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ABSTRACT

Background ST-segment elevation myocardial
infarction (STEMI) outcomes are influenced by the
location of the culprit vessel with worse outcomes
portended with a left anterior descending (LAD) culprit
lesion. However, relatively little is known about the
independent association of LAD involvement with clinical
outcomes of patients with STEMI with and without out-
of-hospital cardiac arrest (OHCA).

Methods We identified 91 patients with and 929
without a preceding OHCA within the Vancouver Coastal
Health Authority who presented with an acute STEMI and
underwent primary percutaneous coronary intervention
between 26 June 2007 and 31 March 2016.

Results Patients with STEMI with OHCA had

higher rates of in-hospital cardiac arrest (43.3%

vs 8.3%,p<0.001), heart failure (50.5% vs

11.3%, p<0.001), cardiogenic shock (49.5% vs
5.7%,p<0.001), mortality (35.2% vs 3.3%,p<0.001)
and reduced left ventricular ejection fraction (LVEF;
42.9% vs 47.3%,p<0.001) compared with those
without OHCA. Among patients without OHCA, LAD
involvement was associated with increased heart
failure (18.1% vs 5.2%,p<0.001), in-hospital cardiac
arrest (10.7% vs 6.2%, p<0.014), cardiogenic shock
(8.4% vs 3.3%,p<0.001), reduced LVEF (43.0% vs
51.2%, p<0.001) and mortality (5.2% vs 1.3%, p=0.003)
compared with patients without LAD involvement.

With the exception of LVEF, these associations were

not seen among patients with STEMI with OHCA and

an LAD culprit. The presence of an LAD culprit was

not independently associated with increased hospital
mortality among patients with OHCA after adjusting for
potential confounding factors.

Conclusion Our study has demonstrated a differential
impact of LAD involvement on clinical outcomes among
patients with STEMI who present with and without
OHCA. QOur data highlight the complexity surrounding
the prognostication following OHCA complicating STEMI
and demonstrate that other mechanisms other than LAD
involvement contribute to the high mortality associated
with OHCA as a result of STEMI.
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Key questions

What is already known about this subject?

» There are conflicting data with smaller studies ex-
amining the impact of angiographic features on out-
comes in patients with out-of-hospital cardiac arrest
(QHCA). Tofler et al found that there were no differ-
ences in long-term mortality of patients presenting
with ventricular tachycardia or ventricular fibrillation
(VT/VF) compared with those without VT/VF when
they were separated into those with anterior ST-
segment elevation myocardial infarction (STEMI) or
inferior or posterior STEMI. In contrast, a multicentre
analysis by Velders et al with 224 patients with
STEMI with OHCA described an association between
culprit artery and OHCA, with the risk being highest
for proximal left coronary lesions.

What does this study add?

» Prior to our study, little was known about whether
angiographic features (and, in particular, left ante-
rior descending (LAD) involvement) independently
conferred higher in-hospital mortality and worse in-
hospital outcomes among patients with STEMI with
OHCA. Our study is one of the largest studies using
contemporary STEMI data evaluating the associa-
tion of LAD on outcomes among patients with STEMI
with and without OHCA. Our data demonstrated that
there was no independent association of LAD with
mortality among patients with STEMI presenting
with OHCA.

BACKGROUND

Out-of-hospital cardiac arrest (OHCA)
remains a significant public health issue
associated with high mortality’ * with an
overall survival of only 10% to hospital
discharge.”* An acute coronary syndrome is
a frequent cause of OHCA and rapid access
to emergent primary percutaneous coro-
nary intervention (PCI) in OHCA caused
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Key questions

How might this impact on clinical practice?

» Our study highlights the complexity surrounding the prognostica-
tion following OHCA while suggesting that mechanisms other than
LAD involvement confers a higher mortality and worse hospital
outcomes in patients with OHCA following successfully reperfusion
with primary percutaneous coronary intervention. Clinicians treating
patients with STEMI and OHCA should continue to use management
strategies that emphasise early identification of patients with STEMI
with OHCA and rapid reperfusion but should also focus on identify-
ing and managing other concomitant high-risk features driving poor
outcomes in these patients, such as shock and neurological injury.

by ST-segment elevation myocardial infarction (STEMI)
is associated with improved survival.”” Current North
American and European cardiac arrest and resuscitation
guidelines indicate a strong recommendation for angiog-
raphy and PCI in patients with OHCA with STEMI.**

