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ORIGINAL ARTICLE

The no-reflow’ phenomenon

LUCY BLOWS, DIVAKA PERERA, SIMON REDWOOD

Abstract

icrovascular perfusion is considered a key factor
M with respect to preservation of left ventricular
function and prognosis. No-reflow is recognised
in the context of acute coronary syndromes and
percutaneous intervention: myocardial blood flow at a
tissue level remains impaired following restoration of
epicardial flow. Once no-reflow is established,
treatment is often ineffective and this phenomenon is
associated with poor short- and long-term outcomes. A
number of different pharmacological agents are used to
prevent and treat this condition although data to
support their use are limited. This article examines the
pathophysiological aspects of this condition, its clinical
correlates and proposed management strategies.
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Introduction
Inadequate coronary flow, with res
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is frequently a consequence of ef
flow as a result of critical co tenoses, i
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focal spasm, thrombotic occlusioror v

it has become increasingly clear tha&s&e picarg Zulation
cannot be considered in isolation but t be d togeth-

er with the subtended microvasculature, gQgﬁardlal blood
flow is also dependent on microvascular@n and the extent
of collateral recruitment. %

Trials investigating the role of primarjspercutaneous interven-
tion for acute myocardial infarction show that while early inter-
vention has undoubted benefits over thrombolysis in terms of
prognosis, the reduction in the rate of re-infarction, improve-
ment in left ventricular function and reduction in mortality are
modest."* This may in part be because epicardial vessel patency
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does not necessarily reflect perfusion at a microvascular level,
which is critical to minimise myocardial damage.**

The no-reflow phenomenon has been recognised for a num-
ber of years. It describes the position when, in the context of
ischaemia, myocardial blood flow remains impaired following
restoration of epicardial blood flow. This is demonstrated angio-
graph|cally by sluggish clearance of contrast from unobstructed

flécts an end point in a pathological process and

by de i is as d W|t antegrade coronary flow.
Ho e s rees impairment are frequently
0 e an cally& likely to reflect similar patho-
@3 Iog|c ani [tNs clear that impaired flow (TIMI
<</ < asso W|th adverse outcomes.®® This article
almsoﬂom'f anisms involved in these processes and

thajr cliniCal nces

cllnlcal importance of no-reflow
f the prevalence of no-reflow vary according to the

i
pr%eﬂnmon and the technique used to diagnose the condi-
r example, myocardial contrast echo (MCE)-defined no-

w was found to be present in 16% of patients with angio-
a,

raph|c TIMI 3 flow after percutaneous coronary intervention
(PCI) in one study.® Such inconsistencies make data interpretation
for this subject particularly difficult.

No-reflow is most commonly recognised during PCl: esti-
mates of its occurrence vary from 2% in elective PCl of stable
patients™ to 30% in the context of acute myocardial infarction
(defined by MCE).° Patients with no-reflow tend to be older and
to have suffered less pre-infarct angina.” There is no gender dif-
ference or difference in the presence or conventional atheroscle-
rotic risk factors."

Thrombus-containing lesions predispose to this phenomenon
and thus it is more frequently seen during intervention to saphe-
nous vein grafts (occurring in up to 20%).” In addition, it is
encountered more often in the context of intervention on chron-
ic total occlusions™ and during rotational atherectomy. In the
latter scenario this may be related to creation of an increased
burden of atherosclerotic debris and to ‘un-roofing’ of endothel-
ial lipid pools with resultant increased platelet aggregation.

The no-reflow phenomenon has also been observed follow-
ing coronary artery bypass grafting, although its incidence in this
setting has fallen with modern improvements in cardioplegia,
reduced bypass time and off-pump surgery.™

No-reflow is a clinically important phenomenon because
insufficient myocardial blood flow leads to impaired healing and
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collateral development. It is associated with a ten-fold increase in
the incidence of in-hospital death and acute myocardial infarc-
tion, left ventricular dysfunction, ventricular arrhythmias, early
congestive cardiac failure and even cardiac rupture.''167

Pathophysiology

The pathophysiological mechanisms leading to the no-reflow
state are incompletely understood. It appears to occur as a result
of the interaction between a number of factors that cause dam-
age to the microvasculature and prevent normal perfusion of the
myocardium. However, many of the assumptions made regard-
ing the development of no-reflow are based on animal models,
which may incompletely reflect the mechanisms at play in
human subjects. Animal models often involve vessel ligation and
consequent myocyte necrosis (without the presence of throm-
bus). By contrast, in clinical scenarios of no-reflow the presence
of thrombus appears to be a major contributing factor.

