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Abstract
Background: The optimal strategy to prevent no-reflow in ST-elevation myocardial infarction (STEMI)
patients undergoing percutaneous coronary intervention (PCI) is unknown.

KEYWORDS
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o STEMI

¢ thrombus-
containing lesion

Aims: We aimed to examine the effect of thrombectomy on the outcome of no-reflow in key subgroups and
the adverse clinical outcomes associated with no-reflow.

Methods: We performed a post hoc analysis of the TOTAL Trial, a randomised trial of 10,732 patients
comparing thrombectomy versus PCI alone. This analysis utilised the angiographic data of 1,800 randomly
selected patients.

Results: No-reflow was diagnosed in 196 of 1,800 eligible patients (10.9%). No-reflow occurred in 95/891
(10.7%) patients randomised to thrombectomy compared with 101/909 (11.1%) in the PCI-alone arm (odds
ratio [OR] 0.95, 95% confidence interval [CI]: 0.71-1.28; p-value=0.76). In the subgroup of patients who
underwent direct stenting, those randomised to thrombectomy compared with PCI alone experienced less
no-reflow (19/371 [5.1%] vs 21/216 [9.7%], OR 0.50, 95% CI: 0.26-0.96). In patients who did not undergo
direct stenting, there was no difference between the groups (64/504 [12.7%] vs 75/686 [10.9%)], OR 1.18,
95% CI: 0.82-1.69; interaction p-value=0.02). No-reflow patients had a significantly increased risk of
experiencing the primary composite outcome (cardiovascular death, recurrent myocardial infarction, car-
diogenic shock, or NYHA Class IV heart failure) at 1 year (adjusted hazard ratio 1.70, 95% CI: 1.13-2.56;
p-value=0.01).

Conclusions: In patients with STEMI treated by PCI, thrombectomy did not reduce no-reflow in all
patients but may be synergistic with direct stenting. No-reflow is associated with increased adverse clini-
cal outcomes.

*Corresponding author: Population Health Research Institute, Hamilton General Hospital, 237 Barton Street East, Hamilton,
ON LSL 2X2, Canada. E-mail: sanjitjolly@phri.ca
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Abbreviations

Cl confidence interval

Mi myocardial infarction

OR odds ratio

PCI percutaneous coronary intervention

STEMI ST-segment elevation myocardial infarction
TiMI Thrombolysis in Myocardial Infarction

TOTAL Trial of Routine Aspiration Thrombectomy with
PCI Versus PCI Alone in Patients With STEMI
Undergoing Primary PCI

Introduction

Coronary no-reflow is defined as myocardial hypoperfusion result-
ing from microvascular obstruction in the presence of a patent epicar-
dial circulation'. In the primary percutaneous coronary intervention
(PCI) era for ST-elevation myocardial infarction (STEMI), the no-
reflow phenomenon is increasingly recognised as a poor prognostic
marker for left ventricular remodelling, infarct size, left ventric-
ular ejection fraction, and long-term mortality®. Despite its clini-
cal importance, no preventive or treatment strategies for no-reflow
have demonstrated significant benefits on hard clinical outcomes®*.

The Trial of Routine Aspiration Thrombectomy with PCI
Versus PCI Alone in Patients With STEMI Undergoing Primary
PCI (TOTAL) was a randomised controlled trial comparing rou-
tine upfront manual aspiration thrombectomy versus primary PCI
alone’. The trial showed no difference for the primary composite
outcome of cardiovascular death, myocardial infarction (MI), car-
diogenic shock, or New York Heart Association (NYHA) Class IV
heart failure between the groups; although, there was an increased
risk of stroke in the thrombectomy group®’.

We investigated whether being randomised to thrombectomy
versus PCI alone affected the angiographic core laboratory-adju-
dicated outcome of no-reflow in key subgroups. Furthermore, we
explored the association between no-reflow and major cardiovas-
cular outcomes at 1 year and determined significant clinical pre-
dictors of no-reflow.

Editorial, see page 368

Methods

POPULATION AND STUDY DESIGN

The TOTAL Trial was an international, multicentre randomised
trial in which 10,732 patients (87 centres, 20 countries) with
STEMI were randomly (1:1) assigned to undergo routine upfront
manual aspiration thrombectomy (using the Export catheter;
Medtronic) versus PCI alone. The trial protocol and results have
been previously published™®. The angiographic parameters of
a randomly selected subset of patients were assessed at the angio-
graphic core laboratory at the Peter Munk Cardiac Care Centre,
Toronto, Canada, where the investigators were blinded to all non-
angiographic patient characteristics®. The study complies with the
Declaration of Helsinki and was approved by the ethics committee
at each participating centre. All patients provided written informed
consent before enrolment.

No-reflow in STEMI

DEFINITIONS AND ENDPOINTS

No-reflow was defined as a post-PCI (measured at the end of
the procedure) reduction in coronary flow, characterised by
a Thrombolysis in Myocardial Infarction (TIMI) flow <3 in the
absence of dissection, thrombus, spasm, or high-grade residual
stenosis at the original target lesion®’. No-reflow was determined
by the operators during the initial procedure and subsequently by
the blinded core laboratory personnel for the angiographic core
laboratory subset.

