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Acute coronary syndromes without persistent st-segment
elevation: advances in surgical revascularization

Giampaolo Zoffoli, Francesco Nicolini, Cesare Beghi, Alessandro Maria Budillon, Andrea
Agostinelli, Bruno Borrello, Giovanni Cagnoni, Guido Frassetto, Claudio Fragnito,
Tiziano Gherli

Department of Cardiac Surgery, University of Study, Parma

Abstract. Coronary artery bypass grafting (CABG) still plays a fundamental role in the management of
acute coronary syndromes. The aim of this study is to report the experience of our center in the treatment of
patients with acute coronary sindromes without persistent ST elevation urgently operated on with CABG,
and to discuss surgical problems related. Two-hundred and six patients were urgently operated on for CABG
for acute coronary syndromes without persistent ST-segment elevation from January 2001 to February 2003.
The majority of them had three vessel coronary disease (72%) and left main stem disease occurred in 20% of
the patients. Mean LVEF (left ventricular ejection fraction) was 54+12% whereas 9% of the patients had a
LVEF<40%. Twenty-one patients (10%) received glycoprotein I1b/l111a receptor inhibitors and 35 (17%) re-
ceived intravenous heparin therapy before surgery. Mean interval time between the onset of symptoms and
surgery was 16+10 days (range 4-50). In-hospital mortality was 2% (4 patients). Perioperative AMI (acute
myocardial infarction) occurred in 4% (8 patients) and a transient low cardiac output syndrome in 27 patients
(13%). Bleeding requiring surgery occurred in 1% of the patients. Transient respiratory insufficiency was pre-
sent in 12 patients (6%) and acute renal failure in 8 patients (4%). Mean I.C.U. time was 2.4 days (1-17).
Urgent CABG for acute coronary syndromes shows a low risk for in-hospital mortality and morbidity. In
acute patients arterial grafts are not detrimental for the outcome, but are recommended in the absence of
contraindications to improve long-term results. In spite of recent developments in cardioplegic cardiac ar-
rest, optimal myocardial protection against perioperative myocardial infarction still remains a challenge.
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Introduction

The syndrome of unstable angina and myocardial
infarction without ST-segment elevation accounts for
approximately 1.4 million annual hospital admissions
in the USA and for 2.5 million worldwide (1).

The initial treatment is traditionally based on me-
dical stabilization through the use of antianginal and
antithrombotic drugs, such as aspirin or unfractionated
or low-molecular-weight heparin. Nevertheless, the
optimal strategy for the treatment of these patients is

still a matter of debate, in part because the physio-
pathology of acute coronary syndromes has been clari-
fied only in recent years (2) and in part because major
advances have occurred in this field. Respectively, inhi-
bitors of platelet glycoprotein I1b/I11a were found to
reduce the risk of death, myocardial infarction and re-
currence of angina in this setting, especially when PT-
CA (percutaneous transluminal coronary angioplasty)
was performed (3, 4), and intracoronary stents were
found to improve angiographic and clinical results re-
ducing the rate of restenosis (5, 6).
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Some clinicians favour a more conservative strategy,
with initial medical stabilization followed by cardiac
catheterization only if the patient shows high-risk featu-
res (recurrent myocardial ischemia or congestive heart
failure) or severe myocardial ischemia during noninvasi-
ve testing.

CABG sitill plays a fundamental role in the mana-
gement of acute coronary syndromes, depending on the
extent and on angiographic characteristics of the lesions
identified by coronary angiography even if it is still now
burdened with mortality and morbidity. In fact it is
known that mortality rates, reported from the literature,
range from 2 to 31.7% in urgency/emergency CABG (7-
10) and that preoperative depressed ejection fraction,
cardiogenic shock, prolonged aortic cross clamp time and
nonuse of blood cardioplegia have been identified as risk
factors for hospital mortality (7).

The aim of this paper is to examine perioperative
mortality and morbidity in the treatment of our groups
of patients urgently operated on with CABG, to review
the actual indications for surgery in this setting of un-
stable angina and myocardial infarction without ST-seg-
ment elevation, and to discuss the recent improvements
in the operative management of this kind of patients.