A number of classifications have been proposed for this
phenomenon but none is entirely satisfactory because of clear
overlap between different pathological aspects of the condi-
tion.™

When considering the microvasculature in the context of no-
reflow, there are essentially two components influenci
myocardial blood flow, namely a cellular component and_th
micro-vessel lumen.

Cellular aspects of no-reflow

au ke

in this condition. It is likely to play a particularly important role in
the context of percutaneous intervention, where thrombotic
material, activated leukocytes, platelet aggregates, plaque debris
and fibrin deposits shower the microvasculature, leading to vas-
cular sludging of intact, albeit dysfunctional, microvasculature.
The resulting neuro-hormonal and inflammatory activation fur-
ther exacerbates flow disruption as a result of additional vaso-
constriction.

Clinical presentation

The presentation of these patients depends on the clinical con-
text. In patients with acute myocardial infarction, manifestations
include ongoing chest pain and persistent ST-elevation with or
without haemodynamic instability. Following percutaneous inter-
vention it may appear suddenly and dramatically with chest pain,
gross ECG changes and haemodynamic decompensation follow-
ing coronary ipplasty or stent deployment. In this setting
ion Tn blood flow is usually due to distal dissection

us ac xclusion of these conditions
reflow can be made.

ming the status of the microcircula-
|” contrast echocardiography, nuclear
uch as positron emission tomography and
esonance imaging. Angiographic parameters

ed in clinical studies, although these are at best
tative. Such parameters include the TIMI frame

tlo x’{

ar req
Myocardial ischaemia provokes a cascade of p a 8 iz
reactions, including activation of the comple em, ao 1 %fmed as the number of frames required for the contrast

ence of neutrophils to the coronary en \
mediated injury, and the production

degradation products such as A D an sme

xanthine increase. The associa ed Ie ions\n
activate xanthine oxidase, resu in xw%\( ree

duction.”® These compounds le the on of
endothelial cell membranes and p in d ion, with

resulting loss of cellular integrity.? Dependi severity and
duration of the insult, these cellular char@é? ay be irreversible.

Furthermore, in response to ischa% re is an increase in
anaerobic production of osmotically active substances such as
lactate and this leads to an increase in intracellular water content
by up to 20%. As a result, myocytes and endothelial cells
become swollen with large intraluminal projections, which com-
promise blood flow.? During reperfusion the increased hydro-
static pressure exacerbates this cellular and interstitial oedema
and may lead to diffuse capillary rupture with haemorrhage into
ischaemic tissue.™

Luminal aspects of no-reflow

Vessel obstruction is a key contributor to the no-reflow phe-

nomenon. Endothelial damage, as outlined previously, leads to

impaired autoregulation and the release of potent vasoconstric-

tors such as serotonin, causing profound vascular spasm.?
Distal embolisation is also thought to have an important role
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to reach standardised distal coronary landmarks, and

\ yocardial blush score, which is a subjective assessment of

k| es s mter
leukin-6 and interleukin-1." Conse. ’ y, level X{racell &
A\

ntrast density and its subsequent washout.?%

Angiographic methods provide only a crude assessment of
tissue perfusion whilst non-invasive techniques such as myocar-
dial contrast echo (MCE), nuclear and positron emission tomog-
raphy (PET) imaging improve diagnostic accuracy but may be
impractical in acute clinical situations, as they require compli-
cated offline analysis separately from angiographic characterisa-
tion of the epicardial anatomy.

Regardless of the diagnostic limitations, impaired microvas-
cular flow as determined by any of these techniques indepen-
dently predicts impaired recovery of left ventricular function and
a poor prognosis.®?

Of the non-invasive techniques, myocardial contrast echo
appears the most useful in a clinical setting, since it allows deter-
mination of myocardial blood volume and myocardial blood
flow. Microvascular integrity, as measured by MCE, has been
shown to be closely related to myocyte viability.

Invasive diagnosis of no-reflow has been made using the
Doppler flow wire.?® After restoration of vessel patency, the blood
flow rapidly slows, with a characteristic pattern of deceleration
of the diastolic velocity. However, interrogation of coronary flow
in isolation is limited by the inability to distinguish between epi-
cardial and microvascular compartments. The recently validated
method of determining minimum microvascular resistance using
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thermodilution techniques and a pressure wire may overcome
some of these difficulties.?>*

Management

Effective approaches to target no-reflow are important in view of
its adverse consequences. Unfortunately, there are few consis-
tent data in this field, largely because its occurrence is somewhat
unpredictable and the clinical consequences in individual patients
make it a difficult subject for large-scale clinical trials of interven-
tional and pharmacological strategies. Instead, recommenda-
tions regarding management are often based on data using
examination of the effect of various interventions on end points
such as myocardial flow and left ventricular function as surro-
gates for hard outcomes.

