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12.1  Introduction

The management of ST-elevation myocardial infarction (STEMI) has evolved sig-
nificantly with the introduction of new pharmacological therapies as well as inter-
ventional procedures and devices. The GISSI and ISIS-2 studies showed a mortality 
benefit of streptokinase over standard therapy (heparin ± oral anticoagulation)/pla-
cebo which lead to the widespread use of streptokinase in the late 1980s [1, 2]. The 
use of recombinant tissue plasminogen activator (rt-PA) was shown to be more ben-
eficial than streptokinase in the TIMI and GUSTO trials [3, 4]. Results of other 
studies such as CLARITY and COMMIT paved the way for addition of clopidogrel 
to the drug regime which further reduced mortality [5, 6].

Primary percutaneous coronary intervention (PPCI) became the preferred choice 
of treatment for acute STEMI, with balloon angioplasty (BA) showing an improve-
ment in mortality (or the combined endpoint of mortality and MI) over thrombolysis 
in a number of studies [7, 8]. Subsequently, bare-metal stent (BMS) implantation in 
STEMI showed a reduction in target vessel revascularizations (TVR) in comparison 
with BA but without a reduction in death or MI in the Stent PAMI and CADILLAC 
trials [9, 10]. The percentage of vessels with TIMI III flow was numerically higher 
in the BA group as compared to the BMS group, while mortality and MI rates were 
numerically but not statistically lower [9]. When stenting (BMS) was compared 
with thrombolysis as in the STAT study, the results were similar with stenting show-
ing a reduction in TVR but no reduction in death or MI [11]. When both first- and 
second-generation drug-eluting stents (DES) were compared to BMS in the setting 
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of an acute STEMI, target vessel/lesion revascularization rates were shown to be 
lower with DES, but yet again no reduction in death or MI was shown [12–15]. 
Brodie et al. in a single-center study of 2195 patients over a follow-up period of 
16 years showed long-term target vessel MI, and stent or lesion thrombosis was 
significantly higher with both BMS and DES as compared to BA (after landmark 
analysis at 1 year) [16]. Thus, although stent implant is often considered as defini-
tive treatment for PPCI by securing the vessel lumen, this may not always provide 
optimal longer-term outcomes.

12.2  Drug-coated Balloons

There has been great interest recently in the concept of angioplasty with minimal or 
no permanent implant, by way of using either absorbable polymer DES or scaffolds. 
Drug-coated balloon-only (DCB-only) PCI has emerged as an alternative therapeutic 
option to treat coronary artery disease (CAD) and has the additional benefit of implant-
ing no material with the exception of the necessary anti-restenotic drug. DCBs are 
semi-compliant balloons with a chemotherapeutic drug (commonly paclitaxel) incor-
porated with an excipient to facilitate the drug transfer upon inflation of the balloon. 
Paclitaxel is the drug of choice in most commonly available DCBs because of its 
highly lipophilic properties allowing rapid delivery into the vessel wall and sustained 
antiproliferative effect despite its short contact time with the vessel wall [17].

The SeQuent Please (B Braun, Melsungen AG, Germany), Pantera Lux (Biotronik, 
Berlin, Germany), and In.Pact Falcon (Medtronic, CA, USA) have the most published 
data supporting their efficacy and safety. The best long-term results of DCB are 
achieved with a DCB-only approach as compared to DCB plus BMS. DCB-only PCI 
is associated with a lower late lumen loss and lower target vessel revascularization.

12.3  Evidence for DCB Angioplasty in PPCI

Several studies have reported their experience of using DCB without stenting in the 
PPCI setting. Vos et al. carried out a pilot study involving 100 patients presenting 
with acute STEMI using the paclitaxel-coated Pantera Lux™. Cardiogenic shock 
and intubated out of hospital arrests were excluded. 59% had DCB-only PCI, with 
the rest requiring BMS implantation due to dissections of type C or greater (National 
Heart, Lung, and Blood Institute (NHLBI) classification). A 12-month follow-up 
revealed cardiac death in 2%, MI 0%, and target lesion revascularization rate of 3% 
in this selected group. TIMI III flow was achieved in 96% of patients [18].

Ho et  al. reported their preliminary experience with paclitaxel-coated balloon 
(SeQuent Please) in the PPCI setting for 89 patients. 70% had TIMI 0 flow pre- 
procedure, and TIMI III flow was achieved in 98% patients. Glycoprotein IIb/IIIa 
inhibitors were used in 80%, and thrombus aspiration was carried out in 56%. DCB- 
only PCI was carried out in 96%, while the other 4% had bail out stenting for sig-
nificant acute recoil or dissections. They reported a death rate of 4.5%, MI 0%, and 
TLR/TVR of 0% at 30 days [19].
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Nijhoff et al. in a subgroup analysis from the DEBAMI trial showed that there 
was no difference in major adverse cardiac events in 40 patients treated with DCB- 
only PPCI in comparison with BMS only, BMS + DCB, and paclitaxel-eluting stent 
implantation at 6 months follow-up [20].

