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Aims The Surgical Treatment for Ischemic Heart Failure (STICH) trial demonstrated no overall benefit when surgical
ventricular reconstruction (SVR) was added to coronary artery bypass grafting (CABG) in patients with ischaemic
cardiomyopathy. The present analysis was to determine whether, based on baseline left ventricular (LV) function
parameters, any subgroups could be identified that benefited from SVR.

Methods Among the 1000 patients enrolled, Core Lab measures of baseline LV function with adequate quality were obtained

and results in 710 patients using echocardiography, in 352 using cardiovascular magnetic resonance, and in 344 using radionuclide
imaging. The relationship between LV end-systolic volume index (ESVI), end-diastolic volume indeX, ejection fraction
(EF), regional wall motion abnormalities, and outcome were first assessed only by echocardiographic measures, and
then by 13 algorithms using a different hierarchy of imaging modalities and their quality. The median ESVI and EF were
78.0 (range: 22.8—283.8) mL/m? and 28.0%, respectively. Hazard ratios comparing the randomized arms by subgroups
of LVESVI and LVEF measured by echocardiography found that patients with smaller ventricles (LVESVI <60 mL/m?)
and better LVEF (>33%) may have benefitted by SVR, while those with larger ventricles (LVESVI >90 mL/m?) and
lower LVEF (<25%) did worse with SVR. Algorithms using all three imaging modalities found a weaker relationship
between LV global function and the effects of SVR. The extent of regional wall motion abnormality did not influence
the effects of SVR.

Conclusions Subgroup analyses of the STICH trial suggest that patients with less dilated LV and better LVEF may benefit from SVR,
while those with larger LV and poorer LVEF may do worse.
Clinical Trial Registration #: NCT00023595.
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Introduction

Left ventricular (LV) dilatation resulting from LV remodelling after
ischaemic myocardial injury is associated with a poor clinical
outcome.! Addition of surgical ventricular reconstruction (SVR)
to coronary artery bypass grafting (CABG) for patients with anter-
jor regional LV dysfunction has been proposed as a procedure that
produces a smaller LV with a more natural ellipsoidal shape.” The
Surgical Treatment for Ischemic Heart Failure (STICH), an inter-
national multicentre randomized trial sponsored by the National
Heart, Lung, and Blood Institute, tested the hypothesis that SVR
improves survival free of subsequent hospitalization for a cardiac
cause compared with CABG alone in patients who require
CABG.? The trial randomized 1000 patients in equal proportions
to CABG or CABG + SVR. After a median follow-up of 4 years,
the trial demonstrated no overall benefit from adding SVR to
CABG.” Since baseline LV function was assessed extensively by
several imaging modalities, with echocardiogram (Echo) required
for all patients as well as single-photon emission-computed tomog-
raphy (SPECT) radionuclide (RN) imaging, and cardiovascular mag-
netic resonance (CMR) imaging when feasible, the present analysis
focuses on whether any baseline LV function variables measured
by imaging Core Laboratories (Core Labs) could identify a group
of patients in whom adding SVR to CABG improved or impaired
the clinical outcome.

Methods

Patients

The design and patient enrolment criteria of the STICH trial have been
previously described.>* Briefly, between 12 September 2002 and 24
January 2006, 1000 patients with coronary artery disease amenable
to CABG, with LVEF <35% and dominant anterior akinesia or dyskin-
esia amenable to SVR were randomized to CABG (499 patients with a
median age of 62 years) or CABG + SVR (501 patients with a median
age of 62 years) by 96 clinical sites in 23 countries. The requirement of
LVEF <35% was based on the enroling clinical site’s LV assessment
performed within 3 months prior to randomization using any of the
following modalities: Echo, CMR, RN, or invasive left ventriculography
imaging. Surgical ventricular reconstruction eligibility was determined
by a clinical decision, and no definite cut-off value for LV volumes
was required for enrolment.

Imaging studies and their Core Labs

All imaging studies were sent to the respective Core Labs (University
of Southern California for CMR, Mayo Clinic for Echo, and North-
western University and Cedars-Sinai Medical Center for RN) to ob-
jectively measure of the LV function without knowledge of their
randomized treatment assignment. A quality score was assigned to
each study by each Core Lab using the following definitions: Excellent
for textbook illustration quality, Good when all measurements were
possible, Fair when most measurements were possible, Borderline
when no quantitation was possible, and Unusable.