Treatment of no-reflow has not been shown to reduce infarct
size because it is usually confined to areas that have already sus-
tained significant damage. However, treatment may improve heal-
ing and left ventricular remodelling and may reduce infarct expan-
sion. Furthermore, it may also affect collateral development.

Prevention of no-reflow
Cellular dysfunction

In order to reduce the incidence of structural no-reflow, ear
intervention for the treatment of ischaemic events should b
employed where possible to abort the spiralling microyasc
dysfunction. Abolition of ischaemia may restore calci
ostasis and halt free radical production, thus pre
chondrial and cellular integrity. Addressing this S
a cellular level requires a reduction of 1al ox @
demand, conventionally with the use of be
um channel blockers.?' The potassium

systemic actions but also reduces '@ eIIula%{?n an
( h

tects from free radical effects (in tissUe th ot been fye-
versibly damaged. In conjunctior=with galci han ers
it also appears to have a favourable T@t/on th atory
processes inherent to this condition.”g\ELe-tre ith these
drugs in high-risk situations is a common str, %ﬁhough there
is little evidence to support this approadﬁaT tly. 3334

The use of compounds targeting ir% ar oedema such as
mannitol or dexamethasone is not asstciated with any clinical
benefit.

Allopurinol has been investigated as a potential treatment
option in view of its capacity to reduce free radical activity.
However, in vivo studies have failed to show a benefit, as exces-
sive doses prior to an ischaemic insult are required.®

Luminal obstruction

As discussed previously, micro-embolisation plays an important
role in the development of no-reflow. It has been suggested that
the use of distal protection devices in high-risk scenarios such as
acute myocardial infarction or saphenous vein graft intervention
might protect against this phenomenon.* For example, the Filter
Wire—Ex, a distal embolic protection device, has been shown to
have a beneficial effect on markers of myocardial reperfusion
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Figure 1. Proposed management strategy for no-reflow

Exclude structural epicardial causes
Thrombus, dissection

!

Optimise oxygenation, haemodynamics
and perfusion pressure
Fluids, inotropes, IABP, TPW,
as required

!

Intracoronary nitrates to ensure
no large vessel spasm
ISDN 1-2 mg
GTN 100-200 ng

!

Ensure adequate antiplatelet therapy
ACT 250-300, GP lIb/llla inhibitor

/ \
KM = intra=aoN{c bdlloon pump; TPW = temporary pacing wire;
\?N = isosori ate; GTN = glycerine trinitrate; ACT = activated
| & c G

Iqtting ti Rllfllla inhibitor = glycoprotein llb/llla inhibitor; LCA = left

-~
A coronv ry;*RCA = right coronary artery

-

ected TIMI frame count, grade 3 myocardial blush, early ST
segment elevation resolution, and peak creatine kinase release)
and on left ventricular function.?* However, data are conflicting
and disappointingly: for example, the Emerald study failed to
demonstrate a reduction in infarct size or an improvement in
flow with distal protection devices.*

In high-risk situations such as acute myocardial infarction,
there is some evidence that stenting is more likely to result in
no-reflow than angioplasty alone, possibly because of greater
plaque and thrombus disruption.? However, any benefits of
a strategy of angioplasty alone rather than stenting in the short
term would have to be offset against a higher rate of re-
occlusion and repeat revascularisation in the medium and long
term.

Targeting platelet aggregates with glycoprotein (GP) llb/llla
inhibitors has also been advocated as a management strategy for
no-reflow. The GP lIb/llla inhibitor abciximab has been shown to
improve capillary perfusion in animal studies. As yet there have
been no large-scale trials specifically examining these drugs in
the context of no-reflow, though data form the ADMIRAL trial
examining TIMI flow with GP llb/llla inhibitors in the context of
primary PCl support their use prior to intervention.*

Likewise, prostaglandins, ibuprofen and heparinised saline
have been shown experimentally to reduce platelet activation®*
although this has not been translated into clinical benefit.
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Treatment of established no-reflow

A proposed management strategy is shown in figure 1 but inter-
ventions in the context of established no-reflow are disappoint-
ing. Once established, complete reversal of the situation is rare,
although it is associated with an improved prognosis. A number
of treatments have been tried and most have not been of proven
benefit. Perfusion pressure should be maximised with fluid resus-
citation, inotropes and intra-aortic balloon counter-pulsation and
other supportive measures such as oxygen therapy should be
employed.

