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Abstract

Aims: The aim of the study was to evaluate long-term outcomes of transient versus persistent no-reflow.
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Methods and results: A total of 17,547 patients with normal flow post percutaneous coronary inter-
vention (PCI) were compared to 590 patients (3.2%) with transient no-reflow and 144 patients (0.8%)
with persistent no-reflow. Long-term all-cause mortality was obtained by linkage with the National Death
Index (NDI). No-reflow patients were more likely to have presented with ST-elevation myocardial infarc-
tion (STEMI), out-of-hospital cardiac arrest (OHCA) or cardiogenic shock (all p<0.01). Long-term NDI-
linked all-cause mortality was highest in patients with persistent no-reflow (31%) followed by transient
no-reflow (22%) and normal flow (14%) over a median follow-up of 5.2, 5.5 and 4.5 years, respectively
(all p<0.0001). Kaplan-Meier survival estimates demonstrated a graded increase in all-cause mortality
from normal flow, to transient to persistent no-reflow (p<0.01), with the highest mortality occurring early
(<30 days) in the persistent no-reflow group (p<0.0001). Multivariate Cox proportional hazards modelling

identified glomerular filtration rate <30 mL/min, ejection fraction <30%, persistent no-reflow and transient

o ST-elevation
myocardial
infarction

no-reflow as independent predictors of increased hazard for all-cause mortality (all p<0.05).

Conclusions: Transient and persistent no-reflow were associated with a stepwise reduction in long-term
survival. The presence of even transient no-reflow appears to be an important predictor of adverse long-

term outcome.
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Abbreviations

ACS acute coronary syndrome

CABG  coronary artery bypass graft surgery
MIG Melbourne Interventional Group
NSTEMI non-ST-elevation myocardial infarction
OHCA  out-of-hospital cardiac arrest

PCI percutaneous coronary intervention

STEMI  ST-elevation myocardial infarction

Introduction

Angiographic no-reflow is a phenomenon where myocardial blood
flow remains impaired despite restoration of epicardial coronary
artery patency. It is a serious complication of percutaneous coronary
intervention (PCI) with an incidence of 2-30% in various studies'.

Predictors of no-reflow have been well documented and include
ST-elevation myocardial infarction (STEMI), cardiogenic shock,
complex lesions, bifurcation lesions, lesions within prior saphen-
ous vein bypass grafts, poor initial Thrombolysis In Myocardial
Infarction (TIMI) flow, chronic kidney disease (CKD)'®, longer
ischaemic time and older age®.

Numerous studies have reported worse short- and long-term out-
comes with persistent no-reflow following PCI>*. However, despite
achieving normal angiographic coronary flow at the end of the pro-
cedure, we have previously observed that even transient no-reflow
during PCI was associated with worse in-hospital and short-term
(30-day) outcomes', a finding supported by several other studies®”.
Few studies have evaluated long-term outcomes of transient no-
reflow occurring during PCI. The largest previous study assessing
long-term outcomes with transient no-reflow only included 4,329
myocardial infarction patients with a follow-up of three years®.

Given the paucity of data on long-term outcomes with transient
no-reflow, we aimed to assess long-term clinical outcomes of tran-
sient versus persistent no-reflow.

Editorial, see page 139

Methods

PARTICIPANTS

Data from consecutive patients enrolled in the Melbourne
Interventional Group (MIG) registry treated with PCI between
2005 and 2013 were analysed.

The MIG registry is a large Australian, multicentre database
of consecutive patients treated with PCI at six Australian ter-
tiary hospitals. The MIG registry (http://www.ccretherapeutics.
org.au/information/currentresearch/mig.html) has been described
in detail previously®!®. Briefly, it records data pertaining to all
PCI procedures performed at these centres. Demographic, clini-
cal and procedural characteristics for patients undergoing PCI are
prospectively recorded on case report forms using standardised
definitions. Follow-up is performed at 30 days and one year. A rig-
orous auditing process is in place to verify data accuracy' which
approximates 97%, comparable to other large registries'?.

