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Background: How to deal with large thrombus burdens of culprit’s blood

vessel remains a great challenge in the treatment of acute myocardial

infarction.

Case presentation: A 32-year-old Chinese man was diagnosed with ST-

segment elevation myocardial infarction (STEMI). Coronary angiography

revealed that the distal end of a tortuous left circumflex was completely

occluded by a large amount of thrombus. Cutted balloon-directed

intracoronary artery retrograde thrombolysis (ICART) with urokinase led to

the restoration of coronary blood flow. Because there was no obvious plaque

rupture or artery stenosis in the coronary artery, it was only dilated, and no

stent was implanted.

Conclusion: Cutted balloon-directed ICART can be performed effectively

and safely in some STEMI patients with tortuous coronary vessels

and large thrombus. (REST or named ICART ClinicalTrials.gov number,

ChiCTR1900023849).
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Background

Intracoronary thrombosis is a great challenge and can
cause no-reflow, slow-flow, malignant arrhythmia, and other
adverse cardiac events in patients with ST-segment elevation
myocardial infarction (STEMI) (1–3). Without a benefit and
with even increased stroke risk, the recommended level of
routine thrombus aspiration has been reduced or even not
recommended (4–6). There is still a long way to go to
solve the problem of intracoronary thrombosis, especially in
patients with large thrombus burdens. In 2013, we began to
use the intracoronary artery retrograde thrombolysis (ICART)
technique combined with primary percutaneous coronary
intervention in treatment of STEMI (7). This process produced
microblood flow and microperfusion, which could be defined
as reperfusion pre-adaptation and characterized by reduced
reperfusion injury and improved blood flow. Here, we report
a case of a young patient with STEMI with a tortuous
coronary artery who was not suitable for thrombus aspiration
or primary balloon dilation. For this patient, ICART was
successfully performed to realize coronary reperfusion without
stent implantation.

Case presentation

A 32-year-old young man was transferred to the emergency
department with sudden chest pain lasting for 80 min. He has
had high blood pressure for 4 years but on no medication,
and had a blood pressure of 174/113 mmHg and a pulse
rate of 78 beats per minute. Electrocardiography showed ST-
segment elevations in leads II, III, aVF, V3R, V4R, and V5R
(Figures 1A,B). Serum creatinine was 73 µmol/L, and serum
troponin T was 7.97 ng/ml. Killip classification was class I.
Aspirin 300 mg and ticagrelor 180 mg were chewed just before
the coronary angiography (CAG) was performed, followed by a
routine antithrombotic therapy of oral DAPT (aspirin 100 mg
qd, ticagrelor 90 mg bid) lasting for 1 year. The treatment was
approved by Hainan Hospital of PLA General Hospital ethics
committee, and informed consent was signed. The CAG showed
that the left circumflex (LCX) was completely occluded by a
large amount of thrombus in the distal portion (Figure 2A).
A bolus of unfractionated heparin (11,250 IU) was administered
intravenously. A Runthrough guidewire was advanced through
the thrombus to the distal end of the occluded LCX. The distal
end of a 2.5 mm × 15 mm Sprinter Legend balloon was cut off,
leaving a metal marker at the tip. Then, the balloon was inserted

Abbreviations: STEMI, ST-segment elevation myocardial infarction;
ICART, intracoronary artery retrograde thrombolysis; PCIs, percutaneous
coronary interventions; CAG, coronary angiography; PLA, People’s
Liberation Army; LCX, left circumflex; TIMI, thrombolysis in myocardial
infarction.

FIGURE 1

Electrocardiograms. (A,B) In the emergency room. (C) After
intracoronary artery retrograde thrombolysis (ICART).

over the Runthrough guidewire and through the stenotic section
of the occluded coronary artery (Figure 2B).

A total of 300,000 units of urokinase, 15 ml physiological
saline, and 5 ml iopromide were mixed, forming a 20-ml
cocktail. Following this, 1 ml of the cocktail was bolus-injected
through the cut balloon, which was repeated every 30 s
(Figure 2B). After injection, the mixture of contrast agents and
thrombolytic agent retained in the distal end of the occluded
lumen, exerted its thrombolytic effect while visualizing the
occluded vessels during this process. After 7 min of ICART,
the thrombus in the proximal segment disappeared, but the
thrombus in the distal location still existed. An aspiration
catheter was used for thrombus aspiration, but it was unable
to pass through the lesion because of the tortuosity of the
blood vessels. The occluded segment was dilated up to 5 atm
with a 2 mm × 20 mm Sprinter Legend compliant balloon
(Figure 2C) at the distal portion of the LCX. Blood flow
improved to TIMI grade 2. Diltiazem 200 µg was given through
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FIGURE 2

