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Microcirculatory dysfunction in patients
with acute anterior myocardial infarction

combined with new complete right bundle
branch block
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Abstract

Objective This study sought to investigate clinical characteristics of acute anterior ST-segment elevation myocardial
infarction (STEMI) patients complicated by new complete right bundle branch block (CRBBB) and evaluate the
occurrence of microcirculatory dysfunction post-percutaneous coronary intervention (PCI).

Methods Retrospective analysis was conducted on 261 patients with acute anterior STEMI, differentiating 40

with concurrent new CRBBB (CRBBB group) from 221 without (no-CRBBB group). Data on demographics and
hospitalization were collected, and clinical features and prognoses were compared. Post-PCl microcirculatory
function was further characterized using coronary angiography-derived index of microcirculatory resistance (calMR),
thrombolysis in myocardial infarction (TIMI) grade flow, corrected TIMI flow frame count (CTFC) of the infarct-related
artery, and ST segment regression in electrocardiograph (STR).

Results Age, Killip class, GLUC, TG, HDL, BUN, GFR, AST, ALT, WBC, TNI at admission significantly differed between
groups (P<0.05). Incidences of in-hospital major adverse cardiovascular events and LVEF showed significant
disparities (P < 0.05). The CRBBB group exhibited higher CalMR, lower TIMI flow, and STR (P < 0.05). Multivariate analysis
indicated TIMI < grade 2 (OR=6.833, 95% Cl: 1.009 ~46.287, P=0.049), STR > 50% (OR=0.176, 95% Cl: 0.051 ~ 0.606,
P=0.006), CTFC (OR=1.079, 95% Cl: 1.009~ 1.155, P=0.027), and calMR (OR=1.120, 95% Cl: 1.059~1.185, P<0.001)
were independently linked to new onset of CRBBB. Complicated of new CRBBB was strongly associated with elevated
CalMR in anterior STEMI patients. (OR=5.065, 95% Cl:1.793-14.308, P=0.002).

Conclusion In patients with acute anterior STEMI, those with new CRBBB are at an increased likelihood of
experiencing microcirculatory dysfunction.
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Introduction
Acute anterior wall ST-segment elevation myocar-
dial infarction (STEMI) is predominantly caused by the
occlusion of the left anterior descending artery (LAD)
and its branches [1]. Bundle branch block (BBB) is com-
monly associated with acute myocardial infarction due
to its impact on blood supply. The right bundle branch,
which is primarily perfused by the septal branch of the
LAD, is more delicate and lacks branches, making it
more susceptible to damage compared to the left bundle
branch [2]. This anatomical difference suggests that the
occurrence of complete right BBB (CRBBB) may coincide
with anterior wall STEMI. The accumulating evidence
suggests that BBB detected on admission electrocardio-
graph (ECG) is associated with higher long-term mortal-
ity in patients with acute myocardial infarction (AMI)
compared to those without BBB [3, 4]. In patients with
anterior wall STEMI, RBBB, as opposed to new onset left
bundle branch block (LBBB), is persistently associated
with adverse clinical outcomes, indicating that CRBBB
may function as a more robust independent predictor of
in-hospital mortality in anterior wall STEMI [5, 6].
Primary percutaneous coronary intervention (PPCI)
is the recommended treatment according to clinical
guidelines for STEMI, offering early mechanical reper-
fusion of the epicardial coronary artery. Nevertheless,
clinical and animal studies indicate that a deficiency in
coronary microvasculature restoration is associated with
poorer outcomes, with this phenomenon occurring in
approximately half of cases post-reperfusion therapy [7].
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This is attributed to various factors, including reperfu-
sion injury [8], slow-flow/no-reflow phenomenon (SF/
NR) [9], microvascular obstruction [10], intramyocar-
dial hemorrhage [11], Immune-Inflammation reaction
[12] and coronary microvascular dysfunction [13]. The
index of microcirculatory resistance (IMR) has emerged
as a reliable indicator for evaluating microcirculatory
dysfunction [14]. It is unclear whether the poor progno-
sis associated with acute anterior myocardial infarction
complicated by new CRBBB is related to microcirculatory
dysfunction. In this study, we employed the angiography-
derived index of microcirculatory resistance (CaIMR) as
a novel and relatively simple method to assess the micro-
circulatory function in anterior STEMI patients compli-
cated by new CRBBB.

