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INTRODUCTION

Targeted temperature management (TTM) has

been recommended for post-resuscitation care

of patients wit

and the

Imp

ementation of TTM

n sudden cardiac arrest (SCA)

remains

challenging. This study aimed to evaluate the

newly designed Quality Improvement Project

(QIP) to improve the quality of TTM and

outcomes of patients with SCA.

METHOD

Patients experiencing out-of-hospital cardiac

arrest (OHCA) and in-hospital cardiac arrest

(IHCA) with return of spontaneous circulation
(ROSC) and who were treated in our hospital
between January 2017 and December 2019
were enrolled retrospectively. QIP was initiated

as follows:

1) creating protocols and standard
operating procedures for TTM,;

2) documenting shared decision making;

3) creating job training instruction;

4) starting lean medical management.

RESULTS

TAIWAN

A total of 248 patients were Included and the post-intervention group(n=144) had shorter duration of ROSC to TTM
than the pre-intervention group(n=104) (356 vs. 540 minutes, p=0.042); better survival rate (39.4% vs.27.1%, P=0.04)

and neurologic performance (25.0% vs. 17.4%, P<0.001). After propensity score matching, patients who received
TTM (n= 48) had better neurologic performance than those without TTM (n=48) (25.1% vs. 18.8%, P<0.001).OHCA

(OR= 2.705, 95% CI: 1.657-4.416), age >60 (OR= 2.154, 95% CI: 1.428-3.244), fema
1.962), and diabetes mellitus (OR= 1.429, 95% CI. 1.019-2.005) were negative prec

e (OR= 1.404, 95% CI:1.005-

iIctors for survival; while TTM

(OR=0.431, 95% CI: 0.266-0.699) and bystander cardiopulmonary resuscitation (CPR) (OR=0.589, 95% CI: 0.35-
0.99) were positive predictors. Age >60 (OR= 2.292, 95% CI: 1.58-3.323) and OHCA (OR= 2.928, 95% CI. 1.858-

4.616) were negative predictors of favorable neurologic outcomes; while bystander CPR (OR=0.572, 95% CI: 0.355-
0.922) and TTM (OR=0.457, 95% CI: 0.296-0.705) were positive predictors.

QlpP

1.Create the combo order, charge code, process check
lists, SOP of TTM
2.Regular education training and regular meeting

3.Take place the simulated operation at regular time

Fig. 1
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The flow diagram in Fig. 1 displays all the elements in the study protocol. The study protocol for
evaluating QIP and TTM included creating the combo order, charge codes in the computer, and

process checklist. The standard operating procedure for TTM included choice of the proper machine for
TTM, developing the work manual for TTM, and creating operating instructions for TTM. NSTEMI = non-
ST elevation myocardial infarction; QIP = Quality Improvement Project; PCl = percutaneous coronary

intervention; ROSC = return of spontaneous circulation; SDM =
ST elevation myocardial infarction; TTM

standard operating procedure; STEMI =
temperature management.
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Should I use targeted temperature management when a
family member undergoes cardiac arrest with return of
spontaneous circulation but does not regain consciousness?

i Introduction to the disease"
A pasent whose suffered cardiac arrest has been resuscitated through emerpency ma)
‘ Femain Unconscious Gue to the back of oxygen and perfusion to the ceatral pervous system
# ofher vital organs durng the rescue process. This can cause widespread and irveversble
peurolopeal damage, such as hypoxs beain inry resulting i 2 vegetative state, of organ faduce
such as Iodoey fadure. Even if the padent recovers wital signs, they may permancatly 1ose thex
functional abdy 10 retur 10 society.

