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Abstract: Objective: To study the comprehensive level and therapeutic effect of ambulance care of patients with
acute coronary syndrome (ACS) in China. Methods: A total of 260 cases in 13 ambulance centers were studied.
Data were collected based on an epidemiological investigation of the target population. The population-based cross-
sectional study used a self-designed questionnaire to investigate the ambulance therapeutic effect of ACS patients.
Results: The ambulance distance to drive in directive pattern was shorter when compared with the dependent pat-
tern; the call-response time in directive pattern was shorter when compared with the pre-hospital and dependent
patterns. Further, the call-arrival time in directive pattern was longer when compared with the independent and
dependent patterns. The analysis of the on-site preliminary therapy evidenced the differences in the establishment
of intravenous access, aspirin and nitrate doses, and electrocardiogram (P < 0.05) in these four patterns. The total
intervention effective rate of ACS was 48.0%, while the rate in directive pattern was 70.0%. Besides, the therapeutic
effect of ACS included the pre-hospital pattern (OR = 4.097), the directive pattern (OR = 5.158), nitrate drug (OR
= 3.045), and oral dosing (OR = 8.215). Conclusions: The call-arrival time of all the four pre-hospital care patterns
proved necessary to compensate for the shortfall created by any of the other patterns. In ACS ambulance interven-
tion, the proper administration of medication, such as aspirin, sedatives analgesic, and nitrates should increase
from the low-down level. Except the independent type, the other three types showed no differences in ACS ambu-
lance intervention. The total achieved effective rate of 48% in the ACS ambulance intervention is not enough, and it
requires further attention and more efficient implementation of the system.
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Introduction pendent pattern), Shenzhen model (directive
pattern), and Chongging model (dependent pat-
tern).In China, ambulance care has rapidly de-
veloped over the past 20 years. This develop-
ment led to a series of problems, such as incon-
sistent ambulance care levels. The implemen-
tation of ACS diagnosis and treatment process
in the field of national first aid is faulty [5, 6].
This is due to inconsistent ACS patient diagno-
sis and treatment [7, 8], and delayed or incor-
rect treatments conducted by the ambulance
personnel [9, 10]. Furthermore, the effective
assessment of the diagnosis and treatment is
scarce [11, 12]. This study intends to reveal
the ambulance care status of ACS patients
and the factors that influence the effect of

The publication of the “2010 American Heart
Association Guidelines for Cardiopulmonary
Resuscitation and Emergency Cardiovascular
Care” [1] marked the worldwide recognition
of the pre-hospital emergency treatment pro-
grams for acute coronary syndrome (ACS) by
the scholars in the emergency field [2]. Accor-
ding to these guidelines, the ACS ambulan-
ce intervention can effectively reduce the mor-
tality and pre-hospital survival rates of pa-
tients with ACS [3]. Meanwhile, improved work-
ability, standard diagnosis, and treatment pro-
cess cause minor individual variation in the
pre-hospital treatment, eliminate its interfer-
ence, and influence the other factors affect-

ing the total pre-hospital care in the emergency
aid centers [4]. In China, the current pre-hospi-
tal emergency medical model can be rough-
ly divided into four patterns: Beijing model
(pre-hospital pattern), Shenyang model (inde-

ambulance intervention for ACS patients. This
study will combine investigations of the na-
tional ACS ambulance care as well as a multi-
center comparative study of the ambulance
intervention effect.
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Table 1. Questionnaire of the ambulance intervention effect in ACS

Phase I: Call to response

1 Name Age

2  Phone Emergency center name

3 Time of receiving patients call
Phase II: Site disposal
4 Time of arrive at the scene Pulse

Sex No.
Distance of transportation Complained of chest pain?