Materials and methods

2.1 Study Design and Population: A total of 261 patients
were recruited from the Department of Cardiology at the
First Affiliated Hospital of Dali University for undergoing
drug-eluting stent implantation during primary percuta-
neous coronary intervention (PCI) or within 2—24 h post-
thrombolysis PCI (Fig. 1). Patients between 18 and 75
ages with acute anterior STEMI confirmed by ECG and
angiography, admitted within 12 h of symptom onset,
were included. Exclusions: prior BBB, prior CABG, or
incomplete information. Demographic data, laboratory
results at admission, interventional details, and indi-
ces of microcirculatory dysfunction for all patients were
retrospectively assessed. The study was granted ethical
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approval by the institutional ethics committee of the
First Affiliated Hospital of Dali University, all participant
provided written informed consent to participate in this
study.

2.2 CalMR, thrombolysis in myocardial infarction
(TIMI) grade, corrected TIMI frame count (CTFC), and
ST-segment regression (STR) were utilized to assess
microcirculatory function. These assessments were per-
formed in the culprit vessel immediately following suc-
cessful PCI. CaIMR was assessed using the Rainmed
Fractional Flow Reserve system, as previously described
[15]. Briefly, a 3D model of the coronary artery along the
target vessel was developed. Computational pressure-
flow dynamics were employed to assess angiography-
derived fractional flow reserve (angio-FFR). Estimated
hyperemic pressure (Ph) was computed as mean arterial
pressure (MAP) x 0.2 when MAP >95 mmHg or MAP x
0.15 when MAP <95 mmHg. Resting flow velocity dur-
ing diastole (Vo) Was obtained using the TIMI frame
count method. CaIMR was subsequently calculated as Ph
x angio-FFR x (vessel length/K x Vg, o10). Vessel length
was defined as the distance from the inlet to the distal
segment of the target vessel, and K was a constant used
to normalize the difference between resting and hyper-
emic flow velocities. t is widely accepted that CaIMR val-
ues < 25 indicate normal coronary microcirculatory blood
flow, while values > 40 suggest compromised flow [16].

2.3 Statistical Analysis: Statistical analyses were con-
ducted using SPSS version 25.0. Normally distributed
quantitative data were reported as the mean + standard
deviation (x+s) and compared between groups using the
t-test. Non-normally distributed data were described as
the median and interquartile range [M (P25, P75)] and
compared using the Mann-Whitney U test. Categori-
cal and ordinal data were tabulated as the number of
cases (n) and percentage (%) and compared using the
chi-square test or Fisher’s exact probability test. Vari-
ables with a P-value <0.05 were considered for inclusion
in binary logistic regression for multifactorial analysis.
Receiver operating characteristic (ROC) analysis was
employed to evaluate the predictive capacity for CaIMR
values>40 in anterior wall STEMI. Statistical significance
was defined at P<0.05 for all results.

Results

3.1 Among the 261 consecutive patients with acute ante-
rior wall STEMI, 15.3% (40/261) presented with new
onset CRBBB and 84.7% (221/261) manifested without
CRBBB. The CRBBB group exhibited a significantly older
patient population compared to the no-CRBBB cohort
(P=0.001). Admission Killip class was predominantly
class I-1I in the no-CRBBB group, while it was majority of
class III-IV in the CRBBB group (P<0.001). Although the
CRBBB group exhibited lower admission blood pressure
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and higher heart rate compared to the no-CRBBB group,
these differences were not statistically significant
(P>0.05). No significant differences were found between
the two groups regarding history of hypertension, dia-
betes, hyperlipidemia, coronary heart disease, chronic
kidney disease, cerebrovascular disease, gout, gender,
family history of cardiovascular disease, smoking, alco-
hol use, or PCI modality (P>0.05). However, there were
significant differences in baseline laboratory values such
as glucose (GLUC), triglyceride (TG), blood urea nitro-
gen (BUN), glomerular filtration rate (GFR), high density
lipoprotein (HDL), aspartate aminotransferase (AST),
alanine aminotransferase (ALT), white blood cell (WBC),
and troponin I (TNI) (P<0.05). These data are presented
in Table 1.