The primary composite outcome for the present analysis
included cardiovascular mortality, recurrent myocardial infarc-
tion, cardiogenic shock, or NYHA Class IV heart failure, as per
the TOTAL Trial’. Other outcomes included the individual com-
ponents of the composite endpoint: all-cause mortality, all-cause
rehospitalisation, and stent thrombosis. The definitions of these
endpoints have been previously described in detail®®. A central
committee blinded to study group allocation adjudicated all out-

come events.

ANGIOGRAPHIC CORE LABORATORY ANALYSIS

Quantitative coronary angiographic analysis was performed using
QAngio XA version 7.3 (Medis Medical Imaging). As previ-
ously described, the epicardial coronary flow was reported using
the qualitative TIMI classification, while thrombus grades were
defined according to Gibson'®!!.

STATISTICAL ANALYSIS

We used the modified intention-to-treat data from the TOTAL
Trial to include only patients who had undergone randomisation
and primary PCI. The primary study population was the angio-
graphic core laboratory subset. For comparison, analyses were
also performed for the entire TOTAL population, in which the
operator assessed no-reflow.

We presented continuous data with normal distribution as means
with standard deviations and used the Student’s t-test for statistical
testing. Non-normal data were presented as medians with inter-
quartile ranges and compared using the Wilcoxon rank-sum test.
We assessed dichotomous variables using chi-square analysis and
Fisher’s exact test.

Logistic regression with randomisation to thrombectomy as the
exposure and no-reflow status as the outcome across multiple sub-
groups with interaction terms was used to calculate odds ratios
(OR) and 95% confidence intervals (CI). The key subgroups were
chosen from the initial TOTAL Trial and subject matter know-
ledge. The key subgroups included TIMI thrombus grade (<4 vs
>4), symptom onset (<6 hours vs 6-12 hours), initial TIMI flow
(0-1 vs 2-3), primary PCI operator volume (mean and below vs
above mean), MI type (anterior vs non-anterior), age (<65 years
vs >65 years), and direct stenting (yes vs no)’.

We calculated unadjusted and adjusted hazard ratios (HR)
and 95% CI using an inverse probability of treatment-weighted
(IPTW) Cox proportional hazards model for the clinical outcomes
defined above. The adjusted model included age, sex, previous MI,
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Killip class >2, anterior MI, presenting systolic blood pressure,
initial TIMI thrombus grade, and initial TIMI flow. No violation
of the proportional hazard modelling choice was detected using
Schoenfeld residuals. We plotted the standardised differences
before and after IPTW modelling. We also plotted the unadjusted
and adjusted marginal survival functions according to no-reflow
status for the primary composite outcome. We used multiple impu-
tations (5 datasets) using fully conditional specification methods
for missing data'?. In the case of missing data, missing values for
each covariate were <1%.

Multivariable predictors of no-reflow were identified using
a stepwise selection algorithm with a significance level of <0.10
for entry and exit in a logistic regression model. We included
age, sex, hypertension, diabetes mellitus, smoking status, previ-
ous MI, Killip class, anterior MI, presenting heart rate, presenting
systolic and diastolic blood pressure, initial TIMI thrombus grade
(<4 vs >4), initial TIMI flow (0-1 vs 2-3), prophylactic use of
GPIIb/IIIa inhibitors and vasodilators, operator experience by pri-
mary PCI volume, actual thrombectomy use, and direct stenting.

To investigate the interrater reliability between angiographic
core laboratory analysis and operator assessment, we constructed
a 2x2 table and calculated Cohen’s k coefficient. A 2-sided p-value
of <0.05 was considered significant for all analyses. We did not
adjust for multiple comparisons. Results were obtained using R
software, version 4.1.3 (R Foundation for Statistical Computing).

Results
ANGIOGRAPHIC CORE LABORATORY ANALYSIS
A total of 1,800 patients from the angiographic core laboratory
analysis were included, with 196 (10.9%) patients experiencing
the no-reflow phenomenon (Figure 1). The patients in the no-
reflow group were older (64.4 years vs 60.8 years); however, both
groups had a similar proportion of female patients (25.0% [no-
reflow] vs 22.1% [without no-reflow]) (Table 1). Patients with no-
reflow had a higher Killip class, lower pre-PCI TIMI flow, and
less direct stenting.

No-reflow occurred in 95/891 (10.7%) patients randomised to
thrombectomy compared with 101/909 (11.1%) in the PCI-alone

arm (OR 0.95, 95% CI: 0.71-1.28; p=0.76) (Figure 2). In the sub-
group of patients who underwent direct stenting, those randomised
to thrombectomy compared with PCI alone experienced less no-
reflow (19/371 [5.1%] vs 21/216 [9.7%], OR 0.50, 95% CI: 0.26-
0.96). In patients who did not undergo direct stenting, there was
no difference between groups (64/504 [12.7%] vs 75/686 [10.9%],
OR 1.18, 95% CI: 0.82-1.69; interaction p-value=0.02). The effect
of thrombectomy on no-reflow remained consistent across all other
subgroups. Of note, the effect of thrombectomy on no-reflow did
not change according to the infarct-related artery (Supplementary
Figure 1).