Materials and methods

Two-hundred and six patients were urgently ope-
rated on with CABG for acute coronary syndromes
without persistent ST-segment elevation from January
2001 to February 2003. Mean age was 68+8 years. Pa-
tients with stable angina were excluded from the study.
The majority were males (76%). Preoperative risk fac-
tors were: diabetes in 33 patients (18%), hypertension in
115 patients (56%), COPD (chronic obstructive pul-
monary disease) in 43 (21%), chronic renal failure in 4
(2%) (Table 1).

The cardiovascular preoperative data are listed as
follows. Forty-three patients (21%) experienced a pre-
vious transmural myocardial infarction. Eighteen pa-
tients (9%) were in NYHA functional class 1. Hemo-
dinamically significant functional ischemic mitral re-
gurgitation was present in 12 patients (6%). Only 2 pa-
tients had RE-DO (1%). EUROScore resulted >6 in 72
patients (36%). The majority (148 patients) had three-

Table 1. Preoperative data

Variable N° %
Patients number 206

Mean age 68+8

Males 156 76
Diabetes 33 18
Hypertension 115 56
COPD 43 21
Chronic renal failure 4 2

COPD: chronc obstructive pulmonary disease

Table 2. Preoperative cardiovascular characteristics

Variable N° %
Transmural AMI 43 21
NYHA 4 18 9
MI 3+/4+ 12 6
EUROScore > 6 72 36
Three vessels disease 148 72
Left Main disease 41 20
Mean LVEF 54+12
LVEF <40% 18 9
Glycoprotein l1b-Il1a

inhibitors therapy 21 10
Mean Time

symptoms-surgery 16+10 days (4-50)

AMI: acute myocardial infarction
MI: mitral insufficiency
LVEF: left ventricular ejection fraction

vessel coronary disease (72%) and left main stem disea-
se occurred in 20% of the patients. Mean LVEF was
54+12% whereas 9% of the patients had a LVEF<40%.
Twenty-one patients (10%) received glycoprotein
I1b/111a receptor inhibitors and 35 (17%) received in-
travenous heparin therapy before surgery. Mean inter-
val time between the onset of symptoms and surgery
was 16+10 days (range 4-50) (Table 2).
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Results

LIMA (left internal mammary artery) was used
in 194 patients (94%) and radial artery in 31 patients
(15%). Total arterial myocardial revascularization was
performed in 25 patients (12%). Mean number of ana-
stomoses was 2,6 (range 1-4). Four patients required
concomitant mitral valve annuloplasty for severe valve
regurgitation. Mean cardiopulmonary bypass time was
114+32 min and mean aortic cross-clamping time was
53+20 min. Antegrade warm blood intermittent car-
dioplegia was delivered in all patients undergoing on-
pump surgery, whereas off-pump CABG was perfor-
med in 7% of the patients.

In-hospital mortality was 2% (4 patients), due to
MOF (multi organ failure) in 2 patients, severe perio-
perative AMI in 1 patient and ventricular fibrillation in
1 patient. Perioperative AMI occurred in 4% (8 pa-
tients) and a transient low cardiac output syndrome oc-
curred in 27 patients (13%). IABP (intra aortic balloon
pump) was necessary in 6 patients (3%) and LVAD (left
ventricular assist device) in 1 patient because of difficult
weaning from extracorporeal circulation. Bleeding re-
quiring surgery occurred in 1% of the patients. Prolon-
ged mechanical ventilatory support due to transient re-
spiratory insufficiency was necessary in 12 patients
(6%) and acute renal failure occurred in 8 patients (4%).
Mean 1.C.U. time was 2.4 days (1-17) (Table 3).

All the survivors were discharged without symp-
toms after a mean time of 5,9 days (range 3-17 days).

