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In this issue:

Abbreviations used in this issue:
CAD = coronary artery disease; CTO = chronic total occlusion;
CV = cardiovascular; DEB/DES = drug-eluting balloon/stent;
IABP = intra-aortic balloon pump; LVAD = left ventricular assist device;
MACE/MACCE = major adverse cardiac (and cerebrovascular) event;
MI = myocardial infarction; OR = odds ratio;
PCI = percutaneous coronary intervention; RCT = randomised controlled trial;
STEMI = ST-segment elevation MI;
TAVI/TAVR = transcatheter aortic valve implantation/replacement.
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Welcome to issue 38 of Interventional Cardiology Research Review.
We begin this issue with research reporting that patients with STEMI had better survival when managed 
with a pharmacoinvasive strategy rather than primary PCI. We have also included a paper reporting on 
the development of a proteinuria-based risk score for predicting contrast-induced acute kidney injury 
associated with PCI. Also on the topic of risk prevention, there is research reporting risk scores for 
evaluating the risks of death, MACE, pericardiocentesis and acute MI after CTO PCI. CTO PCI is the 
focus of the final article as well, with the identification of factors that independently predict success of 
reattempt procedures.

We hope you find the selected research interesting, and we look forward to comments and feedback.

Kind Regards,

Dr Wally Ahmar
wally.ahmar@researchreview.com.au 

Short- and long-term survival after ST-elevation myocardial infarction 
treated with pharmacoinvasive versus primary percutaneous coronary 
intervention strategy
Authors: Kvakkestad K et al.

Summary: These researchers from Norway compared survival for a prospective cohort of consecutive 
patients aged <80 years with STEMI treated with either a pharmacoinvasive strategy (n=527) or primary 
PCI (n=3534) according to whether estimated time to PCI was >120 minutes. The median symptom-
to-needle time in the pharmacoinvasive group was 110 minutes and the median symptom-to-balloon 
time in the primary PCI group was 230 minutes. There was a trend for lower 30-day mortality in the 
pharmacoinvasive versus primary PCI group (3.2% vs. 5.0%; adjusted OR 0.58 [95% CI 0.30–1.13]), 
and the superior 8-year survival rate reached statistical significance (85.9% vs. 79.3%; adjusted hazard 
ratio 0.72 [0.53–0.99]); the pharmacoinvasive group also had reduced unadjusted 8-year CV-related 
mortality (7.0% vs. 12.4%) and adjusted long-term CV-related mortality.

Comment: Primary PCI is recommended as the optimal reperfusion strategy in STEMI patients if it 
is able to be undertaken in a timely manner (less than 120 minutes) following diagnosis. However, 
we encounter many rural patients whereby this strategy cannot be undertaken. This single-centre 
registry study from Norway assessed short- and long-term survival of STEMI patients managed 
with primary PCI versus a pharmacoinvasive strategy – namely thrombolysis followed by PCI. 
Although short-term mortality was not found to be significantly different, patients managed with the 
pharmacoinvasive strategy had better long-term survival compared with primary PCI, with a lower 
incidence of CV-related death during 8-year follow-up when compared with primary PCI (7% vs. 
12.4%). This reinforces appropriateness of the commonly utilised pharmacoinvasive strategy for rural 
patients presenting with a STEMI where timely primary PCI cannot be undertaken.

Reference: BMJ Open 2022;12:e061590
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Comparison between drug-coated balloons and 
drug-eluting stents in very small coronary artery 
interventions
Authors: Tsai C-H et al.

Summary: The efficacy and safety of DEBs versus DESs for de novo very 
small-vessel interventions were compared in this retrospective analysis 
of 205 consecutive patients. There was no significant difference between 
patients who received DEBs versus those who received DESs for procedural 
complication rate (2.5% vs. 1.7% [p=1.000]), the primary outcome of 
1-year cumulative target lesion revascularisation incidence (7.2% vs. 4.9% 
[p=0.530]) or the cumulative MACCE incidence (10.6% vs. 12.7% [p=0.769]). 
The only factors found to be associated with MACCEs at 1 year were female 
sex, acute coronary syndrome at presentation and dual antiplatelet therapy 
duration <3 months.

