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ABSTRACT

Objective: Primary percutaneous coronary intervention is the standard treatment for ST-segment eleva-
tion myocardial infarction. Atthough myocardial and epicardial perfusion is usually achieved with primary
percutaneous coronary intervention, infarct-related arterial thrombus burden negatively affects the proce-
dural success and clinical outcomes of primary percutaneous coronary intervention. Therefore, we aimed
to investigate the association between thrombus burden (calculated before and after initial flow) and clinical
consequences in patients with ST-segment elevation myocardial infarction.

Materials and Methods: This study retrospectively enrolled 1376 patients who had ST-segment elevation myo-
cardial infarction between May 2012 and November 2015. Patients who had only undergone balloon angio-
plasty and emergency coronary artery bypass grafting were not included in the study. Data regarding the initial
clinical and demographic features of the patients were obtained from their hospital records. Thrombus burden
was calculated using baseline and final (after wire inflation or small balloon dilatation) thrombolysis in myocardial
infarction thrombus grades. The endpoints of the study were defined as no-reflow development after primary
percutaneous coronary intervention and |-year all-cause mortality. Statistical significance was defined as P < .05.

Results: No-reflow was detected in 169 patients (12.3%). The calculated basal thrombus burden was signifi-
cantly associated with post-procedural no-reflow (P < .001). No-reflow was also associated with advanced
age (P <.001), longer pain-to-door time (P < .001), and increased blood glucose levels (P=.032). The calcu-
lated final thrombus burden was related to |-year all-cause mortality (P=.047). One-year all-cause mortality
was also associated with advanced age (P < .001), high Killip scores (P=.003), increased white blood cell
counts (P=.001), and low estimated glomerular filtration rates (P < .001).

Conclusion: Basal thrombus burden was associated with no-reflow, and final thrombus burden was associ-

ated with |-year all-cause mortality. The calculation of thrombus burden before and after initial flow may
help to predict clinical outcomes.

Keywords: Myocardial infarction, thrombus burden, no-reflow

Introduction

Most cases of ST-segment elevation myocardial infarction (STEMI) result from an atherosclerotic
plague rupture which leads to the formation of an intraluminal occlusive thrombus. Primary
percutaneous coronary intervention (PPCl)—the standard treatment for STEMl—is used to
achieve rapid coronary reperfusion. However, in some cases, PPCl may not provide adequate
epicardial and myocardial perfusion.'?

Several studies have proposed that thrombus burden (TB) may contribute to inadequate epi-
cardial/myocardial perfusion; therefore, these studies encouraged the use of thrombus aspira-
tion (TA).*® However, the TA in STEMI in Scandinavia (TASTE) trial—the first large study of
this treatment in STEMI patients—demonstrated that routine TA was not beneficial for patients
with STEMI with regards to |-year clinical outcomes.*” Furthermore, the subgroup analysis
of the TASTE trial showed that the risks of clinical outcomes were similar in cases with low
versus high TB. In this trial, TB was assessed using the thrombolysis in myocardial infarction
(TIMI) thrombus scale after wiring and/or small balloon inflation, showing that a relatively low
number of patients (30%) had high TB. Thrombus burden after wiring and/or small balloon
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inflation was associated with neutral effects of
TA on clinical outcomes.

The trial of routine aspiration thrombectomy
with PCl versus PCl alone in patients with
STEMI (TOTAL) remains the largest study
to date. Similar to the TASTE trial, TOTAL
revealed that TA had no effect on clinical con-
sequences.® Moreover, as in the TASTE trial,
there were no remarkable differences in clini-
cal outcomes between the subgroups with low
and high TB. In the TOTAL trial, TIMI thrombus
scale was used; however, unlike the TASTE trial,
the TOTAL trial only calculated TB based on an
initial diagnostic angiogram.

