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Background: Conflicting datas exist regarding the outcomes of primary percutaneous cor-
onary intervention (PCI) for ST-segment elevation myocardial infarction (STEMI) when the
intervention is performed during night hours. Methods and Results: 2,644 consecutive
patients with STEMI (mean age 56.7 6 11.9, years, 2,188 male) undergoing primary PCI
between October 2003 and March 2008 were retrospectively enrolled into this study (single
high-volume center: >3,000 PCIs/year). Day time was defined according to intervention
between 08:00 am and 06:00 pm and night as intervention time between 06:00 pm and 08:00
am. 1,141 patients (43.2%) were treated during the day and 1,503 (56.8%) at night. The base-
line characteristics of both groupswere similar except for more frequent hypertension (42.6
vs. 36.5%; P5 0.002), women (19.7 vs. 15.4%; P5 0.003), and old (�75y) patients (9.6 vs. 7.4;
P 5 0.046) in the day time group. Compared with those treated during night time, day time
patients had longer angina-reperfusion times (mean, 205 vs. 188 minutes, P5 0.016). Door-
to-balloon times were similar (P 5 0.87), and less than 90 minutes in both groups. There
were no differences concerning clinical events and PCI success between the two groups.
Hospital mortality was 6.1% during the day and 5.2% during the night (OR 0.98, 95% CI 0.7–
1.36; P 5 0.89). The median follow-up time was 21 months. The Kaplan-Meier survival plot
for long-term cardiovascular death was not different for both groups (P5 0.78). In-hospital
and long-term cardiovascular mortality was also similar in shock and nonshock subgroups.
Conclusions: Primary PCI can be performed safely during the night at a high-volume PCI
center with suitable and effective organization of cardiology department and catheterisa-
tion laboratorywith 24 hours per day, 7 days perweek onsite staffing. VC 2009Wiley-Liss, Inc.
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INTRODUCTION

Primary percutaneous coronary intervention (PCI)
has advantages over thrombolytic therapy such as rapid
restoration of normal coronary blood flow in the
infarct-related artery (IRA) independent of time from
symptom onset, greater amount of salvaged myocar-
dium, and assessment of coronary anatomy, hemody-
namic status with risk stratification, and earlier hospital
discharge in patients presenting with an ST-elevation
myocardial infarction (STEMI) [1–5].

Primary PCI is similar to elective PCI. However,
PCI in the early phase of STEMI can be more difficult
and requires more experience because it is performed
in conditions of increased risk due to hemodynamic
and electrical instability, increased thrombogenicity
and complete thrombotic occlusion of stenotic coronary
arteries. So primary PCI should be done by a team of
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experienced interventional cardiologists in hospitals
with well organization of cardiology department and
catheterisation laboratory to keep the door-to-balloon
time under 90 minutes [6].

There are conflicting datas exist that primary PCI

performed during the night is not successful compared

with the day time intervention [7–9]. ‘‘Maximal Indi-

vidual Therapy in Acute Myocardial Infarction

(MITRA)’’ study[10] has shown comparable feasibility,

safety, and results of primary PCI performed day or

night in 491 patients. Ortolani et al. [11] in 985

patients, and Sadeghi et al. [12] in 2036 patients found

similar results between day and night time intervention.

The aim of this study was to evaluate results of pri-

mary PCI during day and night time without restric-

tions based on age, sex, clinical status, and shock in a

high-volume tertiary center with a large population.

METHODS

Patient Population

We retrospectively evaluated 2,825 consecutive

patients with STEMI who were admitted to the emer-

gency department of our hospital and underwent urgent

cardiac catheterization procedures between October

2003 and March 2008. Patients were enrolled in the

study if they fulfilled the following criteria: (1) pre-

senting within 12 hr (18 hr for cardiogenic shock)

from the onset of symtoms (typical chest pain lasting

for >30 min); (2) ST-segment elevation �1 mm in at

least two contiguous electrocardiogram (ECG) leads or

new onset of complete left bundle-branch block; (3)

treatment with primary PCI (angioplasty and/or stent
deployment). 181 patients were excluded; no indication

for PCI (n ¼ 96), treated with coronary bypass surgery

(i.e. not suitable for PCI) (n ¼ 85). Therefore, the final

study population consisted of 2,644 patients. All pri-

mary PCI procedures during day and night time were

performed in a single high-volume tertiary center

(>3,000 PCIs/year) by expert operators performing

>75 PCIs/year. The study protocol was approved by

the hospital’s Ethics Committee.

