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Current Status of Emergency Care for ST-Elevation
Myocardial Infarction in an Urban Setting in Japan
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Makoto Shimizu, MD#; Tomoaki Shimizu, MDY, Takahiro Takei, MD!;
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Background The door-to-balloon time (DTB) is an important predictor of the outcome for patients with ST-
elevation myocardial infarction (STEMI). In Japan, percutaneous coronary intervention (PCI) can be performed
at many hospitals, and the predominant strategy for reperfusion therapy is primary PCI. However, it remains
unclear how rapidly reperfusion is achieved at these hospitals.

Methods and Results The study group comprised 369 patients with STEMI who presented within 12h of
symptom onset 10 a tertiary emergency center (TEC) or at 11 community hospitals (CHs) in 2006 and underwent
emergency coronary angiography. Median DTB was shorter in the TEC (63 vs 104 min, P<0.001), and the rate of
DTRB within 90 min was higher in the TEC (96% vs 39%, P<0.001). Lateral myocardial infarction, presentation
during off-hours, and non-cardiologist as the first-contact physician were significantly associated with a prolonged
DTB in CHs. There was a trend toward lower 30-day mortality from all causes in the TEC (2.0% vs 4.8%,
P=0.08). Multiple logistic regression analysis demonstrated that prolonged DTB (>90 min) was an independent
predictor of 30-day mortality (odds ratio 12.6, 95% confidence interval 1.85-86.2, P=0.01),

Conclusions  Establishment of emergency cardiac care systems with the goal of DTB within 90 min is required

in PCl-capable hospitals to improve clinical outcomes.
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he time from hospital admission to reperfusion is an
important predictor of the outcome for patients with
ST-elevation myocardial infarction (STEMI)!3
Guidelines for the management of STEMI issued by the
American College of Cardiology/American Heart Associa-
tion and the Furopean Society of Cardiology recommend
primary percutaneous coronary intervention (PCI) for re-
perfusion therapy when it can be performed in a timely
manner (ie, door-to-balloon time (DTB) or first medical
contact-to-balloon time within 90min) by experienced
operators at high-volume centers** However, emergency
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primary PCI is not always feasible, and treatment is fre-
quently delayed. In Japan, PCI can be performed at many
hospitals, and the predominant strategy for reperfusion
therapy is primary PCI®? but how rapidly reperfusion is
achieved in Japanese hospitals that routinely perform PCI
remains unclear. Drugs, devices, and techniques for primary
PCI have been actively debated, whereas shortening the
time to reperfusion has only recently received auention.
This study evaluated DTB and analyzed its components in
patients with STEMI who were admitied to emergency
hospitals in an urban setting in Japan and examined differ-
ences in DTB according to the type of hospital.

Methods

Study Popularion

We retrospectively studied 369 patients (283 men, 86
women; mean age, 63 years) with STEMI who were admit-
ted 1o 12 emergency hospitals in an urban setting in Japan
and underwent emergency coronary angiography within
12h after symptom onset. Patients with out-of-hospital
cardiac arrest were excluded. All subjects had to have typi-
cal chest pain lasting for 20min or more and ST-segment
elevation in at least 2 adjacent leads (>0.1mV in leads 1,
M, aVF, aVi, Vas and >0.2mV in leads Vi-3) on the admis-
sion electrocardiogram (ECG). The diagnosis of acute
myocardial infarction (AMI) was confirmed by an increase
in the creatine kinase level to more than twice the upper
limit of normal. Another 20 patients with STEMI within
12h after symptom onset were hospitalized dunng the
study period, but did not undergo urgent cardiac catheter-
ization because of advanced age or comorbidity. No patient
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Table 1 Capabilities of the 2 Types of Hospitals

TEC in=]) CHs(n=11}
No. beds 720 259-601°
No. cardiclogists I 43
Annual no. total PCI 2200 + i
Interventional capability for 24 W7 days + 10411
Cardiologusts on duty for 24 M7 days + i
Cardiologists always tnitially evaluate patients with o 11

chest discomfort in the emergency department

On-site cardiac surgical back-up 4 311

Pre-hospital 12-lead ECG transmission system

*Range.

