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Abstract 

In the last two decades, primary percutaneous 

coronary intervention (PPCI) became the initial 

choice of management of patients who present as 

acute ST-segment elevation myocardial infarction 

(STEMI). 

It is majorly used to achieve restoration of 

epicardial flow at earliest, to reduce the severity 

of myocardial injury. In spite of various 

advancements in percutaneous coronary 

intervention (PCI), subsequent no-reflow 

phenomenon and distal embolization are certain 

complications. Direct stenting (DS) without 

balloon pre-treatment is preferred therapeutic 

strategy which is associated with various 

advantages over conventional stenting (CS) like 

reduced no-reflow episodes, better angiographic 

outcomes, shorter time of procedure and 

fluoroscopy times and lower procedural cost. 

However, long-term clinical outcomes of DS as 

compared to CS needs to be explored. This review 

article highlights various meta-analysis and 
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prospective randomized studies between DS and CS in patients undergoing PCI presenting with STEMI. The 

authors are also describing retrospective observational study of DS in STEMI which was observed. 

 

Figure 1: Direct stenting in STEMI and observational outcomes. Procedure is simplified by direct or direct 

like stenting with no-reflow phenomenon, no on-table complications and TIMI of grade-3 flow. No reflow 

phenomenon and nil on-table complications with TIMI flow of grade-3 was achieved. Early and late 

outcomes with Kaplan Meier curves. *STEMI: ST-elevation myocardial infarction; TIMI: Thrombolysis in 

myocardial infarction. 

Keywords: STEMI; Shock cardiogenic; Percutaneous coronary intervention. 

Abbreviations: CAG: Coronary Angiogram; CS: Conventional Stenting; DBDS: Deflated Balloon-facilitated 

Direct Stenting; DES: Drug-eluting Stent; DS: Direct Stenting; IABP: Intra-aortic Balloon Pump; IV: 

Intravenous; MACE: Major Adverse Cardiac Events; MBG: Myocardial Blush Grade; MI: Myocardial 

Infarction; PCI: Percutaneous Coronary Intervention; PPCI: Primary Percutaneous Coronary Intervention; 
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ST: Stent Thrombosis; STEMI: ST-segment Elevation Myocardial Infarction; TIMI: Thrombolysis in 

Myocardial Infarction; TLR: Target Lesion Revascularization; TTC: Thrombectomy Trialists Collaboration; 

TVR: Target Vessel Revascularization. 

Central message 

The impact of direct stenting (DS) in 

comparison to conventional stenting in the 

management of patients present with acute 

ST-elevation acute coronary syndrome has 

been investigated by various meta-analyses 

and randomized clinical trials which reported 

conflicting results. The present retrospective 

observational study demonstrates the safety 

of DS in ST-segment elevation myocardial 

infarction (STEMI) patients, without 

increased risk of restenosis or ST-elevation. 

However, the DS method is associated with 

various drawbacks such as vessel visualization 

requirements, stent-related issues and the 

need for precise lesion crossing which can be 

overcome by using a direct-like stenting 

approach. Further, refinement of patient 

selection for DS can be used to achieve better 

clinical outcomes with DS in patients with 

acute STEMI. 

Introduction 

In patients present with non-ST-elevation 

acute coronary syndrome, significant 

hemodynamic changes occur [1] due to 

atherosclerotic plaque rupture or erosion, 

leading to coronary artery occlusion and ST-

segment elevation myocardial infarction 

(STEMI). Primary percutaneous coronary 

intervention (PPCI) is the preferred 

reperfusion strategy for acute STEMI 

management [2], aiming to restore artery 

patency and achieve microvascular perfusion. 

Despite its effectiveness, PPCI's success can 

be hindered by distal embolization and 

coronary microvascular obstruction in 

approximately 15.2% of cases, often due to 

plaque rupture [3] or intervention-related 

fragmentation. 

This limitation has led to the exploration of 

manual thrombectomy as a method to reduce 

thrombus burden and distal embolization 

during PPCI [4-6], potentially improving 

blood flow and STEMI resolution. However, 

the Thrombectomy versus PCI alone 

(TOTAL) trial indicated that thrombectomy 

before percutaneous coronary intervention 

(PCI) did not significantly reduce the risk of 

cardiogenic shock, recurrent myocardial 

infarction (MI), or cardiovascular death 

compared to PCI alone and was associated 

with a higher stroke risk within 30 days [7]. 