The MIG registry is coordinated by the Centre of Cardiovascular
Research and Education in Therapeutics, an independent research

body within the School of Public Health and Preventive Medicine
(Monash University, Australia). The registry was approved by the
ethics committee at each participating hospital.

NO-REFLOW DEFINITIONS

Normal antegrade coronary angiographic flow was defined as
TIMI grade 3 flow, according to the standard definition developed
by the TIMI study group'. Persistent no-reflow was defined as
TIMI flow grade <2 in the absence of residual coronary steno-
sis, dissection or spasm, which persisted at the end of the proce-
dure. Transient no-reflow was defined as a temporary reduction in
angiographic TIMI flow (TIMI flow grade <2), occurring at any
time frame during the case which resolved by the completion of

the procedure.

CLINICAL OUTCOME DEFINITIONS

In-hospital complications were recorded at the time of hospital
discharge or death and medical records were reviewed to ver-
ify events. Thirty-day follow-up was conducted by telephone.
Events recorded included 30-day and 12-month all-cause mor-
tality, myocardial infarction (MI), target lesion revascularisa-
tion (TLR), target vessel revascularisation (TVR), and composite
major adverse cardiac events (MACE; consisting of death, MI,
and/or TVR). MI was defined as either (1) an increase in creatine
kinase or creatine kinase-MB >3 times the upper limit of normal
and/or (2) significant ST-segment change, development of new
Q-waves in >2 contiguous electrocardiogram leads, or new left
bundle branch block.

Long-term all-cause mortality was obtained by linkage to the
Australian National Death Index (NDI), which contains records
of all deaths in Australia since 1980. The following variables for
each deceased patient were identified: name, date of birth (or esti-
mated year of birth), age at death, gender, date of death, state/ter-
ritory of registration and registration number. Successful matching
of patients was achieved in 99.42% of patients.

Acute renal failure was defined by an increase of serum cre-
atinine to >200 micromol/L (2.27 mg/dL) (or two times the
baseline creatinine or new need for dialysis). Stroke was defined
by the sudden onset of persistent loss of neurological function
caused by an ischaemic or haemorrhagic event during or after
PCI. Cardiogenic shock was defined by hypotension (systolic
BP <90 mmHg for at least 30 min or needing supportive meas-
ures), evidence of end-organ hypoperfusion or cardiac index
<2.2 L/(min per m? and pulmonary capillary wedge pressure of
>15 mmHg)".

STATISTICAL ANALYSIS

Continuous variables were expressed as meantstandard devia-
tion, and categorical variables were expressed as numbers/per-
centages, except where indicated. Continuous variables were
compared using the Student’s t-test or Kruskal-Wallis equality-
of-populations rank test as appropriate. Categorical variables
were compared using Pearson’s chi-square test as appropriate.



All calculated p-values were two-sided. P-values <0.05 were
considered statistically significant.

The cumulative incidence of all-cause mortality was estimated
by the Kaplan-Meier method. The log-rank test was used to evalu-
ate differences between groups.

Cox proportional hazards modelling was used to identify univar-
iate and multivariate predictors of long-term all-cause mortality.
Univariate variables with a p-value <0.10 were then included in
multivariate models using stepwise backward selection. Variables
considered included transient and persistent no-reflow, age, gen-
der, diabetes mellitus, hypertension, dyslipidaemia, renal function
(estimated glomerular filtration rate [eGFR] >60 mL/min/1.73 m?
or 30-59 mL/min/1.73 m? or <30 mL/min/1.73 m?), previous MI
or heart failure (HF), smoking status, peripheral vascular disease,
cerebrovascular disease, previous PCI or coronary artery bypass
graft surgery (CABG), left ventricular ejection fraction (LVEF)
>45% or 30-45% or <30%, acute coronary syndrome (ACS), car-
diogenic shock, out-of-hospital cardiac arrest (OHCA), use of
intra-aortic balloon pumps (IABP), time from symptom onset to
PCI, door to balloon time, treated lesion location, bypass graft
lesions, American College of Cardiology and American Heart
Association (ACC/AHA) type B2 and C lesions, ostial lesions,
bifurcation lesions, chronic total occlusions, use of glycoprotein
IIb/Ila inhibitors, drug-eluting stent use, stent length >20 mm,
and stent diameter <2.5 mm.