Time of ambulance transportation

Respiration Blood pressure

5  Field rescue: monitoring vital signs/establish vein channel/oxygen/aspirin/nitrate drugs/sedative and analgesic/ECG/thrombolysis/other

treatment
6  Correct identification: low risk/moderate risk/high risk

7  Thrombolytic therapy: indications/contraindications

8 Triage and transport: conservative treatment in a nearby hospital/thrombolysis in a nearby hospital/PCl in a nearby hospital

Phase llI: Spot to the hospital
9 Time of leave the scene
10 Pulse Respiration
11 Skin color: normal/pale/cyanosis
12 GCS Pain (1-10)
13 History of present illness
14 History of drug allergy

15 Using medication before arrival Y/N  Drug name

16 Using medication after arrival Y/N Drug name
17 Chest pain after treatment Relieve Y/N
18 Vital signs after treatment Relieve Y/N
19 ECG after treatment Relieve Y/N

20 Cardiac arrest Y/N
Phase IV: Emergency room treatment

21 Time of assessment

Time of arrive at the hospital

Skin temperature: normal/cool

Time of be hospitalized

Start time of the medication ~ Name of the receiving hospital
Blood pressure Sa0,

Skin humidity: normal/wet

Left pupil mm Right pupil mm

Past history

Tentative diagnosis

Dose Route of administration
Dose Route of administration
Aggravate Y/N No change Y/N
Aggravate Y/N No change Y/N
Aggravate Y/N No change Y/N

Cardiopulmonary resuscitation Y/N

Is the diagnosis consistent with?

22 Assessment: myocardial injury markers (positive and negative)/electrocardiography (dynamic evolution of positive and negative)/typical

ischemic chest pain (with and without)

23 Diagnosis: unstable angina/NSTEMI/STEMI/exclusion ACS/death/automatic discharge

24 Treatment: conservative treatment/thrombolysis/PCl/coronary artery bypass grafting

Phase V: Reported end events

25 Endpoint events: prehospital death/death in emergency room/serious arrhythmia [1]/heart failure [2]/non cardiovascular disease events

[3]/Give up treatment

Note: [1] frequent ventricular premature beat, ventricular tachycardia, ventricular fibrillation, supraventricular tachycardia, atrial flutter and Il - Il degree atrioventricular
block; [2] NYHA heart function classification increased more than 1 grade; [3] cancer, accidental death, suicide. Required: 1, The recording fill by prehospital doctors
out after asking the patients, the questionnaire relates to the patient privacy, If there is no license, no disclosure. 2, Start events for this study: (1 with a chief complaint
of chest pain; ) dispatcher considered in patients with suspected ACS; 3 prehospital doctor diagnosis of ACS; 3, Exclusion criteria: the ACS patient admitted directly

without treatment by prehospital doctor and from lower hospital transfer to higher hospital.

Subjects and methods
Subjects

From October 2009 to March 2010, we investi-
gated 13 units; 7 ambulance centers (Shen-
yang Emergency Center represents the inde-
pendent pattern; Beijing Emergency Medical
Center represents the pre-hospital pattern;
Chongging Emergency Medical Center, Hefei
Municipal Emergency Center, Haikou Emer-
gency Center, and Xining Emergency Center
represent the dependent pattern; Shenzhen
Emergency Center represents the independent
pattern) and 6 emergency network hospitals
(Peking University Shenzhen Hospital, The Se-
cond People’s Hospital of Shenzhen, The Peo-
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ple’s Hospital of Futian Shenzhen, The Peo-
ple’s Hospital of Bao’an Shenzhen, Shenzhen
Nanshan People’s Hospital, and Shenzhen
Luohu People’s Hospital) associated with the
Shenzhen Emergency Center that represents
the directive pattern. We analyzed 272 cases
that met the study criteria. Out of these, 260
were effective cases (165 male and 95 fe-
male). The male to female ratio was of 1:0.58.
There were 30, 65, 99 and 66 patients in in-
dependent, pre-hospital, directive and depen-
dent pattern, respectively. There was no signifi-
cant difference in age, sex, smoking history,
body mass index, complicated hypertension,
hyperlipidemia, diabetes mellitus and charac-
teristics of coronary artery disease among four
groups (P > 0.05). This study was conducted in
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Table 2. Comparison of ambulance transportation distance and total time interval indexes in four

ambulance patterns (X £ s)

