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Background: The relationship between outcome of radiofrequency catheter ablation (RFCA) for atrial fibrillation
(AF) and the severity of left ventricular (LV) diastolic dysfunction in patients with hypertrophic cardiomyopathy (HCM)
remains unknown. :

Methods and Results: Twenty-two HCM patients (12 female, aged 65+11 years) with paroxysmal (n=5; 23%) or
persistent (n=17; 77%) AF were enrolled. LV diastolic function was evaluated according to the ratio of the mitral
inflow early filling velocity to the velocity of the early medial mitral annular ascent (E/e’) measured on pulsed wave
and tissue Doppler assessments in all patients. Pulmonary vein isolation was performed in all patients. A second
procedure was performed in 3 patients. During a follow-up of 21+12 months, sinus rhythm was maintained in 13 of
22 patients (59%). E/e’ was significantly higher in the patients with AF recurrence than in those without (18+7 vs.
1113; P<0.01). On Kaplan-Meier analysis the prevalence of AF recurrence was significantly higher in patients with
E/e’ 215 (n=6) than in those with E/e’ <15 (n=16; P<0.01). On multivariate Cox regression analysis the only signifi-
cant and independent predictor for AF recurrence was E/e’ (hazard ratio, 1.16; 95% confidence interval: 1.01-1.37,
P=0.03).

Conclusions: LV diastolic dysfunction evaluated using E/e’ was associated with difficulty of rhythm control after
RFCA in patients with HCM and AF.

Key Words: Atrial fibrillation; Diastolic dysfunction; Hypertrophic cardiomyopathy; Radiofrequency catheter ablation

mia in patients with hypertrophic cardiomyopathy

(HCM). AF is often poorly tolerated and is associated
with significant clinical deterioration in these patients.!-
Maintenance of sinus rhythm (SR) is desirable in patients with
HCM. Several studies have shown that radiofrequency cath-
eter ablation (RFCA) of severely symptomatic AF is both a
feasible and safe approach in patients with HCM.#7 The pres-
ence and severity of left ventricular (LV) diastolic dysfunction
increase the risk of AF recurrence after RFCA in patients
without structural heart disease.? In patients with HCM, severe
LV diastolic dysfunction is common due to the thickened and
non-compliant ventricular chambers. The relationship between
the outcome of RFCA for AF in patients with HCM and the
severity of LV diastolic dysfunction, however, has not been

!- trial fibrillation (AF) is the most common tachyarrhyth-

fully investigated. The purpose of this study was to evaluate
the impact of LV diastolic dysfunction, as measured on ultra-

sonography, on the outcome of RFCA for AF in patients with
HCM.

Editorial p??7?

Methods

Subjects

Twenty-four consecutive Japanese patients with HCM under-
going RFCA of paroxysmal or persistent AF at the National
Cerebral and Cardiovascular Center from 2009 to 2012 were
reviewed. The diagnosis of HCM was based on the presence
of myocardial hypertrophy in the absence of local or systemic
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Variable

Female

Echocardiography
Middle LV thickness (mm) 1324
LVDd (mm) 4516
LVDs (mm) 307
LVEF (%) 57+14
E 65+18
e ’ 5+2
E/e’ 146
MR (>moderate) 5(22.7)
LVOTO (>30 mmHg) 3(13.6)
LA diameter (mm) 48+6

RFCA
Pulmonary vein isolation 22 (100)
CTIA 10 (45.5)

Second procedure 3(139)

AF recurrence Without AF

(n=9) recurrence (n=13) P-value

6 (66.7)

12+4 1415 0.28
47+2 4412 0.30
32+2 28x2 0.26
5413 59+14 0.48
60x14 68+20 0.31
411 72 0.0009