Prolegomenon

d A paticat whose suffered cardiac ammest has been resuscitated through emergency may still remain
unconscious due to the lack of oxygen and perfusion to the central nervous system o other vital
organs during the rescue process. This can cause widespread and inreversible neurological damage,
such as hypoxic brain injury resulting in a vegetative state, or organ failure. Fven of the patient
recovers vital signs, they may permanently lose their functional ability to retum to society.*

Targeted temperature management
combined with intensive care

TTM evaluation

l

SDM of TTM, n=41

Exclusion criteria, n=57
1.Refractory hypotension after
treatment

2.Regain consciousness, GCS>9
3.Females age < 50 with a
positive pregnancy test

4 Trauma patients

As body temperatre decreases by ooe
degree, the oxygen metabolism rate in the
brain decreases by 7%, and  can also
reduce the overall metabolc rate of the
body, thereby reducing the demand for
oxygen and nutricots in cell tissues
The targeted temperature management refers to bowerng and maintaming the core
temperature between 32-34°C, with the use of sedation, analgesia, anesthesia, and
anticonvulsant medications in a critical care setting, within 12 hours after resuscitation from
cardiac arvest The target body temperature is maintained for 24 bours, followed by
gradual rewarming at a rate of 0.25.0.5°C per hour, and controlling the body
temperature below 37.5°C within 72 hours for treatment,

I As body bemperature decrenes by
one degree, the oxypen metabolivm
rate in the brale decremes by 7%, .
| and it can alve redace the v enall
metabolic rate of the body, theredy

Refers to the necessary hemodynamic
monitoring, medication treatment,
respiratory and life-support
equipment support, and mvasive
interventions as needed, for all
Intensive care units.

reduciag the demand for exypen and

intracorporeal catheterization antrients fs cell thyves,

l

Family agrees

v

Yes, n=36

Exclusion, n=5

v

Qlip

Start TTM in the emergency
department and intensive care unit

l

TTM
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targeted temperature management combined with intensive

Regain consciousness rate

1

¥

Mortality rate of cardiac arrest with
return of spontancous circulation

et 2 | The difference between intensive care management and
' targeted temperature management combined with intensive

shared decision-making; SOP =

targeted
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Additional hazard | "
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Documentation for shared decision-making. Development of documentation in TTM ensures that the

decision-making process is well documented, as opposed to clinicians making decisions on behalf
of family, and is gaining increasing prominence in TTM policy. TTM = targeted temperature

management.

Table 1 - Baseline characteristics for cardiac arrest patients between preintervention and

postintervention groups Table 2 - Baseline characteristics for cardiac arrest patients between survivors vs nonsurvivor

groups

Table 3 - Baseline characteristics for cardiac arrest patients between better neurological vs worse

Table 4 - Baseline characteristics for cardiac arrest patients between the TTM and non-TTM groups aft
neurological outcome

propensity score matching
Variables

Preintervention (N Postintervention (N
= 144) = 104)

TTM exacutive rate (%)
p=0.003

Survival rate (%)
P=0.04

Variables Survivors (N = Nonsurvivor (N = Variables Better neurological Worse neurological Non-TTM (N = 48) TTM (N =48) p

Variables

Male sex no./total no. (%)
Mean age—y (u + SD)
Comorbidities no./total no. (%)
Diabetes mellitus
Hypertension
Coronary artery disease
Dyslipidemia
Heart failure
Arrhythmia
Chronic kidney disease
End-stage renal disease under
dialysis
Cerebral vascular disease
Malignancy

Chronic obstructive pulmonary
disease or asthma

Liver cirrhosis
Out-of-hospital cardiac arrest
Witnessed collapse

Bystander cardiopulmonary
resuscitation

Defibrillation by AED
Initial rhythm no. /total no. (%)

Ventricular tachycardia/ Ventricular
fibrillation

Asystole
Pulseless electrical activity
Electrical shock no./total no. (%)

Sustained return of spontaneous
circulation (>20 min)

Glasgow Coma Scale at ROSC (i + SD)
Heart rate at ROSC (u + SD)

Systolic blood pressure at ROSC (p +
SD)

Diastolic blood pressure at ROSC (p £
SD)

Body temperature at ROSC (u + SD)
Treatments no./total no. (%)

86/144 (45.8%)
67.1+15.1

72/144 (50.0%)
79/144 (54.9%)
26/144 (18.1%)
17/144 (11.8%)
14/144 (9.7%)
8/144 (5.6%)
17/144 (11.8%)

