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Abstract
Aims: Unprotected left main (ULM) coronary artery disease is encountered in 3%-10% of coronary angio-
grams and is associated with high mortality. The survival of patients with ULM disease presenting with acute
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coronary syndromes (ACS) depends on different variables and is lowest in those with cardiogenic shock
(CS). The aim of the present study was to estimate the impact of baseline characteristics on the subsequent
clinical outcome in patients treated by percutaneous coronary intervention (PCI) of ULM for ACS.

Methods and results: One hundred and thirty-four patients were retrieved from our database and followed
by phone or physician visit. Patients were classified into two groups according to their presentation (CS/
STEMI group: patients presenting with CS or ST-elevation myocardial infarction; NSTEMI/UA group:
patients with non-STEMI or unstable angina). Data collected were baseline characteristics, procedural infor-
mation, and clinical outcome. The primary endpoint was all-cause mortality at 6-month follow-up. The sec-
ondary end point was a composite of cardiac death, myocardial infarction, and any repeat revascularisation,
i.e., major adverse cardiac events (MACE). Kaplan-Meier curves were computed for survival. Logistic
regression determined that hypercholesterolaemia (OR 6.22, p=0.03), high pre-procedural TIMI score (OR
3.89, p=0.01), preserved left ventricular ejection fraction (OR 1.07, p=0.01) and LM as culprit lesion (OR
8.57, p=0.01) protected against development of CS. Primary outcome occurred in 44% of patients in the CS/
STEMI group compared to 6% in the NSTEMI/UA group (p<0.001). MACE were observed in 30 patients
(48%) of the CS/STEMI group and in 12 patients (19%) of the NSTEMI/UA group (p=0.001).

Conclusions: Acute coronary syndrome due to critical ULM stenosis is associated with high mortality even
after successful PCI. Patients presenting with CS or STEMI are at particular risk.
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Abbreviations
CABG  coronary artery bypass grafting
MACE  major adverse cardiac events

Mmi myocardial infarction
PCI percutaneous coronary intervention
TVR target vessel revascularisation

ULM unprotected left main coronary artery
URL upper reference limit

Introduction

Critical unprotected left main (ULM) coronary artery disease is
a dreaded condition as it puts nearly the entire myocardium at risk,
and is associated with high morbidity and mortality'. Significant
ULM disease is encountered in 3%-10% of patients undergoing
coronary angiography>“. Although percutaneous coronary interven-
tion (PCI) has long surpassed coronary artery bypass grafting
(CABG) as the most common revascularisation strategy in patients
with coronary artery disease, ULM is still considered as a relative
contra-indication to PCI and CABG remains the single class I rec-
ommendation by official European and American guidelines®”.
Major advances have been made in PCI in the past decade, includ-
ing the nearly systematic use of drug-eluting coronary stents (DES)
and the development of more effective antithrombotic regimens,
stimulating a renewed interest in PCI of ULM. Consistently, new
evidence demonstrated no excess of mortality or risk of major
adverse cardiac events (MACE) for PCI of the ULM when com-
pared with CABG*!4. As a result PCI is considered as an alternative
therapy to CABG by the European Society of Cardiology depend-
ing on individual risk stratification's.

Acute coronary syndrome (ACS) related to ULM disease is par-
ticularly challenging and represents a distinctive subset. In this set-
ting, PCI might be the only therapeutic alternative, particularly in
presence of haemodynamic instability, such as cardiac arrest or car-
diogenic shock (CS). This study examined the outcomes of PCI of
ULM for de novo lesions in patients presenting with ACS in two
Swiss medical centres with a focus on the impact of clinical varia-
bles at the time of diagnosis.

Methods
PATIENT POPULATION
Between June 1995 and March 2007, a total of 28,798 patients
underwent PCI at our institutions. We retrieved all patients with
ULM-PCI suffering from acute coronary syndrome due to de novo
stenosis from our database and identified 134 consecutive patients
representing the current study population. Medical records includ-
ing pre-hospitalisation medical history, physical examination, labo-
ratory tests, coronary angiography and ventriculography, 12-lead
ECG, PCI reports, as well as post-procedural echocardiography
were reviewed. The revascularisation risk was estimated using the
surgical logistic EuroSCORE (European system for cardiac opera-
tive risk evaluation)'®.