TEC, tertiury emergency center; CHs, community hospitals: PCI, percutancous coronary intervention; ECG, electrocardiogram

Table 2 Baseline Characteristics of the Patients

TEC (n=98) CHs (n=271) P value

Age (years) 623108 66,6117 0.002
Gender, M 80(82%) 203 (75%) 018
Medical histary

Hypertension 57(58%) 148 (55%) 0.54

Dyshipidemua dd (5% 116 (43%) (166

Diabetes mellitus I6(37%) 102 {38%) .93

Previous myocardial infarction 8(8%) 20(7%) 0.81

Previous bypass surgery 2(2%) 4i{1%) .51
Infarct location

Anterior 38 (39%) 130 (48%) 012

Inferior 48(49%) 105(39%) 00§

Lateral 7(7%) 2118%) 0.85
Time and mode of presentation

Presentation during regular hours 49(30%) 134 (49%) 0193

P y self-transport 4(4%) 69 (25%) <0

Inter-hospital tra 30(31%) 57(2U%) .06
Cardiologist us ‘first-contact” physician 94 (96%) 17 (45%) <000
Killip class 22 10(10%) H(13%) 054
Fibrinolytic therapy with facilitated PCI 42(4i%) 93 34%) a3

Abbreviations see in Table |,

received thrombolytic therapy without coronary angiogra-
phy. All clinical data were collected from medical records
by a single researcher. The 12 participating institutions con-
sisted of 1 tertiary emergency center (TEC) and 11 commu-
nity hospitals (CHs), all of which could perform PCL. The
study period was from January through December 2006.

Data Analysis and Definition

We compared the institutional and patients' baseline
characteristics between the TEC and CHs. Time factors such
as DTB and its components were also compared. We then
analyzed variables associated with treatment delays and
clinical outcomes.

Door time was defined as the arrival time at the emer-
gency department where emergency cardiac catheterization
was performed (not the arrival time at referral hospitals for
transferred patients). Balloon time was defined as the time
of first balloon inflation, or the time of stent implantation if
the patient underwent primary stenting. PCI was considered
successful if a Thrombolysis In Myocardial Infarction
(TIMI) Aow grade of 2-3 was obtained in the infarct-related
artery in the presence of <50% residual stenosis with balloon
angioplasty or <20% residual stenosis with stent implanta-
tion. If initial angiography showed TIMI grade 3 flow with
>75% stenosis, additional PCT was left to the discretion of
the attending physician.

Presentation time was divided into “regular hours”

(defined as weekdays from 08.30-19.59h) and “off-hours”
(weekdays from 20.00-08.29h and weekends),

Statistical Analysis

Statistical analysis was performed with SPSS 11.0 for
Windows (SPSS. Inc, Chicago, IL, USA). The Kolmogorov-
Sminov test was used 10 analyze the normality of the distri-
bution of the study variables. Values are expressed as mean £
SD or median with interguartile ranges. Univariate com-
parisons of continuous variables between groups were done
with unpaired t-tests for normally distributed variables and
Mann-Whitney tests for skewed variables. Categorical varia-
bles were compared with chi-square tests or Fisher's exact
test. Multivariable logistic-regression analysis was per-
formed with the variables that were significantly related 10
outcome variables in the univariate analyses (o determine
predictors of DTB within 90 min and of 30-day mortality.
Differences were considered significant at P<0.05

Results

Hospital Characteristics

Table 1 shows the characteristics of the hospitals. The
TEC was a high-volume center with many strategies to re-
duce the DTB. An attending cardiologist is always available
to examine patients who present with chest discomfort at the
emergency department, as compared with only 1 of the 11
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Table 3 Angiographic Findings and Interventional Procedure Rates

TEC (r=98) CHs(n=271) P value
Inual TIMI flow grade O 46 (47%) 124 (46%) 0.84
POBA and/or stent implantation 80(82%) 231185%) 040
Thrombeciomy 13113%) Bifil%) 000}
Dustal pratection 9195 1i1%) <0k
Pre intravascular wltrasound 74(76%) 47(17%) <0.00)
Temporary pacing 111%) 218%) ool
Final TIMI flow grade 3 86 (B8%) 242 (89%) nes
PCl success 77 (%) 226 (98%) 034

TIMI, Thrombolynis In Myocardial Infarction; POBA, pluin old balloon angioplasty. Other abbreviatons see in Table ]

Table 4 Time Factors Related (o Reperfusion

TEC CHs P vulue
Symptom onset-admission (min) §3(51, 142} 100 (56, 180) 0.08
Admussion-ECG (min) 413 5 4(3,7) 067
ECG-catheterization laboratory (min) 20(16.25) 45(15, 69) <0.00)
Catheterization laboratory-CAG (min) 13(11, 16) 18(15,23) <000
CAG-balloon (min) M4020. 31 26119, 38) 028
Doar-balloon {min) 63 (55, 70) 101 (83, 134} <L
DTB within % min 96% 9% <tLix01

Values are median with interguartile ranges,

CAG, first coronary angiography; DTB. doar-to-balloon time. Other ubbreviations see in Table 1

TEC CHs
250 r NS p=001
. 200
=
E ——
m 150
'._
o
§ 100 -
‘g [ | :
50 | =—— =1 |
Figl. Median door-to-balloon ime (DTB) during
0 — regular hours and off-hours in each hospital type.
TEC. tertiary emergency center; CHS. community
regular hours off-hours  regular hours off-hours hospitals.