187 11+3 0.002
2(22.2) 3(23.1) 0.96

© 3(33.3) 0 (0.0) 0.03
49+5 4616 0.20

9 (100) 13 (100) NS
2(22.2) 8 (61.5) 0.12
1ty 254

Data given as mean=SD or n (%). TMeasured on 3-D electrophysiologic mapping. AAD, anti-arrhythmic drug; AF,

atrial fibrillation; CTIA, cavo-tricuspid isthmus ablation; E, mitral inflow early filling velocity; e’, velocity of early medial
mitral annular ascent; HCM, hypertrophic cardiomyopathy; LA, left atrium; LV, left ventricle; LVDd, left ventricular
dimension at end-diastole; LVDs, left ventricular dimension at end-systole; LVEF, left ventricular ejection fraction;
LVOTO, left ventricular outflow tract obstruction; MR, mitral regurgitation; RFCA, radiofrequency catheter ablation.

etiology. Paroxysmal and persistent AF were defined accord-
ing to the 2012 HRS/EHRA/ECAS Expert Consensus State-
ment on Catheter and Surgical Ablation of Atrial Fibrillation.?
Two patients in whom LV diastolic dysfunction was not eval-
uated on ultrasonography were excluded. Consequently, 22
HCM patients were enrolled in this study. All patients pro-
vided informed consent. All patients were on oral anticoagu-
lant therapy maintaining a target international normalized ratio
of 2-3. Transesophageal echocardiography was performed to
exclude any left atrial thrombi prior to the procedure in all
patients.

Echocardiography

Comprehensive 2-D and Doppler echocardiography were per-
formed in each patient using commercially available instru-
ments before RFCA.1%11 SR was maintained at the time of
echocardiography in 15 of 22 patients. When echocardiogra-
phy was performed during AF, all echocardiographic param-
eters were measured with an average of 3 consecutive beats.
LV outflow tract (LVOT) gradient was measured with contin-
uous-wave Doppler in the apical 3-chamber view. LVOT ob-
struction (LVOTO) was defined as a gradient >30mmHg.12
LV diastolic function was evaluated as the ratio of the mitral
inflow early filling velocity to the velocity of the early medial
mitral annular ascent (E/e’), measured on pulsed wave and
tissue Doppler.®3

RFCA

The RFCA was performed under sedation with i.v. propofol.
All anti-arrhythmia medication, except for amiodarone, was
discontinued for at least 5 half-lives before the procedure in
all patients. Two standard catheters were positioned: a 6-F
catheter (St. Jude Medical, Minnetonka, MN, USA) at the His
bundle region via a femoral vein, and another 6-F catheter
(Japan Lifeline, Tokyo, Japan) in the coronary sinus via the
right cervical vein. The transseptal procedure was performed
using fluoroscopic landmarks, and 2 SLO sheaths (St. Jude
Medical) and an 8.0-F Preface sheath (Biosense Webster,
Irwindale, CA, USA) were advanced into the left atrium (LA).
After the transseptal procedure, a single bolus of 4,000U
heparin was given. A continuous infusion with heparinized
saline was performed to maintain an activated clotting time
of 300-350s. Two 7-F decapolar circular catheters (Lasso,
Biosense-Webster, Diamond Bar, CA, USA) and a 3.5-mm
open irrigated tip ablation catheter (Navistar Thermocool,
Biosense Webster) were inserted into the LA. We performed
3-D electroanatomical mapping (CARTO system, Biosense
Webster) of the LA. Mapping was complete when all regions
of the LA had been systematically sampled and when a suffi-
cient density of points had been acquired to determine the LA
chamber. After reconstruction of the LA, the volume of the
LA chamber was automatically analyzed with the CARTO
system. Each pulmonary vein (PV) ostium was identified on
PV venography and tagged on the 3-D electroanatomical map.
Two decapolar circular mapping catheters were placed inside
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35
30 P <0.01
25
20/ .
Ele' .
15 3 "
: ,
10 : - Figure 1. E/e’ vs. presence of atrial
“ fibrillation (AF) recurrence. Efe’ was
. significantly higher in ‘the patients
5 ‘ with AF recurrence than in those
1847 1113 without (P<0.01). E, mitral inflow early
filling velocity; €', velocity of early
Patients with AF recurrence Patients without AF recurrence medial mitral annular ascent.