Type Ambulapce transportation Ca!l response Qall arriyal On?scene 'care . Total time?
distance (km) time (sec) time (min) time (min) interval (min)
Independent 59+6.2 43.7 £ 34.5 79135 19.4 £ 11.0 378+ 124
Pre-hospital * 65.6 + 51.7 6.7+3.1 18.8 £ 10.4 421 +12.8
Directive 43+21 222 +£37.3° 9.8+1.1° 14.7 + 14.8 349+ 10.2
Dependent 11.6 + 31.0° 75.1 + 84.9¢ 7.6 + 6.4°°¢ 16.0+12.6 49.1 £ 23.7°
F 3.199 14.145 4.892 1.842 4.817
P 0.043 0.000 0.003 0.14 0.003

Note: “Indicates the lack of data. “a” shows when compared with dependent pattern, P < 0.05. “b” stands for in comparison

“nn

with pre-hospital pattern, P < 0.05. “c” means compared with directive pattern, P < 0.05.

accordance with the declaration of Helsinki.
This study was conducted with approval from
the Ethics Committee of Hainan General Hos-
pital. Written informed consent was obtain-
ed from all participants.

Definitions and units used during the pre-hos-
pital emergency patterns

Independent pattern: a medical unit that
provides ambulance and hospital treatment
services (e.g., Shenyang Emergency Center).
Pre-hospital pattern: a medical unit that pro-
vides ambulance services only (e.g., Beijing
Emergency Medical Center). Directive pattern:
a medical unit that accepts emergency phone
calls only. In this case, the ambulance and
hospital treatment services are allocated to
the ambulance network hospitals admitting
patients (e.g., Shenzhen Emergency Center).
Dependent pattern: an ambulance center that
relies on a large general hospital, though the
personnel and financial departments are rela-
tively independent (e.g., Chonggqing Emergency
Medical Center).

Judgment, inclusion, and exclusion criteria

The diagnostic criteria of ACS were based on
the “2010 American Heart Association Guide-
lines for Cardiopulmonary Resuscitation and
Emergency Cardiovascular Care” [1]. The judg-
ment criteria were: chest pain level decreas-
ing; vital signs improves; manifestation of the
electrocardiograph (ECG) improves (the elevat-
ed ST-segment becomes resolute = 1 mm; the
inverted T-wave returns to normal; the emerg-
ing conduction block or other cardiac arrhyth-
mia returns to normal). Any ambulance inter-
vention that was in line with the above crite-
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ria was seen as effective treatment. Patients
whose main cause of complaint was chest pain,
whom the medical personnel assumed to be an
ACS patient, ad those who were suspected to
have ACS by the emergency personnel on call
were included in the study. ACS patients who
were directly admitted to the hospital without
any diagnoses and treatment as directed by the
emergency personnel and those ACS patients
who were transported from an inferior hospital
to a superior one were excluded from the study

The questionnaire on the effect ambulance
intervention has in ACS patients

A self-designed questionnaire on the ambu-
lance intervention effect on ACS patients (Table
1) was used to collect index data on the emer-
gency medical services from 13 units.

Following the initial medical investigations con-
ducted in the emergency department of Central
South University Xiangya College of Medicine
Affiliated Haikou Hospital, the effective rate
was of 52.4% (11 patients our of a total of 21).
It should be noted that based on the calculus
formula, the standard sample size should be of
100.

There were three people in charge of the ques-
tionnaire outcome: the specific investigator,
responsible for collecting and recording the
data; he/she was trained on July 8, 2009; the
project leader, responsible for the construction
of the questionnaires during the study period;
the designated person, responsible for arrang-
ing the materials written by the specific investi-
gator. If the questionnaire was missing data
from three or more patients, the questionnaire
was not validated.