CHs. The TEC has a pre-hospital 12-lead ECG transmission
system from the ambulance to the emergency department,
and ECG transmission was performed in approximately
50% of the TEC patients.

Parients’ Characreristics

Within the overall study group, 98 (27%) patents were
admitted 1o the TEC and 271 (73%) to CHs. There was no
difference in sex, infarct location, or the rate of Killip class
>2 hetween the 2 types of institution. The patients admitted to
TEC were younger than those admitted to CHs. Fibrinolytic
therapy with low-dose tissue plasminogen activator with
facilitated PCI was performed in 42 patients (43%) in the
TEC and in 93 (34%) patients in the CHs. Overall, 15 pa-
tients who received fibrinolytic agents did not undergo PCI

because of successful reperfusion as confirmed by coronary
angiography, without balloon angioplasty. These patients
were excluded from the analysis regarding the time from
CAG 1o first balloon inflation. First-contact physicians were
more frequently cardiologists in the TEC. The proportion
of patients transterred from other hospitals was higher in
the TEC, whereas the rate of self-transport to the hospital
was significantly lower (Table2).

Angiographic Findings and Interventional Procedure Rate

The frequency of PCl-related procedures such as throm-
bectomy, use of distal protection devices, and pre-inravas-
cular ultrasound differed between the 2 types of institution,
Balloon angioplasty (POBA), stent implantation, or both
were performed in 82% of the patients in the TEC and in
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Table 5 Variables Associated With Prolonged DTB (>90 min) in Patients Admitled 1o CHs

Univartate

Multivariate

" ' 5

analyais P value aabyis 4s%Cl P value
Annual PCI procedures <200 i admuiting hospaal® 1.9 0.76 - -
Cardiogenic shock .36 0.045 016
Lateral wall infarction 45 0.043 385 L01-148 0.049
Presentation during off-howrs 139 <0.00] 294 1.63-531 <0001
Presentation by self-transport 23 0014 0.10
Inter-hospital transfer 041 0.004 0.37
Non-cardiologtst as first-contact physician’ 413 <0001 163 202-4.52 <0061

ORs of prolonged DRT are shown. Vanables reaching P<0.05 on unwvariute unalysis were entered into the multvarsle gnalysis.
*Although annua! PCl volume is included, it was not associated with prolonged DBT and way not entered into the multrvariate

analysis

C1, confidence interval; OR, odds ratio. Other abbreviations see in Tubles 4.

Table 6 Multivariate Predictors of All-Cause 30-Day Mortality

OR 95%Cl P value
Age>75 years 114 2,05-63.3 0.005
DTB >0 mun 126 1.8596.2 .01
Killip class 22 M3 5.56-211.2 <0001
Fmnal TIMI flow grade <2 255 2.75-236.7 0004
Anterior myocardial mfarction 18 1341033 0.01

Variables reaching P<0.05 on univariate analysis were entered into the multivariate analyss.

Abbreviations see in Tables 3.4.

85% of those in CHs. PCI was successful in 95% of the
patients treated in the TEC and in 98% of those treated in
CHs. The proportion of patients with a final TIMI flow grade
of 3 did not differ between the TEC and CHs (Table3).

Time Factors Related to Reperfusion and Clinical
Qutcome

The time from symptom onset to admission was slightly
but not significantly longer in the CHs. The time from ad-
mission 0 ECG recording and the time from first coronary
angiography to first balloon inflation were similar in the 2
types of hospital. However, the time from ECG recording
to the cardiac catheterization laboratory was significantly
longer in the CHs, resulting in a longer DTB. The TEC had
a median DTB of 63min and achieved a guideline-recom-
mended DTB within 90min in 96% of patients, whereas
the CHs had a median DTB of 101 min and only 39% of
patients achieved a D'TB within 90 min (Tabled). Presenta-
tion during off-hours significantly prolonged the DTB for
27min as compared with presentation in regular hours in
the CHs, whereas the time of presentation did not influence
the DTB in the TEC (Fig 1). Morcover, treatment was mark-
edly delayed (DTB >150min) in 18% of the patients treated
at CHs, and this increased to 30% when a non-cardiologist
was the first-contact physician. There was a trend toward
lower 30-day mortality from all causes in the TEC in the
overall study group (2.0% vs 4 8%, P=0.08).