Data Sources

Demographic information and the clinical history of
risk factors such as age, gender, diabetes mellitus
(DM), hypertension, hypercholesterolemia, smoking,
family history for coronary artery disease, myocardial
infarction (MI) history, PCI, or bypass history were
determined from medical records. Angina-to-reperfu-
sion time and door-to-balloon time were calculated.

Blood values were determined at hospital admission
(before catheterization procedures) and on a daily basis
during the hospital stay. A 12-lead ECG was recorded
in each patient just after hospital admission. Glomeru-
lar filtration rate (GFR) was estimated by the simplified
MDRD (Modification of Diet in Renal Disease) equa-
tion [13,14].

Transthoracic echocardiography was performed by
using a system V (Vingmed, GE) with a 2.5 MHz
phased-array transducer. Recordings were taken on
patients positioned in the left lateral decubitus position.
The left ventricular ejection fraction (LVEF) was
measured using modified Simpson’ s rule [15].

Hospital Characteristics

This study was done in Istanbul which is Turkey‘s
most populous city. Today its population is approxi-
mately 16 million (23% of Turkey), and increases at
an estimated 700,000 immigrants per year from all
areas of Turkey. So Istanbul is mosaic of Turkey.

Between 06.00 pm and 08.00 am (every day of
week), and at weekend, there are 8 cardiology fellow-
ships, 3 cardiologists (1 for emergency room, 1 for
angioplasty, and 1 for intensive care units), 1 angiogra-
phy nurse, and 1 radiology technician. These personel
and also surgeons stay at hospital. When a patient
comes to emergency room, first these doctors examine
the patient, record the times, and take ECG. When the
fellowships call interventionalist doctor, the patient is
transferred to angiography laboratory. Emergency room
is next to door of hospital (10 meters). There are 50
meters between emergency room and laboratory. (Hos-
pital door-to-laboratory time is 5–7 minutes).

Coronary Angiography, Primary Angioplasty
and Stenting

All patients received chewable aspirin (300 mg,
unless contraindicated) and clopidogrel (300 mg load-
ing dose) before coronary angiography. Angiographic
data of the patients were obtained from the cardiac
catheterization laboratory records. Emergency coronary
angiography was performed by the percutaneous femo-
ral approach. In all cases, nonionic low-osmolality con-
trast media was used. The contralateral artery was first
injected. IRA was graded according to thrombolysis in
MI (TIMI) classification [16]. Heparin (10,000 U) was
administered after coronary anatomy was defined. Cor-
onary artery stenosis >50% was considered clinically
significant. Occlusion of the IRA was crossed by using
a 0.014-inch guide wire. PCIs including balloon angio-
plasty and/or stent implantation were performed only
for IRA according to lesion anatomy. For each
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procedure, interventional success at the acute phase
defined as an obstruction and stenosis of the IRA hav-
ing been reduced to <50% stenosis with TIMI 2 or 3
flow after primary PCI. After angioplasty, all patients
were admitted to the coronary care unit, where 500 U/
hr of intravenous heparin or 1mg/kg/day of subcutane-
ous low molecular weight heparin were given; 100 mg
aspirin and 75 mg clopidogrel were continued in all
patients. The use of tirofiban was left to the discretion
of the operator.

Definitions

We compared the results of patients who underwent
primary PCI during the day with those undergoing the
procedure during the night. Day time was defined
according to intervention as between 08:00 am and
6:00 pm, and night intervention time as between 06:00
pm and 8:00 am. Anemia was defined as a baseline he-
moglobin concentration <13 mg/dl in men and <12
mg/dl in women. Cardiogenic shock was defined as
marked and persistent (>30 min) hypotension with sys-
tolic arterial pressure less than 80 mmHg with signs of
hypoperfusion due to the left ventricular dysfunction,
right ventricular infarction, and mechanical complica-
tions. Patients were also evaluated according to Killip
clinical examination classification [17]. Advanced heart
failure was defined as New York Heart Association
(NYHA) classification �3. Multivessel disease was
defined by a stenosis of >50% in three major epicar-
dial coronary arteries. Hypertension was defined as a
history of hypertension for >1 year that required the
initiation of antihypertensive therapy by the primary
physician. DM was defined by treatment with oral
hypoglycemic agents or insulin regardless of glycemic
status at admission. Admission hyperglycemia was
defined as admission plasma glucose �200 mg/dl,
regardless of diabetic status. Hypercholesterolemia was
defined as total cholesterol �200 mg/dl. Positive fam-
ily history for coronary artery disease (CAD) was
defined as documented evidence of CAD in a parent or
sibling before 60 years of age. Acute stent thrombosis
is defined as an abrupt onset of cardiac symptoms (i.e.,
an acute coronary syndrome) along with an elevation
in levels of biomarkers or electrocardiographic evi-
dence of myocardial injury after stent deployment in
the first 24 hr which is accompanied by angiographic
evidence of a flow-limiting thrombus near a previously
placed stent.

