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Background and Objectives: For the present study, we investigated the factors that influence the quality of standardized treatment for
patients with post-cardiac arrest syndrome (PCAS) to improve the quality of PCAS treatment.

Subjects and Methods: We collected data on patients with cardiac arrest (CA) who were admitted to the intensive care units (ICUs) of 11
hospitals-Class Il Grade A or above-in Suzhou from January to October 2013. Indexes of standardized treatment were observed within 72
hrs of CA. We analyzed monitoring techniques, monitoring frequency, ICU human and material resources, and intensivists' knowledge of
PCAS treatment to explore how those factors affected the management of patients with PCAS.

Results: The bed/nurse ratio and the frequency with which core temperature was recorded correlated closely with the implementation of
therapeutic hypothermia (TH) within 6 hrs of CA. The bed/doctor ratio and intensivists' knowledge about PCAS correlated closely with
high-quality blood glucose control within 6 hrs of CA. Furthermore, the frequency with which core temperature was recorded was an
independent factor influencing the quality of TH implementation, and the number times blood gas was analyzed was an independent
factor influencing how well partial pressure of carbon dioxide was kept within the normal range in the 6 hrs after CA.

Conclusion: The frequency of core temperature measurements and the number of times blood gas is analyzed are the most important

factors influencing the quality of standardized treatment for patients with PCAS. (Korean Circ J 2017;47(4):455-461)
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Introduction

Post-cardiac arrest syndrome (PCAS) is a pathophysiological
process of reperfusion injury following the restoration of spontaneous
circulation (ROSC) after systemic ischemia caused by cardiac arrest
(CA).¥ Numerous studies have shown that early targeted therapies

Received: December 25, 2016

Revision Received: January 27, 2017

Accepted: February 5, 2017

Correspondence: Lijun Liu, MD, Department of Emergency and
Intensive Care Unit, Second Affiliated Hospital of Soochow University,
Suzhou 215004, China

Tel: 86-25-67783628, Fax: 86-25-67783628

E-mail: lijunliusz@126.com

® The authors have no financial conflicts of interest.

This is an Open Access article distributed under the terms of the Creative
Commons Attribution Non-Commercial License (http://creativecommons.
org/licenses/by-nc/3.0) which permits unrestricted non-commercial use,
distribution, and reproduction in any medium, provided the original work
is properly cited.

Copyright © 2017 The Korean Society of Cardiology

for blood pressure (BP), oxygen saturation (SPQ2), partial pressure
of carbon dioxide (PaCO2), glucose (Glu), and temperature (T) are
closely correlated with outcomes in PCAS patients. Excessively
high or low levels of these indices reduce patient survival or result
in poor neurological outcomes*” Qur 2011 investigation on early
targeted therapies in PCAS patients admitted to the intensive care
units (ICUs) of 10 general hospitals in Suzhou found that the target
achievement rate was low, and the overall level of standardized
treatment was not high among PCAS patients.

Therefore, our research group developed the Early Standardized
Treatment Program for PCAS Patients in the Suzhou Area, which
has been implemented in the above-mentioned 10 hospitals and
our hospital since 2013. In the present study, we investigated
weaknesses in the implementation of the early standardized
treatment program and explored the major factors that influence
the quality of standardized care to provide clinical data for further
improving the quality of treatment for PCAS patients and improving
their outcomes.
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Subjects and Methods

Study subjects

This study was a multi-center retrospective cohort study. Subjects
were patients with out-of-hospital or in-hospital CA who were
admitted to the ICUs of 11 Class Il Grade A or above general
hospitals in the Suzhou area from January 1 to October 31, 2013,
due to a sustained comatose state after ROSC by cardiopulmonary
resuscitation (CPR). Inclusion criteria: 1) age >18 years; 2) suffered
out-of-hospital or in-hospital CA and received CPR; 3) restored and
maintained ROSC for at least 12 h: 4) had severe disturbance of
consciousness (Glasgow score <8) after ROSC. Exclusion criteria:
1) presence of other causes of consciousness disturbance (e.g.,
severe traumatic brain injury, cerebrovascular accident); 2) end-
stage chronic diseases (e.g., cancer); 3) severe trauma (ISS score
>16) or presence of massive hemorrhage (blood loss >1200 mL
plus occurrence of hemorrhagic shock) and coagulopathy; 4) time
elapsed from the onset of CA >24 h on ICU admission.

