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Objective: To study the efficacy of fast track managed care and in-hospital outcomes after applying the Applied Digital 12
leads ECG Consultation System (ADECS) to the routine ST segment elevation myocardial infarction (STEMI) fast track
guideline in Saraburi Hospital.

Material and Method: The data were collected from a prospective registry of all chest discomfort patients who were admitted
by STEMI fast track care between January 1, 2008 and October 31, 2010.

Results: Two hundred forty eight STEMI patients were divided into two groups (before; n = 123 and after applying ADECS;
n=125). Mean age was 62.35 + 12.85 years and 70.2% were male. Common atherosclerosis risk factors were dyslipidemia
(80.2%), hypertension (71.8%) and smoking (40.7%). The agreement of STEMI diagnosis between emergency department
(ED) and ward improved from moderate to good level (Kappa value = 0.602; p < 0.001 vs. 0.718; p < 0.001). Mean/median
of door to needle time (DTNT) and percentage of STEMI patients receiving thrombolytic therapy who achieved DTNT
within 30 minutes were significantly improved, showing 73.24 + 54.78/65 vs. 46.05 + 33.88/30 minutes; p < 0.001 and 6%
vs. 50.6%; p < 0.001 respectively. Mean/median of total ischemic time (TIT) was not different, 250.13 + 139.09/225 vs.
254.21 + 163.12/226 minutes; p = 0.873 due to long symptom onset to hospital arrival time (SHAT), 176.90 + 130.08/145
vs. 208.16 + 167.38/165 minutes, p = 0.218, which corresponded to the same of all in-hospital outcomes. Only the TIT within
180 minutes could show decreasing mortality rate but statistically insignificant, 13.5% vs. 20.7%; p = 0.369. Major bleeding
complication was not different between thrombolytic infusion at ward or at ED, 4.1% vs. 4.8%, p = 1.00.

Conclusion: ADECS should be included in routine fast track care and thrombolysis should be initiated infusion in Emergency
Department for all STEMI patients. Short DTNT was not enough to improve in-hospital outcomes. The continuous improvement
should be focused on the SHAT and routine practice with quality assessment process.
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The ST segment elevation myocardial
infarction (STEMI) is a common and serious medical
condition that has high mortality and morbidity all over
the world, including developing countries such as
Thailand®. The faster the authors can open the
occluded coronary artery, the lower will the mortality
and morbidity be®. Thirty minutes is the ideal time
for door to needle time (DTNT)®. Nowadays, there is
limited data to show efficacy of fast track care in
rural hospitals in Thailand®”. The presented data at
Saraburi Hospital in 2008 showed mean/median of
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DTNT were 81.12 + 64.50/70 minutes respectively and
none could achieve goal of DTNT, because all patients
had to have thrombolysis at the ward that took
another 32.99 + 16.09 minutes for admission”. Moving
the site of thrombolytic infusion from ward to the
emergency department (ED) is the only way to achieve
30 minutes. Under the limitations of service condition
in the real world, practice in rural hospitals can be
enhanced through high communication technology
that is available from the cyber world. Therefore,
an ordinary 12 leads ECG papers can be easily
transformed into digital ECG in PDF files, which can be
transferred by electronic transmission to cardiologists
for rapid consultation. After confirmed diagnosis and
informed consent was obtained, the patients could be
thrombolysed at ED immediately. The present study
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was designed to identify the improvement of the fast
track managed care system and in-hospital outcomes
after applying ADECS to the routine fast track STEMI
guideline in Saraburi Hospital.

Material and Method

The data was collected from a prospective
registry of all chest discomfort patients who were
admitted to Saraburi Hospital by fast track care
from January 1, 2008 to October 31,2010. All STEMI
patients were divided into two groups. First, the before
applying ADECS group collected data from January 1,
2008 to May 31,2009 for comparing clinical parameters
with the second group. The after applying ADECS
group collected data from June 1, 2009 to October 31,
2010. This protocol was approved by the hospital
ethics committee and verbal consent was obtained
from every patient.

Operational definition

STEMI patients were defined as patients
with abnormal ECG, which was defined as presentation
of Q wave or ST segment elevation at the J point
>(0.2mV inmenor>0.15mV in women in leads V2-V3
and/or>0.1 mV in other leads at least two consecutive
leads or new or presumed new left bundle branch
block (LBBB)® and one of the following criteria,
symptomatic chest discomfort within 7 days or raising
cardiac Troponin T (Trop T) > 0.03 ug/1®-'V.

