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Abstract. — OBJECTIVE: In patients with
acute myocardial infarction, coronary collater-
al circulation (CCC) is associated with reduced
infarct size, preserved cardiac function, and de-
creased mortality. An interarm blood pressure
difference (IABPD) is shown to be independent-
ly associated with cardiovascular and all-cause
of mortality. We aimed to determine the effect
of IABPD on coronary collateral flow in patients
with ST-segment elevation myocardial infarction
(STEMI) who had undergone primary percutane-
ous coronary intervention (p-PCl).

PATIENTS AND METHODS: We prospec-
tively investigated 1,348 consecutive patients
who were hospitalized for STEMI and underwent
p-PCl. The Rentrop classification was used to
assess CCC. According to this classification, we
defined Rentrop 0 and 1 as poor CCC, and Ren-
trop 2 and 3 as good CCC. A 10 mm Hg differ-
ence is considered the upper limit of IABPD.

RESULTS: Patients were divided into two
groups according to the collateral circulation,
325 patients (24%) had good collateral, while
1,023 patients (76%) had poor collateral. IAB-
PD was significantly higher in the poor collateral
group (57 patients, 5.6%) than in the good collat-
eral group (9 patients, 2.8%) (p=0.04). Pre-infarc-
tion angina and IABPD were identified as inde-
pendent predictors of poor collateral (OR: 0.516,
95% CI 0.370-0.631, p=0.007; OR: 3.681, 95% CI:
1.773-7.461, p=0.01, respectively) in multivariate
analysis.

CONCLUSIONS: The IABPD was shown as
an independent predictor of poor collateral cir-
culation in patients with STEMI who underwent
p-PCI.
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Introduction

Acute myocardial infarction (AMI) is one of
the most important and fatal coronary artery dis-
ease (CAD) presentations. The infarct size is a
major indicator of mortality among patients with
AMI!. Coronary collateral circulation (CCC)
serves as an alternative source of blood supply
and connects the severely narrowed or occluded
coronary arteries when ischemia jeopardizes the
myocardium. In patients with AMI, CCC is asso-
ciated with reduced infarct size, preserved cardiac
function, and decreased mortality?>.

An interarm blood pressure difference (IAB-
PD) is shown* to be independently associated
with cardiovascular and all-cause of mortality.
A 10 mm Hg difference is considered to be the
upper limit of IABPD. The incidence of elevat-
ed IABPD (>10 mm Hg) is 4.4% in the general
population with no vascular disease®. The IABPD
level in patients with CAD is higher than in pa-
tients without CAD and the severity of CAD was
found to be correlated with TABPDS, In this study,
we aimed to determine the effect of [ABPD on
coronary collateral flow in patients with ST-seg-
ment elevation myocardial infarction (STEMI)
who had undergone primary percutaneous coro-
nary intervention (p-PCI).

Patients and Methods

Study Design and Population

This prospective study included 1,592 patients
who had undergone p-PCI for STEMI between
January 2019 and September 2021. Demograph-
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ic, clinical, and laboratory characteristics were
obtained from patients’ medical records and tele-
phone interviews. Inclusion criteria were STEMI
patients who underwent p-PCI within 12 hours
of symptom onset and aged >18 years. Exclusion
criteria were cardiogenic shock (Killip class 1V),
severe valvular disease, prior valvular surgery, se-
vere peripheral artery disease, thoracic aortic dis-
section, aortic coarctation, active infection, atrial
fibrillation or atrial flutter, chronic renal failure on
hemodialysis. After applying exclusion criteria,
the remaining 1,348 patients comprised the study
population shown in the consort diagram (Figure
1). The study protocol was approved by the Local
Institutional Review Board and all participants
gave their written informed consent.

Angiographic Procedure

After administering a 600-mg single-load-
ing dose of clopidogrel and 300 mg of acetyl-
salicylic acid, the patients underwent coronary
angiography via a femoral approach. All coro-
nary angiograms included at least two views of
the right coronary artery and four views of the

left coronary artery. The cine time was adequate
to interpret coronary collateral flow. Standard
percutaneous coronary intervention (PCI) tech-
niques were carried out using a 7-French guid-
ing catheter (Launcher; Medtronic, Minneapolis,
MN, USA) to treat culprit coronary lesions. Un-
fractionated heparin was administered to achieve
an activated clotting time >250 seconds, bare
metal or drug-eluting stents were implanted and
glycoprotein IIb/Illa antagonists were adminis-
tered according to the discretion of the interven-
tional cardiologist. All patients were admitted to
the coronary care unit after the procedure and re-
ceived a dose of 75 mg clopidogrel and 100 mg
acetylsalicylic acid daily.