Discussion

Early invasive strategy, with cardiac catheteriza-
tion during the first 24 to 48 hours from the onset of
symptoms allows identification of patients with high-
risk coronary anatomy such as those who experienced
unstable angina and myocardial infarction without
ST-segment elevation, as in the series of patients we
analysed. Recently, two large-scale randomized clini-
cal trials (the Fragmin and Fast Revascularization du-
ring Instability in Coronary Artery Disease (FRISC)
11 (11) and the Treat Angina with Aggrastat and De-
termine Cost of Therapy with an Invasive or Conser-
vative Strategy (TACTICS) (12), have demonstrated

that advances in percutaneous coronary intervention
and combined medical therapy have tipped the balan-
ce in favour of an early invasive strategy.

From these data it appears that a modern invasi-
ve strategy, preceded by antischemic and antithrom-
botic therapy in this setting of high-risk patients re-
duces death, myocardial infarction, symptoms and
readmissions as compared with a conservative strategy,
mainly in the setting of unstable angina and myocar-
dial infarction without ST-segment elevation

CABG still plays a fundamental role in invasive
myocardial revascularization for acute coronary syn-
dromes depending on the extent and on angio-
graphic characteristics of the lesions identified by co-
ronary angiography. In contrast with the EuroHeart
Survey that showed a very low current rate of
CABG, accounting for 5.4% of the patients suffering
from acute coronary syndromes (13), in the FRISC
11 (11) and TACTICS (12) trials, 35.2% and 20% of

Table 3. Operative data and results

Variable N° %
LIMA graft 194 94
Radial Artery Graft 31 15
RIMA 20 10
Total Arterial Revascularization 25 12
Mitral Valve Annuloplasty 4 2
Mean ECC time 114+32

Mean Aortic cross clamping time 53+20

Off Pump CABG 14 7
In hospital mortality 4 2
Preoperative AMI 8 4
Low cardiac output syndrome 27 13
Bleeding requiring surgery 2 1

Mean ICU time 2.4 days (1-17)

LIMA: left internal mammary artery
RIMA: right internal mammary artery
ECC: extra corporeal circulation
CABG: coronary artery bypass grafting
AMI: acute myocardial infarction

ICU: intensive care unit
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the patients enrolled in the invasive arm, respectively,
had CABG. In FRISC Il, the postoperative 30-days
mortality rate of the surgically treated patients was
2% and 3.6% in TACTICS, although the majority of
these surgical procedures were performed in patients
with left main or multivessel disease and early in-
farction (<7 days). Similar anatomic data from TIMI
111B (14) and FRISC 11 (11) trials show that from 30
to 38% of the patients with unstable coronary syn-
dromes have single-vessel disease and from 44 to
59% have multivessel disease. The incidence of left
main narrowing varies from 4 to 8%.

The American College of Cardiology-American
Heart Association Practice Guidelines for unstable
angina and non-ST segment elevation myocardial in-
farction (like all the patients we included in the study)
(NSTEMI) management now recommend that pa-
tients with acute coronary syndromes be managed
with an early invasive strategy in the presence of high-
risk features (elevated cardiac troponin, new ST-seg-
ment depression, decreased left ventricular function
and prior coronary artery bypass grafting) (1). The Ta-
sk Force on the Management of Acute Coronary Syn-
dromes of the European Society of Cardiology has re-
cently summarized respective indications for percuta-
neous coronary intervention or surgery (15). Based on
these indications, patients with single vessel disease
should be treated with percutaneous coronary inter-
vention with stent implantation and combined treat-
ment with GPIIb/I11a inhibitors. In these patients
CABG should only be considered in case of unsuita-
ble anatomy (extreme tortuosity of the vessel, angula-
tion) precluding safe percutaneous intervention. On
the other hand, patients with left main or three-vessel
disease, eventually associated with left ventricular dy-
sfunction, are usually managed with CABG. In these
specific clinical settings, the surgical procedure shows
a prolonged survival, an improvement in the quality of
life and a reduction in hospital readmission due to a
decreased need for a new intervention if compared to
PTCA (16-18). In patients with two-vessel disease (or
three vessel disease with lesions suitable for PTCA
and stenting) the indications for CABG or PTCA
have to be evaluated on an individual patient basis. In
many patients with multivessel disease, some of the le-
sions cannot be appropriately managed with a percu-

taneous intervention, and therefore surgery will ob-
viously be the best choice (16-19). In other patients
with multivessel disease who present anatomic and
clinical high-risk factors for traditional surgery and in
which a total revascularization is not achievable by
PTCA, a combined approach based on off-pump co-
ronary surgery completed by PTCA on the vessels of
the posterior left ventricular wall has to be considered.