Direct stenting (DS) has emerged as an 

effective technique for STEMI patients 

undergoing PCI, offering advantages over 

conventional stenting (CS) such as a lower 

risk of distal embolization. Advancements in 

stent design and manufacturing have 

supported DS’s adoption in 30%-40% of PCIs 

[8] demonstrated superior outcomes in 

restenosis, target lesion revascularization 

(TLR), death, and MI reduction, attributed to 

better endothelium preservation and lesion-

centered stent positioning. Clinical evidence 

suggests DS may lead to fewer major adverse 

cardiac events (MACEs) and improved 

survival rates compared to CS [9,10], though 

findings are mixed and call for further 

investigation. The contrasting results 

between DS and CS, alongside the limited 

clinical benefit of thrombectomy, highlight 

the complexity of treating STEMI and the 

need for large-scale randomized trials to 

clarify these interventions’ efficacy. As the 

medical community continues to debate the 
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optimal approach for revascularization in 

STEMI patients, integrating clinical outcomes 

with procedural techniques remains crucial. 

Future research should aim to refine patient 

selection for DS, thrombectomy, and CS, 

considering the intricate dynamics of 

myocardial viability, thrombus burden, and 

coronary anatomy to enhance treatment 

strategies and patient outcomes in acute 

coronary syndrome management. 

Limitations of reperfusion after PCI 

PPCI effectively reopens coronary arteries in 

over 90% of acute STEMI patients, achieving 

thrombolysis in myocardial infarction (TIMI) 

grade-3 flow. However, challenges like distal 

embolization of fragmented thrombus, 

reperfusion injury from regional 

inflammatory responses [11], and ischemic 

microvascular damage lead to incomplete 

tissue reperfusion, diminished myocardial 

salvage, and poorer clinical outcomes. 

Additionally, 9%-15% of PPCI patients 

experience terminal branch closure due to 

distal embolization, significantly increasing 

the 5-year mortality rate by eightfold, 

highlighting the need for various therapeutic 

strategies to address these complications and 

improve patient survival. 

Direct stenting versus balloon 

predilation (conventional stenting) 

Despite advancements in stent design and 

interventional techniques, the decision 

between DS and balloon predilation remains 

contentious. Operators may prefer DS for 

thrombotic lesions to minimize distal 

embolization and the no-reflow 

phenomenon, choosing predilatation only 

when necessary for clear vessel visualization. 

DS is favored by experienced operators for 

noncomplex, noncalcified lesions, whereas 

predilatation is commonly used for severely 

calcified lesions. The effectiveness of DS over 

CS in improving clinical outcomes is still 

debated [12], with studies showing mixed 

results. Comprehensive randomized clinical 

studies and meta-analyses are essential to 

determine the relative efficacy of DS versus 

CS and other stenting techniques. Table 1A 

represents the various meta-analysis studies 

and table 1B represents various randomized 

clinical studies conducted to compare clinical 

outcomes of DS and CS. 

Table 1A: Meta-analysis conducted to compare DS with CS. 

Type of study 

No. of 

studies 

involved 

Major objective of 

study 

Primary 

endpoint of 

study 

Conclusion 

Meta-analysis 

7 studies 

(10,900 

patients) 

To assess the safety and 

effectiveness of DS with 

DES implantation 

Primary endpoint 

was composite of 

MACE, including 

MI, repeat 

revascularization. 

Findings of study suggested 

that in selected group of 

patients, DS with DES 

implantation was safe and 

may be associated with 

better clinical outcomes [13]. 

Meta-analysis of 

randomized 

controlled trials 

5 studies (754 

patients) 

In patients present with 

AMI, to compare clinical 

outcomes of DS and CS 

Death from 

cardiovascular 

causes 

Study findings proposed that 

ST resolution and clinical 

outcomes may be improved 

by DS during PCI in patients 

present with AMI. To 
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confirm the clinical benefit, 

further large scale 

randomized clinical trials 

should be conducted [14] 

Meta-analysis 

randomized 

clinical trials) 

24 studies 

(6803 

patients) 

In selected coronary 

lesions, to compare the 

clinical outcomes of DS 

with CS 

Death or MI 

In patients undergoing PCI, 

clinical outcomes were 

improved by DS majorly 

reducing incidence of MI 

specifically in selected 

coronary lesions, as 

suggested by findings of 

study [15]. 

Meta-analysis 

12 studies 

(8998 

patients) 

In patients present with 

ACS, to compare the 

efficacy of DS with CS 

Incidence of 

MACE 

DS method is highly feasible 

and safe method as it not 

only reduces incidence of 

short-term and 1-year 

mortality but also reduced 

occurrence of after 

procedural no-reflow 

phenomenon in selected 

patients present with ACS, 

as demonstrated by study 

findings [16]. 

Table 1B: Randomized clinical trials conducted to compare DS vs CS. 

Type of study 

No. of 

patients 

enrolled 

Objective of the study 
Primary end 

point of study 
Conclusion 

Multicentre 

randomized 

clinical study 

DS(N=173) 

CS(N=165) 

To assess the long-term 

clinical outcomes of DS 

in patients present with 

MI 

Outcomes, 

feasibility, and 

safety of DS 

In the findings of the study, 

marked difference in term of 

the need for new target 

revascularization was not 

seen in between DS and CS. 

