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Acute Coronary Syndrome

Renal Dysfunction as a Predictor of Slow-Flow/No-Reflow
Phenomenon and Impaired ST Segment Resolution After
Percutaneous Coronary Intervention in ST-Elevation
Myocardial Infarction With Initial Thrombolysis in
Myocardial Infarction Grade 0

Takahiko Kai, MD; Satoshi Oka, MD; Katsuomi Hoshino, MD; Kazunori Watanabe, MD;
Jun Nakamura, MD; Makoto Abe, MD; Akinori Watanabe, MD

Background: The slow-flow/no-reflow phenomenon and impaired ST segment resolution (STR) following primary percutaneous
coronary intervention (PCl) in ST-elevation myocardial infarction (STEMI) predict unfavorable prognosis and are characterized by
obstruction of the coronary microvascular. Several predictors of slow-flow/no-reflow have been revealed, but few studies have inves-
tigated predictors of slow-flow/no-reflow and STR exclusively in acute myocardial infarction patients with initial Thrombolysis in
Myocardial Infarction (TIMI) Grade O.

Methods and Results: In all, 279 STEMI patients with initial TIMI Grade 0 were enrolled in the study. Slow-flow/no-reflow was
defined as TIMI Grade <3 by angiography after PCI, and impaired STR was defined as STR <50% on an electrocardiogram after
PCI. Slow-flow/no-reflow was observed in 31 patients. In multivariate analysis, estimated glomerular filtration rate (¢GFR; odds ratio
[OR] 0.97; P=0.007), a history of cerebrovascular disease (OR 4.65, P=0.007), time to recanalization >4h (OR 2.76, P=0.023), and
systolic blood pressure <90mmHg (OR 3.45, P=0.046) were independent predictors of slow-flow/no-reflow. Impaired STR was
observed in 102 of 248 patients with TIMI Grade 3. In multivariate analysis, eGFR (OR 0.94, P<0.001) and occlusion of the left
anterior descending artery (OR 4.48, P<0.001) were independent predictors of impaired STR; eGFR was the only independent

predictor of both slow-flow/no-reflow and impaired STR.

Conclusions: Renal dysfunction may be related to coronary microvascular dysfunction and obstruction.

Key Words: No reflow; Renal dysfunction; ST-elevation myocardial infarction (STEMI)

remains one of the leading causes of death world-

wide.! Primary percutaneous coronary intervention
(pPCI) is associated with improved prognosis in patients
with STEMI. However, the benefits of this procedure are
limited by the incidence of the slow-flow/no-reflow phe-
nomenon. The concept of “slow-flow/no-reflow” refers to
a state of myocardial tissue hypoperfusion in the presence
of a patent epicardial coronary artery.? Slow-flow/no-
reflow results from obstruction of the myocardial micro-
circulation, defined as vessels <200 um in diameter, and is
caused by various mechanisms.? Suggested etiologic factors
include ischemia-reperfusion injury, myocardial edema,
endothelial swelling, capillary obstruction, vasospasm,
inflammatory response, and distal coronary embolization.3
Slow-flow/no-reflow is closely related to worse clinical out-

S T segment elevation myocardial infarction (STEMI)
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comes.* Furthermore, ST segment resolution (STR) after
pPCI is also a well-established parameter for evaluating
microvascular dysfunction and obstruction.’ Impaired
STR after pPCI has also been shown to be associated with
an adverse clinical outcome.¢

Several studies have reported predictors of slow-flow/
no-reflow, such as age, male sex, diabetes, hypertension,
onset to reflow time, Killip class, blood glucose, creatinine,
peak creatine kinase, initial Thrombolysis in Myocardial
Infarction (TIMI) grade, and thrombus score.” In a meta-
analysis of the predictors of slow-flow/no-reflow, initial
TIMI Grade <1 and a high thrombus burden had the most
impact.” We wanted to evaluate the principal mechanisms
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between April 2009 and March 2020

461 patients with STEMI of initial TIMI grade 0 were hospitalized

351 patients met the following inclusion criteria;

2. Stent implantation was performed.
3. The culprit was a single new lesion.

1. The patients were treated within 12 hours from the onset of symptoms.

72 patients were excluded.

+ Hemodialysis patients (n=5)

+ Cardiopulmonary arrest at the time of visiting the emergency room (n=12)
- Use of venous-arterial extracorporeal membrane oxygenation (n=12)

+ Prior history of ischemic heart disease (n=42)

+ The culprit lesion was in the left main trunk. (n=7)

+ Having collateral artery (n=6)

279 patients were included as this study population.

Figure. Study flowchart. STEMI, ST-elevation myocardial infarction; TIMI, Thrombolysis in Myocardial Infarction.

leading to slow-flow/no-reflow separate from the effect of
low initial TIMI grade and a high thrombus burden.
Therefore, we investigated the predictors of slow-flow/no-
reflow exclusively in STEMI patients with initial TIMI
Grade 0. The aim of this study was to evaluate the predic-
tors of slow-flow/no-reflow and impaired STR in STEMI
patients with initial TIMI Grade 0.