There is uncertainty regarding the appropriate in-
tervention (CABG or PTCA) required for unstable
angina treatment since interventional cardiology is a
continuously and rapidly evolving field as surgical te-
chniques also continue to improve. The current state of
current practice has been presented in the Arterial Re-
vascularization Therapies Study (ARTS) trial, in whi-
ch the clinical outcomes, costs, and cost-effectiveness
of treatment of patients with multivessel disease and
unstable angina were compared with those of patients
with stable angina (20). Both groups of patients were
randomized to either PTCA with stent implantation
or CABG using arterial grafts. The percentage of un-
stable patients was around 36% in each group: the
treatment was successful in 97% in the stent group and
96% in the surgical one. The composite adverse event
rate (death, M, stroke, and need for revascularization)
at 30 days was 8.7% in the stent group and 6.8% in the
surgical group (P=ns). Even if at 1 year follow-up the-
re was no difference in the rates of death, myocardial
infarction and cerebrovascular events, at 2-year follow-
up there was a difference (20.5% vs 15.2%) due to the
need of subsequent revascularization in the stented
group. Further randomized trials comparing the outco-
me of new generation stents implantation versus
CABG in the management of patients with multives-
sel coronary disease need to be addressed.

Perioperative bleeding

It is important to consider the risk of bleeding
complications in patients who underwent surgery and
who were initially treated with aggressive antiplatelet
treatment. The Platelet Glycoprotein I1b/I11a in Un-
stable Angina: Receptor Suppression Using Integrelin
Therapy (PURSUIT) trial (28) was a large, randomi-
zed, double blinded, placebo-controlled trial with ep-
tifibatide in patients suffering from acute coronary



Acute coronary syndromes without persistent ST-segment elevation

103

syndromes. In this study a total of 78 patients un-
derwent immediate CABG within 2 hours after drug
(or placebo) interruption: major bleeding was not dif-
ferent between the groups, occurring in 64% of the pa-
tients receiving the placebo and 63% of the patients
receiving eptifibatide. The rate of blood transfusion
was similar in both groups (57% vs 59%). In the Clo-
pidogrel in Unstable Angina to Prevent Recurrent
Events (CURE) trial (29), 1822 out of the 6259 pa-
tients of the clopidogrel group underwent CABG.
Overall, there was no significant excess of major blee-
ding episodes after CABG (1.3% vs 1.1%) but in the
912 patients who stopped clopidogrel within 5 days
before surgery, the rate of major bleeding was higher
than in the clopidogrel group (9.6% vs 6.3%, P=0.06).
These data show that pre-treatment with aggressive
anti-platelet drugs should only be considered as a re-
lative contraindication to surgery in the management
of acute coronary syndromes. In fact bleeding requi-
ring surgery occurred in 1% of the patients in our
groups. Specific surgical measures to minimize blee-
ding include platelet transfusion (frequently large
amounts), reduction of heparin dosing, delay of opera-
tive intervention (when appropriate) and the use of a
hemoconcentrator during cardiopulmonary bypass.

Arterial conduits in urgent CABG

The demographics of patients undergoing
CABG have changed over time: in a recent study
Abramov et al. from the University of Toronto have
analysed the improvements in surgical mortality and
morbidity to evaluate trends in results of coronary ar-
tery surgery (21). From this study it appears that the-
re has been a trend toward operating on older patients
with more comorbidities. Even if hospital mortality
has been stable, the risks of mortality and morbidity
have been in a constant decline. It was associated with
an increased use of left internal mammary artery
grafts, multiple arterial conduits, and warm blood car-
dioplegia during the later years of the study. Almost
90% of the acute patients in our experience received a
LIMA graft to the left anterior descending artery.
Although it has been suggested that in the acute si-
tuation arterial grafts (LIMA, radial artery) may be
avoided because of spastic reactions, in our experience

we have not encountered hemodynamic problems re-
lated to spasm of these conduits or to hypoperfusion
syndrome in acute patients. Because of the absence of
problems and in consideration of the well-known su-
perior long-term patency rate of LIMA and radial ar-
tery grafts versus saphenous grafts, we believe that
they should indeed be used, whenever suitable anato-
mic and angiographic conditions are present.