Ethics, consent, and permissions

This study was accepted by the institutional review boards of
Affiliated Kunshan Hospital of Nanjing University of Traditional
Chinese Medicine and the Second Affiliated Hospital of Soochow
University. We also received signed ethics approval from each
patient.

Methods

In this study, we prepared relevant questionnaires, conducted
a field investigation, examined instruments and equipment on
site, assessed doctor knowledge, reviewed medical records, and

Table 1. Hemodynamic early goals and measures (reach the standards as
soon as possible, within six hours of ICU admission)
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collected early standardized treatment-related indices and key
information about PCAS patients in the Suzhou area.

Patient information

Patients' general information was collected in detail following
the Utstein guidelines, including gender, age, underlying diseases,
place and cause of CA, heart rate at initial monitoring, presence/
absence of on-site CPR implementation by others (others CPR),
and patient outcomes. Using the patients' progress notes and ICU
records, we collected information on their standardized treatment
following ROSC, including ways of monitoring key indices and
monitoring and recording frequencies. Key indices were core
temperatures (T, blood, vesical, and rectal temperatures), BP, Sp0s,
PaCO:, Glu, end-tidal partial pressure of carbon dioxide (EtCO2),
central venous pressure (CVP), etc., for 72 h after ICU admission. In
addition to analyzing data from the indices, we also assessed how
well hospital staff monitored and controlled the indices (Table 1).

Staff allocation and equipment status

We collected basic information about the 11 hospitals' ICUs
by field checking scheduling tables, instruments, and equipment,
including the allocation of ICU human resources; the types,
quantities, and properties of instruments and equipment required
for standardized treatment; frequencies of instrument use by
doctors (nurses); and whether the devices (technologies) were used
for CPR patients (Table 2).

Doctors' level of relevant knowledge
We assessed the knowledge of intensivists at all hospitals
concerning PACS management using multi-time distribution of

Table 2. Qbjectives and measures for gas exchange (reach standard as
soon as possible, within six hours of ICU admission)

Item Goal Measures

CVP 8-12 mmHg  Expansion or diuretic
Mean arterial pressure  65-100 mmHg

e Preferred dopamine
Urine >0.5 mL/kg/h

(5-10 ug/kg/min);

Serum lactate Normal * |f tachycardia or arrhythmia,
Central venous use norepinephrine
. >70% (0.1-0.5 ug/kg/min);
turat '
oxygen saturation * |f cardiogenic shock, add
dobutamine (5-10 ug/kg/min);
e |f necessary, use adrenaline
Hemoglobin >10 gfdL (0.1-0.5 ug/kg/min) and intra-

aortic balloon counterpulsation

Necessary blood transfusion

Item Goal Measures

Oximetry 94-98%

Partial pressure of Maintain proper oxygenation

oxygen 60-150 mmHg  of the minimum FiO, and PEEP
o * Adjust minute ventilation
Carbon dioxide 35-45mmHg  * Monitor PETCO,
partial pressure
Inspiratory plateau <30 cmH,0

pressure

ICU: intensive care unit, CVP: central venous pressure

https://doi.org/10.4070/kcj.2016.0437

ICU: intensive care unit, PEEP: positive end expiratory pressure
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questionnaires, which were collected and quantified on site after
completion (Table 3).

ICU construction specifications and setting of standardized
PCAS treatment targets

Medical staff allocation: In accordance with the specifications
for ICU construction, a bed/doctor ratio >1:0.8 and nurse/bed ratio
>1:2.5 are the basic requirements for ICU staffing.