Patients were classified into two groups according to their initial
presentation: CS/STEMI group, for patients presenting with CS or
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ST-elevation myocardial infarction, NSTEMI/UA group, for
patients with non-STEMI or unstable angina.

The study complied with the Declaration of Helsinki regarding
investigations in humans and was approved by the institutional eth-
ics committee at the Bern University Hospital, Switzerland. No
extramural funding was used to support this work. All authors have
read and approved to the manuscript as written, and are solely
responsible for the design and conduct of this study, all study analy-
ses, the drafting and editing of the paper, and its final contents.

QUANTITATIVE CORONARY ANGIOGRAPHIC ANALYSIS

Coronary angiograms were recorded at baseline and immediately
after the intervention. Digital angiograms were analysed at the
angiographic core laboratory at the Bern University Hospital, Swit-
zerland, with the use of an automated edge-detection system using
the CMS-GFT algorithm (MEDIS, Leiden, The Netherlands). TIMI
flow and Syntax scores were computed post hoc. Quantitative
measurements included the diameter of the reference vessel, mini-
mal luminal diameter, and percent diameter of stenosis (defined as
the diameter of the reference vessel minus the minimal luminal
diameter, divided by the reference diameter and multiplied by 100).

FOLLOW-UP

Patients were clinically followed for six months. Information
regarding clinical status was collected at clinic visits or by tele-
phone interview. When the patient was not accessible, data were
retrieved from the referring physician or hospital electronic data-
base. Routine follow-up angiography was advised as part of the
routine follow-up.

DEFINITIONS

ULM was considered by angiographically documented stenosis
>50% located in the left main coronary artery with no patent graft
to the left anterior descending or circumflex coronary artery. ACS
was defined according to the consensus paper from the ESC-ACC—
AHA-WHF Joint Force!”. Cardiogenic shock was defined as sus-
tained hypotension (systolic blood pressure (BP) <90 mmHg lasting
>30 minutes) accompanied by signs of tissue hypoperfusion in the
setting of clinically adequate or elevated left ventricular filling
pressures'®. Hypercholesterolaemia was defined according to the
reports of the National Cholesterol Education Programme: from
1995 till 2002 according to the Adult Treatment Panel II and from
2002 onwards according to the Adult Treatment Panel III'*?°. Tech-
nical success was defined as successful deployment of a stent in the
target lesion. Procedural success was defined as ULM revasculari-
sation with < 30% residual diameter stenosis by quantitative coro-
nary angiography, without major procedural or post-procedural
adverse events (death, myocardial infarction, emergency target ves-
sel revascularisation or acute stent thrombosis).

Death was classified as either cardiac or non-cardiac, according to
the Academic Research Consortium (ARC) definition. Deaths that
could not be classified were considered cardiac. Target lesion revas-
cularisation (TLR) was defined as any repeat percutaneous intervention



of the target lesion. The target lesion was defined as the treated seg-
ment from 5 mm proximal to the stent to 5 mm distal to the stent.
Target vessel revascularisation (TVR) was defined as any repeat PCI
of any segment of the target vessel, defined as the entire major coro-
nary vessel proximal and distal to the target lesion, including
upstream and downstream branches and the target lesion itself. Major
adverse cardiac event (MACE) was defined as the occurrence of car-
diac death (CD), non-fatal myocardial infarction (MI), or TVR dur-
ing the follow-up period. Definite, probable and possible stent
thromboses were determined according to the ARC definitions. Stent
thrombosis was defined as early, late, and very late if the event occurred
within 30 days, <1 year, or >1 year, respectively, after the procedure.