Blood Pressure Measurement

The systolic and diastolic blood pressures were
simultaneously measured in both arms at admis-
sion to the Emergency Department using a vali-
dated blood pressure (BP) device (Omron HEM-
7,001-E; Omron Corp, Tokyo, Japan). A standard
tourniquet (a width of 12-13 and a length of 35
cm) was used based on the current guideline’. A

1592 patients with STEMI who underwent p-PCI ‘

Inclusion criteria:

STEMI patients who underwent p-PCI
within 12 hours of symptom onset and
age >18 years

Excluded (n=17):
e Not meeting inclusion criteria (n=17)

1575 patients

1348 patients

Reasons for exclusion (n=227):
e Cardiogenic shock (n=38)
Severe valvular disease (n=13)
Prior valvular surgery (n=15)
Severe Peripheral artery disease (n=18)
Thoracic aortic dissection (n=2)
Coarctation (n=1)
Active infection (n=16)
Atrial fibrillation or Atrial flutter (n=101)

Chronic renal failure on hemodialysis
(n=24)

The final study sample was divided into 2 groups
according to the coronary collateral flow

Group 1 (n:325)
Good collateral

Group 2 (n:1023)
Poor collateral

Figure 1. Consort diagram of study population.
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larger or smaller size tourniquet was used as need-
ed. After 5 minutes of rest, BP was measured three
times at S-minute intervals in the supine position.
The arms of patients were kept at the heart level
during measurement. [ABPD <10 mm Hg was de-
fined as normal.

Definitions

Hypertension was defined as a systolic BP
>140 mm Hg or diastolic BP 290 mm Hg or the
use of antihypertensive medications. IABPD >10
mm Hg was considered high. Current smokers or
with a history of smoking were defined as smok-
ers. Diabetes mellitus was defined depending on
patients’ medical history. Hyperlipidemia was
defined as total cholesterol levels >200 mg/dl, or
low-density lipoprotein (LDL) levels >130 mg/dl,
or triglyceride levels >150 mg/dl, or the use of
lipid-lowering drugs. STEMI was defined as the
presence of ST-segment elevation of at least 1 mm
in 2 or more contiguous leads (2 mm for V -V),
at least 0.5 mm in leads V.R and V R, or >0.5 mm
in leads V.-V, or new onset left bundle branch
block. The manifestation of AMI was classified
according to the Killip classification: Killip I no
evidence of heart failure, Killip II heart failure,
Killip III severe heart failure or acute pulmonary
edema, Killip IV cardiogenic shock.

Coronary angiography views were independent-
ly evaluated by at least two expert interventional
cardiologists. Coronary flow was graded accord-
ing to Thrombolysis in Myocardial Infarction
(TIMI) criteria: TIMI 0 no antegrade flow, TIMI
I penetration without perfusion, TIMI II partial
perfusion, TIMI III complete perfusion. The Ren-
trop classification was used to assess CCC. On the
basis of this classification, the collateral flow was
graded as follows: Rentrop 0 absent, Rentrop 1
weak collateral flow, Rentrop 2 partial collateral
flow, Rentrop 3 complete collateral flow. After the
grading, we defined Rentrop 0 and 1 as poor CCC,
Rentrop 2 and 3 as good CCC.

Statistical Analysis

Data were processed using SPSS version 19.0
(IBM Corp., Armonk, NY, USA). Data were pre-
sented as the median (interquartile range) for
continuous variables or the number (percentage)
for categorical variables. The Shapiro-Wilk test
of normality was used to identify the distribution
of data. The Mann-Whitney U test was utilized
to compare two groups for continuous variables
without normal distribution. Student #-test was
utilized to compare two groups for continuous

variables with normal distribution. y* test was
used to compare categorical variables. Univariate
regression analysis was performed to identify risk
factors for poor collateral development. Multivar-
iate logistic regression models were used to deter-
mine independent predictors of poor collateral de-
velopment. The odds ratios and 95% confidence
intervals (CI) were calculated. A two-tailed p-val-
ue <0.05 was considered statistically significant.

