
Editorial Comment Editöryel Yorum

Serotonin: another player in the complex pathogenesis of 
no-reflow phenomenon 

"No-reflow" fenomeninin karmaşık patogenezinde başka bir oyuncu: Serotonin
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Myocardial no-reflow after primary percutaneous coronary 
intervention (PCI) or thrombolysis may negate advantages of 
reperfusion therapy. Indeed, compromised microcirculation 
does not allow providing normal blood flow to the myocardium 
despite an epicardial vessel reopening. No-reflow has a prog-
nostic role for both mortality and adverse left ventricular remo-
delling which is the cause of left ventricular failure (1). In 
humans, no-reflow is caused by the variable combination of four 
pathogenetic components: 1) distal atherothrombotic emboliza-
tion; 2) ischemic injury; 3) reperfusion injury; and 4) susceptibility 
of coronary microcirculation to injury. For each of them, it is 
possible to detect different predictors thus allowing specific 
therapies to be used in order to prevent no-reflow phenomenon 
(2). Importantly, both distal embolization and ischemia-
reperfusion injury are associated with release of potent vaso-
constrictors, which further impair the microcirculation.

In the paper “Relationship between no-reflow phenomenon 
and serotonin levels in patients with acute ST-elevation myocar-
dial ınfarction who underwent primary percutaneous ınterventi-
on” (3) Topsakal et al. have tried to find a pathogenetic correla-
tion between levels of serotonin (5-hydroxytryptamine) on 
no-reflow phenomenon following a primary PCI in patients with 
acute ST-elevation myocardial infarction (MI). Serotonin 
(5-hydroxytryptamine) that is synthesized from the essential 
amino aminoacid L-tryrophan is a vasoconstrictor and an effec-
tive stimulant for the smooth muscles (4) and it could play a role 
in no-reflow phenomenon.

In the study, they enrolled 40 patients presented at hospital 
within the first 12 hours of chest pain excluding those who were 
undergoing thrombolytic therapy or receiving selective seroto-
nin reuptake inhibitors. Levels of serotonin were evaluated in 
blood samples collected from the coronary ostium by using cat-
heter without side holes. Serotonin values were obtained from 
serum and thrombocytes.

No-reflow phenomenon was angiographically defined as a 
flow of TIMI 2 or less without the presence of dissection, mec-
hanical obstruction, significant residual stenosis or other plau-
sible causes (5, 6). 

Their experiment showed that while mean level of serotonin 
in thrombocytes in patients with reflow was 476±208 ng/109 
thrombocytes, it was 542±273 ng/109 thrombocytes in patients 
with no-reflow. Although the mean level of serotonin in throm-
bocytes was obser0ved to be higher in the no-reflow group, the 
difference was not statistically significant (p=0.39). Furthermore, 
whereas mean serum serotonin level in reflow group was 
41.4±40.8 ng/ml, it was noted to be 66.7±45.7 ng/ml in no-reflow 
group. Again, although the mean level of serum serotonin was 
observed to be higher in the no-reflow group, the difference was 
not statistically significant (p=0.07).

However, they found, that the mean baseline serum high 
sensitivity- C-reactive protein (hs-CRP) level in the no-reflow 
group was significantly higher [5.4 (3.1-31.0) vs. 3.1(3.1-15.4), 
p=0.014] as in reflow group. 

Due to the small sample size, the differences in serotonin 
levels did probably not reach the statistical significance. The 
findings of the study are however in line with those of previous 
studies, which have shown higher circulating levels of other 
potent vasoconstrictors such as endothelin-1 (ET-1) and throm-
boxane A2 (TX-A2) in patients with no-reflow (7, 8). Interestingly, 
both ET-1 and TX-A2 have pleiotropic effects above their role as 
vasoconstrictors. Indeed, ET-1 is an important modulator of 
neutrophil, leucocyte function, and a stimulator of surface exp-
ression of adhesion molecules, while TX-A2 is a potent stimulus 
for platelet aggregation. Similarly, a complex role of serotonin in 
ischemia-reperfusion injury has been demonstrated. Previous 
experimental studies have shown a release of serotonin follo-
wing atherosclerotic plaque rupture in hypercholesterolemic 
rabbit model and decrease in distal microvascular resistance, 
removing microvascular obstruction after the administration of 



ritanserin, a 5-hydroxytryptamine-2 receptor antagonist (9). 
Therefore, those animal studies established that serotonin inc-
reased the damage in cardiac tissue occurring as a result of 
ischemia by means of 5-hydroxytryptamine-2 receptor and that 
5-hydroxytryptamine-2 receptor antagonists could be beneficial 
in decreasing the damage (10). Accordingly, selective antago-
nists of both ET-1 and TX-A2 have been shown to have benefici-
al effects at the microvascular level after coronary ligation and 
reperfusion in the animal model of experimental MI (11, 12). 

