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ABSTRACT 
 

Background: Despite restoration of epicardial blood flow with primary PCI, microvascular obstruction with 

diminished myocardial perfusion occurs in large proportion of patients. Thrombus manual-aspiration seems to 

be practical for resolving these issues.  

Objective: Evaluate the effect of the Diver TMC.E., aspiration thrombectomy catheter as an adjunct to primary 

PCI on myocardial perfusion and left ventricular functional recovery and remodeling.  

Methods: We included 40 patients [57.8±9.3 year, 31 (77.5 %) males] with acute STEMI eligible for primary PCI. 

Patients were assigned to undergo either standard PCI (standard PCI group=control group) or PCI with 

thrombus aspiration (DiverCE thrombus-aspiration group=study group).  

Results: Both groups were comparable with no significant differences regarding demographic, clinical, 

echocardiographic, and angiographic parameters. The percent of thrombus burden reduction was significantly 

higher in study group (73.50 ± 19.13 %) compared to control group (50.75 ± 23.75 %) (P = 0.002). TIMI flow 

grade 3 was achieved in 100 % of the DiverCE group patients compared to 50% in control group, P = 0.001). 

Myocardial Blush Grading improved to 3 in 11 of study group compared to only 2 of control group patients 

(P=0.01). Complete ST segment resolution was achieved in 70% of study group compared to 35% of the control 

group patients (P = 0.047). The six months left ventricular end diastolic dimension and wall motion score index 

were significantly lower in the study group (4.97 ± 0.55 cm and 1.41 ± 0.20) compared to control group (5.49 ± 

0.36 cm and 1.66 ± 0.16) (P = 0.001 and 0.044 respectively). Six months left ventricular ejection fraction was 

significantly higher in study group (56.95 ± 6.15 % Vs 52.10 ± 7.57 %) (P = 0.032).  

Conclusions: We concluded that manual thrombus extraction with Diver C.E. catheter as an adjunct therapy in 

primary PCI for STEMI is a simple, easy-to-use, non-time consuming, procedure which is effective in preventing 

distal embolization and microvascular obstruction improving myocardial tissue level perfusion and left 

ventricular remodeling at six months. 
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INTRODUCTION 
 

 

 

 

 

   Timely restoration of normal antitrade flow and tissue 

level perfusion is key factors in the reduction of mortality 
in ST-segment elevation myocardial infarction (STEMI). 
Despite restoration of epicardial blood flow with primary 
percutaneous coronary intervention (PCI), microvascular 
obstruction (MVO) with diminished myocardial perfusion 
occurs in a large proportion of patients, contributing to 
increased infarct size and reduced survival (1,2). 
     Mounting interest has emerged regarding the role of 
distal embolization as a major determinant of  
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impaired myocardial perfusion after primary PCI (3,4). In 
this regard; the use of a mechanical device for thrombus 
removal is intuitively attractive for improving reperfusion 
and survival after primary PCI. 
      Many clinical trials testing these devices have (5-13), 
yielded conflicting results, in part due to patient and 
device selection. These trials evaluated mechanical 
devices with different designs and operational 
mechanisms. Some mechanical devices may cause 
physical damage to the vessel endothelium, which may 
create new thrombi or distal embolization. Thrombus 
manual-aspiration catheters were seen to be practical for 
this purpose, because they are relatively flexible and 
nontraumatic in use, and have become a standard 
procedure in most centers during primary PCI for acute 
myocardial infarction (AMI). Indeed, large single-center 
randomized trials (14, 15) and meta-analyses (16) 
showed that manual thrombus aspiration is associated 
with a significant improvement in myocardial perfusion 
and a reduction in short- and long-term mortalities in 
patients treated with primary PCI. 
 

This study was intended to: 
Evaluate the effect of the Diver TM C.E. aspiration 

thrombectomy catheter as an adjunct to primary PCI on 
myocardial tissue-level perfusion. 

Evaluate the impact of manual thrombus aspiration 
during primary PCI on left ventricular functional recovery 
and remodeling and on clinical outcome. 
 