In the present study, we hypothesized that TB
calculated based on an initial angiogram or after
wiring/small balloon inflation may be associated
with certain clinical outcomes. Therefore, we
used the TIMI scale to calculate TB based on an
initial angiogram and after wiring/small balloon
inflation. Then, we investigated the associations
between TIMI TB and I-year clinical outcomes
in STEMI patients who underwent PPCI.

Materials and Methods

Study Population

The present study retrospectively enrolled 1376
patients with STEMI who had undergone PPCI
between May 2012 and November 2015. The
inclusion criteria were as follows:

(@) patients presenting within the first 12
hours after the onset of chest pain (I8
hours for cardiogenic shock);

(b) an ST elevation of at least | mm in 2 or
more contiguous leads (2 mm for leads
V1-V3) or a new-onset left bundle branch
block.

Patients who had only undergone balloon angio-
plasty and emergency coronary artery bypass
grafting (CABG) were excluded from the study.
The study was approved by the Ethics Committee
of Atatlirk University (05.05.2017, 2/22). Written
informed consent was obtained from all partici-
pants who participated in this study.

A 300 mg of aspirin and a loading dose of
600 mg of clopidogrel or 180 mg of ticagre-
lor were administered to all patients at initial
admission. Intravenous unfractionated heparin
was given prior to the procedure at a dose
of 100 IU/kg (maximal dose=10.000 IU or
60 IU/kg in patients who were treated with
glycoprotein lIb/llla inhibitors, GPI). All PPCI
procedures were performed by experienced
cardiologists through femoral route. After the

intervention, all patients continued to receive
dual antiplatelet therapy with 100 mg of aspi-
rin per day and 75 mg of clopidogrel per day or
90 mg of ticagrelor twice per day.

Data Collection and Definitions

Data regarding the clinical and demographic fea-
tures of the patients were obtained from their
medical records. Laboratory analysis for fasting
blood glucose, creatinine, troponin |, C-reactive
protein (CRP), and complete blood count (white
blood cell, WBC, and hemoglobin, Hgb) were
performed in all patients upon admission. Blood
samples for troponin | were remeasured every 6
hours daily up to peak levels were detected. The
estimated glomerular filtration rate (eGFR) was
measured using the Modification Diet in Renal
Disease (MDRD) formula.’

Angiographic Analysis of Thrombus
Burden

No-reflow was defined as suboptimal myo-
cardial flow despite PCl with stenting and/or
ballooning.'® Angiographic coronary TB was cat-
egorized in 5 grades.'' Detailed examples of the
TB classifications are presented in Figure |. The
TIMI thrombus grades were determined based
on an initial coronary angiogram (initial TB) and
immediately after antegrade flow was restored
via an angioplasty guidewire or a small balloon
dilation (using balloons with diameters of 1.5-2.5
mm) in patients with TIMI Thrombus Grade 5.
The coronary angiogram allowed for regrading
of the underlying residual thrombus (final TB;
3). Then, the final TIMI thrombus grades were
stratified into classifications of low TB (Grades
0-3) and high TB (Grades 4-5; 12).

Clinical Outcomes and Follow-Up

The endpoints of our study were defined as
the development of no-reflow after PPCI and
|-year all-cause mortality. For the post-proce-
dural angiography, no-reflow was described
as TIMI 0/1/2 flow or myocardial blush grade
(MBG) 0/1.*" All-cause mortality was deter-
mined using hospital recordings and TR identity
numbers.

Statistical Analysis

All statistical analyses were performed using
Statistical Package for the Social Sciences soft-
ware v.20 (IBM SPSS Corp.; Armonk, NY, USA).
Numerical variables were expressed as means
+ standard deviations, and categorical variables
were expressed as percentages. Chi-square
or Fisher’s exact tests were used to compare
categorical variables, and Students t tests or
Mann—Whitney U tests were used to com-
pare numerical variables. A multivariate logistic
regression analysis was performed to deter-
mine whether no-reflow and clinical outcomes
were related to the following variables: age, pain
door, door balloon time, white blood cell count,
hemoglobin level, platelet level, eGFR, blood
glucose level, lipid panel results, gender, diabe-
tes mellitus, hypertension, systolic and diastolic
blood pressures, smoking, Ml type (anterior/
inferior), history of previous PCl or CABG, and
Killip class (1 or 2/3/4). A P value < .05 indicated
statistical significance.

