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A B S T R A C T

Background: Coronary residual thrombus before stenting in ST-segment elevation myocardial infarction
(STEMI) has been linked to microvascular injury but its impact on ventricular deformation and cardiac dys-
function in longer term remains unclear.
Methods: This was a post-hoc sub-analysis from an optical coherence tomography registry. Residual throm-
bus before stenting was measured geometrically and maximal thrombus-to-lumen area ratio (MTR) was
reported. Cardiovascular magnetic resonance (CMR) follow-ups were performed at 30 days post STEMI. The
primary outcomes were CMR-derived parameters including left ventricular ejection fraction (LVEF), infarct
size, microvascular obstruction (MVO), and left ventricular global strains in radial (GRS), circumferential
(GCS), longitudinal (GLS) directions.
Findings: From March 2017 to March 2019, forty-two patients with first-ever anterior STEMI were included.
Average CMR follow-up time was 33 (IQR 30�37) days. In multivariable analysis, MTR was significantly asso-
ciated with LVEF (per 10%, adjusted b = -1¢96, 95%CI -3¢66 to -0¢26), MVO (per 10%, adjusted b = 0¢07, 95%CI
0¢01 to 0¢13), GRS (per 10%, adjusted b = -1¢26, 95%CI -2¢28 to -0¢23), and GCS (per 10%, adjusted b = 0¢53,
95%CI 0¢01 to 1¢06). However, it was not related to GLS (per 10%, adjusted b = 0¢29, 95%CI -0¢85 to 1¢43) or
infarct size (per 10%, adjusted b = 0¢07, 95%CI -0¢40 to 0¢55).
Interpretation: Larger residual thrombus burden was associated with worse GRS and GCS but not GLS after a
first anterior myocardial infarction.
Funding: This work was supported by Chinese Academy of Medical Sciences Innovation Fund for Medical Sci-
ences (2016-I2M-1�009), National Natural Science Foundation of China (81,970,308, 81,930,044, and
81,620,108,015), Sanming Project of Medicine in Shenzhen (SZSM201911017), and Shenzhen Key Medical
Discipline Construction Fund (No. SZXK001).
© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
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1. Introduction

Despite successful recanalization of epicardial coronary, a group of
patients with ST-segment elevation myocardial infarction (STEMI)
suffer from sustained myocardial ischemia [1,2]. Thrombus fragments
and plaque debris could induce microvascular obstruction (MVO)
[3,4] and contribute to adverse clinical outcomes [5]. However, large
randomized trials [6�8] did not show improved clinical outcomes
from routine thrombus aspiration. To note, a previous optical coher-
ence tomography study showed that additional manual thrombec-
tomy failed to reduce more thrombus than intervention alone [9].
Moreover, Higuma et al. reported that residual thrombus burden
after aspiration thrombectomy had an impact on post-procedural
myocardial damage [10]. However, it remains unclear whether resid-
ual thrombus burden before stenting has an impact on short-term
myocardial deformation.

Heart failure after acute myocardial infarction remains a common
and major healthcare burden. Improvement in left ventricular (LV)
systolic function, specifically indicated by LV ejection fraction (LVEF),
is widely recognised as an indicator of treatment effects and a surro-
gate for clinical outcome. However, several studies suggested that
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Research in context

Evidence before this study

Routine thrombus aspiration during primary percutaneous cor-
onary intervention failed to improve clinical outcomes in
patients with acute myocardial infarction. However, intravascu-
lar imaging studies showed significant impact of residual
thrombus burden on post-procedural myocardial damage and
microvascular dysfunction.

Added value of this study

The adverse impact of large residual thrombus burden persisted
over the one-month acute phase after myocardial infarction. In
patients with a first-ever anterior ST-segment elevation myo-
cardial infarction, maximal thrombus-to-lumen area ratio
reflected residual thrombus burden well and had independent
prognostic value.

Implications of all the available evidence

Attentions should be paid to the non-neglectable and persistent
impact of residual thrombus on ventricular deformation after
myocardial infarction. Therefore, more efficient methods other
than thrombus aspiration are clearly warranted investigation.