Int J Clin Exp Med 2016;9(8):16621-16628
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Statistical analysis

EpiData 3.02 software was used to verify the
data, and a double entry variant was used to
guarantee the data quality. All the data were
analyzed by using SPSS 13.0 statistical soft-
ware (SPSS Inc., Chicago, IL, USA). Single factor
analysis of variance or t-test was used to
compare the measurement data among differ-
ent groups. Chi-square test method was used
to compare the enumeration data. The multi-
variate unconditional Logistic regression analy-
sis (Stepwise method) was performed to ana-
lyze the effects of different indexes on the
pre-hospital treatment efficacy. The pre-hospi-
tal treatment efficacy (effective, ineffective)
was used as the dependent variable, and the
variables with statistical difference in single
factor analysis were used as the independent
variables. P < 0.05 was considered as statisti-
cally significant.

Results
Total outcomes after emergency aid

The total effective rate of ACS pre-hospital
intervention was 48.0%. Besides, the effective
rates of the independent, pre-hospital, direc-
tive and dependent pattern were 70.0% (21/
30), 38.5% (25/65), 47.5% (47/99) and 48.5%
(32/66), respectively. There was significant dif-
ference between the pre-hospital pattern and
independent pattern (P < 0.05).

Comparisons of time-consuming and ambu-
lance trip distance

Table 2 showed that there were significant dif-
ferences between index for the distances of
ambulance driving of the directive and depen-
dent patterns (P < 0.05). The index for the help
response time evidenced the significant differ-
ences among the directive, pre-hospital, and
dependent patterns (P < 0.01). Further, signifi-
cant differences were found between the inde-
pendent, directive, and dependent patterns in
call-arrival time index (P < 0.01); and between
the directive and dependent patterns in the
total time interval index (P < 0.01). Besides, the
therapeutic effect of ACS included the pre-hos-
pital pattern (OR = 4.097), the directive pattern
(OR = 5.158), nitrate drug (OR = 3.045), and
oral dosing (OR = 8.215).
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Comparison of the site disposal

Table 3 showed that there were significant dif-
ferences in vital signs monitoring index (P <
0.01) when comparing the dependent pattern
with the pre-hospital and directive pattern,
respectively. Further, the differences in intrave-
nous access index (P < 0.01) were significant
when comparing the directive and dependent
patterns with the independent and pre-hospital
patterns, respectively. High differences were
found in the nitrate index (P < 0.01) when in-
dependent pattern was compared with pre-
hospital and dependent pattern, respectively.
Furthermore, there were marked differences in
sedation and analgesia index (P < 0.05) when
comparing the directive pattern with the depen-
dent pattern. The differences in pre-hospital
ECG index (P < 0.01) were also significant when
pre-hospital pattern was compared with the
directive and dependent pattern, respectively,
and when independent pattern was compared
with the dependent pattern.

Multivariate logistic regression analysis of
influencing factors for pre-hospital treatment
efficacy

The multivariate logistic regression analysis
(Table 4) showed that, when considering the
ineffective intervention risk index, the pre-hos-
pital pattern was 4.097 times the independent
pattern, while the directive pattern was 5.158
times the independent pattern; the interven-
tion with nitrate was 3.045 times the one with-
out using nitrate. Furthermore, when analyzing
the in-hospital drug delivery route, the drug
delivery via an intravenous access was 8.215
times the oral dosing.

Discussion

ACS pre-hospital disposal analysis of the four
patterns: When considering the distance for
ambulance driving indexes of the four patterns,
that of the directive pattern is significantly
smaller compared with that of the dependent
pattern. Additionally, no information was avail-
able on the pre-hospital pattern index due to
the lack of data regarding the distance for
ambulance driving. There is a need for further
research to identify whether the directive pat-
tern integrates its first aid resources in the
emergency network hospitals to reduce the dis-
tance forambulance driving. In order to improve
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Table 3. Comparison of site disposal in four ambulance patterns (n, %)