17/144 (11.8%)

14/144 (9.7%)
17/144 (11.8%)

5/144 (3.5%)

3/144 (21%)
78/144 (54.2%)
123/144 (85.4%)

93/144 (64.6%)
14/144(9.7%)

16/144 (11.1%)

102/144 (70.8%)
26/144 (18.1%)
32/144 (22.2%)

141/144 (97.9%)

258+15
105.5 £ 29.1

125.5 454

73.5 + 29.1
35.5+ 1.2

54/104 (51.9%)
04.5 + 16.1

49/104 (47.1%)
58/104 (55.8%)
19/104 (18.3%)
12/104 (11.5%)
11/104 (10.6%)
6/104 (5.8%)
19/104 (18.3%)
18/104 (17.3%)
7/104 (6.7%)
16/104 (15.4%)
5/104 (4.8%)

2/104 (1.9%)
50/104 (48.1%)
00/104 (86.5%)

79/104 (76.0%)
8/104 (7.7%)

9/104 (8.7%)

70104 (67.3%)
25/104 (24.0%)
24/104 (23.1%)

103/104 (99.0%)

2,20+1.2
102.0 £ 26.9

125.2+ 45.9
68.9+£29.0

35.7+ 1.3

Male sex no./total no. (%)
Mean age, y (1 £ SD)
Comorbidities no./total no. (%)
Diabetes mellitus
Hypertension
Coronary artery disease
Dyslipidemia
Heart failure
Arrhythmia
Chronic kidney disease
End-stage renal disease under dialysis
Cerebral vascular disease
Malignancy

Chronic obstructive pulmonary ~ disease or
asthma

Liver cirrhosis
Out-of-hospital cardiac arrest
Witnessed collapse
Bystander cardiopulmonary resuscitation
Defibrillation by AED
Initial rhythm no./total no. (%)

Ventricular tachycardia/ Ventricular
fibrillation

Asystole
Pulseless electrical activity
Electrical shock no./total no. (%)

Sustained return of spontaneous
circulation (>20 min)

Glasgow Coma Scale at ROSC (u + SD)
Heart rate at ROSC (p + SD)

Systolic blood pressure at ROSC (u + SD)
Diastolic blood pressure at ROSC (1 + SD)
Body temperature at ROSC (i + SD)

80)

45/80 (56.3%)
63.9+15.8

41/80 (51.3%)
46/80 (57.5%)
19/80(23.8%)
9/80 (11.3%)
7/80 (8.8%)
5/80 (6.3%)
11/80 (13.8%)
9/80 (11.3%)
9/80 (11.3%)
10/80 (12.5%)

3/80 (3.8%)

2/80 (2.5%)
47/80 (58.8%)
73/80 (91.3%)
71/80 (88.8%)
8/80 (10.0%)

10/80 (12.5%)

61/80 (76.3%)
16/80 (20.0%)
19/80(23.8%)

79/80 (98.8%)

2,73+ 17
100.4 £ 25.5
125.6 £ 51.4
76.4 + 28.4
35.0+1.2

168)
91/168 (54.2%)
67.3 £15.1

80/168 (47.6%)
01/168 (54.2%)
26/168 (15.5%)
20/168 (11.9%)
22/168 (13.1%)
7/168 (4.2%)
25/168 (14.8%)
26/168 (15.5%)
12/168 (7.1%)
23/168 (13.7%)

7/168 (4.2%)

3/168 (1.8%)
81/168 (48.2%)
140/168 (83.3%)
92/168 (54.8%)

14/168 (8.3%)

15/168 (8.9%)

113/168 (67.3%)
35/168(20.3%)
37/168(22.0%)

165/168 (98.2%)

215+ 1.1
110.9 + 27.3
107.2 £ 43.1
61.9 £ 24.3
357+13

0.897
0.589

0.063
0.234
0.506
0.401
0.409

Values are expressed as mean () + standard deviation for continuous variables and numbers (%)