Results

A total of 1376 patients (584 + | 1.7 years of
age, 76.2% male) with STEMI who underwent
PPCI were included in this study. The baseline

Figure I. a-f. TIMI thrombus classification. (a) TIMI thrombus grade O; (b) TIMI thrombus grade |
(white arrow); (c) TIMI thrombus grade 2 (arrows); (d) TIMI thrombus grade 3; (e) TIMI thrombus grade 4;
(f) TIMI thrombus grade 5. TIMI, thrombolysis in myocardial infarction.
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Table |. Baseline Patient Characteristics

Age, years 584+ 11.7
Gender (male), % 76.2
Diabetes mellitus, % 22.8
Hypertension, % 42.8
Dyslipidemia, % 38.8
Prior PCI, % 1.8
Prior CABG, % 33
Smoking, % 54.7
Anterior Ml, % 48
Killip 2/3/4, % 15.9
Pain-to-door time, minutes 180+ 112
Door-to-balloon time, minutes 30+6
GPI, % 43.6
DES, % 89.2
DES, drug eluting stent; GPIl, glycoprotein Ilb/Illa
inhibitors; CABG, coronary artery bypass graft.

clinical features of the study population are pre-
sented in Table |. The TB was recalculated after
guidewiring or small balloon dilation for patients
with TIMI Thrombus Grade 5. The initial and
final TB distributions are presented in Table 2,
and the percentages of low versus high initial
and final TB are presented in Figure 2.

Examination of the patients’ post-procedure
records revealed that no-reflow developed
in 169 (12.3%) patients. The percentage of

Table 3. Comparison of Clinical and Angiographic Features Between Groups With and Without
No-Reflow

No-Reflow (+) No-Reflow (-)
Variables (n=169) (n=1207) P
Age, years 63.1 +11.7 578+ 115 <.001
Diabetes mellitus, % 33.1 21.4 .001
Smoking, % 50.3 553 217
Dyslipidemia, % 33.1 39.6 .106
Anterior Ml, % 45.6 48.3 .504
Pain-to-door time, minutes 259 + 131 169 + 105 <.001
Door-to-balloon time, minutes 298 +5.7 29+59 514
Killip 2/3/4, % 272 I5.1 <.001
eGFR, mL/min/1.73 m? 79 £ 26 88 +24.8 <.001
Glucose, mg/dL 182 + 100 148 + 70 <.001
Initial thrombus burden (grades 4-5), % 97.6 80.8 <.001
Final thrombus burden (grades 4-5), % 83.3 68.1 <.001

glycoprotein lIb/llla inhibitor usage was 43.6%. A
univariate analysis showed that post-procedure
no-reflow development was associated with
advanced age, diabetes mellitus, hypertension,
long pain door time, advanced Killip classes,
high systolic and diastolic blood pressures,
increased white blood cell and glucose levels,
low eGFR, and high initial and final thrombus
burden (Table 3). A multivariate logistic regres-
sion analysis showed that advanced age (odds
ratio (OR): 1.04, 95% ClI: 1.02-1.06, P < .001),
long pain door time (OR: 1.005, 95% ClI: 1.004-
[.007, P <.001), high blood glucose (OR: 1.003,

Table 2. Distribution of Initial and Final Thrombus Burden After Recalculation of TIMI Thrombus
Grade 5

Initial Thrombus Burden (%) Final Grade 5 Thrombus Burden After Recalculation (%)
GO 2(0.1) 2(0.1)
Gl 11 (0.8) 11 (0.8)
G2 49 (3.6) 61 (4.4)
G3 174 (12.6) 281 (20.4)
G4 67 (4.9) 351 (25.5)
G5 1073 (78) 670 (48.7)

82.9%

Initial

Final

mm HTB (high thrombus burden)

mm LTB (low thrombus burden)

Figure 2. Initial and final thrombus burden.