Cardiovascular mortality was defined as unexplained
sudden death, death due to acute MI, heart failure, and
arrhythmia. Reinfarction was described as elevation of
serum CK-MB enzyme levels by two times of the
upper limit of normal and ST-segment re-elevations.

Follow-Up

Follow-up data were obtained from hospital records
or by interviewing (directly or by telephone) patients,
their families, or their personal physicians. Major
adverse cardiac events (MACE) were defined as cardi-
ovascular mortality, reinfarction, repeat target-vessel
revascularization (TVR) (percutaneous or surgical).
Only cardiovascular mortality was recorded. Serious
ventricular arrhythmias (ventricular tachycardia and/or
fibrillation), stroke, cardiopulmonary resuscitation,
advanced heart failure, atrioventricular block, transient
pace intervention, intra-aortic balloon pump, atrial fi-
brillation, major bleeding requiring �2U of blood, dial-
ysis, acute stent thrombosis, and MACE were also
recorded during in-hospital period.

Statistical Analysis

Quantitative variables were expressed as mean value
� SD, and qualitative variables were expressed as per-
cent (%). Comparison of parametric values between
two groups were performed by means of two-tailed
Student’s t test. Categorical variables were compared
by the likelihood-ratio v2 test or Fisher’s exact test.
Backward stepwise multivariable logistic regression
analysis which included variables with P < 0.1 by uni-
variate analysis was performed to identify independent
predictors of in-hospital cardiovascular mortality. The
cumulative survival curves for cardiovascular mortality
were constructed with the use of the Kaplan-Meier
method with differences assessed with the log-rank
test. A P value < 0.05 was considered statistically sig-
nificant. All statistical studies were carried out with
SPSS program (version 15.0, SPSS, Chicago, Illinois).

RESULTS

The baseline characteristics in the two groups are
summarized in Table I. Among the 2,644 study
patients (mean age 56.7 � 11.9, years, 2188 male),
1,141 patients (43.2%) were treated during the day and
1,503 (56.8%) at night. Patients in the day time group
were more likely to be female, slightly older, and more
commonly had hypertension, PCI history, and longer
reperfusion time (Table I).

Table II lists the laboratory data of the patients.
Admission baseline creatinine, cholesterol and glucose
levels were not different between the two groups. Simi-
lar enzymatic peak, renal insufficiency, and admission
anemia were observed in groups (Table II).

Angiographic and procedural characteristics are
depicted in Table III. LVEF was similar in groups.
Culprit lesions, preprocedural, postprocedural epicar-
dial flow, and procedural success were also similar
(Table III). Table IV presents the in-hospital adverse
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outcomes after primary PCI. There were no differences
between patients treated during the day and those
treated at night concerning clinical events. The length
of hospital stay was also similar. Hospital mortality
was 6.1% during the day compared with 5.2% during
the night (OR 0.98, 95% CI 0.7–1.36; P ¼ 0.89). In
nonshock subgroup, in-hospital mortality was 2.9% for
day and 3% for night group (P ¼ 0.92).

The median follow-up time was 21 months. Follow-
up data after discharge were not obtained for 20
(1.8%) patients with day and 26 (1.7%) patients with
night time intervention. Table V presents the long-term
adverse outcomes. The Kaplan-Meier survival plot for
cardiovascular death is presented in Figure 1a. The
Kaplan-Meier survival plot for long-term cardiovascu-
lar death was not different for both groups (P ¼ 0.78).
Long-term reinfarction, TVR, MACE, and advanced

heart failure showed the same significance as for cardi-
ovascular mortality. Table VI reports results of univari-
ate analysis to search for possible predictors of in-hos-
pital cardiovascular mortality. Night time intervention
showed no sign of association within-hospital mortality
at univariate analysis (odds ratio [OR], 0.84; 95% con-
fidence interval [CI], 0.60–1.17; P ¼ 0.29).