All statistical analyses were performed using Stata v14.1 for
Windows (StataCorp, College Station, TX, USA).

Results
We analysed data from 18,281 patient procedures (21,605 lesions
treated). Of these, 17,547 patients with normal flow were com-
pared against 590 (3.2%) with transient no-reflow and 144 (0.8%)
with persistent no-reflow.

The baseline characteristics of the cohorts are presented in
Table 1. The incidence of transient or persistent no-reflow was 4%
(n=734). Fewer patients with no-reflow compared to patients with
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normal flow had hypertension, dyslipidaemia or previous PCI or
MI (p<0.001 for all). Patients with no-reflow had higher baseline
serum creatinine (p=0.02) and lower LVEF (p<0.0001).

Clinical and procedural characteristics are presented in Table 2.
Patients with transient or persistent no-reflow were more likely to
present with ACS (especially STEMI), cardiogenic shock, OHCA
or to be in Killip class IV in the setting of MI. They were more
likely to have received IABP support, inotropes, glycoprotein IIb/
Illa inhibitors or have been thrombolysed (all p<0.01). Among
patients presenting with STEMI, those with no-reflow had longer
door-to-balloon times (p=0.049). Clopidogrel preloading occurred
more frequently in those with normal flow (p<0.0001).

Several procedural factors were more prevalent among those
with no-reflow including in-stent restenosis, in-stent thrombosis,
lesions within bypass grafts, higher-grade stenosis, ACC/AHA
type B2/C lesions, chronic total occlusions or pre-PCI TIMI 0
flow (all p<0.01).

No-reflow was associated with higher in-hospital and 30-day
all-cause mortality (Figure 1), MACE and heart failure (p<0.0001).
The incidence of post-procedural heart failure was 3.4% in the

%257 M Normal flow p<0.001 221%

W TNR 9 201%
20 M PNR 19.4%

Mortality

In-hospital 30-day 1-year

Figure 1. Short- and medium-term all-cause mortality. In-hospital,
30-day and one-year all-cause mortality in patients with normal

flow, transient and persistent no-reflow. All-cause mortality was

highest in those with persistent no-reflow followed by transient
no-reflow and normal flow at all three time points. PNR: persistent
no-reflow; TNR: transient no-reflow

Table 1. Baseline characteristics of patients undergoing PCI hetween 2005 and 2013 from the MIG registry (n=18,281).

Normal flow Transient no-reflow | Persistent no-reflow
n=17,547 (96%) n=590 (3.2%) n=144 (0.8%)

Age, years 64.5£12.0 64.9+12.4 66.2+13.6 0.19
Male gender, n (%) 13,344 (76.1%) 440 (74.6%) 110 (76.4%) 0.69
Diabetes mellitus, n (%) 4,409 (25.1%) 121 (20.5%) 31 (21.5%) 0.09
Glomerular filtration rate <30 mL/min, n (%) 509 (3%) 19 (3.3%) 6 (4.3%) 0.08
Dialysis, n (%) 224 (1.3%) 6 (1%) 0 (0%) 0.34
Hypertension, n (%) 11,808 (67%) 353 (60%) 92 (64%) <0.0001
Dyslipidaemia, n (%) 12,325 (70.3%) 357 (60.7%) 84 (59.2%) <0.0001
Previous myocardial infarction >7 days prior, n (%) 4,888 (27.9%) 129 (21.9%) 29 (20.1%) 0.001
Previous PCI, n (%) 4,545 (25.9%) 92 (15.6%) 28 (19.4%) <0.0001
Previous CABG, n (%) 1,514 (8.6%) 55 (9.3%) 13 (9%) 0.37
Left ventricular ejection fraction <30% 358 (2.3%) 16 (3%) 11 (9.3%) <0.0001
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Table 2. Clinical presentation and procedural characteristics.

|

g

s

(1]

§ Normal flow Transient no-reflow | Persistent no-reflow

= (n=17,547) (n=590) (n=144)