Each Core Lab was responsible for quality control and their data
transfer to the STICH Statistical and Data Coordinating Center
located at the Duke Clinical Research Institute.

Echocardiography Core Lab

Experienced sonographers and cardiologists used recommendations of
the American Society of Echocardiography for analyses.® An excellent
or good quality study required clear LV border definition from two
apical views, fair quality for studies with clear border definition from
only one apical view. Left ventricular volumes were measured by
Simpson’s method and were averaged from three cardiac cycles in sinus
rhythm, and three to five cardiac cycles for atrial fibrillation. Left ventricu-
lar regional wall motion analysis was performed visually using a 16-segment
model that was converted into the 17-segment model® to standardize
LV zones applicable to all three imaging modalities. For this report,
apical cap was given the average value from the four surrounding zones.

Radionuclide Core Lab

Gated myocardial perfusion SPECT imaging was performed at clinical
sites using a standard protocol. The gated raw projections were recon-
structed by the RN Core Lab using automatic software (AutoSPECT).
An algorithm was applied to correct any motion detected during image
reconstruction from RN count data. Gated short-axis data were
reviewed by the processing technologist to optimize the accuracy of
LV contour boundaries. Manual adjustment addressed incorrect valve
plane placement or contour deviations due to extra-cardiac radioactiv-
ity. The QGS software for LV function analysis’ produced values for
the LV end-diastolic volume (EDV), the end-systolic volume (ESV),
and the ejection fraction (EF), as well as a four-point grading scale
for visually assessed LV wall motion.?

Cardiovascular magnetic resonance Core Lab

Resting CMR imaging was performed by clinical sites equipped with the
specified CMR platform and software.™® At least two data sets of
short-axis and two-chamber and four-chamber long-axis views were
required to permit the Core Lab to select images with the highest
quality. Short-axis images provided EF and volume data using software
developed by the CMR Core Lab (USC Cardio). When data were
corrupt or could not be downloaded from the FTP site or CD, the
MARISA software (Chase Medical, Dallas, TX, USA) was used for
the analysis. All gated short-axis data were displayed and reviewed
by CMR Core Lab expert technologists to ensure that both external
and internal LV boundaries were reliably demarcated. Manual adjust-
ment was used to correct LV contours created by automatic border
recognition software that appeared to be incorrect.

Utilization of Core Lab data and statistics

Since the number of studies performed by each imaging modality was
different and their quality varied in addition to the variability in mea-
surements among the three imaging modalities, several approaches
were used to analyse the data. To assess measurement variability
among imaging modalities, LV volumes from different imaging modal-
ities were compared by examining the correlation (Pearson’s linear
correlation coefficient) of the volume information from different mo-
dalities among patients who had more than one imaging study. Regional
LV function was described using standardized segmental nomencla-
ture.® Each Core Lab’s motion data were converted to a consistent
severity term for each segment based on a four-point regional function
grading system: 1—normal, 2—hypokinetic, 3—akinetic, 4—dyskinetic
or aneurysm. A wall motion score index was calculated as the average
of the severity grades from all visible segments.

To analyse the relationship of baseline LV function parameters with clin-
ical outcomes, we first used the data based on Echo Core Lab measures
only, as Echo data were available in the largest number of patients. This
choice thus eliminated inter-imaging modality variability. The baseline
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characteristics of patients with adequate Echo data were compared with
those of patients without Echo data using the Wilcoxon rank-sum test
for continuous or ordinal variables and the conventional Chi-square
test for categorical variables. A second approach was to use the Echo
data in all the patients where Echo information was available, but also
include additional patients where LV function data were available from
other modalities. Where the Echo data were not available, preference
was given to CMR Core Lab data if available, then to RN Core Lab
data, and last to site-reported data (referred to later as algorithm #11).
Finally, we analysed the data based on LV volumes from an algorithm,
which was found to have the strongest relationship of LVESVI with mor-
tality (assessed using likelihood ratio Chi-square statistics from the Cox
regression model), and provided the maximum number of patients
with available LV volumes based on the quality of each study and the
type of imaging modality (referred to later as algorithm #8) (Supplemen-
tary material online, Tables ST and $2). Thirteen algorithms were consid-
ered: six algorithms were derived by giving preference to the quality of
imaging study followed by the hierarchy of imaging modality within a
given level of quality, six algorithms by giving preference to the imaging
modality (of any adequate quality where available), and one algorithm
based on choosing the average value when a patient had Core Lab mea-
sures from more than one modality.