95% Cl: 1.000-1.005, P=.032), and high basal
TB (OR: 11.8,95% Cl: 3.8-36.2, P < .001) were
independent predictors of post-procedure no-
reflow development (Table 4).

Furthermore, 95 patients (6.9%) had died of
any cause by the |[-year follow-up. A univariate
analysis showed that I-year all-cause mortal-
ity was associated with advanced age, female
gender; diabetes mellitus, hypertension, long
pain door time, advanced Killip classes, high dia-
stolic blood pressure, increased blood glucose,
increased white blood cell count, low eGFR, low
hemoglobin, increased platelets, and high final
TB (Table 5). A multivariate logistic regression
analysis revealed that advanced age (OR: 1.04,
95% Cl: 1.02-1.06, P < .001), advanced Killip
classes (OR: 2.36, 95% ClI: 1.34-4.15, P=.003),
high white blood cell count (OR: 1.139, 95%
Cl=1.057-1.227, P=.001), low eGFR (OR:
0.978, 95% ClI: 0.968-0989, P < .001), and
high final TB (OR: 1908, 95% Cl: 1.008-3.612,
P=.047) were independent predictors of
|-year all-cause mortality (Table 6).

Discussion

In the present study, basal TB was associated
with post-procedure no-reflow, and final TB
was associated with |-year all-cause mortality.
Plague rupture and the subsequent develop-
ment of intracoronary thrombus play a central
role in the pathogenesis of STEMI. Intracoronary
thrombus impairs epicardial blood flow in both
the pre-procedural and post-procedural peri-
ods and impairs myocardial perfusion in the
post-procedural period due to an increased fre-
quency of no-reflow and distal embolization.*>'®
Several classification schemes are available to
quantify intracoronary thrombus burden, such
as the TIMI and Yip classification systems.!'"'®
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Table 4. Results of a Multivariate Logistic Regression Analysis Performed to Estimate Post-Processing

No-Reflow
Univariate OR, 95% ClI P Multivariate OR, 95% CI 2]

Age 1.040 <.001 1.04 <.001
(1.025-1.054) (1.02-1.06)

Pain-to-door time 1.006 <.001 1.005 <.001
(1.005-1.007) (1.004-1.007)

Blood glucose level 1.004 <.001 1.003 .032
(1.003-1.006) (1.000-1.005)

Initial thrombus 9.8 <.001 1.8 <.001

burden (3.6-26.7) (3.8-36.2)

OR, odds ratio.

Table 5. Comparison of Clinical and Angiographic Features Between Patients VWho Had Died and
Those Who Had Not Died by the |-Year Follow-Up

Variables Death (+) (n=95) Death (=) (n=1281) P

Age, years 668+ 11.9 578+ 114 <.001
Gender (male), % 40 22.6 <.001
Diabetes mellitus, % 453 42 <.001
Smoking, % 37.9 56 .001
Killip 2/3/4, % 46.3 14.4 <.001
White blood cell count, x10° pL 149 +53 2.1 +3.3 <.001
Hemoglobin, g/dL 125+2.1 135+ 1.9 <.001
Platelets, x10° pL 289 +92 266 + 66 017
eGFR, mL/min/1.73 m? 64 +29 89 +24 <.001
Glucose, mg/dL 189 + 96 149 +73 <.001
Initial thrombus burden (grades 4-5), % 88.4 82.4 135
Final thrombus burden (grades 4-5), % 83.5 68.9 .003

eGFR, estimated glomerular filtration rate.

