary brain injury. In 2005,
the American Hospital Association (AHA) and the Inter-
national Liaison Committee on Resuscitation (ILCOR) both
issued guidelines that support aggressive use of therapeutic
hypothermia (AHA, 2006; ICLOR, 2006). Several authors have
provided articles that summarize medical and nursing treat-
ment of patients who are treated with hypothermia (Holden
and Makic, 2006; Bernard, 2009; Polderman and Herold, 2009;
Seder and Van der Kloot, 2009). However, the literature
supporting specific nursing monitoring and management
considerations has not been summarized.

Patient assessment and monitoring is a hallmark of nursing
practice. Until 2005, there were no international guidelines
that supported the use of induced hypothermia outside the
bounds of a randomized clinical trial. Currently, therapeutic
temperature management (TTM) is clinically indicated for
hypothermia after cardiac arrest, therapeutic rewarming for
accidental hypothermia, postsurgical hypothermia, induced
normothermia after traumatic brain injury, and for secondary
brain injury prevention (Grossman et al., 2002; Hypothermia
After Cardiac Arrest Study Group, 2002). Hypothermia may
provide benefit for ischemic and hemorrhagic stroke, but
further research is needed (Linares and Mayer, 2009).

Nurses are often tasked with protocol development, which
includes assessment and monitoring of the TTM patient.
However, concise summary of the evidence to support TTM

assessment and monitoring within the domain of nursing care
is lacking in the literature. The purpose of this manuscript is to
provide a foundation for the development of evidence-based
practice protocols specifically addressing the role of the nurse
in providing care to patients receiving TTM.

This is a review article to summarize areas of nursing prac-
tice for TTM; this is not a systematic review of TTM. The impact
of temperature manipulation on major physiologic systems
is explored and guidelines for assessment and management
are discussed as they relate to the delivery of nursing care
within the current body of evidence. Because a compilation of
this evidence does not currently exist, it is anticipated that this
article will offer a point of departure for future manuscripts that
seek to develop and clarify the nurse’s role in assessment and
planning to care for patients during TTM.

Methods

This literature search was completed using Medline
(PubMed) and limited to the years 2000–2010. Additional
studies from years prior to 2000 were included if they were
cited as primary source articles in manuscripts published after
2000, and they were considered by the authors to provide key
evidence. The initial search was performed using the follow-
ing MeSH term combinations: hypothermia + nursing, nor-
mothermia + nursing, temperature + nursing.

After removing duplicate references, references prior to the
year 2000, and non-human studies, we reviewed 941 articles
for title and abstract (Table 1). There were 165 articles con-
sidered for full-read inclusion that met the following criteria:
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The term targeted temperature management (TTM) encom-
passes both induced hypothermia and fever reduction 

(normothermia).1,2 For patients with acute ischemic stroke 
(AIS), the use of TTM has been increasingly explored as a 
form of neuroprotection.3–5 The growing body of TTM liter-
ature provides pathophysiologic evidence but does not spe-
cifically provide evidence to address the role of the nurse.6 
Therefore, the purpose of this review is to provide a summary 
of the current state of the evidence for TTM nursing care of 
the patient with AIS.

Background
Although thrombolytic therapy (tissue-type plasminogen acti-
vator [tPA]) and mechanical thrombectomy are associated 
with improved outcome for AIS, a large percent of patients 
are unable to receive tPA based on various exclusion crite-
ria.7 Recent estimates indicate that <30% of eligible patients 
receive tPA.8 So, there are ≈565 000 patients for whom neuro-
protection will be a primary strategy.

Before the use of intravenous tPA, there were few ther-
apeutic options to treat the vascular cause (blocked arterial 
blood flow) of an AIS event.6 Thus, throughout the majority of 
the 20th century, nursing research focused on stroke preven-
tion and subsequent rehabilitation after AIS.6 With tPA, and 
now mechanical thrombectomy, the focus has shifted toward 
early intervention to restore blood flow. However, restoring 
flow to the penumbra is only part of the solution because neu-
rons have to recover.

Evidence suggests that in patients with stroke or other 
brain injuries, fever is associated with worse outcomes, lead-
ing to higher mortality rate, disability, loss of function, and 
longer hospital stay.9 In response, cooling was developed as 
a neuroprotection for ischemic cerebral tissues. Cheung et 
al10 did systematic review of randomized controlled trials and 
found that despite differences in cooling protocols between the 
studies, the pooled results demonstrated that mild hypother-
mia is associated with statistically significant and clinically 
important decreases in hospital mortality and improvements 
in neurological outcome after cardiac arrest.10

Despite the fact that TTM is a changing landscape, nursing 
care must continue to be delivered. Two recent articles provide 
direction to understand the nurses’ role. Olson et al6 divided 

the evidence by systems and provide 23 recommendations. 
Rockett et al11 discussed about TTM from a disease-driven 
perspective and provided additional insight by comparing 
results from a recent national survey with results noted in 
2007 by the finding of Thompson et al12 that there was an 8% 
increase in respondents having institutional fever protocol 
specific for neurological patients. This shows positive change 
in evidence-based nursing practice for the past several years. 
On the basis of data available to date, cooling seems neces-
sary and beneficial in patients with AIS, and more research is 
needed to provide evidence for nursing interventions.

Methods
A comprehensive literature review was performed to update a pre-
viously published set of recommendations.6 An online search was 
performed using combinations of the MeSH terms hypothermia, 
normothermia, and temperature cross referenced with the words 
nursing or nurse (in any field). To capture those publications since 
the 2011 article, a search was conducted from the years 2011 
through 2015 to include human, full text, and clinical or randomized 
clinical trials. This yielded 46 articles. A secondary search based on 
reference lists from the 35 articles included in the 2011 article re-
sulted in an additional 173 citations, for a total of 219. Then, for any 
article that was listed twice in data set, the second (duplicate) was 
removed, and 175 articles were left to review for title an abstract 
inclusion. Of these, 150 were: not English (9), not evidence-based 
(1), not adult (28), not stroke (81), not in hospital/critical care (6), 
not temperature management (13), and not nursing related (12). The 
25 remaining articles were subjected to full-text read: 22 did not ad-
dress nursing care, 2 did not address stroke or critically ill patients, 
and 1 was not evidence-based.

Next, combinations of the keywords (stroke, hypothermia, 
and nursing) were entered without being limited to MeSH terms. 
Five articles were found that contribute to evidence-based nursing 
care of the patient with stroke during TTM.13–17 Finally, a second-
ary search of articles included in the review of Rockett et al11 was 
performed, which identified 2 additional articles that met inclusion 
criteria.18,19 One additional article was identified during the peer-
review process.20

Results
There were 7 new articles found that provided specific evi-
dence to support TTM nursing care for AIS. Of these, 3 pro-
vided evidence that nurses can and should use a variety of 
TTM interventions.15,18,19 Three articles provide evidence to 
support TTM practice protocols.13,18,20 One provided evidence 
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•  TTMに関する看護ケアのレビュー	
•  2000〜2010年までの文献を検討	
•  23のrecommendaDonを提示	

今回、紹介する研究	
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Therapeutic temperature management (TTM) is fast becoming a primary management strategy for a variety of
medical conditions treated in critical care settings throughout the world. Nurses who provide direct care and
who are tasked with developing multidisciplinary protocols and pathways are struggling to collate evidence
from which to support specific nursing interventions. The aim of this project was to create the first compre-
hensive set of evidence-based guidelines specific to nursing care of the patient for whom TTM is medically
necessary. Evidence-based nursing practice summaries are provided for nine nursing content areas: interven-
tions to manage temperature, monitoring temperature, neurologic, cardiac, pulmonary, skin care, gastrointes-
tinal/endocrine, laboratory findings, and general considerations for nursing care.

Background

The first portion of the new millennia has seen a resur-
gent effort toward controlling the temperature of patients

who have, or are at risk for, secondary brain injury. In 2005,
the American Hospital Association (AHA) and the Inter-
national Liaison Committee on Resuscitation (ILCOR) both
issued guidelines that support aggressive use of therapeutic
hypothermia (AHA, 2006; ICLOR, 2006). Several authors have
provided articles that summarize medical and nursing treat-
ment of patients who are treated with hypothermia (Holden
and Makic, 2006; Bernard, 2009; Polderman and Herold, 2009;
Seder and Van der Kloot, 2009). However, the literature
supporting specific nursing monitoring and management
considerations has not been summarized.

Patient assessment and monitoring is a hallmark of nursing
practice. Until 2005, there were no international guidelines
that supported the use of induced hypothermia outside the
bounds of a randomized clinical trial. Currently, therapeutic
temperature management (TTM) is clinically indicated for
hypothermia after cardiac arrest, therapeutic rewarming for
accidental hypothermia, postsurgical hypothermia, induced
normothermia after traumatic brain injury, and for secondary
brain injury prevention (Grossman et al., 2002; Hypothermia
After Cardiac Arrest Study Group, 2002). Hypothermia may
provide benefit for ischemic and hemorrhagic stroke, but
further research is needed (Linares and Mayer, 2009).

Nurses are often tasked with protocol development, which
includes assessment and monitoring of the TTM patient.
However, concise summary of the evidence to support TTM

assessment and monitoring within the domain of nursing care
is lacking in the literature. The purpose of this manuscript is to
provide a foundation for the development of evidence-based
practice protocols specifically addressing the role of the nurse
in providing care to patients receiving TTM.

This is a review article to summarize areas of nursing prac-
tice for TTM; this is not a systematic review of TTM. The impact
of temperature manipulation on major physiologic systems
is explored and guidelines for assessment and management
are discussed as they relate to the delivery of nursing care
within the current body of evidence. Because a compilation of
this evidence does not currently exist, it is anticipated that this
article will offer a point of departure for future manuscripts that
seek to develop and clarify the nurse’s role in assessment and
planning to care for patients during TTM.

Methods

This literature search was completed using Medline
(PubMed) and limited to the years 2000–2010. Additional
studies from years prior to 2000 were included if they were
cited as primary source articles in manuscripts published after
2000, and they were considered by the authors to provide key
evidence. The initial search was performed using the follow-
ing MeSH term combinations: hypothermia + nursing, nor-
mothermia + nursing, temperature + nursing.

After removing duplicate references, references prior to the
year 2000, and non-human studies, we reviewed 941 articles
for title and abstract (Table 1). There were 165 articles con-
sidered for full-read inclusion that met the following criteria:
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necessary. Evidence-based nursing practice summaries are provided for nine nursing content areas: interven-
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Background

The first portion of the new millennia has seen a resur-
gent effort toward controlling the temperature of patients

who have, or are at risk for, secondary brain injury. In 2005,
the American Hospital Association (AHA) and the Inter-
national Liaison Committee on Resuscitation (ILCOR) both
issued guidelines that support aggressive use of therapeutic
hypothermia (AHA, 2006; ICLOR, 2006). Several authors have
provided articles that summarize medical and nursing treat-
ment of patients who are treated with hypothermia (Holden
and Makic, 2006; Bernard, 2009; Polderman and Herold, 2009;
Seder and Van der Kloot, 2009). However, the literature
supporting specific nursing monitoring and management
considerations has not been summarized.