Furthermore, risk of 

restenosis was not reduced 

by DS [14]. 

Multicentre-

randomized study 

(HORIZONS-AMI) 

DS(N=698) 

CS(N=1830) 

To assess the 1-year 

clinical outcomes of DS 

in large group of 

patients who underwent 

PCI in patients present 

with STEMI 

Stent arm 

In comparison to 

implantation of stent after 

predilation, in treatment of 

selected lesions in patients 

present with STEMI, DS is 

quite safer and effective 

method, as suggested by 

findings of the study [17]. 

Randomized 

clinical trial 

DS(N=25) 

CS(N=25)217 

To compare DS clinical 

benefits with CS on 
TIMI-3 flow rate 

In the findings of study, DS 

provide efficient coronary 
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immediate blood flow to 

coronary arteries and 

short-term clinical 

outcomes in patients 

present with AMI 

blood flow in comparison to 

the CS in patients present 

with AMI [18]. 

Randomized 

clinical trial 

DS(N=110) 

CS(N=107) 

To compare safety and 

efficacy of DS vs CS in 

AMI patients 

In-hospital major 

cardiac adverse 

events 

Significant difference 

between clinical outcomes 

was not seen in between DS 

and CS at the follow-up of 5 

years. Furthermore, 

epicardial and myocardial 

reperfusion indexes was not 

improved by DS [19]. 

Randomized 

clinical trial 

DS(N=621) 

CS(N=1371) 

In patients present with 

AMI treated with PCI, to 

compare the clinical 

impact of DS and CS on 

in-hospital outcomes 

and procedural success. 

TIMI-3 flow rate 

In comparison to the 

patients treated with CS, 

rate of incidence of 

advanced heart-failure and 

in- hospital mortality was 

significantly lower in DS 

patients Group, as proposed 

by findings of the study [20]. 

Randomized 

single-centre trial 

DS(N=102) 

CS(N=104) 

To demonstrate, that if 

DS might be able to 

decline the risk of 

cardiovascular adverse 

events associated with 

implantation of stent 

during primary 

angioplasty in patients 

present with AMI and to 

compare the outcomes 

with CS 

Angiographic 

results, composite 

end-point of no-

reflow 

phenomenon or 

distal 

embolization 

Findings of study 

demonstrated that DS can 

be applied effectively and 

safely in patients present 

with AMI as it results in 

marked reduction of 

microvascular injury [21]. 

Randomized 

clinical study 

DS(N=450) 

CS(N=356) 

To evaluate long-term 

clinical outcomes of DS 

on patients present with 

STEMI. 

Major adverse 

events 

Reduction in mid-term 

MACE rate and all-cause 

mortality rate was seen in 

patients treated with DS at 

the follow-up of 15 years 

[22]. 

Randomized 

LIPSIA 

conditioning trial 

DS(N=171) 

CS(N=171) 

To compare the clinical 

effect of DS on 

myocardial injury in 

comparison to CS in 

patients with acute 

reperfused STEMI 

Improvements in 

Left ventricle 

parameters 

In the findings of study, 

marked reduction in the 

infract size, significant 

improvement in 

microvascular obstruction 

and left ventricular 

improvements was reported 
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in patients treated with DS 

in compared to CS [14]. 

Randomized pilot 

study 

DS(N=65) 

CS(N=65) 

In ACS related lesions, 

to compare the 

incidence of no-reflow 

phenomenon after DS vs 

CS 

Incidence of no-

reflow 

phenomenon 

In between both groups, 

marked difference in 

incidence of no-reflow 

phenomenon was not seen 

[23]. 

Prospective study 

N=194 

DS(n=85) 

CS(N=121) 

In patients present with 

ACS undergoing PCI, to 

compare angiographic, 

clinical, and procedural 

outcomes of DS and CS 

Reference luminal 

diameter 

No marked difference 

between the two groups (DS 

vs. CS) was seen in terms of 

incidence of MACEs [24]. 

Single centre 

prospective study 

DS(N=58) 

CS(N=30) 

In patients present with 

STEMI, to compare the 

long-term and short-

term outcomes of DS vs 

CS. 

Reduction of 

residual stenosis 

diameter 

Findings of study 

demonstrated that follow-up 

incidence of MACE, clinical 

and angiographic results 

were quite similar in both 

groups [25]. 

Observational 

multi-centre study 

DS(N=489) 

CS(N=1073) 

In patients present with 

STEMI undergoing PCI, 

to compare the effect of 

DS vs CS on one-year 

mortality. 

One-year 

mortality 

Results of study provide 

evidence that DS is 

independent predictor of 

improved one-year survival 

rate in comparison to DS 

[26]. 