Coronary angiogram of acute circumflex artery occlusion. (A) Basal angiogram showing total occlusion of the left the circumflex artery (LCX)
distal segment with thrombus image. The arrow shows the occlusion. (B) Procedure of intracoronary artery retrograde thrombolysis (ICART)
through the cut balloon. The distal thrombus was gradually dissolved. The fine arrow shows the tip of the cut balloon, and the coarse arrow
indicates the thrombolytic agent with contrast agent to fill the occluded lumen. (C) The distal end of the LCX was dilated up to 5 atm with a
2 mm × 20 mm compliant balloon. (D) Revascularization was achieved at the distal end of the LCX without stent implantation.

the intracoronary artery. The blood flow in the coronary
artery was restored to TIMI grade 3 (Figure 2D). The chest
pain was completely relieved, and the ST-segment elevation
was resolved (Figure 1C). Intravenous infusion of tirofiban
was maintained for 36 h after PCI. Oral administration of
aspirin (100 mg/day), ticagrelor (180 mg/day), rosuvastatin
(10 mg/day), bisoprolol (5 mg/day), nicorandil (15 mg/day),
and perindopril (2 mg/day) was continued. Low molecular-
weight heparin was administered subcutaneously after stopping
tirofiban. No significant bleeding complications occurred after
ICART. The patient was discharged 10 days after ICART. At
a follow-up time of 1 year, there was no recurrent myocardial
infarction, re-hospitalization, or death happened.

Discussion and conclusion

Management of intracoronary thrombus is a great challenge
of PPCI. Large thrombus burden is associated with poor

prognosis, including procedural failure, abrupt vessel closure,
recurrent myocardial infarction and death (8, 9). It is widely
acknowledged that the primary responsibility of physicians is
to clear a thrombus quickly and open occluded vessels (10–
12). Although great progress has been made in antithrombotic
therapy and PCI technology, a large intracoronary artery
thrombus is still a nightmare for interventional cardiologists.

In order to reduce the thrombus load of patients with
STEMI, many methods such as distal protection device,
thrombus aspiration, and glycoprotein IIb/IIIa antagonists are
used during a PPCI procedure (13–15). However, some studies,
including the EMERALD, PROMISE, and AIMI trials (16), have
found that distal protection devices have no protective effect or
are even harmful on myocardial perfusion and final infarct area.

Intravenous thrombolysis is simple and convenient, but the
vascular opening rate is relatively low. At the same time, large
doses of thrombolytic drugs increase the risk of hemorrhagic
events (17). Transcatheter antegrade thrombolysis of coronary
artery has been tried on patients with myocardial infarction (18).
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The head of a thrombus is mainly composed of white thrombi;
at the same time, the thrombolytic agent cannot be retained, and
transcatheter antegrade thrombolysis effect is poor. Similarly,
the dose of the thrombolytic agent needs full amount, which
causes a large possibility of hemorrhage.

Thrombus aspiration is one of the most frequently used
thrombectomy methods to deal with a thrombus in the
coronary artery (6). However, studies reveal that patients with
STEMI does not benefit from routine thrombus aspiration
(5). Routine thrombus aspiration showed no benefits for
death from any cause or the composite of death from
any cause, rehospitalization for myocardial infarction, or
stent thrombosis at 1 year either (19). Moreover, thrombus
aspiration even increased stroke rate (4). As such, the
recommended level of routine thrombus aspiration has been
reduced to grade III.

We first invented the ICART technology in 2013 to
treat patients with myocardial infarction in the world (7).
We amazingly found that ICART can produce reperfusion
pre-adaptation characterized by microblood flow and
microperfusion. It is more feasible than ischemic pre-
adaptation; and when compared with post ischemic treatment,
it is supposed to cause less debris, thus preventing slow
blood flow and no-reflow phenomena. ICART can produce
microblood flow and microperfusion, which can reduce
reperfusion injury. Therefore, we summarized the following
experience for myocardial infarction: urgent transport
(shortening the time from symptoms to balloon opening),
slow opening (by ICART rather than sudden opening of
blood vessels with thrombus aspiration, so as to reduce
reperfusion injury), 10 minutes of reperfusion (we found
that any urgent opening is harmful, whether it is ischemic
pretreatment or post ischemic treatment). We speculate
that ICART will reduce malignant arrhythmia, myocardial
stunning, myocardial microcirculation occlusion, intracardiac
hemorrhage, and myocardial infarction area, which are related
to reperfusion injury.