Patient assessment and monitoring is a hallmark of nursing
practice. Until 2005, there were no international guidelines
that supported the use of induced hypothermia outside the
bounds of a randomized clinical trial. Currently, therapeutic
temperature management (TTM) is clinically indicated for
hypothermia after cardiac arrest, therapeutic rewarming for
accidental hypothermia, postsurgical hypothermia, induced
normothermia after traumatic brain injury, and for secondary
brain injury prevention (Grossman et al., 2002; Hypothermia
After Cardiac Arrest Study Group, 2002). Hypothermia may
provide benefit for ischemic and hemorrhagic stroke, but
further research is needed (Linares and Mayer, 2009).

Nurses are often tasked with protocol development, which
includes assessment and monitoring of the TTM patient.
However, concise summary of the evidence to support TTM

assessment and monitoring within the domain of nursing care
is lacking in the literature. The purpose of this manuscript is to
provide a foundation for the development of evidence-based
practice protocols specifically addressing the role of the nurse
in providing care to patients receiving TTM.

This is a review article to summarize areas of nursing prac-
tice for TTM; this is not a systematic review of TTM. The impact
of temperature manipulation on major physiologic systems
is explored and guidelines for assessment and management
are discussed as they relate to the delivery of nursing care
within the current body of evidence. Because a compilation of
this evidence does not currently exist, it is anticipated that this
article will offer a point of departure for future manuscripts that
seek to develop and clarify the nurse’s role in assessment and
planning to care for patients during TTM.

Methods

This literature search was completed using Medline
(PubMed) and limited to the years 2000–2010. Additional
studies from years prior to 2000 were included if they were
cited as primary source articles in manuscripts published after
2000, and they were considered by the authors to provide key
evidence. The initial search was performed using the follow-
ing MeSH term combinations: hypothermia + nursing, nor-
mothermia + nursing, temperature + nursing.

After removing duplicate references, references prior to the
year 2000, and non-human studies, we reviewed 941 articles
for title and abstract (Table 1). There were 165 articles con-
sidered for full-read inclusion that met the following criteria:
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Ø  目的：TTMを実施している患者の看護ケアについて、根
拠に基づいた明確な包括的ガイドラインを作成すること	

	

Ø  デザイン：レビュー	
（＊TTMに対する看護ケアを集約するための論文レビューであり、TTMのシステマ
ティックレビューではない）	
	

Ø  方法：Medline	(PubMed)	を用いて文献検索を実施
(2000-2010)	

　　MeSH	term	:hypothermia	+	nursing,	normothermia	+	　　　　　	
　　　　　　　　　　nursing,	temperature	+	nursing.		
　　→35文献が選択された	



結果	

•  根拠に基づいた看護ケアが、９つの項目に分
けて明示された	

Ø 体温管理に対する介入、体温モニタリング、
神経、循環、肺、スキンケア、胃・内分泌、検
査データ、一般的な看護ケア	

	
•  23のrecommendaDonが提示された	



endocrine; and laboratory data. Additionally, a general consid-
erations category was added for articles with a significant
finding relating to nursing care outside of the aforementioned
categories.

Each section concludes with a table of recommendations
with class and level of evidence (Table 3). The level of evi-
dence is based on standard classification where class is based
on the size of the treatment effect and level is an estimate of
the certainty of the treatment effect (Gibbons et al., 2003).

Content Areas

Interventions to manage temperature

We identified 15 articles that provide evidence for nurses
regarding methodologies for managing temperature in criti-
cally ill patients (Grossman et al., 2002; Price et al., 2003; Loke
et al., 2005; Ferguson, 2007; Henker and Carlson, 2007;
Thompson et al., 2007; Bassin et al., 2008; Christian et al., 2008;
Hay et al., 2008; Hoyt et al., 2008; Morita et al., 2008; Olson et al.,
2008; Sagalyn et al., 2009; Bigham et al., 2010; Skulec et al.,
2010). The different methods evaluated are categorized into
external with device, simple external, intravascular, and
other. External TTM with a device is simple and effective
(Grossman et al., 2002; Loke, 2005; Christian et al., 2008; Hay
et al., 2008). External devices utilizing airflow are more effec-
tive than fluid-circulating devices, resulting in patients
achieving goal temperature faster and more frequently
(Grossman et al., 2002; Loke et al., 2005). Simple external
methods (including, but not limited to, ice packs, fans, tepid
baths, and infusion of cold or warm intravenous fluid)
are commonly used (Thompson et al., 2007; Hoyt et al., 2008;
Olson et al., 2008; Bigham et al., 2010; Skulec et al., 2010). Price
found fans were not effective in reducing temperature and
inconclusive evidence to support other simple external meth-
ods. However, intravascular TTM is an accurate method of
regulating temperature (Bassin et al., 2008). Portable percuta-
neous cardiopulmonary bypass has also been reported as an
effective and quick method of managing temperature (Morita
et al., 2008). Regardless of method, the use of a temperature
management clinical pathway or protocol increases the
practice of TTM, increases the number of patients meeting
temperature goals, and is convenient (Grossman et al., 2002;
Hay et al., 2008).

Device-based methods of TTM are reliable and less time-
consuming for nurses, though combinations of simple external

methods are more commonly used in intensive care units and
emergency departments (Bassin et al., 2008; Bigham et al., 2010;
Skulec et al., 2010). Multiple simple external methods are in-
dependently initiated by nurses to manage temperature
(Grossman et al., 2002; Thompson et al., 2007; Olson et al., 2008).
Though a variety of simple external methods are utilized,
Olson et al. (2008) found no correlation between the priority
given to a nursing intervention to manage temperature and the
length of time necessary to complete the intervention

Recommendation Category Evidence

Nurses should develop protocols
that employ a variety of TTM
interventions including surface and
intravascular interventions

Class IIa Level B

Monitoring and Assessing Temperature

We identified 10 articles that provide evidence for nurses
regarding the site and method of monitoring and assessing
temperature (Gupta et al., 2002; Farnell et al., 2005; Loke et al.,
2005; Hooper and Andrews, 2006; Woodrow et al., 2006;
Ferguson, 2007; Henker and Carlson, 2007; Kiekkas et al.,
2008; Sagalyn et al., 2009; Clifton et al., 2011). There is broad
disagreement as to the best or most accurate site from which
to determine temperature (Hooper and Andrews, 2006;
Henker and Carlson, 2007; Sagalyn et al., 2009). The different
sites evaluated in this set of manuscripts include: axillary
(Farnell et al., 2005; Loke et al., 2005; Ferguson, 2007; Kiekkas
et al., 2008); bladder (Ferguson, 2007; Henker and Carlson,
2007; Clifton et al., 2011); brain (Gupta et al., 2002); esophageal
(Hooper and Andrews, 2006); oral (Farnell et al., 2005; Hooper
and Andrews, 2006); pulmonary artery (Gupta et al., 2002;
Farnell et al., 2005; Hooper and Andrews, 2006; Ferguson,
2007); and tympanic (Farnell et al., 2005; Hooper and
Andrews, 2006; Ferguson, 2007; Kiekkas et al., 2008).

Pulmonary artery temperature monitoring was most often
the referenced source against which other methods were as-
sessed. This requires insertion of an invasive line, but remains
the best validated method of continuous temperature moni-
toring (Gupta et al., 2002; Farnell et al., 2005; Hooper and
Andrews, 2006; Ferguson, 2007). Axillary is primarily used
because it is easy, but generally provides a lower value than

Table 3. Levels of Evidence

Class III
Class I

Should be performed
Class IIa

Reasonable to perform
Class IIb

Not unreasonable
Not helpful – possibly

harmful

Level A Multiple populations
and RCTs

Multiple populations
and RCTs; conflicting
evidence

Multiple populations
and RCTs; greater
conflicting evidence

Multiple populations
and RCTs

Level B One RCT and/or non-
randomized trials

One RCT and/or non-
randomized trials;
conflicting evidence

One RCT and/or non-
randomized trials;
greater conflicting
evidence

One RCT and/or non-
randomized trials

Level C Consensus, case studies,
opinion

Case studies, opinion;
no consensus

Case studies, opinion;
divergent opinion

Consensus, case studies,
opinion

Adapted from Gibbons et al. (2003).
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endocrine; and laboratory data. Additionally, a general consid-
erations category was added for articles with a significant
finding relating to nursing care outside of the aforementioned
categories.

Each section concludes with a table of recommendations
with class and level of evidence (Table 3). The level of evi-
dence is based on standard classification where class is based
on the size of the treatment effect and level is an estimate of
the certainty of the treatment effect (Gibbons et al., 2003).

Content Areas

Interventions to manage temperature

We identified 15 articles that provide evidence for nurses
regarding methodologies for managing temperature in criti-
cally ill patients (Grossman et al., 2002; Price et al., 2003; Loke
et al., 2005; Ferguson, 2007; Henker and Carlson, 2007;
Thompson et al., 2007; Bassin et al., 2008; Christian et al., 2008;
Hay et al., 2008; Hoyt et al., 2008; Morita et al., 2008; Olson et al.,
2008; Sagalyn et al., 2009; Bigham et al., 2010; Skulec et al.,
2010). The different methods evaluated are categorized into
external with device, simple external, intravascular, and
other. External TTM with a device is simple and effective
(Grossman et al., 2002; Loke, 2005; Christian et al., 2008; Hay
et al., 2008). External devices utilizing airflow are more effec-
tive than fluid-circulating devices, resulting in patients
achieving goal temperature faster and more frequently
(Grossman et al., 2002; Loke et al., 2005). Simple external
methods (including, but not limited to, ice packs, fans, tepid
baths, and infusion of cold or warm intravenous fluid)
are commonly used (Thompson et al., 2007; Hoyt et al., 2008;
Olson et al., 2008; Bigham et al., 2010; Skulec et al., 2010). Price
found fans were not effective in reducing temperature and
inconclusive evidence to support other simple external meth-
ods. However, intravascular TTM is an accurate method of
regulating temperature (Bassin et al., 2008). Portable percuta-
neous cardiopulmonary bypass has also been reported as an
effective and quick method of managing temperature (Morita
et al., 2008). Regardless of method, the use of a temperature
management clinical pathway or protocol increases the
practice of TTM, increases the number of patients meeting
temperature goals, and is convenient (Grossman et al., 2002;
Hay et al., 2008).