3.2 Interventional therapy data revealed that the
median time from first medical contact to wire time
(FMC2W) and total ischemic time were longer in the
CRBBB group, although these differences did not reach
statistical significance. In the CRBBB group, 97.5% of the
infarction-related arteries (IRA) were proximal left ante-
rior descending (LAD) arteries, while in the no-CRBBB
group, 68.8% of the IRA were proximal LAD and 29.9%
were mid LAD, representing a statistically significant dif-
ference (P<0.001). There were no significant differences
between the two groups in terms of TIMI grade, pres-
ence of thrombus, number of diseased vessel branches
of the IRA before PCI (P>0.05). Additionally, a com-
parison of intraoperative medications revealed a higher
rate of dopamine use in the CRBBB group compared to
the no-CRBBB group (P<0.05). However, no statistically
significant differences were found in the use of other
medications, including atropine, norepinephrine, tiro-
fiban, nitroglycerin, sodium nitroprusside, adenosine,
and nicorandil (P>0.05). These findings are presented in
Table 2.

3.3 The CRBBB group exhibited a higher incidence
of in-hospital major adverse cardiovascular events
(MACE:s), including cardiac death, recurrent myocar-
dial infarction, acute left heart dysfunction, cardiogenic
shock, complete atrioventricular block, ventricular fibril-
lation, and persistent ventricular tachycardia, compared
to the no-CRBBB group. Additionally, the median left
ventricular ejection fraction (LVEF) was significantly
lower in the CRBBB group than in the no-CRBBB group
(P<0.05). Although the mean left ventricular end-dia-
stolic diameter (LVEDD) was greater in the CRBBB
group, the difference did not reach statistical significance
compared to the no-CRBBB group (P>0.05). Further-
more, there was a statistically significant difference in the
use of vasoactive drugs (dopamine or norepinephrine)
and the duration of use post-PCI between the two groups
(P<0.05). These results are summarized in Table 3.
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Table 1 Baseline characteristics
Variables no-CRBBB CRBBB X2/t/Z Pvalue
(n=221) (n=40)
Age(years) 59.36+£10.59 65.35+10.85 -3.278 0.001*
Men(%) 185(83.7) 31(77.5) 0916 0339
Family history of CVD(%) 17(7.7) 1(2.5) 0.728 0.393
Smoking(%) 145(65.6) 22(55) 1.655 0.198
Alcohol(%) 52(23.5) 11(27.5) 0.292 0.589
Systolic BP(mmHg) 124.37+17.65 118.83+20.52 1.782 0.076
Diastolic BP(mmHg) 80.77+1343 78.25+13.68 1.091 0.276
Heart rate(bpm) 80.31+14.49 83.13+17.83 -0.943 0.350
GLUC(mmol/L) 6.08(5.23,7.41) 7.14(5.77,11.40) -2.915 0.004*
TC(mmol/L) 4.97(4.30,5.69) 4.59(3.83,5.60) -1.377 0.168
TG(mmol/L) 1.63(1.2,2.59) 1.44(1.03,1.92) -2.068 0.039%
HDL(mmol/L) 1.08(0.93,1.28) 1.23(1.01,1.52) -2.526 0.012*
LDL(mmol/L) 290+0.87 2.80+£1.07 0.660 0510
Lp(@)(mmol/L) 20.5(8.8,38.05) 14.75(8.5,27.78) -1.054 0.292
UA(umol/L) 345(287.5,409) 345.5(257,467.25) -0.748 0.455
BUN(mmol/L) 5.19(4.30,6.51) 5.52(4.7,7.64) -1.988 0.047%
Scr(umol/L) 78(65,90) 82(67.25,108.5) -1.408 0.159
GFR(mI/min/1.73m?) 93.59(75.75,115.07) 80.07(62.63,107.01) -2.198 0.028*
AST(U/L) 185(87.5,312) 280(182.75,534.25) -3.653 <0.001*
ALT(U/L) 48(32.5,73) 67(41,105.5) -2.636 0.008*
WBC(10~9/L) 11.13(9.21,12.89) 13.09(9.53,17.66) -2.908 0.004*
RBC(10~12/L) 4.83+061 4.87+0.71 -0.395 0.693
HB(g/L) 149.19+18.28 150.13+21.38 -0.291 0.771
PLT(10~9/L) 2110416744 21593+64.36 -0424 0672
BNP(pig/mL) 102(44.85,233.5) 100.65(40.9,244.75) -0.153 0.879
D-D(ng/mL) 473(101,1180) 487.5(114,1505) -0.761 0.446
CK-MB(ng/mL) 80(43.2,80) 80(59.6,80) -1.722 0.085
MYO(ng/mL) 495(262.5,500) 500(286,500) -0.972 0.331
Post-PCI TNI(ng/mL) 27.9(8.12,30) 30(25.23,30) -2.235 0.025%
Killip class(%)
| 146(66.1) 7(17.5) 95.104 <0.001*
I 56(25.3) 4(10)
1l 4(1.8) 11(27.5)
[\ 15(6.8) 18(45)
Admission medication
Aspirin(%) 221(100) 40(100)
Clopidogrel (%) 113(51.8) 20(50) 0.017 0.895
Ticagrelor (%) 108(48.9) 20(50) 0.017 0.895
Statins (%) 221(100) 40(100)
Heparin (%) 113(51.8) 20(50) 0.017 0.895