Fig. 1. Study flow, CMR = cardiovascular magnetic resonance; LAD = left anterior
descending artery; LGE = late gadolinium enhancement; LVEF = left ventricular ejec-
tion fraction; MTR = maximal thrombus-to-lumen ration; PCI = percutaneous coronary
intervention; OCT = optical coherence tomography; STEMI = ST-segment elevated
myocardial infarction.
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failure in LVEF improvement was not associated with subsequent
death after revascularization treatments [11,12]. On the other hand,
late gadolinium enhancement (LGE) imaging by cardiovascular mag-
netic resonance (CMR) provides qualification of infarct size after
myocardial infarction [13,14], which has been another independent
predictor for clinical outcomes [15-17]. LV strain by CMR feature
tracking (CMR-FT) analysis is an emerging approach for myocardial
deformation and could be a sensitive marker of ventricular deforma-
tion [18].

Thus, this study aimed to investigate whether residual thrombus
burden before stenting is associated with short-term LV deformation
in patients with first-ever anterior STEMI after primary percutaneous
coronary intervention (PPCI).

2. Methods

2.1. Participants and setting

This is a sub-analysis of the OCTAMI (Optical Coherence Tomogra-
phy Examination in Acute Myocardial Infarction) registry
(NCT03593928), which prospectively enrolled consecutive STEMI
patients at the institution hospital and evaluated coronary culprit
lesions with OCT. Major inclusion criteria for the OCTAMI registry
were age �18 years and diagnosis of STEMI [19] (details in supple-
mental materials). Participation in this sub-study required a diagno-
sis of first-ever anterior STEMI and patient’s informed consent to a
CMR follow-up (Fig. 1). In addition to the exclusion criteria of the
OCTAMI registry, patients were excluded from this sub-study if they
had previous stent implantation, or contradictions to CMR. The study
complied with principles of the Declaration of Helsinki and was
approved (No.2017�866) by the institution review board and was
reported according to the STrengthening Reporting of OBservational
studies in Epidemiology (STROBE) guidelines [20].

2.2. Procedural data and OCT imaging

All patients received standard care according to international
guidelines [19,21]. Baseline LVEF was measured at admission by
echocardiography. The culprit vessel was determined primarily by
coronary angiography and corroborated with electrocardiogram and
echocardiographic information. OCT examinations were performed
as previously reported [22�24]. Briefly, the frequency-domain OCT
system (ILUMIEN OPTISTM, St. Jude Medical/Abbott, St. Paul, MN,
USA) and a dragonfly catheter (Lightlab Imaging, Inc., Westford, MA,
USA) were applied under a TIMI grade 3 flow condition. For restora-
tion of antegrade blood flow, aspiration was used up to the operator.
2.3. OCT image analysis

OCT image analysis was consistent with previous analyses from
OCTAMI registry [22,23]. Definitions of OCT characteristics were
based mainly on established consensus [25] and details were in sup-
plemental materials. Thrombus was defined as an irregular mass
floating in the lumen or adjacent to the luminal surface. Representa-
tive samples are shown in Fig. 2. Lumen area (Fig. 2b) and thrombus
area (Fig. 2d) were both measured by planimetry per frame. Total
residual thrombus volume or total lumen over 30 mm measurable
length were reported, respectively, and their ratio was reported as
total thrombus-to-lumen volume ratio (TTR). Maximal thrombus-to-
lumen area ratio (MTR) per frame within 30 mm measurable length
was reported. Flow area (Fig. 2c) was calculated by subtracting resid-
ual thrombus area (if any) from lumen area per frame and the mini-
mal flow area (MFA) was reported.
2.4. CMR imaging protocol

CMR imaging was performed on a 3¢0-Tesla scanner (Discovery
MR750, GE Healthcare, Milwaukee, USA) with a phased-array cardio-
vascular coil, using electrocardiographic and respiratory gating. LV
cine images were acquired in 3 long-axis views (two-chamber, four-
chamber, and outflow tract) and series of short-axis views encom-
passing the entire LV using balanced steady state free precession
sequence (b-SSFP). LGE images were acquired 10 to 15 min after
intravenous administration of gadolinium-DTPA (Magnevist, Bayer,
Berlin, Germany) at a dose of 0¢2 mmol/kg, using a segmented phase-
sensitive inversion recovery Turbo Fast Low Angle Shot sequence at
the same views as cine images in end diastole.