Reterospective 

Multicentre 

Observational 

Study 

DS(N=202) 

CS(N=414) 

To compare the clinical 

impact of DS VS CS on 

small vessel coronary 

disease in patients 

undergoing PPCI for 

STEMI 

Incidence of 

MACE at follow-

up of 2-years 

In comparison to CS, DS 

implantation was noticed 

with greater rate of post-

procedural TIMI grade-3 

flow [27]. 

Table 1: Meta-analysis conducted to compare DS with CS are mentioned in table 1A and randomized 

clinical trials conducted to compare DS vs CS are mentioned in table 1B. *DS: Direct Stenting; CS: 

Conventional Stenting. 

Deflated balloon-facilitated direct 

stenting (DBDS) technique to facilitates 

direct stenting 

Culprit lesion length and downstream artery 

diameter are pivotal for DS during STEMI 

treatment, yet DS's feasibility often remains 

low (30% to 50%) due to poor TIMI flow (<1) 

even after wire placement. To improve DS 

visualization in totally occluded arteries, a 

technique using a DBDS has been explored. A 

single-center study involving 540 STEMI 

patients undergoing PPCI evaluated DBDS's 

feasibility, efficacy, and safety. Results 

indicate that DBDS is a cost-effective, safe 

method with superior clinical outcomes, 

suggesting it is a viable alternative to CS and 

aspiration thrombectomy for treating 

occluded coronary arteries, enhancing the DS 

effect in challenging cases [28]. 
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Manual thrombectomy to facilitate DS 

Manual thrombectomy has become a 

prominent adjunctive therapy in acute MI 

treatment, aiming to reduce thrombus 

burden during PCI in STEMI patients. Its 

adoption into routine clinical practice was 

spurred by early clinical trial successes, 

showing its potential to diminish stent 

embolization and enhance outcomes by 

clearing thrombus before stent deployment 

[29]. Despite this, the definitive clinical 

benefits of routine intracoronary thrombus 

aspiration remain ambiguous. The thrombus 

aspiration during percutaneous coronary 

intervention in acute myocardial infarction 

study (TAPAS) [30] explored this by enrolling 

1,071 patients in a single-center, prospective, 

randomized trial. Patients were divided 

between conventional PCI and thrombus 

aspiration groups, with subsequent 

treatments varying within each group. 

Thrombus aspiration demonstrated an 

improvement in myocardial blush grade 

(MBG) and reduced cardiac death at 1-year 

follow-up compared to conventional PCI, 

suggesting its efficacy in improving clinical 

outcomes post-PCI for STEMI across different 

patient profiles. Further evidence from the 

larger thrombus aspiration in STEMI in 

Scandinavia TASTE [31] and TOTAL [7] trials 

investigated thrombus aspiration's impact on 

mortality and procedural success. TASTE, 

involving 7,259 patients, showed no 

significant difference in mortality or 

stroke/neurological complications between 

thrombus aspiration and PCI-only groups. 

Conversely, TOTAL, with 10,732 STEMI 

patients, found that manual thrombectomy 

did not notably reduce mortality rates, 

although DS was more frequent in the 

thrombectomy group, highlighting DS’s 

efficiency in lesion crossing on the first 

attempt. These findings underscore the 

complexity of determining the optimal 

treatment strategy for STEMI, reflecting the 

nuanced interplay between procedural 

techniques and patient outcomes. Despite 

varying results, these trials collectively 

indicate the need for a more tailored 

approach to incorporating thrombus 

aspiration and DS in STEMI management, 

emphasizing the importance of ongoing 

research and randomized studies to refine 

clinical protocols and improve patient care in 

this challenging condition. 

Materials and methods 

Design of study 

This observational, retrospective study was 

conducted at the author’s hospital in 

Bathinda, India, involving 514 patients who 

underwent PPCI with stenting from 

September 2018 to February 2023. 

Participants were primarily over 18, 

experiencing ongoing ischemia for 12 to 24 

hours, with STEMI symptoms starting within 

12 hours. 

Patients presenting with acute STEMI were 

the highlight of this study. All-comer 

patients, including those in cardiogenic 

shock, were enrolled. DS was the main 

strategy, with direct-like stenting used as an 

alternative involving thrombosuction or a 

preliminary path creation for stent 

placement. Exclusion criteria included aspirin 

and ticagrelor contraindications, pregnancy, 

heavily calcified or tortuous vessels, and 

missing data. The study, focusing on routine 

treatment, did not require ethical committee 

approval. 
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Protocol of study 

In PPCI, in patients present with a TIMI flow 

of ≥ 1 initially or during post-wire insertion, 

DS was applied. When DS was not feasible, 

alternatives such as small balloon ballooning 

or thrombosuction preceded the stenting, 

referred to as direct-like stenting. The aim 

was to minimize clot disturbance and direct 

stent deployment. Thrombosuction was 

sometimes necessary to visualize the distal 

landing zone. Successful DS was defined by 

<30% residual stenosis and a coronary TIMI 

flow grade-3 at the procedure end. The study 

presents four clinical cases, as illustrated in 

Figures 2, 3, 4 and 5. 