- Indicates Fisher’s exact test; *Indicates the difference was statistically significant

CVD, cardiovascular disease; GLUC, glucose; TC, total cholesterol; TG, triglyceride; HDL, high density lipoprotein; LDL, low density lipoprotein; Lp(a), Lipoprotein
(a); UA, uric acid; BUN, blood urea nitrogen; Scr, serum creatinine; GFR, glomerular filtration rate; AST, aspartate aminotransferase; ALT, alanine aminotransferase;
WBC, white blood cell; RBC, red blood cell; HB, hemoglobin; PLT, platelet; BNP, B-type natriuretic peptide; D-D, D-dimer; CK-MB, Creatine kinas-MB isoenzyme; MYO,

myoglobin; TNI, troponin |

3.4 Evaluation of microcirculatory function post-PCI
revealed that the CRBBB group had a higher percent-
age of patients with TIMI<grade 2 and ST-segment
regression (STR)<50% in the IRA compared to the no-
CRBBB group. Furthermore, the calMR was significantly
higher in the CRBBB group than in the no-CRBBB group
(P<0.05). However, the median corrected TIMI frame

count (CTFC) was not statistically different between
the two groups (P>0.05). These findings are detailed in
Table 4.

3.5 Multivariate analysis was conducted to assess the
microcirculatory function after PCI, with new CRBBB
as the dependent variable. Binary logistic regression was
utilized to adjust for confounding factors. The results
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Table 2 Analysis of interventional therapy

Variables no-CRBBB CRBBB X2 Pvalue
(n=221) (n=40)

PCl modality(%)

Primary PCl 108(48.9) 20(50) 0.017 0.895

PCl after thrombolysis 113(51.1) 20(50) -1.806 0.071

FMC2W(min) 248(157.5,367) 305.5(208,448.8) -0821 0412

ischemic time(min) 440(318,674.5) 490.5(342.3,682.5)

infarct-related arteries(%)

proximal LAD 152(68.8) 39(97.5) 17.761 <0.001*

mid LAD 66(29.9) 1(2.5)

distal LAD 2(0.9) 0(0)

right coronary artery 1(0.5) 0(0)

thrombus(%) 21(9.5) 5(12.5) 0.087 0.767

number of diseased vessel branches(%)

1 95(43) 17(42.5) 0.029 0.986

2 68(30.8) 12(30)

3 58(26.2) 11(27.5)

stent diameter(mm) 3(2.75,3) 3(2.75,3.5) -1.912 0.056

stent length(mm) 24(18,33) 23(18,33) -1.070 0.285

Intraoperative medication(%)

atropine 16(7.2) 2(5) 0.031 0.861

dopamine 22(10) 9(22.5) 3.965 0.046*

norepinephrine 19(8.6) 8(20) 3.598 0.058

tirofiban 87(394) 12(30) 1.262 0.261

nitroglycerin 77(34.8) 16(40) 0.393 0.531

sodium nitroprusside 26(11.8) 8(20) 2.027 0.154

adenosine 2(0.9) 1(2.5) - 0.394

nicorandil 1(0.5) 2(5) - 0.062

-Indicates Fisher's exact test; *Indicates the difference was statistically significant

Table 3 Analysis of prognosis

Variables no-CRBBB CRBBB X3/t/Z Pvalue

(n=221) (n=40)

in-hospital major adverse cardiovascular events(%) 84(38) 29(72.5) 16412 <0.001*

LVEF(%) 60(52.5,67) 55(44.25,61) -2.644 0.008*

LVEDD(mm) 48.84+6.70 49.46+4.08 -0.794 0429

the use of vasoactive drugs after PCI(%) 39(17.6) 13(32.5) 4.683 0.030*

the duration of vasoactive drugs use after PCl(day) 0(0,0) 0(0,2) -2.345 0.019*

*Indicates the difference was statistically significant.