Targets of key standardized treatment indices: mean arterial
pressure (MAP) 65-100 mmHg, SPQ2 >949%, PaCO2 35-45 mmHg,
core temperatures 32-34°C, Glu 4.0-10.0 mmol/L. Achieving the
6 h standardized treatment target means that the patients reach
the standardized targets for those key indices within 6 h after
CA. TH target achievement within 72 h indicates that therapeutic
hypothermia (TH) was implemented within 6-8 h after CA, with the
target temperature, 32-34°C, reached and maintained for 12-24 h
with a rewarming rate after discontinuation of TH of 0.25-0.5°C/h.

Definition and calculation of target achievement rate: The
treatment target achievement rate refers to the number of
times the parameters being monitored reached standardization
requirementsftotal number of monitoring times x100%. The 6 h target
achieved patient ratio after CA refers to the number of patients
whose particular index reached the goal of standardized treatment
within 6 h after CAftotal number of patients x100%.

Statistical analysis

Statistical analysis was performed using the SPSS 19.0 software
package (SPSS Inc., Chicago, IL, USA). Count data are expressed as
rates and analyzed by x* test. Measurement data are expressed as
means+standard deviations if distributed normally and as medians
(interquartile ranges) if distributed abnormally. We used logistic

Table 3. Therapeutic hypothermia
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regression analyses to assess which factors influence the quality
of standardized treatment within 6 h following CA, including
monitoring frequency, ICU bed/nurse ratio, bed/doctor ratio, and
doctors' knowledge concerning standardized treatment (value was
assigned as 1 if qualified and O if not qualified). Differences were
considered statistically significant when p<0.05.

73 CA patients were admitted
into the ICUs

15 patients were excluded, of whom:

1 patient aged <18 years

6 patients had ROSC duration <12 h

5 patients had post-ROSC GCS score >8

3 patients had elapsed time from CA to ICU
admission >24 h

58 patients enrolled

6 patients were subsequently
excluded, of whom:

5 patients had severe traumatic brain
injury or cerebrovascular accident

1 patient had end-stage cancer

52 patients were included
in this study

v

12 patients survived

to hospital discharge 40 patients died

Fig. 1. Flow chart of patient inclusion and outcomes. CA: cardiac arrest,
ICU: intensive care unit, ROSC: restoration of spontaneous circulation,
GCS: glasgow coma scale.

Treatment indications

Patients remain comatose after ROSC

Core body temperature reaches 32-34°C
- Beginning: 4°C saline to 30 mL/kg (2-3 L) (1-2 h) intravenous rapid infusion supplemented with ice or

Target temperature cooling method ice packs

- Maintenance: use temperature control blanket to maintain body temperature; ice and other
cooling measures can be used when no temperature control blanket is available

Chills prevention

Reach the target temperature time limit
12-24 h

Analgesic, sedative, magnesium sulfate, if necessary, muscle relaxants

Preferably reach 34°C within 6 hours after cardiac arrest

- Withdraw cooling measures but maintain analgesia and sedation

Maintenance time rewarming
add muscle relaxants)

- Rewarming rate of 0.25-0.5 “C/h (temperature rise too fast can enhance analgesia, sedation; if necessary,

- Prevent rebound temperature (Tc >37.6°C)

ROSC: restoration of spontaneous circulation, Tc: core temperature

www.e-kgej.org
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Table 4. General data of the two groups
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Survivor group Death group p

Number of cases 12 40

Age (year) 53 63 0.089
Gender (male/female) 11/1 26/14 0.074
Underlying disease

Cardiovascular disease 7 (58) 25 (63) 0.795
Respiratory disease 1(8) 6(15) 0.553
Metabolic and endocrine disease 1(8) 9(23) 0.275
Emergency operation history 0(0) 1(3) 0.580
Selective operation history 1(8) 4(10) 0.864
Other disease or unknown 1(8) 10 (25) 0.215
CA incentives

Hypoxia 5(42) 18 (45) 0.838
ACS 1(8) 6(15) 0.553
Heart failure 1(8) 5(12) 0.692
Hypopiesia 2(17) 4(10) 0.526
Electrolyte disorder 2(17) 4(10) 0.526
Other or unknown 1(8) 3(8) 0.924
Arrhythmia