ADECS’s process included scanning
ordinary 12 leads ECG papers to digital ECG in PDF
files, transferring the digital ECG files over the intra-
hospital local area network (LAN) system or internet
network system to store in Saraburi Hospital’s intranet
data, calling cardiologist to interpret immediately,
either in-hospital or out-hospital by any devices that
can read PDF files such as cell phones by internet
system via General Packet Radio Service (GPRS). After
diagnosis was confirmed to ED’s physicians, all
patients were educated about risk and benefit of
thrombolytic agent before the informed consent was
obtained. The patients were thrombolysed at ED and
transferred to the ward under close vital signs and
ECG monitoring.

Statistical analysis

Continuous variables were expressed as mean
+ SD or median when appropriate, discrete variables
are expressed as percentages. Differences in the
distribution of selected characteristics between patient
groups were examined using the Chi-square test for
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categorical variables. Differences in continuous
variables between the study groups were analyzed
using either analysis of variance or t tests. The
diagnosis STEMI at ED and final diagnosis at ward
was analyzed by Kappa analysis. A p-value less than
0.05 was considered statistically significant. All
statistical data was analyzed by SPSS program for
windows version 11.5.

Inclusion and exclusion criteria

Inclusion criteria included all STEMI patients
who were admitted by fast track guideline at Saraburi
Hospital. The patients who did not have an abnormal
ECG as the above definition were excluded from the
present study.

Primary endpoints included DTNT, agreement
of STE ACS diagnosis between ED and ward and number
of patients who achieved DTNT within 30 minutes.

Secondary endpoints included total ischemic
time (TIT), number of patients who achieved TIT
within 180 minutes and in-hospital outcomes, which
composed of mortality rate, heart failure, cardiac
arrhythmia, bleeding complications, length of stay
(LOS) and readmission rate within 28 days after
discharge.

Results

In the before applying ADECS group, 1426
chest discomfort patients were admitted by ACS fast
track care. STEMI diagnosis at ED was 161 episodes.
After being admitted and having a serial ECG
performed followed by cardiac biomarkers, especially
Trop T®!Y, the final diagnosis of STEMI at the ward
was 123 episodes; Kappa value = 0.602; p < 0.001.
After applying ADECS group, there were 1117 chest
discomfort patients. The STEMI diagnosis at ED and
at the ward were 113 and 125 episodes respectively,
Kappa value =0.718; p <0.001 as show in Fig. 1. The
final diagnosed STEMI patients were 248. The mean
age was 62.35 + 12.85 years, male predominance was
70.2%. Most common atherosclerosis risk factor was
dyslipidemia 80.2% followed by hypertension 71.8%,
current smoking 40.7%, and diabetes 19%. Known cases
of CAD and history of stroke were 27.4% and 6.5%
respectively. The prevalence of dyslipidemia was
significantly different between both groups, 72.4%
vs. 88% p = 0.002. The majority of MI’s wall
distribution was anterior wall 35.9%. Mean/median of
the symptom onset to hospital arrival time (SHAT) was
393.25 + 610.87/185 minutes. The mean/median of
both time to interpret ECG & take ASA 325 mg and
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Before applying ADECS group After applying ADECS group
Collected data from 1 January Collected data from 1 June 2009
2008 to 31 May 2009; 1426 of to 31 October2010; 1117 of

chest discomfort patients chest discomfort patients
Other diag at Diag STEMI at Diag STEMI at Other diag at
ED;N=1265 ED; N=161 ED; N=113 ED; N=1004
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Summery diagnosis STEMI by clinical presentations, new universal
definition ACC/AHA 2007 and ECG criteria

. 4 ) 4

Other diag; Final STEMI; Final STEMI; Other diag;
N=1303 N=123 N=125 N=992
Agreementof diag STEMI; Agreementof diag STEMI;
Kappa value=0.602;p <0.001 Kappavalue=0.718;p <0.001
Enrolled final 248 STEMI pati to pare clinical p s
Fig. 1  All chest discomfort patients who were diagnosed