E Stable angina, n (%) 5,897 (33.6%) 86 (14.6%) 22 (15.3%) <0.0001

5 ACS, n (%) 11,636 (66.4%) 504 (85.4%) 122 (84.7%) <0.0001

F Unstable angina, n (%) 1,611 (9.2%) 32 (5.4%) 7 (4.9%) <0.0001

é NSTEMI, n (%) 4,784 (27.3%) 166 (28.1%) 28 (19.4%) <0.0001

§ STEMI, n (%) 5,241 (29.9%) 306 (51.9%) 87 (60.4%) <0.0001
STEMI: symptom-to-door time (minutes) 177.4+197.3 216.8+267.4 237.9+259.6 0.245
STEMI: door-to-balloon (minutes) 115.1+154.3 125.3+157.4 118.2+128.7 0.049
Killip class IV with AMI, n (%) 352 (4.3%) 31 (7.4%) 26 (26.3%) <0.0001
Cardiogenic shock, n (%) 526 (3%) 53 (9%) 29 (20.1%) <0.0001
OHCA 442 (2.5%) 25 (4.2%) 11 (7.6%) <0.0001
Intra-aortic balloon pump, n (%) 388 (2.2%) 42 (7.1%) 22 (15.3%) <0.0001
Inotropes, n (%) 268 (3%) 19 (8.9%) 15 (23.4%) <0.0001
Thrombolysis, n (%) 759 (4.3%) 48 (8.1%) 14 (9.7%) <0.0001
Glycoprotein IIb/Illa inhibitor, n (%) 5,182 (29.6%) 392 (66.4%) 81 (56.3%) <0.0001
Aspirin use, n (%) 17,319 (98.7%) 585 (99.2%) 139 (97.2%) 0.177
Clopidogrel preload, n (%) 7,726 (44%) 231 (39.2%) 56 (38.9%) <0.0001
Clopidogrel during/after, n (%) 8,231 (47%) 307 (52%) 56 (38.9%) <0.0001
Ticagrelor preload, n (%) 257 (5.6%) 8 (6.5%) 2 (5.7%) 0.124
Ticagrelor during/after, n (%) 625 (13.7%) 27 (21.8%) 4(11.4%) 0.124
In-stent restenosis, n (%) 1,273 (6.1%) 21 (3.3%) 12 (7.6%) 0.008
Stent thrombosis, n (%) 67 (0.4%) 8 (1.8%) 2 (1.6%) <0.0001
Bypass graft, n (%) 549 (2.6%) 51 (7.9%) 9 (5.7%) <0.0001
Pre-PCI culprit vessel diameter stenosis, % 87.8+11.9 91.9+£10.9 95.8+10.4 <0.0001
Pre-PCI TIMI O flow, n (%) 4,529 (21.9%) 271 (42.1%) 106 (66.7%) <0.0001
Lesion characteristics - ACC/AHA B2/C 11,365 (54.6%) 463 (71.7%) 142 (89.3%) <0.0001
Chronic total occlusion, n (%) 783 (3.8%) 11 (1.7%) 21 (13.2%) <0.0001
Bare metal stent deployed, n (%) 8,513 (48.5%) 328 (55.6%) 54 (37.5%) <0.0001
Drug-eluting stent deployed, n (%) 7,981 (45.4%) 240 (40.7%) 22 (15.3%) <0.0001
ACC/AHA: American College of Cardiology/American Heart Association; ACS: acute coronary syndrome; AMI: acute myocardial infarction; NSTEMI:
non-ST-elevation myocardial infarction; STEMI: ST-elevation myocardial infarction; OHCA: out-of-hospital cardiac arrest; PCI: percutaneous coronary
intervention; TIMI: Thrombolysis In Myocardial Infarction

normal flow group, 10.5% in transient no-reflow and 15.3% in %607 B Normal flow )
persistent no-reflow (p<0.0001). At 12 months, no-reflow was 50 = ;l,\\l‘g p<0.0001 30.0%
associated with higher all-cause mortality (p<0.0001), cardio- 0 3545 38.2%