Methods

Study Design

This study was a retrospective single-center case-control
study. In all, 461 patients who underwent percutaneous
coronary intervention (PCI) for STEMI of initial TIMI
Grade 0 at Fujieda Municipal General Hospital between
April 2009 and March 2020 were recruited to the study.
Eligible patients had ST segment elevation >0.1 mV in at
least 2 limb leads and/or >0.2mV in 2 contiguous precor-
dial leads. The inclusion criteria were as follows: (1)
patients had to have been treated within 12h from the
onset of symptoms; (2) a stent had to have been implanted;
and (3) the culprit lesion must have been a single new
lesion. Patients undergoing hemodialysis, those experienc-
ing cardiopulmonary arrest when presenting to the emer-
gency room, those receiving venous-arterial extracorporeal
membrane oxygenation, and those with a prior history of
ischemic heart disease, a culprit lesion in the left main
trunk, or with a collateral artery were excluded from the
study. Finally, 279 patients who met the inclusion criteria
were included in the study.

Angiographic Analysis

All patients underwent baseline coronary angiography
using standard techniques (Allura Xper FD10/10 [Philips,
Amsterdam, Netherlands] between April 2009 and October

2019; Azurion7B12 [Philips] between November 2019 and
March 2020). TIMI grade was assessed according to a
previous study.? Slow-flow/no-reflow was defined as TIMI
Grade <3 on the angiogram after stent implantation despite
residual stenosis <50% and the absence of significant dis-
section or visible thrombus. Slow-flow/no-reflow also
included transient flow worsening after stent implantation.
Normal flow was defined as TIMI Grade 3. Patients were
into 2 groups, a slow-flow/no-reflow group and a normal-
flow group, and the predictors of slow-flow/no-reflow were
evaluated.

This study was performed in accordance with the 1975
Declaration of Helsinki. The study protocol was approved
by the Ethics Committee of Fujieda Municipal General
Hospital (No. R02-08).

Electrocardiogram Analysis

Electrocardiograms (ECGs) were measured on admission
and immediately after pPCI in the intensive care unit; STR
was calculated by comparing the 2 electrocardiograms.
Single-lead STR was measured by comparing 1 ECG lead
with the most prominent ST segment deviation.® With
anterior acute myocardial infarction (AMI), ST elevation
in any of leads I, aVL, or V1-6 was taken into account;
with non-anterior AMI, ST elevation was assessed in either
leads II, I, and aVF, or in leads V5 and V6.2 STR was
measured only in patients in the normal-flow group.
Patients were divided into 2 groups, the high-STR group
(STR 250%) and the low-STR group (STR <50%), and
evaluated the predictors of low STR.

Laboratory Analysis

Blood samples were obtained from the peripheral artery or
vein on admission before the administration of any medi-
cation. The estimated glomerular filtration rate (¢GFR)
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was calculated using serum creatinine (Cr) concentrations,
age, weight, and sex using the following formulas:1?

eGFR =194 x Cr~ 1% x age™0-2%7 (in males)
eGFR =194 x Cr194xage 0287x(.739 (in females)

Intervention Procedure

All patients received oral aspirin (162mg) and clopidogrel
(300mg) or prasugrel (20mg) in the emergency room.
Intravenous unfractionated heparin (2,000 U) was injected
before baseline coronary angiography. After total occlusion
of the main branch (left anterior descending coronary
artery, left circumflex coronary artery, or right coronary
artery) was found, heparin (6,000-10,000 U, depending on
the patient’s weight) was injected. The PCI procedures
were performed according to the standard femoral or

radial approach with a 6-Fr guiding catheter. Decisions
regarding the use of balloon for pre- or post-dilatation, a
thrombus aspiration device, and the type of stent (bare
metal or drug eluting) were made by each operator.

Statistical Analysis

Continuous variables are expressed as the median with
interquartile range and categorical variables are expressed
as frequencies and percentages. The significance of differ-
ences was evaluated using Mann-Whitney non-parametric
U tests for continuous variables and the X test for categor-
ical variables. Univariate and multivariate logistic regres-
sion analyses were used to investigate predictors of
slow-flow/no-reflow and low STR. Odds ratios (ORs) and
95% confidence intervals (CIs) were calculated. Two-sided
P<0.05 was considered significant. All analyses were per-

Table 1. Clinical Characteristics of Patients in the Normal-Flow and Slow-Flow/No-Reflow Groups
NO(:EZLI;I;"W Slow flglv:/:;11c; reflow P value

Age (years) 67 [58-74] 72 [62—-80] 0.008
Male sex 197 (79) 24 (77) 0.79
SBP (mmHg) 134 [114-154] 118 [101-145] 0.03
DBP (mmHg) 83 [70-95] 72 [61-91] 0.06
SBP <90mmHg 17 (6.9) 6 (19) 0.02
NYHA classification 0.01

I 207 (84) 24 (77)

I 12 (4.8) 6 (19)

1] 4(1.6) 0(0)

v 25 (10.1) 1(3.2)
NYHA classification =II 41 (17) 7 (23) 0.4
BMI (kg/m2) 23.5[21.4-25.5] 22.7 [20.8-25.0] 0.43
Hypertension 191 (77) 22 (71) 0.46
Diabetes 77 (31) 11 (36) 0.62
History of cerebrovascular disease 12 (4.8) 7 (23) <0.001
Primary Vf 6 (2.4) 0(0) 0.38
Smoking status 0.48

Current smoker 108 (44) 10 (32)

Ex smoker 62 (25) 9 (29)