Male sex no./total no. (%)
Mean age, y (1 + SD)
Comorbidities no./total no. (%)
Diabetes mellitus
Hypertension
Coronary artery disease
Dyslipidemia
Heart failure
Arrhythmia
Chronic kidney disease
End-stage renal disease under dialysis
Cerebral vascular disease
Malignancy

Chronic obstructive pulmonary
disease or asthma

Liver cirrhosis
Qut-of-hospital cardiac arrest
Witnessed collapse

Bystander cardiopulmonary
resuscitation

Defibrillation by AED
Initial rhythm no./total no. (%)

Ventricular tachycardia/ Ventricular
fibrillation

Asystole
Pulseless electrical activity
Electrical shock no./total no. (%)

Sustained return of spontaneous
circulation (>20 min)

Glasgow Coma Scale at ROSC (u + SD)
Heart rate at ROSC (u + SD)

Systolic blood pressure at ROSC (u +
SD)

Diastolic blood pressure at ROSC (u +
SD)

Body temperature at ROSC (. + SD)
Treatments no./total no. (%)

Extracorporeal membrane
oxygenation

Coronary angiography
Percutaneous coronary intervention

outcome (N = 17)
8/17 (47.1%)
64.7 +15.9

9/17 (52.9%)
10/17 (58.8%)

3/17 (17.6%)
2/17 (11.8%)
2/17 (11.1%)
1/17 (5.9%)
3/17 (17.6%)
2/17 (11.8%)
2/17 (11.8%)
2/17 (11.8%)
1/17 (5.9%)

1/17 (5.9%)
9/17 (52.9%)
15/17 (88.2%)

17/17 (100%)
2/17(9.7%)

2/17 (11.8%)

12/17 (70.6%)
3/17 (17.6%)
4/17 (23.5%)

17/17 (100%)

3.63+14
104.3 £ 22.1

127.5+ 34.7
78.1+23.5
35.7+£ 1.2

6/17(35.3%)

5/17 (29.4%)
5/17 (29.4%)

outcome (N = 63)

31/63 (49.2%)
67.5+16.1

32/63 (50.8%)
36/63 (57.1%)
16/63(25.4%)
7/63 (11.1%)
5/63 (7.9%)
4/63 (6.3%)
8/63 (12.9%)
7/63 (11.8%)

7/63 (11.1%)
8/63 (12.7%)

2/63 (3.2%)

1/63 (1.6%)
38/63 (60.3%)
58/63 (92.1%)

55/63 (85.7%)
6/63 (7.7%)

8/63 (8.7%)

49/63 (77.8%)
13/63 (20.6%)

15/63 (23.8%)
62/63 (98.4%)

2.58+1.3
102.2 + 24.1

125.9 £ 42.6

69.2 +26.8

35.0+ 1.1

9/63 (14.2%)

20/63 (31.7%)
18/63 (28.6%)

TTM exacutive rate (%)

N

Pre-intervention

Post-intervention Pre-intervention Post-intervention

Duration of ROSC to TTM (minutes)
Pp=0.042

Favorable neurologic outcome (%)
p<0.001

(minutes)

T 356

Duration of ROSC to TTM

Pre-intervention Post-intervention

Pre-intervention Post-intervention

Fig. 6

Outcomes of cardiac arrest patients between preintervention (n = 144)
and postintervention (n = 104) groups. A, Postintervention group had
higher TTM execution rate than the preintervention group (execution
rate of preintervention: 18.1%; postintervention: 34.6%, p = 0.003). B,
Longer duration of ROSC to TTM was observed in the preintervention
group (duration of preintervention: 540 £438 minutes; postintervention:
356+ 155 minutes, p = 0.042). C, Higher survival rate to discharge was
observed in the postintervention group (survival rate of preintervention:
27.1%:; postintervention: 39.4%, p= 0.04). D, In the preintervention
group, low favorable neurologic outcomes were reported