Fig. 2. Measurements of residual thrombus on OCT and LV strain by cardiovascular magnetic resonance-Feature tracking, A representative frame of OCT image (a) and meas-
urements including lumen area (b), flow area (c), and thrombus area (d). Left ventricular endo- and epicardial contours were manually delineated at the phase of end-diastole on
the 2-chamber (e), 4-chamber (f), outflow tract (g), and short axis (h) cine images, respectively. OCT = optical coherence tomography.
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2.5. CMR analysis

All CMR images were analysed using CVI42 (Circle Cardiovascular
Imaging Inc., Calgary, Canada) by two radiologists with 3- and 5-year
experience of CMR imaging, respectively. Endocardial and epicardial
contours of left ventricular myocardium were manually traced on
short-axis cine images at end diastole and end systole respectively,
and papillary muscles were assigned to the LV volume. LV volumetric
and functional parameters were automatically computed. Infarct size
was determined by the presence of contrast enhancement on LGE
imaging was detected by +5 SDs over the signal intensity of normal
myocardium. The CMR-FT analysis were performed on b-SSFP cine
images and all endocardial and epicardial borders of LV were manu-
ally delineated at end diastole (Fig. 2e-f) and automatically tracked
throughout cardiac cycle with manual adjustment if necessary.
Short-axis cine images were tracked to derive radial and circumfer-
ential strains while long-axis cine images were delineated to calcu-
late longitudinal strain. LV global peak radial (GRS), circumferential
(GCS), and longitudinal (GLS) strains were reported. LV segmental
peak strains in accordance with American Heart Association 16-seg-
ment model were also reported in radial, circumferential, and longi-
tudinal directions. For inter-observer reproducibility evaluation, a
randomly selected set of ten patients were independently assessed
by the two investigators. One of the investigators repeated the mea-
surement 1 month later to determine the intra-observer variability.
Inter-observer and intra-observer reproducibility were reported in
eTable 3.

2.6. Statistical analysis

Missing data and cleaning methods were summarized in eTable1.
Categorical variables were reported as frequency (%) and compared
by x2 test or Fisher exact. Continuous variables with normal distribu-
tions were reported as mean and SD while those deviating from nor-
mal distributions as median and IQR. Continuous variables were
compared using independent-sample t-test, Mann-Whitney test,
ANOVA, or Kruskal-Wallis H as appropriate. Bivariate correlations
were assessed by Pearson correlation coefficient or Spearman rank
correlation coefficient as appropriate. Simple linear regression analy-
sis between each residual thrombus burden parameters and each pri-
mary outcome were tested. For adjustments in multivariable
regression analysis, we adapted a two-step strategy. In the first step,
we performed univariable linear regression analyses for each CMR
outcome on each baseline variable to select those with two-sided p
values<0¢1 to go into multivariable linear regression models. Second,
we additionally adjusted for age and sex. Covariates included in each
multivariable models were reported in the footnote. ROC analysis
was used to determine the optimal threshold of MTR for predicting
LV dysfunction at 30-day follow-up. Group comparisons were carried
out using default method from the R package compareGroups v4¢4¢5
[26]. The intraclass correlation coefficient from two-way random
effects model was used to assess the inter- and intra-observer vari-
ability. All analyses were performed using SPSS Statistics 24¢0 soft-
ware (IBM Corp, Armonk, NY) and R software, version 4¢0¢3 (R
Foundation for Statistical Computing, Vienna, Austria).

2.7. Role of funding sources

The funders had no role in the conduct or report of the research.

3. Results

3.1. Baseline clinical features, OCT measurements, and follow-up CMR
parameters

Analysable pre-stenting OCT images were acquired in 86 patients
with a first anterior STEMI. Finally, 42 patients were included in cur-
rent analysis (Fig. 1) and the time of CMR follow-up was 33 (IQR
30�37) days. Comparisons of baseline characteristics between
included and excluded population were reported in eTable2.

As shown in Table 1, the average age was 54 years old and 37 out
of 42 patients were male. OCT examinations showed that 25 (59¢5%)
patients presented plaque rupture. The median TTR was 0¢9%, the
median MFA was 1¢02 mm2, and the average MTR was 31¢3%. Distri-
bution of MTR was reported in eFig. 1. CMR follow-up results were
summarised in Table 2. The average LV global peak strains of the
entire group were 23¢3%, �14¢6%, and �12¢1% in radial, circumferen-
tial, and longitudinal directions, respectively, with references of
37¢9%, �20¢5%, and �15¢4%. All LV global peak strain parameters
showed good to excellent intra-observer (0¢96 to 0¢97) and inter-
observer (0¢94 to 0¢96) agreement (eTable 3).