PATIENTS AND METHODS 

 
During the period between January 2010 and June 

2011, forty patients with acute STEMI and angiographic 
evidence of thrombus-containing lesion eligible for 
primary or rescue PCI were selected in our study that 
was done in critical care department, Cairo university 
hospitals. After enrollment and before coronary 
angiography, patients were assigned to undergo either 
standard PCI  (standard PCI group=control group) or PCI 
with thrombus aspiration  (Diver CE thrombus-aspiration 
group=study group). 

We included in our study patients with acute STEMI 
presented within 12 hours of symptom onset with 
angiographic evidence suggestive of a coronary 
thrombus. Excluded from the study were patients with 
previous myocardial infarction (MI), previous coronary 
artery bypass grafting surgery, Cardiomyopathy, 
congenital or rheumatic heart disease, and TIMI 
(thrombolysis in myocardial infarction) grade 2 or 3 flow 
at the time of initial angiography. 
 
Following admission, all patients were subjected to: 

 Standard 12-leads ECG on admission, 90 minutes 
after the index procedure and every 6 hours for 24 
hours, then daily and whenever indicated. 

 The patient was informed of the nature of the study 
and had to sign consent to participate in the study. 

 Pharmacologic treatment before and after PCI for all 
patients in both groups were standardized according 
to practice guidelines. 

 
Cardiac catheterization and percutaneous coronary 
intervention: 
     All PCIs were performed via right femoral approach. 
After placement of a 6-French guiding catheter, a 0.014-
inch guide wire was advanced through the culprit lesion. 
In the study group, the manual aspiration was done 
before any balloon inflations. In de novo lesions, if 
judged possible by the operator, direct stenting was 
attempted, while in the remaining cases, predilation with 
an undersized balloon was used before stent 
implantation. In control group, predilation attempts were 
done according to the operator. 
 
The Thrombus-Aspirating Device: 
     The Diver Clot Extraction (C.E.) (Invatec, Italy) is a 
rapid-exchange, 0.014-inch guide wire, compatible, 
thrombus-aspirating catheter. It is a 6-French guiding 
catheter compatible. It has a central aspiration lumen 
and a soft, flexible, 0.026-inch, non-traumatic tip with 
multiple holes (one large, 2 mm, anterior and 3 smaller, 
0.9 mm, lateral) communicating with the central lumen 
(Figure 1). A 30-ml luer-lock syringe connected to the 
proximal hub of the central lumen is used for flushing 
with saline solution prior to the procedure and then for 
manual thrombus aspiration without any further system 
assembling. A radiopaque marker at the catheter tip 
allows for accurate catheter positioning (17). 
 
Figure-1. The Diver C.E. thrombus-aspirating device 
and magnification of the catheter’s tip (17) 
 

 
 

Angiographic Assessment: 
 
Angiographic parameters assessed: 

 TIMI grade flow was assessed from 0-3 referring to 
levels of coronary blood flow where TIMI 0 flow (no 
perfusion) refers to the absence of any antegrade flow 
beyond a coronary occlusion, TIMI 1 flow (penetration 
without perfusion) is faint antegrade coronary flow 
beyond the occlusion, with incomplete filling of the 
distal coronary bed, TIMI 2 flow (partial reperfusion) is 
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delayed or sluggish antegrade flow with complete 
filling of the distal territory, and TIMI 3 flow (complete 
perfusion) is normal flow which fills the distal coronary 
bed completely (18). 

 Myocardial blush grade (MBG) was classified to grade 
0 where there was failure of the dye to enter the 
microvasculature, grade 1 where the dye slowly 
entered but failed to exit the microvasculature, grade 
2 where there was delayed entry and exit of the dye, 
and grade 3 with normal entry and exit of dye to 
microvasculature(19). 

     Thrombus score: Apparent thrombi were subclassified 
into grade 1, 2, 3, and 4 (on the basis of quantitative 
measurement of maximum dimension of thrombus 
relative to normal lumen diameter) (table-1) (20). 
Thrombus burden reduction was estimated as the 
percent of thrombus score reduction after the procedure 
compared to baseline. 