Device-based methods of TTM are reliable and less time-
consuming for nurses, though combinations of simple external

methods are more commonly used in intensive care units and
emergency departments (Bassin et al., 2008; Bigham et al., 2010;
Skulec et al., 2010). Multiple simple external methods are in-
dependently initiated by nurses to manage temperature
(Grossman et al., 2002; Thompson et al., 2007; Olson et al., 2008).
Though a variety of simple external methods are utilized,
Olson et al. (2008) found no correlation between the priority
given to a nursing intervention to manage temperature and the
length of time necessary to complete the intervention

Recommendation Category Evidence

Nurses should develop protocols
that employ a variety of TTM
interventions including surface and
intravascular interventions

Class IIa Level B

Monitoring and Assessing Temperature

We identified 10 articles that provide evidence for nurses
regarding the site and method of monitoring and assessing
temperature (Gupta et al., 2002; Farnell et al., 2005; Loke et al.,
2005; Hooper and Andrews, 2006; Woodrow et al., 2006;
Ferguson, 2007; Henker and Carlson, 2007; Kiekkas et al.,
2008; Sagalyn et al., 2009; Clifton et al., 2011). There is broad
disagreement as to the best or most accurate site from which
to determine temperature (Hooper and Andrews, 2006;
Henker and Carlson, 2007; Sagalyn et al., 2009). The different
sites evaluated in this set of manuscripts include: axillary
(Farnell et al., 2005; Loke et al., 2005; Ferguson, 2007; Kiekkas
et al., 2008); bladder (Ferguson, 2007; Henker and Carlson,
2007; Clifton et al., 2011); brain (Gupta et al., 2002); esophageal
(Hooper and Andrews, 2006); oral (Farnell et al., 2005; Hooper
and Andrews, 2006); pulmonary artery (Gupta et al., 2002;
Farnell et al., 2005; Hooper and Andrews, 2006; Ferguson,
2007); and tympanic (Farnell et al., 2005; Hooper and
Andrews, 2006; Ferguson, 2007; Kiekkas et al., 2008).

Pulmonary artery temperature monitoring was most often
the referenced source against which other methods were as-
sessed. This requires insertion of an invasive line, but remains
the best validated method of continuous temperature moni-
toring (Gupta et al., 2002; Farnell et al., 2005; Hooper and
Andrews, 2006; Ferguson, 2007). Axillary is primarily used
because it is easy, but generally provides a lower value than

Table 3. Levels of Evidence

Class III
Class I

Should be performed
Class IIa

Reasonable to perform
Class IIb

Not unreasonable
Not helpful – possibly

harmful

Level A Multiple populations
and RCTs

Multiple populations
and RCTs; conflicting
evidence

Multiple populations
and RCTs; greater
conflicting evidence

Multiple populations
and RCTs

Level B One RCT and/or non-
randomized trials

One RCT and/or non-
randomized trials;
conflicting evidence

One RCT and/or non-
randomized trials;
greater conflicting
evidence

One RCT and/or non-
randomized trials

Level C Consensus, case studies,
opinion

Case studies, opinion;
no consensus

Case studies, opinion;
divergent opinion

Consensus, case studies,
opinion

Adapted from Gibbons et al. (2003).
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beginning to explore the use of physiologic monitors such as
derived electromyography to provide additional measures of
shivering (Badjatia et al., 2008; May et al., 2011). Additionally,
awareness and correction of certain laboratory abnormalities,
like hyponatremia and hypomagnesemia, may help reduce
shivering (Badjatia et al., 2008). Maneuvers to limit or elimi-
nate shivering should focus on decreasing the temperature
gradient between core and peripheral temperatures (Sund-
Levander and Wahren, 2000; Henker and Carlson, 2007; Choi
et al., 2011). This can be accomplished by a combination of
pharmaceutical and nursing interventions, such as covering
the patient with blankets or using surface counter-warming
devices (Holtzclaw, 2004; Choi et al., 2011).

Recommendation Category Evidence

Nurses should monitor for
shivering during TTM

Class IIa Level B

Nurses should monitor sedation
using validated observational
scales and physiologic monitors

Class IIb Level C

Nurses should develop and adhere
to shivering reduction protocols.

Class IIb Level C

Cardiac Considerations

We identified seven articles that provide evidence for
nurses regarding the assessment and monitoring of the car-
diac system (Grossman et al., 2002; Kiekkas et al., 2007; Wol-
frum et al., 2008; Kheirbek et al., 2009; Polderman and Herold,
2009; Skulec et al., 2010; Clifton et al., 2011). Standard pa-
rameters monitored in the ICU that are reflective of cardio-
vascular function include heart rate, electrocardiogram
(ECG), and arterial blood pressure (Kiekkas et al., 2007). TTM
has been reported to affect all three of these parameters.
Though heart rate varies in response to changes in tempera-
ture, induced hypothermia first produces tachycardia fol-
lowed by bradycardia as temperature decreases (Kiekkas
et al., 2007; Kheirbek et al., 2009; Polderman and Herold, 2009).
Multiple ECG changes are noted with TTM, including various
dysrhythmias, repolarization abnormalities, and conduction
delays. Examples include prolonged PR and QT intervals, J
waves, and first degree heart block. However, electrical dis-
turbances are often asymptomatic and may be related to the
rate of temperature change (Grossman et al., 2002; Kheirbek
et al., 2009; Polderman and Herold, 2009). If intervention is
required to increase heart rate, using chronotropic drugs or
transvenous pacing may decrease myocardial contractility
(Polderman and Herold, 2009). TTM also causes an increase in
systemic vascular resistance (SVR) and central venous pres-
sure (CVP). Hypovolemia secondary to diuresis may occur
during TTM (Polderman and Herold, 2009). However, there is
no clear recommendation for adjusting the frequency of in-
take and output documentation routines. Skulec et al. (2010)
found that 62.2% of ICUs routinely utilized goal-directed
therapy early in the application of TTM, including a combi-
nation CVP and mean arterial pressure (MAP) monitoring.

Although a variety of hemodynamic changes are cited as
being associated with TTM, Wolfrum et al. (2008) found no
difference in left ventricular function and use of catechol-
amines between patients treated with TTM and those not
treated with TTM. Similarly, Clifton et al. (2011) report no

significant difference in cardiac complications for patients
during TTM. All six articles mention cardiac changes associ-
ated with TTM, though only one defines standard parameters
of monitoring in the ICU. All six articles fail to define the
standard for frequency of monitoring in patients undergoing
TTM. None of the articles mentions if noninvasive cardiac
output monitoring is as effective as a pulmonary artery
catheter for measuring hemodynamics during TTM.

Recommendation Category Evidence

Nurses should monitor for
cardiac arrhythmias

Class IIa Level C

Nurses should monitor blood
pressure from an intra-arterial line

Class IIa Level C

Nurses should include measure of
circulatory volume such as
CVP and SVR during TTM

Class IIb Level C

Pulmonary System Considerations

We identified four articles that provide evidence for nurses
regarding the assessment and monitoring of the pulmonary
system (Wolfrum et al., 2008; Kheirbek et al., 2009; Polderman
and Herold, 2009; Claridge et al., 2010). Wolfrum et al. (2008)
found that, though neuromuscular blockade was not consis-
tently used, patients treated with mild therapeutic hypo-
thermia stayed on mechanical ventilation considerably
longer. Prolonged mechanical ventilation, combined with
relative immune suppression including decreased cytokine
production and neutrophil migration, may predispose pa-
tients to respiratory infection. However, findings from a re-
cent study fail to find an association between positive
respiratory cultures and a specific range of temperatures
(Claridge et al., 2010). However, prevention of pneumonia is
of great concern to nurses, particularly during the mainte-
nance phase of TTM. Strategies focusing on preventing
pneumonia should be emphasized (Polderman and Herold,
2009). However, guidelines only exist for preventing venti-
lator-associated pneumonia in those not undergoing TTM
(Grap et al., 2004; Munro et al., 2009). Adjusting ventilator
settings during induction due to changes in oxygen con-
sumption and carbon dioxide production has been re-
commended (Polderman and Herold, 2009). Frequent arterial
blood gases are also recommended, especially during induc-
tion; however, the frequency of monitoring is not specified
(Polderman and Herold, 2009).

Recommendation Category Evidence

Nurses should include and employ
pneumonia prevention strategies
for patients during TTM*

Class IIa Level B

Nurses should coordinate care with
physicians and respiratory care
therapists to change ventilator
settings during the induction
phase of TTM*

Class IIa Level C

Nurses should include frequent
arterial blood gas monitoring
in TTM protocols

Class IIb Level C

*Additional evidence exists, but does not include patients under-
going TTM.
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other sites (Farnell et al., 2005; Loke et al., 2005; Ferguson,
2007). Monitoring bladder temperatures is emerging as a
convenient method and compares well with oral thermome-
try (Ferguson, 2007; Henker and Carlson, 2007). Gupta et al.
(2002) found that while brain and (pulmonary) arterial tem-
peratures were highly correlated, there is still an unpredict-
able variability between these two sites that leads the authors
to recommend discrete monitoring of the target organ.
An esophageal site approximates the pulmonary artery tem-
perature and provides a mechanism of continuous measure-
ment (Hooper and Andrews, 2006).

Monitoring of oral temperatures, while falling out of favor,
remains a validate method, but suffers from observer vari-
ability if not properly performed (Farnell et al., 2005; Hooper
and Andrews, 2006). Tympanic temperatures correlate well
with pulmonary artery thermistors, but are dependent on the
end user’s skill. Additionally, such measurements have not
been adequately studied in the setting of TTM and do not
provide a mechanism for continuous temperature monitoring
(Farnell et al., 2005; Hooper and Andrews, 2006; Ferguson,
2007; Henker and Carlson, 2007). Prior clinical practice
guidelines indicate that the rectal route should probably be
avoided due to the relative risk of trauma in general, patients
at risk for coagulopathy, or those who require neutropenic
precautions (O’Grady et al., 1998).

At present, there is insufficient evidence to support any
single site. There was limited examination of the need to
monitor more than one site at any given time (Kiekkas et al.,
2008). There is also a growing trend to monitor temperature
continuously rather than obtain intermittent measurements
(Gupta et al., 2002; Kiekkas et al., 2008).

Recommendation Category Evidence

Nurses should use instruments that
provide for continuous temperature
monitoring

Class I Level C

The site of temperature monitoring
should include bladder, brain,
or esophageal monitoring*

Class IIa Level C

*Additional evidence exists, but does not include patients under-
going TTM.

Neurologic Considerations

Induced hypothermia is frequently employed in critically
ill neurology and neurosurgical patients as an intracranial
pressure (ICP) management tool and as a neuroprotection
strategy for comatose postcardiac arrest patients (Bernard,
2009; Josephson, 2004). For traumatic brain injury and post-
operative neurosurgical patients, induced normothermia is
used to treat hypo- or hyperthermia. We identified 12 articles
that provide evidence for nurses regarding temperature
management strategies and neurologic monitoring and as-
sessment (Sund-Levander and Wahren, 2000; Grossman et al.,
2002; Gupta et al., 2002; Holtzclaw, 2004; Badjatia et al., 2007;
Henker and Carlson, 2007; Badjatia et al., 2008; Kiekkas et al.,
2008; Olson et al., 2008; Wolfrum et al., 2008; McNett and
Gianakis, 2010; Choi et al., 2011). The effect on nursing
workload during the implementation of temperature man-
agement strategies was addressed in five articles (Grossman
et al., 2002; Kiekkas et al., 2008; McNett and Gianakis, 2010;

Olson et al., 2008; Wolfrum et al., 2008). There were two
articles that specifically addressed temperature control
therapies and their effect on physiologic parameters that
nurses will monitor, and five that addressed recognition,
prevention, or treatment of shivering in brain injured pa-
tients (Sund-Levander and Wahren, 2000; Gupta et al., 2002;
Badjatia et al., 2007; Henker and Carlson, 2007; Badjatia
et al., 2008).