Cox proportional hazards models were used to generate hazard
ratios and 95% confidence intervals for comparing CABG + SVR vs.
CABG with respect to death or cardiac hospitalization (primary end-
point) and overall mortality (secondary endpoint) for various patient
subgroups defined either by Echo LV function data or data derived
from three imaging modalities supplemented by clinical sites’ data.
The subgroups considered were defined using tertiles of the distribu-
tion the LV function variables, and additionally in the case of LVESVI, by
other pre-specified clinically important cut-points (<60, 60—90, and
>90 mL/m?). The presence of an interaction between the LV function
parameters and the randomized treatment strategy with respect to
these clinical outcomes was also tested using the Cox model. All
analyses were performed using SAS version 8.2 statistical software.

Results

Quality and comparison of baseline
cardiac imaging data

Baseline data processed by the three Core Labs included 950
Echo, 399 CMR, and 394 RN studies. A total of 1408 (81%) of

those submitted studies were assigned an adequate (fair to excel-
lent) quality for LV volume measurement by Core Labs: 710 Echo
(75%), 352 CMR (88%), and 344 RN (87%). More than one set of
Core Lab measurements were available in 457 patients. The cor-
relation between different imaging modalities for ESVI is shown
in Figure 1.

Baseline left ventricular volumes
and ejection fraction

A total of 924 patients had at least one Core Lab measure (in 866)
or only site-reported measure (in 58) of LV volumes and EF.
Regardless of which method was used, there was a wide range
of EDVI and ESVI. As a representative example using algorithm
#8 (the algorithm that produced the strongest relationship
between ESVI and mortality), EDVI and ESVI values ranged
from 39.0 to 3062mlL/m” and from 22.8 to 283.8mlL/m’,
respectively. The median and mean (SD) values of LVEDVI,
LVESVI, and EF were similar regardless of which method as
shown in Table 1. The LVEF as measured by Echo Core Lab was
>35% in 20.0% of the patients, and ESVI was <60 mL/m? in
23.4% of patients.

Baseline left ventricular global function
and outcomes

Clinical outcome based on echo measurements

The clinical characteristics of patients who had evaluable Echo
Core Lab measurements (n=710) were similar to those
without Echo (n=290), except that the latter group was
heavier (Table 2), and survival free of cardiac hospitalization was
similar between CABG and CABG + SVR whether baseline Echo
data were available or not. In the 710 patients with baseline
Echo LV function data, the hazard ratio comparing CABG + SVR
vs. CABG with respect to death or cardiac hospitalization
was 0.99 (95% ClI: 0.82—-1.21; P=0.95), whereas in patients
without baseline Echo LV function data, the corresponding
hazard ratio was 0.98 (95% Cl: 0.73-1.33; P = 0.91). Based on
the Cox model, the interaction between treatment as randomized
and whether Echo Core Lab data were available was P = 0.95
for death or cardiac hospitalization and P=0.82 for death,
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Figure | Correlation between imaging modalities for measuring left ventricular end-systolic volume index by their Core Lab. CMR, cardio-
vascular magnetic resonance imaging; Echo, echocardiography; ESVI, end-systolic volume index; RN, radionuclide imaging.
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Table I Mean and median values of left ventricular end-systolic volume index, end-diastolic volume index, and ejection

fraction using Echo, algorithm #11, or algorithm #8

Mean 4+ SD
L iy
No. of patients 710 924
ESVI (mL/m?) 838 + 312 833 +33.0
EDVI (mL/m?) 117.0 + 35.5 1152 + 37.1
LVEF (%) 29.5 + 8.1 290 + 84

Median
s #8 ............ Echo ............... #11#8
924 710 924 924
83.6 + 34.6 79.0 779 78.0
114.4 + 38.1 1134 110.8 109.2
284 + 89 29.0 29.0 28.0

Algorithm #11 used preferential imaging hierarchy of Echo, CMR, and RN in 710, 96, and 60 patients, respectively, as well as clinical site measures in 58 patients. Algorithm #8 used
hierarchy of CMR, Echo, and RN in 352, 454, and 60 patients, respectively, as well as clinical site measures in 58 patients. (see Supplementary material online, Tables ST and S2 for

more details).