Male sex no./total no. (%)
Mean age, y (i + SD)
Comorbidities no./total no. (%)
Diabetes mellitus
Hypertension
Coronary artery disease
Dyslipidemia
Heart failure
Arrhythmia
Chronic kidney disease
End-stage renal disease under dialysis
Cerebral vascular disease
Malignancy
Chronic obstructive pulmonary disease or asthma
Liver cirrhosis
Out-of-hospital cardiac arrest
Witnessed collapse
Bystander cardiopulmonary resuscitation
Defibrillation by AED
Initial rhythm
Ventricular tachycardia/ventricular fibrillation
Asystole
Pulseless electrical activity
Electrical shock
Sustained return of spontaneous circulation (>20 mins)
Glasgow Coma Scale at ROSC (i + SD)
Heart rate at ROSC (p + SD)
Systolic blood pressure at ROSC (i + SD)
Diastolic blood pressure at ROSC (i + SD)
Body temperature at ROSC (u + SD)
Treatments
Extracorporeal membrane oxygenation
Coronary angiography
Percutaneous coronary intervention

30/48 (62.5%)
62.5+15.0

25/48 (52.1%)
30/48 (62.5%)
7/48 (14.6%)
7/48 (14.6%)
5/48 (10.4%)
3/48 (6.3%)
9/48 (18.8%)
5/48 (10.4%)
5/48 (10.4%)
4/48 (8.3%)
2/48 (4.2%)
1/48 (2.1%)
41/48 (85.4%)
36/48 (75.0%)
18/48 (37.5%)
10/48 (20.8%)

9/48 (18.8%)
33/48 (68.8%)
6/48 (12.5%)
13/48 (27.1%)
46/48 (95.8%)
3.20 +2.3
107.6 £ 30.1
118.9 £ 46.2
70.0 £ 29.9
35.3+14

0/48 (0%)
0/48 (0%)
0/48 (0%)

29/48 (60.4%)
61.1+£12.0

23/48 (47.9%)
30/48 (62.5%)
10/48 (20.8%)
9/48 (18.8%)
7/48 (14.6%)
2/48 (4.2%)
10/48 (20.8%)
7/48 (14.6%)
3/48 (6.3%)
5/48 (10.4%)
1/48 (2.1%)
1/48 (2.1%)
36/48 (75.0%)
41/48 (85.4%)
37/48 (77.1%)
12/48 (25.0%)

14/48 (29.2%)
25/48 (52.1%)
9/48 (18.8%)
17/48 (35.4%)
48/48 (100%)
2.35+1.1
100.0 + 26.3
123.5+ 46.6
72.0 £ 30.4
36.1+1.3

4/48 (8.3%)
12/48 (25.0%)
11/48 (22.9%)

0.834
0.611

0.683
1.0
0.423
0.584
0.537
0.646
0.789
0.537
0.460
0.726
0.557
1.0
0.200
0.200
<0.001

0.197
0.248

0.378
0.153
0.019
0.192
0.613
0.748
0.409

<0.001
<0.001
<0.001

(preintervention: 17.4 %; postintervention: 25.0%, p < 0.001). ROSC =
return of spontaneous circulation; SD = standard deviation; TTM =
targeted temperature management.

Values are expressed as mean () + standard deviation for continuous variables and numbers (%)
for categorical variables.

AED = automated external defibrillator; ROSC = return of spontaneous circulation; SD = standard
deviation; TTM = targeted temperature management.

Extracorporeal membrane
oxygenation

Coronary angiography
Percutaneous coronary intervention

Values are expressed as mean (1) + standard deviation for continuous variables and numbers (%)
for categorical variables.

AED = automated external defibrillator; ROSC = return of spontaneous circulation; SD = standard
deviation; TTM = targeted temperature management.

5/144 (3.5%) 10/104 (9.6%)

12/144 (8.3%)
11/144 (7.6%)

for categorical variables.
AED = automated external defibrillator; ROSC = return of spontaneous circulation; SD = standard

13/104 (12.5%) T
/ ) deviation; TTM = targeted temperature management.