Table 4 Analysis of the microcirculatory function post-PCl

Variables no-CRBBB CRBBB X¥Z  Pvalue
(n=221) (n=40)

TIMI grade(%)

<2 19(8.6) 10(25) 7640  0.006*

3 202(914) 30(75)

STR(%)

>50% 181(81.9) 14(35) 39434 <0.001*

<50% 40(18.1) 26(65)

CTFC(frames) 21.18(15.29,27.06) 24.71(15.8832.65) -1.622 0.105

calMR 29.5(23.8,35) 40.25(33.35,49.68) -5.650 <0.001*
*Indicates the difference was statistically significant.

demonstrated that, in addition to admission Killip clas-
sification, GLUC, HDL, and the location of IRA, TIMI
grade<2 (OR=6.833, 95% CI: 1.009 ~46.287, P=0.049),
STR=50% (OR=0.176, 95% CI: 0.051 ~0.606, P=0.006),
CTFC (OR=1.079, 95% CIL 1.009~1.155, P=0.027),
and caIMR (OR=1.120, 95% CI: 1.059 ~1.185, P<0.001)
were independently associated with the presence of new
CRBBB in patients with acute anterior STEMI. These
associations are presented in Table 5.

3.6 The multivariate logistic regression analysis identi-
fied CaIMR >40 as an independent risk factor for adverse
outcomes in patients with acute anterior STEMI(Table 6).
Data showed that new-onset CRBBB was strongly
associated with elevated CalMR (OR=5.065, 95%
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Table 5 Multivariate analysis of new-onset CRBBB in anterior STEMI

Variables B value Standard error of b-value Wald'’s chi-square value Pvalue OR value 95%ClI
Age(years) 0.064 0.035 3403 0.065 1.066 0.996~1.141
Killip class 0.859 0.274 9.846 0.002* 2.360 1.380~4.035
GLUC(mmol/L) 0.241 0.107 5.094 0.024* 1.272 1.032~1.569
TG(mmol/L) -0446 0410 1.181 0.277 0.640 0.286~1.431
HDL(mmol/L) 1.878 0.953 3.882 0.049* 6.540 1.010~42.348
BUN(mmol/L) -0.356 0.225 2.508 0113 0.701 0.451~1.088
GFR(mI/min/1.73m2) -0.012 0.012 1.095 0.295 0.988 0.966~1.011
AST(U/L) 0.001 0.002 0.177 0.674 1.001 0.997 ~1.005
ALT(U/L) 0.006 0.011 0312 0.577 1.006 0.985~1.028
WBC(10~9/L) 0.176 0.095 3476 0.062 1.193 0.991~1.436
TNI(ng/mL) -0.020 0.036 0.295 0.587 0.981 0914~1.052
PART of IRA -4.149 1.646 6.357 0.012* 0.016 0.001~0.397
Dopamine use -1.234 1.138 1.178 0.278 0.291 0.031~2.705
Post PCITIMI < grade 2 1.922 0976 3.876 0.049* 6.833 1.009~46.287
STR=50% -1.740 0.632 7.583 0.006* 0.176 0.051~0.606
CTFC(frames) 0.076 0.035 4913 0.027* 1.079 1.009~1.155
calMR 0.114 0.029 15.603 <0.001* 1.120 1.059~1.185
*Indicates the difference was statistically significant

Table 6 Multivariate analysis of caimr>40 in anterior STEMI

Variables B value Standard error of b-value Wald'’s chi-square value Pvalue OR value 95%ClI
new-onset of CRBBB 1.622 0.530 9.347 0.002* 5.065 1.793~14.308
Agel(years) 0.007 0.017 0.161 0.688 1.007 0.974~1.041
Killip class -0.028 0.195 0.021 0.885 0.972 0.663~1.426
Pre-PCI TIMI < grade 2 0.047 0.140 0.113 0.737 1.048 0.796~1.380
IRA -0.063 0.391 0.026 0.871 0.939 0.436~2.020
sodium nitroprusside 0.146 0.547 0.065 0.799 1.157 0.375~3.567
Post-PCI TIMI < grade 2 -1.600 0.543 8.685 0.003* 0.202 0.070~0.585
STR>50% -0.742 0.395 3.529 0.060 0476 0.220~1.033
CTFC(frames) 0018 0.020 0.797 0372 1.018 0.979~1.058