Never smoked 78 (32) 12 (39)
WBC (x1,000/ug) 9.5[8.1-11.6] 8.9[8.4-11.0] 0.67
Neutrophils (x1,000/ug) 6.1 [4.0-8.6] 6.9 [5.2-7.4] 0.46
Lymphocytes (x1,000/ug) 2.4[1.5-3.8] 1.7 [1.3-2.9] 0.08
NLR 2.5[1.2-5.3] 4.1[1.6-6.2] 0.17
Hb (g/dL) 14.4 [13.3-15.6] 14.1 [12.0-15.0] 0.056
RDW-SD (fL) 43.2 [41.2-45.1] 44 [42.3-46.5] 0.07
RDW-CV (%) 13.1[12.7-13.6] 13.3[12.9-13.9] 0.15
Platelets (x1,000/ug) 214 [183-252] 225 [178-269] 0.56
PDW (fL) 11.3[10.4-12.5] 11.3[10.4-12.3] 0.54
MPV (fL) 10.1[9.6-10.7] 10[9.5-10.5] 0.42
TG (mg/dL) 81 [50-130] 67 [50-96] 0.19
HDL-C (mg/dL) 47 [41-57] 45 [39-54] 0.34
LDL-C (mg/dL) 123 [98-143] 117 [91-144] 0.32
HbA1c (%) 5.8 [5.5-6.3] 5.8 [5.6-6.5] 0.84
Glucose (mg/dL) 159 [138-199] 169 [145-221] 0.42
BNP (pg/mL) 37 [14-100] 74 [25-149] 0.054
Maximum CPK (IU/L) 2,967 [1,844-4,801] 3,957 [2,305-5,956] 0.08

(Table 1 continued the next page.)
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No(:.ln;gi‘g)ow Slow fl(o}‘v:/;lc; reflow P value
eGFR (mL/min/1.73m?2) 68.3 [565.9-84.0] 51.2 [39.3-66.8] <0.001
Medication on admission

Prasugrel (20 mg loading) 92 (37) 12 (39) 0.86
Clopidogrel (300 mg loading) 152 (61) 18 (58) 0.73
ACEI 4(1.6) 0(0) 0.48
ARB 40 (16) 10 (32) 0.03
B-blockers 11 (4.4) 2 (6.5) 0.62
Calcium channel blockers 65 (26) 9 (29) 0.74
Statin 29 (12) 5(16) 0.48
Insulin 6 (2.4) 3(9.7) 0.03
Culprit lesion 0.65
LAD 125 (50) 17 (55)
RCA 104 (42) 13 (42)
LCX 19 (7.7) 1(3.2)
Syntax score 14.5 [9-21.5] 15.5 [10-20] 0.9
Type of stent deployed
BMS 118 (48) 11 (36) 0.19
DES 130 (52) 20 (65) 0.2
Stent length (mm) 20.5 [18-28] 23 [18-28] 0.45
Stent diameter (mm) 3[2.75-3.5] 3[3-3.5] 0.78
Procedural characteristics
Use of IVUS 132 (53) 18 (58) 0.61
Predilatation 184 (74) 27 (87) 0.11
Post-dilatation 51 (21) 5(16) 0.56
Temporary pacemaker support 34 (14) 5(16) 0.71
Use of IABP 43 (17) 18 (58) <0.001
Use of thrombectomy 48 (19) 5(16) 0.67
Time from onset to recanalization (min) 175 [135-269] 247 [145-322] 0.25
Time from onset to recanalization =4 h 77 (31) 16 (52) 0.02

Unless indicated otherwise, data are presented as the median [interquartile range] or n (%). ACEI, angiotensin-
converting enzyme inhibitors; ARB, angiotensin receptor blockers; BMI, body mass index; BMS, bare-metal stent;
BNP, B-type natriuretic peptide; CPK, creatine phosphokinase; DBP, diastolic blood pressure; DES, drug-eluting
stent; eGFR, estimated glomerular filtration rate; Hb, hemoglobin; HDL-C, high-density lipoprotein cholesterol; IABP,
intra-aortic balloon pump; IVUS, intravascular ultrasound; LAD, left anterior descending artery; LCX, left circumflex
artery; LDL-C, low-density lipoprotein cholesterol; MPV, mean platelet volume; NLR, neutrophil/lymphocyte ratio;
NYHA, New York Heart Association; PDW, platelet distribution width; RCA, right coronary artery; RDW-CV, red cell
distribution width-coefficient of variation; RDW-SD, red cell distribution width-standard deviation; SBP, systolic blood
pressure; TG, triglyceride; Vi, ventricular fibrillation; WBC, white blood cell.

Table 2. Univariate and Multivariate Logistic Regression Analysis Predicting Slow Flow/No Reflow
Univariate analysis Multivariate analysis
OR (95% ClI) P value OR (95% Cl) P value

Age 1.05 (1.01-1.09) 0.008 1.02 (0.98-1.07) 0.34
Male sex 0.89 (0.36—2.18) 0.79 1.49 (0.51-4.31) 0.46
SBP <90mmHg 3.26 (1.18-9.03) 0.02 3.45 (1.02-11.6) 0.046
eGFR 0.96 (0.94-0.98) <0.001 0.97 (0.94-0.99) 0.007
Insulin (on admission) 6.54 (1.39-30.7) 0.02 2.95 (0.5-17.5) 0.24
History of cerebrovascular disease 5.74 (2.06-15.9) <0.001 4.65 (1.51-14.3) 0.007
Time from onset to recanalization =4 h 2.37 (1.11-5.04) 0.03 2.76 (1.15-6.6.63) 0.023

Cl, confidence interval; eGFR, estimated glomerular filtration rate; OR, odds ratio; SBP, systolic blood pressure.

who were admitted to Fujieda Municipal General Hospital
between April 2009 and March 2020, 279 were included in
the present study (Figure). Slow-flow/no-reflow was observed
in 31 patients (11%). Patient characteristics in slow-flow/
no-reflow and normal-flow groups are presented in
Table 1. Compared with patients in the normal-flow group,

formed using Bellcurve for Excel (Social Survey Research
Information, Tokyo, Japan).

