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Abstract
Percutaneous coronary intervention (PCI) is a frequently performed procedure that can have minor or major
complications. One of the more serious complications of PCI is the development of coronary no-reflow. No-
reflow signifies reduced or absent coronary flow in the distal coronary circulation in the absence of flow-
limiting lesions. We present a case of a middle-aged man who presented as an outpatient for elective
coronary angiography due to angina pectoris and a high-risk exercise stress test. Coronary angiography
demonstrated significant single-vessel disease with lesions in the proximal and mid-segments of the left
anterior descending (LAD) coronary artery. Successful placement of drug-eluting stents in the LAD was
followed by a severe drop in blood pressure, worsening chest pain, and ST elevation on telemetry.
Immediate angiography showed the development of no-reflow in both the LAD and left circumflex coronary
arteries. Ionotropic and intravenous anti-platelet agents were administered with simultaneous placement of
an intra-aortic balloon pump, restoring normal flow in both arteries. No-reflow occurs most commonly
following PCI in certain lesion subsets, and it is usually seen only in the vessel in which the PCI was
performed (culprit vessel). It is important to realize that this phenomenon can occur in other circumstances
since immediate recognition and treatment can be lifesaving.
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Introduction
In the United States, there are approximately 900,000 percutaneous coronary interventions (PCIs) performed
each year [1]. Complications are uncommon but can be severe. One of these is the occurrence of no-reflow,
which is the impediment of blood flow caused by obstruction of the distal coronary microvasculature [2]. It is
well known that this is most often seen following PCI of specific lesion subsets and is then usually only seen
in the culprit’s vessel [2]. We present a case in which, following PCI of a stable lesion in an outpatient
setting, there was the development of multi-vessel no-reflow, causing hemodynamic collapse. We elaborate
on the possible mechanism for this occurrence.

Case Presentation
A 60-year-old male with a history of pre-diabetes, hyperlipidemia, and subclinical hypothyroidism
presented to the cardiology clinic due to concerns about coronary artery disease. He had a significant family
history of premature coronary artery disease, and he had been complaining of mild chest pressure. An
exercise stress test was abnormal, with significant ST depression seen in V5, V6, and AVF. He was referred
for coronary angiography. On examination, his blood pressure was 154/74 mmHg, his heart rate was 69 bpm,
and he was afebrile with a saturation of 98% on room air. Heart examination demonstrated normal first and
second heart sounds with no murmurs, and respiratory examination demonstrated normal breath sounds. He
has no peripheral edema. Cardiac catheterization was performed via the right radial artery, and a 6 French
Tiger 4.0 catheter was used for the angiography. This demonstrated no disease involving the left main, left
circumflex, or right coronary arteries, but there was a moderate proximal and a long segment of 90%
stenosis involving the mid-left anterior descending (LAD) artery (Video 1).

VIDEO 1: Right anterior oblique cranial view showing significant
stenosis in the left anterior descending artery prior to intervention.

View video here: https://vimeo.com/841887698?share=copy

A decision was made to intervene. A 6 French EBU (Extra Backup Catheter) 3.5 guide catheter was used to
engage the left main coronary artery. The lesion in the mid-left anterior descending coronary artery was
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treated with pre-dilation using a semi-compliant balloon (2.0 mm × 8 mm) at 10 Atm. The stent could not be
delivered due to the proximal disease, so another semi-compliant balloon (3.0 mm × 20 mm) was used. This
was followed by a non-compliant balloon to further pre-dilate the lesion. Eventually, a Resolute Onyx stent
(2.5 mm × 15 mm) was deployed in the mid-segment of the vessel. Due to diffuse disease proximally, two
additional Resolute Onyx stents (sizes: 3.0 mm × 18 mm and 2.5 mm × 15 mm) were placed. Immediately
after the successful deployment of the stent, the patient developed severe hypotension with no-reflow
(thrombolysis in myocardial infarction, TIMI, flow 0) in the left anterior descending artery and left
circumflex artery (Video 2). The electrocardiogram showed ST elevation in the inferior and anterior leads.

VIDEO 2: Right anterior oblique cranial view with no-reflow in the left
circumflex and left anterior descending arteries.

View video here: https://vimeo.com/839293904?share=copy

Fluoroscopy demonstrated minimal cardiac contractility. Activated clotting time at this time was high
(above 350). A bolus of neo-synephrine was given, and a norepinephrine infusion started. An intra-aortic
balloon pump (size: 8F 50 cc) was rapidly inserted via the right femoral artery. The blood pressure stabilized
immediately with a resolution of ST elevation. The EBU 3.5 Guide catheter was replaced by a 6-French EBU
4.0 Guide for better guide support. The coronary angiogram showed improved TIMI 3 flow in the left anterior
and left circumflex coronary arteries. Subsequently, the more proximal lesions were treated by using
Resolute Onyx stents (sizes: 3 mm × 18 mm and 3 mm × 12 mm). The final angiogram showed excellent
angiographic results with TIMI 3 flow (Video 3).

VIDEO 3: Right anterior oblique cranial view showing restoration of flow
in the left circumflex and left anterior descending arteries.