 

Figure 2 (A-B): Pre and Post PCI CAG after DS demonstrated by Case 1. 2A: In LAD (arrow), presence of 

100% lesion with high grade clot burden. 2B: Post PCI CAG (arrow) to demonstrate TIMI grade-3 flow. *PCI: 

Percutaneous coronary intervention; CAG: Coronary angiogram; DS: Direct stenting; LAD: Left anterior 

descending artery; TIMI: Thrombolysis in myocardial infarction. 

Figure 3 (A-B): Pre and Post PCI CAG demonstrated by Case 2. 3A: CAG (arrow) to demonstrate 98% 

stenosis present in LAD (proximal). 3B: Post PCI CAG to demonstrate TIMI grade-3 flow (arrow). *PCI: 

Percutaneous coronary intervention; CAG: Coronary angiogram; LAD: Left anterior descending artery; 

TIMI: Thrombolysis in myocardial infarction. 
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Figure 4 (A-B): Pre and post PCI CAG after DS demonstrated by Case 3. 4A: CAG (arrow) to demonstrate 

complete occlusion with high grade clot present in proximal RCA. 4B: Post PCI CAG (arrow) to 

demonstrate TIMI grade-3 flow. *PCI: Percutaneous coronary intervention; CAG: Coronary angiogram; DS: 

Direct stenting; RCA: Right coronary artery; TIMI: Thrombolysis in myocardial infarction. 

Figure 5 (A-B): Pre and Post PCI CAG demonstrated by Case 4. 5A: CAG (arrow) to demonstrate 100% 

lesion with high grade clot in LAD. 5B: Post PCI CAG (arrow) to demonstrate TIMI grade-3 flow. *PCI: 

Percutaneous coronary intervention; CAG: Coronary angiogram; DS: Direct stenting; LAD: Left anterior 

descending artery; TIMI: Thrombolysis in myocardial infarction. 

What authors studied 

Between September 2018 and February 2023, 

514 STEMI patients received drug-eluting 

stent (DES) implantation through DS or 

direct-like stenting in a study. Patients were 

divided based on hemodynamic stability and 

the presence of cardiogenic shock. The 

methods of stent deployment included DS in 

367 patients, DS with prior thrombosuction in 

51, and direct-like stenting via pre-dilatation 

plus thrombosuction in 20 or pre-dilatation 

alone in 66 patients. Post-PCI angiographic 

evaluations were conducted, and clinical 

outcomes such as target vessel 
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revascularization (TVR), cardiac death, and 

MI were monitored during follow-ups at 1, 2, 

3 months, and 2-years. 

Data collection 

Patient demographics, procedural details and 

patients were used for the collection of data 

in a retrospective manner. Two expert 

interventional cardiologists were involved in 

the evaluation of post-procedure, burden of 

thrombus, calcification state, and TIMI flow 

grade. Data on procedural time, contrast 

media volume, and procedural time was 

provided by the coronary angiogram (CAG) 

laboratory. 

To collect data on various clinical and in-

hospital outcomes, electronic media records, 

registry databases, and phone calls were used. 

Routine angiography was not conducted 

unless clinically indicated during follow-up 

but was conducted within the 2-years post-

PCI period if warranted. 

Study endpoints and definitions 

During the follow-up, MACEs such as TVR, 

TLR, MI, or definite stent thrombosis (ST) 

were primary endpoints. Secondary 

endpoints included in-hospital death and 

TLR. TVR covered both PCI and bypass 

grafting of the initially treated vessel, while 

TLR involved additional interventions near 

the original stent. 

MI definitions adhered to the latest 

guidelines [6], and ST followed academic 

research consortium criteria [13]. Total 

ischemic time was marked from chest pain 

onset to initial balloon inflation, with the 

TIMI system classifying thrombus burden and 

procedural complications like edge dissection 

and no-reflow noted. 

Results 

Execution in the patients who were in 

cardiogenic shock, the insertion of an Intra-

aortic balloon pump (IABP) was done to 

stabilize the patients. 138 patients out of 147 

required IABP. Patients demonstrating 

clinical hypotension received simultaneous 

stabilization with intravenous (IV) inotropic 

support. 

The diagnosis was confirmed by using two 

methods, Echocardiogram and an 

electrocardiogram followed by performing 

urgent angiography promptly. Most PCIs 

were performed using the radial approach 

after coronary artery angiography. Before PCI, 

300 mg of aspirin was administered to 

patients and 180 mg of ticagrelor, along with 

an IV bolus of heparin (70 units/kg) and 

tirofiban (25 ug/kg). At 0.15ug/kg dose, 

Tirofiban was continued through IV infusion 

if it was well tolerated by patients. 