Off-pump surgery

The ideal indication for off-pump coronary ar-
tery bypass grafting has yet to be defined. Recent pa-
pers suggest that revascularization can be performed
off-pump in the setting of acute coronary syndromes,
although the presently published number of patients
are small and non randomized trials have assessed the
midterm effects of off-pump surgery in high-risk pa-
tients (22). The operative mortality rate in recent stu-
dies ranges from 0 to 12% (23-26). Recently, Angeli-
ni et al. analyzed short-term morbidity comparing
off-pump with usual on-pump coronary artery surgery
in 2 randomized trials (27). In the Beating Heart
Against Cardioplegic Arrest Study (BHACAS) 1, the
authors excluded patients with myocardial infarction
in the past month or requiring grafting of the circum-
flex artery distal to the first obtuse marginal branch. In
BHACAS 2, they included such patients. Primary
end-points were all-cause mortality and cardiac-rela-
ted events at mid-term follow-up. Unstable angina
was present in 35% of the patients included in the off-
pump arm of BHACAS 1 and in 48% of the patients
included in the off-pump of BHACAS 2. The overall
results of patients, stable and unstable, of the BA-
CHAS 2 study confirmed that in-hospital morbidity
was lower in patients who had off-pump surgery and
that these procedures did not compromise midterm
outcome, even if these studies did not show specific
results about the off-pump treatment of the acute co-
ronary syndromes. Our strategy is to perform these
procedures only in selected patients with a suitable co-
ronary anatomy (excluding patients requiring grafting
of the circumflex artery distal to the first obtuse mar-
ginal branch) or with severe contraindications to tra-
ditional surgery, such as the evidence of a porcelain
aorta or severe COPD. In our series we selected 14
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patient with these characteristics. In the future, this
approach may become feasible in certain subgroups of
patients who require immediate revascularization in
the presence of contraindications for extracorporeal
circulation even if the results of off-pump surgery
need to be compared to those of multivessel PTCA as
a management strategy for coronary artery disease.

Myocardial protection

Although cold crystalloid cardioplegia is asso-
ciated with an excellent clinical outcome in elective
surgery, blood cardioplegia techniques seem to offer
superior cardioprotection in high risk situations, su-
ch as advanced left ventricular dysfunction, acute
myocardial ischemia, heart transplantation and hy-
pertrophied myocardium. Myocardial oxygen con-
sumption, lactate release, acid release, early postope-
rative left ventricular function are well preserved af-
ter tepid cardioplegia suggesting that this kind of
myocardial protection seems effective in reducing
metabolic demands and allows immediate recovery
of the cardiac function. Moreover, tepid protection
provides better results than those obtained with cold
protection, with a decrease in ventricular rhythm di-
sorders, a reduced need for post ischemic DC (direct
current) shock and less blood loss.

In 1994 the Warm Heart Trial reported the re-
sults of a prospective randomized trial involving
1732 patients undergoing coronary artery bypass
grafting, randomized to either normothermic or hy-
pothermic cardioplegic solutions. Patients in the
normothermic group experienced a lower incidence
of postoperative low cardiac output syndrome, even
if no differences in mortality or myocardial infarction
were found between the groups. Fremes et al. re-
viewed the late results of trial patients from 1 of the
3 centers participating in the Warm Heart Trial (30):
urgent CABG accounted for 23% of the procedures
in the warm cardioplegia group and 23,7% in the
cold cardioplegia group. The Authors showed that
early incidence of myocardial infarction detected by
significant myocardial enzyme release was lower in
the warm cardioplegia group and that late survival
(including perioperative deaths) at 72 months was
nonsignificantly greater in the warm cardioplegia pa-