At 1 year, STEMI patients with no-reflow had a 70% increased
relative risk of experiencing the primary composite outcome of
cardiovascular death, recurrent myocardial infarction, cardio-
genic shock, or NYHA Class IV heart failure (31/196 [15.8%)]
vs 101/1,604 [6.3%], adjusted HR 1.70, 95% CI: 1.13-2.56;
p-value=0.01) compared with patients without no-reflow (Table 2,
Figure 3). Furthermore, no-reflow was also associated with an
adjusted increased risk of cardiogenic shock (16/196 [8.2%] vs
28/1,604 [1.7%], HR 2.20, 95% CI: 1.14-4.24; p-value=0.02).
The IPTW modelling provided adequate covariate balance with
all absolute standardised mean differences reduced to less than 0.1
(Supplementary Figure 2).

As demonstrated in Figure 4, the 3 significant predictors of no-
reflow were age (per 10-year increment) (OR 1.25, 95% CI: 1.09-
1.42; p-value=0.001), pre-PCI TIMI flow 3 (OR 0.33, 95% CI:
0.19-0.56; p-value<0.0001), and direct stenting (OR 0.66, 95% CI:
0.45-0.95; p-value=0.03).

INVESTIGATOR-REPORTED NO-REFLOW

The baseline characteristics of the operator-assessed patients were
similar to those of the angiographic core laboratory patients, as
demonstrated in Supplementary Table 1. According to operator
assessment, 644 of the 9,755 (6.6%) eligible patients were deemed
to have no-reflow compared with 10.9% in the angiographic
core laboratory review (Supplementary Table 2, Supplementary
Figure 3). Cohen’s x value of 0.29 demonstrates only fair inter-
rater agreement (Table 3).

Randomly selected angiographic
core laboratory subset
(n=1,878)

Exclusion
— Abrupt closure of coronary artery (n=8)

A\ 4

A4

—New angiographic thrombus (n=15)
— Target vessel dissection (n=55)

Study population after exclusions
(n=1,800)

|

No-reflow population
(n=196)

}

Reflow population
(n=1,604)

Figure 1. CONSORT diagram for the angiographic core laboratory population according to no-reflow statistics.



No-reflow in STEMI

Table 1. Baseline and procedural characteristics for the angiographic core laboratory patients.

|
£
=3
=
w
Variahle No-reflow (n=196) | Reflow (n=1,604) p-value =
Demographic and comorbidities g
Age, years 64.4+12.9 60.8+£11.8 <0.01 i
Female sex 49 (25.0) 354 (22.1) 0.40 B
Hypertension 104 (53.1) 823 (51.3) 0.69 ©
Diabetes mellitus 40 (20.4) 287 (17.9) 0.44 %
Current smoker 63 (32.1) 752 (46.9) <0.01 g
Previous M| 20 (10.2) 172 (10.7) 0.92 3
Previous PCI 14 (7.1) 148 (9.2) 0.41
Killip class >2 16 (8.1) 68 (4.2) 0.02
Location of myocardial infarction Anterior 93 (47.4) 626 (39.0)
Inferior 98 (50.0) 908 (56.6) 0.05
Lateral or other 5(2.6) 70 (4.4)
Presenting heart rate, beats per minute* 79.2+19.4 76.8+17.7 0.10
Presenting systolic blood pressure, mmHg* 135.0+£25.1 134.1+24.3 0.63
Presenting diastolic blood pressure, mmHg* 81.7+16.1 82.5+16.1 0.86
Unfractionated heparin 160 (81.6) 1,196 (74.6) 0.04
Bivalirudin 32(16.3) 260 (16.2) 1.0
Low molecular weight heparin 55 (28.1) 406 (25.3) 0.46
Intracoronary vasodilator Upfront 19 (9.7) 131 (8.2) 0.33
Bailout 22 (11.2) 53 (3.3) <0.01
Glycoprotein I1b/llla inhibitor Upfront 48 (24.5) 474 (29.6) 0.14
Bailout 46 (23.5) 247 (15.4) <0.01
Intracoronary bolus 34 (36.2)! 280 (38.8)! 0.97
0: no thrombus present 8(4.1) 73 (4.6)
1: possible thrombus present 4 (2.0) 135 (8.4)
2: definite thrombus present, <0.5x vessel diameter 9 (4.6) 77 (4.8)
3: definite thrombus present, 0.5-2.0x vessel diameter 5(2.6) 120 (7.5) <0.01
4: definite thrombus present, >2.0x vessel diameter 28 (14.3) 248 (15.5)
5: total occlusion 138 (70.4) 946 (59.0)
Missing data 4 (2.0) 5(0.03)
TIMI flow O 142 (72.4) 960 (59.9)
TIMI flow 1 24 (12.2) 119 (7.4)
TIMI flow 2 18(9.2) 191 (11.9) <0.01
TIMI flow 3 10(5.1) 330 (20.6)
Missing data 2(1.0) 4(0.2)

Thrombectomy | 91464 | 820(51.1) | 098

Presence of macroscopic aspirate material retrieved with thrombectomy catheter 60 (65.9) 539 (65.7)

Use of stenting

Stenting 169 (86.2) 1,552 (96.8) <0.01
Direct stenting? 40 (23.7) 547 (35.2) <0.01
Stenting with DES? 91 (53.8) 822 (53.0) 0.95
PCI procedure time, mins 43 [30.0-60.5] 37 [27.0-50.01 <0.01