3.2. Association of residual thrombus burden with LV deformation

As shown in eTable 4, MTR was significantly associated with LVEF,
MVO percentage, GRS and GCS; TTR was significantly associated with
LVEF; while MFA was not significantly associated with any primary
outcomes. Paired scatter plots between residual thrombus burden



Table 1
Baseline characteristics of the included population.

N = 42

Demographics
Age, years 54¢1 § 8¢4
Men, n (%) 37 (88¢1)
Body mass index, kg/m 25¢9 (24¢3, 27¢8)
Smoking, n (%) 30 (71¢4)
Hypertension, n (%) 20 (47¢6)
Diabetes mellitus, n (%) 13 (31¢0)
Lab indicators
Peak cTnI, ng/mL 29¢5 (8¢7, 51¢9)
Peak NT-proBNP, pg/mL 965¢0 (605¢6, 2227¢2)
Hs-CRP, mg/L 5¢3 § 4¢3
LDL-C, mg/dL 120¢7 § 33¢5
eGFR, ml/min/1¢732 m2 105¢0 § 27¢7
Index episode
Symptom onset, hours 5¢0 (3¢0, 6¢8)
Door to balloon time, mins 108 (82, 149)
LVEF at admission,% 53¢9 § 6¢0
Procedure characteristics
Initial TIMI grade 0�1, n (%) 31 (73¢8)
Aspiration, n (%) 30 (71¢4)
Stent implantation, n (%) 41 (97¢6)
Post dilation, n (%) 32 (78¢0)
Glycoprotein IIb/IIIa inhibitor, n (%) 9 (21¢4)
Final TIMI grade 3, n (%) 42 (100)
Optical coherence tomography characteristics
Plaque rupture, n (%) 25 (59¢5)
Lipid plaque, n (%) 16 (38¢1)
Thin-cap fibroatheroma, n (%) 8 (19¢0)
Calcification, n (%) 16 (38¢1)
Micro vessels, n (%) 8 (19¢0)
Cholesterol crystal, n (%) 2 (4¢8)
Macrophage infiltration, n (%) 17 (40¢5)
Fibrous cap thickness,mm 90 (70, 108)
Maximal lipid arc, ° 342 (231, 360)
Residual thrombus burden
TTR,% 0¢9 (0¢4, 2¢6)
MTR,% 31¢3 § 14¢6
MFA, mm2 1¢02 (0¢83, 1¢39)

Values are mean § SD, median (IQR), or n (%). cTnI = cardiac troponin I;
eGFR = estimated glomerular filtration rate; Hs-CRP = high-sensitivity C-reactive
protein; LDL-C = low-density lipoprotein cholesterol; LVEF = left ventricular ejection
fraction; MFA = minimal flow area; MTR = maximal thrombus-to-lumen ratio; NT-
proBNP =N terminal pro B type natriuretic peptide; TIMI = thrombolysis inmyocar-
dial infarction; TTR = total thrombus-to-lumen ratio.

Table 2
Primary outcomes: left ventricular deformation and dysfunc-
tion assessed by CMR at 30 days.

Study group N = 42

Primary outcomes
LVEF,% 50¢7 § 10¢7
Infarct size,% 10¢4 (4¢3, 17¢1)
MVO presence 25 (59¢5)
MVO percentage,% 0¢5 (0¢0, 1¢0)
Left ventricular global peak strain
GRS,% 23¢3 § 6¢4
GCS,% �14¢6 § 3¢1
GLS,% �12¢1 § 2¢4
Other CMR parameters
Stroke volume, mL 72¢4 § 19¢5
LVEDVi, mL/m2 76¢3 (68¢8, 84¢4)
LVESVi, mL/m2 37¢2 (30¢8, 45¢6)
Cardiac output, L/min 4¢5 § 1¢2
Cardiac index, L/min/m2 2¢4 § 0¢6