In this case, the blood vessel was tortuous, which is different
from the cases selected in our previous article (7), the proximal
part was very thick, and the distal part was completely occluded,
and it had a high-load thrombus. Thrombus aspiration should
be performed according to the guidelines. However, the blood
vessel was very tortuous, the aspirating catheter could not pass
through the tortuous lesion, which was confirmed by subsequent
operation. If balloon dilatation was performed directly, there
would be slow blood flow or no reflow due to high thrombus
load at the distal end. The following operation also confirmed
this idea. We ingeniously cut off the head of the balloon (in our
previous research, we used cutted balloons, they were made by
ourselves and were similar to a double lumen microcatheter),
put the balloon to the end through the wire, and formed a very
high concentration of thrombolytic agent locally to dissolve the
thrombus, which received very amazing results. There was no

thrombus in the distal vascular bed. At the same time, according
to the tortuous, distal, suddenly thinning vascular structure, a
stent could not be implanted, which was also the prominent
feature of this case (different from our previous case). In this
case, ICART successfully exposed the lesion and revealed the
occluded vessel before any other intervention was taken, thus
guiding the following strategies including the choice of balloons.
Our present case is a supplement to our previous ICART article,
which shows that the ICART method is very feasible and much
safer to use even in the variant occlusive vessels.

Intracoronary thrombolysis was previously conducted on
patients with an ectatic coronary artery (20). The disadvantages
of this method were that the blood vessel wall was destroyed
during suction, the thrombus was pushed to the far end of
the coronary artery, forming slow blood flow, and no reflow.
The thrombus may fall to the aorta, leading to stroke. At the
same time, the reperfusion injury was very obvious. After that,
antegrade thrombolysis was carried out; because the thrombus
structure was destroyed, the thrombolytic agent could not be
retained, and the thrombolytic efficiency was greatly reduced.
At the same time, the dosage of the thrombolytic agent was
very large, which significantly increased the risk of bleeding.
Therefore, if ICART is performed, the thrombolytic agent will
first make contact with a red thrombus and stay for a long
time, so the thrombolysis efficiency will be greater. ICART
is an effective, feasible, and simple approach for management
of patients with STEMI. Small amounts of thrombolytics
may cause very high local blood drug concentrations in an
occluded section, so as to open the occluded blood vessel. The
process of gradually opening occluded blood vessels produces
reperfusion preadaptation, which reduces the occurrence of
malignant arrhythmia. By relatively thorough removal of a
thrombus, the incidence of slow-flow or no-reflow was reduced.
Because the occluded segment was relatively small, no stent was
implanted in this case.

In conclusion, microcatheter-directed ICART may be a safe
and effective alternative reperfusion strategy in the culprit vessel
for STEMI associated with massive thrombosis in small and
tortuous coronary arteries.

Data availability statement

The original contributions presented in the study are
included in the article/supplementary material, further inquiries
can be directed to the corresponding author/s.

Ethics statement

Written informed consent was obtained from the patient for
publication of this case report and any accompanying images.

Frontiers in Cardiovascular Medicine 04 frontiersin.org

https://doi.org/10.3389/fcvm.2022.934489
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


fcvm-09-934489 July 29, 2022 Time: 16:23 # 5

Shen et al. 10.3389/fcvm.2022.934489

Author contributions

HL, YL, JW, XZ, and YN carried out patient management
and data collection. YTG, ZF, and JHW drafted the manuscript
and edited the figures. JT, MS, and SZ performed the angioplasty.
JT and LF critically revised the manuscript for important
intellectual content. All authors read and approved the final
version of the manuscript.

Funding

This study was supported by the Hainan Science
and Technology Project (ZDYF2020123, ZDYF2020027,
ZDYF2017096, and ZDKJ2019012), the National Key R&D Plan
(2020YFC2004706), the National Natural Science Foundation
of China (81500202), and the Open Subject of National Clinical
Research Center of Geriatrics Disease (NCRCG-PLAGH-
2018014) to MS. The funders had no role in study design,

data collection and analysis, decision to publish, or preparation
of the manuscript.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

References

1. Ndrepepa G, Tiroch K, Fusaro M, Keta D, Seyfarth M, Byrne RA, et al.
5-year prognostic value of no-reflow phenomenon after percutaneous coronary
intervention in patients with acute myocardial infarction. J Am Coll Cardiol. (2010)
55:2383–9. doi: 10.1016/j.jacc.2009.12.054

2. Napodano M, Dariol G, Al Mamary AH, Marra MP, Tarantini G, D’Amico
G, et al. Thrombus burden and myocardial damage during primary percutaneous
coronary intervention. Am J Cardiol. (2014) 113:1449–56. doi: 10.1016/j.amjcard.
2014.01.423