As a result of the same study, the mean baseline serum 
hs-CRP level in the no-reflow group was established to be signi-
ficantly higher in patients with no-reflow. Hs-CRP is an inflam-
mation marker with a half-life of 19 hours and it is released six 
hours after a coronary event, on average. Chronic low-grade 
inflammation is known to affect epicardial tone, microvascular 
tone and neutrophil function (13). Recent studies have demons-
trated that high baseline CRP levels in patients treated by pri-
mary PCI predict a worse short-term prognosis (14). Results of a 
recent study conduct by our group do not support the hypothesis 
that the worse outcome associated with high CRP levels may be 
mediated by a higher risk of no-reflow (15).

The reasons for these discrepant results are not clear, but 
different selection criteria likely play a role. In particular, the 
time from chest pain onset to balloon and CRP assessment may 
be of major relevance in this context. Indeed, high CRP levels 
assessed late from chest pain onset (e.g. after 6 h) might largely 
reflect an inflammatory reaction to ongoing necrosis, thus limi-
ting the assessment of the potential pathophysiological link 
between basal inflammatory state and post-PCI coronary 
no-reflow. An earlier detection of increased CRP levels (e.g., 
within 6 h of chest pain onset, as in our study), on the other hand, 
would more likely suggest the presence of a basal inflammatory 
condition, preceding the acute event, and thus more probably 
reflect a potential pathogenetic relevance of inflammation in the 
mechanisms of no-reflow.

Although, potent vasoconstrictors including serotonin may be 
target of additional therapies against no-reflow, it is worth nothing 
that no-reflow has a multifactorial pathogenesis with a variable 
prevalence of different pathogenetic mechanisms in different 
patients. Thus, assessing predictors of each mechanism is impor-
tant in the evaluation of the patients. Furthermore, in the setting of 
no-reflow prevention is definitely more effective that treatment. In 
particular, reducing ischemic time is crucial for reducing the rate 
of final no-reflow (16). Finally, preserving innate cardioprotective 
mechanisms, such ischemic preconditioning is also of importance 
and drugs or beverages able to block this form of innate protection 
should be avoided in the patient at risk of MI (17).

A limitation of the study by Topsakal et al. (3) is also the lack 
of use of IIb-IIa inhibitors and manual thrombus aspiration (MTA) 
which are recommended by the last published ESC guidelines 
on the treatment of patients with acute ST elevation MI. In par-
ticular, abciximab has a class of recommendation IIA, with MTA 

having a class IIA. They have a preventive role at different time 
points as IIb-IIa antagonist may be administered before hospital 
arrival or in the catheterization laboratory before vessel reope-
ning, while MTA is usually performed after the wire has crossed 
the occlusion. Finally, in the catheterization laboratory high dose 
of adenosine may help in the prevention of no-reflow (18). 
Antagonist of serotonin may be also used in the prevention of 
no-reflow but adequate dosing should be used taking in mind that 
in the acute phase levels of serotonin may be particularly high. 

Another potential explanation of the borderline differences 
on serotonin levels observed in the present study may be found 
in the definition of no-reflow, indeed TIMI flow 3 may be also 
no-reflow if the Myocardial Blush Grade is 0-1. Furthermore, 
more sensitive imaging modalities as magnetic resonance ima-
ging are emerging as potent instrument for the diagnosis and the 
follow-up of no-reflow phenomenon (19). 

Future studies assessing the role of new drugs against 
no-reflow should keep in mind these considerations about the 
complex pathogenesis of the phenomenon, which may increase 
the rate of non responders. Furthermore, the choice of the diag-
nostic modalities is essential for a correct evaluation of respon-
se to therapy. Finally, appropriate dosage of drugs should be 
tested as the acute phase of MI exponentially increase levels of 
substances involved in the pathogenesis of no-reflow. 
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