Values are mean § SD, median (IQR), or n (%). CMR = cardiac
magnetic resonance; GCS = global circumferential strain;
GLS = global longitudinal strain; GRS = global radial strain;
LVEF = left ventricular ejection fraction; LVEDVi = left ventricu-
lar end-diastolic volume index; LVESVi = left ventricular end-
systolic volume index; MVO = microvascular obstruction.
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parameters and primary outcomes were provided in eFig. 2. In uni-
variable regression analysis, aspiration or not was not associated
with LVEF (p = 0.418), infarct size (p = 0.426), MVO (p = 0.410), GRS
(p = 0.927), GCS (p = 0.837), and GLS (p = 0.851). Covariates included
in first-step multivariable models for each CMR parameter were: 1)
for LVEF: peak cardiac troponin I (cTnI), peak N-terminal pro b-type
natriuretic peptide (NT-proBNP), high-sensitivity C-reactive protein
(Hs-CRP), and LVEF at admission; 2) for infarct size: peak cTnI, peak
NT-proBNP, Hs-CRP, estimated glomerular filtration rate (eGFR), and
LVEF at admission; 3) for MVO: peak cTnI and LVEF at admission; 4)
for GRS: peak cTnI, low density lipoprotein cholesterol (LDL-C), Hs-
CRP, and LVEF at admission; 5) for GCS: peak cTnI, Hs-CRP, and LVEF
at admission; 6) for GLS: peak cTnI and LVEF at admission. After these
adjustments, the predictive value of MTR for LVEF, MVO percentage,
GRS and GCS was preserved. However, neither TTR nor MTR were
independent predictors for infarct size (Table 3). Additional adjust-
ment for age and sex showed similar results (Table 3).

3.3. MTR and LV deformation in patients without severely impaired
LVEF

ROC analysis was performed to obtain the optimal threshold of
MTR in predicting left ventricular dysfunction at 30 days after the
index event. Sensitive analysis was performed by using different
LVEF cutoffs for defining left ventricular dysfunction and results were
shown in eTable 5. The optimal threshold value of MTR was 33.7% for
predicting LVEF<50% at 30-day follow-up, with a sensitivity of 75%
and a specificity of 77%. Compared across patient with LVEF<40%,
patients with LVEF�40% and MTR�33%, and patients with LVEF�40%
and MTR>33% (eTable 6), there were significant trend of decline in
infarct size while significant trends of improvement in LVEF, GRS,
GCS, and GLS. Detailed results of segmental analysis of LGE presence
(eTable 7 and eFigure 3A) and segmental strain (eTable 8 and eFigure
3B-D) were in supplementary materials. CMR data from an indepen-
dent group of anonymous age-and-sex-matched controls were also
collected to set reference values for strain analyses (eTable 9). Three
representative cases were shown in eFigure 4.

4. Discussion

Our study investigated the association of residual thrombus bur-
den and LV deformation at 30 days in patients with first-ever anterior
STEMI after PPCI. The main finding of this study was that larger
thrombus burden, indicated by MTR but not TTR or MFA, was associ-
ated with worse left ventricular global peak strains in radial and cir-
cumferential directions and more MVO at 30-day follow-up. This
indicated that an appropriate residual thrombus burden parameter
could predicted persistent LV deformation post STEMI.

Accurate in vivo measurement of coronary residual thrombus
remains challenging. Previously, angiographical and hemodynamic
criteria were used for defining large thrombus budern [27]. Currently,
OCT provides both qualitative [28] and quantitative analysis of
thrombus (by planimetry [10] or a semi-quantitative thrombus
score [29]). Higuma et al. reported the impact of residual thrombus
burden on post-procedural microvascular flow and peak creatine
kinase MB [10]. Large clinical trials [6�8] failed to show improved
prognosis from routine aspiration. However, Bhindi et al. reported
that manual thrombectomy did not reduce more thrombus than
stenting alone [9]. Thus, we suspected that residual coronary throm-
bus, even after aspiration, at culprit lesion before stenting could have
an impact on final myocardial injury.

Myocardial deformation after STEMI provides incremental prog-
nostic value than LVEF and infarct size [30-32] and previous studies
suggested GLS as the strongest prognosticator among strain parame-
ters [31,32]. The current study showed that MTR was significantly
associated with GRS and GCS but not GLS. Time of CMR examination



Table 3
Regression analysis for primary outcomes (LVEF, infarct size, MVO, GRS, GCS, and GLS) at 30 days.