Data are mean+SD, n (%) or median [IQR]. The denominator is based on the number of patients who received a glycoprotein IIb/Illa inhibitor. 2The
denominator is based on the number of patients who received a stent. *Less than 1% missing data. DES: drug-eluting stent; IQR: interquartile range;
MI: myocardial infarction; PCI: percutaneous coronary intervention; SD: standard deviation; TIMI: Thrombolysis in Myocardial Infarction
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Subgroup No. of patients ~ Thrombectomy PCl alone Odds ratio (95% CI) ~ p-value  p-value for interaction
OVERALL 1,800 95/891(10.7)  101/909(11.1) -i- 0.95(0.71-1.28) 0.76
TIMI thrombus grade
<4 1 U2UGY 1521769 - 072032162 044 047
>4 1,357 82/670(12.2) 84/687 (12.2) - 1.00(0.72-1.39) 0.99
Symptom onset
<6h 1,628 81/806 (10.0) 83/822 (10.1) -I— 0.99 (0.72-1.37) 0.97 0.42
26h 155 13/76 (17.1) 18/79(22.8) - 0.70 (0.31-1.54) 0.38
Initial TIMI flow i
0-1 1,243 85/622 (13.7) 81/621 (13.0) -l— 1.06 (0.76-1.46) 0.75 0.09
2-3 548 9/263 (3.4) 19/285 (6.7) - 0.49(0.21-1.09) 0.09
Operator experience
Mean and below 1,071 53/529 (10.0) 53/542 (9.8) -l— 1.03 (0.69-1.54) 0.90 0.59
Above mean 729 42/362 (11.6) 48/367 (13.1) - 0.87 (0.56-1.36) 0.55
Mi type
Non-anterior 1,081 50/552 (9.1) 53/529 (10.0) -!— 0.90(0.59-1.34) 0.59 0.58
Anterior 719 45/339 (13.3) 48/380 (12.6) Ea 1.06 (0.68-1.64) 0.79
Age
<65 1,174 55/600 (9.2) 52/574 (9.1) -'— 1.01 (0.68-1.51) 0.95 0.78
>65 years 626 40/291 (13.7) 49/335 (14.6) -+ 0.93 (0.59-1.46) 0.23
Direct stenting
Yes 587 19/371(5.1) 21/216 (9.7) -I—' 0.50 (0.26-0.96) 0.04 0.02
No 1,190 64/504 (12.7) 75/686 (10.9) — 1.18(0.82-1.69) 0.35
0 1 2
Favours thrombectomy Favours PCl alone

Figure 2. Randomised subgroup analysis for no-reflow in the angiographic core laboratory population. CI: confidence intervals,

MI: myocardial infarction; PCI: percutaneous coronary intervention; TIMI: Thrombolysis in Myocardial Infarction

Table 2. Major adverse outcomes according to no-reflow status at 1 year for the angiographic core laboratory patients.
Unadjusted HR

No-reflow Reflow

Adjusted HR'

Variables (n=196) | (n=1,604) |  (95% CI) (95% CI)

Primary composite outcome

g::gl'ggvgﬁfé’fg o‘l‘fj‘tg‘r' eSS e I 31(15.8) | 101(6.3) | 2.69 (1.80-4.02) | 1.70 (1.13-2.56) | 0.01
All-cause mortality 17 (8.7) 44 (2.7) | 3.31(1.89-5.79) | 1.54(0.90-2.66) | 0.12
Cardiovascular mortality 14 (7.1) 34(2.1) | 3.51(1.88-6.55) | 1.67 (0.88-3.19) 0.12
Recurrent myocardial infarction 7 (3.6) 43 (2.7) 1.34 (0.60-2.98) | 1.16 (0.28-4.74) 0.81
NYHA Class IV heart failure 8(4.1) 27 (1.7) | 2.52(1.14-5.56) | 1.63 (0.69-3.86) 0.25
Cardiogenic shock 16 (8.2) 28(1.7) | 4.89(2.65-9.04) | 2.20(1.14-4.24) | 0.02
All-cause rehospitalisation 8(4.1) 40(2.3) | 1.71(0.80-3.64) | 1.25(0.63-2.51) | 0.52
Stent thrombosis 6(3.1) 27 (1.7) | 1.93(0.80-4.67) | 1.36 (0.35-5.23) | 0.62
Data are n (%). !C-statistic=0.57 (95% Cl: 0.53-0.61). Cl: confidence interval; HR: hazard ratio; NYHA: New York Heart Association

In the operator-assessed no-reflow population, the randomised
subgroup analysis demonstrated that the effect of thrombectomy
remained consistent across all subgroups with no significant inter-
action with direct stenting (Supplementary Figure 4). However,
direct stenting remained a strong predictor of no-reflow (OR 0.66,
95% CI: 0.53-0.69; p-value<0.0001) (Supplementary Figure 5).

After IPTW adjustment (Supplementary Figure 6), the opera-
tor-assessed no-reflow patients had a significantly increased risk
of experiencing the primary composite outcome (104/644 [16.1%)]
vs 679/9,111 [7.5%], HR 1.73, 95% CI: 1.33-2.25; p-value<0.01),
all-cause mortality (79/644 [12.3%] vs 335/9,111 [3.7%], HR
2.39, 95% CI: 1.73-3.30; p-value<0.01), cardiovascular mortality

(72/644 [11.2%] vs 274/9,111 [3.0%], HR 2.60, 95% CI: 1.85-3.66,
p-value<0.01) and cardiogenic shock (44/644 [6.8%)] vs 174/9,111
[1.9%], HR 2.41, 95% CI: 1.68-3.46; p-value<0.0001) at 1 year
compared to patients without no-reflow (Supplementary Table 2).