 
Angiographic complications assessment: 

 Evaluation of the angiographic complications 
including distal embolization, no reflow, abrupt vessel 
closure, dissection, or perforation. 

 
Electrocardiographic Assessment: 

 ST segment was analyzed on a standard 12-lead 
ECG recording just before and 90 minutes after 
coronary intervention by 2 observers blinded to the 
clinical data. The Single-Lead ST segment resolution 
(STR), which is the ST-segment deviation resolution 
in the single lead showing maximum deviation, was 
used to assess the extent of microvascular 
reperfusion in STEMI (21, 22). 

 Resolution of ST segment elevation was expressed 
as a percentage of the initial ST segment elevation. 
Resolution of ≥70% was defined as complete 
resolution; indicative of good myocardial reperfusion, 
STR from 30-70% is considered partial resolution, 
while STR less than 30% is considered no resolution 
(23). 

 
Pre-discharge and 30 - days clinical assessment:  

 Assessment was done in terms of the incidence of 
Major Adverse Cardiac Events (MACE) that refers to 
a composite of Death, reinfarction, and/or target 
vessel revascularization (TVR) to describe the clinical 
outcome. 

 
Echocardiographic assessment: 
     The degree of left ventricular functional recovery and 
remodeling was assessed by comparing the echocardio-
graphic findings on admission and 6 months follow up. 
      Regional wall motion was assessed by an 
echocardiographer who is blind for the clinical, treatment 
modality and angio-graphic data according to the 16-
segment model (24). Wall-motion score index (WMSI) 
was derived by averaging the scores from each segment. 
Left ventricular end diastolic dimension (LVED) and left 
ventricular ejection fraction (LVEF) were measured (25).  

     The mean value of three measurements of the 
technically best cardiac cycles was taken from each 
examination. 
 

Statistical Analysis: 
 
      Data were prospectively collected and coded prior to 
analysis using the professional statistical Package for 
Social Science (SPSS version 17). 

 All data were expressed as mean and standard 
deviation. 

 Frequency tables for all categorical data and 
descriptive statistics for quantitative data had been 
performed. 

 Student t-test and chi-square test after checking 
normality for all continuous data. 

 Mean values were compared and statistical 
significance was defined as P≤0.05. 

 

RESULTS  
 

Baseline pre-procedure data: 
     The two groups were comparable with no significant 
differences regarding demographic, clinical, 
echocardiographic, and angiographic parameters (table 
2). The Door to dilation time was 79.8±32min in study 
group compared to 77±29min in control group (P=0.7). 
The baseline MBG, TIMI flow, and thrombus score were 
similar in both groups. Pre-intervention MBG was 0 in 17 
patients (85%) and 1 in 3 patients (15%) of both groups 
(P=0.669). TIMI flow was 0 in 16 (80%) and 1 in 4 (20%) 
of the study group patients compared to 0 in 15 (75%) 
and 1 in 5 (25%) of the control group patients (P=0.5) 
and the thrombus score was 4 in 14 (70%) and 3 in 6 
(30%) of the patients of both groups (P=0.634). The 
lesions were de-novo in 17 patients of both groups and in 
stent thrombosis in 3 (P=1) (table-2). 

 