STEMI at ED, after admitted by ACS fast track
guideline and summarized diagnosis showed final
diagnosis at ward

the transferring time was significantly longer in
the after applying ADECS group, 14.85 + 12.74/11 vs.
20.74 +11.93/19; p<0.001 and 21.41 + 10.18/19 vs.
31.93+19.07/28 minutes; p<0.001 respectively. Mortality
rate was 21% and more than half of them developed
heart failure in hospital, 45.6% Killip IV, 17.3% Killip
[-1II. In the cases, 16.1% had malignant arrythmia
(VT/VE, heart block more than second degree AV block
Mobits I), 19% had non-malignant arrhythmia (PAC,
PVC, AF, atrial flutter, SVT, heart block less than second
degree AV block Mobitz II), 4.8% had minor bleeding
(hematuria, hematoma, UGIB, which did not require
blood transfusion), and 4.4% had major bleeding (ICH,
UPGTI or bleeding, which required blood transfusion).
Two cases had intracranial hemorrhage (1.38%),
LOS was 6.02 + 5.35 days, and 2% were readmitted
within 28 days after discharge. No in-hospital
outcomes were significantly different in both groups
as shown in Table 1. The 144 STEMI patients (58.1%)
were thrombolysed and had mean/median of SHAT
193.61 + 151.47/160 minutes, which was not significantly
different between groups, 176.90 + 130.08/145 vs. 208.16
+167.38/165; p=0.218. Mean/median of DTNT and the
percentage of thrombolysed STEMI patients who
achieved DTNT within 30 minutes improved
significantly in the after applying ADECS group,
73.24+54.78/65 vs.46.05 + 33.88/30 minutes; p<0.001
and 6% vs. 50.6%; p = 0.001 respectively. However,
mean/median of TIT and the percentage of
thrombolysed STEMI patients who achieved TIT
within 180 minutes were the same, 250.13 +139.09/225
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vs.254.21 +163.12/226 minutes; p=0.873 and 36.4%
vs. 35.8%; p = 1.00 as shown in Table 2. The major
cause of non-thrombolysed patients was the SHAT
of more than 12 hours (35.4%). The efficacy of
DTNT within 30 minutes or TIT within 180 minutes
in the present study could not show significant
improvement of all in-hospital outcomes, but only
the TIT within 180 minutes could show insignificantly
decreasing mortality rate, 13.5% vs. 20.7%; p=0.369 as
show in Table 3.

Discussion

Almost all baseline demographic data, risk
factors and MI’s wall distribution of the patients were
not significantly different between both groups and
compatible with data from Thai ACS registry 2007®
and the Western countries, GRACE registry'?. The
prevalence of dyslipidmia was similar to Thai ACS
registry 2007?®; 80.2% vs. 72.5% but much higher
than data from the GRACE registry"?. The mean time
to interpret ECG & take ASA 325 mg was significantly
longer in the after applying ADECS group, 14.85 +
12.74 vs. 20.74 + 11.93; p < 0.001 due to the ADECS
needing time to complete all processes as described
above. However, it could show significant improvement
of the primary end points, including shorter DTNT
by 37%. The results show 73.24 + 54.78 vs. 46.05 +
33.88 minutes; p < 0.001. The improved diagnosis of
STEMI between ED and the ward were from moderate
to good level of agreement, Kappa value = 0.602;
p<0.001vs. 0.718; p<0.001. The increased percentage
of thrombolysed STEMI patients who achieved
DTNT within 30 minutes was about eight times
from 6% to 50.6%; p =0.001, which was much higher
than the Thai ACS registry 2007, 50.6% vs. 9%@. It
also insignificantly increased the percentage of
thrombolysed STEMI patients from 54.5% to 61.6%,
p=0.303. Following this present data, ADECS should
be included in routine fast track care for all STEMI
patients. The mean transferring time was significantly
longer in the after applying ADECS group at 21.41 +
10.18 vs.31.93 + 19.07 minutes; p < 0.001 due to closed
monitoring ECG and vital sign during thrombolytic
infusion on the way to the ward. Major bleeding
complications were not different between the before
and after applying ADECS group, which the patients
were thrombolysed at the ward and at ED respectively
at 4.1% vs. 4.8%; p = 1.00. This percentage was the
same as the GRACE registry'?, 4.8% vs. 4.8% but
lower than Thai ACS registry 2007?, 4.8% vs. 7.9%
because the prescription of antithrombotic agents was
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Table 1. Characteristic of final diagnosis STEMI patients who participated the fast track care