Table 2 Characteristics of 1000 patients with and
without an Echo Core Lab assessment of baseline left
ventricular volumes

With echo Without echo P-value
(n=1710) (%) (n = 290) (%)

Age (year) 61.2 (54.0-68.3) 63.9 (55.4-69.8) 0.019
Female sex 151 13.8 0.605
Weight (kg) 78.0 (70.0-86.6) 83.0 (73.0-95.0)  <0.0001
BMI 26.8 (24.3-29.6) 28.1 (25.2-31.6)  <0.0001
Hx Ml 86.6 88.6 0.390
Hx stroke 6.1 4.5 0.326
Hx hypertension  57.3 61.4 0.238
Atrial fibrillation/ 114 124 0.654
flutter
Diabetes 327 386 0.188
Prior CABG 21 31 0.353
Prior PCI 17.9 234 0.044
Current NYHA 0.499
Class
| 8.3 9.3
I 43.0 42.8
1l 437 40.7
\% 5.1 42
LVEF 28.0 (23.0-31.0)  28.5 (25.0-31.0) 0.150
(site-reported)
Mitral 0.131
regurgitation
None or trace 35.6 39.2
Mild (<24) 44.6 47.2
Moderate (3+) 157 111
Severe (4+) 4.1 24

Entries for continuous variables in the table above are the median followed in
parentheses by the 25th and 75th percentiles.

reflecting a high degree of consistency of the overall treatment
comparisons in patients with vs. those without baseline Echo LV
function data.

When these 710 patients were separated into tertile groups
defined by LVEDVI, LVESVI, and EF, the treatment difference
varied according to baseline LVESVI (interaction P = 0.0024 for
death or hospitalization, and P = 0.055 for death) as shown in
Figure 2. Although patients with lower baseline LVEF (<25%)
tended to do worse with CABG + SVR, and patients with higher
baseline LVEF (>33%) tended to do better, this interaction was
not significant. If patients were separated into three groups
according to whether their baseline LVESVI was <60, 60—90,
or >90 mL/m? using Echo measurements, the hazard ratios and
treatment interaction favouring SVR in patients with smaller
baseline LVESVI (<60 mL/m?), and favouring CABG alone in
patients with larger LVESVI (>60 mL/m?) were more significant
(P=0.0052 for death or cardiac hospitalization, and P = 0.022
for death) (Figure 2C).

Clinical outcome based on measurements by three
different imaging modalities

When the number of patients was augmented to 924 by
first adding CMR (n = 96), then RN (n = 60), then, if Core Lab
values were not available, clinical sites’ measures of the LVESVI (n
= 58) to the 710 patients with Echo Core Lab measures (algorithm
#11), a similar but less significant result favouring SVR in patients with
smaller baseline LVESVI and/or higher baseline LVEF, and favouring
CABG alone in patients with larger baseline LVESVI and/or lower
baseline LVEF was observed (Figure 3). When groups were defined
using the LVESVI cut-offs of <60, 60—90, and >90 mL/m?, there
was again a statistically significant treatment advantage favouring
SVR in patients with LVESVI <60 mL/m? (Figure 3C).