STATISTICAL ANALYSIS

For continuous variables QQ plots were computed to check for a
normal distribution. Normally distributed variables were analysed
using parametric tests and non-normally distributed data using non-
parametric tests. Continuous variables are expressed as
mean+standard deviation or median with interquartile range. Dif-
ferences were compared using Student’s-t test or Mann Whitney U
test. Categorical variables are expressed as counts and percentages.
MACE were reported hierarchically. We established contingency
tables for categorical variables and used the chi-square and the
Fisher’s exact test to account for differences between the two
groups. A binary logistic regression model was computed using a
forward-stepwise selection. We included all pre-procedural varia-
bles that had a significance level of <0.25 in the univariate analysis
to show which variables are independently associated with the affil-
iation to either group 1 or group 2. Cumulative incidence of end-
points was estimated by the Kaplan Meier method and differences
were assessed with the log-rank test. P-values are two-sided with a
significance level of 0.05. Analyses were performed using SPSS
software 18.0 (SPSS Inc., Chicago, IL, USA).

RESULTS

ULM-PCI in the acute setting represented 0.5% of PCI performed
between March 1995 and June 2007 at our institutions. From
134 patients included in the study, three patients were excluded from
the analysis due to missing medical records. From the remaining
patients, 65 presented with CS or STEMI and 66 with NSTEMI or UA.

BASELINE CLINICAL CHARACTERISTICS

The baseline patient characteristics are summarised in Table 1. No
significant differences were found between both groups except that
dyslipidaemia and previous revascularisations were less frequent in
the CS/STEMI group than in the NSTEMI/UA group.

Key clinical and angiographical variables at time of diagnosis are
depicted in Tables 1 and 2. Patient’s morbidity and lesion complex-
ity were higher in the CS/STEMI group than in the NSTEMI/UA
group: higher EuroSCORE (11+4 vs. 9+4, p=0.003), lower LVEF
(34+14% vs. 49+18%, p<0.001), higher SYNTAX score (24+10 vs.
17£11, p<0.001), higher stenosis grade (78+19% vs. 67+£19%,
p=0.001), smaller minimum lumen diameter (0.77+£0.73 mm

Salvage study: left main PCI for ACS

Table 1. Baseline patient characteristics.

N/
NSTEMI-

group
(1)

Demographics

Age,y 68+13 | 67+13 69+13 0.50
Male, % 95(73) | 47(72) | 48(73) 0.96
BMI, kg/m? 26+4 26+4 26+4 0.44
Cardiovascular risk factors
Hypertension, n (%) 76 (58) | 31(48) 45 (68) 0.13
Hypercholesterolaemia, n (%) | 77 (59) 25 (38) 52 (79) <0.001
Current smoking, n (%) 33(25) 13 (20) 20 (30) 0.29
Diabetes mellitus, n (%) 20 (15) 9(14) 11(17) 0.58
Family history, n (%) 32(24) | 10(15 | 22(33) 0.47
Patient history
Previous PCI, n (%) 22 (17) 5(8) 17 (26) 0.02
Previous CABG, n (%) 16 (12) 4(6) 12 (18) 0.05
Clinical variables at time of
diagnosis
EuroSCORE 10+4 11+4 9+4 0.003
LVEF, % 41+18 | 34+14 49+18 | <0.001

BMI: body mass index; CABG: coronary artery bypass graft; LVEF: left
ventricular ejection fraction; PCl: percutaneous coronary intervention

vs.1.174£0.75 mm, p=0.003) and slower TIMI flow (1.7+1.3 vs.
2.940.5, p<0.001). Interestingly, 15 patients in the CS/STEMI
group but only one in the NSTEMI/UA group presented with com-
plete thrombotic occlusion of ULM (p=<0.001).

Using a logistic regression model the presence of dyslipidaemia
(OR 6.22; 95% CI 1.2-32.3, p=0.03), a high pre-procedural TIMI
score (OR 3.89; 95% CI 1.4-10.82, p=0.01), as well as a preserved
left ventricular ejection fraction (OR 1.07; 95% CI 1.02-1.12,
p=0.01), and the left main as culprit lesion (OR 8.57; 95% CI 1.61-
45.57, p=0.01) were independently associated with the develop-
ment of NSTEMI or unstable angina. In turn, patients that did not
present the aforementioned features were more likely to present
with CS or STEMI.