Characteristic STEMI patients Total STEMI Before applying After applying  p-value
(n=248) ADECS (n=123) ADECS (n = 125)
Demographic data
Mean age (+ SD, yrs ) 62.35+12.85 61.5+12.47 63.18 +13.22 0.302
Male (%) 174 (70.2) 93 (75.6) 81 (64.8) 0.072
Risk factor
DM (%) 47 (19) 24 (19.5) 23 (18.4) 0.872
HT (%) 178 (71.8) 86 (69.9) 92 (73.6) 0.573
Dyslipidemia (%) 199 (80.2) 89 (72.4) 110 (88) 0.002
Current smoking (%) 101 (40.7) 58 (47.2) 43 (34.4) 0.052
History of stroke (%) 16 (6.5) 9(7.3) 7 (5.6) 0.615
History of IHD (%) 68 (27.4) 28 (22.8) 40 (32) 0.118
MTI’s wall distribution
Anterior wall MI (%) 89 (35.9) 49 (39.8) 40 (32) 0.234
Anterolateral wall MI (%) 58 (23.4) 25(20.3) 33 (26.4) 0.295
Inferior wall & RV MI (%) 38 (15.3) 18 (14.6) 20 (16) 0.860
Inferior wall MI (%) 63 (25.4) 31(25.2) 32 (25.6) 1.00
Time to treatment
Symptom onset to hospital arrival time
Mean (min + SD) 393.25+610.87 380.14 +536.94  406.14 +677.73  0.738
Median (min) 185 180 192
Time to interpret ECG & took ASA gr V
Mean (min + SD) 17.51+12.83 14.85 +12.74 20.74+11.93  <0.001
Median (min) 15 11 19
Transfer time
Mean (min + SD) 26.71 +16.17 21.41+10.18 31.93+19.07  <0.001
Median (min) 23 19 28
Rate of STEMI patients receiving thrombolysis (%) 144 (58.1) 67 (54.5) 77 (61.6) 0.303
In-hospital outcomes
Death (%) 52 (21) 25(20.3) 27 (21.6) 0.876
Killip I-1IT (%) 43 (17.3) 19 (15.4) 24 (19.2) 0.503
Killip IV (%) 113 (45.6) 57 (46.3) 56 (44.8) 0.899
Nonmalignant arrhythmia** (%) 47 (19) 28 (22.4) 19 (15.4) 0.195
Malignant arrhythmia*** (%) 40 (16.1) 16 (13.0) 24 (19.2) 0.227
Major bleeding# (%) 11 (4.4) 5(4.1) 6 (4.8) 1.00
Minor bleeding## (%) 12 (4.8) 5(4.1) 7 (5.6) 0.769
LOS### (mean + SD; days) 6.02 +5.35 6.28 + 6.20 5.77 +4.38 0.456
Readmission within 28 days (%) 52 324 2 (1.6) 0.682

Heart failure (Killip I-IV) = heart failure at index of hospitalization; ** PAC, PVC, AF, flutter, SVT, heart block less than
second degree AV block Mobitz II; *** VT/VF, heart block more than second degree AV Mobitz [; # ICH, UPGI bleeding
required blood transfusion; ## Hematuria, hematoma, UGIB did not require blood transfusion; ### Length of hospital stay

different. Overall, 19.5% of patients in the Thai ACS
registry 2007 were administered intravenous
glycoprotein IIb/Illa inhibitor but none of patients
received it in the present study. Two cases had
intracranial hemorrhage (1.38%), which was one in
each group. This was slightly higher than previous
report of Streptokinase’s complication*'¥ because
the number of thrombolysed STEMI in the present
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study was only 144 cases and none of the patients
died during transferring process. This present data
showed that safety efficacy is to move the site of
thrombolytic infusion from ward to ED in Thailand’s
rural hospitals.

The median of DTNT in the after applying
ADECS group improved significantly and is closer to
data from Western countries. The Mayo Clinic STEMI
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Table 2. Efficacy of fast track managed care in thrombolysed STEMI patients according to before and after applying

ADECS
All thrombolysed  Before applying After applying p-value
STEMI (n=144) ADECS (n=67) ADECS (n=77)
Symptom onset to hospital arrival time
Mean (min + SD) 193.61 + 151.47 176.90 + 130.08  208.16 + 167.38 0.218
Median (min) 160 145 165
DTNT
Mean (min + SD) 58.70 + 46.69 73.24 + 54.78 46.05 + 33.88 <0.001
Median (min) 47.5 65 30
TIT
Mean (min + SD) 25231 £151.90  250.13 +139.09 25421 +163.12 0.873
Median (min) 228 225 226
No. of patients; DTNT within 30 minutes (%) 43 (29.9) 4(6) 39 (50.6) <0.001
No. of patients TIT within 180 minutes (%) 52 (36.1) 24 (36.4) 28 (35.8) 1.00

Table 3. Effect of DTNT within 30 minutes and TIT within 180 minutes to in-hospital outcomes in 144 thrombolysed