The prognostic relationship between the LVESVI and the LVEF
and outcome was directionally similar regardless of the algorithm
used. However, when the algorithm with the strongest relationship
with death (algorithm #8, n = 924 patients, where CMR values
were used first in 352, followed by Echo in 454 with no CMR,
by RN in 60 with no CMR or Echo, and then by clinical sites’ mea-
surements in 58 patients with no Labs measures), the relationship
between baseline LVESVI and LVEF, and treatment effect was
less pronounced, with no interaction approaching significance
(Figure 4). The results presented for these different algorithms
are representative and cover the range of findings observed with
the remainder of the 13 algorithms.
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A B
HR for death/h % fid HR for death 95% confidence
Subgroup Pt(no.) CABG + SVR vs. CABG interval P Subgroup Pt(no.) CABG + SVR vs. CABG interval P
LVEDVI 0.035 LVEDVI 0.29
<97 mLim? 236 —e—j| 0.68 (0.48, 0.97) <97 mLim? 236 —e— 0.73 (0.43, 1.26)
97-126 mLim? 237 He— 1.21 (0.86, 1.70) 97-126 mLim? 237 —e— 1.05 (0.65, 1.69)
>126 mL/im? 237 e— 1.14 (0.83, 1.58) >126 mLim? 237 —r-e—i 1.27 (0.80, 2.01)
LVESVI 0.0024 LVESVI 0.055
<66 mLim? 236 —— 0.60 (0.42, 0.87) <66 mLim? 236 —e— 0.58 (0.33, 1.00)
66-93 mL/im? 237 —e— 1.38 (0.99, 1.93) 66—93 mLim? 237 —r-e— 1.25 (0.76, 2.04)
>93 mLim? 237 He— 1.13 (0.82, 1.55) >93 mLim? 237 —H-o— 1.26 (0.81, 1.96)
LVEF 0.10 LVEF 0.31
<25% 237 —e— 1.42 (1.02, 1.98) <25% 237 H—e— 1.35 (0.87, 2.10)
26-32% 220 —e— 0.91 (0.65, 1.28) 26-32% 220 —e—i 0.98 (0.59, 1.62)
=33% 253 —e— 0.77 (0.55, 1.08) 233% 253 —e—— 0.73 (.43, 1.23)
025 05 1 2 4 025 05 1 2 4
—_—
CABG + SVR CABG CABG + SVR CABG
better better better better
C Hazard ratio for 95% confidence
Subgroup Pt(no.) CABG +SVRvs,CABG interval P
Death/cardiac hospitalization
LVESVI 0.0052
<60 mLim? 166 —e— 0.54 (0.35, 0.84)
60-90 mLim? 274 He— 1.23 (0.90, 1.69)
>90 mLim? 270 Heo— 1.14 (0.84, 1.54)
Death
LVESVI 0.022
<60 mLim? 166 ~—o— 0.44 (0.22, 0.87)
60-90 mL/m? 274 H—e— 1.32 (0.82, 2.12)
>90 mL/im? 270 —re— 1.19 (0.79, 1.79)
025 05 1 2 4
s o B
CABG + SVR CABG
better better

Figure 2 Hazard ratios and 95% confidence intervals for the primary outcome, death, or cardiac hospitalization (A), and for the secondary
outcome, all-cause mortality (B), calculated for the tertile groups of left ventricular end-diastolic volume index, end-systolic volume index, and
ejection fraction based on echo measurements only. (C) Hazard ratios and 95% confidence intervals for the primary outcome of the STICH
trial, death or cardiac hospitalization, and for the secondary outcome, all-cause mortality, calculated for the three groups of left ventricular
end-systolic volume index (<60, 60—90, and >90 mL/m?) measured by echocardiography. The actual numbers of events in coronary artery
bypass grafting and CABG + SVR groups are shown for the above groups of left ventricular end-diastolic volume index, end-systolic
volume index, and ejection fraction based on echo Echo Core Lab measurements in Supplementary material online, Table S3.

Baseline left ventricular regional function
and outcomes

Wall motion abnormality for each of the 17 segments was assessed
among the 815 patients with available wall motion analysis from one
of the three imaging modalities using algorithm #11. The segments
usually targeted by SVR had the greatest regional wall motion abnor-
malities with >80% of patients having akinesia or dyskinesia in the
apical anterior, septal, and inferior walls as well as in the apical tip.
(Supplementary material online, Figure S7).

There was no statistically significant interaction between treat-
ment strategy and regional LV function, and no subgroup based
on regional wall motion abnormalities could be identified that
benefitted from adding SVR to CABG (Supplementary material
online, Figure S2).

Discussion

The present analyses of the LV imaging characteristics of the
patients enrolled in the STICH study suggest that SVR may

benefit patients with an early stage of LV remodelling when the
LV is not markedly dilated and that SVR may be detrimental in
patients with more dilated ventricles. The possible interaction
found between baseline LVESVI and treatment modality is not
consistent with the premise upon which the STICH study was
founded, or according to current thinking. These findings were
most striking when only Echo Core Lab measurements were
used, but, although directionally similar, were less impressive
when measurements from CMR and RN as well as clinical sites
were combined with those from Echo.

