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Coronary flow evaluation in patients undergoing 
percutaneous coronary interventions
Pavel Platon1

Abstract: Percutaneous coronary intervention in coronary artery disease has increased considerably over the past years, 
currently outnumbering the total amount of coronary artery bypass procedures. With the ever-increasing life expectancy 
and the improvements in cath-lab equipment and training, the number of percutaneous coronary intervention procedures 
is expected to rise in the near future. Thus, further research is needed to defi ne and strengthen current indications and 
analyze available data.
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Rezumat: Numărul intervenţiilor de angioplastie coronariană a crescut considerabil în ultimii ani, depăşind în prezent 
numărul pacienţilor la care se efectueaza by-pass aorto-coronarian. Odată cu creşterea speranţei de viaţă şi a tehnicităţii, 
în laboratoarele de proceduri invazive, se aşteaptă o creştere în viitorul apropiat al intervenţiilor coronariene percutane. 
Prin urmare, pe mai departe este necesar ca cercetările să defi nească şi să întărească indicatiile curente de revascularizare 
miocardică intervenţională prin analiza datelor. 
Cuvinte cheie: boala cardiovasculară, boala coronariană, intervenţiile percutane, sindromul  coronarian acut cu supradeni-
velare de segment ST, gradul fl uxului coronarian- TIMI.
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INTRODUCTION
LIFE expectancy is constantly increasing and with it 
coronary artery disease has become the predominant 
cause of substantial morbidity and mortality amongst 
population in the developed countries1-2. Interven-
tions aimed at risk factor modifi cation, optimization 
of medical therapy and patient education are effective 
methods of preventing and managing coronary artery 
disease3-4. When all these approaches fail, invasive the-
rapy is often necessary. 

Coronary balloon angioplasty was introduced for 
the fi rst time in 1977 by Gruentzig and since then, 
aided by the evolution of equipment (mainly by the 
development of coronary stents) and vast improve-
ments in operator experience, has come to address 
a large spectrum of coronary artery disease patients 
including those with mutivessel lesions5, total artery 
occlusions and occluded bypass grafts6. Furthermore, 
the addition of drug eluting stents (DES), aspiration, 
thrombectomy and rotational atherectomy techniqu-
es increased the array of resources available for PCI. 

Thus, safe and effi cient revascularization can be achie-
ved in almost any type of coronary lesion with techno-
logical progress that has taken less than half a century.

REPERFUSION THERAPY
Spontaneous rupture of a thin-capped atherosclero-
tic plaque with a lipid-rich core is the fi rst event that 
takes place in acute coronary syndromes7. Platelet ac-
tivation and aggregation with thrombus formation is 
followed by progression towards complete obstructi-
on of the vessel lumen with distal ischemia and myo-
cardial infarction8. It is currently accepted that most of 
the thrombotic occlusion persists in patients presen-
ting with acute ST-segment elevation myocardial in-
farction and pharmacological or interventional therapy 
is necessary for rapid restoration of blood fl ow to the 
injured myocardium9. 

The appropriate time interval for effi cient interven-
tion is well established - 12 hours according to the gui-
delines and each 30-minute delay from symptom on-
set increases 1-year mortality rates10. This therapeutic 
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window may be hard to defi ne in some patients with 
equivalents of ischemic symptoms or atypical presen-
tations11. Although thrombolysis signifi cantly reduces 
mortality compared to placebo, primary percutaneous 
coronary intervention is the standard preferred treat-
ment for this category of patients on the condition 
that experienced operators in an adequate catheteri-
zation laboratory12 perform it. This recommendation 
is supported by evidence, which shows lower morta-
lity and additional long-term benefi ts in patients trea-
ted in high-volume centers, per procedural complica-
tions being more common than in the case of elective 
PCI due to patients, which are often hemodynamically, 
or electrically unstable13.

However, a majority of patients comes into fi rst 
contact with a non-PCI capable center and often a 
pharmaco invasive strategy is employed with similar 
results as primary PCI strategy regarding mortality, 
although with higher rates of bleeding complicati-
ons14-16.

The complexity involved in the variation of blood 
fl ow through an infarct related artery cannot fully be 
represented by a brief image in time with a simple an-
giographic view17-18.

A standardized method for clinical practice and 
comparing different research data was necessary, 
hence a grading system termed TIMI fl ow grade, or 
TFG (Thrombolysis in Myocardial Infarction) was de-
fi ned in the early 1980s. Several angiographic studies 
have shown correlation between the TIMI fl ow gra-
des short-term, long-term outcomes and mortality in 
STEMI patients undergoing PCI19-21. 