Results
Of the 461 patients with STEMI of initial TIMI Grade 0

Circulation Journal Vol.85, October 2021



1774

KAI T et al.

those in the slow-flow/no-reflow group were older, had a
lower systolic blood pressure (SBP) at admission, and had
a higher percentage of previous cerebrovascular disease
and insulin use (Table 1). The time from onset to recanali-
zation was comparable between the 2 groups, but the per-
centage of patients in whom the time from onset to
reperfusion was >4 h was higher in the slow-flow/no-reflow
than normal-flow group (Table 1). eGFR was significantly
lower in the slow-flow/no-reflow than normal-flow group
(Table 1).

The results of univariate and multivariate logistic regres-
sion analyses evaluating the predictors of slow-flow/no-
reflow are presented in Table 2. Multivariate logistic
regression analysis revealed that eGFR, previous cerebro-
vascular disease, the time from onset to recanalization
>4h, and SBP <90 mmHg were independent predictors of
slow-flow/no-reflow (Table 2).

Of the 248 patients in the normal-flow group, low STR
(i.e., STR <50%) was observed in 102 (41%). Table 3 shows
patient characteristics in the high- and low-STR groups.
Compared with the high-STR group, patients in the low-

STR group were older, had lower hemoglobin and eGFR
values, and had higher B-type natriuretic peptide (BNP)
concentrations (Table 3). Regarding the location of culprit
lesions, the left descending artery was significantly the
most frequently affected among the 3 vessels (Table 3).

Table 4 provides results of univariate and multivariate
logistic regression analyses used to identify the predictors
of low STR. Multivariate logistic regression analysis revealed
that eGFR and involvement of the left anterior descending
artery were independent predictors of low STR (Table 4).
eGFR was the only predictor common to both slow-flow/
no-reflow and impaired STR.

Discussion

The present study demonstrated that eGFR was the sole
predictor of both slow-flow/no-reflow and low STR after
pPCI for STEMI of initial TIMI Grade 0 on admission.
Both the lack of reflow and the impairment of STR are
well-established parameters for evaluating coronary micro-
vascular dysfunction and obstruction. TIMI Grades 0-3

Table 3. Clinical Characteristics of Patients in the High- and Low-ST Segment Resolution (STR) Groups
>509 o,
(neide) Snei02) P value

Age (years) 64 [56-73] 70 [61-78] <0.001
Male sex 122 (84) 75 (74) 0.054
SBP (mmHg) 137 [113-154] 133 [115-154] 0.94
DBP (mmHg) 82 [69-94] 86 [70-98] 0.36
SBP <90 mmHg 13 (8.9) 4 (3.9) 0.13
NYHA classification 0.06

I 127 (87) 80 (78)

Il 7 (4.8) 5(4.9)

1] 0(0) 4 (3.9)

v 12 (8.2) 13 (13)
NYHA classification =l 19 (13) 22 (22) 0.07
BMI (kg/m?) 23.4 [21.5-25.9] 23.6 [21.3-24.9] 0.42
Hypertension 108 (74) 83 (81) 0.17
Diabetes 44 (30) 33(32) 0.71
History of cerebrovascular disease 6 (4.1) 6 (5.9) 0.52
Primary Vf 2(1.4) 4(3.9) 0.2
Smoking status 0.01

Current smoker 75 (51) 33 (32)

Ex smoker 33 (23) 29 (28)

Never smoked 38 (26) 40 (39)
WBC (x1,000/ug) 9.6 [8.2-12.1] 9.1 [7.9-11.4] 0.25
Neutrophils (x1,000/ug) 6.3 [4.1-8.8] 6.1[3.9-7.9] 0.15
Lymphocytes (x1,000/ug) 2.4[1.5-3.8] 2.6[1.7-3.8] 0.51
NLR 2.8[1.2-5.7] 2.3[1.3-4.3] 0.28
Hb (g/dL) 14.7 [13.5-15.8] 14.0 [12.8-15.4] 0.03
RDW-SD (fL) 42.9 [41.3-44.6] 43.7 [41.2-45.4] 0.23
RDW-CV (%) 13.1[12.6-13.7] 13.1[12.8-13.4] 0.86
Platelets (x1,000/ug) 222 [190-258] 204 [177-249] 0.051
PDW (fL) 11.3[10.3-12.5] 11.4[10.5-12.4] 0.56
MPV (fL) 10.1[9.6-10.7] 10.1[9.7-10.7] 0.57
TG (mg/dL) 82 [51-133] 79 [49-123] 0.48
HDL-C (mg/dL) 47 [42-58] 47 [40-56] 0.69
LDL-C (mg/dL) 124 [99-142] 123 [97-143] 0.76