PROCEDURAL CHARACTERISTICS

Mechanical circulatory assistance was more frequently used in the
CS/STEMI group than in the NSTEMI/UA group: intra-aortic bal-
loon pump (38% vs. 8%, p<0.001), percutaneous ventricular assist
devices (pVAD) such as TandemHeart (Cardiac Assist, Inc., Pitts-
burgh, PA, USA) or Impella (Abiomed Inc., Danvers, MA, USA)
(pVAD, 11% vs. 8%, p=0.51), other extracorporeal bypass pump
(1.6% vs. 0%, p=0.49).

More lesions were treated in the CS/STEMI group (1.8+1.0vs.1.5+0.8,
p=0.04) - leading to a higher percent of patients treated concomitantly in
the left anterior descending coronary artery (p=0.04) - than in the
NSTEMI/UA group. In both groups, 64% of all ULM lesions were distal
and 25% of'these were treated with a double stent approach. The favoured
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Table 2. Angiographic and procedural characteristics.

N/
NSTEMI-

group
(n=66)

Pre-procedural lesion characteristics
Syntax score 20+11 24+10 17x11 | <0.001
Isolated mid-shaft disease, n (%) | 25(19) | 17(26) 8(12) 0.04
TIMI flow 2.3x1.1 | 1.7£1.28 | 29+0.5 | <0.001
% Stenosis 72+20 | 78«19 67+19 0.001
MLD, mm 1.0£08 | 0.8+0.7 | 1.2+0.8 0.003
RVD, mm 3.6+£0.5 | 3.6+04 | 36=+06 | 087
Lesion length, mm 7.6+3.6 | 8.0+3.5 | 7.2+37 0.09
Procedural characteristics
IABP, n (%) 29(22) | 24(38) 5(8) <0.001
QOther pVAD, n (%) 12(9) 7(11) 5(8) 0.51
Nb. of stent in ULM, n (%) 1.3+0.7 | 1308 | 1.3x0.6 0.69
One stent in ULM, n (%) 91(69) | 42(65 | 49(74) 0.22
T-Stenting, n (%) 23(18) | 12(18) 11(17) 0.76
Stent type
- Bare-metal stent 44.(38) | 27(42) 17 (26) 0.04
Nb of lesions treated otherthan ULM | 1.63+0.9 | 1.78+1.0 | 1.48+0.8 | 0.04
-LAD, n (%) 55(42) | 33(51) 22 (33) 0.04
Post-procedural lesion characteristics
TIMI flow 3.0£02 | 3.0+0.2 | 3.0+0.2 0.48
% Stenosis 16+14 16+16 17+12 0.44
MLD, mm 3.0£0.7 | 3.0+0.7 | 3.0+0.6 | 049
RVD, mm 3.6+£04 | 3.6+05 | 3.6+04 0.78
IABP: intra-aortic balloon pump; LAD: left anterior descending artery;
MLD: minimum lumen diameter; pVAD: percutaneous ventricular assist
device; RVD: reference vessel diameter; ULM: unprotected left main
coronary artery

Follow-up at 6 months was available in 125 patients (95%) and
is summarised in Table 3a. Angiographic follow-up was performed
in 34 patients (26%). Survival and survival free of MACE are
depicted in Figure 1. Survival was influenced by the ACS type
(p<0.001) and the initial coronary TIMI flow (Figure 2, p=0.027).
As depicted in Table 3a and b, CS was associated with the poorer
outcome. Survival free of MACE was independent from lesion
location (p=0.39), stenting approach (p=0.41), and type of stent
used (BMS vs. DES, p=0.15).

Using a regression model, we explored the association between
initial clinical variables and mortality at 6 months. SYNTAX score
(OR 1.08; 95% CI 1.0-1.2, p=0.04), left ventricular ejection frac-
tion (OR 0.91; 95% CI 0.84-0.99, p=0.02), and stenosis >50% in
vessels other than ULM (OR 10.7; 95% CI 1.0-109.7, p=0.05) were
independent predictors of mortality.

Table 3a. Six-month clinical outcome.