Wickramarachchi et  al. in an abstract published at EuroPCR, 2017  in Paris, 
reported their experience in the use of DCB-only PPCI in an all-comer cohort of 
253 patients. 4% of patients were in cardiogenic shock, and 6.7% were out of hos-
pital cardiac arrests. 91% had DCB-only PCI. A 30-day mortality was only 2.4% 
and mortality for 379 days was 6.3%. For a mean follow-up period of 261 days, MI 
and TLR rates were 2.6% and 3.3%, respectively [21].

These publications suggest that DCB-only PPCI is a safe alternative to standard 
stent implantation in this high-risk group. We advocate this approach for several 
compelling reasons:

12.3.1  No Mortality Benefit with Stents

The use of BA in PPCI has been superseded by routine stenting in the contemporary 
era due to the reduction of TVR as mentioned before. However, DCB therapy 
addresses the issue of restenosis with its drug delivery reducing neointimal hyper-
plasia. An improvement of the quality in angiography and the use of potent anti-
platelet therapy have reduced acute vessel closure rates. Currently, there are no 
studies showing a mortality benefit of stent implantation over balloon-only angio-
plasty or, in a majority of studies, a reduction of recurrent MI in this setting.

12.3.2  Risk of Stent Thrombosis

Studies have shown that the cumulative frequency of stent thrombosis (ST) follow-
ing stenting with both BMS and DES for STEMI continues to increase beyond 
1 year and that the frequency of very late ST may be higher with early-generation 
DES [16]. Moreover, the rate of stent thrombosis in patients undergoing PPCI can 
be high (ranging from 1 to 3% in contemporary trials). Patients with AMI have 
higher rates of stent-specific adverse events when compared to those with stable 
CAD. This could be related to coronary vasoconstriction and the presence of throm-
bus at culprit lesion site leading to suboptimal stent sizing and subsequent stent 
mal-apposition.

12.3.3  Inadequate Time to Know Patient’s History

Time pressure to open the occluded artery promptly in PPCI (shorter door-to- 
balloon times) may result in inadequate time to know patient’s full medical history. 
Routine stenting as per guidelines may therefore not be appropriate in some patients.

It remains a challenge to decide whether the patient is a candidate for a pro-
longed course of DAPT at the time of the PPCI.  DES should be avoided in the 
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presence of elevated bleeding risk, need for invasive or surgical procedures in the 
near future, and financial/social barriers that may limit patient compliance.

12.3.4  Avoidance of Long Stents in PPCI

DCB maybe a good alternative to treat diffuse lesions in PPCI as outcomes remain 
relatively unfavorable for stent-based coronary intervention especially those with de 
novo long CAD. Even in the DES era, studies have shown that the TLR rates can 
range from 6 to 28% for such lesion subsets with higher rates of instent restenosis 
for paclitaxel DES. Longer stent length is also recognized as predisposing factor for 
ST.

12.4  Technical Tips and Tricks with DCB-Only Angioplasty 
in Primary PCI

We recommend following the German consensus guidelines but with additional 
steps when successfully performing DCB-only PPCI [22].

12.4.1  Lesion Preparation

We recommend aspiration thrombectomy when faced with a high thrombus burden, 
i.e., TIMI thrombus grade 3 or more, aiming to reduce the thrombus burden to TIMI 
thrombus grade of 2 or less. A thrombus-laden lesion is more likely to hamper effec-
tive drug delivery to the vessel wall.

This should be followed by mandatory pre-dilatation of the lesion using semi- or 
non-compliant balloons with a balloon to vessel ratio of 0.8 to 1.0. This should be 
done carefully and slowly with enough pressure only to fully inflate the balloon 
(usually 6–8  atm). Liberal use of intracoronary nitrates is recommended as this 
helps accurate vessel sizing. We have a low threshold for the use of glycoprotein IIb/
IIIa inhibitors in treating lesions with high thrombus burden. Also, acquisition runs 
after pre-dilatation should be of a slightly longer duration to carefully look for evi-
dence of vessel-threatening dissections, in particular any contrast hang-up or accu-
mulation within a dissection plane indicating a NHLBI type C dissection and 
possible early vessel closure due to intramural hematoma formation.

Coronary dissections are an inevitable result of BA, but most are microdissec-
tions that cannot be seen on angiography and are of no clinical significance. 
However, abrupt vessel closure remains one of the most fearful complications of BA 
usually associated with NHLBI dissection grades of type C and above. With a good 
knowledge of the different NHLBI grades of coronary dissection, careful selection 
of those patients suitable for DCB-only angioplasty is possible [23]. Ho et al. in 
their study reported no abrupt closure of the culprit artery. Only 4% of patients 
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required bailout stenting for significant recoil/dissections of type C and above. 
Wickramarachchi U et  al. reported acute vessel closure rate of 0.75% requiring 
bailout stenting and an overall bailout stenting rate of only 9%. The incidence of 
abrupt closure is also significantly reduced in the current era of more potent anti-
platelet use.