View video here: https://vimeo.com/839294062?share=copy

An infusion of eptifibatide was started. Due to normalized hemodynamics, the intra-aortic balloon pump
was removed immediately after the procedure. An echocardiogram in the recovery room demonstrated a
normal ejection fraction with no pericardial effusion. The patient was discharged home the next day with
dual antiplatelet agents.

Discussion
In the catheterization laboratory, after successful percutaneous coronary intervention of a coronary artery,
reduced or no flow in that artery is known as no-reflow [2,3]. In the literature, it has been described as
occurring in 0.6% to 5% of PCIs [4]. It is seen more often in acute myocardial infarction, high-risk graft
cases, and during calcium modification procedures [4-6]. Thrombotic lesions are more likely to lead to no-
reflow than non-thrombotic lesions (50% of PCI cases) [4,7].

The pathogenesis of no-reflow is multifactorial and includes endothelial injury with occlusion of the micro-
vessels due to distal embolism and external mechanical compression secondary to edema from infarcted
myocardium [8,9]. There is also reperfusion injury with disruption of endothelial cells, generation of
oxygen-free radicals, and neutrophil plugging [10,11].

However, this does not explain why there can be no-reflow in the non-culprit artery. Interestingly, a
publication in 1999 showed that in the presence of myocardial infarction, following PCI flow can be
compromised not only in the culprit artery but also in the non-culprit artery by up to 45% [1].

As a result, another mechanism has been proposed. This involves the development of diffuse
vasoconstriction and necrosis caused by the release of neuro-humoral factors into the shared
microvasculature of both the culprit and non-culprit vessels, resulting in multi-vessel no-reflow [4,12]. This,
we believe, is what occurred in our case.

However, before a diagnosis of diffuse no-reflow is made, it is important to exclude other potential causes
that impede blood flow. Such as an extensive proximal coronary dissection, diffuse air embolism, deep
engagement of the guiding catheter, and extensive proximal thromboembolism. When these factors are
excluded, one also must consider whether it is possible that impediments from non-culprit artery filling
could have developed due to the hemodynamic perturbation or drop in perfusion pressure caused by the slow
flow phenomenon in the culprit artery. However, postmortem selective coronary angiography studies have
demonstrated that the rate of ante-grade filling is well preserved [3].

Management options for no-reflow could range from non-pharmacologic techniques utilizing thrombus
aspiration and distal embolization protection devices in the setting of thrombotic occlusion [13-15].
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Glycoprotein IIb/IIIa inhibitors can be utilized in the setting of acute myocardial infarction, secondary to
their positive impact on the reduction of infarct size. Vasodilators, including nicardipine and verapamil,
have been shown to be effective in improving distal coronary flow [16]. Although nitroprusside did not show
any mortality benefit in prior studies, it can be used along with adenosine to improve distal flow [5]. Intra-
coronary epinephrine has also been shown to be helpful in no-reflow [17].

Conclusions
No reflow has short- and long-term consequences if not treated promptly. These include ischemia,
infarction, cardiogenic shock, and even death. The phenomenon can be present in both emergent and
elective PCI cases and, more importantly, can occur in non-culprit vessels. Hence, the practitioner must be
aware of this since early recognition and prompt action can be lifesaving.

Additional Information
Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. Conflicts of interest: In
compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services
info: All authors have declared that no financial support was received from any organization for the
submitted work. Financial relationships: All authors have declared that they have no financial
relationships at present or within the previous three years with any organizations that might have an
interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

References
1. Singh A, Wall KM, Weimer I, et al.: Ee343 the effect of BMI and the obesity paradox on post-PCI healthcare

costs and length of stay. Value in Health. 2023, 26:S122-2. 10.1016/j.jval.2023.03.644
2. Gibson CM, Ryan KA, Murphy SA, et al.: Impaired coronary blood flow in nonculprit arteries in the setting of

acute myocardial infarction. J Am Coll Cardiol. 1999, 34:974-982. 10.1016/s0735-1097(99)00335-6
3. Grabherr S, Djonov V, Yen K, Thali MJ, Dirnhofer R: Postmortem angiography: review of former and current

methods. AJR Am J Roentgenol. 2007, 188:832-8. 10.2214/AJR.06.0787
4. Movahed MR, Butman SM: The pathogenesis and treatment of no-reflow occurring during percutaneous

coronary intervention. Cardiovasc Revasc Med. 2008, 9:56-61. 10.1016/j.carrev.2007.08.005
5. Klein LW, Kern MJ, Berger P, et al.: Society of cardiac angiography and interventions: suggested

management of the no-reflow phenomenon in the cardiac catheterization laboratory. Catheter Cardiovasc
Interv. 2003, 60:194-201. 10.1002/ccd.10620

6. Abbo KM, Dooris M, Glazier S, O'Neill WW, Byrd D, Grines CL, Safian RD: Features and outcome of no-
reflow after percutaneous coronary intervention. Am J Cardiol. 1995, 75:778-782. 10.1016/s0002-
9149(99)80410-x