(Table 3 continued the next page.)
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STR =50%
(n=146)
HbA1c (%) 5.7 [5.4-6.3]
Glucose (mg/dL) 156 [137—-189]
BNP (pg/mL) 28 [12-93]
eGFR (mL/min/1.73m?) 77.3[63.9-89.1]
Medication on admission
Prasugrel (20 mg loading) 54 (37)
Clopidogrel (300 mg loading) 90 (62)
ACEI 3(2.1)
ARB 18 (12)
B-blockers 2(1.4)
Calcium channel blockers 32 (22)
Statin 19 (13)
Insulin 2(1.4)
Culprit lesion
LAD 59 (40)
RCA 72 (49)
LCX 15 (10)
Syntax score 10 [9-20]
Type of stent deployed
BMS 73 (50)
DES 73 (50)
Stent length (mm) 20 [18-24]
Stent diameter (mm) 3[2.75-3.5]
Procedural characteristics
Use of IVUS 71 (49)
Predilatation using additional balloon 108 (74)
Post-dilatation using additional balloon 32 (22)
Temporary pacemaker support 21 (14)
Use of IABP 24 (16)
Use of thrombectomy 32 (22)
Time between 2 ECGs (min) 125 [105-142]
Time from onset to recanalization (min) 191 [145-299]
Time from recanalization to second ECG (min) 49 [38-65]

STR <50%
(n=102)

5.9 [5.6-6.5]
162 [138-227]
57 [22-145]
58.9 [49.6-70.5]

[
@
S

(0]
[e))

[~ N

MO ®ON-2 RN ®
® N
o N =
)

—_

~ o~~~ o~~~
= W
N ¢
- —

N
~ O

66 (65)

32 (31)

4(3.9)
16.5 [10-18.5]

45 (44)

57 (56)

22 [18-28]
3[2.75-3.5]

16 (16)
129 [108-152]
156 [131-247]

53 [41-72]

P value

0.07
0.28
<0.001
<0.001

0.97
0.89
0.51
0.052
0.005
0.07
0.44
0.72
<0.001

0.06

0.31
0.36
0.14
0.5

0.08
0.92
0.53
0.71
0.65
0.22
0.06
0.046
0.09

Unless indicated otherwise, data are presented as the median [interquartile range] or n (%). ECG, electrocardiogram.
Other abbreviations as in Table 1.

Table 4. Univariate and Multivariate Logistic Regression Analysis Predicting Low ST Segment Resolution
Univariate analysis Multivariate analysis

OR (95% CI) P value OR (95% CI) P value
Age 1.04 (1.02-1.07) <0.001 1.00 (0.97-1.03) 0.84
Male sex 0.55 (0.29-1.02) 0.06 0.71 (0.34-1.49) 0.36
Hemoglobin 0.94 (0.87-1.02) 0.15
eGFR 0.95 (0.94-0.97) <0.001 0.94 (0.93-0.96) <0.001
BNP pg/mL >18.4 2.33 (1.32-4.12) 0.004 1.93 (0.97-3.83) 0.06
LAD 2.7 (1.6-4.56) <0.001 4.48 (2.36-8.51) <0.001

Abbreviations as in Tables 1,2.

refer to levels of coronary blood flow assessed during per-
cutaneous coronary angioplasty. TIMI Grade 0 refers to
the absence of any antegrade flow beyond a coronary
occlusion; therefore, the decision to use TIMI Grade 0 is
the easiest and most appropriate among TIMI Grades 0,
1, 2, and 3. Therefore, only patients with TIMI Grade 0
were included in the present study.

STR is a non-invasive, widely available, inexpensive,
and powerful prognostic tool for AMI.® When STR is used
to assess microvascular dysfunction and obstruction, there
are 3 issues to be considered: (1) the method used to deter-
mine STR; (2) the degree of STR; and (3) the timing of
ECG measurement. Generally, there are 2 different ways
to determine STR. One is the sum of ST segment elevation

Circulation Journal Vol.85, October 2021
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(sum STR), which is measured by comparing all leads
related to infarct location after reperfusion therapy to the
ECQG at baseline; the other methods involves comparing 1
ECG lead with the most prominent ST segment deviation
at baseline.® In most studies, sum STR after reperfusion
therapy has been used to predict infarct size, left ventricu-
lar function, epicardial vessel patency, and mortality.6-1112
However, measuring ST segment elevations from all leads
related to infarct location is time consuming. Furthermore,
the assessment of a single-lead STR showing maximum ST
elevation at baseline seems to be as accurate as sum STR
measurements.!3 Therefore, single-lead STR was used in
the present study. Regarding the degree of STR, 2 different
methods have been proposed to measure STR; STR <50%
or 70% is considered an established marker of impaired
STR because its predictive value was demonstrated at the
start of the pharmacological reperfusion era and has been
confirmed in the contemporary mechanical reperfusion
era.” Because we wanted to assess STR more simply, the
binary method for STR (i.e., STR <50% vs. 250%) was
used. Regarding the timing of ECG recording, ECGs in
most studies were performed at 60 or 90min or 3h after
thrombotic and pPCL.1416 In the present study, an ECG
was performed as soon as the patient was admitted to the
intensive care unit after pPCI, and there was no differences
between the 2 groups (i.e., STR <50% vs. 250%) in the time
between coronary recanalization and the second ECG
measurement (Table 3). STR was assessed only in the
normal-flow group because STR in the slow-flow/no-
reflow group was thought to be obviously low. In order to
specifically clarify the predictors of slow-flow/no-reflow
and low STR (i.e., the predictors of coronary microvas-
cular dysfunction and obstruction), 2 different methods
were used.