Left ventricular remodelling and surgical
ventricular reconstruction

After initial remodelling of the necrotic area with fibrosis and thin-
ning, the non-infarcted zone dilates with hypertrophic myocyte
elongation and interstitial fibrosis.""'* Although LV dilatation is ini-
tially an adaptive process, increased LV volume is strongly predict-
ive of a poor clinical outcome.! Hence, the current management
strategy for ischaemic cardiomyopathy has been geared towards
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A B

HR for p 95% fid HR for death 95% confidence

Subgroup Pt(no.) CABG +SVRvs. CABG interval P Subgroup Pt(no.) CABG + SVR vs. CABG interval P

LVEDVI 0.32 LVEDVI 0.64
<95 mlLim? 288 e 0.84 (0.62, 1.15) <95 mLim? 288 —e1— 0.84 (0.52, 1.36)
95-124 mLim? 289 e 1.16 (0.85, 1.58) 95-124 mLim? 289 —e— 1.01 (0.64, 1.60)
>124 mLim? 289 —eo— 1.07 (0.80, 1.42) >124 mLim? 289 —o— 1.12 (0.75, 1.66)

LVESVI 0.18 LVESVI 0.29
<65 mLim?2 308 —eo—H 0.80 (0.59, 1.09) <65 mL/m2 308 —e—- 0.75 (0.47, 1.22)
65-93mL/im? 308 He— 1.16 (0.86, 1.57) 65-93 mLim? 308 —re—i 1.20 (0.78, 1.84)
=93 mLim? 308 —e— 1.10 (0.83, 1.45) >83 mL/im? 308 —to—i 1.14 (0.78, 1.67)

LVEF 0.12 LVEF 0.042
<25% 363 H-o— 1.23 (0.94, 1.59) £25% 363 —e— 1.37 (0.96, 1.97)
26-32% 303 eo— 0.93 (0.70, 1.24) 26-32% 303 —e— 0.99 (0.65, 1.52)

233% 334 o+ 0.83 (0.62,1.12) =33% 334 —e— 0.66 (0.42, 1.04)
025 05 1 2 4 025 05 1 2 4
Af— ——
CABG + SVR CABG CABG + SVR CABG
better better better better
C Hazard ratio for 95% confidence

Subgroup Pt(no.) CABG + SVR vs. CABG interval P
D
LVESVI 0.043

<60 mL/im? 238 —e— 0.69 (0.49, 0.99)

60-90 mL/im? 344 He— 1.20 (0.91, 1.59)

=90 mL/m? 342 He— 1.11 (0.86, 1.45)
Death
LVESVI 0.037

<60 mL/m? 238 —e— 0.55 (0.31, 0.99)

60-90 mL/im? 344 H—e— 1.38 (0.91, 2.10)

>90 mL/m? 342 —o—i 1.11 (0.77, 1.58)

r T T 1
0.25 0.5 1 2 4
B ——
CABG + SVR CABG
better better

Figure 3 Based on algorithm #11, hazard ratios and 95% confidence intervals for the primary outcome, death or cardiac hospitalization (A),
and for the secondary outcome, all-cause mortality (B), calculated for the tertile groups of left ventricular end-diastolic volume index, end-
systolic volume index, and ejection fraction. (C) Hazard ratios and 95% confidence intervals for the primary outcome of the STICH trial,
death or cardiac hospitalization, and for the secondary outcome, all-cause mortality, calculated for the three groups of left ventricular end-
systolic volume index (<60, 60-90, and >90 mL/m?). The actual numbers of events in coronary artery bypass grafting and CABG + SVR
groups are shown for the above groups of left ventricular end-diastolic volume index, end-systolic volume index, and ejection fraction

based on algorithm # 11 in Supplementary material online, Table S3.

reversing the remodelling process by medical and/or device
therapy. The SVR procedure has been performed to restore the
remodelled LV to a smaller size and a more natural shape by elim-
inating thinned and scarred parts of the LV, thereby achieving more
drastic and immediate mechanical reverse remodelling. Although
the initial SVR procedure was for removal of LV aneurysm,’
many centres have performed SVR in patients with akinetic
and/or dyskinetic areas without a frank aneurysm and reported a
good surgical outcome.”'*~"” However, those studies were not
randomized to compare CABG + SVR with CABG alone. The
RESTORE Group reported early and late survival data in a registry
of 1198 patients with heart failure after anterior myocardial
infarction.” Concomitant CABG was performed in 95%, and the
overall 30-day mortality was 5.3%, similar to that of the STICH
trial. Their mean baseline LVEF and LVESVI were 29.6 + 11%
and 80.4 + 51.4 mL/m?, respectively, with a 5-year survival of
68.6 + 2.8%, which were again similar to those in STICH SVR
patients. Factors increasing the risk of death were LVEF <30%,
LVESVI >80 mL/m?, advanced New York Heart Association
functional class, and age >75 years. The largest single-centre