Ventricular tachycardia/ventricular fibrillation 3(25) 8(20) 0.710
Asystole/pulseless electrical activity 8 (67) 29 (73) 0.696
Bystander CPR 9(75) 23 (58) 0.274
Relevant time

CA-ROSC (min) 15.3 (4-30) 26.5 (10-68) 0.002
Time in the ICU (h) 1.3 (0.2-5) 2.4 (0-20) 0.281

Values are presented as mean+standard deviation or number (9%). ACS: acute coronary syndrome, CPR: cardio pulmonary resuscitation, CA-ROSC: cardiac
arrest-restoration of spontaneous circulation, ICU: intensive care unit

Table 5. Equipment allocation, technology implementation, and target achievement information for standardized treatment of PCAS patients

onorng  onrog MmO e e
LSS installation rate implementation rate (times/24 h) (TS times

MAP 10/11 (91)* 15/52 (29)* 24 35/52 (67) 2052/3036 (67.6)
SPO: 11/11 (100) 52/52 (100) 24 48/52 (97) 2850/3040 (93.8)
PaCO2 10/11 (91) 50/52 (96) 2 (2-3) 8/52 (15) 104/295 (35.3)
Te 9/11 (82) 27/52 (52) 18 (5-24) 7/52 (14) =

TH 11/11 (100) 45/52 (87) - - 10/52 (19.0)
Glu 11/11 (100) 52/52 (100) 12 (6-12) 15/52 (29) 831/1451 (57.3)

Values are presented as rate (%). *Invasive arterial pressure monitoring. PCAS: post-cardiac arrest syndrome, MAP: mean arterial pressure, SPQz: saturation
of peripheral oxygen, PaCOz: partial pressure of carbon dioxide in arterial blood, Tc: core temperature, TH: therapeutic hypothermia, Glu: fingertip capillary

blood glucose

Results

General situation

From January 1 to October 31, 2013, a total of 73 CA patients

were admitted to the ICUs of the 11 general hospitals, of whom
we included 52 in this study. In the end, 12 patients survived

https://doi.org/10.4070/kcj.2016.0437

to hospital discharge, and 40 patients died (Fig. 1). As shown in
Table 4, the survivor and death groups of patients did not differ
statistically (p>0.05) in age, gender, underlying disease, CA incentives,
arrhythmia, CPR or not, or time in the ICU. However, we did find
a significant difference in the CA-ROSC time between the two
groups (p<0.05).

www.e-kcj.org
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Table 6. Analysis of factors influencing the quality of early standardized treatment in PCAS patients

Influencing factor OR SE z p
Univariate analysis 6 h Tc control

ICU bed/nurse ratio 13.57 12.65 2.80 0.005

Te recording frequency 1.19 0.079 2.67 0.007

ICU bed/doctor ratio 5.25 5.88 1.48 0.139

Doctors' level of knowledge 1.14 0.109 1.39 0.163
6 h MAP control

ICU bed/nurse ratio 1.61 1.2 0.64 0.519

ICU bed/doctor ratio 1.18 0.71 0.28 0.779

Doctors' level of knowledge 1.01 0.079 0.12 0.901
6 h SPO: control

ICU bed/nurse ratio 0.89 1.07 0.09 0.924

ICU bed/doctor ratio 1.66 1.73 0.49 0.624

Doctors' level of knowledge 0.924 0.23 092 0.358
6 h PaCO:2 control

ICU bed/nurse ratio 1.13 1.01 0.14 0.888

Frequency of blood gas analysis 3.63 1.83 2.56 0.01

ICU bed/doctor ratio 1.04 0.83 0.06 0.952

Doctors' level of knowledge 1.13 0.104 1.4 0.162
6 h Glu control

ICU bed/nurse ratio 2.14 147 1.10 0.269

Glu monitoring frequency 0.99 0.054 0.13 0.894

ICU bed/doctor ratio 6.15 5.09 2.20 0.028

Doctors' level of knowledge 1.19 0.1 2.10 0.036
Multivariate analysis 6 h Tc control