For LVEF,% Crude b 95% CI p Adjusted b* 95% CI p Adjusted by 95% CI p

TTR, per 10% �12¢34 �21¢05 to �3¢63 <0¢01 �8¢06 �15¢04 to �1¢09 0¢03 �8¢36 �15¢48 to �1¢24 0¢02
MTR, per 10% �2¢66 �4¢86 to �0¢47 0¢02 �1¢96 �3¢66 to �0¢26 0¢03 �2¢06 �3¢79 to �0¢34 0¢02
MFA, per 0¢1mm [2] �16¢35 �102¢55 to 69¢84 0¢70 �23¢63 �87¢59 to 40¢33 0¢46 �25¢08 �90¢29 to 40.14 0¢44
For infarct size,%
TTR, per 10% 8¢92 �0¢04 to 17¢88 0¢05 3¢14 �2¢95 to 9¢22 0¢30 3¢54 �18¢62 to 51¢83 0¢35
MTRz, per 10% 1¢01 �0¢90 to 2¢92 0¢29 0¢29 �0¢85 to 1¢43 0¢61 0¢31 �0¢87 to 1¢49 0¢59
MFA⁋, per 0¢1mm [2] �21¢43 �92¢11 to 49¢25 0¢54 �10¢49 �50¢87 to 29¢89 0¢60 �10¢09 �52¢13 to 31¢95 0¢63
For MVO percentage,%
TTR, per 10% 0¢28 �0¢37 to 0¢94 0¢39 0¢09 �0¢39 to 0¢57 0¢71 0¢08 �0¢41 to 0¢56 0¢76
MTR, per 10% 0¢13 �0¢03 to 0¢29 0¢10 0¢07 0¢01 to 0¢13 0¢02 0¢07 0¢01 to 0¢13 0¢02
MFA, per 0¢1mm [2] �0¢02 �6¢01 to 5¢97 0¢99 0¢79 �1¢04 to 2¢63 0¢39 0¢31 �2¢24 to 2¢85 0¢81
For GRS,%
TTR, per 10% �3¢92 �9¢46 to 1¢63 0¢16 �0¢81 �5¢34 to 3¢71 0¢72 �1¢33 �5¢91 to 3¢25 0¢56
MTR, per 10% �1¢82 �3¢09 to �0¢54 <0¢01 �1¢26 �2¢28 to �0¢23 0¢02 �1¢34 �2¢35 to �0¢32 0¢01
MFA, per 0¢1mm [2] 1¢17 �50¢19 to 52¢53 0¢96 4¢65 �35¢32 to 44¢61 0¢82 2¢31 �37¢91 to 42¢53 0¢91
For GCS,%
TTR, per 10% 1¢85 �0¢80 to 4¢50 0¢17 0¢45 �1¢81 to 2¢71 0¢69 0¢78 �1¢43 to 2¢96 0¢48
MTR, per 10% 0¢77 0¢15 to 1¢39 0¢02 0¢53 0¢01 to 1¢06 <0¢05 0¢58 0¢08 to 1¢08 0¢03
MFA, per 0¢1mm [2] �0¢89 �25¢39 to 23¢61 0¢94 1¢69 �17¢89 to 21¢26 0¢86 2¢32 �16¢69 to 21¢33 0¢81
For GLS,%
TTR{, per 10% �1¢54 �4¢82 to 1¢75 0¢35 �1¢15 �3¢93 to 1¢63 0¢41 �1¢38 to 1¢39 �4¢15 0¢32
MTR, per 10% 0¢19 �0¢34 to 0¢72 0¢47 0¢07 �0¢40 to 0¢55 0¢77 0¢08 �0¢41 to 0¢57 0¢75
MFA, per 0¢1mm [2] �1¢91 �21¢52 to 17¢69 0¢85 �0¢90 �18¢13 to 16¢33 0¢92 �0¢59 �18¢24 to 17¢05 0¢95