Table 6. Results of a Multivariate Logistic Regression Analysis Performed to Estimate |-Year

All-Cause Mortality

Univariate OR, 95% Cl P Multivariate OR, 95% CI P
Age, years 1.069 <.001 1.055 <.001
(1.049-1.090) (1.029-1.082)
Killip 2/3/4 5.144 <.001 2.36 .003
(3.338-7.926) (1.34-4.15)
White blood [.191 <.001 1.139 .001
cell count (1.134-1.251) (1.057-1.227)
eGFR 0.960 <.001 0.978 <.001
(0.952-0.969) (0.968-0.989)
Final thrombus 2.284 .004 1.908 .047
burden (1.295-4.029) (1.008-3.612)

OR, odds ratio; eGFR, estimated glomerular filtration rate.

Due to the associations between intracoro-
nary TB and clinical outcomes, interest in the
use of TA has increased significantly. Several
small randomized, controlled trials have
shown that TA is associated with remarkable
improvements in epicardial/myocardial perfu-
sion. The TA during percutaneous coronary
intervention in acute myocardial infarction

study (TAPAS) demonstrated that TA was
associated with a lower frequency of adverse
clinical consequences.* Following this study, the
use of TA significantly increased worldwide.
Prior to the publication of the TASTE trial, no
other TA trials had been conducted in patients
with STEMI with adequate power. The TASTE
trial—the first large, adequately powered trial

of TA in STEMI patients—showed that rou-
tine TA did not reduce the rate or compos-
ite of all-cause mortality, stent thrombosis,
or rehospitalization for myocardial infarction
in patients with STEMI at the |-year follow-
up.®’ More recently, the TOTAL study—the
largest adequately powered study of TA in
STEMI patients to date—showed that routine
TA (vs. PCl alone) did not reduce the risk of
recurrent myocardial infarction, cardiovascular
death, NYHA class IV heart failure, or cardio-
genic shock within 180 days in patients with
STEMI who were undergoing PPCL® In addi-
tion, the subgroup analyses of both the TASTE
and the TOTAL studies showed that TA did
not improve clinical outcomes, even in patients
with high TB.

Although the aforementioned studies of TA
indirectly examined the negative effects of
TB on clinical outcomes, small-scale TAPAS
thrombectomy  with  export cath-
eter in infarct-related artery during PPCI
(EXPIRA) studies have yielded some results
in favor of TA*'” According to these results,
TB has a negative impact on clinical outcomes.
However, subsequent TASTE and TOTAL
studies, which included approximately |8
000 patients in total (1071 of which were
included in the TAPAS study), showed that
TA did not improve clinical outcomes. A
meta-analysis of |7 studies (20 960 patients),
including the TASTE and TOTAL studies, con-
cluded that TA has no clinical benefit and can
lead to an increased risk of stroke.'® In the
TASTE trial, TB was assessed using the TIMI
scale and calculated after wiring and/or small
balloon inflation. In both the TASTE and the
TOTAL trials, clinical outcomes were similar in
cases of low versus high TB. However, unlike
the TASTE trial, the TOTAL trial calculated
TB based on an initial diagnostic angiogram. In
the present study, TB was calculated both at
baseline and after wiring and/or small balloon
inflation. The results of our study proposed
that the negative effects of TB on clinical
results were not detected in previous studies
due to the calculation of TB at different stages
of angiography.

and

Thrombus burden may be associated with
adverse cardiac events, but TIMI-based throm-
bus classification may not be adequate in the
quantification of TB. In this context, the TB clas-
sification system proposed by Yip et al'® may be
more useful. Otherwise, a different classification
system may be needed. However, there is not
yet sufficient evidence in favor of TB classifica-
tion systems other than the TIMI thrombus
grade system.
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The major findings of this study were that TB is
significantly associated with no-reflow and | -year
mortality and should be calculated at different
stages of angiography. Although current guide-
lines do not recommend it routinely, TA can be
used in cases of high TB, especially in patients
with isolated coronary thromboembolism.

The most important limitation of the present
study was that it was conducted retrospectively.
This limited the generalizability of the results. In
addition, this study had a relatively low sample
size compared to other large studies.
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