vascular mortality (p=0.001), MACE (p<0.0001) and readmis- z -

sions for heart failure (p=0.012) (Figure 1, Figure 2). Out of all £ ¥

deaths at 12 months (n=829), cardiovascular causes accounted for = . 18.5%

58% of deaths among those with normal flow, 71% among those o 10.5% . 12.3% 13.2%

with transient no-reflow and 87% among those with persistent no- 3.4% S1%

reflow (p=0.001).
No-reflow was associated with higher long-term all-cause mor-

In-hospital

30-day 1-year

Figure 2. Short- and medium-term MACE. Short-term MACE in

tality over a median follow-up of approximately five years (14%
patients with normal flow, transient and persistent no-reflow.

mortality with normal flow, 22% in transient no-reflow [TNR]

and 31% in persistent no-reflow [PNR], all p<0.0001) (Figure 3).
Kaplan-Meier survival analysis showed a graded increase in all-
cause mortality when stratified according to the severity of no-
reflow, with the highest mortality occurring early (<30 days) in the
persistent no-reflow group (log-rank p<0.0001) (Figure 4).

PNR: persistent no-reflow; TNR: transient no-reflow

Landmark analysis in survivors at 30 days showed greater
readmissions for heart failure, MACE and major adverse cardiac
and cerebrovascular events (MACCE) at 30 days and 12 months
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Figure 3. Long-term NDI-linked all-cause mortality. Long-term
NDlI-linked all-cause mortality in normal flow, transient and

persistent no-reflow cohorts over a median of five years.

in those with no-reflow compared to those with normal flow (all
p<0.01). There was higher long-term all-cause NDI-linked mor-
tality in those with no-reflow compared to those with normal
flow (12% mortality in those with normal flow, 17% in TNR,
13% in PNR, p<0.001). Kaplan-Meier survival estimates in sur-
vivors at 30 days demonstrated highest mortality in those with
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TNR (Figure 5) compared to the landmark analysis in the first
30 days which showed the highest mortality in the PNR group
(Figure 6).

Subgroup analysis excluding patients presenting with car-
diogenic shock or OHCA showed greater mortality, MACE and
MACCE at 30 days and 12 months in those with no-reflow com-
pared to those with normal flow (all p<0.0001). At twelve months,
mortality was 3% in those with normal flow, 5% in TNR, 7% in
PNR, MACE was 12% vs. 15% vs. 41% and MACCE was 12%
vs. 16% vs. 41%, all p<0.0001. The highest all-cause NDI-linked
long-term mortality was seen in TNR (19%) followed by PNR
(16%) and normal flow (12%) (all p<0.0001) (Figure 7). Kaplan-
Meier survival estimates demonstrated earlier mortality in those
with PNR, with greater mortality in the TNR group afterwards
(Figure 8).

Significant multivariate predictors of long-term all-cause mor-
tality included eGFR <30 mL/min/1.73 m? (HR 3.7, 95% CI: 3.1-
4.3), cardiogenic shock (HR 3.2, 95% CI: 2.7-3.8) and LVEF
<30% (HR 2.52, 95% CI: 2.1-3) (all p-value <0.001) (Figure 9).
While TNR (HR 1.3, 95% CT: 1.1-1.6; p=0.01) and PNR (HR 1.5,
95% CI: 1-2.2; p=0.03) had weaker association with long-term

p<0.0001
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Normal flow 17,547 11,970 6,245 1,061
Transient 590 409 256 49
Persistent 144 86 48 5

Figure 4. Kaplan-Meier survival estimates. Kaplan-Meier survival estimates of normal flow, transient and persistent no-reflow cohorts.
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Figure 5. Landmark analysis Kaplan-Meier survival estimates at >30 days. Kaplan-Meier survival estimates in survivors at 30 days

demonstrating the highest mortality in those with transient no-reflow.
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Figure 6. Landmark analysis Kaplan-Meier survival estimates at <30 days. Landmark analysis Kaplan-Meier survival estimates at <30 days
showing the greatest mortality in those with persistent no-reflow.
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Figure 7. Long-term NDI-linked all-cause mortality (excluding Hazard ratio (log scale)
out-of-hospital cardiac arrest and cardiogenic shock). Long-term
NDlI-linked all-cause mortality (excluding OHCA and cardiogenic
shock), demonstrating the greatest mortality in the transient