TTM implementation and monitoring in neurologic ICU
(NICU) patients is similar to other ICU populations with a
few exceptions. For nurses taking care of traumatic brain
injury patients, up to half will be responsible for managing
intracranial device parameters, such as ICP or brain tem-
perature (McNett and Gianakis, 2010). In those with intra-
cranial temperature probes, it should be expected that brain
temperature will be 0.5–2.0!C higher than systemic mea-
surements. If the nurse is also monitoring brain tissue oxy-
gen levels (PbtO2), changing temperature may have variable
effects. One study has found that the PbtO2 will increase
when temperature is lowered to 35!C but may decrease if
temperature is lowered further (Gupta et al., 2002). As a re-
sult of TTM in NICU patients, nursing workload should be
expected to increase, and therefore nursing assignments
should be planned accordingly (Kiekkas et al., 2008; Olson
et al., 2008; McNett and Gianakis, 2010). TTM undertaken by
nursing can involve numerous interventions, some of which
may require an average of 20 min per maneuver to complete.
Nursing may also be required to assist in cooling a patient
during cardiac catheterization (Wolfrum et al., 2008). How-
ever, the individual effectiveness of many of these therapies
is unknown in many cases. These interventions are applied
during induction, maintenance, and rewarming of patients
undergoing TTM, a therapy that is often utilized for several
days.

During all stages of TTM, patients often require sedation and
analgesia to facilitate the process of care and reduce the fear
and anxiety associated with mechanical ventilation (Jacobi
et al., 2002). The ICU sedation literature generally suggests the
use of validated observational scales in conjunction with neu-
rofunction monitors and daily wakeup protocols (Dotson,
2010). However, TTM may negate the feasibility of daily
wakeups, and the reliability of observational and physiologic
tools is not yet established in this population. Neurofunction
monitors such as bispectral index have been reported to be
used during TTM (Seder and Van der Kloot, 2009). Schmidlin
et al. (2001), found that while BIS values were lower associated
with lower body temperature, the difference was clinically in-
significant. The literature supporting nursing monitoring of
sedation during TTM is limited.

In critically ill neurologic patients, the common occurrence
of shivering is of particular concern (Holtzclaw, 2004). Prior
work suggests that shivering results in increased metabolic
demand on the body and the brain (Badjatia et al., 2008).
However, recent evidence has begun to question the overall
metabolic demand of the shivering patient (Haman et al.,
2010). From a recent study testing the bedside shivering as-
sessment scale (BSAS), clinically evident shivering signifi-
cantly increased metabolism (Badjatia et al., 2007). In brain
injured patients, shivering can negate the desired cerebral
metabolic suppression that hypothermia induces.

Currently, the BSAS is the only validated scale for assessing
shivering at the bedside. However, investigators are
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beginning to explore the use of physiologic monitors such as
derived electromyography to provide additional measures of
shivering (Badjatia et al., 2008; May et al., 2011). Additionally,
awareness and correction of certain laboratory abnormalities,
like hyponatremia and hypomagnesemia, may help reduce
shivering (Badjatia et al., 2008). Maneuvers to limit or elimi-
nate shivering should focus on decreasing the temperature
gradient between core and peripheral temperatures (Sund-
Levander and Wahren, 2000; Henker and Carlson, 2007; Choi
et al., 2011). This can be accomplished by a combination of
pharmaceutical and nursing interventions, such as covering
the patient with blankets or using surface counter-warming
devices (Holtzclaw, 2004; Choi et al., 2011).

Recommendation Category Evidence

Nurses should monitor for
shivering during TTM

Class IIa Level B

Nurses should monitor sedation
using validated observational
scales and physiologic monitors

Class IIb Level C

Nurses should develop and adhere
to shivering reduction protocols.

Class IIb Level C

Cardiac Considerations

We identified seven articles that provide evidence for
nurses regarding the assessment and monitoring of the car-
diac system (Grossman et al., 2002; Kiekkas et al., 2007; Wol-
frum et al., 2008; Kheirbek et al., 2009; Polderman and Herold,
2009; Skulec et al., 2010; Clifton et al., 2011). Standard pa-
rameters monitored in the ICU that are reflective of cardio-
vascular function include heart rate, electrocardiogram
(ECG), and arterial blood pressure (Kiekkas et al., 2007). TTM
has been reported to affect all three of these parameters.
Though heart rate varies in response to changes in tempera-
ture, induced hypothermia first produces tachycardia fol-
lowed by bradycardia as temperature decreases (Kiekkas
et al., 2007; Kheirbek et al., 2009; Polderman and Herold, 2009).
Multiple ECG changes are noted with TTM, including various
dysrhythmias, repolarization abnormalities, and conduction
delays. Examples include prolonged PR and QT intervals, J
waves, and first degree heart block. However, electrical dis-
turbances are often asymptomatic and may be related to the
rate of temperature change (Grossman et al., 2002; Kheirbek
et al., 2009; Polderman and Herold, 2009). If intervention is
required to increase heart rate, using chronotropic drugs or
transvenous pacing may decrease myocardial contractility
(Polderman and Herold, 2009). TTM also causes an increase in
systemic vascular resistance (SVR) and central venous pres-
sure (CVP). Hypovolemia secondary to diuresis may occur
during TTM (Polderman and Herold, 2009). However, there is
no clear recommendation for adjusting the frequency of in-
take and output documentation routines. Skulec et al. (2010)
found that 62.2% of ICUs routinely utilized goal-directed
therapy early in the application of TTM, including a combi-
nation CVP and mean arterial pressure (MAP) monitoring.

Although a variety of hemodynamic changes are cited as
being associated with TTM, Wolfrum et al. (2008) found no
difference in left ventricular function and use of catechol-
amines between patients treated with TTM and those not
treated with TTM. Similarly, Clifton et al. (2011) report no

significant difference in cardiac complications for patients
during TTM. All six articles mention cardiac changes associ-
ated with TTM, though only one defines standard parameters
of monitoring in the ICU. All six articles fail to define the
standard for frequency of monitoring in patients undergoing
TTM. None of the articles mentions if noninvasive cardiac
output monitoring is as effective as a pulmonary artery
catheter for measuring hemodynamics during TTM.

Recommendation Category Evidence

Nurses should monitor for
cardiac arrhythmias

Class IIa Level C

Nurses should monitor blood
pressure from an intra-arterial line

Class IIa Level C

Nurses should include measure of
circulatory volume such as
CVP and SVR during TTM

Class IIb Level C

Pulmonary System Considerations

We identified four articles that provide evidence for nurses
regarding the assessment and monitoring of the pulmonary
system (Wolfrum et al., 2008; Kheirbek et al., 2009; Polderman
and Herold, 2009; Claridge et al., 2010). Wolfrum et al. (2008)
found that, though neuromuscular blockade was not consis-
tently used, patients treated with mild therapeutic hypo-
thermia stayed on mechanical ventilation considerably
longer. Prolonged mechanical ventilation, combined with
relative immune suppression including decreased cytokine
production and neutrophil migration, may predispose pa-
tients to respiratory infection. However, findings from a re-
cent study fail to find an association between positive
respiratory cultures and a specific range of temperatures
(Claridge et al., 2010). However, prevention of pneumonia is
of great concern to nurses, particularly during the mainte-
nance phase of TTM. Strategies focusing on preventing
pneumonia should be emphasized (Polderman and Herold,
2009). However, guidelines only exist for preventing venti-
lator-associated pneumonia in those not undergoing TTM
(Grap et al., 2004; Munro et al., 2009). Adjusting ventilator
settings during induction due to changes in oxygen con-
sumption and carbon dioxide production has been re-
commended (Polderman and Herold, 2009). Frequent arterial
blood gases are also recommended, especially during induc-
tion; however, the frequency of monitoring is not specified
(Polderman and Herold, 2009).

Recommendation Category Evidence

Nurses should include and employ
pneumonia prevention strategies
for patients during TTM*

Class IIa Level B

Nurses should coordinate care with
physicians and respiratory care
therapists to change ventilator
settings during the induction
phase of TTM*

Class IIa Level C

Nurses should include frequent
arterial blood gas monitoring
in TTM protocols

Class IIb Level C

*Additional evidence exists, but does not include patients under-
going TTM.

EVIDENCE-BASED TTM 213

beginning to explore the use of physiologic monitors such as
derived electromyography to provide additional measures of
shivering (Badjatia et al., 2008; May et al., 2011). Additionally,
awareness and correction of certain laboratory abnormalities,
like hyponatremia and hypomagnesemia, may help reduce
shivering (Badjatia et al., 2008). Maneuvers to limit or elimi-
nate shivering should focus on decreasing the temperature
gradient between core and peripheral temperatures (Sund-
Levander and Wahren, 2000; Henker and Carlson, 2007; Choi
et al., 2011). This can be accomplished by a combination of
pharmaceutical and nursing interventions, such as covering
the patient with blankets or using surface counter-warming
devices (Holtzclaw, 2004; Choi et al., 2011).

Recommendation Category Evidence

Nurses should monitor for
shivering during TTM

Class IIa Level B

Nurses should monitor sedation
using validated observational
scales and physiologic monitors

Class IIb Level C

Nurses should develop and adhere
to shivering reduction protocols.

Class IIb Level C

Cardiac Considerations

We identified seven articles that provide evidence for
nurses regarding the assessment and monitoring of the car-
diac system (Grossman et al., 2002; Kiekkas et al., 2007; Wol-
frum et al., 2008; Kheirbek et al., 2009; Polderman and Herold,
2009; Skulec et al., 2010; Clifton et al., 2011). Standard pa-
rameters monitored in the ICU that are reflective of cardio-
vascular function include heart rate, electrocardiogram
(ECG), and arterial blood pressure (Kiekkas et al., 2007). TTM
has been reported to affect all three of these parameters.
Though heart rate varies in response to changes in tempera-
ture, induced hypothermia first produces tachycardia fol-
lowed by bradycardia as temperature decreases (Kiekkas
et al., 2007; Kheirbek et al., 2009; Polderman and Herold, 2009).
Multiple ECG changes are noted with TTM, including various
dysrhythmias, repolarization abnormalities, and conduction
delays. Examples include prolonged PR and QT intervals, J
waves, and first degree heart block. However, electrical dis-
turbances are often asymptomatic and may be related to the
rate of temperature change (Grossman et al., 2002; Kheirbek
et al., 2009; Polderman and Herold, 2009). If intervention is
required to increase heart rate, using chronotropic drugs or
transvenous pacing may decrease myocardial contractility
(Polderman and Herold, 2009). TTM also causes an increase in
systemic vascular resistance (SVR) and central venous pres-
sure (CVP). Hypovolemia secondary to diuresis may occur
during TTM (Polderman and Herold, 2009). However, there is
no clear recommendation for adjusting the frequency of in-
take and output documentation routines. Skulec et al. (2010)
found that 62.2% of ICUs routinely utilized goal-directed
therapy early in the application of TTM, including a combi-
nation CVP and mean arterial pressure (MAP) monitoring.