The procedural steps included the following: 

DS was performed directly in 372 patients. In 

66 patients, 1.5-mm balloon predilation was 

performed to prepare for DES, followed by its 

deployment. For 51 patients, thrombosuction 

with DS was conducted using an aspiration 

catheter before deploying DES. In 25 patients, 

thrombosuction was followed by 

predilatation using a 1.5-mm balloon, 

followed by direct DES deployment. 

The study included 367 (71.40%) patients with 

normal hemodynamics, averaging 61.0 ± 11 

years, and 147 (28.60%) patients with 

cardiogenic shock, averaging 64.1 ± 11.5 years. 

The prevalence of diabetes, hypertension, 

hyperlipidemia, previous MI, and previous 

PCI among these patients is detailed in Table 

2A. 
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No-reflow phenomenon and edge dissection 

were the procedural complications seen in 20 

(14.5%) and 28 (7.4%) of patients presenting 

with hemodynamics which is normal and 

shock (cardiogenic), respectively. The 

distribution of grades of TIMI flow is shown 

in Table 2B. In Table 3, details of the 

hemodynamic characteristics of patients in 

cardiogenic shock are shown. In 494 (96%) 

patients, treatment of the target lesion was 

done successfully. In five lesions (1%), minor 

dissections were reported. Instances of 

coronary perforation were not documented. 

The no-reflow phenomenon was observed in 

3% of cases, with 86% achieving TIMI 3 flow. 

In 78% of cases, MBG was attained, but only 

in two patients, major Cath complications 

were reported. Angiographic success was 

noted in 96% of the 514 treated lesions. In-

hospital death, MACE, and TVR were 

considered a secondary endpoint which were 

recorded in specific proportions, as detailed 

in Table 4. Kaplan-Meier curves for MACE 

and survival are depicted in Figures 6 and 7. 

Table 2A: Clinical characteristics and baseline demographics. 

Serials STEMI+Normal blood pressure STEMI+shock 

Total pts(%) 367(71.40) 147(28.60) 

Age in years, mean ± 61 ± 11 64.1 ± 11.5 

Smoker, n(%) 187(50.95) 67(45.58) 

EF, (%) mean ± 46.2 ± 8.3 37.3 ± 12 

Diabetes mellitus, n(%) 154(41.96) 53(36.05) 

Hypertension, n(%) 175(47.68) 61(41.50) 

Hyperlipidemia, n(%) 65(17.71) 33(22.44) 

Prior MI, n(%) 38(10.35) 25(17.00) 

Prior PCI, n(%) 39(10.63) 9(6.12) 

Prior CABG, n(%) 5(1.36) 5(3.40) 

Renal insufficiency, n(%) 45(12.26) 23(15.65) 

Ischemia time in minutes mean ± 114.2 ± 41.8 116.1 ± 38.1 

Table 2B: Characteristics of lesion. 

Parameter STEMI+Normal blood pressure (n=367) STEMI+shock (n=147) 

Culprit artery: 

LAD 105(28.61) 57(38.76) 

LCx 27(7.36) 24(16.33) 

RCA 205(55.86) 58(39.46) 

Other 24(6.54) 18(12.24) 

Procedural complication: 26(7.08) 22(14.97) 

Edge dissection 13(3.54) 7(4.76) 

No reflow 16(4.36) 12(8.16) 

Procedural characteristics: 

Post-dilation 52(14.17) 14(9.52) 

Aspiration thrombectomy 24(6.54) 6(4.08) 

Length of stent, mean [mm] 17.8 ± 6.18 22.92 ± 6.66 

Diameter of stent mean [mm] 2.73 ± 0.24 2.28 ± 0.13 

Time of procedure mean [min] 47.0 ± 13.1 46.1 ± 16.5 
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Time of fluoroscopy in minutes, mean ± 8.4 ± 5.2 14.1 ± 6.7 

Contrast volume, [ml] mean ± 124.1 ± 50.2 151.4 ± 86.1 

Postprocedural TIMI flow III, (%) 350(95.37) 128(87.07) 

Lesion location: 

Proximal 115(31.33) 53(36.05) 

Mid 210 61 

Distal 54(14.71) 21(14.29) 

Multiple stents, n 78(21.25) 32(21.77) 

Multivessel disease, (%) n 51(13.87) 27(18.37) 

Calcified stenosis, (%) n 54(14.71) 20(13.61) 

Thrombus burden: 

Low thrombus burden 206(56.13) 53(36.06) 

High thrombus burden 168(45.78) 91(61.90) 

Glycoprotein IIb/IIIa inhibitors 296(80.65) 118(80.27) 

Bifurcation stenting 9(2.45) 1(0.68) 

Thrombectomy 57(15.53) 19(12.93) 

TIMI flow at baseline 

0 215(58.58) 80(54.42) 

1 95(25.89) 36(24.49) 

2 32(8.72) 9(6.12) 

3 36(9.81) 15(10.20) 

Final TIMI flow 3 315(85.83) 125(85.03) 

No reflow 1(0.27) 2(1.36) 

Dissection 7(1.91) 3(2.04) 

Distal embolization 18(4.90) 5(3.40) 

Average contrast volume used 55 ± 25 35 ± 5 

IABP use Nil 133(90.48) 

Table 2: Clinical characteristics and baseline demographics are demonstrated in table 2A and 

characteristics of lesion are demonstrated in table 2B. 