CS/ N/
STEMI- | NSTEMI-

group | group
(n=62) | (n=63)

stenting technique was (provisional) T-stenting. Differences depending
on stenting techniques were tested and were not significant. Furthermore,
bare metal (vs. drug-eluting) stents were more often used in the CS/
STEMI group than in the NSTEMI/UA group (42 vs. 26%, p=0.04). Use
of post-dilatation, the size of the biggest balloon (p=0.20) and the maxi-
mum pressure employed (p=0.08) did not significantly differ between
the groups. Technical success (98% vs. 96%, p=0.32) and post-proce-
dural angiographic characteristics were similar (Table 2). Of note, no
more difference was found in coronary blood flow (mean post-proce-
dural TIMI flow 3.0+0.2 in both groups) at the end of PCI.

CLINICAL OUTCOME

During hospitalisation, the MACE rate was higher in the CS/STEMI
group (33%) than in the NSTEMI/UA group (11%, p<0.001). This
was mainly due to an increased mortality in this group (all-cause
mortality: 33% vs. 5%, p<0.001; cardiac mortality: 26% vs. 3%,
p<0.001). Five deaths (4%) were non-cardiac. From these, three (3%)
were attributable to major bleeding. Median survival time from defi-
nite diagnosis to in-hospital death was five days (IQR 1-8 days).
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Any MACE, n (%) 42 (34) | 30(48) 12 (19) 0.001
Death, n (%) 31(25 | 27(44) 4(6) <0.001
Cardiac death, n (%) 27(22) | 24(39) 3(5) <0.001
Non-fatal myocardial infarction, 8 (6) 8 (13) 0(0) 0.003
n (%)

TLR, n (%) 8 (6) 5(8) 3(5) 0.49
TVR, n (%) 15(12) 9(15) 6(10) 0.28
Any revascularisation, n (%) 22 (18) 10 (16) 12 (19) 0.82
ST, n (%) 6 (5) 6 (10) 0(0) 0.01
Stroke, n (%) 1(1) 1(2) 0(0) 0.49
MACE: major adverse cardiac event; TLR: target lesion revascularisation;
TVR: target vessel revascularisation; ST: stent thrombosis

Table 3b. Comparison of six-month clinical outcome in patients
with CS and/or STEMI.

CS/

s, | G5 | STEMI-

group | group | p-value

BrOUP | 1—47) | (n=15)

(n=62)
Any MACE, n (%) 30 (48) | 27 (58) 3(20) 0.01
Death, n (%) 27 (44) | 24(51) 3 (20) 0.04
Cardiac death, n (%) 24 (39) | 22 (47) 2(13) 0.02
Non-fatal myocardial infarction, 8(13) 6(13) 2(13) 0.95
n (%)
TLR, n (%) 5(8) 4(9) 1(7) 0.81
TVR, n (%) 9(15) 7(15) 2(13) 0.88
Any revascularisation, n (%) 10 (16) 8(17) 2 (13) 0.74
ST, n (%) 6 (10) 5(11) 1(7) 0.65
Stroke, n (%) 1(2) 1(2) 0(0) 0.57
MACE: major adverse cardiac event; TLR: target lesion revascularisation;
TVR: target vessel revascularisation; ST: stent thrombosis
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Figure 1. Kaplan-Meier curves for survival (4) and survival free of MACE (B) according to ACS type. ACS: acute coronary syndrome;

CS: cardiogenic shock; NSTEMI: non-ST elevation myocardial infarction; STEMI: ST-elevation myocardial infarction; UA: unstable angina
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Figure 2. Kaplan-Meier curves for survival according to initial
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Discussion

The principal limitations of ULM-PCI consist of (1) a large area at
risk, (2) bi/trifurcation disease, and (3) a higher risk of stent throm-
bosis and restenosis. In practice, the limitations are cumulative and
put to an extreme in patients suffering from acute coronary syn-
drome due to ULM disease. In the patients reported, ULM-PCI was

considered as the only valuable therapeutic option. This is particu-
larly well illustrated by the 16 patients suffering from complete
ULM occlusion.