Figure 9. Estimates of hazard ratios and 95% confidence
intervals for multivariate predictors of long-term all-cause
no-reflow group. mortality assessed using Cox proportional hazards modelling.
Multivariate predictors of long-term all-cause mortality assessed
using Cox proportional hazards modelling. DES: drug-eluting
mortality, they remained significant predictors following multivari- . ent; EF: ejection fraction; GFR: glomerular filtration rate;
able adjustment. Both Harrell’s ¢ and Somers” D estimates (95%  OfCA: out-of-hospital cardiac arrest; PNR: persistent

CI) suggested very good predictive power for the model with esti-  no-reflow; PVD: peripheral vascular disease; TNR: transient

mates of 79% (78%-80%) and 67% (63%-70%), respectively'. no-reflow
1.00
p=0.0048
0.75 1
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Normal flow 16,751 11,634 6,102 1,045
Transient 528 380 244 48
Persistent 112 80 46 5

Figure 8. Subgroup analysis Kaplan-Meier survival estimates (excluding cardiogenic shock and out-of-hospital cardiac arrest). Kaplan-Meier
survival estimates excluding OHCA and cardiogenic shock, demonstrating greater late mortality in the transient no-reflow group.



Discussion

In this contemporary Australian multicentre registry, representing
the largest study assessing the long-term consequences of tran-
sient no-reflow, the main finding is that patients with any degree
of angiographic no-reflow had worse all-cause mortality at any
time point following PCI. Transient and persistent no-reflow were
associated with higher long-term all-cause mortality over a median
period of approximately five years, underscoring the adverse prog-
nostic value of even transient impairment in myocardial reflow
following PCI.

The overall incidence of no-reflow in our study was 4%, with
most of these cases representing TNR (3.2%). Our findings of
worse in-hospital and short-term mortality with PNR are in accord
with other studies'”'>!%, as is our finding of increased short-term
mortality with transient no-reflow’. The higher long-term all-cause
mortality in patients with no-reflow is probably due to a multi-
tude of factors. Firstly, patients with no-reflow were more likely
to have presented with ACS (especially STEMI), cardiogenic
shock, OHCA and to have received IABP and inotropic support.
These differences in baseline and procedural characteristics iden-
tify a group with very high-risk features at the outset and, not sur-
prisingly, this group had higher short-term mortality, particularly
those with persistent no-reflow. However, following multivari-
able adjustments accounting for these differences, TNR and PNR
remained independent predictors of long-term all-cause mortality.
While the higher short-term all-cause mortality contributed to the
poorer long-term all-cause mortality observed in both no-reflow
groups, the Kaplan-Meier analysis (Figure 1) would suggest that
cumulative clinical events in the no-reflow groups continued to
accrue beyond the 12-month period up to five years. The 30-day
landmark and subgroup analyses showed that, both in survivors at
30 days and excluding those presenting with OHCA or cardiogenic
shock, the greatest long-term mortality was observed in the TNR
group (Figure 5-Figure 8). Several explanations may account for
this. Patients with PNR represented a higher risk cohort with the
highest short-term mortality (Figure 1, Figure 4). The PNR group
was more likely to have associated cardiogenic shock, OHCA,
Killip class 1V, need for inotropes, complex lesions and TIMI 0
flow pre-PCI (Table 2). Therefore, there were fewer long-term
survivors (35% in-hospital mortality in PNR, p<0.0001) (Table 2)
and small numbers of patients at risk in this group entered the
landmark analysis. Another reason may be that the occurrence of
any no-reflow portends poorer clinical outcomes. Whether there is
a significant difference in long-term mortality between the TNR
and PNR cohorts requires further study and inclusion of a much
larger number of patients.