Results

The baseline demographic, clinical, laboratory,
and angiographic characteristics of the two pa-
tient groups are shown in Table 1. A total of 1,348
patients who met the inclusion criteria were en-
rolled in the study and the majority of the patients
were males (77%). Patients were divided into two
groups according to collateral circulation, 325
patients (24%) had good collateral, and 1,023
patients (76%) had poor collateral. The median
age was 64412 years in the good collateral group
and 62+11 years in the poor collateral group. The
body mass index, ejection fraction, hypertension,
diabetes mellitus, hyperlipidemia, smoking status,
and laboratory parameters were similar in the two
groups. The ratios of radial access, predilatation,
tirofiban usage, and unsuccessful intervention
also did not differ between the two groups. IAB-
PD was significantly higher in the poor collateral
group (57 patients, 5.6%) than in the good collat-
eral group (9 patients, 2.8%) (p=0.04). The poor
collateral group had significantly higher rates of
anterior infarction, PCI history, chest pain to re-
vascularization time >6 h, Killip class II or I1I, and
in-hospital mortality (p=0.03, p=0.02, p=0.009,
p=0.04, p=0.05, respectively). Multivessel dis-
ease, pre-infarction angina, pre-TIMI flow 0-I,
and stent length were significantly higher in the
good collateral group (p=0.01, p<0.001, p<0.001,
and p=0.04, respectively).

In univariate analysis (Table II), poor collat-
eral development was found to significantly cor-
relate with multivessel disease [odds ratio (OR):
0.477, 95% confidence interval (CI): 0.354-0.642,
p<0.001], anterior infarct (OR: 2.15, 95% CI:
1.64-2.81, p<0.001), pre-infarct angina (OR: 0.46,
95% CI: 0.356-0.59, p<0.001), PCI history (OR:
1.59, 95% CI: 1.07-2.35, p=0.02), IABPD (OR:
2.07,95% CI: 1.02-4.24, p=0.03), and Killip class
IT or III (OR: 1.46, 95% CI: 1.06-2.02, p=0.02).

Multivariate logistic regression analysis was
performed using significant variables on univar-
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Table 1. The differential genes of bone marrow with osteoporosis and normal bone marrow in the geriatric patients were

screened by using the limma package in R language.

Good Collateral Poor Collateral
Variable n=325 (24%) n=1,023 (76%) p-value
Age (years) 64+12 62+11 0.23
Sex (male), n (%) 245 (75.3) 788 (77) 0.64
Body mass index (kg/m?) 24.6+7.1 23.9+7.7 0.62
TIABPD 9 (2.8%) 57 (5.6%) 0.04
GFR <60, n (%) 158 (48.6) 468 (45.7) 0.43
Anterior infarction, n (%) 96 (29.5) 485 (47.4) 0.03
Multivessel disease, n (%) 89 (27.3) 156 (15.2) <0.001
PCI history, n (%) 34 (10.5) 160 (15.6) 0.02
Pre-infarction angina, n (%) 162 (49.8) 323 (31.5) <0.001
Chest pain to revascularization time >6 h 48 (14.7) 176 (17.2) 0.009
Killip class 2 or 3, n (%) 56 (17.2) 239 (23.3) 0.04
EF (%) 4244477 41.741.3 0.33
DM, n (%) 76 (23.3) 260 (25.4) 0.52
HT, n (%) 250 (76.9) 764 (74.6) 0.48
HL, n (%) 54 (16.6) 181 (17.6) 0.47
Smoking, n (%) 148 (45.5) 480 (46.9) 0.42
Anemia, n (%) 100 (30.7) 353 (34.5) 0.34
Radial access, n (%) 160 (49.2%) 509 (49.7%) 0.33
Predilatation, n (%) 275 (84.6) 873 (85.3) 0.42
Trofiban usage, n (%) 78 (24%) 250 (24.4%) 0.84
Pre-TIMI flow 0-1 264 (81.2%) 735 (71.8%) <0.001
Stent length, mm 23.1+£6.8 21.5+6.4 0.04
Unsuccessful intervention, n (%) 24 (7.3%) 77 (7.5%) 0.81
In-hospital mortality, n (%) 92.5) 28 (2.7) 0.05
WBC (10%/uL) 14+7 14+4.6 0.42
Hemoglobin (g/dl) 12.9+2.1 13.6+1.7 0.09
Neutrophil (10°/uL) 9.1£6.5 10.543.8 0.43
Platelet (10°/uL) 171.2+42.3 179.5+51.8 0.52
Total cholesterol (mg/dl) 178.5£32.4 178.9+43.4 0.74
LDL (mg/dl) 105+35.1 108.9+37.2 0.51
HDL (mg/dl) 37.4+£10.2 38.2+9.8 0.44
TG (mg/dl) 153+76.1 158.9+£96.7 0.94
Peak troponin (ng/mL) 36.8£16.8 37.4+18.4 0.41
Basal creatinine (mg/dl) 1.18+0.13 1.02+0.46 0.72
CRP (mg/L) 3.6+0.3 3.5£0.4 0.45