3. Jaffe R, Dick A, Strauss BH. Prevention and treatment of microvascular
obstruction-related myocardial injury and coronary no-reflow following
percutaneous coronary intervention: a systematic approach. JACC
Cardiovasc Interv. (2010) 3:695–704. doi: 10.1016/j.jcin.2010.05.
004

4. Jolly SS, Cairns JA, Yusuf S. Randomized trial of primary PCI with or without
routine manual thrombectomy. N Engl J Med. (2015) 372:1389–98. doi: 10.1056/
NEJMoa1415098

5. Frobert O, Lagerqvist B, Gudnason T, Thuesen L, Svensson R, Olivecrona GK,
et al. Thrombus aspiration in ST-elevation myocardial infarction in Scandinavia
(TASTE trial). A multicenter, prospective, randomized, controlled clinical registry
trial based on the Swedish angiography and angioplasty registry (SCAAR) platform.
Study design and rationale. AmHeart J. (2010) 160:1042–8. doi: 10.1016/j.ahj.2010.
08.040

6. Vlaar PJ, Svilaas T, van der Horst IC, Diercks GFH, Fokkema ML, de Smet
BJGL, et al. Cardiac death and reinfarction after 1 year in the Thrombus Aspiration
during Percutaneous coronary intervention in Acute myocardial in-farction Study
(TAPAS): a 1-year follow-up study. Lancet. (2008) 371:1915–20. doi: 10.1016/
S0140-6736(08)60833-8

7. Tian JW, Zhu M, Wang FQ, Li K, Zhou CF, Li B, et al. Intracoronary arterial
retrograde thrombolysis with percutaneous coronary intervention: a novel use of
thrombolytic to treat acute ST-segment elevation myocardial infarction. J Geriatr
Cardiol. (2019) 16:458–67.

8. Zipes DP, Libby P, Bonow RO, Mann DL, Tomaselli GF. Braunwald’s heart
disease: A textbook of cardiovascular medicine. 7th ed. Singapore: Elsevier Medicine
(2007). p. 1068–90.

9. Antman EM, Hand M, Armstrong PW, Bates ER, Green LA, Halasyamani LK,
et al. 2007 Focused update of the ACC/AHA 2004 guidelines for the management of
patients with ST-elevation myocardial infarction: A report of the American College
of Cardiology/American Heart As-sociation Task Force on Practice Guidelines:
Developed in collaboration with the Canadian Cardiovascular Society en-dorsed
by the American Academy of Family Physicians: 2007 writing group to review new

evidence and update the ACC/AHA 2004 guidelines for the management of patients
with ST-elevation myocardial infarction, writing on behalf of the 2004 writing
committee. Circulation. (2008) 117:296–329. doi: 10.1161/CIRCULATIONAHA.
107.188209

10. Antman EM. Time is muscle: Translation into practice. J
Am Coll Cardiol. (2008) 52:1216–21. doi: 10.1016/j.jacc.2008.0
7.011

11. Gibson CM, de Lemos JA, Antman EM, Timi Study Group. Time is muscle
in primary PCI: The strength of the evidence grows. Eur Heart J. (2004) 25:1001–2.
doi: 10.1016/j.ehj.2004.04.029

12. Muñoz D, Roettig ML, Monk L, Al-Khalidi H, Jollis JG, Granger
CB, et al. Transport time and care processes for patients transferred with
ST-segment-elevation myocardial infarction: The reperfusion in acute
myocardial in-farction in Carolina emergency rooms experience. Circ Car-
diovasc Interv. (2012) 5:555–62. doi: 10.1161/CIRCINTERVENTIONS.112.96
8461

13. Kushner FG, Hand M, Smith SC Jr., King SB, Anderson JL, Antman
EM, et al. 2009 focused updates:ACC/AHA guidelines for the management of
patients with ST-elevation myocardial infarction (updating the 2004 guideline and
2007 focusedupdate) and ACC/AHA/SCAI guidelines on percutaneous coronary
intervention (updating the 2005 guideline and 2007 focused update) a report of
the American College of Cardiology Foundation/American Heart Association task
force on practice guidelines. J Am Coll Cardiol. (2009) 54:2205–41. doi: 10.1161/
CIRCULATIONAHA.109.192663

14. Widimsky P, Wijns W, Fajadet J, de Belder M, Knot J, Aaberge L, et al.
Reperfusion therapy for ST elevation acute myocardial infarction in Europe:
Description of the current situation in 30 countries. Eur Heart J. (2010) 31:943–57.
doi: 10.1093/eurheartj/ehp492