The MIG group has previously examined short-term outcomes
of no-reflow'; however, few studies have assessed long-term out-
comes of PNR. Ndrepepa et al assessed 1,406 STEMI patients
treated with PCI and observed that the five-year mortality was
worse in those with no-reflow versus normal flow (18.2% ver-
sus 9.5%, OR 2.02, 95% CI: 1.44-2.82, p<0.001)*. Morishima et
al in their study of 120 MI patients found that no-reflow was an

Long-term clinical outcomes of no-reflow

independent predictor of cardiac death over 5.8 years®. There are
fewer studies examining the clinical outcomes of TNR. Recently,
Kim et al® evaluated 4,329 ACS patients in a Korean PCI registry
and reported higher all-cause mortality over three years with both
TNR and PNR (HR 1.58, 95% CI: 1.11-2.24, p=0.01, and HR
1.98, 95% CI: 1.08-3.65, p=0.028, respectively). The magnitude
of the hazard ratios for three-year mortality was largely in keep-
ing with the findings from our study, although our study included
stable patients in addition to patients with ACS. Our study, with
18,281 patients, is the largest study underscoring an adverse asso-
ciation between TNR and long-term all-cause mortality up to five
years.

There are potential clinical implications arising from our study
findings. The adverse short- and long-term mortality associated
with TNR and PNR highlights the need for strategies aimed at
predicting, preventing and treating no-reflow. Many novel thera-
pies to treat no-reflow have been trialled including direct stenting,
thrombectomy devices, distal embolic protection devices, glyco-
protein IIb/Illa inhibitors, adenosine, nicorandil, sodium nitro-
prusside and calcium channel blockers*'"?°. However, despite
promising results in small, phase II studies, no therapeutic agents
have to date been shown to impact favourably on long-term out-
comes in large, multicentre studies®'.

Finally, fewer patients with no-reflow compared to patients with
normal flow had hypertension or dyslipidaemia (p<0.0001), prior
PCI or MI (p<0.001). Although speculative, this might be due to
the use of medical therapies upstream (such as statins, antihyper-
tensives and antiplatelet agents) that might have mitigated against
the development of microcirculatory dysfunction and no-reflow?.

Given the worse short- and long-term mortality associated with
any no-reflow, these patients may benefit from closer follow-up
and more aggressive downstream medical therapy, although such
an approach requires further study.

Limitations

Our study findings need to be interpreted with acknowledgement
of several limitations. Firstly, although data were collected pro-
spectively, this was a non-randomised, retrospective analysis with
differences in the numbers and baseline characteristics across the
three groups. Therefore, the results should be considered hypothe-
sis-generating. Secondly, as with any observational study, the pos-
sibility of missing data and unmeasured confounders might have
influenced the clinical outcomes. Thirdly, while the MIG registry
captures a contemporary cohort of patients undergoing PCI, many
of the study patients received clopidogrel as opposed to the newer,
more potent antiplatelet ticagrelor. Fourthly, the use of agents that
might have been used to treat no-reflow was not collected in the
MIG registry. Finally, using TIMI flow as a marker of no-reflow
might have underestimated the true incidence of impaired tissue
perfusion post PCI as patients with normal TIMI flow post PCI
may still have impaired tissue perfusion®. However, more objec-
tive angiographic measures of no-reflow such as myocardial blush
grade and TIMI frame count were not assessed in this registry.
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Furthermore, the interpretation of TIMI flow grade might have
varied amongst cardiologists and core laboratory verification of

angiograms was not performed.

Conclusions

Transient and persistent no-reflow following PCI were associated
with a stepwise reduction in long-term survival. After adjusting
for early mortality and excluding out-of-hospital cardiac arrests
and cardiogenic shock, transient no-reflow appeared to be assoc-
iated with greater long-term mortality. The presence of even tran-
sient no-reflow during PCI appears to be an important predictor of
adverse long-term outcomes.

Impact on daily practice

Any degree of angiographic no-reflow occurring during PCI,
even transient, is associated with worse short- and long-term
clinical outcomes. Further randomised controlled studies are
needed to assess the effectiveness of preventative and treatment

therapies for no-reflow.
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