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Treatment of No-Reflow Phenomenon
with Verapamil after Primary Stent Deployment

during Myocardial Infarction
Ibrahim DEMIR,1 MD, Huseyin YILMAZ,1 MD, Cengiz ERMIS,1 MD, 
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SUMMARY

No-reflow phenomenon is the absence of myocardial perfusion despite adequate dila-
tation of the infarct related coronary artery during percutaneous coronary intervention. It
predicts severe left ventricular dysfunction and poor prognosis in acute myocardial in-
farction (AMI). The present case is a 54 year old Turkish female who presented with chest
pain that had started 2.5 hours earlier. The clinical and laboratory findings were consistent
with AMI and the coronary angiogram performed for primary angioplasty revealed a 95%
thrombotic occlusion with a TIMI grade I flow in the left anterior descending (LAD) cor-
onary artery. A TIMI grade III flow was achieved with direct stent deployment. However,
after the placement of a second stent for severe ostial stenosis more proximally and adja-
cent to the first one, the antegrade flow became TIMI grade O. As the intracoronary med-
ications did not improve the flow, a mechanical occlusion was considered and a third stent
was deployed covering the first two stents. A control angiogram revealed the persistence
of TIMI grade O flow. A severe and persistent vasospasm was considered at this point and
accordingly, intracoronary verapamil was administered in high concentrations by an infu-
sion catheter to the distal LAD which was followed by the immediate achievement of
TIMI grade III flow. Intracoronary administration of high dose verapamil can be per-
formed to prevent vasospasm in resistant no-reflow cases with no evidence of mechanic
occlusion.  (Jpn Heart J 2002; 43: 573-580)
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PROVIDING antegrade coronary flow during AMI limits myocardial necrosis1)

and is known to prevent ischaemic myocardial dysfunction.2) However, some
studies have showed the absence of expected functional recovery in the left ven-
tricle, despite normal flow in the epicardial coronary artery.3) The ‘no-reflow’
phenomenon is the absence of myocardial perfusion, despite adequate dilatation
of the responsible artery, without a dissection, mechanic obstruction, or distal
emboli.4,5) The ‘no-reflow’ phenomenon can be detected by angiography,3) scin-
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tighraphy,6,7) contrast echocardiography,8-10) and Doppler flow wire measure-
ments.11) Angiographic definition of no-reflow is an antegrade flow with a TIMI
grade ≤II without any mechanical obstruction.4) There is a high correlation
between no-reflow occurring after AMI and cardiac morbidity and mortality.3,12)

In this case report we present the beneficial effects of administration of verapamil
via a perfusion catheter to the distal portion of the artery instead of the coronary
ostium in a no-reflow phenomenon in the setting of an AMI.

CASE REPORT

A 54 year old Turkish female visited an emergency room complaining of
severe chest pain that had started 2.5 hours earlier. Her past medical history was
significant for premature menopause and she had a strong family history of coro-
nary artery disease. The physical examination revealed an obese patient with a
regular heart rate and rhythm, third heart sound, and bilateral basillary rales in
cardiac and respiratory system auscultation. A 12-lead ECG revealed ST segment
elevation on the D1- aVL and precordial leads. The ECG findings in combination
with the clinical presentation resulted in a diagnosis of AMI. The patient was
immediately taken to the cardiac catheterization laboratory after pre-medications
including aspirin, ticlodipine, heparin, and analgesics were given. Right coronary
angiography was normal. Next, a 7F XB 3.5 guiding catheter was advanced to the
left main coronary ostium and the angiogram of the LAD revealed a 95% throm-
botic mid segment stenosis with a distal TIMI grade I flow (Figure 1). The lesion

Figure 1.   LAD lesion responsible for the infarct before intervention.
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was crossed with a wisdom 0.014 guidewire and a 3.0×18 mm R stent (Orbus
Medical Technologies, Inc., Hoevelaken, The Netherlands) was deployed at 13
atm pressure for 25 seconds. TIMI grade III flow was maintained (Figure 2). A
lesion in proximal LAD was then noticed to be critical and a 3.5×16 mm NIR
stent (Boston Scientific, Boston, USA) was deployed at 14 atm pressure for 20
seconds (Figure 3). The antegrade flow became TIMI grade O after the deploy-
ment of this second stent (Figure 3). Neither intracoronary verapamil and nitrate
injections nor high pressure levels with a longer angioplasty balloon improved
the flow. A third stent (R stent 3.0×38 mm) was deployed covering the first two
stents for a probable prolapse of the dissected tissue. The control angiogram
showed no change in the distal flow (Figure 3). The angioplasty balloon was
advanced forward and pulled back through the stents but this maneuver did not
alter the outcome. These findings have increased the probability of a severe distal
vasospasm where verapamil and nitroglycerin were unable to penetrate because
of the diminished microcirculation. An intracoronary infusion catheter (Cordis)
was advanced to the distal artery and 400 µg of verapamil was administered
through the aforementioned catheter resulting in an antegrade flow. After injec-
tion of another 400 µg of verapamil, the infusion catheter was pulled back and a
subsequent angiogram revealed TIMI grade III antegrade flow (Figure 4). The

Figure 2.   TIMI 3 flow and LAD ostial lesion after deployment of the first stent.
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Figure 3.   TIMI O flow after the second and third long stent were deployed into LAD.