CIN, contrast-induced nephropathy; CRP; C reactive protein; DM, diabetes mellitus; EF, left ventricular ejection fraction;
GFR, glomerular filtration rate; HT, hypertension; HL, hyperlipidemia; HDL, high-density lipoprotein; LAD, left anterior
descending artery; LDL, low-density lipoprotein; PCI, percutaneous coronary intervention; TG, triglyceride; WBC, white
blood cell; TIMI, thrombolysis in myocardial infarction; IASBD, interarm blood pressure difference.

iate analysis to find the predictors of poor collat-
eral development (Table III). Pre-infarction an-
gina and IABPD were identified as independent
predictors of poor collateral (OR: 0.516, 95% CI:
0.370-0.631, p=0.007; OR: 3.681, 95% CI: 1.773-
7.461, p=0.01, respectively). The multivariate
analysis showed that multivessel disease, anterior
infarction, PCI history, Killip class II or III did not
predict poor collateral development.

Discussion

IABPD is associated with coronary artery dis-
ease and its severity. To our knowledge, this is the
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first study to evaluate the relationship between
IABPD and coronary collateral development in
patients with STEMI. We found that the IABPD
>10 mm Hg is an independent predictor of poor
collateral development in patients with STEMI
who underwent p-PCI.

In patients with STEMI, the remodeling pro-
cess and enlargement of preexisting arterioles
begins after an abrupt coronary occlusion. Sub-
sequently, the redistribution of blood flow and the
increase of shear stress leads to the development
of CCC?. CCC has positive effect on clinical out-
comes. Good collaterals are shown!*!%!! to pre-
serve left ventricular function, reduce infarct size



Interarm blood pressure difference and coronary collateral flow

and ventricular arrhythmias, improve myocardial
salvage, and reduce the risk of mortality in pa-
tients with STEMI. That CCC may be associated
with a poor prognosis due to being a marker of
advanced CAD remains to be controversial'>".
In the current study, the poor collateral group
had significantly higher Killip class II or III and
in-hospital mortality, while the good collateral
group had significantly higher rates of multivessel
disease (p=0.04, p=0.05, p<0.001, respectively).
Because of stimulating collateral development,
pre-infarction angina was also significantly higher
in the good collateral group, consistent with pre-
vious studies!*!* (p<0.001).

The underlying mechanism of CAD and the
acute coronary syndrome is inflammation's.
Therefore, inflammation-related markers have
provided benefits regarding the diagnosis and
prognosis. Mansiroglu et al'” showed that neutro-
phil/lymphocyte ratio, an important inflammation
marker, was significantly higher in the STEMI
group that developed collaterals. Liu et al'® also
reported that the higher triglyceride to high-den-
sity lipoprotein (HDL)-cholesterol ratio was an
independent risk factor for poor collateral devel-
opment in elderly patients with STEMI because
it mediated endothelial function and the growth
of collateral circulation by affecting some in-
flammatory reactions. Acute hyperglycemia was
shown'®" to result in decreased collateral circula-
tion due to oxidative stress and inflammation. Un-
like the previous studies'®!" in literature, we found
no significant differences between the good and
poor collateral groups with respect to the labora-
tory parameters, the history of diabetes mellitus,
or hyperlipidemia. Although previous studies'”"
have shown that blood laboratory parameters
have negative effects on endothelial function and
collateral circulation, we think that the results
are more generalizable since our study included

a larger number of patients. However, in order to
reach more realistic results in this regard, it may
be more beneficial to perform histological evalua-
tions rather than angiographic classification.