Comment: Management of coronary artery stenosis in small vessels 
(<2.5mm) is associated with high rates of restenosis and adverse CV 
events. DEBs and the development of stents that can be utilised to treat 
small vessels have changed the landscape. This retrospective analysis 
compared DEBs and DESs in the management of significant lesions with 
a diameter of 2–2.25mm. Procedural complication was found to be less 
in the DEB group. At 1-year follow-up, female gender, acute coronary 
syndrome and usage of dual antiplatelet therapy for less than 3 months 
were significantly associated with MACCE rather than utilisation of DEBs 
or DESs. Larger RCTs comparing DEBs and DESs will be beneficial in 
addressing appropriate strategies for management of small-vessel CAD.

Reference: Sci Rep 2022;12:10679
Abstract

A simple proteinuria-based risk score predicts 
contrast-associated acute kidney injury after 
percutaneous coronary intervention
Authors: Fujiwara W et al.

Summary: The role of proteinuria for predicting contrast-associated acute 
kidney injury was assessed in patients undergoing PCI randomly assigned 
to a derivation (n=840) or a validation (n=414) dataset. Contrast-associated 
acute kidney injury developed in 5.1% of the patients, and a risk score was 
developed based on emergency procedures, serum creatinine level and 
proteinuria, each of which was assigned one point based on the correlation 
coefficient. The risk score demonstrated a good discriminative power (AUC 
0.789) and significant calibration, and was strongly associated with contrast-
induced acute kidney injury onset (Cochran-Armitage test, p<0.0001).

Comment: Coronary angiography has the serious complication of 
contrast-induced acute renal failure. There have been a number of 
risk scores that have attempted to predict this occurrence. This study 
assessed the incidence of contrast-induced acute renal impairment 
and assessed the role of proteinuria in predicting its incidence. A three-
variable risk score was created, which included emergency procedure, 
serum creatinine level and proteinuria. This proteinuria-based risk score 
was found to be strongly associated with the development of contrast-
induced acute kidney failure. It can be easily applied, although larger 
multicentre trials are required to further validate the findings of this 
study as well as assessing the role microalbuminuria may have in the 
development of contrast-induced renal failure.

Reference: Sci Rep 2022;12:12331
Abstract

Clinical outcomes and cost associated with an intravascular 
microaxial left ventricular assist device vs intra-aortic balloon 
pump in patients presenting with acute myocardial infarction 
complicated by cardiogenic shock
Authors: Miller PE et al.

Summary: Associations of intravascular LVAD or IABP use with clinical outcomes and 
costs in patients with acute MI complicated by cardiogenic shock were assessed in a 
retrospective cohort of 3077 US patients who had undergone PCI (32.0% had cardiac 
arrest). Analyses of 817 propensity-matched pairs revealed that use of an intravascular 
LVAD versus IABP was significantly associated with significantly higher in-hospital, 30-
day and 1-year mortality (respective ORs 1.63 [95% CI 1.32–2.02], 1.71 [1.37–2.13] 
and 1.44 [1.21–1.71]). LVAD was also associated with higher 30-day likelihoods of 
bleeding (1.35 [1.04–1.76]) and requiring kidney replacement therapy (1.88 [1.30–
2.73]), and a greater mean cost by around US$50K, compared with IABP, associations 
that persisted at 1 year.

Comment: STEMI complicated by cardiogenic shock is associated with a high 
mortality rate. The use of IABPs in cardiogenic shock has been found to have 
no benefit, and is associated with increased bleeding complications. There are a 
number of circulatory support devices available that have been utilised in STEMI 
patients complicated by cardiogenic shock, including intravascular LVAD. This 
retrospective study assessed intravascular LVAD and IABP in this group of patients. 
Intravascular LVAD was found to be associated with increased short and 1-year 
mortality, bleeding and acute renal impairment. Cardiogenic shock remains a major 
cause of morbidity and mortality in acute MI, and appropriate RCTs are needed to 
address the appropriate strategies to manage these patients.

Reference: JAMA Intern Med; Published online July 18, 2022
Abstract

Risk and timing of noncardiac surgery after transcatheter 
aortic valve implantation
Authors: Okuno T et al.