ICU bed/nurse ratio 592 6.28 1.68 0.094

Te recording frequency 1.15 0.075 2.21 0.027
6 h Glu control

ICU bed/doctor ratio 4.58 392 178 0.075

Doctors' level of knowledge 1.14 0.1 1.49 0.135
6 h PaCO2 control

Frequency of blood gas analysis 3.63 1.83 2.56 o.om

PCAS: post-cardiac arrest syndrome, OR: odds ratio, SE: standard error, z: z value, ICU: intensive care unit, MAP: mean arterial pressure, SPO2: saturation of
peripheral oxygen, PaCO2: partial pressure of carbon dioxide in arterial blood, Tc: core temperature, Glu: fingertip capillary blood glucose

Implementation and monitoring of standardized treatment
technologies

Equipment allocation and usage: The ICUs of all 11 hospitals were
equipped with multisystem monitors and bedside glucometers.
91% of the ICUs were equipped with invasive arterial pressure
monitors, but among the 52 patients enrolled in this study, only
299% received invasive arterial pressure monitoring. All ICUs were
equipped with temperature control devices, but only 52% of CA
patients underwent core temperature monitoring, and 87% of

www.e-kgej.org

patients received TH.

Monitoring and recording of key indices: We analyzed the
monitoring (detection) and recording frequencies (per 24 h) of
five key indices: Tc, BP, SpO2, PaCO2, and Glu. We found that the
monitoring and recording frequencies for SpO2 and BP were 24
times/24 h; the median frequency of Tc recording was 18 (5-24)
times/24 h; the median frequency of Glu detection and recording
was 12 (6-12) times/24 h; and median frequency of PaCO2 detection
was 2 (2-3) times/24 h (Table 5).

https://doi.org/10.4070/kcj.2016.0437
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Achievement of standardized treatment targets

Target achievement rates of key indices within 6 h of CA: 920
of the 52 patients had their SpO2 up to treatment standards; the
MAP target was reached in 67% of patients; the Glu target was
reached in 299% of patients; the PaCO: target was reached in 15%
of patients; but only 14% of patients had up to standard Tc. Details
are shown in Table 5.

72 h target achievement rates of key indices: the index closest to
the targeted treatment standards (target achievement) was SpO2
(93.8%), followed by MAP and Glu (67.6% and 57.3%, respectively).
PaCO2 and TH had the lowest target achievement rates, 35.3% and
199%, respectively. Details are shown in Table 5.

Achievement of human resources targets

The 11 ICUs surveyed employed a total of 131 doctors and 326
nurses. These 11 ICUs had an average bed/nurse ratio of 1:1.9, and
an average doctor/bed ratio of 1:0.77. Overall, the requirements of
ICU construction specifications were not met.

Doctors' level of knowledge about standardized PCAS treatment

We surveyed all 131 intensivists from the 11 hospitals. After
excluding improperly completed forms, we analyzed 112 valid
questionnaires, 85.5% of the total number of participants (112/131).
The average score was 73.4 (full mark=100).

Analysis of factors influencing the quality of early standardized
treatment

The ICU bed/nurse ratio and the Tc monitoring and recording
frequency were major factors influencing the quality of TH
implementation within 6 h of CA. The ICU bed/doctor ratio
and doctors' relevant knowledge level were important factors
influencing the quality of Glu control within 6 h of CA. Furthermore,
the Tc monitoring and recording frequency was an independent
factor influencing the quality of TH implementation within 6 h of
CA, and the frequency of blood gas analysis was an independent
factor influencing the quality of PaCO2 management within 6 h.
Details are shown in Table 6.