CI:1.793-14.308, P=0.002), post-PCI TIMI flow grade
inversely correlated with CaIMR>40 (OR=0.202, 95%
CL0.070-0.585, P=0.003). Age, Killip class, pre-PCI
TIMI flow grade, infarct-related artery location, sodium
nitroprusside use, and CTFC showed no statistically
significant associations (P>0.05 for all). CRBBB dem-
onstrated moderate predictive value for CaIMR>40
(AUC=66.8%, P<0.001; 95% CI:.0.577-0.760). Post-
PCI TIMI flow had limited discriminative capacity
(AUC=36.5%, P=0.003; 95% CI:0.272-0.458).(Fig. 2).

Discussions

The incidence of new-onset CRBBB in AMI has shown
that although less common, it is significantly associated
with a poorer prognosis [17]. Furthermore, there are
suggestions that new-onset CRBBB be considered as an
indication for reperfusion therapy in future guidelines
[18]. Nonetheless, the mechanisms underlying the poorer
prognosis associated with newly developed CRBBB have
yet to be fully elucidated. Our study has identified a high
incidence of microcirculatory dysfunction post-PCI in

anterior wall STEMI patients with new-onset CRBBB,
potentially contributing to their poorer prognosis.
Within our study cohort comprising 261 patients with
acute anterior STEMI, we detected 40 patients with new
CRBBB, yielding an incidence rate of 15.3%. This inci-
dence rate is consistent with the 10.9% reported during
the thrombolytic era [19], and the range of 4.3-15.7%
observed in the stent era [20-23], but notably higher
than the 1.8% reported in a large study [5]. Patients with
CRBBB tended to be older and displayed increased WBC
counts, elevated fasting blood glucose levels, and higher
serum levels of AST and ALT, along with decreased
GEFR. These findings imply that CRBBB patients may suf-
fer larger infarct sizes and a more robust inflammatory
response, which could lead to hemodynamic instabil-
ity, as well as renal and liver dysfunction. Notably, there
was study suggested that new-onset CRBBB may present
with different clinical manifestations, such as increased
dyspnea [24] rather than chest pain. Moreover, our find-
ings indicate that the prolonged time from FMC2W in
the new CRBBB group may correlate with more severe
cardiac dysfunction and microcirculatory dysfunction
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in patients with acute anterior STEMI and new CRBBB.
The early identification of high-risk patients and prompt
intervention should be emphasized.

Moreover, our study indicated that the IRA was pre-
dominantly the proximal LAD artery in 97.5% of CRBBB
patients, which corresponds to the typical blood sup-
ply characteristics of the bundle branches [25]. Since
the LAD provides a substantial portion of the myocar-
dium in the left heart, anterior wall infarction can read-
ily impair contractile function and lead to hemodynamic
instability. Proximal LAD occlusion may induce a “dual
injury” phenomenon—direct microcirculatory impair-
ment (via plaque embolization or reperfusion injury)
and ischemic disruption of the RBB. Our findings further
demonstrate that patients in the CRBBB group predomi-
nantly presented with Killip class III or IV upon admis-
sion, in contrast to the predominantly Killip class I or II
in the no-CRBBB group. Admission Killip classification
was independently correlated with the development
of new CRBBB in acute anterior STEMI patients after
adjusting for confounders (OR=2.360, 95% CI: 1.380-
4.035, P=0.002), suggesting poorer cardiac function
in CRBBB patients. Furthermore, the incidence of in-
hospital adverse cardiovascular events, the rate of post-
operative vasoactive drug use, and the duration of use

08 1.0

were significantly higher in the CRBBB group, whereas
the median left ventricular ejection fraction (LVEF)
was lower compared to the non-CRBBB group, reflect-
ing poorer cardiac function and prognosis. Reactive
oxygen species (ROS) and pro-inflammatory cytokines
(e.g., IL-6, TNF-a) released during ischemia-reperfusion
not only exacerbate microvascular endothelial damage
but may also directly inhibit sodium channel function
in Purkinje fibers, explaining the association between
elevated CaIMR and RBBB incidence. A study of interest
reported that new-onset RBBB and ventricular fibrilla-
tion in STEMI are independently associated and exhibit
particularities based on the duration of the conduction
disturbance and/or the primary or secondary nature of
the arrhythmia [26]. However, in our study, we observed
the same fatal arrhythmias incidence and attributed poor
long-term prognosis to cardiac insufficiency and micro-
circulatory dysfunction.