Summary: These researchers reported adverse events associated with noncardiac 
surgery after TAVI according to timing of surgery, type of surgery and TAVI valve 
performance for a cohort of Swiss TAVI registrants who underwent elective (n=160) or 
urgent (n=140) noncardiac surgery after TAVI (21% within 30 days); 21, 190 and 89 
patients underwent low-, intermediate- and high-risk surgeries, respectively. The 30-day 
incidence of composite endpoint events (death, stroke, MI or major or life-threatening 
bleeding) was 19.7%, with no significant differences in baseline demographics between 
these patients and those who did not experience any of these endpoint events. The risk 
of the primary endpoint was not significantly increased by undergoing the noncardiac 
surgery within 30 days of TAVI, urgency or risk category of surgery, whereas the risk 
was independently increased by moderate or severe prosthesis-patient mismatch and 
moderate or severe paravalvular regurgitation (respective adjusted hazard ratios 2.33 
[95% CI 1.37–3.95] and 3.61 [1.25–10.41]).

Comment: There is an ever-increasing utility of TAVI to manage severe aortic 
stenosis. Many of these patients often require noncardiac surgery given their age and 
related comorbidities. This cohort study assessed the perioperative risk associated 
with non cardiac surgery after TAVI and found that it can be performed early 
(median 37 days) after successful TAVI. However, suboptimal device performance, 
which included prosthesis-patient mismatch and paravalvular regurgitation, was 
associated with increased adverse events. Although further studies will help in 
guiding the appropriate timing of major noncardiac surgery after TAVI, this study 
does suggest that it can be conducted early.

Reference: JAMA Netw Open 2022;5:e2220689
Abstract
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Optimal timing for percutaneous coronary intervention 
in patients undergoing transcatheter aortic valve 
implantation
Authors: Lunardi M et al.

Summary: Short-and long-term outcomes were reported for a retrospective 
cohort of 114 patients who had undergone PCI and TAVI according to 
whether they  underwent PCI after (68%) or before TAVI; 78.4% of the 
patients were classified as high risk. The cumulative incidence of any TAVI 
procedural complication and in-hospital adverse events (primary endpoint) 
did not differ significantly between patients who underwent PCI before TAVI 
and those who underwent PCI after TAVI (28.4% vs. 21.4% [p=0.403]), but 
there was a trend for a higher incidence in the PCI before TAVI group among 
high-risk patients (34.4% vs. 17.3% [p=0.075]). Patients who underwent 
PCI before versus after TAVI had a significantly higher incidence of stroke 
(6.5% vs. 0.0% [p=0.031]) and a significantly lower 24-month MACCE-free 
survival rate (84.4% vs. 97.9% [p=0.019]); the high-risk subgroup also had 
a significantly higher incidence of stroke (9.3% vs. 0.0% [p=0.025]) and a 
trend for reduced MACCE-free survival (84.4% vs. 97.3% [p=0.082]).

Comment: It is common that patients scheduled for TAVI firstly undergo 
appropriate percutaneous coronary artery intervention to manage 
significant CAD. This single-centre retrospective study assessed 
patients who had PCI and TAVI during the period 2010–2021. Contrary 
to current common practice, performing PCI prior to TAVI was associated 
with a higher risk of stroke compared with after post-TAVI. There were 
comparable procedural and in-hospital adverse events. At 24 months, 
MACCE-free survival was lower in patients who had PCI prior to TAVI. 
Larger multicentre RCTs will be beneficial in obtaining definitive 
outcomes.

Reference: Int J Cardiol; Published online July 20, 2022
Abstract

Coronary access following redo TAVR: impact of THV 
design, implant technique, and cell misalignment
Authors: Meier D et al.