Variables Influencing DTB in CHs

Because a guideline-recommended DTB was achieved
in most of the patients treated in the TEC, the variables that
influence the DTB were analyzed among the patients who
were admitted 10 a CH. Hospitals that performed more than
200 PCI per year did not have a shorter DB than hospitals
that performed less procedures. After multivariable adjust-
ment, lateral M1, presentation during off-hours, and non-
cardiologist as first-contact physician were significantly

associated with a prolonged DTB (Table5). Inter-hospital
transportation occurred in 21% of patients admitted to a
CH, but was not a significant factor for DTB>%0min on
multivariate analysis. After excluding referred patients and
analyzing data only from patients with direct transporta-
tion, the results for time factors were similar to those
obtained for the study group as a whole.

Analysis of Predictors of 30-Day Mortality )

Table6 shows the predictors of 30-day mortality from
all causes in patients who underwent emergency PCIL. Mul-
tiple logistic regression analysis showed that age >75 years,
anterior M1, Killip class 22, final TIMI flow grade <2, and
DTB>Y%min were independent predictors of mortality
within 30 days.

Discussion

Our study showed that CHs achieved the guideline-rec-
ommended DTB in less than 40% of patients with STEMI,
and that prolonged DTB was an independent predictor of
30-day mortality, Delayed treatment was associated with
patient presentation during off-hours and non-cardiologists
as the first-contact physician. In contrast, the TEC, which
specialized in cardiac emergency care, performed rapid
reperfusion therapy in most patients.

Prompt PCT significantly reduces mortality and morbidi-
ty in patients with STEMI, and ?rolongcd DTB has been
associated with poor outcomes! ! However, most previ-
ous studies were performed in Western countries at medical
centers with experienced PCI providers. We investigated
whether a similar situation exists in Japanese hospitals. In
contrast to Western countries, many hospitals in Japan can
perform PCI and consequently, 75-94% of patients with
STEMI undergo primary PCI for reperfusion therapy?*
including those treated at low-volume centers!!.}2 Our find-
ings showed that PCI volume at the CHs was unrelated to
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either DTB or 30-day mortality in contrast to results obtained
by Western studies, where a prolonged DTB was associated
with higher 30-day mortality. This outcome suggests that
the establishment of emergency cardiac care systems is a
more important factor in the reduction of DTB than the
treatment of patients with STEMI at high-volume centers,
consistent with the recommendations of “Development of
System of Care for ST-Elevation Myocardial Infarction,”
issued by the American Heart Association!* A recent study
has shown that hospital policies that emphasize having a
well-equipped catheterization laboratory staffed by atend-
ing cardiologists and other dedicated care providers contrib-
utes 1o a reduced DTBM In another siudy, the establishment
of protocols requiring that the cardiac catheterization labo-
ratory is activated by emergency department physicians
and that patients with cardiac problems are immediately
transferred and treated at catheterization laboratory signifi-
cantly reduced DTB by 38min overall!® contributing to a
decrease in mean infarct size.

QOur study found that non-cardiologists as first-contact
physician and off-hour presentation were associated with
prolonged DTB in Japan. In the CHs, more than half of the
patients with STEMI were initially treated by a non-cardi-
ologist, who quickly obtained a 12-lead ECG for patients
who had symptoms suggesting STEMI, but the time from
ECG to the catheterization laboratory remained prolonged.
The time from first coronary angiography to first balloon
inflation, the PCI success rate, and the proportion of patients
with a final TIMI flow grade of 3 did not differ between the
CHs and TEC, suggesting the cardiologists were unaware of
treatment delays that occurred before they were consulted.
Ideally, all patients with symptoms suggesting STEMI
should be examined by a cardiologist immediately after
admission; however, most CHs do not have a 24-h on-site
attending cardiologist 7 days per week because of limited
human and financial resources. Non-cardiologists should
therefore be aware of the clinical significance of the DTB
and immediately transfer patients suspected to have STEMI
to the cardiac catheterization laboratory.

In Vienna, Austria, the establishment of a cooperative
network and implementation of the guidelines for the treat-
ment of STEMI led to earlier reperfusion therapy and sig-
nificantly improved clinical outcomes!® Pre-hospital ECG
transmission enables on-call cardiologists to be notified
before the patient arrives in the emergency department and
reduces PCl-related delays, with earlier activation of the
catheterization laboratory!’-1* We believe that pre-hospital
ECG transmission and analysis contributed substantially to
the higher rate of a DTB within 90min at the TEC in our
study.