Although a variety of hemodynamic changes are cited as
being associated with TTM, Wolfrum et al. (2008) found no
difference in left ventricular function and use of catechol-
amines between patients treated with TTM and those not
treated with TTM. Similarly, Clifton et al. (2011) report no

significant difference in cardiac complications for patients
during TTM. All six articles mention cardiac changes associ-
ated with TTM, though only one defines standard parameters
of monitoring in the ICU. All six articles fail to define the
standard for frequency of monitoring in patients undergoing
TTM. None of the articles mentions if noninvasive cardiac
output monitoring is as effective as a pulmonary artery
catheter for measuring hemodynamics during TTM.

Recommendation Category Evidence

Nurses should monitor for
cardiac arrhythmias

Class IIa Level C

Nurses should monitor blood
pressure from an intra-arterial line

Class IIa Level C

Nurses should include measure of
circulatory volume such as
CVP and SVR during TTM

Class IIb Level C

Pulmonary System Considerations

We identified four articles that provide evidence for nurses
regarding the assessment and monitoring of the pulmonary
system (Wolfrum et al., 2008; Kheirbek et al., 2009; Polderman
and Herold, 2009; Claridge et al., 2010). Wolfrum et al. (2008)
found that, though neuromuscular blockade was not consis-
tently used, patients treated with mild therapeutic hypo-
thermia stayed on mechanical ventilation considerably
longer. Prolonged mechanical ventilation, combined with
relative immune suppression including decreased cytokine
production and neutrophil migration, may predispose pa-
tients to respiratory infection. However, findings from a re-
cent study fail to find an association between positive
respiratory cultures and a specific range of temperatures
(Claridge et al., 2010). However, prevention of pneumonia is
of great concern to nurses, particularly during the mainte-
nance phase of TTM. Strategies focusing on preventing
pneumonia should be emphasized (Polderman and Herold,
2009). However, guidelines only exist for preventing venti-
lator-associated pneumonia in those not undergoing TTM
(Grap et al., 2004; Munro et al., 2009). Adjusting ventilator
settings during induction due to changes in oxygen con-
sumption and carbon dioxide production has been re-
commended (Polderman and Herold, 2009). Frequent arterial
blood gases are also recommended, especially during induc-
tion; however, the frequency of monitoring is not specified
(Polderman and Herold, 2009).

Recommendation Category Evidence

Nurses should include and employ
pneumonia prevention strategies
for patients during TTM*

Class IIa Level B

Nurses should coordinate care with
physicians and respiratory care
therapists to change ventilator
settings during the induction
phase of TTM*

Class IIa Level C

Nurses should include frequent
arterial blood gas monitoring
in TTM protocols

Class IIb Level C

*Additional evidence exists, but does not include patients under-
going TTM.
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Skin Care

We identified two articles that specifically address con-
siderations for skin care and assessment (Henker, 2000;
Choi et al., 2011). One additional article, which provides a
comprehensive overview of the literature for temperature
management, was included (Polderman and Herold, 2009).
There is evidence that the skin surface is sensitive to
changes in temperature, and counterwarming may provide
a strategy for reducing shivering during TTM (Henker,
2000; Polderman and Herold, 2009; Choi et al., 2011. There
is evidence to support that blood flow to the skin is de-
creased (Henker, 2000; Polderman and Herold, 2009). Pol-
derman and Herold (2009) advocate that nurses should
provide additional skin care when patients are being cooled
because the increased risk of infection combined with de-
creased microcirculation increases the risk for decubitis ul-
cer manifestation and exacerbation. Although frequent
turning has been linked to pressure ulcer prevention, we
found no studies which provided direct evidence to guide
the frequency of reposition for patients during TTM
(Hagisawa et al., 2008).

Recommendation Category Evidence

Nurses should reposition patients
at least once every 2 h during TTM*

Class IIa Level C

Nurses should monitor for skin
breakdown associated with TTM*

Class IIa Level B

Consider counterwarming measures
to reduce shivering associated
with TTM

Class IIa Level C

*Additional evidence exists, but does not include patients under-
going TTM.

GI and Endocrine Considerations

We identified five articles that provide evidence for
guidance for nurses assessing the gastrointestinal and en-
docrine systems (Badjatia et al., 2008; Kheirbek et al., 2009;
Melhuish, 2009; Polderman and Herold, 2009; Skulec et al.,
2010). TTM is associated with decreased bowel function
and gastric emptying, but there is minimal evidence to
support a preferred formulation of feeding or an optimal
time for initiation of enteral nutrition (Badjatia et al., 2008;
Polderman and Herold, 2009; Skulec et al., 2010). Skulec
et al. (2010) found the largest percentage of ICUs began
feeding the patient after rewarming, while others began
during TTM or on the third day after admission. Seventy
percent of ICUs used enteral feeding combined with par-
enteral feeding. A consistently reported side effect of TTM
is insulin resistance, with hyperglycemia reported typically
during induction (Kheirbek et al., 2009; Melhuish, 2009;
Polderman and Herold, 2009). Melhoiush (2009) recom-
mends intravenous insulin therapy during TTM guided by
a software-based glucose management system rather than
paper-based insulin protocols. While hyperglycemia is seen
during induction, hypoglycemia may occur during re-
warming due to decreasing insulin requirements (Polder-
man and Herold, 2009). Three articles discuss tight control
of glucose with frequent assessments though none of the
articles specify how often to obtain measurements (Kheir-
bek et al., 2009; Melhuish, 2009; Polderman and Herold,

2009). One article reports an increase in liver enzymes and
serum amylase during TTM, though there are no recom-
mendations regarding the frequency of monitoring (Pol-
derman and Herold, 2009).

Recommendation Category Evidence

Nurses should frequently monitor
blood glucose during TTM*

Class IIa Level C

Nurses should treat abnormal
blood glucose using established
intravenous insulin therapy
protocols*

Class IIb Level C

Nurses should initiate, maintain
nutritional support, and monitor
the nutritional status of patients
during TTM

Class IIa Level C

Nurses should develop protocols
that include monitoring of liver
enzymes and amylase

Class IIa Level C

*Additional evidence exists, but does not include patients under-
going TTM.

Considerations for Laboratory Findings

For the patient undergoing TTM, laboratory parameters
may be altered by changes in body temperature. We iden-
tified seven articles that provide guidance for nurses re-
garding laboratory findings (Henker, 2000; Badjatia et al.,
2008; Hoyt et al., 2008; Wolfrum et al., 2008; Kheirbek et al.,
2009; Polderman and Herold, 2009; Clifton et al., 2011). This
is true for therapeutic hypothermia and induced normo-
thermia where changes in coagulation and electrolyte ho-
meostasis should be expected in many circumstances.
Coagulopathy is a common occurrence in the patient who is
hypothermic and is directly related to the temperature of
the patient. Due to temperature-related effects on the
function of coagulation factors and platelets, moderate to
deep hypothermia ( < 28–33!C) typically results in a higher
risk of bleeding (Kheirbek et al., 2009). This is especially
true for the patient with multisystem trauma who is suf-
fering from hemorrhagic shock. In these circumstances,
coagulopathy is multifactorial and is the result of massive
blood loss, shock, as well as hypothermia. For such pa-
tients, most physicians recommend checking clotting pa-
rameters including PT/PTT and platelets early in the
admission in addition to monitoring pH and blood loss
(Hoyt et al., 2008; Clifton et al., 2011). If the patient requires
massive red blood cell transfusion, plasma and coagulation
factors are transfused as well. For a patient undergoing
mild to moderate therapeutic hypothermia, increased
bleeding may occur and checking coagulation parameters is
advised in order to prevent bleeding (Wolfrum et al., 2008).
Coagulopathy as a result of hypothermia may also occur in
the operative setting where core temperature is significantly
decreased either intentionally (i.e., cardiothoracic proce-
dures) or incidentally (i.e., long, open abdominal proce-
dures; Polderman and Herold, 2009).

Electrolyte abnormalities should be expected during TTM
in many cases. For the patient undergoing therapeutic hy-
pothermia, colder temperatures can produce diuresis and
intracellular shift of potassium and magnesium. ‘‘Cold
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Skin Care
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comprehensive overview of the literature for temperature
management, was included (Polderman and Herold, 2009).
There is evidence that the skin surface is sensitive to
changes in temperature, and counterwarming may provide
a strategy for reducing shivering during TTM (Henker,
2000; Polderman and Herold, 2009; Choi et al., 2011. There
is evidence to support that blood flow to the skin is de-
creased (Henker, 2000; Polderman and Herold, 2009). Pol-
derman and Herold (2009) advocate that nurses should
provide additional skin care when patients are being cooled
because the increased risk of infection combined with de-
creased microcirculation increases the risk for decubitis ul-
cer manifestation and exacerbation. Although frequent
turning has been linked to pressure ulcer prevention, we
found no studies which provided direct evidence to guide
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Recommendation Category Evidence
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Class IIa Level C
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Class IIa Level B
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Class IIa Level C

*Additional evidence exists, but does not include patients under-
going TTM.
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・少なくとも2時間おきの
体位変換	
・TTMに関連したスキント
ラブルのモニタリング	
・シバリングを減らすため
に温めることも考慮する	

	

	
・頻回な血糖値のモニタリング	
・静注インスリン療法プロトコル
を用いた血糖管理	
・栄養状態をモニタリングし、栄
養サポートの開始と維持	
・肝酵素やアミラーゼのモニタリ
ングも含めたプロトコルの作成	
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diuresis’’ may also lead to hypovolemia if intake and out-
put are not carefully monitored; some evidence supports
that more rapid cooling moderates the fluid and electrolyte
shifts associated with hypothermia (Polderman and Herold,
2009). Clifton et al. (2011) report significantly lower potas-
sium levels during hypothermia. For patients with brain
injury, fluid balance disorders like cerebral salt wasting or
the administration of diuretics such as mannitol or furose-
mide will have an additive effect on volume and electrolyte
loss. A reduction in the serum concentrations of magnesium
and potassium can predispose a patient to dangerous ar-
rhythmias. Low serum magnesium is of concern in the
setting of brain injury and increased ICP because low
magnesium is associated with a higher incidence of shiv-
ering (Badjatia et al., 2008). Supplementation of these elec-
trolytes is often necessary but must be done with caution.
During rewarming, potassium will shift out of the cell; if
potassium has been aggressively replaced during cooling,
this shift may result in hyperkalemia. One final concern
relates to infection surveillance in the critically ill under-
going TTM. Hypothermia or induced normothermia may
mask a febrile response to bacteremia. Therefore, the deci-
sion to obtain blood cultures may need to be made based
primarily on laboratory and radiologic data (Badjatia et al.,
2008).

Recommendation Category Evidence

Nurses should employ strategies
to monitor laboratory values
that signal increased risk of
bleeding*

Class IIb Level C

Nurses should employ strategies
to monitor laboratory values
associated with electrolyte changes*

Class IIa Level C

*Additional evidence exists, but does not include patients under-
going TTM.