In our study, we employed caIMR, TIMI grade, CTFC,
and ST-segment regression to assess microcirculatory
function. The analysis demonstrated significant dispari-
ties in calMR, TIMI grade, and STR between the CRBBB
and non-CRBBB cohorts. Notably, following adjustment
for confounders, calMR, TIMI grade<2, STR2>50%,
and CTFC were identified as independent correlates of
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the development of new CRBBB in patients with acute
anterior STEMI. These data suggest a robust association
between the occurrence of new CRBBB and the develop-
ment of microcirculatory dysfunction in STEMI patients.
To the best of our knowledge, this study provides the
initial evidence of coronary microcirculatory dysfunc-
tion in STEMI patients who have developed new CRBBB.
Nevertheless, the etiology of this presentation—whether
attributable to the CRBBB itself or the elevated Killip
grade observed in these patients—remains ambiguous,
given that cardiac insufficiency frequently precipitates
coronary microcirculatory dysfunction [27]. Interest-
ingly, we found an inverse relationship between post-PCI
TIMI flow and CaIMR, which underscores the limita-
tions of conventional angiographic metrics in capturing
microcirculatory impairment, advocating for adjunctive
CalMR assessment.

The coronary microcirculation consists of a network
of small vessels tasked with delivering oxygen and nutri-
ents to the myocardium. The mechanisms underpin-
ning microcirculatory dysfunction are multifaceted and
not entirely elucidated; however, they may encompass
microvascular embolism, endothelial dysfunction, plate-
let aggregation, leukocyte activation, inflammatory pro-
cesses, and micro thrombosis [28]. Myocardial infarction
can induce swelling of cardiomyocytes and microvascu-
lar endothelial cells within the ischemic area, leading to
microvessel occlusion and compromised microvascular
endothelial cell integrity, which in turn promotes micro
thrombosis [29]. Microcirculatory dysfunction may also
reflect periprocedural myocardial injury (PMI), a phe-
nomenon frequently observed in PPCI procedures and
predominantly attributed to ischemia-reperfusion injury.
This pathophysiological cascade has been robustly linked
to heightened risks of long-term adverse cardiovascular
outcomes, including heart failure progression and recur-
rent infarction [30]. Future investigations should employ
longitudinal assessments to delineate the relative contri-
butions of pre-existing microvascular impairment versus
iatrogenic procedural damage in this high-risk cohort.

In this study, we employed the CalMR—a fractional
flow reserve (FFR)-based metric validated for its prog-
nostic utility in predicting long-term LVEF impairment
and adverse clinical outcomes [31]. Critically, the ele-
vated CalMR values observed in patients with new-onset
CRBBB underscore the necessity for tailored mitigation
strategies to address coronary microcirculatory dysfunc-
tion in this high-risk STEMI subgroup, such as potential
methods for identifying high-risk patients [32] and inter-
ventions encompass the use of pharmacological agents
[33, 34], thrombus aspiration [35] and deferred stenting
strategy [36], remote ischemic preconditioning [37], as
well as intra-aortic balloon pump support [38]. More-
over, the conduct of clinical trials specifically designed
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to target microcirculatory dysfunction may offer the
potential to improve long-term prognostic outcomes in
patients with newly developed CRBBB.

Limitation: Given the high mortality risk associated
with anterior AMI, particularly when complicated by
new-onset CRBBB, prompt ECG interpretation is critical
for interventional cardiologists to assess disease severity
and guide timely revascularization decisions. therefore, it
should be noted that interventional cardiologists evalu-
ating post-procedural parameters in this study were not
blinded to patients’” ECG findings, which may introduce
potential measurement bias in outcome assessments.
While this single-center cohort provided statistically
robust preliminary insights into the association between
CRBBB and microcirculatory dysfunction, but did not
analyze subgroups with LBBB or atypical RBBB. Future
studies should systematically expand sample sizes by
multicenter prospective studies in different type of BBB
and employ animal models to test the “electro-microvas-
cular coupling” hypothesis.
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