Predictors of poor outcomes in patients with OHCA
with STEMI include increased age, delayed cardiopulmo-
nary resuscitation (CPR), initial asystole rhythm, renal
insufficiency, delayed time to return of spontaneous
circulation (ROSC) and reduced ejection fraction on
hospital admission.'” The location of the culprit vessel
is also an important clinical predictor of outcomes in
STEMI. STEMI due to a left anterior descending (LAD)
culprit vessel is associated with worse clinical outcomes
due to the extent of myocardial involvement."™* An ante-
rior location of a myocardial infarction is an important
independent predictor of mortality among patients with
STEMI undergoing primary PCI (PPCI)."" '* However,
little is known about the independent impact of coro-
nary territory involvement, in particular the LAD, on
outcomes acute STEMI associated with OHCA.">™"

Our objective was to describe the characteristics of
patients with STEMI who presented with and without
OHCA, and to describe any differences in the distribu-
tion of an LAD culprit vessel among patients with STEMI
with and without OHCA. We also aimed to compare the
in-hospital outcomes in patients with STEMI with and
without OHCA and outcomes of patients with STEMI
with and without OHCA based on the presence of an
LAD culprit. The final aim of this study was to determine
if there was any independent association between an LAD
culprit vessel and in-hospital outcomes among patients
with STEMI with and without OHCA.

METHODS

Data source

This study was a retrospective analysis of prospectively
collected data on consecutive patients with STEMI who
presented to a Vancouver Coastal Health Authority
(VCHA) hospital between 26 June 2007 and 31 March
2016. The VCHA STEMI database is a quality improve-
ment tool that includes 13 participating hospitals in
this region of which two are PCl-capable centres (and

perform all the pPCIs in the region), and four are
geographically close enough to refer patients with STEMI
for pPCI. Patients at the other seven centres would not
have been eligible for pPCI due to their distance from
the PCl-capable centres.

Patient population

We identified 2929 consecutive patients with STEMI
within VCHA who presented with an acute STEMI who
survived to hospital admission between 26 June 2007 and
31 March 2016. Of these 2929 patients, 1020 patients
underwent successful pPCI and were included in the
analysis. We excluded patients who did not undergo
a coronary angiogram (n=130), those who did not
undergo pPCI (n=898; 206 received fibrinolytic therapy)
and patients with missing data (including OHCA status
(n=996) or angiogram status unknown (n=14)). OHCA
status data were not systematically collected prior to 2012;
therefore, there were only 36 patients between 2007 and
2012 whose OHCA status was known. Patients with STEMI
were divided into those with (n=91) and those without
(n=929) preceding OHCA (figure 1).

Definitions

Patients with STEMI were identified after assessment by
emergency medical services or by physicians in the emer-
gency department. STEMI was defined using both clinical
criteria (symptoms of ischaemia persisting for 20 min or
longer) and ECG Ciriteria (ST elevation of 1 mm or more
in any of the following areas: two or more anterior leads,
two or more inferior leads, two or more posterior leads
or presumed new left bundle branch block). A lesion was
considered a culprit lesion if there was a fresh occlusion
seen on angiography that resulted in subtotal or total
occlusion. The occlusion was considered acute if there
was a thrombus present at the site of the occlusion or if
the guide wire was able to be passed through the occlu-
sion easily. If there was no acute occlusion on angiog-
raphy, it was at the angiographer’s discretion to identify
the lesion with the most severe reduction of lumen diam-
eter along with corresponding localisation of ST-segment
elevation on ECG. OHCA was defined as either having
received attempts at defibrillation or chest compressions
by lay bystanders or emergency medical services or being
pulseless but not having received attempts at defibrilla-
tion or CPR. All data were collected in the VCHA STEMI
database. Cardiogenic shock during the index hospitali-
sation was defined as a sustained episode of systolic blood
pressure <90mm Hg and/or cardiac index <2.21/min/
m? determined to be secondary to cardiac dysfunction,
and/or the requirement for inotropic or vasopressor
agents or mechanical support (ventricular assist devices,
intra-aortic balloon pump or extracorporeal circulation)
to maintain perfusion above 90mm Hg and/or cardiac
index <2.21/min/m2. Heart failure on presentation was
defined as physician documentation or report of heart
failure on presentation or any description of rales or
pulmonary oedema on physical examination or chest
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Starting Population