Procedural Results and Angiographic Outcome: 
     The duration of the Diver CE procedure averaged 
5±10 min and the total interventional procedure time was 
similar in both groups (51.45±16.67 min in Diver CE 
group and 44.85±19.4 min in control group (P=0.2) 
indicating that using Diver CE did not significantly 
lengthen the procedure. 
      Comparing between both study and control groups 
as regard the angiographic results were in favor of the 
study group. The percent of thrombus burden reduction 
was significantly higher in study group (73.50±19.13%) 
compared to control group (50.75±23.75%) (P = 0.002). 
Comparing final TIMI flow between both groups revealed 
that it was significantly higher in study group than in 
control group (TIMI 3 was achieved in 100% of the Diver 
CE group patients compared to achieving TIMI 3 in 10 
(50%), TIMI 2 in 9 (45%), and 1 in 1 (5%) of control 
group patients, P=0.001) (table-3). 
      MBG has also improved significantly after thrombus 
aspiration where it improved to MBG 3 in 11 of study 
group compared to only 2 of control group patients and 
MBG 2 in 8 and 16 of study and control groups  
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respectively (P=0.01) (table 3). We studied some of the 
procedure complications that are related to MVO as the 
distal embolization and no-reflow. It was found that the 
distal embolization was significantly lower in Diver CE 
group where it occurred in two patients (10%) compared 
to nine patients in the control group (45%), (P=0.045). 
The occurrence of no-reflow was also significantly lower 
in Diver CE group where it occurred in one patient (5%) 
compared to six patients in the control group (30%), 
(P=0.04).  Dissections that occurred in our patients were 
non flow limiting and occurred in one patient (5%) of 
each group after stent implantation (edge dissection) 
(P=1). 
      Following the procedure, an ECG was done to 
compare the ST elevation before and after the procedure 
in both groups. The incidence of achieving complete ST 
segment resolution (≥70%) was significantly higher in 
study group (14 patients (70%) compared to 7 patients in 
the control group (35%); P=0.047) (Figure-2). 
 
Figure-2. Complete (≥ 70 %) ST Segment resolution 
in both groups 
 

 
 

 
Hospital course and 30-days MACE: 
     The two groups were comparable with no statistical 
significant differences regarding the hospital course and 
30-days MACE. The hospital course was complicated in 
3 of the study group patients (one patient needed 
inotropic support, another one needed inotropic support 
and IABP, and the third had CVA), compared to three, 
One, and none of control group respectively (P=0.4, 1 & 
0.3). 
     None of our patients of both groups had major 
bleeding during their hospital stay. Despite the tendency 
for higher incidence of 30-days MACE in the control 
group (2 patients compared to 0 in study group), this was 
not statistically significant (P=0.24). 
 

Six month follow up: 
     Six months follow up for the echocardiographic 
parameters including LVED, LVEF, and WMSI was in 
favor of using Diver CE. The six months LVEDD and 
WMSI were significantly lower in the study group 
(4.97±0.55cm and 1.41±0.20) compared to control group 
(5.49±0.36cm and 1.66±0.16) (P=0.001 and 0.044 for 
LVED and WMSI respectively). Also the six months 
LVEF was higher in study group (56.95±6.15%) 
compared to control group (52.10±7.57%) with significant 
statistical difference (P=0.032). 
 

DISCUSSION  
 

     Timely restoration of normal antegrade flow and tissue 
level perfusion is key factors in the reduction of mortality 
in STEMI (1). A significant number of patients with acute 
STEMI have impaired myocardial tissue perfusion, 
contributing to increased infarct size and reduced 
survival, despite restoration of epicardial blood flow with 
PCI (2). Micro-vascular plugging caused by embolization 
of thrombotic or atheromatous debris occurring either 

Table-1. Thrombus score (20) 

Grade 0 No angiographic characteristic suggestive of thrombus 

 

Possible thrombus present, with angiographic characteristics such as reduced 
density, haziness, irregular lesion contour, or presence of smooth meniscus at the 
occlusion site 

 

Small thrombus present, with the greatest linear dimension less than half of the 
vessel diameter 

 

Moderate thrombus present, with the greatest linear dimension more than half, but 
less than twice vessel diameter 

 

Large thrombus present, with the greatest dimension of 2 or more vessel 
diameters. 
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spontaneously or after PCI may be one of the major 
factors responsible for impaired tissue perfusion (4). 
Therefore different feasible and safe thrombectomy and 
distal protection devices have been developed for clinical 
use (26-30). Many trials have been published which 
investigated the effects of thrombectomy and embolic 
protection devices on myocardial reperfusion and clinical 
outcome after AMI (16). 
      Among various adjunctive devices aimed to protect 
against such suboptimal flow and embolization, 
increasing data support that simple manual thrombus 
aspiration devices which are followed by direct stenting 

improves myocardial reperfusion and clinical outcome 
compared with conventional primary PCI which usually 
needs predilation before stenting(15, 31). 
We intended in this study to evaluate the effect of the 
Diver

