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Abstract: Recent studies appear to suggest a correlation between timing to coronary angiography and clinical out-
come among patients with acute coronary syndrome (ACS). We aim to study 12-month outcomes of ACS patients who
are stratified according to early (£24 hours), intermediate (>24 to <48 hours) and delayed (=48 hours) coronary an-
giography. This is a prospective observational study of patients with ACS defined as either unstable angina pectoris or
non-ST elevation myocardial infarction (Ml) admitted between October 2008 and July 2009. Baseline clinical charac-
teristics of age, gender, cardiovascular risk factors (diabetes mellitus, hypertension, dyslipidemia) and TIMI score
were analyzed and adjusted for outcomes. The primary outcome was combined major adverse cardiovascular events
(MACE) of death or non-fatal MI, as well as target vessel revascularization (TVR) up to 12 months. This study con-
sisted of 642 patients (75% males, mean age 60+13) with median follow-up of 7 months and median TIMI score of
4. Over half (50.2%) were categorized as high-risk (TIMI score >4). 281 patients (43.5%) had early angiography, 170
(26.5%) had angiography between >24 to <48 hours and 191(30%) patients had delayed angiography =48 hours. In
high-risk patients, the primary outcome occurred in 10.9% of patients in the early group, as compared with 13.2% in
intermediate group and 23.9% in delayed group (p=0.015) at six months. However, in low-risk patients (TIMI scores
<4), there was no significant difference between the groups (7.1% vs. 3.4% vs. 5.9%, p=0.316) at six months. Com-
pared to the intermediate and delayed groups, patients in the early group had lower overall MACE at 12 months (21%
vs. 14% vs. 10%, p=0.006) that was largely related to a lower frequency of death at 12 months (11% vs. 7% vs. 4.6%,
p=0.03). There were no differences in rates of TVR between the groups (4% vs. 7% vs. 3.5%, p=0.14). In this observa-
tional analysis, an early strategy to coronary angiography was associated with improved survival at one year while an
early to intermediate strategy benefitted the subgroup of high-risk patients with significant reductions in cardiovascu-
lar events at six months.
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Introduction In this study, we aim to investigate the role of
early invasive strategy in a contemporary cohort
of patients with acute coronary syndrome on

clinical outcomes over a one year period.

Recent studies have demonstrated a correlation
between timing to coronary angiography and
clinical outcome among patients with acute
coronary syndrome (ACS) [1]. An early invasive
strategy has been shown to reduce ischemic

Materials and methods

endpoints by reducing revascularization as well
as hard endpoints by reducing mortality and
myocardial infarction [2, 3].

In the management of patients with acute coro-
nary syndrome, the findings of these studies
have led to the adoption of an early invasive
strategy where coronary angiography is per-
formed within 48 to 72 hours of hospital pres-
entation [4, 5].

Design and study population

A total of 642 patients with acute coronary syn-
drome defined as either unstable angina or non-
ST elevation myocardial infarction were admit-
ted between October 2008 and July 2009.

Baseline clinical characteristics of age, gender,
cardiovascular risk factors (diabetes mellitus,
hypertension, dyslipidemia) and TIMI score were
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Figure 1. Timing to angiography.

analyzed and adjusted for outcomes. Follow-up
data was obtained from medical records or tele-
phone follow-up. All patients completed follow-
up. Ethical approval for the study came from our
local institutional review board.

Clinical endpoints

The primary outcome was combined major ad-
verse cardiovascular events (MACE) of death or
non-fatal MI, as well as target vessel revascu-
larization (TVR) up to 12 months. Nonfatal myo-
cardial infarction included peri-procedural myo-
cardial infarction as well as nonfatal myocardial
infarction that occurred during follow-up. Death
included all-cause death at index hospital ad-
mission and on follow-up. TVR was defined as
PCI within a vessel treated during the index pro-
cedure or any CABG after the index procedure
that is driven by clinical indications. If a patient
underwent more than one PCI during this time
frame, the initial one was taken as the index
procedure.

Data and statistical analysis

ACS patients who are stratified according to
early (£24 hours), intermediate (>24 to <48
hours) and delayed (=48 hours) coronary an-
giography from time of hospital presentation to
coronary angiography. The TIMI risk score for
ACS [6] was determined for each patient; TIMI
score =5 was defined as high-risk in our study.

Categorical variables were presented as per-
centages and compared using chi-square/
Fisher's exact test. Continuous variables are
presented as the mean % standard deviation
and comparisons were made by means of analy-
sis of variance. Clinical event rates were deter-
mined and compared between the three groups
with the log-rank test after adjusting for signifi-
cant covariates at baseline. All statistical tests
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were two-sided and a value of p<0.05 was con-
sidered statistically significant. Data manage-
ment and analysis were performed using the
Statistical Package for Social Sciences (SPSS)
Windows version 17.