Grade TIMI 0 indicates no fl ow at all distal to the 
obstruction, while grade TIMI 1 indicates a tenden-
cy for penetration with contrast material beyond the 
obstruction point without pacifying the entire artery. 
These patients have the highest rates of mortality, 
worse NYHA functional class at follow-up and requi-
red more reinterventions22-23. Grade TIMI 2 repre-
sents adequate perfusion of the affected vessel down 
to the distal bed, but with delayed fl ow while grade 
TIMI 3 suggests restoration of perfusion with normal 
vessel fl ow. These patients have the lowest rates of 
mortality registered by research (6.4% versus 32.9% in 
the TIMI 0-1 group) and thus the objective of all co-
ronary interventions is to restore normal TIMI 3 fl ow 
within the affected coronary vessel24-25. 

One of the fi rst studies that researched TIMI fl ow 
in primary PCI for STEMI patients found that strong 
predictors for post-interventional fl ow are age, infarct 

localization, multivessel disease, diabetes mellitus, and 
ineffi cient thrombolytic therapy26.

 Although TIMI fl ow grade is generally the most 
used tool in clinical practice, it is sometimes restric-
ted by its several limitations such as the subjective 
description and being an operator dependent parame-
ter27. Other angiographic criteria developed by Gib-
son, the TIMI Frame Count, also known as correc-
ted TIMI frame count (CTFC), is a semi-quantitative 
method for assessing blood fl ow defi ned as the num-
ber of angiographic cine frames necessary for contrast 
substance to arrive in the distal circulation after the 
point of interest28. This index is considered simpler, 
more objective and reproducible and thus can be used 
to differentiate between low-risk and high-risk groups 
of TIMI 3 patients29.

The microvascular fl ow, assessed by myocardial 
blush grades (MBG) is described as follows: grade 0 
refers to no myocardial blush or “persistent stain” 
suggesting the exit of contrast substance into the ex-
travascular space, grade 1 indicates minimum myocar-
dial blush, grade 2 - moderate myocardial blush and 
grade 3 refers to normal myocardial blush, similar to 
unaffected areas. For proper grading, it is necessary to 
run long enough fl uoroscopy acquisitions to capture 
the venous phase of contrast clearance30. In HORI-
ZONS-AMI trial, myocardial blush grades of 2-3 were 
achieved in 77% of patients and MBG was found to 
be an independent predictor of mortality and long-
term benefi ts, but no correlation between MBG and 
ST segment resolution were found31. Another study, 
which evaluated the MBG in 2118 consecutive STEMI 
patients found this marker to be prognostic for 1 year 
all-cause mortality and noted that it should be used in 
addition to TIMI fl ow grade evaluation32.

Although the main focus of the reperfusion therapy 
is to alleviate and obtain an angiographically satisfying 
image of blood fl ow in the epicardial artery, the ulti-
mate goal still remains to improve perfusion at the mi-
crocirculation level. This concept is emphasized most 
notably while experiencing the “no refl ow” phenome-
non with persistence of poor myocardial perfusion af-
ter resolution of the infarct related artery occlusion. 
First described in 1974 by Kloner, “no refl ow” is a 
multi-factorial and complex complication that is not 
yet fully understood. It is generally agreed that there 
is a combination of underlying key mechanisms, which 
add to distal perfusion disruption. No refl ow is asso-
ciated with left ventricular remodeling, poor clinical 
outcome and heart failure with reduced left ventricu-
lar ejection fraction33.
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Longer periods of ischemia (more than 90 minutes), 
distal thrombus embolization (promoted by fi brinoly-
tic therapy), mechanical fragmentation of the athe-
rosclerotic lesion during PCI and endothelial dysfunc-
tion followed by platelet-mediated aggregation are de-
cisive components that contribute to it. Reperfusion 
injury can also cause myocardial cell edema, oxygen 
free radical formation, local infl ammatory response 
with cytokine activation and coronary vasospasm34. A 
similar perfusion anomaly, called the slow fl ow phe-
nomenon (CSFP) is an entity defi ned by late contrast 
artery opacifi cation that is observed in up to 5% of pa-
tients undergoing diagnostic coronarography and has 
poor prognostic implications35. Impaired myocardial 
fl ow is associated with cardiac arrhythmias, contrac-
tile dysfunction and heart failure.