General Considerations

A fair number of authors provided evidence for inter-
ventions and considerations not described above (Cohen
et al., 2002; Grossman et al., 2002; Hay et al., 2008; Kiekkas
et al., 2008; Olson et al., 2008; Wolfrum et al., 2008; Skulec
et al., 2010). The impact of hypothermia on nursing work or
nursing workload was explored in three studies with con-
flicting results (Hay et al., 2008; Kiekkas et al., 2008; Olson
et al., 2008). Two articles found an increase in nursing
workload associated with various nursing interventions
required during TTM (Kiekkas et al., 2008; Olson et al.,
2008). There is additional work associated with TTM re-
quiring nurses to frequently monitor for hypovolemia and
bleeding (Grossman et al., 2002; Wolfrum et al., 2008).
However, Hay et al found that the implementation of TTM
did not result in a net increase in resource utilization or
nursing burden (Hay et al., 2008).

There is minimal evidence guiding nursing decisions re-
garding sedation and analgesia during TTM. Skulec et al.
(2010) reports on the use of midazolam and sufentanyl in
combination with neuromuscular blockade agents. Choi et al.
(2011) report that nurses could implement and maintain se-
dation during TTM using a sedation algorithm.

Discussion

This article extends the work of several prior publications
which have provided excellent reviews of TTM for patients at
risk for secondary brain injury. Bernard (2009) recently sum-
marized TTM within the scope of hypothermia after cardiac
arrest. Two recent articles provide a summary for under-
standing the mechanics of implementing TTM (Polderman
and Herold, 2009; Seder and Van der Kloot, 2009). Holden and
Makic (2006) provide an excellent summary of literature
supporting induced hypothermia with recommendations for
specific nursing care considerations.

The primary limitation of this article derives from the
depth and scope of literature on which to base specific
recommendations. As the purpose of this article was to
provide information to support evidence-based nursing
practice, the literature was deliberately confined to address
nursing care concerns specific to TTM. There is a wide
variety of literature available on hypothermia and TTM that
does not address the role of the nurse; this literature in not
included in this review. Equally, there is a wide variety of
literature that addresses nursing care, which is not included
in this review because the studies do not address TTM.
Although the literature search described above was de-
signed to be both broad and inclusive as possible, it is
possible that there are articles not included in this review
that may provide additional understanding for nursing care
of patients during TTM.

The majority of the nursing care recommendations made in
this article are based on only a few articles (level C). Much of
the current evidence is based on case studies, opinion, or a
single randomized trial. Another large portion of the evidence
cited comes from nursing care interventions that were tested
in non-TTM populations. This review focuses specifically on
nursing care during TTM and therefore provides a platform
for discovery and research. The article highlights the need for
additional research specifically targeted at determining the
role and contribution of nurses who provide care for patients
during TTM.

Conclusion

There is a growing body of literature to support evidence-
based practice recommendations for nursing care of patients
during TTM. We found 33 articles that provided data for 22
recommendations across 10 nursing care content areas. Most
recommendations have limited evidence specific to nursing
care of TTM. Future nursing research should include ran-
domized trials, which provide specific evidence to define the
role and contributions of nursing care during TTM more
precisely.

Recommendation Category Evidence

Work assignments should be
adjusted for patients
undergoing TTM

Class IIb Level C

Nurses should use sedation
assessment and treatment
algorithms during TTM*

Class IIb Level C

*Additional evidence exists, but does not include patients under-
going TTM.
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The term targeted temperature management (TTM) encom-
passes both induced hypothermia and fever reduction 

(normothermia).1,2 For patients with acute ischemic stroke 
(AIS), the use of TTM has been increasingly explored as a 
form of neuroprotection.3–5 The growing body of TTM liter-
ature provides pathophysiologic evidence but does not spe-
cifically provide evidence to address the role of the nurse.6 
Therefore, the purpose of this review is to provide a summary 
of the current state of the evidence for TTM nursing care of 
the patient with AIS.

Background
Although thrombolytic therapy (tissue-type plasminogen acti-
vator [tPA]) and mechanical thrombectomy are associated 
with improved outcome for AIS, a large percent of patients 
are unable to receive tPA based on various exclusion crite-
ria.7 Recent estimates indicate that <30% of eligible patients 
receive tPA.8 So, there are ≈565 000 patients for whom neuro-
protection will be a primary strategy.

Before the use of intravenous tPA, there were few ther-
apeutic options to treat the vascular cause (blocked arterial 
blood flow) of an AIS event.6 Thus, throughout the majority of 
the 20th century, nursing research focused on stroke preven-
tion and subsequent rehabilitation after AIS.6 With tPA, and 
now mechanical thrombectomy, the focus has shifted toward 
early intervention to restore blood flow. However, restoring 
flow to the penumbra is only part of the solution because neu-
rons have to recover.

Evidence suggests that in patients with stroke or other 
brain injuries, fever is associated with worse outcomes, lead-
ing to higher mortality rate, disability, loss of function, and 
longer hospital stay.9 In response, cooling was developed as 
a neuroprotection for ischemic cerebral tissues. Cheung et 
al10 did systematic review of randomized controlled trials and 
found that despite differences in cooling protocols between the 
studies, the pooled results demonstrated that mild hypother-
mia is associated with statistically significant and clinically 
important decreases in hospital mortality and improvements 
in neurological outcome after cardiac arrest.10

Despite the fact that TTM is a changing landscape, nursing 
care must continue to be delivered. Two recent articles provide 
direction to understand the nurses’ role. Olson et al6 divided 

the evidence by systems and provide 23 recommendations. 
Rockett et al11 discussed about TTM from a disease-driven 
perspective and provided additional insight by comparing 
results from a recent national survey with results noted in 
2007 by the finding of Thompson et al12 that there was an 8% 
increase in respondents having institutional fever protocol 
specific for neurological patients. This shows positive change 
in evidence-based nursing practice for the past several years. 
On the basis of data available to date, cooling seems neces-
sary and beneficial in patients with AIS, and more research is 
needed to provide evidence for nursing interventions.

Methods
A comprehensive literature review was performed to update a pre-
viously published set of recommendations.6 An online search was 
performed using combinations of the MeSH terms hypothermia, 
normothermia, and temperature cross referenced with the words 
nursing or nurse (in any field). To capture those publications since 
the 2011 article, a search was conducted from the years 2011 
through 2015 to include human, full text, and clinical or randomized 
clinical trials. This yielded 46 articles. A secondary search based on 
reference lists from the 35 articles included in the 2011 article re-
sulted in an additional 173 citations, for a total of 219. Then, for any 
article that was listed twice in data set, the second (duplicate) was 
removed, and 175 articles were left to review for title an abstract 
inclusion. Of these, 150 were: not English (9), not evidence-based 
(1), not adult (28), not stroke (81), not in hospital/critical care (6), 
not temperature management (13), and not nursing related (12). The 
25 remaining articles were subjected to full-text read: 22 did not ad-
dress nursing care, 2 did not address stroke or critically ill patients, 
and 1 was not evidence-based.

Next, combinations of the keywords (stroke, hypothermia, 
and nursing) were entered without being limited to MeSH terms. 
Five articles were found that contribute to evidence-based nursing 
care of the patient with stroke during TTM.13–17 Finally, a second-
ary search of articles included in the review of Rockett et al11 was 
performed, which identified 2 additional articles that met inclusion 
criteria.18,19 One additional article was identified during the peer-
review process.20

Results
There were 7 new articles found that provided specific evi-
dence to support TTM nursing care for AIS. Of these, 3 pro-
vided evidence that nurses can and should use a variety of 
TTM interventions.15,18,19 Three articles provide evidence to 
support TTM practice protocols.13,18,20 One provided evidence 
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Ø  目的：脳梗塞患者へのTTMに関する看護ケアの最新の根拠を
まとめること	

Ø  デザイン：包括的文献review	
Ø  方法：2011年にまとめた23のRecommendaDonのupdate	
①MeSH	terms： hypothermia,	normothermia,	and	temperature	
cross	referenced	with	the	words	nursing	or	nurse	(in	any	field).		
→対象文献は無かった	
②combinaDons	of	the	keywords	(stroke,	hypothermia,	and	
nursing)	were	entered	without	being	limited	to	MeSH	terms.		
→７文献	



結果	

•  脳梗塞患者に対するTTM看護ケアの明確な根
拠を提示している新たな文献が7つ見つかった
（2011〜2015年）	

•  23のrecommendaDon（35文献：2000〜2011
年）に今回の7文献（2011〜2015年）を加えて
検討した結果、８つのrecommendaDonが提示
された	
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to support shivering assessment.16 One provided evidence 
about temperature measurement.17

Discussion
The 2011 summary provided 23 recommendations based on 
data from 35 articles.6 This review found only 7 recent articles 
that provide new data to specifically guide evidence-based 
nursing practice for the TTM patient. The original 23 recom-
mendations were revised and condensed for clarity, which 
resulted in 8 specific recommendations scored using the 
American College of Cardiology/American Heart Association 
grading schema (Table).21

The strongest revised recommendation (class-I level-B 
evidence) is that nurses should develop protocols for TTM 
that include induction (initial phase during which the patient’s 
temperature is lowered until the target temperature is reached), 
maintenance (the phase during which the target temperature is 
maintained), and rewarming (the phase during which patient 
is rewarmed until normal temperature is reached) during 
TTM. These protocols should address monitoring for pain 
and sedation level, shivering, ventilator-associated pneumo-
nia symptoms, arrhythmias, volume status, skin breakdown, 
and abnormal laboratory values. This recommendation amal-
gamates more than a dozen of the 2011 recommendations for 
which the common thread is the need for structured monitor-
ing during TTM. Two new citations13,18 were added in support 
of this recommendation. There is no evidence that protocols 
are harmful, but it fails to meet the strength of evidence 
required for a level-A evidence rating.

The 2 recommendations that (1) nurses should use a vari-
ety of TTM interventions, including surface and intravascular, 
pharmacological, and nonpharmacologic,15,18,19 and (2) it is rea-
sonable to include surface counterwarming to treat shivering16 
are both graded class-IIa level-B evidence. There is strong rec-
ommendation that nurses should use continuous temperature 
monitoring during TTM (class-I level-C evidence).17 The rec-
ommendation that nurses should treat abnormal blood glucose 
using insulin therapy protocols specific to the needs of the TTM 
patient is similar to the 2011, recommendations except that intra-
venous insulin protocols are de-emphasized. Recent literature 
discussing the use of IV intravenous in neurocritical care calls 
into question whether intravenous infusion is the best option.22

There were 3 recommendations for which there are no 
new data, and these recommendations have been remain-
ing unchanged from 2011. The recommendation that nurses 
should reposition patients at least once every 2 hours during 
TTM and the recommendation that nurses should initiate, 
maintain nutritional support, and monitor the nutritional status 
of patients during TTM are both graded class-IIa level-C evi-
dence. The recommendation that nursing work assignments 
should be adjusted for patients undergoing TTM remains 
class-IIa level-B evidence.

It is a recognized limitation that this review includes 
only research that specifically addresses nursing care of the 
TTM patient. Although articles included were not required 
to have nursing authors, they were required to identify 
the role or effect of nursing. Hence, articles that may pro-
vide secondary evidence for nurses may not have been 
considered.