The main findings of the present study are: 1) Survival-free from
death and myocardial infarction six months after ULM-PCI is poor
in patients suffering from ACS; 2) From these, the severity of ULM
stenosis, presence of concomitant CAD in another coronary seg-
ment, LV dysfunction, and circumstance of presentation were asso-
ciated with even poorer outcome; 3) Accordingly, patients
presenting with cardiogenic shock and STEMI had a gloomy prog-
nosis leading to death in half of cases at six months.

These findings are interesting since only little evidence is cur-
rently available on this particular subject’’. Palmerini and col-
leagues recently published the clinical outcome of patients treated
by ULM-PCI for acute coronary syndrome (n=611) in comparison
to stable angina (n=490). They found that ACS was associated with
a 2- to 3-time increased risk of cardiac mortality and myocardial
infarction during a 2-year follow-up. They excluded patients with
STEMI and those in cardiogenic shock?. In these patients, how-
ever, it seems comprehensible that EuroSCORE, SYNTAX score,
pre-procedural TIMI flow, impairment of LVEF and degree of
ULM stenosis further impact clinical outcome®?*. Consistently,
patients suffering from STEMI or cardiogenic shock due to ULM
disease have a dismal outcome as illustrated in Table 4.

The increased risk of cardiac mortality in patients with cardio-
genic shock and STEMI was proportional to a higher global clinical
risk profile. This was particularly germane to the subgroup of
16 patients presenting with ULM obstruction. In this particular
group, 6-month mortality was 42% despite the use of an aggressive
therapeutic armamentarium as glycoprotein IIb/Illa inhibitors in
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Table 4. In-hospital outcome in patients suffering from STEMI or
cardiogenic shock due to ULM disease.

First author Year Num_h LG Numheroof I;:r‘Jt:II]iltt;I
patients | stents (%) n (%)
Quigley?® 1993 34 - 9 (27)
Yip?” 2001 18 10 (56) 6 (33)
Chauhan?® 1997 28 10 (71) 5 (36)
Lee?! 2004 18 18 (100) 8 (44)
Tan?® 2008 16 16 (100) 7 (46)
Marso30-3t 1999 40 17 (43) 22 (55)
Sakai®* 2004 38 26 (68) 21 (55)
Ramos®? 2008 9 8 (89) 5 (55)
De Luca®* 2003 24 14 (58) 14(58)
Valeur3536 2005 12 - 7 (58)
Chia® 2009 20 16 (80) 13 (65)
Tang?’ 2007 11 9(82) 9 (82)
Overall 268 126 (47)

71% and left ventricular assist devices in 67%. A more liberal utili-
sation of ventricular support in conjunction to IABP should be con-
sidered to improve the prognosis of patients presenting with CS.

Finally, we found that hypercholesterolaemia was negatively
associated with cardiogenic shock in this specific population. This
was unexpected and might be a consequence of play of chance, or
be due to selection bias as patients with CS/STEMI are less likely
to be questioned about their history than more stable patients.
Taking out the 13 patients intubated or in cardiac arrest did however
not change this fact (p=0.007). Consistently and similarly, Vauthey
and colleagues found out that hypercholesterolaemia at presenta-
tion for stroke was associated with better clinical outcome®. In line
with this hypothesis, statin treatment among patients undergoing
emergency PCI for STEMI and cardiogenic shock has been associ-
ated with a significant mortality advantage at early follow-up?.
One can speculate that treatment of dyslipidaemia will lessen the
risk of plaque rupture and the development of cardiogenic shock.
This is the case in our population.

Limitations

The present study was a retrospective multicentre registry and
therefore lacks randomisation and intention-to-treat data. Since no
sample size calculations were performed, we acknowledge that our
results may be affected by a type II error. Secondly, heterogeneity is
found regarding technology (DES, pVAD) and pharmacotherapy
due to the long inclusion period and the constant improvements in
interventional cardiology during this period.

Conclusion

Acute coronary syndrome due to critical ULM stenosis is associ-
ated with high mortality even after successful PCI. Patients present-
ing with CS or STEMI are at particular risk.
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