Discussion

Data from the angiographic core laboratory of the largest ran-
domised trial of manual thrombus aspiration during primary PCI
in STEMI demonstrated that routine use of manual thrombus aspi-
ration did not reduce the incidence of no-reflow. However, no-
reflow was reduced in the subgroup of patients who received
direct stenting following thrombus aspiration. Finally, these
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Figure 3. Survivor probability for the composite primary outcome according to reflow status in the angiographic core laboratory population.

A) Unadjusted survivor function and B) adjusted marginal survivor function. CI: confidence interval

Variables Odds ratio (35% CI) p-value
Age per 10 years = 1.25(1.09-1.42) 0.001
A 1.28 (1.13-1.44)
Killip class (2-4vs 1) —— 1.78(0.94-3.18) 0.06
——h—————— 2.01 (1.10-3.45)
Anterior myocardial infarction —— 1.35(0.98-1.86) 0.07
—h— 1.41 (1.05-1.91)
Presenting heart rate per 20 bpm M 114 (0.96-1.86) 0.12
A 1.16 (0.98-1.35)
TIMI thrombus grade (3-5 vs 0-2) —— 0.88 (0.47-1.74) 0.72
P —— 177 (1.13-2.91)
Initial TIMI flow (3 vs 0-2) = 0.33(0.19-0.56) <0.0001
A 0.35(0.23-052)
Direct stenting E 0.66 (0.45-0.95) 0.03
A ! 055 (0.38-0.79)
T T T T 1
0 1 2 3 4

Adjusted (M) and non-adjusted (A)

Figure 4. Independent predictors of no-reflow in the angiographic core laboratory population. C-statistic=0.67 (95% CI: 0.63-0.71) for the
multivariable logistic regression model. CI: confidence interval; TIMI: Thrombolysis in Myocardial Infarction

analyses confirm that no-reflow is common, prognostically impor-
tant, and associated with adverse events in the current era of pri-
mary PCI. We demonstrated that no-reflow is associated with
adverse outcomes, which is confirmatory; our randomised analy-
sis showed that thrombectomy is not associated with a reduction
in no-reflow and that direct stenting may have a synergistic effect
with thrombectomy in an angiographic core laboratory-adjudi-
cated population, which is novel.

There have been mixed results regarding the use of direct stenting
to prevent no-reflow in STEMI. A meta-analysis of randomised trials
of direct stenting in myocardial infarction (n=754) demonstrated that
direct stenting did not significantly improve no-reflow (6.6% in the
direct-stenting group compared to 6.9% in the conventional-stenting
group, OR 0.78, 95% CI: 0.39-1.55; p=0.48)"3. However, trials that
combined thrombectomy with direct stenting versus standard PCI
alone were excluded. The Polish-Italian-Hungarian RAndomized
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Table 3. Agreement hetween operator assessment and
angiographic core laboratory assessment for post-PCl no-reflow.

Operator assessment
Angiographic Reflow No-reflow
core lab Reflow 1,486 (85.7) 74 (4.3) 1,560 (89.9)
assessment | o _reflow 122 (7.0) 53 (3.0) 175(10.1)
1,608 (92.7) 127 (1.3) 1,735

Data are n (%). McNemar's chi-squared test p<0.01; Cohen’s x =0.29. PCI: percutaneous
coronary intervention

ThrombEctomy Trial (PIHRATE) demonstrated that a thrombec-
tomy and direct-stenting strategy decreased no-reflow after primary
PCI compared to a predilatation strategy without thrombectomy in
a STEMI population'. While similar, our comparison is slightly
different; our randomised data suggest that thrombectomy may be
associated with a decreased risk of no-reflow in patients undergoing
direct stenting, compared to direct stenting alone. Thrombus aspira-
tion likely facilitates direct stenting. Although prior studies did not
find an interaction between thrombus aspiration and direct stenting,
they used investigator-reported no-reflow rather than reports from
angiographic core laboratories'. Similarly, we caution against over-
interpreting the absence of significant interaction between direct
stenting and thrombectomy in the operator-assessed population,
as we have demonstrated that operator-assessed no-reflow may
be unreliable and may lead to patient misclassification (k=0.29).
A similar interrater agreement for no-reflow has been previously
reported'. Our study may be used as a cautionary tale, underlining
the importance for studies analysing angiographic markers of no-
reflow to use blinded core angiographic laboratory-adjudicated data
as much as possible to avoid biased findings.

Our finding that no-reflow is associated with a markedly
increased relative risk for adverse clinical outcomes at 1 year is
comparable to previous studies'”'®. In an observational study by
Ndrepepa et al, STEMI patients who experienced no-reflow had
a larger infarct size (15% vs 8.0% of the left ventricle; p<0.001)
and had an increased risk of 5-year mortality (adjusted HR 1.66,
95% CI. 1.17-2.36; p=0.004)"®. When blood cannot circulate
through the necrotic myocardium, macrophages cannot clear cellu-
lar debris, and humoral factors cannot access the tissue, thus, dis-
rupting the optimal myocardial healing processes'. Consequently,
no-reflow leads to maladaptive remodelling, left ventricular dys-
function, and a higher incidence of adverse events.