* Covariables included in the first multivariable model for each primary CMR outcome were as follows:.
1) for LVEF: peak cardiac troponin I (cTnI), peak N-terminal pro b-type natriuretic peptide (NT-proBNP), high-sensitivity C-reactive protein (Hs-CRP), and LVEF at
admission;.
2) for infarct size: peak cTnI, peak NT-proBNP, Hs-CRP, estimated glomerular filtration rate (eGFR), and LVEF at admission;.
3) for MVO: peak cTnI and LVEF at admission;.
4) for GRS: peak cTnI, low density lipoprotein cholesterol (LDL-C), Hs-CRP, and LVEF at admission;.
5) for GCS: peak cTnI, Hs-CRP, and LVEF at admission;.
6) for GLS: peak cTnI and LVEF at admission.
y Based on the first multivariable models for each primary CMR outcome, age and sex were additionally adjusted to construct the second multivariable model for each
primary CMR outcome.
z Casewise Diagnostics test recognised one outlier and 41 cases were finally included in the unadjusted, first and second adjusted model betweenMTR and infarct size.
⁋ Casewise Diagnostics test recognised one outlier and 41 cases were finally included in the unadjusted, first and second adjusted model between MFA and infarct
size.
{ Casewise Diagnostics test recognised two outliers and 40 cases were finally included in the unadjusted, first and second adjusted model between TTR and GLS.
CMR = cardiac magnetic resonance; GCS = global circumferential strain; GLS = global longitudinal strain; GRS = global radial strain; LVEF = left ventricular ejection frac-
tion; MFA = minimal flow area; MTR = maximal thrombus-to-lumen ratio; MVO = microvascular obstruction; TTR = total thrombus-to-lumen ratio.
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was the first difference between the current study and the previous
ones. Second, we included only patients with a first-ever anterior
STEMI. According to Torrent Guasp F’s helical heart theory, basal
transverse circumferential muscle shortens in pre-ejection phase and
causes the temporary longitudinal lengthening of the heart, while
the shortening of right-handed helical predominantly causes com-
pression during ejection phase [33]. Romher et al. presented a right-
handed to left-handed transition of dominant fiber and laminar
structure in the anterior wall from septal to lateral wall [34]. More-
over, Stiermaier et al [35] reported different global strain changes in
Takotsubo syndrome according to ballooning location. Thus, it is
plausible that infarct location could impact myocardial deformation
assessed by strain analysis, therefore, the significant differences of
GRS and GCS but not GLS between patients with or without
MTR>33% could be interpreted as a cohort feature. However, future
studies are needed for further investigation.

Pathological characteristics of infarcted myocardia might serve as
biological explanations between residual thrombus burden and
myocardial deformation. On the one hand, MTR was significantly
associated with MVO extent, which was in accordance with a recent
study [36]. On the other hand, patients with higher MTR had numeri-
cally larger infarct size, while Napodano et al [27] reported a signifi-
cant higher infarct size index in patients with angiographically
defined large thrombus burden. Several differences should be noticed
among studies. First, OCT provided intravascular evaluation of throm-
bus while angiographical assessment took into consideration haemo-
dynamic factors. Second, both animal and human studies suggested
an overestimation of infarct size by LGE imaging early after acute
myocardial infarction [37,38] and infarct healing process could last
over a year [39]. Although we performed CMR at 30 days after the
index event, longer than 5 to 8 days after revascularization in Napo-
dano’s study, we could not deny that the enhancement of salvaged
myocardium or no-infarcted extracellular volume could be unmea-
sured confounders.

Several study limitations should be mentioned. First, this is an
observational study with prospectively enrolled patients and retro-
spectively collected data, therefore no causal relationship between
residual thrombus burden and LV deformation could be established.
Second, OCT examination is clinically restricted to patients with rela-
tive stable hemodynamic, thus selection bias could not be eliminated.
Third, we enrolled only patients with a first anterior STEMI and this
could also introduce selection bias. Forth, the population size was
small and the results should be interpreted with caution. Limited
sample size might increase the risk of random errors, Type I error
(regarding those statistically significant results), and Type II error
(regarding those statistically insignificant results). Therefore, we do
not suggest direct generalization of these results for a broad acute
myocardial infarction population and more future researches are
needed for further investigation.

Conclusions

In current study, larger residual thrombus burden before stenting,
as assessed by MTR, was associated with worse LV GRS and GCS but
not GLS at one-month follow-up in patients with a first anterior
STEMI after PPCI.
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