In the event of abrupt cessation of flow, once an epicardial
cause has been excluded, the most successful method of restor-
ing flow is with the use of vasodilators to correct the microvas-
cular spasm inherent in this situation. Anecdotally, these are best
delivered through the central port of an over-the-wire balloon or
via a transport catheter, for example, a Multifunctional Probing
Catheter (Scimed/Boston Scientific), directly into the distal vessel
to maximise drug delivery. In this context nicorandil appears
promising: its use has been shown to be of clinical benefit in the
context of acute myocardial infarction, with improved recovery
of left ventricular function.”® Nitrates are frequently used to treat
epicardial spasm but have not been shown to be of benefit in
no-reflow as their vasodilatory effects are restricted to arteriol
greater than 100 pm in diameter."

Calcium channel blockers act via their effects on yasctla
smooth muscle. They also influence endothelial functi &stim-
ulating the release of endothelium-derived relaxin%
reducing calcium influx into ischaemic celliﬁ
favourable effect on platelet aggregation
through attenuation of the effects of c
drugs have been shown to improve no

s, N hese
wbut tality \‘
possibly because of the studies were_ widerpow, erap ﬁ&
is most commonly used in this c [thQughN\diftiaz t/
ell e

@ em and
nicardipine have been used an&rﬁeﬁ tcﬁ% Q

Adenosine is the most po | endogenous v rin
humans. It appears to have a numbe @ntial in no-
reflow. It improves blood flow directly\g@ res asoactive
properties and appears to preserve en %‘integrity by
replenishing high phosphate stores, inhi Q neutrophil func-
tion and reducing free radical formatieh ¥**\'has also been sug-
gested that adenosine has additional Denefits via activation of
preconditioning mechanisms. Clinically, its use in the setting of
acute myocardial infarction has been associated with a reduced
incidence of no-reflow, improved left ventricular function and a
reduction in adverse events.*>

Other vasoactive substances such as papaverine® and the
nitric oxide donor nitroprusside®® have been shown to be effec-
tive in improving microvascular flow but again not outcome
measures. Intracoronary thrombolysis has no role in the treat-
ment of this condition and likewise coronary artery bypass graft-
ing is contraindicated in this context.

In summary, the lack of a definitive management strategy for
no-reflow reflects the conflicting and limited data available. As
outlined previously, prophylactic measures are not of conclusive
benefit. Intra-coronary nitrates should be used to ensure that
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E) Key messages

® No-reflow is estimated to occur in between 2-30% of
patients undergoing percutaneous coronary intervention
(PCl), depending on patient subsets

® [ts occurrence is associated with poor short- and
long-term prognosis

® Protective measures include early intervention,
aggressive antiplatelet therapy and the use of distal
protection devices. Once established, treatment is largely
based on administration of intracoronary vasodilators

epicardial spa
suggested

g—i?not contributing to impaired flow. It has been
he vasodilators of choice in the situation are ver-

apami

p

Q)
Vitre=3a
obse

otl

% enosoweve re are no large-scale com-
ara% di 2 dru%&/ e.

a men\@gies for this phenomenon are limited
andrRo s app@%ﬁ' ikely to solve this difficult clinical prob-
r

e multi-factorial and act synergistically.
dependent on the degree of irreversible cel-
hich in turn is affected by numerous variables,
which is collateral flow to the ischaemic territory. The

ast

in use of invasive physiological assessment and advances

side myocardial contrast echo will advance our under-
ding of the pathophysiology of microvascular function in this
inically challenging subject.
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CASE REPORT

Intracoronary thrombectomy

JULIAN GUNN, TUSHAR RAINA

Figure 1.

Coronary angiogram showing; a: occlusive thrombus in the ri W art pon @ Xciser thrombectomy catheter; c: the final
result after insertion of the two stents @

Case report

A 78-year-old man presented with an acute coronary syndrome two
weeks following orthopaedic surgery. Coronary angiography
revealed that the right coronary artery (RCA) contained a large
occlusive thrombus (figure 1a).

After deployment of an 8F Amplatz left-1 guide catheter, an
exchange length Balance Heavy Weight wire was advanced through
the lesion and a 2 mm Xciser thrombectomy catheter advanced into
the lesion. This device is suction-driven, and extracts the thrombus
through a propeller-type macerator at the tip (figure 1b).

After balloon inflation and insertion of 4 x 15 mm and 3.5 x 32
mm stents, the final result is shown in figure 1c.
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