Figure 4.   TIMI 3 flow after verapamil was injected through the infusion catheter.
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patient tolerated the procedure well and was subsequently brought to the coronary
intensive care unit. She was prescribed ticlodipine, isosorbid-5 mononitrate, low
molecular weight heparin, aspirin, and metoprolol. The CK and CK-MB levels at
the 6th, 12th, 36th, 48th hours were 740, 3895, 4186, 3995, 2390, 705, and 269 IU/
L and 190, 943, 1038, 922, 399, and 92 IU/L, respectively. Echocardiography
revealed an ejection fraction of 45%. The patient had an uneventful hospital
course and was sent home early the next week on the following medications;
ticlodipine, aspirin, nitrate, metoprolol, and statin. The patient is being followed
up in the outpatient clinic, is doing well, and had a functional capacity of 9 METS
on the treadmill test in the third month of the procedure.

DISCUSSION

The reported frequency of angiographic no-reflow is 2% in elective percuta-
neous interventions.4) It may increase to 11-44% in primary interventions during
AMI.13-15) It is well known that the no-reflow phenomenon that occurs as a fre-
quent complication of direct revascularization in AMI should be treated. It is
reported that an angiographic no-reflow phenomenon during AMI was strongly
associated with increased cardiac morbidity and mortality.12,16) The rate of
arrhythmia, congestive heart failure, and cardiac death is higher in patients with
no-reflow during AMI compared to those without.3,12,13) In addition, other well
known risk factors such as increased age, Killip class at admission, low ejection
fraction,12) and angiographic no-reflow phenomenon are other predictors of mor-
bidity and mortality.12)

Pathophysiologic no-reflow is defined as decreased tissue blood flow
despite an open infarct related artery.5) The factors causing no-reflow are reported
to be endothelial damage, inflammation, tissue edema,5,11) preinfarct angina,16)

and neutrophil depositions in the microvascular segment.17) Although myocardial
contrast echocardiography, which can demonstrate tissue perfusion, may be ben-
eficial in detecting the frequency of no-reflow,8-10) its unpractical application lim-
its its efficacy. However, TIMI flow grade is accepted as a simple alternative with
which to detect no-reflow without an additional method or extra time.3) Angio-
graphic no-reflow is defined as a blood flow of TIMI grade flow ≤II an in infarct
related artery after revascularization during AMI.3,4,12) An increase in microvascu-
lar resistance in a lesion area could decrease epicardial coronary blood flow. A
correlation between increased microvascular resistance and angiographic no-
reflow has been demonstrated in a Doppler guide wire study.18)

There is a high correlation between left ventricular ‘remodeling’ and ‘no-
reflow’ after AMI. Some of the factors that affect remodeling are infarct area
width, flow in the infarct artery, asynnergy, and increased wall stress.12) No-
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reflow seems to have a critical role in all of these parameters. Ejection fraction is
generally low in cases with angiographic no-reflow.

The treatment approaches may vary according to the pathophysiology of the
phenomenon. In a recent study, the no-reflow rate was found to be 5.9% in
patients who had received intracoronary adenosine (24-48 µg) and it was 28.6%
in patients who did not.14) The in-hospital major cardiac event rate was also low
in the former group. Another study showed that intracoronary administration of
adenosine corrected no-reflow in 10 cases out of 11 during percutaneous inter-
vention in safen vessel grafts.19) Although adenosine has a beneficial effect on no-
reflow, the mechanism of this effect is not known. A study, designed to test gly-
coprotein IIb/ IIIa receptor inhibitors, showed that intracoronary injection of this
agent resulted in TIMI III flow in 2 of 3 patients with no-reflow phenomenon dur-
ing AMI20) and that no-reflow phenomenon can be prevented by performing pre-
dilatation before stent deployment.

Nitroglycerin and verapamil are other agents used frequently for providing
microcirculation in percutaneous coronary revascularization interventions. Nitro-
glycerin is more effective for providing circulation in epicardial coronary arter-
ies, while calcium channel blockers, especially nicardipine and verapamil, are
more effective for resolving microvascular coronary spasm.15,21) Verapamil and
nicardipine, at doses between 100 and 1000 µg, could be injected safely to the
coronary arteries.4) Calcium channel blockers are known to decrease myocardial
ischemia by increasing coronary collateral flow, resulting in a direct cardiopro-
tective effect in percutaneous revascularisation.22) Reperfusion injury occurs dur-
ing early reperfusion in AMI. Injection of calcium channel blockers can prevent
‘reperfusion injury’ by suppressing the release of calcium ions from sarcoplasmic
reticulum.22,23) The reasons for a high no-reflow rate during AMI can be endothe-
lial damage, inflammation, neutrophil accumulation, and distal microembolisa-
tion. One other major reason is severe microvascular spasm caused by free
oxygen radicals, which are abundant in infarct areas after reperfusion.23) Calcium
channel blockers are effective for minimizing the damage caused by free oxygen
radicals. Interventional cardiologists may sometimes confront images like the
ones we have just presented, however, a review of the literature reveals no other
case with TIMI grade III flow deteroriating to TIMI grade O flow because of
severe distal vasospasm, which is subsequently treated by verapamil administra-
tion through the infusion catheter.
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