TM
 C.E. aspiration thrombectomy catheter as an 

adjunct to primary PCI on myocardial tissue-level 
perfusion, left ventricular functional recovery and 
remodeling, and clinical outcome. 
      Therefore forty patients with acute STEMI eligible for 
primary or rescue PCI were selected in our study. After 
enrollment and before coronary angiography, patients 
were assigned to undergo either standard PCI or PCI 

Table-2. Baseline Clinical and Angiographic Characteristics of the Study Population 

 Diver CE Control P value 

Age (mean ± SD) 56.4±10.78 59.2±7.51 0.34 

Male sex [N(%)] 14 (70%) 17 (85%) 0.25 

Hypertension [N(%)] 6 (30%) 10 (50%) 0.19 

Diabetes [N(%)] 10 (50%) 9 (45%) 0.72 

Hyperlipidemia [N(%)] 9 (45%) 6 (30%) 0.32 

Current Smoking [N(%)] 10 (50%) 13 (65%) 0.33 

IHD (previous PCI) [N(%)] 3 (15%) 3 (15%) 1 

IHD (no previous PCI) [N(%)] 4 (20%) 3 (15%) 0.7 

Positive FH of IHD [N(%)] 4 (20%) 5 (25%) 0.7 

Obesity (BMI>30) [N(%)] 9 (45%) 6 (30%) 0.32 

LVEF during admission (mean ± SD) 55.55±5.34 53.6±6.53 0.3 

LVED during admission (mean ± SD) 5.07±0.63 5.29±0.45 0.21 

WMSI during admission 1.61±0.22 1.66±0.16 0.4 

Door to needle time(min) (mean ± SD) 79.75±32.9 77±29.7 0.7 

Anterior infarction [N(%)] 10 (50%) 12 (60%) 0.5 

Inferior infarction [N(%)] 10 (50%) 8 (40%) 0.5 

Killip class ≥ 3 [N(%)] 2 (10%) 2 (10%) 0.92 

LAD is the IRA [N(%)] 10 (50%) 12 (60%) 0.7506 

LCX is the IRA [N(%)] 2 (10%) 2 (10%) 1 

RCA is the IRA [N(%)] 8 (40%) 6 (30%) 0.7506 

Proximal lesion site [N(%)] 16 (80%) 14 (70%) 0.715 

Midsegment lesion site [N(%)] 4 (20%) 5 (25%) 1 

Distal lesion site [N(%)] 0 (0%) 1 (5%) 0.7 

RVD (mm) 2.85±0.27 2.83±0.34 0.83 

Lesion length (mm) 16.68±6.73 15±5.78 0.4 

Baseline TIMI [N(%)] 
0 16 (80%) 15 (75%) 

0.5 
1 4 (20%) 5 (25%) 

Baseline thrombus score 
3 6 (30%) 6 (30%) 

0.634 
4 14 (70%) 14 (70%) 

Baseline MBG [N(%)] 
0 17 (85%) 17 (85%) 

0.669 
1 3 (15%) 3 (15%) 

Stent length (mm) 22.88±5.43 22.93±5.09 0.97 

Stent diameter (mm) 3.11±0.24 3.23±0.36 0.28 

Balloon length (mm) 20.31±1.25 19.78±0.94 0.166 

Balloon diameter (mm) 2.23±0.34 2.25±0.31 0.888 

Procedure time (min) 51.45±16.67 44.85±19.41 0.25 

BMI: body mass index; LAD: left anterior descending; LCX: left circumflex; RCA: right coronary artery; IRA: 
infarct related artery; RVD: reference vessel diameter 

 



Karim Mashhour et al                                                   Copyright@2017 

489 |© 2017 Global Science Publishing Group, USA                                                         Biolife | 2017 | Vol 5 | Issue 4 