Multivariate logistic regression analysis demon-
strated the following parameters to be independent pre-
dictors of cardiovascular mortality; DM (OR 4.1, 95%
CI 1.59–10.6; P ¼ 0.004), cardiogenic shock (OR
13.2, 95% CI 4.7–37.1; P < 0.001), GFR �60 (OR
3.1, 95% CI 1.23–7.86; P ¼ 0.017), post-PCI LVEF
<40% (OR 6.6, 95% CI 2.72–16; P < 0.001), post-
PCI TIMI-3 flow (OR 0.18, 95% CI 0.07–0.46; P <
0.001), admission hyperglycemia (OR 4.46, 95% CI
1.72–11.6; P ¼ 0.002), and age 75 years or older (OR

TABLE I. Baseline Characteristics of Study Patients

Day time (n ¼ 1,141) Night time (n ¼ 1,503) P value

Age, y 57.5 (11.9) 56 (11.9) 0.002

Age �75, y 109 (9.6) 111 (7.4) 0.046

Male 916 (80.3) 1272 (84.6) 0.003

Anterior MI 549 (48.1) 747 (49.7) 0.42

Hypertension 486 (42.6) 549 (36.5) 0.002

Hypercholesterolemia 394 (34.5) 492 (32.7) 0.16

DM 285 (25) 369 (24.6) 0.75

Current smoker 640 (56.1) 871 (58) 0.25

Family history for CAD 180 (15.8) 241 (16) 0.85

Bypass 39 (3.4) 39 (2.6) 0.21

PCI 108 (9.5) 102 (6.8) 0.01

MI history 132 (11.6) 154 (10.2) 0.27

Dialysis history 2 (0.2) 6 (0.4) 0.3

Admission cardiogenic shock 53 (4.6) 54 (3.6) 0.18

Killip >1 89 (7.8) 112 (7.5) 0.92

Reperfusion time, min 205 (157.4) 188 (133.3) 0.016

Door-to-balloon time, min 31 (20) 30 (22) 0.87

Admission systolic pressure, mmHg 123.4 (30.5) 125.3 (31.4) 0.28

Mean values (SD) and % (n) are reported for continuous and categorical variables, respectively.

MI: Myocardial infarction, CAD: coronary artery disease, DM: diabetes mellitus, PCI: percutaneous coronary intervention.

TABLE II. Laboratory Findings of Patients

Day time (n ¼ 1,141) Night time (n ¼ 1,503) P value

Creatinine concentration at admission, mg/dl 0.98 (0.4) 0.99 (0.4) 0.47

GFR (MDRD) <60 ml/min/1.73 m2 140 (12.3) 178 (11.8) 0.72

Creatinine concentration at admission >1.5 mg/dl 41 (3.6) 58 (3.9) 0.73

Peak CK-MB, U/L 216.4 (179) 222.6 (187.2) 0.4

Total cholesterol, mg/dl 188.8 (42.7) 188.4 (42.3 0.81

LDL-cholesterol, mg/dl 118.1 (33.4) 117.3 (36.4) 0.65

HDL-cholesterol, mg/dl 41.2 (9.1) 40.7 (9.3) 0.18

Triglycerides, mg/dl 150.7 (107.9) 150.5 (107.1) 0.98

Admission blood glucose concentration, mg/dl 155.4 (79.7) 158.5 (75.7) 0.31

Anemia at admission 282 (24.7) 368 (24.5) 0.85

Admission hyperglycemia 182 (16) 253 (16.8) 0.56

Mean values (SD) and % (n) are reported for continuous and categorical variables, respectively.

GFR: Glomerular filtration rate, MDRD: Modification of diet in renal disease.
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7.22, 95% CI 2.28–22.9; P ¼ 0.001), (Table VII). Sur-
vival curves were similar within subgroup of patients
with (P ¼ 0.44) and without shock (P ¼ 0.87).

DISCUSSION

The major findings of this single-center study, the larg-
est to date examining the impact of intervention time in
patients undergoing primary PCI for STEMI, were that
night time intervention was observed frequently, and it
was not associated with an increase in-hospital and long-
term mortality. The angiographic, clinical outcomes, pro-
cedural success, myocardial recovery, hospital stay, and
door-to-balloon time were not different between the two
groups. Also night time intervention was not an inde-
pendent predictor of in-hospital mortality.