Results
Patients and procedures

During the study period, 642 patients were fol-
lowed up for a median duration of 7 months.
75% were males and mean age of the patients
was 60+13 years. Over half (50.2%) were cate-
gorized as high-risk (TIMI score >5). 281 pa-
tients (43.5%) had early angiography, 170
(26.5%) had angiography between >24 to <48
hours and 191(30%) patients had delayed an-
giography (Figure 1).

The baseline clinical characteristics of the three
groups are shown on Table 1. Patients who un-
derwent early coronary angiography were
younger, had less diabetes, lower creatinine
levels and higher haemoglobin levels at base-
line, higher ejection fractions and lower TIMI
risk scores.

The extent of anatomical coronary disease did
not differ between the three groups. Treatment
of coronary disease after coronary angiography
also did not differ between the groups.

Clinical outcomes

The primary outcome up to one year follow-up
was 10% in the early group, 21% in the interme-
diate group and 14% in the delayed group
(p=0.006) (Table 2).

In high-risk patients, the primary outcome oc-
curred in 10.9% of patients in the early group,
as compared with 13.2% in intermediate group
and 23.9% in delayed group (p=0.015) at six
months (Figure 2). However, in low-to -
intermediate risk patients (TIMI scores <b5),
there was no significant difference between the
groups (7.1% vs. 3.4% vs. 5.9%, p=0.316) at six
months (Figure 2).

During the index hospital admission, there was
a non-significant trend towards higher survival
rates among patients who received early coro-
nary angiography (97% vs 93% vs. 95%,
p=0.11) (Table 2).
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Table 1. Baseline Clinical Characteristics, Angiography findings and Interventions.

Early Intermediate Delayed p value
Age (yr, SD) 59.4 (10.7) 60.4 (12.8) 61.9 (14.8) 0.03
Male (%) 79.6 73.8 67.4 0.011
Diabetes (%) 31 35.9 45 0.008
Hypertension (%) 60.1 62.4 56.5 0.52
Hyperlipidemia (%) 66.2 62.9 59.2 0.3
Mean Ejection Fraction (%) 52.1 51.7 46.9 0.0002
Mean Creatinine 104.1 115.6 149.6 0.0007
Mean Hb 13.8 13.6 13.1 0.0001
TIMI score 5-7 (%) 18.9 22.9 38.7 <0.0001
Extent of coronary disease 0.23
Normal coronaries 2.49 1.2 1.1
Single vessel 22.4 19.4 22
Two-vessel 25.3 26.5 21.5
Three-vessel 42.4 39.4 48.7
Minor disease 7.5 13.5 6.8
Interventions 0.22
Medical 17.8 23.5 225
PCI 59.4 51.2 59.2
CABG 22.8 25.3 18.3
Table 2. Clinical Outcomes at One Year.
Early Intermediate Delayed p value
Hospital survival 97.15 92.94 95.33 0.11
Deaths 4.63 10.99 7.06 0.031
MI 4.63 5.29 8.9 0.14
TVR 3.56 4.126.81 6.81 0.24
Any MACE 10.32 20.94 14.12 0.0056
23.9 frequency of death at 12 months (11% vs. 7%
25.0 vs. 4.6%, p=0.03). There was a non-significant
0.0 = Low trend towards higher rates of non-fatal Ml within
= -H?gh one year among the delayed group (9% vs. 5%
; 15.0 risk vs. 4.6%, p=0.14).
X 100
There were no differences in rates of TVR be-
5.0 tween the groups (4% vs. 7% vs. 3.5%, p=0.14).
0.0 . .
Early Intermediate Delayed Discussion
Timing to Angiography

Figure 2. Six months MACE stratified by TIMI Risk

Scores.

In this observational study involving patients
with acute coronary syndrome who underwent
coronary angiography, there were significant
differences at baseline between patients who
underwent early versus intermediate to delayed

At one year, compared to the intermediate and
delayed groups, patients in the early group had
lower overall MACE (21% vs. 14% vs. 10%,
p=0.006) that was largely related to a lower
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timing to coronary angiography.

Given the heterogeneity of patients who present
with ACS, risk stratification of patients becomes
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important so that the benefits outweigh the
risks associated with early invasive strategy. We
have found that an early to intermediate timing
within 48 hours to hospital presentation for ACS
benefitted the subgroup of high-risk patients
with significant reductions in cardiovascular
events at six months. This finding is similar to
studies performed that demonstrated substan-
tial benefit among high-risk patients as defined
by various risk indicators such as age, renal
impairment, diabetes, troponin elevation and ST
segment deviation [2, 3, 6, 7].

As a whole, while severity of anatomical coro-
nary disease did not differ between the groups,
a substantial proportion within the early group
and delayed group had two- or three- vessel
coronary disease in aggregate. These two
groups at both ends of the spectrum in terms of
timing to coronary angiography had similar rates
of percutaneous coronary intervention or CABG.
At one year, eventfree survival was highest in
patients who received coronary angiography
within 24 hours. This finding was largely driven
by the hard endpoint of all-cause death at one
year.