Conclusions
The lack of class-I level-A recommendations is a clear signal 
that there is further need to study nursing interventions associ-
ated with TTM and AIS. The internal validity of clinical trials 
of TTM and stroke is at least partially dependent on nursing 
care. As more of the nursing care surrounding TTM becomes 
evidence-based, researchers will be more apt and able to 
incorporate these practices into study design. The results con-
firm and extend the sentiments of previous authors who call 
for research that provides evidence on which to base nursing 
interventions during TTM.6,23

TAKE-HOME POINTS

The strongest evidence to date continues to support 
nursing care of the targeted temperature manage-
ment should be guided by comprehensive evidence-
based protocols.
There is a critical need for additional research to 
fully explore the contribution of specific nursing 
interventions for patients with stroke who receive 
targeted temperature management.

Table.  Summary of Recommendations

Recommendations (New References) Class Evidence

Nurses should develop protocols for TTM that included induction, maintenance, and rewarming during TTM.13,18,20 These 
protocols should address monitoring for pain and sedation level, shivering, VAP symptoms, arrhythmias, volume status, skin 
breakdown, and abnormal laboratory values20

I Level B

It is reasonable for nurses to use a variety of TTM interventions, including surface and intravascular, pharmacological, and 
nonpharmacologic15,18,19

IIa Level B

Nurses should use continuous temperature monitoring during TTM17 I Level C

It is reasonable to include surface counterwarming along with pharmacological interventions to treat shivering16 IIa Level B

It is reasonable for nurses to reposition patients at least once every 2 h during TTM IIa Level C

Nurses may consider treating abnormal blood glucose using insulin therapy protocols specific to the needs of the TTM patients IIb Level C

It is reasonable for nurses to initiate, maintain nutritional support, and monitor the nutritional status of patients during TTM IIa Level C

Nurses may consider adjusting work assignments for patients undergoing TTM IIb Level C

TTM indicates targeted temperature management; and VAP, ventilator-associated pneumonia.
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結果	
-8つのrecommendaDon-	

	
⑦

⑧

②

	
①

③

④
⑤
⑥



結果	
-8つのrecommendaDon-	

① TTMの導入・維持・復温を含むTTMに関するプロトコルを
作成するべきである。そしてその中には、痛み・鎮静レベ
ル・シバリング・VAP・不整脈・in-outバランス・皮膚障害・
検査値の異常値についてのモニタリングも盛り込むべき
である　（Ⅰ-B）	

② 皮膚、血管内、薬剤、非薬剤を含む様々な方法を用いた
TTMの実施は有用である　（Ⅱa-B）	

③ TTMの間、継続的に体温モニタリングをするべきである
（Ⅰ-C）	

④ シバリング治療は薬剤的介入だけでなく、段階的に体表
面を温めることも有用である（Ⅱa-B）　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　	



結果	
-8つのrecommendaDon-	

⑤ TTMの間、少なくとも2時間ごとに体位変換をすることは有
用である （Ⅱa-C）	

⑥ TTM患者の血糖コントロールは、インスリン療法を用いて
行われるべきである （Ⅱb-C）	

⑦ TTMの間、患者の栄養状態をモニンタリングし、栄養学的
サポートを導入することは有用である（Ⅱa-C）	

⑧ TTMを受ける患者に対して適切なケアが行われているか、
考えながら働く （Ⅱb-C）　　　　	



①TTM施行中はプロトコルを用いて、全身
管理をしっかり行う（Ⅰ-	B）	

•  23のrecommendaDonから8つに改訂された時にevidence
レベルが最も上がったrecommendaDon	

•  プロトコルが有害であるという根拠はない。しかし、level	A
をつける強い根拠も得られなかった	

•  以下の3文献が支持する文献として加えられた	
ü Evidence-based	thermoregulaDon	for	adult	trauma	
paDents.	Crit	Care	Nurs	Q.	2012;35:50–63.		

ü CriDcal	care	nurses’	role	in	implemenDng	the	“ABCDE	
bundle”	into	pracDce.	Cri5cal	Care	Nurse	Q.	2012;32:35–
38,	40–47,		

ü Target	temperature	within	3	hours:	community	hospital’s	
experience	with	therapeuDc	hypothermia.	AACN	Adv	Crit	
Care.	2012;23:246–257.		



②様々な方法を用いてTTMを実施する	
　　　　　　　　　　　　　　　　　　　　　　　　　　　（Ⅱa-B）	

•  以下の3文献が支持する文献として加えられた	
ü Management	of	fever,	hyperglycemia,	and	swallowing	
dysfuncDon	following	hospital	admission	for	acute	stroke	
in	New	South	Wales,	Australia.	Int	J	Stroke.	2014;9:23–31.		

ü CriDcal	care	nurses’	role	in	implemenDng	the	“ABCDE	
bundle”	into	pracDce.	Cri5cal	Care	Nurse.	2012;32:35–38,	
40–47,		

ü Guidelines	for	the	early	management	of	paDents	with	
acute	ischemic	stroke:	a	guideline	for	healthcare	
profession-	als	from	the	American	Heart	AssociaDon/
American	Stroke	AssociaDon.	Stroke.	2013;44:870–947.		



Ø 目的：脳梗塞後の発熱、高血糖、嚥下障害に関するモニタリ
ングと治療がどのように行われているか記録する	

Ø デザイン：retrospecDve	cohort	study		
Ø 対象：19のSCUに入院した脳梗塞患者　718人	
Ø 方法：	
	
	
	
	

QASC(Quality	in	Acute	Stroke	Care)のプロトコルをもとに、実際に臨床
でどの程度実施されているのか、入院後3日間の体温と37.5度以上
の発熱時の解熱鎮痛剤の投与状況を記録から評価した	

	

	
	

	

.		
	

Management	of	fever,	hyperglycemia,	and	swallowing	dysfuncDon	following	
hospital	admission	for	acute	stroke	in	New	South	Wales,	Australia.	Int	J	Stroke.	
2014;9:23–31.		

	
QOSC　trial	clinical	treatment	protocols(also	referred	to	as	FESS	(	fever,	sugar,	swallow)	protocols	
	
発熱	
1.SCU入室後72時間は、4時間ごとに体温をチャートに記載しモニタリングする	
2.37.5℃以上の発熱時には、アセトアミノフェンで治療する（点滴・座薬・経口にて）	

＊Box	2より一部抜粋	
	



.		
	

Management	of	fever,	hyperglycemia,	and	swallowing	dysfuncDon	following	hospital	admission	for	acute	stroke	
in	New	South	Wales	

Management of hyperglycemia
Just over one quarter of the patients (n = 186, 26%, 95% CI
23–29%) had a formal venous blood glucose (nonfinger-prick)
measured in the emergency department or within two-hours of
stroke unit admission. The mean formal venous blood glucose
measurement taken in the emergency department or within two-
hours of stroke unit admission was 6·4 (SD 2·6). A finger-prick
glucose reading was recorded at least once within the first 72 h of
stroke unit admission for 412 (57%) patients, of whom 158 (38%,
95% CI 34–43%) had a finger-prick glucose reading recorded
within two-hours of stroke unit admission and 102 patients
(25%, 95% CI 21–29%) had at least one or more finger-prick
glucose readings every six-hours. The mean finger-prick glucose
reading for those who had had at least one finger-prick glucose

reading (n = 412) was 7·1 mmol/l (SD 2·0). Ninety-five of the 412
patients (23%, 95% CI 19–27%) had a finger-prick glucose
reading >11 mmols/l. Twenty-nine (31%, 95% CI 21–40%) of
these hyperglycemic patients were treated with insulin, with the
median time to treatment of first hyperglycemic episode being
11 min (Q1 0, Q3 26 min) (Table 3).

A history of diabetes was documented for 115 patients (16%).
Patients with known diabetes (n = 115) were significantly more
likely when compared with patients without known diabetes to
receive: a venous blood glucose in the emergency department or
within two-hours of stroke unit admission (39% versus 23%,
P = 0·002); a finger-prick glucose reading at any time within the
first 72 h of stroke unit admission (94% versus 50%, P = < 0·001);
at least one finger-prick glucose reading within two-hours of

Table 2 Fever processes of care measures

Outcome Eligible sample n (%) 95% CI

Monitoring
Patients with at least one temperature reading recorded every four-hours or

more within the first 72 h of stroke unit admission
714 138 (19%) 16% to 22%

Mean temperature reading within first 72 h of stroke unit admission (°C) (for
those who had at least one temperature reading)

714 36·63 (0·30)* 36·61 to 36·65

Patients with a febrile event (temperature ≥37·5°C) within the first 72 h of stroke
unit admission (for those who had at least one temperature reading)

714 204 (29%) 25% to 32%

Treatment
Patients administered paracetamol within two-hours when temperature ≥37·5°C

(at first febrile event)
204 44 (22%) 16% to 27%

Time (minutes) to administration of paracetamol when temperature ≥37·5°C at
first febrile event (for those who received paracetemol)

41 of 44‡ 30 (10, 120)† 57 to 314

*Mean of means (SD).
†Median (Q1, Q3).
‡Data are missing.

Table 3 Hyperglycemia processes of care measures

Outcome Eligible sample n (%) 95% CI

Monitoring
Patients with a formal venous glucose measurement in the emergency department or within

two-hours of stroke unit admission
718 186 (26%) 23% to 29%

Mean formal venous glucose measurement taken in the emergency department or within
two-hours of stroke unit admission

186 6·4 (SD 2·6) 6·1 to 6·6

Patients with at least one finger-prick glucose reading taken within the first 72 h of stroke unit
admission

718 412 (57%) 54% to 61%

Patients with finger-prick glucose reading recorded within two-hours of stroke unit admission
(for those who had at least one finger-prick glucose reading)

412 158 (38%) 34% to 43%

Patients with at least one finger-prick blood glucose reading recorded every six-hours within
72 h of stroke unit admission (for those who had at least one finger-prick glucose reading)

412 102 (25%) 21% to 29%

Mean finger-prick glucose reading recorded within 72 h of stroke unit admission (mmol/l) (for
those who had at least one finger-prick glucose reading)

412 7·1 (2·0)* 6·9 to 7·3

Patients with a hyperglycemic event (finger-prick blood glucose >11 mmol/l) within 72 h of
stroke unit admission (for those who had at least one finger-prick glucose-reading)

412 95 (23%) 19% to 27%

Treatment
Patients treated with insulin when finger-prick blood glucose >11 mmol/l 95 29 (31%) 21% to 40%
Time (mins) to administration of insulin when first finger-prick blood glucose >11 mmol/l (for

those administered insulin)
9 of 29‡ 11 (0, 26)† −20 to 109

*Mean of means (SD).
†Median (Q1, Q3).
‡Data are missing.

ResearchP. Drury et al.

© 2013 The Authors.
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•  4時間ごとの体温測定が実施されていたのは、19%のみ	
•  37.5度以上で2時間以内にアセトアミノフェンが投与された患

者は、22%のみ	
→継続的な体温モニタリングや発熱時の治療介入は実際には
あまり実施されていない	
	



④シバリングを適切に管理する      （Ⅱa-B）	

•  以下の1文献が支持する文献として加えられ
た	

ü Interrater	reliability	of	the	bedside	shivering	
assessment	scale.	Am	J	Crit	Care.	2013;22:70–
74.		