experience in SVR comes from Menicanti’s group that reported
a total of 1161 consecutive patients.'® Their average baseline LV
end-systolic volume (not indexed) was 145 4+ 64 mL and the
LVEF was 33%. Long-term survival in the overall population was
63% at 5 years, but SVR outcome was not compared with that
of the patients who had CABG alone. At least moderate mitral re-
gurgitation, New York Heart Association class greater than II, and
diastolic dysfunction were predictors of operative mortality.
Initially, the STICH trial design excluded patients with an LVESVI
<60 mL/m?, as conventional wisdom suggested that these patients
would not benefit from SVR. As the STICH study evolved, due to
the empirical nature of the entry criteria, it was decided to liberal-
ize inclusion criteria to include patients amenable to SVR surgery in
the opinion of the investigators. At the time of this change in inclu-
sion criteria, only 31 patients were enrolled. This led to the
inclusion of a significant number of patients with an LVESVI
<60 mL/m? those that appeared in the STICH trial to have, if any-
thing, benefitted the most from SVR. Patients thought to most
likely benefit from SVR, those with 60—90 mL/m?% clearly
showed no benefit, while those with the largest ventricles
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Figure 4 Based on algorithm # 8, hazard ratios and 95% confidence intervals for the primary outcome, death or cardiac hospitalization
(A), and for the secondary outcome, all-cause mortality (B), calculated for the tertile groups of left ventricular end-diastolic volume index, end-
systolic volume index, and ejection fraction. (C) Hazard ratios and 95% confidence intervals for the primary outcome of the STICH trial, death
or cardiac hospitalization, and for the secondary outcome, all-cause mortality, calculated for the three groups of LVESVI (<60, 60—90, and
>90 mL/m?). The actual numbers of events in coronary artery bypass grafting and CABG + SVR groups are shown for the above groups of
left ventricular end-diastolic volume index, end-systolic volume index, and ejection fraction based on algorithm #8 in Supplementary material

online, Table S3.

(>90 mL/m?), and thought more likely to improve with SVR, may
have, if anything, responded more poorly to SVR. These results
question our current thinking regarding the criteria used to identify
patients for SVR, and again underscore the importance of perform-
ing randomized clinical trials to best describe the use of an
intervention.

Influence of baseline left ventricular
regional function on the results of surgical
ventricular reconstruction

The amount of akinesia and/or dyskinesia in the SVR zone, as well
as the regionality of remote zones, were analysed in tertiles to de-
termine the influence of regional function on the outcome of SVR.
There was no characteristic regionality distribution favouring SVR.
Di Donato et al. attempted to assess the influence of LV shape
abnormalities on clinical and cardiac status after SVR.*® They clas-
sified LV shapes into three types based on the number of systolic
borders between thickening and non-thickening myocardium: true
aneurysm with two borders, intermediate type with one border,

and global hypokinesis type with no border. There was no statistic-
ally significant difference in mortality among the three types
although there was a tendency for a higher mortality in intermedi-
ate and global hypokinesis groups in the above study. These groups
also had larger LV volumes and lower LVEF. Therefore, it is difficult
to determine whether LV shape or LV volume is responsible for
the observed tendency.

Why may surgical ventricular
reconstruction benefit patients with
ischaemic cardiomyopathy and mild left
ventricular dilatation?

It is plausible that patients with a less dilated LV are at an earlier
stage of remodelling in ischaemic cardiomyopathy and have a
larger proportion of healthy muscle that can compensate for the
loss of cardiac mass at the site of SVR. It is also possible that elim-
ination of a dyssynergic apical segment when the LV is not too
dilated can prevent further LV remodelling and other associated
complications such as progressive fibrosis and dysfunction of the
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remaining non-infarcted portions of the heart. It appears that
abrupt surgical reverse remodelling may be different from that
induced by heart failure drug therapies or cardiac resynchroniza-
tion therapy. Although LV dilatation is a marker of a poor clinical
outcome, it is also a compensatory mechanism for myocardial
injury. Removing this compensatory mechanism by mechanical or
surgical resection may disturb this balance in some patients by
abruptly affecting diastolic distensibility. Indeed, Ferrazzi et al.
demonstrated that elasticity of the acutely enlarged and dysfunc-
tional heart was important in augmenting myocardial relaxation.*'
Tulner et al. found increased diastolic chamber stiffness imme-
diately after SVR,%* but it was thought to be transient and asso-
ciated with postoperative inflammation. More recently, the
diastolic stiffness constant was found to be still elevated at 6
months after SVR>®> Another possibility is that non-viable seg-
ments of the dilated LV continue to remodel even after CABG
and SVR, and LV dilatation more likely occurs along the short-axis
of the LV rather than the long-axis in patients who undergo SVR.
This discordant remodelling process would result in a more globu-
lar shape of the LV, contrary to what was expected from SVR.