Summary: In this study of redo TAVR, different transcatheter heart valve 
designs (Sapien 3, Evolut Pro, ACURATE neo and Portico) were implanted 
at varying depths inside Sapien XT and Evolut R transcatheter heart valves, 
which were modelled as the ‘failed’ valves, and assessed for neoskirt 
height, implant technique and cell misalignment on coronary access. The 
redo TAVR combinations led to neoskirt heights ranging from 15.4 to 
31.6mm, and diameters of the lowest accessible cell ranging from 1.9 to 
21.8mm. The largest accessible cells were achieved with an ACURATE neo 
implanted in a Sapien XT, and the lowest neoskirt heights were seen for a 
Portico implanted in a Sapien XT. An Evolut Pro in an Evolut R resulted in 
the smallest accessible cell with higher neoskirt heights. A greater neoskirt 
height was achieved with redo TAVR in a tall frame valve with supra-annular 
leaflets. There was misalignment of the cells with the two transcatheter 
heart valves in Evolut-in-Evolut combinations, with 30–50% reductions in 
cell area compared with an aligned configuration.

Comment: Redo TAVI is a phenomenon that will not be uncommon 
in the future, and is being seen in albeit a small number of patients 
who have had TAVI at a younger age, which is more commonly outside 
of Australia. Associated with these patients is the risk of needing PCI, 
as CAD can develop after index TAVI. This study looked at potential 
implications of coronary artery access after redo TAVI via laboratory-
based assessment. Coronary artery access may be difficult in redo TAVI 
using a tall frame in a failed tall frame valve, and cell misalignment will 
also add to difficulty in coronary artery access.

Reference: JACC Cardiovasc Interv 2022;15:1519–31
Abstract

Mid-term outcome of de novo lesions vs. in stent restenosis 
treated by intravascular lithotripsy procedures
Authors: Honton B et al., on behalf of the French Initiative Collaborators

Summary: This research reported 12-month outcomes after intravascular lithotripsy in 
202 patients entered in the French Shock Initiative registry who underwent PCI for de novo 
calcified coronary versus intrastent restenosis lesions related to device underexpansion, 
accounting for 76.6% and 23.3% of 220 studied lesions, respectively. The respective 
procedural success rates in the de novo calcified coronary and intrastent restenosis 
lesion groups were 96.5% and 92.0%. In-hospital MACEs were recorded for 6.4% of 
cases, due mainly to periprocedural infarctions. The 1-year MACE-free survival rate was 
86.6% overall, and the respective target vessel and lesion revascularisation rates were 
6.4% and 2.5%. In patients with de novo calcified coronary lesions, the 1-year MACE rate 
was 91.5%, and in those with intrastent restenosis lesions, it was 83.8%.

Comment: Coronary artery calcification is associated with not insignificant 
complications for PCI. Management of severe coronary artery calcification both de 
novo and in-stent is typically prepared for coronary artery stenting by rotational 
atherectomy. This procedure is associated with significant complications. Intravascular 
lithotripsy is an emerging utility that is being utilised for preparing calcified coronary 
arteries for PCI. This prospective multicentre study looked at treatment of de novo and 
in-stent restenosis calcified lesions. Unfortunately, there was a low number of lesions 
assessed by intracoronary imaging to grade the severity of the calcification. Hence 
the severity of the calcification was not adequately quantified in the treated lesions. 
Nevertheless, intravascular lithotripsy was found to have a high procedural success 
rate and favourable short- and mid-term outcomes, and the immediate and 1-year 
outcomes were comparable between in-stent restenosis and de novo lesions in this 
study. Intravascular lithotripsy is an attractive option for the management of calcified 
coronary arteries; however, rotational atherectomy remains the appropriate tool at this 
stage for preparation of severely calcified coronary arteries.

Reference: Int J Cardiol; Published online July 20, 2022
Abstract

Predicting periprocedural complications in chronic total 
occlusion percutaneous coronary intervention
Authors: Simsek B et al.