Discussion

With the gradual development of modern CPR technologies, the
early success rate of CPR has been improving, but the prolonged,
complete ischemia of vital organs caused by CA causes organisms
enter a complex pathophysiological process after ROSC, leaving
the proportion of patients who survive to be discharged from
the hospital with good neurological recovery low.?? Standardized

https://doi.org/10.4070/kcj.2016.0437
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post-CA management has great significance for reducing early
mortality, recovering neurological function, and improving the
final outcomes for patients.!”™ Qur earlier research showed that
early target achievement rates for SpO2, MAP, PaCQOz2, and Glu were
markedly higher in patients with good neurological outcomes than
in those with poor neurological outcomes. We designed the present
study to explore the factors that have influenced the control of key
indices since the implementation of our standardized treatment
program. The results show that the Tc monitoring and recording
frequency is an independent factor influencing the quality of TH
implementation within 6 h of CA, and the frequency of blood gas
analysis is an independent factor influencing the quality of PaCO:
management within 6 h of CA.

With respect to TH, which had the lowest target achievement
rate in this study, a retrospective study in California, USA, showed
that between 1999 and 2008, only 11.3% (47/419) of hospitals used
TH, and 0.4% (204/46833) of PCAS patients received TH; of those,
TH implemented between 2006 and 2008 accounted for 87.3%
(178/204) of cases, indicating a significantly higher implementation
rate after the introduction of CPR guidelines than before ™
A physician questionnaire in the USA in 2005 on the reasons
for the low target achievement rate in TH revealed that 87% of
physicians had never used TH technology, with the main reasons
cited being lack of evidence (49%), lack of an advanced cardiac life
support application process (32%), and equipment limitations and
technological difficulties (28%)."4™

Based on the existing literature and quidelines and taking into
account the specific circumstances of the Suzhou area, we have
reached a consensus on the treatment indications, start time,
hypothermic approaches, target temperature, hypothermic rate,
and shivering prevention measures in TH. In this study, we found
a significantly higher TH achievement rate than we found before
standardization (TH achievement=5% in 2011). Nonetheless, the
current rate remains unsatisfactory at only 19%. Our univariate
analysis demonstrated that doctors have a basically unified
understanding of TH management, but that knowledge is not
significantly correlated with the quality of 6 h Tc control. The ICU bed/
nurse ratio is a major factor influencing the quality of 6 h Tc control.
In addition, the OR value of the bed/doctor ratio is high, indicating
a certain correlation with insufficient staffing, which should be
improved. Our multivariate analysis shows that the Tc monitoring
and recording frequency is an independent factor influencing
the quality of Tc control within 6 h of CA, which makes sense
because only by timely monitoring and recording can deviations be
discovered and adjusted. Another study by our research group also
found that recording the temperature every 15 min using a special
temperature record form, the “"Cerebral Resuscitation Monitoring

www.e-kcj.org
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Record," significantly improved the quality of TH.

Bedside arterial blood gas analysis has been widely implemented
in the majority of ICUs; fast and timely PaCO: detection is the most
direct and effective means of assessing pulmonary ventilation
function. In this study, we found that PaCO2 control rates within 6
h and 72 h following CA are low (15% and 35%), and the median
frequency of PaCO:2 detection is twice/24h. Detection frequency
is an independent factor influencing the quality of PaCO2 control
within 6 h. Arterial blood gas analysis is an invasive procedure that
is not continuously operable, which affects both the detection
frequency and control rate. Research has shown that collecting
EtCO2 data, which requires a noninvasive, continuous monitoring
approach, can guide ventilation therapy for ROSC patients and
assess therapeutic efficacy. But we found in this study that the
implementation rate of EtCO2 monitoring was only 15% (8/52), and
among the monitored patients, only 20% (88/435) had readings
within the normal range (35-45 mmHg).

This study has the following limitations: 1) due to its short
duration, retrospective nature, and small number of patients
enrolled, we could not analyze indices according to different
outcomes; 2) the comprehensiveness and representativeness of the
questionnaire item "Doctors' level of standardized PCAS treatment-
related knowledge" needs further evaluation.

Conclusion

In summary, the quality of standardized management for PCAS
patients in the Suzhou area still needs to be improved, especially in
the aspects of key technologies for standardized treatment, human
resources, and PCAS knowledge in each hospital.
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