 

with thrombus aspiration. The two groups were 
comparable in baseline demographic, clinical, and 
angiographic characteristics.  
      The total interventional procedure time was 
comparable in both groups indicating that the use of 
Diver CE does not lengthen the procedure time 
significantly. Aiming to evaluate the effect of the Diver 
CE aspiration thrombectomy catheter on myocardial 
tissue-level perfusion we compared the ST segment 
resolution, MBG, and TIMI flow in both groups before 
and after the procedure. Complete ST segment 
resolution (≥70%) was achieved in 14 patients of the 
study group (70%) compared to 7 patients in the control 
group (35%); with statistically significant difference. MBG 
and final TIMI scores were significantly improved in both 
groups with higher degree of improvement in thrombus 
aspiration group where MBG grade 3 was achieved in 
55% of cases compared to only 2% in control group 
(P=0.01).  
      TIMI 3 flow was also achieved in 100% compared to 
50% in study versus control groups respectively 
(P=0.001). These data are concordant with the results 
reported by Burzotta et al. (2005) (7) and Francesco 
Liistro et al. (2009) (30). Burzotta et al. found a 
significant improvement in post-procedural MBG and 
STR in thrombus aspiration group compared to standard 

PCI group (MBG≥2 and STR≥70% were achieved in 
68.0% and 44.9% in the thrombus-aspiration group 
compared with 58.0% and 36.7% in the standard PCI 
group; p = 0.020, and 0.034 respectively)(7). Francesco 
Liistro et al. (2009) also documented a statistically 
significant improvement in post-procedural TIMI flow in 
thrombus aspiration group compared to standard PCI 
group (TIMI grade≥2 was attained in 93% in the 
thrombus-aspiration group compared with 71% in the 
standard PCI group; P=0.006) (30).  
       Data from the TAPAS trial (15) randomized 1072 
STEMI patients before angiography to manual 
thrombectomy or conventional primary PCI. This study 
showed significant benefits in myocardial perfusion 
(evaluated by MBG and STR). The benefits in myocardial 
perfusion were confirmed in almost all the analyzed 
subgroups, even though larger benefits were intuitively 
observed in patients revascularized within the first 3 
hours from symptom onset, when the amount of 
myocardial salvage is relatively high(15). These data and 
ours reflect that despite both conventional PCI and 
thrombus aspiration before PCI can significantly improve 
the epicardial coronary flow, there are more beneficial 
yields of the thrombus aspiration catheter on myocardial 
tissue level perfusion, micro-vascular flow and in 
prevention of micro-vascular obstruction. These 

Table-3. TIMI flow, MBG, and thrombus score before and after the procedure in both groups 

 Grade 
Diver CE 

Group 
Control 
Group 

P Value 

TIMI flow 

Pre-Intervension 
[N(%)] 

0 15 (75%) 15 (75%) 

0.642 
1 5 (25%) 5 (25%) 

2 0 (0%) 0 (0%) 

3 0 (0%) 0 (0%) 

Post-Intervension 
[N(%)] 

0 0 (0%) 0 (0%) 

0.001 
1 0 (0%) 1(5%) 

2 0 (0%) 9 (45%) 

3 20 (100%) 10 (50%) 

MBG 

Pre-Intervension 
[N(%)] 

0 17 (85%) 17 (85%) 

0.669 
1 3 (15%) 3 (15%) 

2 0 (0%) 0 (0%) 

3 0 (0%) 0 (0%) 

Post-Intervension 
[N(%)] 

0 0 (0%) 0 (0%) 

0.01 
1 1 (5%) 2 (10%) 

2 8 (40%) 16 (80%) 

3 11(55%) 2 (10%) 

Thrombus score 

Pre-Intervension 
[N(%)] 

0 0 (0%) 0 (0%) 

0.634 

1 0 (0%) 0 (0%) 

2 0 (0%) 0 (0%) 

3 6 (30%) 6 (30%) 

4 14 (70%) 14 (70%) 

Post-Intervension 
[N(%)] 

0 5 (25%) 0 (0%) 

0.038 

1 11 (55%) 10 (50%) 

2 4 (20%) 5 (25%) 

3 0 (0%) 3 (15%) 