In this study, primary PCI procedure was frequent at
night similarly to other reports [18]. Because a peak in

platelet aggregation and blood viscosity, and also dif-
ferent plaque characteristics with variation in coronary
blood flow are seen at night [9]. We do not know the
exact mechanism of frequent PCI and hypertension his-
tory in day time group but older and women patients
perhaps were waiting the day for hospital admission
because of atypic symptoms.

There are lots of evidence that lower postprocedural
success and higher in-hospital mortality occurs in
patients treated at night [7–9,19]. Magid et al. showed
that door-to-balloon times were substantially longer
during off-hours (116.1 minutes) than regular hours
(94.8 minutes, P < 0.001). In this study, patients pre-
senting during off-hours had significantly higher in-
hospital mortality (OR, 1.07; 95% CI, 1.01–1.14; P ¼

TABLE III. Angiographic and Procedural Characteristics
of Patients

Day time

(n ¼ 1,141)

Night time

(n ¼ 1,503)

P
value

Culprit lesion

LMCA 4 (0.4) 2 (0.1) 0.74

LAD 550 (48.2) 751 (50) 0.68

CX 156 (13.7) 191 (12.7) 0.71

RCA 420 (36.8) 546 (36.3) 0.88

Others 11 (1) 13 (0.9) 0.83

No. of diseased vessels

1 473 (41.4) 640 (42.6) 0.74

2 359 (31.5) 484 (32.2) 0.8

3 309 (27.1) 379 (25.2) 0.69

Pre TIMI grade

0/1 995 (87.2) 1323 (88) 0.75

2 97 (8.5) 117 (7.8) 0.57

3 49 (4.3) 63 (4.2) 0.89

Post TIMI grade

0/1 123 (10.8) 142 (9.5) 0.28

2 70 (6.1) 76 (5) 0.48

3 948 (83.1) 1285 (85.5) 0.61

Stent 906 (79.4) 1235 (82.2) 0.17

Stent lenght, mm 19.4 (6) 19.2 (6.8) 0.67

Stent diameter, mm 3.1 (0.34) 3.1 (0.35) 0.3

Stent type

BMS 875 (96.6) 1200 (97.2) 0.51

PES 13 (1.4) 15 (1.2) 0.63

SES 18 (2) 20 (1.6) 0.44

Proximal location of the lesion 618 (54.2) 797 (53) 0.57

LVEF, (%) 47.4 (11.3) 47.2 (11.3) 0.8

Tirofiban 529 (46.4) 715 (47.6) 0.62

Success of the procedure 1015 (89) 1354 (90) 0.35

Mean values (SD) and % (n) are reported for continuous and categorical

variables, respectively.

LMCA: Left main coronary artery, LAD: left anterior descending coro-

nary artery, CX: circumflex coronary artery, RCA: right coronary artery,

TIMI: thrombolysis in myocardial infarction, BMS: bare metal stent,

PES: Paclitaxel eluting stent, SES: Sirolimus eluting stent, LVEF: left

ventricular ejection fraction.

TABLE IV. In-Hospital Cardiac Events and Complications

Day time

(n ¼ 1,141)

Night time

(n ¼ 1,503)

P
value

In-hospital mortality 70 (6.1) 78 (5.2) 0.29

Reinfarction 19 (1.7) 34 (2.3) 0.28

Target-vessel revascularization 45 (3.9) 71 (4.7) 0.33

MACE 106 (9.3) 143 (9.5) 0.85

Stroke 7 (0.6) 12 (0.8) 0.58

Serious ventricular arrhythmia 66 (5.8) 83 (5.5) 0.77

Cardiopulmonary resuscitation 80 (7) 87 (5.9) 0.2

Advanced heart failure 167 (14.6) 202 (13.4) 0.38

Intra-aortic balloon pump 74 (6.5) 86 (5.7) 0.42

Renal failure requiring dialysis 10 (0.9) 9 (0.6) 0.4

New atrial fibrillation 13 (1.1) 24 (1.6) 0.32

Complete atrioventricular block

requiring transient pacemaker 42 (3.7) 60 (4) 0.68

Major bleeding requiring

blood transfusion 51 (4.5) 52 (3.5) 0.18

Acute stent thrombosis 11 (1) 13 (0.9) 0.79

Time of hospital stay, days 7.2 (6) 7.2 (4.8) 0.92

Mean values (SD) and % (n) are reported for continuous and categorical

variables, respectively.