Ø 目的：the	Bedside	Shivering	Assessment	Scale	(BSAS)	の
評価者間の信頼性を検討する	

	
	

	

.		
	

Interrater	reliability	of	the	bedside	shivering	assessment	scale.	Am	J	Crit	Care.	
2013;22:70–74.			

clinical information, particularly as an end point for antish-
iver interventions. In this study, we sought to develop and
validate a simple grading scale—the Bedside Shivering As-
sessment Scale (BSAS)—by assessing its correlation with
systemic metabolic stress quantified by IDC.

Methods
Study Design
This was a prospective observational study of periodic shivering and
IDC assessments in brain-injured patients who underwent therapeu-
tic temperature modulation for fever, elevated intracranial pressure,
or cardiac arrest as part of routine clinical care according to
established protocols in our intensive care unit. Potential subjects
were screened on morning rounds and recruited after verbal consent
was provided by the patient or a family member. The study was
approved by the Columbia University Institutional Review Board.

Indirect Calorimetry
Studies were performed once daily at the time of a shivering
assessment using a Vmax Spectra device (Sensormedic, Anaheim,
Calif) to measure inspired and expired concentrations of oxygen
(O2), carbon dioxide (CO2), and minute ventilation. This open circuit
system conducts continuous measurements of oxygen and carbon
dioxide concentration in the inspired and expired air, allowing
calculation of oxygen consumption (VO2, mL/min) and carbon
dioxide production (CO2, mL/min), with time averaged over 60
seconds. From this information, the REE (kcal/d) is calculated using
the Weir equation:17

REE!(3.9"VO2)#1.1"(VCO2)

in which VCO2!carbon dioxide production.
The hypermetabolic index (HMI) for energy expenditure was

derived by dividing the time-averaged measured value of REE
(kcal/d) by expected energy expenditure (kcal/d). Expected energy
expenditure values were derived from the Harris–Benedict equa-
tion,18 which were multiplied by 1.2 to 1.3 to adjust for patient
acuity.

A certified technician (E.S.) conducted regular device calibration
according to manufacturer guidelines to ensure accuracy of the
oxygen and carbon dioxide sensory equipment. IDC studies were
completed when a steady state was achieved, which was defined as
a 20-minute interval during which average minute oxygen consump-
tion (VO2) and carbon dioxide production changed by $5% and
$10%, respectively. Data were recorded every 60 seconds during
steady-state conditions. IDC studies were not performed in patients
who required fraction of inspired oxygen %50%, were known to be
seizing, or had signs of early spasticity. The absence of seizure in
obtunded or comatose patients was confirmed by continuous video
electroencephalography at the time of IDC. Each of these conditions
have been previously been shown to alter the reliability of IDC
measurements.18

Therapeutic Temperature Modulation
Target temperatures for fever control ranged between 36.5°C and
37.0°C, whereas the target temperature for hypothermia ranged
between 33.0°C and 35.5°C depending on the specific condition
being treated. Cooling was performed with either an intravascular
(Celsius Control System; Innercool Therapies, Inc, San Diego, Calif)
or surface cooling (Arctic Sun Cooling System; Medivance Inc,
Louisville, Colo) device. Decisions regarding the method and dura-
tion of cooling were left to the discretion of the attending neuroin-
tensivist. Measures to combat shivering included the standard ad-
ministration of acetaminophen (650 mg every 4 hours), buspirone
(30 mg orally every Q8 hours), and skin counterwarming with forced
air warmed to 43°C (BAIR Hugger; Arizant Healthcare, Eden
Prairie, Minn) according to our intensive care unit protocol. Subse-
quent use of intravenous analgo-sedation to treat shivering with
propofol, dexmedetomidine, meperidine, or fentanyl was decided on

a case-by-case basis by the neurocritical care team. Administration
and dosage of any sedative medication within 2 hours of indirect
calorimetry was recorded and included in the analysis.

Bedside Shivering Assessment Scale
Several versions of a shivering scale were pilot tested by the
neurointensive care unit physicians and nurses before this study;
revisions were made to optimize simplicity and ease of use and to
facilitate interobserver reliability. The final version deemed appro-
priate for study was a 4-point scale, which rates shivering as absent,
or mild, moderate, or severe (Table 1). To accurately assess the
BSAS score, all raters were asked to observe the patient for a period
of 2 minutes, during which time they visually inspected and palpated
the neck, thorax, arms, and legs. An assessment of shivering
immediately before the initiation of indirect calorimetry was per-
formed simultaneously by 2 physicians and 2 nurses. Raters were
blinded to each other’s assessments as well as to the IDC measure-
ments. At the end of each encounter, the BSAS blinding was broken
to establish a consensus score for validation against the calorimetry
findings. Disagreements were adjudicated by accepting the score of
the majority. In event of a tie, each of the raters was asked to reassess
the patient until a consensus could be reached.

Statistical Analysis
Baseline characteristics and measures of energy expenditure, HMI,
carbon dioxide production, and oxygen consumption were compared
between BSAS levels as well as with baseline characteristics either
a Pearson’s correlation or 2-sided independent t test. Post hoc tests
were used to determine any differences in REE, O2 consumption, CO2

production, or HMI between separate levels of BSAS. Laboratory
values measured within 6 hours before IDC measurements were
recorded in all patients. These data were represented as continuous
data and compared using analysis of variance between various
shivering states as determined by the BSAS. We tested interrater
reliability by calculating weighted (Kw) kappa scores, which numer-
ically express the degree of agreement on an ordinal scale between
2 observers beyond chance.19 The calculation of kappa yields a value
between 0 and 1; agreement is poor if K $0.2, fair if K!0.21 to
0.40, moderate if K!0.41 to 0.60, good if K!0.61 to 0.80, and
excellent if K %0.80.20

Clinical variables found to have a probability value !0.2 were
entered into a generalized linear model along with the BSAS score to
ascertain the factors that independently predicted REE, HMI, O2

consumption, and CO2 production. Each of the metabolic parameters
was entered into an ordinal logistic regression model to validate each
level of the BSAS score. Data were analyzed with commercially
available statistical software (SPSS version 15.0; SPSS, Chicago,
Ill). For all analyses, P$0.05 was considered significant.

Results
Baseline Characteristics
Fifty consecutive patients undergoing therapeutic normother-
mia or therapeutic hypothermia met study criteria between
January 2006 and June 2007 (Table 2). Patients diagnosed
with subarachnoid hemorrhage comprised the majority of

Table 1. The Bedside Shivering Assessment Scale

Score Definition

0 None: no shivering noted on palpation of the masseter,
neck, or chest wall

1 Mild: shivering localized to the neck and/or thorax only

2 Moderate: shivering involves gross movement of the
upper extremities (in addition to neck and thorax)

3 Severe: shivering involves gross movements of the
trunk and upper and lower extremities

Badjatia et al Metabolic Impact of Shivering 3243
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Metabolic impact of shivering during therapeutic temperature modulation: the 
Bedside Shivering Assessment Scale. Stroke. 2008;39: 3242-3247. 
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Ø デザイン：prospecDve	nonrandomized	study			
Ø 対象：TTMを受けている患者	
Ø 方法：患者のシバリングを２人の観察者がBSASを用い

て評価し、その一致度をみる。	
Ø 結果：観察者は5人。22人の患者がBSASで評価された。	
評価者間での一致度はκ=0.48であり、中等度の一致を示
した。	
Ø 結論：BSASは、異なる専門職種間において評価者間の

信頼性が認められたスケールである	
	
シバリングを適切に管理するためには、まず、シバリング
を適切に評価する必要がある	

	
	

	



③体温モニタリングを継続的に行う（Ⅰ-C）	

•  以下の1文献が支持する文献として加えられ
た	

ü 	Agreement	between	temporal	artery,	oral,	
and	axillary	temperature	measurements	in	the	
perioperaDve	period.	J	Perianesth	Nurs.	
2011;26:143–	150.		

	



Ø 目的：周術期の体温測定法として、動脈・口腔・
腋窩での一致率と測定速度を検討した	

Ø 方法：86人の成人患者に対して3つの方法でそ
れぞれ体温を測定した	

Ø 結果：測定値の一致度は、口腔と動脈で最も高
かった。次いで、口腔と腋窩、動脈と腋窩の順
であった。測定時間は、動脈が最も早く、口腔、
腋窩の順であった。	

Ø 結論：非侵襲的体温モニタリングとして、動脈
測定法の有用性が示された	

Agreement	between	temporal	artery,	oral,	and	axillary	temperature	mea-	
surements	in	the	perioperaDve	period.	J	Perianesth	Nurs.	2011;26:143–	150.		



⑥血糖コントロールを行う（Ⅱb-	C）	

•  新たに加わった文献はなかった	
•  静注のインスリンプロトコルに関しては、強調

されなくなった	
•  神経系の急性期ケアにおけるインスリンの静

注がベストであるかどうか、議論されていると
ころである（持続インスリンを使うことで逆に
低血糖が生じたり、急激なupdownが生じたり
することがある）	

	
	

Intensive insulin therapy in the neurocritical care setting is associated with poor clinical outcomes. 
Neurocrit Care. 2010;13:307–312.  

	



	
⑤2時間ごとの体位変換を行う（Ⅱa-C）	
⑦栄養状態のモニタリング・サポートを行う					
																																																																							（Ⅱa-C）	
⑧ケアが適切に行われているか評価する														
																																																																									（Ⅱb-C）	
	
	
→新たに支持する文献はなく、	
　23のrecommendaDonのままである	



limitaDon	

•  このレビューでは、TTMに対する看護ケアの役
割や効果を明確に記述している研究のみを検
討した。そのため、研究内容は看護師に対して
エビデンスを提供しているような論文で
も、”nursing”や”nurse”といったキーワードが含
まれていないために今回のレビュー対象論文
に含まれず、検討されていない可能性がある	



結論	

•  ClassⅠlevel-AのrecommendaDonが無かった。
さらなるTTMとAISに関連した看護介入研究が
求められる	

•  TTMや脳卒中に関する臨床研究の妥当性は、
看護ケアの質に影響される	

•  今後、臨床研究デザインにこれらのpracDcesが
組み込まれるようになった時、evidenceに基づ
いた看護ケアの提供が求められる	

	



私見	

•  蘇生後のTTMに関しては、数多くの研究がなさ
れ議論されてきているが、脳梗塞後の体温管理
については、これから研究がなされていく領域な
のだと感じた	

•  例えば、高体温は予後に悪いが、低体温VS正常
体温（高体温を防ぐ）ではどちらの管理がよいの
かまだ分かっていない	

•  なので、今回のrecommendaDonの内容を見てい
ても、具体的な管理目標数値や方法を示してい
るというよりは、まずはモニタリングをすることの
重要性に終始していたように感じる	



私見	

	
•  根拠に基づいたナーシングケアの内容を検

討することと（何度以下の体温にコントロール
するなど）、そのケアがどの看護師によっても
同じように実施できているのか・また実施する
ための方策を検討する、という２つの視点が
あるのだと感じた	