Patients in shock (n=147)  
Stages of shock according to SCAI classification 46 patients in stage C, D and E 

SP (Mean) 70 ± 16 mm of Hg 

DP (Mean) 54 ± 10 mm of Hg 

MP (Mean) 60 ± 18 mm of Hg 

PAP (Mean) 18/9 ± 21/16 mm of Hg 

PAPI (Mean) <1.2 in more than 19 patients 

CO (Mean) 4 ± 1.8 L/min 

Number of inotropic agents used >3(80%) 

IABP (138) 94% 

Table 3: Details of hemodynamics in shock patients. 
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In-hospital outcomes 

Variables STEMI+Normal blood pressure (n=367) STEMI+shock (n=147) 

MI 6(1.63) 4(2.72) 

TLR 9(2.45) 5(3.40) 

TVR 4(1.90) 3(2.04) 

ST 2(0.54) 3(2.04) 

MACE 8(2.18) 3(2.04) 

All-cause death 5(1.36) 26(17.69) 

At 1-month on follow, clinical outcomes 

Variables STEMI+Normal blood pressure (n=367) STEMI+shock (n=147) 

MI 5(1.36) 4(2.72) 

TLR 2(0.54) 2(1.36) 

TVR 6(1.63) 3(2.04) 

ST 2(0.54) 3(2.04) 

MACE 10(2.72) 5(3.40) 

All-cause death 1(0.27) 30(20.41) 

At 1-year on follow, Clinical outcomes  

Variables STEMI+Normal blood pressure (n=367) STEMI+shock (n=147) 

MI 10(2.72) 8(5.44) 

TLR 7(1.91) 3(2.04) 

TVR 11(3.00) 4(2.72) 

ST 1(0.27) 4(2.72) 

MACE 18(4.90) 9(6.12) 

All-cause death 6(1.63) 35(23.81) 

At 2-years on follow, Clinical outcomes  

Variables STEMI+Normal blood pressure (n=367) STEMI+shock (n=147) 

MI 19(5.18) 11(7.48) 

TLR 9(2.45) 10(6.80) 

TVR 14(3.81) 7(4.76) 

ST 1(0.2) 5(3.40) 

MACE 42(11.44) 28(19.05) 

All-cause death 9(2.45) 40(27.21) 

 Table 4: At the follow-up of 1-month, 1-year and 2-years, various In-hospital clinical outcomes. 
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Figure 6: At the follow-up of 2 years, all cause death comparison demonstrated by kaplan meier curve. 

  

Figure 7: Kaplan meier curve showing comparison of MACE free survival at follow-up of 2-years. *MACE: 

Major adverse cardiac events.

Discussion 

PCI is the preferred reperfusion strategy for 

STEMI patients, with DS, recognized for its 

role in minimizing distal embolization and 

microvascular obstruction. Despite its 

effectiveness, DS lacks established guidelines 

[32] and is not universally feasible, prompting 
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a retrospective analysis of STEMI patients 

undergoing primary angioplasty. 

This analysis distinguished between patients 

with normal hemodynamics and those with 

cardiogenic shock, focusing on DS utilization. 

The integration of DS with thrombus 

aspiration has been explored in significant 

trials such as TAPAS [5], TASTE [31], and 

TOTAL [7] with the Thrombectomy Trialists 

Collaboration (TTC) [33] offering the largest 

observational dataset. 

The TTC study showed that DS post-

aspiration thrombectomy, utilized in about 

32% of cases, reduced contrast use and 

fluoroscopy time, although it didn't 

conclusively improve clinical outcomes. This 

suggests that while DS following 

thromboaspiration is technically feasible and 

may have procedural benefits, its impact on 

long-term clinical outcomes remains 

uncertain, potentially due to the inadvertent 

distal embolization caused by thrombectomy 

devices [34]. 

Follow-up data indicated a decrease in 

cerebrovascular incidents and cardiovascular 

mortality rates, alongside a reduction in 

vessel revascularization after one year. 

Despite concerns about stent mal-apposition 

or coverage, the study reported no increased 

risk, suggesting that DS might reduce the 

incidence of inadequate ST-segment 

resolution. 