More than 10% of our study population developed no-reflow. Given
the poor prognosis associated with no-reflow, clinicians may benefit
from early recognition of the risk factors for no-reflow. Age and initial
TIMI flow are well-known predictors of no-reflow post-PCI in STEMI
patients!”?. Direct stenting is a modifiable risk factor that should be
tested in prospective randomised trials. However, there is a theoreti-
cal risk of stent undersizing, as reduced flow may lead to vessel size
underestimation?'. Intracoronary imaging may be helpful to identify
coronary anatomy at high risk of no-reflow and to mitigate the risk

of undersizing by allowing optimal size expansion and apposition?>%.

Limitations

The present study has several limitations. First, the post hoc
subgroup analyses should be considered hypothesis-generating.
Second, as direct stenting was a post-randomisation variable,
thrombectomy may have influenced the decision or the ability to
use a direct-stenting strategy. It is possible that lower-risk patients
with lower thrombus burdens may explain some of the associa-
tion between direct stenting and no-reflow. Third, while our study
sample is relatively large for a core laboratory- and physician-
adjudicated clinical endpoint study, we had low power to detect
differences for the secondary endpoints. However, the low inter-
rater agreement suggests that blinded angiographic core laboratory
analyses are essential, as operators may misclassify no-reflow.
Finally, we did not have imaging studies correlating no-reflow sta-

tus to infarct size or left ventricular dysfunction.

Conclusions

The present TOTAL angiographic core laboratory analysis dem-
onstrates that thrombectomy did not reduce no-reflow in all
patients but may be synergistic with direct stenting. No-reflow
is associated with an increased risk of cardiovascular mortal-
ity, recurrent MI, cardiogenic shock, or NYHA Class IV heart
failure. Contemporary randomised controlled trials are war-
ranted to better assess the association between direct stenting
and no-reflow.

Impact on daily practice

No-reflow management in ST-segment elevation myocardial
infarction patients undergoing primary percutaneous coro-
nary intervention is poorly defined. We performed a post hoc
analysis of the TOTAL Trial angiographic core laboratory data
(n=1,800), demonstrating that while thrombectomy did not
reduce no-reflow in all patients, it may have a synergistic effect
with direct stenting to decrease no-reflow. No-reflow is assoc-
iated with an increased risk of cardiovascular mortality, recur-
rent myocardial infarction, cardiogenic shock, or NYHA Class
IV heart failure.
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Supplementary data

Supplementary Table 1. Baseline and periprocedural characteristics for the operator-

assessed patients.

Variable No-reflow Reflow p-value
(n =644) (n=9,111)
Demographic and comorbidities
Age (years) — mean (SD) 65.02 (12.6) 61.3(11.8) | <0.01
Female sex — no. (%) 157 (24.4) 2,026 (22.2) | 0.23
Hypertension — no. (%) 348 (54.0) 4,544 (49.9) | 0.05
Diabetes mellitus — no. (%) 151 (23.4) 1,648 (18.1) | <0.01
Current smoker — no. (%) 230 (35.7) 4,214 (46.3) | <0.01
Previous MI — no. (%) 63 (9.8) 815 (8.9) 0.52
Previous PCI — no. (%) 38 (5.9) 777 (8.5) 0.02
Clinical presentation
Killip class > 2 — no. (%) 58 (9.0) 351 (3.9) <0.01
Location of Anterior — no. (%) 298 (46.3) 3,752 (41.2)
myocardial Inferior — no. (%) 322 (50.0) 5,015 (55.0) | 0.04
infarction Lateral or other — no. (%) 54 (8.4) 444 (4.9)
?éegfftlng heart rate in beats per minute — mean 78.0 (19.8) 76.3 (17.2) 0.04
Presenting systolic blood pressure in mmHg —
median (IQR)* 133.7(27.0) | 135.2(26.5) | 0.16
Presenting diastolic blood pressure in mmHg —
median (IQR)* 81.1 (16.5) 82.2 (16.6) 0.12
Periprocedural medication use — no. (%)
Unfractionated heparin 474 (73.6) 6,908 (75.8) 0.22
Bivalirudin 131 (20.3) 1,476 (16.2) <0.01
Low molecular weight heparin 175 (27.1) 2,499 (27.4) 0.92
Intracoronary vasodilator
Upfront 87 (13.5) 708 (7.8) <0.01
Bailout 108 (16.8) 236 (2.6) <0.01
Glycoprotein I1b/ll1a inhibitor
Upfront 169 (26.3) 2,186 (24.0) 0.20
Bailout 157 (24.5) 1,329 (14.6) <0.01
Intracoronary bolus! 126 (38.7) 1,329 (37.8) 0.76
Initial thrombus grade — no. (%o)
0: no thrombus present | 49(76) | 721790 | <0.01




1: possible thrombus present 44 (6.8) 1,012 (11.1)