The IABPD measurement is a simple, low-cost,
fast and noninvasive test that can be easily ap-
plied in our daily practice. Some recent trials®®-?
showed that IABPD >10 mm Hg was associated
with cardio-cerebrovascular disease and cardio-
vascular mortality. Although the exact mecha-
nism underlying this relation still remains unclear,
atherosclerosis and increased vascular stiffness
have been considered to be responsible patholo-
gies**?*, One cross-sectional study® revealed that
the SYNTAX score was significantly higher in
patients with a high IABPD. We found that the
IABPD was significantly higher in the poor col-
lateral group, and the univariate and multivariate
analysis revealed that the high IABPD was an in-
dependent predictor of poor collateral circulation
in patients with STEMI (p=0.04; OR: 2.07, 95%
CI: 1.02-4.24, p=0.03; OR: 3.681, 95% CI: 1.773-
7.641, p=0.01, respectively).

Based on our findings, routine IABPD mea-
surement may be considered in STEMI patients
undergoing p-PCI. Considering the relationship
between poor coronary collateral development
and IABPD, we think that measuring the IABPD
at the time of diagnosis is very important in terms
of prognosis prediction in patients with STEMI.
Patients with IABPD may have greater post-in-
farction damage due to poor collateralization.
For this reason, more arrhythmia and heart fail-
ure symptoms may be seen in these patients in the
first 48 hours after infarction and in the following
period. These patients may be more prone to me-
chanical complications due to increased damage
and the devastating effects of the damage. Ex-
tending the monitored follow-up period of these
patients in the coronary intensive care unit and

Table Il. Univariate analysis: predictors of poor collateral development.

Parameters OR (95% ClI) p-value
Pre-TIMI flow 0-1 0.992 (0.752-1.31) 0.95
Multivessel disease 0.477 (0.354-0.642) <0.001
Anterior infarction 2.15 (1.64-2.81) <0.001
Pre-infarction angina 0.46 (0.356-0.59) <0.001
PCI history 1.59 (1.07-2.35) 0.02
IABPD 2.07 (1.02-4.24) 0.03
Killip class 1T or 11T 1.46 (1.06-2.02) 0.02
Chest pain to revascularization time >6 h 1.23 (0.86-1.74) 0.24

TIMI, thrombolysis in myocardial infarction; [ASBD, interarm blood pressure difference; PCI, percutaneous coronary inter-

vention.
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Table Illl. Multivariate analysis: predictors of poor collateral development.

Parameters OR (95% Cl) p-value
Multivessel disease 0.957 (0.788-1.147) 0.29
Anterior infarction 1.150 (0.729-1.950) 0.30
Pre-infarction angina 0.516 (0.370-0.631) 0.007
PCI history 1.190 (0.606-1.964) 0.41
TIABPD 3.681 (1.773-7.641) 0.01
Killip class II or I1I 1.453 (0.898-2.140) 0.63

TIMI, thrombolysis in myocardial infarction; IASBD, interarm blood pressure difference; PCI, percutaneous coronary inter-

vention.

closer follow-up in terms of complications may be
considered. In addition, these patients may need
a rehabilitation program. Larger randomized fol-
low-up studies are needed in the future to evaluate
the early and late prognostic effects of [ABPD in
STEMI patients. We believe that the valuable re-
sults of our study will shed light on future studies.

Limitations

This study was a single-center study and in-
cluded only angiographically visualized coronary
collaterals which were more than 100 pm in di-
ameter.

Conclusions

The IABPD has been shown to be an indepen-
dent predictor of poor collateral circulation in
patients with STEMI who underwent p-PCI. The
likely mechanism could be inflammation, as in
atherosclerosis. The IABPD is a straightforward
and easy-to-measure parameter, and physicians
should keep in mind the possible association be-
tween higher IABPD and poor collateral circula-
tion in the process of diagnosis and therapy.
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