Amidst the techniques used for diagnosis and 
assessment of the no-refl ow status, myocardial con-
trast echocardiography (MCE) is considered the gold 
standard, while coronary angiography and magnetic 
resonance imaging are reasonable alternatives. Quali-
tative evaluation involving coronary angiography relies 
on TIMI fl ow grades, corrected TIMI frame count and 
myocardial blush grade. Comparative data of TIMI gra-
de 2 fl ow or lower and MCE evaluation show the pre-
sence of substantial no-refl ow zone in this subgroup. 
Also, ECG pattern that is not consistent with reper-
fusion evolutivity (>50% resolution of ST elevation in 
less than 90 minutes) is also suggestive of no-refl ow 
phenomenon. Literature data suggests that this group 
of patients has negative long-term prognostic with a 
higher risk of mortality and developing heart failure. 
Meanwhile, in patients where ST-segment resolution 
is achieved and early T wave inversion, comparative 
data with MCE show a high correlation with successful 
myocardial reperfusion and better long-term outco-
mes36.

As for treatment of “no-refl ow”, up to date, there 
are several studies that investigated the use of vaso-
dilators such as verapamil or adenosine showing mo-
derate or no benefi t37. Another proposed solution to 
this problem was the deferred stenting strategy as an 
addition to reduce microvascular load and to protect 
the distal microcirculation38. Recent studies showed 
controversial results in that perspective which promp-
ted current guidelines advising against this procedure. 

Thrombus aspiration may be used during primary 
PCI to avoid distal embolization and to protect tissue 
perfusion. There is confl icting evidence regarding this 
procedure. The TAPAS trial, which included 1071 pa-

tients undergoing PCI vs thrombus aspiration + PCI, 
investigated the post procedural frequency of myocar-
dial blush grade 0 or 1 and post procedural frequency 
of TIMI 3 fl ow grade. This study showed a signifi cant 
1-year clinical improvement and lower mortality rates 
in the thrombus aspiration group39. 

The TASTE Swedish trial, which included 7244 pati-
ents divided into the same groups, failed to show any 
signifi cant differences between the PCI group and the 
group that received additional thrombus aspiration 
therapy40. Moreover, the recent TOTAL trial, with 
10.063 patients showed that, while routine thrombec-
tomy had no impact on total cardiovascular death and 
recurrent myocardial infarction, it increased the rate 
of stroke. Thus, current guidelines do not recommend 
the use of routine thrombus aspiration during primary 
PCI10. 

There is scarce data in the literature with focus on 
intracoronary fi brinolysis or antithrombotic agents in 
patients with STEMI and large intraluminal thrombus, 
a situation associated with adverse results such as fa-
ilure of thrombus aspiration and diffi culty in obtaining 
proper reperfusion.

Massive thrombi are often hard to aspirate through 
a narrow catheter increasing the risk of rupture and 
embolization downstream. Few case studies, which in-
cluded less than 100 patients, showed TIMI fl ow and 
myocardial blush improvement by at least 1-grade and 
mortality benefi ts in such cases. One particular resear-
ch displayed marked improvements from TIMI fl ow 
0-1 in 84% patients before thrombolysis to TIMI fl ow 
3 in 75% patients post intracoronary thrombolysis41. 

The INFUSE-AMI randomized trial evaluated intra-
coronary administration of abciximab and aspiration 
thrombectomy in patients with anterior myocardial 
infarction and showed smaller infarct size by bolus ab-
ciximab and no benefi t of thrombaspiration42. A meta-
analysis overseeing eight randomized trials enrolling 
a total of 3259 patients compared mortality, recur-
rent myocardial infarction, post procedural TIMI 3 and 
MBG perfusion grades and showed that intracoronary 
administration of abciximab was associated with signi-
fi cant benefi ts with regarding to myocardial perfusion.

CONCLUSION
The wide spectrum of coronary artery disease va-
ries from stable angina to acute coronary syndro-
mes. Atherosclerotic plaque rupture with subsequent 
thrombus formation is the main cause of coronary 
artery occlusion and ST elevation myocardial infarc-
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tion. Brisk opening of the affected artery is crucial for 
restoring blood fl ow to the injured myocardium. Per-
cutaneous coronary intervention is currently recom-
mended by the guidelines as the standard treatment 
of choice, with large randomized studies that shown 
signifi cant improvements in long-term mortality and 
morbidity. Nevertheless, normal myocardial perfusion 
is not currently achieved in all treated patients. Seve-
ral problems arise, from logistical issues that prevent 
timely intervention to peri-procedural complications 
such as no refl ow phenomenon and confl icting lite-
rature data regarding the proper therapeutic attitude 
in particular scenarios. Different coronary fl ow eva-
luation tools have been developed and standardized 
for aiding both clinical practice and research. TIMI 
fl ow grade, TIMI frame count and myocardial blush 
grade are well-established instruments with strong 
data supporting correlation between these and long 
term outcomes. Further research is needed to identify 
other indicators for evaluating coronary blood fl ow as 
well as myocardial perfusion.
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