2929 admitted with STEMI and recorded in the
VHCA STEMI database between June 26, 2007 to
March 31, 2016

Excluded from Analysis
No pPCl n=898

Breakdown by Final Revascularization Plan:
-Fibrinolytic, n=206
-Referral for CABG, n=207
-PCI (not initial revascularization plan), n=173

v

v

STEMI patients who received pPCl

n=2031

-Medical Management, n= 265
-Expired prior to revascularization, n=45
-Unknown, n=2

Excluded from Analysis

v

Analysis Population

STEMI patients pPCl and OHCA Status Known

OHCA Variable unknown, n= 996
Infarct Type unknown, n=1
Angiogram status unknown, n=14

n=1020
STEMI patients pPCI STEMI patients pPCI
With OHCA Without OHCA
n=91 n=929

Figure 1 The cohort derivation from the initial study population, through exclusions, to the final study population. OHCA,
out-of-hospital cardiac arrest; PCI, percutaneous coronary intervention; pPCI, primary percutaneous coronary intervention;
STEMI, ST-segment elevation myocardial infarction; VHCA, Vancouver Coastal Health Authority; CABG, Coronary artery bypass

grafting.

X-ray, jugular venous distention, shortness of breath,
Killip class 2, 3 or 4 or presence of an S3. Major bleeding
was defined as a suspected bleeding event during the
index hospitalisation that was associated with signifi-
cant blood loss (haematocrit drop of at least 10% and/
or a haemoglobin drop of at least 30 g/L), transfusion of
whole blood or packed red blood cells, or use of a surgical
or procedural intervention to stop bleeding.

Statistical analysis

Baseline patient demographics and clinical characteris-
tics were summarised using means (SD) or proportions
as appropriate. Three separate comparisons were made:
LAD versus non-LAD artery involvement within the
OHCA group (P'); LAD versus non-LAD artery involve-
ment in the non-OHCA group (P?); combined OHCA
group versus the combined non-OHCA group (P%).
Differences were tested using the t-test, x° test or Fish-
er’s exact test, as appropriate. In-hospital outcomes were
reported across the groups (P'-P®) and differences were
tested using t-test for continuous variables, x* test for
categorical variables or Fisher’s exact test, as appropriate.
Comparison of the effect of OHCA by LAD involvement

(Pieracion)  Was based on linear regression or logistic
regression, as appropriate. For all analyses, a p-value of
<0.05 was considered significant.

Multivariable logistic regression analysis was used to
examine the independent impact of ischaemic territory
(LAD vs non-LAD) and OHCA on mortality. For left
ventricular ejection fraction (LVEF), linear regression
was used. We adjusted for age, diabetes, heart failure on
presentation, cardiogenic shock on presentation and
first medical contact to device time >90min (or >120 min
if first presented to a non-PCI capable hospital). These
variables were selected a priori to determine the strength
of the association between LAD territory and OHCA on
mortality while adjusting for potential confounders. This
regression model contained an interaction term between
OHCA and ischaemic territory to examine the OHCA
effect on mortality by ischaemic territory.

RESULTS

A total of 1020 patients with STEMI were identified.
There were 91 patients with STEMI who had a preceding
OHCA and 929 who had STEMI without OHCA. The
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Table 1 Clinical characteristics of study patients