STEMI patients

DTNT within DTNT >  p-value TIT within TIT > p-value
30 min (43) 30 min (101) 180 min (52) 180 min (92)

Mortality rate (%) 9(20.9) 17 (16.8) 0.637 7 (13.5) 19 (20.7) 0.369
Killip I-1IT (%) 9 (20.9) 16 (15.8) 0.477 8 (15.4) 17 (18.5) 0.819
Killip IV (%) 20 (46.5) 51 (50.5) 0.718 25 (48.1) 46 (50.0) 0.863
Malignant arrthythmia*** (%) 10 (23.3) 11 (10.9) 0.071 9(17.3) 12 (13.0) 0.624
Non-malignant arrthythmia** (%) 9(20.9) 27(26.7) 0.533 14 (26.9) 22 (23.9) 0.693
LOS### (days + SD) 7.86+5.78 5.86+5.7 0.057 729+7.00 599+493  0.19

Heart failure (Killip I-IV) = heart failure at index of hospitalization; ** PAC, PVC, AF, flutter, SVT, heart block less than
second degree AV block Mobitz II; *** VT/VF, Heart block more than second degree AV Mobitz I; ### Length of hospital stay

Protocol"®was 30 vs. 25 minutes and is much shorter
than Thai ACS registry 2007@ at 30 vs. 85 minutes.
However, the median of TIT was still similar to Thai
ACS registry 2007® of 226 vs. 240 minutes and took
approximately two hours longer than The Mayo
Clinic STEMI Protocol" at 226 vs. 103 minutes. The
independent factor was the SHAT which was shortest
in The Mayo Clinic STEMI Protocol showing only
75 minutes'® but approximately 180 minutes in Thai
ACS registry 2007® and 165 minutes in the present
study. Because Western countries have well established
pre-hospital management to approach the patients
immediately and choose the best mode of re-perfusion
therapy on site, by emergency medical services (EMS).
However, almost all Thai’s STEMI patients were self-
presentation (walk in) at the ED and that took a
much longer time. In the present study, 35.4% of non-
thrombolysed STEMI patients were not thrombolysed
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due to the SHAT being more than 12 hours. Pre-hospital
patient delay was still the principal impediment to
effective treatment of STEMI in Thailand. The present
study showed significant improvement of primary
endpoints, but the secondary endpoints could not be
improved, especially the mortality rate, which as 20.3%
vs. 21.6%; p=0.876. This is because the mean of TIT,
which was the true golden period of re-perfusion
therapy that could improve clinical outcomes®, was
longer than 180 minutes, which is the best period of
thrombolytic efficacy"®. This was the same in both
groups, 250.13 +139.09 vs. 254.21 +163.12; p=0.873.
There was the same percentage of thrombolysed
STEMI patients who achieved TIT within 180 minutes,
36.4% vs. 35.8%; p=1.00. The efficacy of DTNT within
30 minutes could not show any improvements in all
in-hospital outcomes, especially mortality rate,
which had an insignificant statistical increase, 20.9%
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vs. 16.8%; p = 0.637. Nevertheless, the TIT within
180 minutes could show a trend to decrease the
mortality rate, 13.5% vs. 20.7%; p = 0.369 due to the
sample size is too small to declare improvement.
Following the Western STEMI guideline of achieving
DTNT within 30 minutes, the Thai STEMI guideline
might not be proper. This is because the SHAT was
much more different between Thai patients and
Western patients. The next step of developing the Thai
STEMI guideline, especially for rural hospitals, where
cardiac catheterization laboratories were not available,
should be the shortest time to achieve SHAT and DTNT
and having the TIT within 180 minutes. Continuously
collecting and analyzing data as well as routinely
practicing the STEMI fast track managed care is needed
to achieve the best patients’ clinical outcomes.

Study limitations

There were some limitations in the present
study. First, all STEMI patients in Saraburi Hospital
may not have participated in the fast track care, due to
mis-diagnosis or death at ED or outside of hospital.
Second, in cardiogenic shock or Killip IV heart
failure, clinical diagnosis did not use hemodynamic
data. Third, heart failure defined by Killip classification
was not identified at the initial presentation at ED.

Conclusion

The Applied Digital 12 leads ECG Consultation
System should be included in routine fast track care
and thrombolytic infusion should be started at ED for
all STEMI patients. Short door to needle time was
not enough to improve in-hospital outcomes. For
continuous improvement, the symptom onset to
hospital arrival time and routine practice with quality
assessment process should be considered.
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