2: definite thrombus present, < 0.5x 30 (4.7) 413 (4.5)

vessel diameter

3: definite thrombus present, 0.5 — 2.0x 31 (4.8) 778 (8.5)

vessel diameter

4: definite thrombus present, >2.0x 50 (7.8) 868 (9.5)

vessel diameter

5: Total occlusion 438 (68.0) 5295 (58.1)

Missing data 2 (0.3) 24 (0.3)

TIMI flow before PCI — no. (%)

TIMI flow 0 482 (74.8) 6038 (66.3)

TIMI flow 1 74 (11.5) 666 (7.3)

TIMI flow 2 60 (9.3) 1126 (12.4) <0.01

TIMI flow 3 24 (3.7) 1257 (13.8)

Missing data 4 (0.6) 24 (0.3)
Thrombectomy — no. (%) 350 (54.4) 4716 (51.8) 0.22
Use of stenting

Stenting* — no. (%) 509 (79.0) 8802 (96.6) <0.01

Direct stenting — no. (%)? 130 (25.5) 2801 (31.8) <0.01

Stenting with DES — no. (%)? 266 (52.3) 4848 (55.1) 0.21
Median PCI procedure time (mins) — median
(IQR) 49 (35-67) 36 (27 —50) <0.01

DES, Drug-eluting stent; IQR, Interquartile range; MI, Myocardial infarction PCI, Percutaneous
coronary intervention; SD, standard deviation; TIMI, Thrombolysis in myocardial infarction
! The denominator is based on the number of patients who received a glycoprotein I1b/Illa

inhibitor

2 The denominator is based on the number of patients who received a stent

“ Less than 1% missing data




Supplementary Table 2. Major adverse outcomes according to no-reflow status at 1 year

for the operator-assessed patients.

Variables

No-reflow
(n =644)

Reflow
(n=9,111)

Unadjusted HR
(95% CI)

Adjusted HR
(95% CI)

p-value

Primary composite outcome

Cardiovascular
death, recurrent
myocardial
infarction,
cardiogenic
shock, or NYHA
class IV heart
failure — no. (%)

104 (16.1)

679 (7.5)

2.32 (1.89, 2.86)

1.73 (1.33, 2.25)

<0.0001

Other outcomes

All-cause
mortality — no.
(%)

79 (12.3)

335 (3.7)

3.55 (2.78, 4.54)

2.39 (1.73, 3.3)

<0.0001

Cardiovascular
mortality — no.
(%)

72 (11.2)

274 (3.0)

3.94 (3.04, 5.11)

2.60 (1.85, 3.66)

<0.0001

Recurrent
myocardial
infarction — no.
(%)

17 (2.6)

249 (2.7)

1.02 (0.63, 1.68)

0.86 (0.48, 1.54)

0.61

NYHA Class IV

(%)

heart failure — no.

20 (3.1)

190 (2.1)

157 (0.99, 2.49)

1.20 (0.72, 1.99)

0.49

Cardiogenic
shock — no. (%)

44 (6.8)

174 (1.9)

3.73 (2.68, 5.19)

2.41 (1.68, 3.46)

<0.0001

All-cause
rehospitalization
—no. (%)

11 (1.7)

225 (2.4)

0.75 (0.41, 1.37)

0.54 (0.28, 1.04)

0.06

Stent thrombosis
—no. (%)

10 (1.6)

176 (1.9)

0.85 (0.45, 1.60)

0.72 (0.36, 144)

0.36

ClI, Confidence interval; HR, Hazard ratio; NYHA, New York Heart Association




P Value for

Subgroup No. of Patients = Thrombectomy PCIl Alone Odds Ratio (95% ClI) P Value Interaction
OVERALL 1800 95/891 (10.7) 101/909 (11.1) - 0.95(0.71-1.28) 0.76
Infarct-related artery
Left 964 60/473 (12.7) 58/491 (11.8) # 1.08 (0.74-1.6) 0.68 0.32
Right 835 35/418 (8.4) 43/417 (10.3) + 0.79 (0.49-1.27) 034
T
01 2
Favours Thrombectomy Favours PCI Alone

Supplementary Figure 1. Randomised subgroup analysis for no-reflow in the angiographic core
laboratory population for the left and right coronary arteries.

Cl, confidence intervals; PCI, percutaneous coronary intervention.



Covariate Balance
Range across imputations

Age (Years) -

Sex

Previous myocardial infarction -

Killip class > 2

Anterior myocardial infarction -

Systolic blood pressure

Initial thrombus grade:
No thrombus present

Initial thrombus grade: |
Possible thrombus present

Initial thrombus grade:
Definite thrombus present, < 0.5x

Initial thrombus grade: |
Definite thrombus present, 0.5 - 2x

Initial thrombus grade: |
Definite thrombus present, > 2x

Initial thrombus grade:
Total occlusion

TIMI flow before PCI. |
TIMI flow O

TIMI flow before PCI: |
TIMI flow 1

TIMI flow before PCI. |
TIMI flow 2

TIMI flow before PCI: |
TIMI flow 3

0.0

Of2 Of4
Absolute Standardized Mean
Differences

06

Sample

Unweighted
IPTW

Supplementary Figure 2. Covariate balance before and after inverse probability of treatment
weighting for the angiographic core laboratory patients.