MACE: Major adverse cardiac events (cardiovascular death, reinfarction,

target-vessel revascularization).

TABLE V. Long-Term Cardiac Events

Day time

(n ¼ 1,051)a
Night time

(n ¼ 1,399)b
P

value

Cardiovascular mortality 58 (5.5) 75 (5.4) 0.87

Reinfarction 94 (8.9) 105 (7.5) 0.2

Target-vessel revascularization 168 (16) 223 (15.9) 0.93

MACE 240 (22.8) 299 (21.4) 0.35

Advanced heart failure 91 (8.7) 94 (6.7) 0.08

% (n) are reported for categorical variables, respectively.

MACE: Major adverse cardiac events (cardiovascular death, reinfarction,

target-vessel revascularization).
an ¼ 1,051 for day time (There is no follow-up for 20 patients and 70

patients died in-hospital).
bn ¼ 1,399 for night time (There is no follow-up for 26 patients and 78

patients died in- hospital).
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0.02).[[18]] Glaser et al. compared clinical, angio-
graphic, and procedural characteristics in consecutive
patients (n ¼ 685) undergoing primary PCI in the
National Heart, Lung, and Blood Institute Dynamic
Registry between 1997 and 2006 that were classified as
occurring during routine-hours (07:00–18:59) or off-
hours (19:00–06:59). In-hospital death, MI, and TVR
were significantly higher in off-hours patients (OR
2.66, 95% CI 1.39–4.56; P ¼ 0.002) [20].

In the ‘‘CADILLAC’’ trial [12], reperfusion and
door-to-balloon times were significantly prolonged in
patients presenting after hours compared with those
presenting during peak hours (248 vs. 225 minutes,
P < 0.0001) and (129 vs. 108 minutes, P < 0.0001).
In ‘‘MITRA’’ trial [10], in-hospital time to treatment
was 9 minutes longer (85 minutes day, 94 minutes
night, P ¼ 0.037). In this study, the procedural success

Fig. 1. Kaplan-Meier curve for long-term cardiovascular mor-
tality according to day versus night time intervention. a: Data
for overall population (n 5 2,644), b: noncardiogenic shock
(n 5 2,537), c: cardiogenic shock (n 5 107).

TABLE VI. Univariate Analysis for Possible predictors
of In-Hospital Cardiovascular Mortality

Variables OO 95% CI P value

Female sex 2.06 1.43–2.99 <0.001

DM 5.31 3.6–7.82 <0.001

Hypertension 1.52 1.04–2.21 0.03

Anterior MI 1.39 0.99–1.94 0.05

Reperfusion time >6 h 2.44 1.24–4.8 0.01

3 vessels disease 3.14 2.08–4.75 <0.001

Success of the procedure 6.12 3.1–9.24 <0.001

Tirofiban administration 0.4 0.28–0.59 <0.001

Night intervention 0.84 0.6–1.17 0.29

Bypass history 2.11 0.99–4.49 0.051

PCI history 1.84 1.09–3.08 0.02

Admission cardiogenic shock 17.34 8.17–30.44 <0.001

Post-PCI LVEF <40% 10.48 5.56–19.77 <0.001

GFR (MDRD) �60 ml/min/1.73 m2 11.94 7.9–18.03 <0.001

Post-PCI TIMI 3 flow 0.11 0.04–0.37 <0.001

Age �75, y 4.03 2.69–6.05 <0.001

Admission hyperglycemia 6.81 4.57–10.17 <0.001

MI: Myocardial infarction, DM: diabetes mellitus, PCI: Percutaneous

coronary intervention, LVEF: Left ventricular ejection fraction, TIMI:

Thrombolysis In Myocardial Infarction, GFR: Glomerular filtration rate,

MDRD: Modification of diet in renal disease.