OHCA No OHCA

LAD Non-LAD LAD Non-LAD

All (n=91)  (n=52) (n=39) P’ All (n=929)  (n=443) (n=486) p? P®
Demographics
Age (Yrs) mean (SD) 63.6 (12.6) 61.6 (13.0) 66.3 (11.6) 0.073 65.8 (13.1) 66.3 (13.7) 65.3 (12.5) 0.234 0.135
Initial SBP (mm Hg)
Mean (SD) 133.5(35.3) 136.8 (33.4) 129.1 (37.5) 0.307 142.7 (32.0) 144.7 (29.2) 140.9 (34.3) 0.074 0.009
Gender (male) 92.3 92.3 92.3 1.000 76.7 78.8 74.9 0.162  <0.001
Medical history
Current/recent smoker 23.6 28.0 17.9 0.268 25.6 244 26.7 0.420 0.671
Dyslipidaemia 35.6 32.0 40.5 0.411 42.5 40.0 447 0.156 0.217
Hypertension 50.0 48.0 52.6 0.667 57.0 55.9 58.0 0.510 0.205
Dialysis 2.3 2.0 2.7 1.000 0.2 0.2 0.2 1.000 0.039
Diabetes 23.0 26.0 18.9 0.438 21.7 22.4 21.0 0.602 0.774
Prior MI 10.3 6.0 16.2 0.122 15.0 13.6 16.3 0.248 0.240
Prior heart failure 3.4 2.0 5.4 0.572 3.0 4.3 1.9 0.029 0.825
Prior PCI 6.9 4.0 10.8 0.395 12.2 10.9 13.4 0.242 0.143
Prior CABG 3.4 0.0 8.1 0.073 2.4 1.6 3.1 0.133 0.535
On presentation
Heart failure 27.5 26.9 28.2 0.892 2.7 34 2.1 0.211 <0.001
Cardiogenic shock 62.6 61.5 64.1 0.802 3.7 4.6 29 0.182 <0.001

P1. Comparison between left anterior descending (LAD) and non-LAD within the out-of-hospital cardiac arrest (OHCA) group.
P2. Comparison between LAD and non-LAD within the non-OHCA group.

P3. Comparison between the combined OHCA group and the combined non-OHCA group.

Values are expressed as means or percentages.

CABG, Coronary artery bypass grafting; MI, myocardial infarction; PCI, percutaneous coronary intervention; SBP, systolic blood pressure.

culprit vessel and in-hospital outcomes for each patient
was identified. Baseline characteristics of the cohort are
described in table 1. The mean age of patients with STEMI
with OHCA was 63.6 (£12.6) years and 65.8 (£13.1) years
among those without (p=0.135). A left anterior coronary
artery (LAD) culprit was identified in 57.1% of patients
with STEMI with OHCA and in 47.7% of patients with
STEMI without OHCA (difference=9.4%, 95% CI -1.2%
to 20.1%, p=0.085).

Unadjusted analysis

Patients with STEMI with OHCA had higher rates of
in-hospital-cardiac arrest (43.3% vs 8.3%,p<0.001),
heart failure (50.5% vs 11.3%,p<0.001), major bleeding
(22.0% vs 8.6%,p<0.001), cardiogenic shock (49.5% vs
5.7%,p<0.001), mortality (35.2% vs 3.3%,p<0.001) and
reduced LVEF (42.9% vs 47.3%,p<0.001) compared with
patients with STEMI without OHCA.

Among patients with STEMI with OHCA, the presence
of an LAD culprit was not associated with increased risk
of in-hospital mortality but was associated with a lower
LVEF (40.6% vs 46.1%, p=0.046; figure 2). Conversely
among patients with STEMI without OHCA, the presence
of an LAD culprit vessel was associated with increased
rates of heart failure (18.1% vs 5.2%,p<0.001), in-hos-
pital cardiac arrest (10.7% vs 6.2%, p=0.014), cardio-
genic shock (8.4% vs 3.3%,p<0.001), reduced LVEF

(43.0% vs 51.2%,p<0.001) and mortality (5.2% vs 1.3%,
p=0.003) compared with patients without an LAD culprit
(figure 3).

Examining the outcomes of in-hospital cardiac arrest,
major bleeding and LVEF revealed that the impact of
OHCA was not significantly different by the presence of
an LAD culprit vessel (LAD=40.4%, no LAD=47.4% p,
weion=0-077, LAD=25.0%, no LAD=17.9% p, . =0.405,
and LAD=40.6%, no LAD=46.1% p,......,=0-232, respec-
tively). Conversely, the presence of an LAD culprit
significantly altered the association between OHCA
and congestive heart failure, cardiogenic shock and
mortality (LAD=51.9%, no LAD=48.7% p,......,=0-009,
LAD=48.1%, no LAD=51.3% p, . . =0.033and
LAD=30.8%,n0LAD=41.0%p, ... ....=0-007, respectively).
Adjusted analysis
Logistic regression models demonstrated that the pres-
ence of OHCA was independently associated with
mortality among patients with STEMI without (OR 7.75,
95% CI 2.03 to 29.68) but not with (OR 2.28, 95% CI
0.76 to 6.87) LAD involvement. However, the associa-
tion between OHCA and mortality was not significantly
different between each group (p, ....i.,=0-112, figure 4).
The presence of an LAD culprit was independently asso-
ciated with mortality among patients with STEMI without
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Figure 2 Unadjusted in-hospital outcomes in patients with ST-segment elevation myocardial infarction with out-of-hospital
cardiac arrest (OHCA), by left anterior descending (LAD) involvement. CHF, congestive heart failure; LVEF, left ventricular

ejection fraction.