TOTAL patients who underwent
randomization and PCI
(n=10,063)

Y

Y

Exclusion

Abrupt closure of coronary artery (n = 26)
New angiographic thrombus (n = 32)
Missing no-reflow status (n = 81)

Target vessel dissection (n = 169)

Study population after exclusions
(n=9,755)

Y

No-reflow population
(n=644)

Y

Reflow population
(n=9,111)

Supplementary Figure 3. CONSORT diagram for the operator-assessed population according to no-reflow status.




Subgroup
OVERALL
TiIMI thrombus grade
<4
z4
Symptom onset
<6h
z Bh
Initial TIMI flow
0-1
2-3
Operator experience
Mean and below
Above mean
Mi type
Non-anterior
Anterior
Age
=65
= B5 years
Direct stenting
Yes

No

No. of Patients

9754

3077
6651

8697
999

7259
2467

5522
4231

5697
4050

6144
3610

2931
6812

Thrombectomy

328/4884 (6.7)

81/1529 (5.3)
246/3345 (7.4)

280/4344 (6.4)
45/517 (8.7)

262/3614 (7.8)
4211255 (3.3)

206/2763 (7.5)
12172119 (5.7)

185/2719 (6.4)
14371976 (7.2)

158/3082 (5.1)
170/1801 (9.4)

86/1889 (4.6)
238/2988 (8.0)

PCI Alone
316/4871 (6.5)

73/1548 (4.7)
242/3306 (7.3)

278/4075 (6.4)
35482 (7.3)

274/3645 (7.5)
4201212 (3.4)

205/2759 (7.4)
1112112 (5.3)

161/2793 (5.8)
155/2074 (7.5)

166/3062 (5.4)
150/1809 (8.3)

44/1042 (4.2)
27113824 (7.1)

Odds Ratio (95% Cl)

[ 1.04 (0.88-1.22)
- 1.13 (0.82-1.57)
= 1.01(0.84-1.21)

1.01(0.85-1.2)
m—  1.22(0.77-1.94)
. 1.04 (0.88-1.24)
- 0.96 (0.62-1.49)
- 1(0.82-1.23)
= 1.09 (0.84-1.42)
- 1.11(0.89-1.38)
- 0.97 (0.76-1.22)
" 0.94 (0.75-1.18)
) 1.15 (0.92-1.45)
- 1.08 (0.75-1.58)
= 1.13 (0.95-1.36)
[ |
0 1 2

Favours Thrombectomy

Favours PCl Alone

P Value
0.65

0.48

0.96

0.91
0.4

0.65
0.87

0.97
0.52

0.34
0.77

0.61

0.23

0.68
0.17

P Value for
Interaction

0.82



Supplementary Figure 4. Randomised subgroup analysis for no-reflow in the operator-assessed
population.

Cl, confidence intervals; PCI, percutaneous coronary intervention; TIMI, Thrombolysis in
Myocardial Infarction.



Variables

Age per 10 years

Hypertension

Diabetes mellitus

Killip class

Anterior myocardial
infarction

Presenting heart rate
per 20 bpm

TIMI thrombus grade (4-5 vs, 0-3)

Initial TIMI flow (2-3 vs. 0-1)

Prophylactic use of
vasodilators

Operator experience

Direct stenting

Supplementary Figure 5. Independent predictors of no-reflow in the operator-assessed

population.

TIMI, Thrombolysis in Myocardial Infarction.

Adjusted () and Non-Adjusted (A ) Odds Ratio (95% CI)

Favors reflow

I
3

|
4

1.27 (1.18-1.36)
1.28 (1.21-1.39)

0.98 (0.52-1.16)
1.18 (1.01-1.39)

1.33 (1.08-1.62)
1.39 (1.14-167)

2.07 (1.52-2.79)
2.47 (1.83-3.28)

1.19 (0.99-1.4)
1.23 (1.05-1.44)

1.09 (0.96-1.21)
1.11 (1.02-1.21)

1.12 (0.91-1.39)
1.5(1.25-1.82)

0.47 (0.36-0.61)
0.43 (0.33-0.53)

1.76 (1.37-2.24)
1.85 (1.45-2.34)

0.995 (0.993-0.997)
0.995 (0.994-0.997)

0.66 (0.53-0.81)
0.57 (0.46-0.69)

Favors no-reflow

P Walue

p<.0001

Q.77

0.01

p<.0001

0.046

0.054

0.3

p<.0001

p<.0001

p<.0001

p<.0001



Covariate Balance
Range across imputations

Age (Years)

Sex

Previous myocardial infarction -

Killip class > 21

Anterior myocardial infarction

Systolic blood pressure

Initial thrombus grade: |
No thrombus present

Initial thrombus grade: |
Possible thrombus present

Initial thrombus grade: |
Definite thrombus present, < 0.5x

Initial thrombus grade: |
Definite thrombus present, 0.5 - 2x

Initial thrombus grade: |
Definite thrombus present, > 2x

Initial thrombus grade: |
Total occlusion

TIMI flow before PCI: |
TIMI flow O

TIMI flow before PCI. |
TIMI flow 1

TIMI flow before PCI: |
TIMI flow 2

TIMI flow before PCI. |
TIMI flow 3

0.1 0.2 03

Absolute Standardized Mean

Differences

Sample

Unweighted
IPTW

Supplementary Figure 6. Covariate balance before and after inverse probability of treatment
weighting for the operator-assessed patients.