However, the benefits of DS over CS are not 

definitively clear, as both strategies have been 

shown to address only a part of the 

reperfusion challenges in STEMI. With 

advancements in PCI techniques and 

adjunctive medications, the gap for clinical 

improvements via DS in the modern era of 

low STEMI mortality (<2%) appears narrow 

[35]. Notably, DS has been associated with 

fewer instances of the no-reflow phenomenon 

and improved clinical outcomes, as evidenced 

by meta-analyses [16] and trials like the 

LIPSIA CONDITIONING [36], which 

reported smaller infarct sizes and lower 

mortality rates with DS compared to CS. 

Despite these promising results, the real-

world impact of DS on mortality is hard to 

quantify, especially in high-risk groups like 

those with cardiogenic shock. The 

technique's efficacy, especially when 

employing modifications like deflated 

balloon-assisted stenting for high-grade 

thrombus cases, underscores its potential as a 

safe and effective strategy in STEMI 

management. Emerging research suggests DS 

could lead to reduced long-term mortality 

[37], even though some studies report no 

significant outcomes difference between DS 

and CS [14,19,38,39]. This discrepancy 

highlights the need for larger, more focused 

studies, particularly involving patients with 

severe complications. The Swedish Coronary 

Angiography and Angioplasty Registry's [40] 

findings on reduced restenosis rates and ST 

due to newer DES generations further 

encourage the pursuit of DS, albeit the 

necessity for more extensive research 

remains, particularly to understand its full 

potential in complex STEMI cases. 

Study limitations 

Various inherent limitations are present in 

this single-centre retrospective observational 

study. Key variables such as left ventricular 

ejection fraction, stent length, and diameter 

weren't analyzed. The Incidence of the Left 
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interior descending infract-related artery 

which can have a huge impact on the clinical 

outcomes in the CS strategy, wasn’t taken into 

consideration. Another major limitation is 

the exclusive use of first-generation DES. 

Moreover, the only thrombus aspiration 

system utilized was rheloytic thrombectomy. 

As an observational study not comparing CS, 

propensity score-based methods were not 

applicable. 

Importance of the study 

• DS and direct-like stenting are often 

successful and can be employed when 

CS methods are impractical. 

• These methods use less contrast and 

typically encounter fewer 

complications during surgery. Most 

patients experience improved TIMI-3 

flow and reduced distal embolization. 

• While more effectiveness is seen with 

DS or direct-like stenting without 

thrombectomy, a well-conducted 

randomized controlled trial is needed 

to verify this 

• In essence, this study and the ensuing 

discussions recommend prioritizing 

direct approaches in primary PCI for 

patients with STEMI. 

• Compared with the GUSTO-2 trial, te 

authors nonrandomized study 

showed a total MACE of 14%, 

including a 5.7% mortality rate, 3.9 % 

reinfarction rate, and 0.9 % stroke 

rate. The author’s outcomes, with a 

2.1% mortality, 4.9 % reinfarction, and 

a 7.4% MACE rate, are comparatively 

favorable. 

• A randomized controlled trial 

comparing the clinical outcomes of 

conventional methods with direct or 

direct-like stenting for primary PCI 

would be advisable. DS in STEMI and 

observational outcomes are described 

in a graphical abstract. 

Conclusion 

In the maximum number of patients present 

with acute STEMI, DS or direct-like stenting 

is achievable, even where high thrombus is 

present. Direct-like stenting is viable when 

the stents cannot cross, and the distal landing 

zone is rendered unclear in angiograms. DS or 

direct-like stenting uses less contrast and 

typically results in minimal complications 

during surgery. These methods considerably 

reduce distal embolization rates and enhance 

TIMI grade-3 flow. The authors findings 

underscore the importance of a direct 

approach to PPCI for patients with STEMI. 

The non-randomized study findings are 

encouraging, especially when compared with 

the outcomes of the GUSTO-2 trial, which 

showed lower mortality and MACE rates. 

Summary points 

1. STEMI is a severe manifestation of 

CAD with high morbidity and 

mortality rates. Primary treatment 

involves PCI. 

2. While PPCI is effective, suboptimal 

myocardial reperfusion can occur, 

leading to the exploration of 

alternative strategies like CS, DS and 

manual thrombectomy. 

3. DS offers advantages, including 

reduced procedural time and contrast 

media usage. Recent studies indicate 

its safety in STEMI patients, without 

increased risks of restenosis or ST, 

often linked to improper stent sizing. 
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4. DS has drawbacks, such as potential 

stent-related issues, vessel 

visualization requirements, and the 

need for precise lesion crossing. 

Routine use is limited without clear 

vessel visualization. These limitations 

can be overcome somewhat by direct-

like stenting in some patients. 

5. In acute reperfused MI, DS has 

demonstrated safety and efficacy 

compared to CS. It has been 

associated with reduced heart failure 

hospitalizations, lower mortality 

rates, and significant reductions in 

infarct size, supported by various 

short-term and long-term studies. 
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