12.4.2  Drug Delivery

If there are no dissections of more than NHLBI type C, TIMI III flow, and not more 
than 30% residual stenosis, drug delivery should be considered with the deployment 
of the DCB. DCB diameter should be the diameter of the largest balloon used to 
pre-dilate the lesion. The DCB should be used only for drug delivery and not for 
further angioplasty. It is good practice to check the guide catheter and wire position 
and ensure the O-ring is fully open before start delivering the DCB. Care should be 
taken not to touch the DCB prior to introduction. We recommend following manu-
facturer’s instructions for use to ensure adequate drug delivery. This will include 
maximum transit time to the lesion and balloon inflation times. In the case of a coro-
nary dissection of type C or above after DCB use, we recommend bailout stenting 
with a second-generation DES rather than a BMS [24]. Figure 12.1 summarizes the 
key steps.

Dissection Type A-B TIMI-3 flow Residual stenosis
≤ 30% TIMI thrombus grade 1-2

DCB

Aspirate + Predilate

Fig. 12.1 Proposed protocol for optimal use of DCB
The lesion should be aspirated if there is presence of intracoronary thrombus. The lesion should 
then be carefully pre-dilated. After check angiography, where there is TIMI-3 flow, dissection of 
grades A to B, residual stenosis of less than 30%, and TIMI thrombus grade no worse than grade 
1–2, it is reasonable to proceed with DCB therapy. Alternatively, insertion of an intracoronary stent 
is likely to be required
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12.5  Conclusion

In conclusion, the use of DCB as primary therapy in primary PCI represents a novel 
approach in treating STEMI patients. This approach is possible with appropriate 
patient selection and by performing two key preconditioning steps, namely, aspira-
tion thrombectomy for lesions with high thrombus burden and careful lesion prepa-
ration. A randomized controlled trial (REVELATION) is underway to assess the 
safety and efficacy of a DCB-only strategy versus DES in primary PCI [25]. 
However, we would recommend performing DCB-only angioplasty in stable 
patients first, preferably with proctoring before treating such high-risk patient 
groups.

12.6  Primary PCI of RCA with Drug-Coated Balloon 
Angioplasty

Upul Wickramarachchi, Hee Hwa Ho, and Simon Eccleshall

12.6.1  History

A 47-year-old male smoker presented with inferior ST-elevation myocardial infarc-
tion (STEMI).

12.6.2  Baseline Coronary Angiography

The right coronary artery (RCA) showed 95% stenosis in mid-segment (culprit 
lesion site) and 70% diffuse stenosis in distal segment (Fig. 12.2).

12.6.3  Procedure

A 6 Fr sheath was inserted into the right radial artery, and the RCA was engaged 
with a 6 Fr Ikari left 3.5 guiding catheter.

A Runthrough NS guidewire was advanced into the right posterior descending 
artery. As there was minimal thrombus, aspiration thrombectomy was not performed. 
The mid- and distal RCA lesions were pre-dilated with a 2.5 × 15 mm balloon.

As POBA results were satisfactory (Fig. 12.3) and RCA lesions were diffuse in 
nature, we decided to treat these segments with drug-coated balloon (DCB).

Distal RCA was treated with a SeQuent Please Neo DCB 2.5 × 30 mm (inflated 
at 12 atm for 50 s) (Fig. 12.4).

Mid-RCA was treated with a SeQuent Please Neo DCB 2.75 × 30 mm (inflated 
at 12 atm for 45 s) (Fig. 12.5).
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Final angiographic results were satisfactory (Fig. 12.6) with TIMI 3 flow restored 
at the end of the procedure. There was residual stenosis of 30% with no obvious 
dissection.

12.6.4  Restudy Angiogram

Restudy angiogram (Fig.  12.7) 9  months later showed widely patent RCA with 
positive remodeling observed in mid-RCA.

Fig. 12.2 Baseline RCA 
angiography

Fig. 12.3 RCA after 
balloon angioplasty
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Fig. 12.4 Distal RCA 
treated with a DCB 2.5 × 
30 mm

Fig. 12.5 Mid-RCA 
treated with a DCB 2.75 × 
30 mm
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Fig. 12.6 Final RCA 
angiography after DCB 
angioplasty

Fig. 12.7 Restudy RCA 
angiography
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Optical coherence tomographic (OCT) imaging study (Fig.  12.8) showed a 
nicely healed plaque at mid-RCA (culprit lesion site).

Case illustration 2: Pre-, immediate-, and post-DCB-only PCI and follow-up 
angiography at 22 months of a 60-year-old male presenting with an anterior STEMI

 

Fig. 12.8 OCT image of 
mid RCA
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Case illustration 3: A 53-year-old female presenting with a lateral STEMI. Pre-, 
immediate-, post-DCB-only PCI (showing a type b dissection) and follow-up 
images at 17 months showing a nicely healed dissection and an excellent result
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credit to the original author(s) and the source, provide a link to the Creative Commons license and 
indicate if changes were made.
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included in the chapter’s Creative Commons license and your intended use is not permitted by 
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