4 0 (0%) 2 (10%) 
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beneficial yields may be attributed to the reduced 
thrombus burden using the manual aspiration and 
subsequently decreased incidence of distal embolization, 
no reflow, MVO, and side branch occlusion. 
      In this context, we found that the incidence of distal 
embolization, no reflow and side branch occlusion were 
lower in study group compared to control group (10% for 
distal embolization, 10% for side branch occlusion and 
5% for no reflow in study group compared to 45%, 30%, 
and 30% for the three phenomena respectively in the 
control group). These differences are statistically 
significant for distal embolization and no reflow (P=0.04 
for both) and statistically insignificant for side branch 
occlusion (P=0.1). This statistical insignificance may be 
attributed to the small sample size. Many other 
investigators found similar results with lower incidence of 
distal embolization and no reflow after using the 
thrombus extraction devices (16, 32). On the other hand, 
Burzotta et al. (2005) found that despite distal 
embolization was lower in study group (8%) compared to 
control group (17.8%), yet this difference was statistically 
non-significant (7). 
     The present study together with other investigators 
like De Luca et al. (2005) (33) could not conclude an 
immediate clinical benefit reflected on thirty day MACE in 
both groups, however some meta-analysis studies 
demonstrated that utilizing manual aspiration devices in 
the treatment of AMI was associated with significant 
reduction in 30-day mortality (15, 16, 39, 40). 
      The occurrence of MVO comp-licating mechanical 
reperfusion after AMI was proved to be a major predictor 
of early LV remodeling (34). LV remodeling after AMI is a 
precursor of the development of overt heart failure and is 
an important predictor of mortality (35, 36). Thus, it is 
conceivable to expect that a thrombus aspiration related 
reduction in MVO and improvement of myocardial tissue-
level perfusion is associated with better LV recovery and 
limited LV remodeling. Our results were concordant with 
this hypothesis when using LVED, LVEF, and WMSI as a 
reflection on the LV functional recovery and remodeling. 
     We found that the six month echo-cardiography follow 
up revealed that the mean values of LVED and WMSI 
were lower in the study group. The mean value of LVEF 
was significantly higher in study group than in the control 
group. 
      Francesco Liistro et al. (2009) also reported a 
significantly greater improvement in LVEF and in WMSI 
from baseline to 6-month follow-up in the thrombus-
aspiration group compared with the standard PCI group 
(30). 
      The myocardial contrast echo-cardiography sub-
study of the REMEDIA trial (37) enrolled 50 patients 
randomly assigned to thrombus aspiration or standard 
PCI. Thrombus aspiration was associated with a 
significant reduction in severity and extent of myocardial 
obstruction, but with only a slight, not significant 
reduction in LV remodeling at 6 months. De Luca et 
al(38) showed that, in 76 patients with anterior 
myocardial infarction, thrombus aspiration was 
associated with significantly lower end-diastolic and end-

systolic LV volumes at 6 months than with conventional 
PCI. 
     Bavry et al. (2008) performed a meta-analysis which 
involved 30 randomized studies with 6415 patients. They 
found that manual catheter thrombus aspiration during 
AMI is beneficial in reducing mortality compared with PCI 
alone (31). 
     There is increasing evidence that manual aspiration 
thrombectomy before balloon angioplasty improves 
myocardial reperfusion and long-term clinical outcomes 
of AMI patients (30, 31). Many controlled studies 
however showed that thrombectomy as a routine therapy 
in primary PCI for STEMI does not increase myocardial 
salvage, and should be used only in high-risk patients for 
impaired tissue perfusion(10). On the other hand, some 
authors considered that adjunctive manual 
thrombectomy devices, if not anatomically 
contraindicated, should be routinely used among STEMI 
patients undergoing primary angioplasty (16). 
 

CONCLUSIONS 

 
     Our study demonstrates that manual thrombus 
extraction with a Diver CE catheter as an adjunct therapy 
in primary PCI for STEMI is a simple, easy-to-use, non 
time consuming, cost-effective, and clinically feasible 
procedure that could prevents distal embolization, no 
reflow, and MVO improving myocardial tissue level 
perfusion. It seems to be associated with significantly 
lower incidence of LV remodeling at six months.   
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