tients than in the cold cardioplegia patients. Even if
we used warm blood cardioplegia in all patients who
underwent on-pump surgery, we found that surgical
procedures were not free of mortality and morbidity.
In fact in-hospital mortality occurred in 4 patients
(2%), perioperative AMI occurred in 8 patients (4%)
and a transient low cardiac output syndrome in 27
patients (13%). These data confirmed that intraope-
rative myocardial protection still remains subopti-
mal in this setting of high-risk patients.
Glucose-insulin-potassium solutions are commonly
used to treat myocardial ischemia in a variety of medical
and surgical situations. Despite encouraging results ob-
tained by smaller non randomized studies or by rando-
mized trials in elective coronary artery surgery, the recent
Insulin Cardioplegia Trial failed to demonstrate a signi-
ficant benefit of insulin-cardioplegic solution in the set-
ting of high-risk patients (such as unstable angina) un-
dergoing isolated myocardial revascularization (31).
Other therapeutic options in the management of
acute coronary syndromes are based on a direct cell pro-
tection to counteract the events leading to myocardial in-
farction and death. The transmembrane sodium/hydro-
gen exchanger maintains myocardial cell pH integrity
during myocardial ischemia but paradoxically may preci-
pitate cell necrosis. The development of cariporide, a po-
tent and specific inhibitor of the sodium-hydrogen ex-
changer, prompted investigations on the effectiveness of
this drug in the prevention of myocardial cell necrosis.
Evenif pilot studies in humans have been promising, the
first large-scale trial assessing the potential protective ef-
fect of sodium-hydrogen exchanger inhibition in hu-
mans is the GUARDIAN trial (GUARd During Ische-
mia Against Necrosis) (32). This trial enrolled 11590 pa-
tients with unstable angina or non ST elevation myocar-
dial infarction or undergoing high-risk percutaneous or
surgical revascularization, but failed to show an overall
clinical benefit of cariporide over placebo on the primary
end point of death or myocardial infarction. Neverthe-
less, the stated highest dose of cariporide was associated
with a significant reduction of risk, limited only to pa-
tients undergoing bypass surgery, with no effect on mor-
tality. As a consequence of these findings, the multina-
tional, double blinded, randomized, placebo-controlled
sodium/hydrogen Exchange Inhibition to Prevent Coro-
nary Events in Acute Cardiac Conditions (EXPEDI-
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TION) Trial started in 2000. The purpose of this study
was to test the hypothesis that the sodium hydrogen ex-
change inhibitor cariporide reduces all-cause mortality
and nonfatal myocardial infarction after CABG surgery
performed in high-risk patients (urgent or repeated
CABG, multivessel disease, comorbidities). Other clini-
cal end-points are the rate of newly developed ventricu-
lar dysfunction, major arrythmia, need for inotropic sup-
port or mechanical ventricular devices. To date no defini-
tive results of this trial have been published yet.

Conclusions

Our experience showed that urgent CABG for
acute coronary syndromes shos a low risk for in-ho-
spital mortality and morbidity. The use of arterial
grafts is not detrimental in acute patients and is re-
commended in the absence of contraindications to
improve long-term results. At present warm blood
cardioplegia offers the best myocardial protection in
these unstable patients. Off-pump surgery is a relati-
vely low-risk procedure for patients with an acute co-
ronary syndrome, even if ideal indications for urgent
off-pump coronary artery bypass grafting have to be
completely defined. Pre-operative treatment with gly-
coprotein I1b/111a receptor inhibitors is not a signifi-
cant risk factor for important postoperative bleeding
requiring surgery. However, in spite of recent deve-
lopments in cardioplegic cardiac arrest, the optimal
myocardial protection against perioperative myocar-
dial infarction still remains a challenge. We performed
warm cardioplegia in all the patients included in this
series. Moreover, other therapeutic options have to be
evaluated in order to improve cardioplegic solutions
and perioperative pharmacological management of
these high-risk patients.
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