b Total Vital signs monitoring Intravenous access Oxygen Aspirin Nitrates Sedation and analgesia Pre-hospital ECG
attern ota es No Yes No Yes No Yes No Yes No Yes No Yes No
Independent 30 30, 100% 0,0 30, 100% 0,0 27,90% 3,10% 26,883% 4,11.7% 24, 80% 6, 20% 21, 6.9% 9,931% 27,89.7%  3,10.3%
Pre-hospital 65 65, 100% 0,0 65, 100 0,0 61,93.8% 4,6.2% 51,78.7% 14,21.3%* 35,52.3% 30,47.7%*  20,3.1% 45,96.9% 58,89.2% 7,10.8%
Directive 99  98,98.9% 1,11%  38,37.9% 61,62.1%° 92,926% 7,74% 60,60.4% 39,39.6%° 67,67.4% 32,32.6% 0,0 99.100%  64,64.2% 35, 35.8%°
Dependent 66  58,87.9% 8,12.1%¢  71.2% 8.8°0¢  58,87.9% 8,12.1% 48,72.6% 18,27.4%" 35,53% 31,47.0%  6,9.1% 60,90.9%° 37,56.1% 29, 43.9%"
X2 19.57 86.59 9 1.795 20.851 10.018 9.363 24.848
P 0.000 0.000 0.616 0.000 0.018 0.025 0.000

Note: “a” represents when compared with independent pattern, P < 0.05; “b” indicates that when compared with pre-hospital pattern, P < 0.05; “c” says that when compared with directive pattern, P < 0.05.
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Table 4. Multivariate logistic regression analysis of the intervention effect (Stepwise method)

95.0% Cl

Index B SE Wald P OR

Lower Upper
Independent pattern 8.159 0.043
Pre-hospital pattern 1.410 0.635 4.930 0.026 4.097 1.180 14.227
Directive pattern 1.641 0.635 6.682 0.010 5.158 1.487 17.893
Dependent pattern 0.852 0.658 1.679 0.195 2.345 0.646 8.511
Nitrate 1114 0.392 8.058 0.005 3.045 1.412 6.570
Drug delivery via intravenous access  2.106 0.466 20.423 0.000 8.215 3.296 20.476
Constant -6.436 1.102 34.131  0.000 0.002

Note: B: Regression coefficient; SE: Standard error; Wald: Corresponding to x? value; P: Probability; OR: Odds ratio; Cl: Confi-

dence interval.

the existing emergency network, the present
data suggest the organization and manage-
ment experiences of the directive pattern can
be used to improve the other three pattern
indexes.

The ambulance consuming time indexes of
the four patterns: The call-response time in-
dex shows significant differences between the
directive pattern and the pre-hospital and de-
pendent patterns. When analyzing the call-
arrival time index, there is a significant differ-
ence between the independent and directive
patterns and the dependent pattern. The direc-
tive pattern is shorter in the distance for am-
bulance driving, but longer in call-arrival time
duration. Our emergency staff should consider
reducing the treatment length. This reduction
depends on a series of factors, such as the
patients’ understanding of ACS, the improve-
ment of the professional standard by the hos-
pitals’ emergency departments, the continu-
ous improvement of China’s emergency sys-
tem and coordination of the community related
sectors [13].

In seven ACS ambulance intervention indexes
of the four patterns, the pre-hospital and inde-
pendent patterns are better when compared
with the directive and dependent patterns. In
this direction, when considering the sedation
and analgesia index, the dependent pattern is
slightly higher than the other patterns, though
only 9.1% of the ACS patients are administered
sedative and analgesic drugs. In terms of the
aspirin index, the pre-hospital pattern surpass-
es the other three patterns, though only 24.6%
of patients are given aspirin drugs. When ana-
lyzing the intravenous access index, the direc-
tive pattern was shown to be the lowest and to
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pose significant medical risks for the patients
with chest pain, as in 62.1% of them intrave-
nous access was not established. When analyz-
ing the final curative effect index, the indepen-
dent pattern surpasses the other three pat-
terns (effective rate: 70.0%), though its various
disposal indexes are similar to those of the
pre-hospital pattern.