Summary: These researchers analysed data from the Prospective Global Registry for the 
Study of Chronic Total Occlusion Intervention to develop risk models for in-hospital MACEs, 
mortality, pericardiocentesis and acute MI for patients undergoing CTO PCI. Among 10,480 
CTO PCIs analysed, MACE, death, pericardiocentesis and acute MI occurred at incidences 
of 2.05%, 0.45%, 1.08% and 0.63%, respectively. The final MACE model consisted 
of 1 point each for age ≥65 years, moderate-to-severe calcification, blunt stump and 
antegrade dissection and re-entry, and 2 points each for female sex and retrograde. The 
final mortality model consisted of 1 point each for age ≥65 years, left ventricular ejection 
fraction ≤45%, moderate-to-severe calcification, antegrade dissection and re-entry, and 
retrograde. The final pericardiocentesis model included 1 point each for age ≥65 years, 
female sex, moderate-to-severe calcification and antegrade dissection and re-entry, and 
2 points for retrograde. The final acute MI model was comprised of 1 point each for prior 
coronary artery bypass graft surgery, atrial fibrillation and blunt stump. The respective 
C-statistic values for the MACE, mortality, pericardiocentesis and acute MI models were 
0.74, 0.80, 0.78 and 0.72.

Comment: Percutaneous coronary artery intervention of CTO is associated with 
significant complications. There are limited tools that are available that can be used to 
assess the risk of complications. This study analysed the PROGRESS-CTO and created 
risk scores to estimate the periprocedural complication risks in patients undergoing 
CTO PCI. Eight variables (age, sex, calcification severity, stump, left ventricular ejection 
fraction, prior coronary artery bypass graft, atrial fibrillation and crossing strategy) 
were used to create four internally validated risk scores that assessed: i) MACE; ii) 
mortality; iii) pericardiocentesis; and iv) acute MI. These risk scores can be used to 
estimate periprocedural risk in patients undergoing CTO PCI, and hence guide the 
operator and patient with the appropriateness of the percutaneous procedure.

Reference: JACC Cardiovasc Interv 2022;15:1413–22
Abstract
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Impact of subintimal plaque modification on reattempted 
chronic total occlusions percutaneous coronary intervention
Authors: Zhong X et al.

Summary: This retrospective analysis of 208 consecutive patients sought to 
identify predictors of success for CTO PCI reattempts after a failed attempt at the 
same cardiac centre. The CTO PCI reattempt procedures had an overall technical 
success rate of 71.2%. Subintimal plaque modification was used in 16.8% of initial 
procedure attempts. The respective reattempt technical success rates for cases 
where subintimal plaque modification with and without guidewire crossing was 
achieved in the initial attempt were 93.3% and 55.0%. Independent predictors 
of success for reattempted CTO PCIs were subintimal plaque modification with 
guidewire crossing (OR 11.21 [95% CI 1.31–96.16]), referral to a high-volume 
operator (2.38 [1.14–4.98]) and a bidirectional approach (2.31 [1.12–4.79]). 
There was a negative correlation between each 90-day increment for reattempt 
and technical success of the reattempt (OR 0.85 [0.73–0.98]).

Comment: Successful PCI of CTOs may need more than a single attempt. 
The factors that aid in a successful reattempt CTO PCI are limited. In a 
single-centre study, 208 patients underwent reattempted PCI of a CTO that 
was initially unsuccessful. The patients had their initial unsuccessful PCI CTO 
attempt at the same centre. They found that subintimal plaque modification 
or CTO modification with guidewire crossing in the initial attempt, referral 
to high-volume operators and a bidirectional approach were independently 
associated with a higher success rate. Many interventional centres locally 
have appropriately dedicated CTO operators, which has led to greater success 
rates in management of PCI. Furthermore, there was a higher success rate in 
reattempt procedures performed within 90 days. A larger multicentre trial will 
help confirm these findings and look at other potential independent predictors 
of success for CTO PCI.

Reference: JACC Cardiovasc Interv 2022;15:1427–37
Abstract
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Dr Wally Ahmar specialises in interventional and general cardiology. 
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Science (honours) degree in Biochemistry at Monash University. He went 
to do a  PhD at Melbourne University. He completed his medical degree 
at Queensland University. He undertook his cardiology registrar training at 
the Royal Melbourne Hospital. His interventional cardiology training was at 
Monash Medical center where he is now a senior interventional cardiologist,  
MonashHeart MonashHealth.  He is currently active in a number of research 
projects in interventional cardiology with the Monash Cardiovascular Research 
Centre. He is active in community heart education and has worked with the 
Heart foundation in education and in advocating appropriate health policies.
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