15. Jolly SS, Cairns JA, Yusuf S, Meeks B, Pogue J, Rokoss MJ, et al.
Randomized trial of primary PCI with or without routine manual
thrombectomy. N Engl J Med. (2015) 372:1389–98. doi: 10.1056/NEJMoa141
5098

16. Limbruno U, De Caterina R. EMERALD, AIMI, and PROMISE: Is there still
a potential for embolic protection in primary PCI? Eur Heart J. (2006) 27:1139–45.
doi: 10.1093/eurheartj/ehi755

17. Thiele H, Schindler K, Friedenberger J, Eitel I, Fürnau G, Grebe E,
et al. Intracoronary compared with intravenous bolus abciximab application in
patients with ST-elevation myocardial infarction undergoing primary percutaneous
coronary intervention: The randomized Leipzig immediate percutaneous coronary
intervention abciximab IV versus IC in ST elevation myocardial infarction

Frontiers in Cardiovascular Medicine 05 frontiersin.org

https://doi.org/10.3389/fcvm.2022.934489
https://doi.org/10.1016/j.jacc.2009.12.054
https://doi.org/10.1016/j.amjcard.2014.01.423
https://doi.org/10.1016/j.amjcard.2014.01.423
https://doi.org/10.1016/j.jcin.2010.05.004
https://doi.org/10.1016/j.jcin.2010.05.004
https://doi.org/10.1056/NEJMoa1415098
https://doi.org/10.1056/NEJMoa1415098
https://doi.org/10.1016/j.ahj.2010.08.040
https://doi.org/10.1016/j.ahj.2010.08.040
https://doi.org/10.1016/S0140-6736(08)60833-8
https://doi.org/10.1016/S0140-6736(08)60833-8
https://doi.org/10.1161/CIRCULATIONAHA.107.188209
https://doi.org/10.1161/CIRCULATIONAHA.107.188209
https://doi.org/10.1016/j.jacc.2008.07.011
https://doi.org/10.1016/j.jacc.2008.07.011
https://doi.org/10.1016/j.ehj.2004.04.029
https://doi.org/10.1161/CIRCINTERVENTIONS.112.968461
https://doi.org/10.1161/CIRCINTERVENTIONS.112.968461
https://doi.org/10.1161/CIRCULATIONAHA.109.192663
https://doi.org/10.1161/CIRCULATIONAHA.109.192663
https://doi.org/10.1093/eurheartj/ehp492
https://doi.org/10.1056/NEJMoa1415098
https://doi.org/10.1056/NEJMoa1415098
https://doi.org/10.1093/eurheartj/ehi755
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


fcvm-09-934489 July 29, 2022 Time: 16:23 # 6

Shen et al. 10.3389/fcvm.2022.934489

trial. Circulation. (2008) 118:49–57. doi: 10.1161/CIRCULATIONAHA.107.74
7642

18. Eitel I, Wöhrle J, Suenkel H, Meissner J, Kerber S, Lauer B, et al.
Intracoronary compared with intravenous bolus Abciximab application during
primary percutaneous coronary intervention in ST-segment elevation myocardial
infarction: Cardiac magnetic resonance substudy of the AIDA STEMI trial. J Am
College Cardiol. (2013) 61:1447–54. doi: 10.1016/j.jacc.2013.01.048

19. Lagerqvist B, Fröbert O, Olivecrona GK, Gudnason T, Maeng M, Alström P,
et al. Outcomes 1 year after thrombus aspiration for myocardial infarction. N Engl
J Med. (2014) 371:1111–20. doi: 10.1056/NEJMoa1405707

20. Lee Y, Kim E, Kim BK, Shin JH. A case of successful reperfusion through a
combination of intracoronary thrombolysis and aspiration thrombectomy in ST-
segment elevation myocardial infarction associated with an ectatic coronary artery.
BMC Cardiovasc Disord. (2017) 17:94. doi: 10.1186/s12872-017-0527-0

Frontiers in Cardiovascular Medicine 06 frontiersin.org

https://doi.org/10.3389/fcvm.2022.934489
https://doi.org/10.1161/CIRCULATIONAHA.107.747642
https://doi.org/10.1161/CIRCULATIONAHA.107.747642
https://doi.org/10.1016/j.jacc.2013.01.048
https://doi.org/10.1056/NEJMoa1405707
https://doi.org/10.1186/s12872-017-0527-0
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

	Intracoronary artery retrograde thrombolysis for ST-segment elevation myocardial infarction with a tortuous coronary artery: A case report and review of the literature
	Background
	Case presentation
	Discussion and conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