OHCA (OR 2.79, 95% CI 1.09 to 7.15) but not with
OHCA (OR 0.82,95% CI 0.25 to 2.67).

Additionally, the presence of an LAD culprit was not
independently associated with in-hospital cardiac arrest
or major bleeding among patients with or without
OHCA. In contrast, an LAD culprit was independently
associated with heart failure and cardiogenic shock in
patients without OHCA and not among patients with
OHCA. An LAD culprit was independently associated
with reduced ejection fraction in patients both with and
without OHCA.

60 p=0.014 p=0.804 p<0.001

50

40

30

20 18.1
10.7

10 84 88
I 6.2 5.2

. n BB ]
In-Hospital Major Bleeding CHF

Cardiac Arrest

B Without OHCA LAD

DISCUSSION

The current analysis sought to determine an associa-
tion between an LAD culprit with in-hospital outcomes
of patients with STEMI with and without OHCA. Our
data confirmed that patients with STEMI with OHCA
experienced worse in-hospital outcomes compared with
those without. However, there was no independent asso-
ciation of an LAD culprit with mortality among patients
with STEMI presenting with OHCA. Conversely, with the
exception of in-hospital cardiac arrest, an LAD culprit
retained an independent association with worse clinical

p<0.001 p<0.001 p<0.003
51.2
43
8.4
5.2
3.3 16
| —
Cardiogenic LVEF Death

Shock

B Without OHCA Non-LAD

Figure 3 Unadjusted in-hospital outcomes in patients with ST-segment elevation myocardial infarction without out-of-hospital
cardiac arrest (OHCA), by left anterior descending (LAD) involvement. CHF, congestive heart failure; LVEF, left ventricular

ejection fraction.

Bertic M, et al. Open Heart 2020;7:€001065. doi:10.1136/openhrt-2019-001065

"1ybuAdoo Aq paroslold 1sanb Aq 720z ‘0T |Mdy uo Jwoofwgesyuadoy/:dny woll papeojumod "0Z0Z YaJe ¥ Uo G90T00-6T0Z2-Uyuado/osTT 0T Se payslignd 1s.i :ueaH uado


http://openheart.bmj.com/

Open Heart 8

LAD vs. non-LAD (within OHCA)

LAD vs. non-LAD (within non-OHCA) b -
Age (per 5 year increase) -
History of diabetes -

Heart failure on presentation t -

Cardiogenic shock on presentation

FMC to balloon >80 (or 120) min -

0 25 5 75

Odds ratio (95% C1)
0.82(0.25,267)

279(1.09,7.15)

152(1.31,1.77)

1.78(081,393)

346 (1.41,850)

- > 20.92 (8.68, 50.41)

1.16 (0.49, 2.79)

125 15 175 20 225 25

Figure 4 Logistic regression examining the impact of ischaemic territory (left anterior descending (LAD) vs non-LAD) and out-
of-hospital cardiac arrest (OHCA) on mortality. FMC, first medical contact.

outcomes among patients with STEMI without OHCA.*
Although a recent study has shown no clinical benefit of
early angiography among OHCA survivors in the absence
of acute ST elevation,21 non-randomised data have
suggested favourable clinical outcomes with early angiog-
raphy among OHCA with acute STEML** However, prior
to our study, little was known about whether specific angi-
ographic features (and, in particular, LAD involvement)
were independently associated with in-hospital mortality
and other in-hospital outcomes among patients with
STEMI with OHCA.