Furthermore, when analyzing the four patterns
in terms of the pre-hospital site preliminary dis-
posal, the independent pattern has the best
treatment effect; still further research is need-
ed to confirm if this result is related to the pat-
tern’s continuous treatment method. Further,
the site preliminary disposal of the pre-hospital
pattern showed high results. Furthermore, ad-
ditional research is necessary to conclude if
this is related to the professionalism demon-
strated during the emergency service. From a
local point of view, When analyzing the use of
sedative and analgesic drugs, results show
that the dependent pattern is more active than
the other three one (9.1%). Additionally, when
measuring the various disposal indexes, the
directive pattern is relatively low when com-
pared with the other three patterns. This result
can be associated with the stratification risk
of the ACS patients of the directive pattern, as
the low and moderate risks (totally 78.8%)
account for the major part.

The analysis of the four patterns and the over-
all treatment effect: There are various rea-
sons that lead to different treatment effects
in multiple ambulance patterns [14, 15]: 1) In-
dependent emergency center: the decrease
in the medical and health resources, their re-
duced use, and increase in self-cost, caused
by the resource investment doubling or over-
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lapped functions; 2) Directive emergency cen-
ter: the health administrative department faces
various administrative constraints in various
types of hospitals. While for cases of major
disasters emergency, it is possible for the me-
dical personnel to work together, for cases of
daily first aid, the fast response time cannot
be effectively reduced due to the increase in
distress-rescue intermediate links. For this un-
constrained emergency, high efficiency in the
organization system is difficult to achieve.
When drizzle problems or special cases arise,
such as the inability to pay medical fees, or
medical disputes, the directive center is diffi-
cult to coordinate; 3) Pre-hospital emergency
center: the ambulance intervention is easily
separated from the in-hospital treatment. The
coordination of patients for the in-hospital
treatment becomes the major medical concern
of the emergency center. The most difficult
work-related situations arise when, due to the
difference in medical knowledge and disease
principles, medical discrepancies occur or in-
tensify [16]; 4) Dependent emergency center: it
the hospital department functions in parallel
with other hospital emergency departments. In
this way, it proves to be inefficient in its coor-
dination activities, by limiting its social funct-
ion and affecting the pre-hospital emergency
care objective and quality.

After analyzing 260 cases collected in this
investigation, we found that the total effective
rate of the ACS ambulance intervention is only
48.0%; this should be improved. More specifi-
cally, the total effective rate of the independent
pattern is as high as 70.0%, which is signifi-
cantly higher than that of the pre-hospital pat-
tern (38.5%). Due to the non-uniformity of the
ACS ambulance intervention criteria, this study
cannot be compared with other similar studies.
Hence, we believe there is an urgent need to
harmonize the domestic ACS ambulance inter-
vention standards, especially to develop our
domestic ACS ambulance intervention guides
as soon as possible.

Analysis of the dominant factor of the treat-
ment effect: the independent emergency, the
pre-hospital emergency and the directive emer-
gency patterns, the use of nitrates, and in-hos-
pital drug delivery route were selected for this
analysis. Additionally, the independent emer-
gency pattern, the use of nitrates, and the oral
dosing after the emergency personnel arrival
were factors that strongly influenced the treat-
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ment effect [17]. We further showed that the
independent emergency pattern has the best
ACS ambulance intervention effect and the low-
est risk, compared with the other three emer-
gency patterns. Besides, the use of nitrates
and oral dosing has the highest impact on the
pre-hospital intervention process [18, 19].

Conclusions

The present study included 260 ACS patients
in ambulance care in 7 emergency aid cen-
ters. We analyzed the ACS treatment situations
in the major emergency aid centers and emer-
gency network hospitals from the biggest me-
dia-sized cities in China. The end results of the
ambulance-related care measurements are as
follows: 1) the four ambulance care patterns
of the distance during ambulance driving, the
call-response and call-arrival time intervals are
necessary to compensate for the shortfall cre-
ated by any of the patterns; 2) in ACS ambu-
lance treatments, the proper drug use (aspirin,
applied sedatives, and nitrates) is required
to increase from the low-down level; 3) apart
from the independent pattern, the other three
showed no significant difference in the ACS
pre-hospital intervention; 4) the total effective
rate of 48% in the ACS ambulance intervent-
ion should be improved.
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