Measurement of left ventricular volumes
in ischaemic cardiomyopathy

Left ventricular volume is one of the most important parameters
for managing patients with ischaemic cardiomyopathy and can be
measured by different imaging modalities. Although the relation-
ship between baseline LVESVI and clinical benefit of adding SVR
persists regardless of which imaging modality is used, the signifi-
cance of the relationship differs depending on which imaging mo-
dality was utilized in our assessment. When Echo, CMR, and RN
were compared (Figure 1) in patients who had more than one
imaging study, LV volume was measured higher by RN than by
Echo and CMR. Echocardiogram is most widely available in clinical
practice and was obtained in 950 patients since it was required for
all study patients. Echo Core Lab LV volume measurement was
possible, however, in only 710 patients. Therefore, we used
three different approaches (Echo alone in 710 patients, algorithms
#8 and #11 utilizing three imaging modalities in 924 patients). The
less impressive association between baseline LVESVI and outcomes
when CMR and RN were used may be related to the fact that the
number of patients who had evaluable CMR or RN studies was
about half the number of patients with evaluable Echo data. It is
also possible that mixing of different imaging modalities in LV
volume measurements was responsible. There may be unmeasured
characteristics of the patients or clinical sites related to the use of
cardiac imaging modality, which might have confounded the rela-
tionship between the ESVI source and its relationship to later
death. From our exhaustive analyses of LV volumes by different
algorithms as well as by a single imaging modality, we learned
that there is clinically significant variation among imaging modalities
in measuring LV volumes and how we determine LV volumes can
potentially affect the outcome of a clinical trial. The intent of our
analysis was not to claim an intrinsic superiority for any specific
imaging test. We are not able to recommend a specific imaging
method to determine optimal LV volume measurement since the
accuracy and reliability of an imaging test depends on many

variables such as the patient’s body habitus, examiner’s experience,
and the type of equipment. In clinical practice, it will not be prac-
tical or possible to perform more than one imaging modality for
making a clinical decision.

Limitations

There were several limitations in this study. First of all, a single
Core Lab assessment of LV global and regional function measures
was not available in every patient. However, 96.6% of patients had
at least one imaging study reviewed by a blinded Core Lab and
86.6% had an adequate quality study for Core Lab volume mea-
sures. For those patients with more than one baseline imaging
study, we used all three modalities to assign the best available
LV volume to each patient. This approach to obtain LV volumes
and the EF using three imaging modalities has the limitation of
measurement variability among imaging modalities while providing
values for a larger number of patients. We, therefore, analysed the
data based only on Echo in a smaller but still 71% of study popu-
lation, to avoid the variability of measurements among three
imaging modalities.

Secondly, the impact of the amount of LV volume reduction by
SVR on the clinical outcome was not assessed in this manuscript. In
STICH, 4-month and 2-year follow-up imaging studies were
obtained, and other manuscripts incorporating these data are
forthcoming.

Finally, the results presented are based on LV function subgroup
analyses of the overall study population. The perils of subgroup
analysis are well documented, and thus cautious interpretation is
required. It is especially important to exercise caution in interpret-
ing a ‘positive’ subgroup result (i.e. a subgroup where there
appears to be a beneficial treatment effect) when the overall
results of the trial show no benefit.

Conclusions

The addition of SVR to CABG in patients with CAD amenable to
CABG, an LVEF <35%, and a dominant anterior region of myocar-
dial akinesia or dyskinesia was shown to have no benefit in the
1000 patients enrolled in STICH. Although by no means conclu-
sive, subgroup analyses in patients with baseline assessments of
LV geometry suggest that a relationship may exist between the
LV volume as well as the LVEF and the impact of SVR on
outcome, with patients with a smaller LVESVI, especially those
with a LVESVI <60 mL/mz, and EF >33% doing better and
patients with larger LVESVI or low LVEF doing worse with the
addition of SVR.

Supplementary material

Supplementary material is available at European Heart Journal
online.
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