TABLE VII. Multivariate Predictors of In-Hospital
Cardiovascular Mortality

Variables OO 95% CI P value

DM 4.1 1.59–10.6 0.004

Cardiogenic shock 13.2 4.7–37.1 <0.001

Post-PCI TIMI 3 flow 0.18 0.07–0.46 <0.001

GFR (MDRD) �60 ml/min/1.73 m2 3.1 1.23–7.86 0.017

Post-PCI LVEF <40% 6.6 2.72–16 <0.001

Age �75, y 7.22 2.28–22.9 0.001

Admission hyperglycemia 4.46 1.72–11.6 0.002

DM: Diabetes mellitus, PCI: Percutaneous coronary intervention, LVEF:

Left ventricular ejection fraction, TIMI: Thrombolysis In Myocardial In-

farction, GFR: Glomerular filtration rate, MDRD: Modification of diet in

renal disease.
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is not known, and there is no long-term follow-up.
And only 23% of patients were treated at night because
some centers had no 24-hour service. Ortolani et al.
[11] found similar results that patients treated during
off-hours tended to have longer reperfusion time (199
vs. 179 minutes, P ¼ 0.052) and showed longer me-
dian ECG-to-laboratory time (52 vs. 40 minutes P ¼
0.001). Despite these delays in those trials, angio-
graphic and clinical outcomes were similar in patients
treated during day and night time. In contrast to these
reports, reperfusion time was 17 minutes shorter at
night in our study. Heavy traffic in day might be the
reason. Also door-to-balloon time of our center was
�30 minutes. But door-to-balloon time difference
between our and above studies effect in-hospital mor-
tality. In study by Ortolani et al. [11] and ‘‘MITRA’’
trial [10], in-hospital mortality was 7.9% but it was
5.6% in our study. In the ‘‘CADILLAC’’ trial [12], 30-
day mortality was only 2% but patients with shock
were excluded in this trial, and the ratio of smoker,
DM, anterior MI, and multivessel disease were less
according to our study. According to these results, very
shorter door-to-balloon times effect mortality. Then it
is meaningful to make all attempts to shorten the door-
to-balloon time.

In previous studies, it was shown that patients with

acute STEMI who were treated at high-volume angio-

plasty centers have a lower mortality rate than patients

treated at low-volume centers and that high-volume

centers perform primary angioplasty faster [21,22].

Using the New York State PCI registry, Srinivas et al.

[23] examined yearly hospital volume, physician vol-

ume, and risk-adjusted mortality in 7,321 patients

undergoing primary PCI. Primary PCI by high-volume

hospitals (>50 cases/year) and high-volume physicians

(>10 cases/year) were associated with lower mortality.

The American College of Cardiology and the American

Heart Association suggest that primary PCI should be

used only if performed in a timely fashion (door-to-

balloon time <90 minutes) by individuals skilled in the

procedure and supported by experienced personnel in

high-volume centers. Primary PCI for STEMI should

be done by experienced operators performing >75

elective PCIs/year and, ideally, at least 11 primary

PCIs/year. Ideally these should be performed in institu-

tions performing >400 elective PCIs and >36 primary

PCIs/year [24]. So primary PCI centers should provide

primary PCI as routine for all kind of STEMI patients

24 hours per day, 7 days per week with adequate phy-

sician, nursing, and technical staff. And also regular

meetings and educational programs should be done for

high quality. In our center, >3000 PCIs/year and >500

primary PCIs/year are performed with suitable and

effective organization of cardiology department and

catheterisation laboratory.

Study Limitations

This study carries the well-known limitations of the
retrospective design. These results represent a single-
center experience. We do not have enough information
about patient admission way (self-transportation, trans-
fer from other peripheral hospitals without PCI facili-
ties). So datas about preprocedural medications except
for trombolytics are limited.

In study by Ortolani et al. [11], GpIIb/IIIa agents
were extensively administered (in about 80% of
patients), most often just before primary PCI. These
drugs might have neutralized the effect of higher
thrombogenicity at night. In our study, the ratio of
GpIIb/IIIa medication is not as much as above study
and were used peri-or post-procedure. In multivariate
analysis, tirofiban administration did not effect in-hos-
pital cardiovascular mortality.

Circadian secretion of melatonin hormone or diurnal
variations of inflammatory markers such as interleukin-
6 and C-reactive protein, the activity of the tissue plas-
minogen activator, and catecholamines, all of which
could stimulate the formation of blood clots in patients
with STEMI [25–28]. None of these factors were ana-
lyzed in our study.

Clinical Implications

This study shows that patients treated at night by
primary PCI have similar clinical outcomes, complica-
tion rates, hospital stays, and equivalent mortality, both
in-hospital and postdischarge with patients treated dur-
ing day time if it is done at a high-volume PCI center
by experienced operators with shorter door-to-balloon
times. So useful strategies, organization, and educa-
tions should be planned for faster and effective primary
PCI.
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