In conclusion, our results suggest that the design and
implementation of appropriate guidelines and the improve-
ment of hospital performance through the organization and
establishment of emergency cardiac care systems will con-
sistently ensure rapid reperfusion in patients with STEMI.
Optimal policies tailored to meet the needs of specific com-
munities are likely to reduce the DTB and lead to improved
oulcomes

Study Limitations

This study included a small number of patients and was
performed in a single region of Japan. Overall, 37% of pa-
tients underwent facilitated PCI with a half-dose of tissue
plusminogen activator; negative results after facilitated PCI
have been reported??! but several swdies, including the

Comparison of Angioplasty and Prehospital Thrombolysis
In acute Myocardial infarction (CAPTIM) trial2? the Vienna
registry!® and the National Registry of Myocardial Infarc-
tion (NRMD)!* have demonstrated the effectiveness of fibri-
nolytic therapy early after the onset of ML In addition, the
former 2 trials also confirmed the efficacy of immediate
PCI after fibrinolytic therapy!®?223 We therefore adminis-
tered a half-dose of fibrinolytic therapy followed by PCI in
younger patients who presented early after onset.

Although the DTB at the TEC was within guideline rec-
ommendations in nearly all patients with STEMI, a direct
companson with the results of previous Western studies is
precluded by differences in the definition of the DTB for
transferred patients. Indeed, inter-hospital transfer has been
found to be a strong independent predictor of a delayed time
from first hospital arrival to first balloon inflation?* but the
present study focused on hospital performance to identify
in-hospital problems that need 0 be solved. Furthermore,
we must recognize that emergency care systems in Japan
might differ considerably from those in Westemn countries.

Conclusion

A DTB longer than 90min was associated with a higher
30-day mortality in Japanese patients with STEMI. Guide-
line-recommended DTB was achieved in most of the
patients in the TEC, as compared with less than 40% in
CHs. Although the DTB was frequently longer in CHs,
there was no correlation between PCI volume and DTB.
Establishment of emergency systems for STEMI care with
the goal of a DTB within 90min is required in PCl-capable
hospitals 1o improve clinical outcomes.
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SUMMARY

Management of Mediastinitis and Preventions of Perioperative Nosocomial Infection after Cardio-
vascular Surgery
Kazuyuki Ishibashi et al., Department of Cardiovascular Surgery, Akita University, Akita, Japan

This article reviews risk factors and treatment of perioperative nosocomial infections. The primary
prophylactic antibiotic is recommended to be a cefazolin or penicillin with sulbactam, because the most
frequent organism cultured in cardiac surgical site infection (SSI) is Staphyloccocus. Antibiotic prophy-
laxis of 48 hours duration after cardiovascular surgery is climcally effective in minimizing infectious
complication. In patients considered at high risk for a staphylococcal infection, vancomycin may be
recommended. In the treatment of postoperative infections, Gram-stain-based antibiotic selection is nec-
essary and the initial empirical therapy to ensure adequate coverage of potentially infective organisms
should be accompanied by de-escalation until microbiological data become available. Mediastinitis, which
15 one of the important infectious complications after cardiovascular surgery, requires surgical drainage
and debridement, as well as antimicrobial therapy. Vacuum-assisted closure (VAC) is an effective ther-
apy compared with the conventional technique of open packing. Continuous clinician’s efforts and pro-
longed infection control programs are very important for prevention of perioperative nosocomial infec-
tion after cardiac surgery.

oSS S Il 2007 F58 S (vols0 No.5)

cardiovascular surgery/antiblotic prophylaxis/mediastinitis/risk factor
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SUMMARY

Surgical Repair of Extracardiac Unruptured Aneurysm of the Sinus of Valsalva
Hiroakt Aida et al., Department of Cardiovascular Surgery, Hiraka General Hospital, Yokote, Japan

An isolated extracardiac unruptured aneurysm of the non-coronary sinus of Valsalva was detected
incidentally in a 49-year-old woman with chronic obstructive pulmonary disease.

The orifice of the aneurysm was closed with XAG-400 patch. The aortic valve was normal. 20 cases
of successful operation have been reported in Japan with extracardiac unruptured aneurysm. In the
review of the literature, patch closure of the orifice of the aneurysm was the standard procedure in
most cases. However, aortic root replacement was required in some cases with concomitant cardiac
and/or aortic disease.
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aneurysm of sinus of Valsalva/extracardiac aneurysm/patch closure
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