In the present study, renal dysfunction was demonstrated
to be a predictor of coronary microvascular dysfunction
and obstruction in patients with STEMI treated with
pPCI. The pathophysiology of slow-flow/no-reflow has not
been fully elucidated yet, but several studies have summa-
rized the complex mechanisms responsible for coronary
microvascular dysfunction and obstruction in AMI.17-19
Chronic kidney disease (CKD) is a major risk factor for
worse cardiovascular outcomes.?® Kurtul et al studied the
predictors of no reflow in 3 groups according to eGFR.2!
In that study, eGFR was also an independent factor for no
reflow.2! Conversely, the relationship between CKD and
STR remains unclear. From a pathological point of view,
CKD may be related to coronary microvascular dysfunc-
tion and obstruction in 3 respects: pre-existing coronary
microvascular dysfunction, differential leukocyte count,
and platelet activity.

There are 2 invasive techniques for the evaluation of
coronary microvascular function, namely Doppler flow
wire-derived coronary flow reserve (CFR) and pressure
wire-derived index of microcirculatory resistance (IMR).
Coronary blood flow normally increases automatically
from the resting to peak level in response to an increase in
myocardial oxygen demand.?? Such a change in coronary
blood flow is regarded as CFR. Several studies have dem-
onstrated that CFR is significantly associated with renal
dysfunction; that is, reduced renal function is associated
with attenuated coronary vasodilator capacity in patients
without obstructive coronary artery disease.?325

Leukocytosis (and increased differential counts) is a
hallmark of the inflammatory process and is closely associ-

ated with cardiovascular risk.2¢ The neutrophil/lymphocyte
ratio (NLR), which is derived from the leukocyte count,
has been investigated with regard to cardiovascular risk and
was found to be an important marker of inflammation.27-2
A previous study reported that the NLR was associated
with an increased mortality rate and poor prognosis in
acute coronary syndrome, especially when ST segment
elevation is present.® Furthermore, Machado et al demon-
strated that a high NLR on admission was an independent
predictor of no reflow after pPCI in patients with STEMI.3!
Surprisingly, Sevencan et al demonstrated that the NLR
was higher in patients with Stage 3 CKD than in those with
Stage 1 or 2 CKD.*2 In the present study, there was no dif-
ference in the NLR between the slow-flow/no-reflow and
normal flow groups.

Platelets play an important role in the pathophysiology
of coronary artery disease.® Currently, it is assumed that
platelet size is a sensitive indicator of their reactivity.3*
Mean platelet volume (MPV) is a marker of platelet activa-
tion, and an elevated preprocedural MPV is associated
with increased mortality in STEMI patients who have
undergone pPCI.3 Machado et al also demonstrated that
high MPV on admission was an independent predictor of
no reflow after pPCI in patients with STEMI.3! Moreover,
Verdoia et al demonstrated that CKD patients had a sig-
nificantly larger platelet volume, and observed a weak
positive inverse association between MPV and the decay of
renal function (as eGFR).3 Renal impairment may cause
platelet activation and increase coagulability, leading to
the slow-flow/no-reflow phenomenon. In the present study
there were no differences in MPV and NLR between the
slow-flow/no-reflow and normal-flow groups.

Finally, CKD has been considered to be related to slow-
flow/no-reflow from the viewpoint of diagnostic imaging,
such as intravascular ultrasound (IVUS) and optical coher-
ence tomography (OCT). Soeda et al showed that the mor-
phological predictors for no reflow after pPCI in patients
with STEMI are caused by plaque rupture.?” In addition,
they showed that a larger lipid index (calculated as the
average of lipid arc multiplied by lipid length) derived from
OCT and the plaque burden derived from IVUS were
critical morphological discriminators between no reflow
and normal flow.3” Importantly, it was demonstrated that
non-culprit plaques had a larger lipid index in patients with
than without CKD.38 Moreover, it was demonstrated that
non-culprit lesions had a greater plaque burden in patients
with than without CKD.*

Study Limitations

This study has several limitations. First, because the mea-
surement of eGFR was based on the serum Cr value on
admission, this assessment may be affected by hemody-
namic instability in some patients. Second, angiographic
assessments, such as the myocardial blush and TIMI frame
count, were not used. Although the conventional TIMI
glade classification has played a major role in comparing
angiographic and clinical outcomes following STEMI, the
quality and magnitude of such assessments are limited.
Third, the time between reperfusion and the second ECG
measurement was different in all patients, although the
time did not differ significantly between the low- and high-
STR groups. Fourth, proteinuria was not determined in all
patients in this study even though the classification of the
severity of renal failure is based on eGFR and proteinuria
determination.
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Conclusions

This study showed that CKD is a predictor of slow-flow/
no-reflow and impaired STR after PCI in STEMI. Renal
dysfunction may be one of the risk factors for coronary
microvascular dysfunction and obstruction.

Acknowledgment

The authors thank Editage (www.editage.jp) for the English-language
editing of this manuscript.

Sources of Funding

This study did not receive any specific funding.

Disclosures

The authors have no conflicts of interest directly relevant to the con-
tent of this article.