Although there is a suggestion of an increased inci-
dence of left main coronary artery and multivessel
disease involvement in patients with STEMI with OHCA
compared with those without OHCA,'"" the liter-
ature has yielded inconsistent signals regarding the
presence of an LAD culprit and OHCA complicating
STEMI'*™™ ' ¥ nor the association between an LAD
culprit and clinical outcomes among OHCA survivors
with STEML %12 18192525 Oy study is one of the largest
evaluating the association of LAD on outcomes among
patients with STEMI with and without OHCA and extend
on those from previous analyses. Our findings differ
from previously described poor outcomes in non-OHCA
presenting with acute anterior territory STEMI compared
with non-anterior-related STEML'" '*'* We hypothesised
that there would be a higher incidence of LAD involve-
ment among patients with STEMI with OHCA who survive
to hospital admission, and that LAD involvement would
confer worse in-hospital outcomes among patients with
STEMI irrespective of OHCA status. Instead, we found
similar rates of LAD involvement among patients with
STEMI with and without OHCA. Moreover, our data also
showed a differential association of LAD involvement
with adverse in-hospital outcomes among patients with
STEMI with and without OHCA, with a finding that LAD
involvement was only associated with increased mortality
among those patients without OHCA.

Our data would therefore suggest that the worse prog-
nosis seen among patients with STEMI with OHCA is

mainly driven by clinical characteristics other than the
presence of high-risk angiographic anatomy, and that
alternative mechanisms other than LAD involvement
contribute to the higher mortality and worse hospital
outcomes in patients with OHCA following successful
reperfusion with pPCI. Several prehospital features
have been associated with worse prognosis, including
increased age, delayed CPR, initial unshockable rhythm,
renal insufficiency, >30min to ROSC and reduced ejec-
tion fraction on hospital admission.”” '’ Indeed, integer-
based risk scores based on clinical variables have been
constructed to try and define which patients presenting
with acute coronary syndromes are at increased risk of
developing cardiac arrest.”®

Clinicians treating patients with STEMI and OHCA
should continue to use management strategies that
emphasise early identification of patients with STEMI with
OHCA and rapid reperfusion. However, clinicians should
also focus on identifying and managing other concom-
itant high-risk features such as shock and neurological
injury that drive poor outcomes in these patients given
that approximately two-thirds of patients with OHCA
who survive to hospital admission die from neurological
injury, and the remaining one-third die from cardio-
genic shock.”” % As such, our study further highlights the
complexity surrounding the prognostication following
OHCA and underscores the need for further studies to
delineate high-risk features in patients with STEMI with
OHCA to help support clinical decision-making.

We acknowledge some limitations to our study. First,
our data are observational and we cannot control for
potential selection bias. In the present study, only patients
who had ROSC and presented with ST-segment elevation
were included in the analysis and we cannot exclude the
possibility that the culprit artery of the successfully resus-
citated patients could have varied significantly from those
who did not have ROSC and never underwent angiog-
raphy. In this way, it may be possible that there was either
a higher incidence and/or a potential association of
LAD with worse clinical outcomes among this cohort of
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patients who were not successfully resuscitated. However,
we found no difference in the distribution of LAD
involvement versus no LAD involvement among those
patients who were sent for angiography. Second, our
finding that there was no statistical association between
OHCA and LAD may be a result of being underpow-
ered with only 91 patients in this subgroup. There were
relatively fewer patients with STEMI with OHCA than
patients with STEMI without OHCA. However, there was
a greater proportion of patients with LAD involvement in
the OHCA group than in the non-OHCA group, though
the lower number of patients with OHCA in this cohort
may account for our inability to demonstrate a statistically
significant difference in LAD involvement. Finally, the
VCHA STEMI Registry does not contain detail regarding
the precise location of the culprit lesion within the
infarct-related artery; previous data have suggested that
the presence of a proximal LAD culprit portends poorer
outcomes among patients with STEMI. Therefore, it
is possible that the presence of proximal versus non-
proximal LAD disease may have impacted our results.*

CONCLUSION

Compared with patients with STEMIwithout OHCA, those
with OHCA experienced worse in-hospital outcomes.
While the presence of an LAD culprit was associated with
worse outcomes among patients with STEMI without
OHCA, this association was not seen among those with
OHCA. LAD involvement was not independently associ-
ated with mortality in patients with OHCA but was seen in
patients with STEMI without OHCA. These data suggest
that there is a differential association of LAD culprit with
poorer outcomes among patients with STEMI with and
without OHCA and that other high-risk features may
contribute to poor outcomes among patients with STEMI
with OHCA. Further studies are needed to identify these
high-risk features to support postarrest care clinical
decision-making.
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