12/104 (11.5%)

Fig. 3 Fig. 4 Fig. 5 Fig. 7

Age >60

Female

Diabetes mellitus
Hypertension

Coronary artery disease
Heart failure

favor neurologic outcome (%)
p=0.219

Survival rate(%)
p=0.172

Age >60

Female

Diabetes mellitus
Hypertension

Coronary artery disease
Heart failure

Arrhythmia

Chronic obstruction pulmonary disease or asthma
Chronic kidney disease
End stage renal disease
Liver cirrhosis

Cerebral vascular disease
Hyperlipidemia

Fig. 8

Outcomes of cardiac arrest
patients between the
targeted temperature
management (TTM) and
non-TTM  groups  after
propensity score matching.
A, TTM group (n = 48) had
higher favorable neurologic
outcomes (non-TTM: 18.8%;
TTM: 25.0%, p < 0.001). B,
Non-TTM group (n = 200)
had poor survival rate to
discharge, but  without
statistical significance
(survival rate of non-TTM:
31.3 %; TTM: 41.7%, p =
0.098). C, TTM group had a
higher rate of improved
Glasgow coma scale scores
(non-TTM:  25%; TTM:
34.6%, p = 0.012). TTM =
targeted temperature
management.

Survival rate (%)
p=0.0%

Improved Glasgow coma scale (%)
P=0012

Arrhythmia
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Fig. 10

Cox regression analysis of survival outcomes in cardiac arrest
patients. Total number was 248 patients and those with survival
to discharge was 80. Forest plot of cardiac arrest patients. Out-
of-hospital cardiac arrest (OR = 2.705, 95% CI. 1.657-4.416)
and age >60 (OR = 2.154, 95% CIl. 1.428-3.244) and female
(OR =1.404, 95% CI: 1.005-1.962) and diabetes mellitus (OR =
1429, 95% CI: 1.019-2.005) were negative predictors of
mortality, while target temperature management (OR = 0.431,
95% ClI: 0.266-0.699) and bystander CPR (OR = 0.589, 95% CI:
0.350-0.990) were positive predictors for overall outcomes. AED
= automated external defibrillator; CA = cardiac arrest; CPR =
cardiopulmonary resuscitation;, ECMO = extracorporeal
membrane oxygenation; OHCA = out-of-hospital cardiac arrest;
OR = odds ratio.
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Fig. 11

Cox regression analysis of favorable neurologic outcomes in
cardiac arrest patients. Age >60 (OR = 2.292, 95% CI: 1.580-
3.323) and out-of-hospital cardiac arrest (OR = 2.928, 95%
Cl: 1.858-4.616) were negative predictors, while bystander
CPR (OR = 0.572, 95% CI: 0.355-0.922) and TTM (OR =
0.457, 95% CI: 0.296-0.705) were positive predictors for
favorable neurologic outcomes. AED = automated external
defibrillator; CA = cardiac arrest; Cl = confidence interval;
CPR = cardiopulmonary resuscitation; ECMO =
extracorporeal membrane oxygenation; OHCA = out-of-
hospital cardiac arrest; OR = odds ratio; TTM = targeted
temperature measurement.

Fig. 9

Survival rate of cardiac arrest patients between QIP+TTM-,
QIP+TTM+, QIP-TTM-, and QIP-TTM+ groups. QIP+TTM+
group had higher survival rate than other groups but without
statistical significance. (QIP+TTM-: 33.5%, QIP+TTM+: 44.3%,
QIP-TTM-: 30.2% and QIP-TTM+: 40.1%, p = 0.172).
receiving QIP without TTM- was 33.5%, receiving QIP with
TTM was 44.3% and not receiving QIP nor TTM was 30.2%,
and not receiving QIP but receiving TTM was 40.1%. QIP =
Quality Improvement Project; TTM = targeted temperature
management.
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CONCLUSIONS

A new QIP with defined protocols, documented shared decision making and medical management guidelines improves the execution rate of TTM, duration from ROSC to

TTM, survival, and neurologic outcomes of cardiac arrest patients.