IRB Information

This study was approved by the Ethics Committee of Fujieda Municipal
General Hospital (No. R02-08).

Data Availahility

The deidentified participant data will not be shared.

10.

11.

12.

13.

References

. GUSTO Angiographic Investigators. The effects of tissue plas-

minogen activator, streptokinase, or both on coronary artery
patency, ventricular function, and survival after acute myocar-
dial infarction. N Engl J Med 1993; 329: 1615-1622.

Rezkalla SH, Kloner RA. Coronary no reflow phenomenon:
From the experimental laboratory to the cardiac catheterization
laboratory. Catheter Cardiovasc Interv 2008; 72: 950—957.
Ronen J, Thierry C, Geoffrey P, Alexander D, Bradley HS.
Microvascular obstruction and the no-reflow phenomenon after
percutaneous coronary intervention. Circulation 2008; 117:
3152-3156.

Dong-bao L, Qi H, Zhi L, Shan W, Weiying J. Predictors and
long-term prognosis of angiographic slow/no-reflow phenome-
non during emergency percutaneous coronary intervention for
ST-elevation acute myocardial infarction. Clin Cardiol 2010; 33:
E7-El12.

Kousei O, Shuntaro I, Hisaki K, Kenichi Y, Naoki I, Kiyotaka
0, et al. Impact of culprit plaque volume and composition on
myocardial microcirculation following primary angioplasty in
patients with ST-segment elevation myocardial infarction: Vitrual
histology intravascular ultrasound analysis. Int J Cardiol 2013;
167: 1000-1005.

Schroder R, Dissmann R, Briiggemann T, Wegscheider K, Linderer
T, Tebbe U, et al. Extent of early ST segment elevation resolution:
A simple but strong predictor of outcome in patients with acute
myocardial infarction. J Am Coll Cardiol 1994; 24: 384—-391.
Fajar JK, Heriansyah T, Rohman MS. The predictors of no
reflow phenomenon after percutaneous coronary intervention in
patients with ST elevation myocardial infarction: A meta-analysis.
Indian Heart J 2018; 70(Suppl 3): S406-S418.

TIMI Study Group. The Thrombolysis in Myocardial Infarction
(TIMI) trial: Phase I findings. N Engl J Med 1985; 312: 932-936.
Schroder R. Prognostic impact of early ST-segment resolution in
acute ST-elevation myocardial infarction. Circulation 2004; 110:
e506—¢e510.

Matsuo S, Imai E, Horio M, Yasuda Y, Tomita K, Nitta K, et
al. Revised equations for estimated GFR from serum creatinine
in Japan. Am J Kidney Dis 2009; 53: 982—992.

Zeymer U, Schroder R, Machnig T, Neuhaus KL. Primary per-
cutaneous transluminal coronary angioplasty accelerates early
myocardial reperfusion compared to thrombolytic therapy in
patients with acute myocardial infarction. Am Heart J 2003; 146:
686—691.

Wegscheider K, Neuhaus KL, Dissmann R, Tebbe U, Zeymer R,
Schroder R. Prognostic significance of ST segment change in acute
myocardial infarct. Herz 1999; 24: 378—-388.

Schroder K, Zeymer U, Wegschneider W, Schroder R. Prediction

14.

15.

16.

17.

18.
19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

of outcome in ST elevation myocardial infarction by the extent
of ST segment deviation recovery: Which method is best? Z
Kardiol 2004; 93: 595-604.

De Luca G, van’t Hof AW, de Boer MJ, Ottervanger JP, Hoorntje
JC, Gosselink AT, et al. Time-to-treatment significantly affects the
extent of ST-segment resolution and myocardial blush in patients
with acute myocardial infarction treated by primary angioplasty.
Eur Heart J 2004; 25: 1009-1013.

Lenborg J, Holmvang L, Kelbek H, Vejlstrup N, Jorgensen E,
Helqvist S, et al. ST-segment resolution and clinical outcome with
ischemic postconditioning and comparison to magnetic resonance.
Am Heart J 2010; 160: 1085—-1091.

Brener SJ, Dizon JM, Mehran R, Guerchicoff A, Lansky AJ,
Farkouh M, et al. Complementary prognostic utility of myocardial
blush grade and ST-segment resolution after primary percutaneous
coronary intervention: Analysis from the HORIZONS-AMI trial.
Am Heart J 2013; 166: 676—683.

Giampaolo N, Giancarla S, Amir L, Filippo C. Coronary micro-
vascular obstruction in acute myocardial infarction. Eur Heart J
2016; 37: 1024-1033.

Giampaolo N, Francesco B, Leonarda G, Filippo C. Myocardial
no-reflow in humans. J Am Coll Cardiol 2009; 54: 281-292.
Wong DT, Puri R, Richardson JD, Worthley MI, Worthley SG.
Myocardial ‘no-reflow’: Diagnosis, pathophysiology and treat-
ment. Int J Cardiol 2013; 167: 1798 —-1806.

Best PJ, Lennon R, Ting HH, Bell MR, Rihal CS, Holmes DR,
et al. The impact of renal insufficiency on clinical outcomes in
patients undergoing percutaneous coronary interventions. JACC
2002; 39: 1113—1119.

Kurtul A, Murat SN, Yarlioglues M, Duran M, Celik IE, Kilic
A. Mild to moderate renal impairment is associated with no-
reflow phenomenon after primary percutaneous coronary inter-
vention in acute myocardial infarction. Angiology 2015; 66:
644—651.