7. Costantini CO, Stone GW, Mehran R, et al.: Frequency, correlates, and clinical implications of myocardial
perfusion after primary angioplasty and stenting, with and without glycoprotein IIb/IIIa inhibition, in acute
myocardial infarction. J Am Coll Cardiol. 2004, 44:305-12. 10.1016/j.jacc.2004.03.058

8. Kloner RA, Rude RE, Carlson N, Maroko PR, DeBoer LW, Braunwald E: Ultrastructural evidence of
microvascular damage and myocardial cell injury after coronary artery occlusion: which comes first?.
Circulation. 1980, 62:945-52. 10.1161/01.cir.62.5.945

9. Durante A, Camici PG: Novel insights into an "old" phenomenon: the no reflow . Int J Cardiol. 2015, 187:273-
80. 10.1016/j.ijcard.2015.03.359

10. Bolli R, Jeroudi MO, Patel BS, DuBose CM, Lai EK, Roberts R, McCay PB: Direct evidence that oxygen-
derived free radicals contribute to postischemic myocardial dysfunction in the intact dog. Proc Natl Acad
Sci U S A. 1989, 86:4695-9. 10.1073/pnas.86.12.4695

11. Engler RL, Schmid-Schönbein GW, Pavelec RS: Leukocyte capillary plugging in myocardial ischemia and
reperfusion in the dog. Am J Pathol. 1983, 111:98-111.

12. Bouleti C, Mewton N, Germain S: The no-reflow phenomenon: state of the art . Arch Cardiovasc Dis. 2015,
108:661-74. 10.1016/j.acvd.2015.09.006

13. Vlaar PJ, Svilaas T, van der Horst IC, et al.: Cardiac death and reinfarction after 1 year in the thrombus
aspiration during Percutaneous coronary intervention in Acute myocardial infarction Study (TAPAS): a 1-
year follow-up study. Lancet. 2008, 371:1915-1920. 10.1016/S0140-6736(08)60833-8

14. Mongeon FP, Bélisle P, Joseph L, Eisenberg MJ, Rinfret S: Adjunctive thrombectomy for acute myocardial
infarction: a bayesian meta-analysis. Circ Cardiovasc Interv. 2010, 3:6-16.
10.1161/CIRCINTERVENTIONS.109.904037

15. Bavry AA, Kumbhani DJ, Bhatt DL: Role of adjunctive thrombectomy and embolic protection devices in
acute myocardial infarction: a comprehensive meta-analysis of randomized trials. Eur Heart J. 2008,
29:2989-3001. 10.1093/eurheartj/ehn421

16. Rezkalla SH, Dharmashankar KC, Abdalrahman IB, Kloner RA: No-reflow phenomenon following
percutaneous coronary intervention for acute myocardial infarction: incidence, outcome, and effect of
pharmacologic therapy. J Interv Cardiol. 2010, 23:429-36. 10.1111/j.1540-8183.2010.00561.x

17. Skelding KA, Goldstein JA, Mehta L, Pica MC, O'Neill WW: Resolution of refractory no-reflow with
intracoronary epinephrine. Catheter Cardiovasc Interv. 2002, 57:305-9. 10.1002/ccd.10303

2023 Hussain et al. Cureus 15(11): e48182. DOI 10.7759/cureus.48182 3 of 3

javascript:void(0)
javascript:void(0)
javascript:void(0)
https://dx.doi.org/10.1016/j.jval.2023.03.644?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jval.2023.03.644?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/s0735-1097(99)00335-6?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/s0735-1097(99)00335-6?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2214/AJR.06.0787?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2214/AJR.06.0787?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.carrev.2007.08.005?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.carrev.2007.08.005?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/ccd.10620?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/ccd.10620?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/s0002-9149(99)80410-x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/s0002-9149(99)80410-x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jacc.2004.03.058?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jacc.2004.03.058?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1161/01.cir.62.5.945?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1161/01.cir.62.5.945?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.ijcard.2015.03.359?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.ijcard.2015.03.359?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1073/pnas.86.12.4695?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1073/pnas.86.12.4695?utm_medium=email&utm_source=transaction
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1916203/?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.acvd.2015.09.006?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.acvd.2015.09.006?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S0140-6736(08)60833-8?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S0140-6736(08)60833-8?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1161/CIRCINTERVENTIONS.109.904037?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1161/CIRCINTERVENTIONS.109.904037?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/eurheartj/ehn421?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/eurheartj/ehn421?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/j.1540-8183.2010.00561.x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/j.1540-8183.2010.00561.x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/ccd.10303?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/ccd.10303?utm_medium=email&utm_source=transaction

	Development of Multi-Vessel Coronary No-Reflow Following Elective Percutaneous Intervention in One Vessel
	Abstract
	Introduction
	Case Presentation
	VIDEO 1: Right anterior oblique cranial view showing significant stenosis in the left anterior descending artery prior to intervention.
	VIDEO 2: Right anterior oblique cranial view with no-reflow in the left circumflex and left anterior descending arteries.
	VIDEO 3: Right anterior oblique cranial view showing restoration of flow in the left circumflex and left anterior descending arteries.

	Discussion
	Conclusions
	Additional Information
	Disclosures

	References