We acknowledge limitations of the present
study. Like all observational studies, our find-
ings should be interpreted in the context of the
inherent flaws of any observational study, which
include study selection bias and inability to ad-
just for confounding by unmeasured factors.
However, this study represents a highly repre-
sentative sample of patients who underwent PCI
in routine clinical practice. Our design is based
on a computerized registry with complete insti-
tutional coverage, enabling study of a well-
defined large population with complete follow-
up reviewed carefully from medical records and
telephone follow-up over time.

Conclusion

This study confirms the short-term and mid-term
benefit of early invasive strategy in patients with
acute coronary syndrome particularly in patients
at high-risk based on clinical risk indices and
knowledge of coronary anatomy.

Address correspondence to: Dr. Angela S Koh, De-
partment of Cardiology, National Heart Centre Singa-
pore, 17 Third Hospital Avenue, Mistri Wing, Singa-
pore 168752 Tel: +65 6436 7540; Fax: +65 6223
0972; E-mail: angela.koh.s.m@nhcs.com.sg

251

References

[1] Mehta SR, Cannon CP, Fox KA, Wallentin L,
Boden WE, Spacek R, Widimsky P, McCullough
PA, Hunt D, Braunwald E, Yusuf S. Routine vs
selective invasive strategies in patients with
acute coronary syndromes: a collaborative meta-
analysis of randomized trials. JAMA 2005; 293:
2908-2917.

[2] Fox KA, Clayton TC, Damman P, Pocock SJ, de
Winter RJ, Tijssen JG, Lagerqvist B, Wallentin L.
Long-term outcome of a routine versus selective
invasive strategy in patients with non-ST-
segment elevation acute coronary syndrome a
meta-analysis of individual patient data. J Am
Coll Cardiol 2010; 55: 2435-2445.

[3] Lagerqvist B, Husted S, Kontny F, Stahle E,
Swahn E, Wallentin L. 5-year outcomes in the
FRISC-Il randomised trial of an invasive versus a
non-invasive strategy in non-ST-elevation acute
coronary syndrome: a follow-up study. Lancet
2006; 368: 998-1004.

[4] Anderson JL, Adams CD, Antman EM, Bridges
CR, Califf RM, Casey DE Jr, Chavey WE, Fesmire
FM, Hochman JS, Levin TN, Lincoff AM, Peterson
ED, Theroux P, Wenger NK, Wright RS, Smith SC
Jr, Jacobs AK, Adams CD, Anderson JL, Antman
EM, Halperin JL, Hunt SA, Krumholz HM,
Kushner FG, Lytle BW, Nishimura R, Ornato JP,
Page RL, Riegel B. ACC/AHA 2007 guidelines for
the management of patients with unstable an-
gina/non-ST-Elevation myocardial infarction: a
report of the American College of Cardiology/
American Heart Association Task Force on Prac-
tice Guidelines (Writing Committee to Revise the
2002 Guidelines for the Management of Pa-
tients With Unstable Angina/Non-ST-Elevation
Myocardial Infarction) developed in collaboration
with the American College of Emergency Physi-
cians, the Society for Cardiovascular Angiogra-
phy and Interventions, and the Society of Tho-
racic Surgeons endorsed by the American Asso-
ciation of Cardiovascular and Pulmonary Reha-
bilitation and the Society for Academic Emer-
gency Medicine. J Am Coll Cardiol 2007; 50: el-
el57.

[B] Tricoci P, Peterson ED, Mulgund J, Newby LK,
Saucedo JF, Kleiman NS, Bhatt DL, Berger PB,
Cannon CP, Cohen DJ, Hochman JS, Ohman EM,
Gibler WB, Harrington RA, Smith SC Jr, Roe MT.
Temporal trends in the use of early cardiac
catheterization in patients with non-ST-segment
elevation acute coronary syndromes (results
from CRUSADE). Am J Cardiol 2006; 98: 1172-
1176.

[6] Antman EM, Cohen M, Bernink PJ, McCabe CH,
Horacek T, Papuchis G, Mautner B, Corbalan R,
Radley D, Braunwald E. The TIMI risk score for
unstable angina/non-ST elevation MI: A method
for prognostication and therapeutic decision
making. JAMA 2000; 284: 835-842.

Am J Cardiovasc Dis 2012;2(3):248-252



Coronary angiography in acute coronary syndrome

[7] Kugelmass AD, Sadanandan S, Lakkis N, Dibat- coronary artery bypass graft surgery: a report
tiste PM, Robertson DH, Demopoulos LA, Gibson from TACTICS-TIMI 18. Crit Pathw Cardiol 2006;
CM, Weintraub WS, Murphy SA, Cannon CP. Early 5:167-172.

invasive strategy improves outcomes in patients
with acute coronary syndrome with previous

252 Am J Cardiovasc Dis 2012;2(3):248-252




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