Kern MJ, Lerman A, Bech JW, De Bruyne B, Eeckhout E,
Fearon WF, et al. Physiological assessment of coronary artery
disease in the cardiac catheterization laboratory: A scientific
statement from the American Heart Association Committee on
Diagnostic and Interventional Cardiac Catheterization, Council
on Clinical Cardiology. Circulation 2006; 114: 1321-1341.
Chade AR, Brosh D, Higano ST, Lennon RJ, Lerman LO, Lerman
A. Mild renal insufficiency is associated with reduced coronary
flow in patients with non-obstructive coronary artery disease.
Kidney Int 2006; 69: 266—271.

Mohandas R, Segal MS, Huo T, Handberg EM, Petersen JW,
Johnson BD, et al. Renal function and coronary microvascular
dysfunction in women with symptoms/signs of ischemia. PLoS
One 2015; 10: e0125374.

Hideki F, Keiji K, Shinichi N. Characteristics of coronary artery
disease in chronic kidney disease. Clin Exp Nephrol 2019; 23:
725-732.

Guasti L, Dentali F, Castiglioni L, Maroni L, Marino F, Squizzato
A, et al. Neutrophils and clinical outcomes in patients with acute
coronary syndromes and/or cardiac revascularization: A system-
atic review on more than 34 000 subjects. Thromb Haemost 2011;
106: 591-599.

Tamhane UU, Aneja S, Montgomery D, Rogers EK, Eagle KA,
Gurm HS. Association between admission neutrophil to lympho-
cyte ratio and outcomes in patients with acute coronary syn-
drome. Am J Cardiol 2008; 102: 653 —-657.

Uthamalingam S, Patvardhan EA, Subramanian S, Ahmed W,
Martin W, Daley M, et al. Utility of the neutrophil to lympho-
cyte ratio in predicting long-term outcomes in acute decompen-
sated heart failure. Am J Cardiol 2011; 107: 433 -438.

Gibson PH, Cuthbertson BH, Croal BL, Rae D, El-Shafei H,
Gibson G, et al. Usefulness of neutrophil/lymphocyte ratio as
predictor of new-onset atrial fibrillation after coronary artery
bypass grafting. Am J Cardiol 2010; 105: 186—-191.

Park JJ, Jang HJ, Oh 1Y, Yoon CH, Suh JW, Cho YS, et al.
Prognostic value of neutrophil to lymphocyte ratio in patients
presenting with ST-elevation myocardial infarction undergoing
primary percutaneous coronary intervention. Am J Cardiol 2013;
111: 636-642.

Machado GP, Araujo GN, Carpes CK, Lech M, Mariani S,
Valle FH, et al. Comparison of neutrophil-to-lymphocyte ratio
and mean platelet volume in the prediction of adverse events
after primary percutaneous coronary intervention in patients
with ST-elevation myocardial infarction. Atherosclerosis 2018;
274:212-217.

Sevencan NO, Ozkan AE. Associations between neutrophil/lym-

Circulation Journal Vol.85, October 2021



1778

KAI T et al.

33.
34.

3s.

36.

phocyte ratio, platelet/lymphocyte ratio, albuminuria and uric
acid and the estimated glomerular filtration rate in hypertensive
patients with chronic kidney disease stages 1-3. Arch Med Sci
2019; 15: 1232-1239.

Falk E. Pathogenesis of atherosclerosis. J Am Coll Cardiol 2006;
47(Suppl): C7-C12.

Korniluk A, Koper-Lenkiewicz OM, Kaminska J, Kemona H,
Dymicka-Piekarska V. Mean platelet volume (MPV): New per-
spectives for an old marker in the course and prognosis of inflam-
matory conditions. Mediators Inflamn 2019; 2019: 9213074.
Huczek Z, Kochman J, Filipiak KJ, Horszczaruk GJ, Grabowski
M, Piatkowski R, et al. Mean platelet volume on admission
predicts impaired reperfusion and long-term mortality in acute
myocardial infarction treated with primary percutaneous coro-
nary intervention. J Am Coll Cardiol 2005; 46: 284—290.
Verdoia M, Barbieri L, Schaffer A, Bellomo G, Marino P, De

37.

38.

39.

Luca G. Impact of renal function on mean platelet volume and
its relationship with coronary artery disease: A single-centre
cohort study. Thromb Res 2016; 141: 139144,

Soeda T, Higuma T, Abe N, Yamada M, Yokoyama H, Shibutani
S, et al. Morphological predictors for no reflow phenomenon
after primary percutaneous coronary intervention in patients with
ST-segment elevation myocardial infarction caused by plaque
rupture. Eur Heart J Cardiovasc Imaging 2017; 18: 103—-110.
Kato K, Yonetsu T, Jia H, Abtahian F, Vergallo R, Hu S, et al.
Nonculprit coronary plaque characteristics of chronic kidney
disease. Circ Cardiovasc Imaging 2013; 6: 448—456.

Baber U, Stone GW, Weisz G, Moreno P, Dangas G, Machara
A, et al. Coronary plaque composition, morphology, and outcomes
in patients with and without chronic kidney disease presenting
with acute coronary syndromes. JACC Cardiovasc Imaging 2012;
5(Suppl): S53—-S61.

Circulation Journal Vol.85, October 2021