the ipsilateral superior and inferior PV. The circumferential
ablation lines, using a 3.5-mm tip irrigated catheter targeting
a maximum temperature of 43°C, maximum power of 25-30W,
and infusion rate of 17ml/min, were created at a distance from
the PV ostia. The endpoint of the PV isolation was defined as
the establishment of bidirectional conduction block between
the LA and PV at least 30 min after successful PV isolation.
Cavo-tricuspid isthmus ablation was performed at the opera-
tor’s discretion.

Post-Procedure Care and Follow-up

After the first procedure, all patients received a follow-up
every 1-3 months in the outpatient clinic. Follow-up included
12-lead electrocardiogram, 24-h Holter monitoring and assess-
ment of the current condition. Anti-arthythmic agents were
resumed when there was evidence that AF recurred during the
early unstable period after the procedure. AF recurrence was
defined as sustained AF lasting >1min. AF recurrence within
a 2-month period after the procedure was considered transient,
and a 2-month period was applied as a blanking period. Fol-
lowing the blanking period, repeat RFCA was carried out in
the event of a recurrence of AF or atrial tachycardia. PV isola-
tion was assessed and further ablation delivered as necessary.

Statistical Analysis

Data were analyzed using JMP 9.0e (SAS Institute, Cary, NC, A

USA). Numeric data are expressed as the mean+SD. Chi-
squared test or Student’s t-test was used when appropriate to
test for statistical difference. P<0.05 was considered statisti-
cally significant. Receiver operating characteristic (ROC) curve
analysis was used to identify the value of E/e’ predictive of
AF recurrence. Event rate curves were plotted according to the
Kaplan-Meier method and were analyzed with the log-rank
test. Univariate Cox regression analysis was performed to
identify predictors of subsequent AF recurrence. The hazard
ratio (HR) and 95% confidence interval (95% CI) were de-
fined. To confirm their independent predictive value, variables
with P<0.05 were tested in a multivariate model.

Results

Patient Characteristics
Patient clinical characteristics are listed in Table 1. Persistent

AF was found in 17 patients (77.3%). Longstanding persistent
AF was not included in this study. The mean duration of AF
was 80+53 months. The mean of the LA diameter was
48+6mm and the mean LA volume measured on 3-D mapping
was 98+38 ml.

Procedure Outcome

All PV were successfully isolated in all patients. The mean
procedure time was 244460 min and the total duration of the
RF applications was 39112 min. Cavo-tricuspid isthmus abla-
tion was performed in 10 patients (45.5%). No patients re-
ceived linear lesions in the LA or a complex fractionated
atrial electrogram ablation. In 3 patients, a second procedure
was performed for recurrence of AF. Recovered PV conduc-
tion was found and successfully eliminated with RFCA.

Effect of Recurrence

From 21112 months after the last procedure, maintenance of
SR was observed in 13 of 22 patients (59%; Table 1). There"
were no significant differences between patients with and
without AF recurrence with respect to age, gender, type of AF,
family history of HCM, use of anti-arrhythmic drugs, or fol-
low-up period (Table 1). The duration of AF tended to be
longer in the patients with AF recurrence than in those without
(P=0.052). Thére were also no significant differences on echo-
cardiography between patients with and without AF recur-
rence except for E/e’, e’ and number of patients with LVOTO
(>30mmHg). Compared with the patients without AF recur-
rence, E/e’ and number of patients with LVOTO (>30 mmHg)
were significantly higher in those with an AF recurrence (18+7
vs. 11£3; P=0.002 and 3 vs. 0; P=0.03, respectively). E* was
significantly lower in those with AF recurrence (3.611.2 vs.
6.5+2.0; P=0.0009).

There was no significant difference in the number of cavo-
tricuspid isthmus ablations during the initial RFCA and the
second procedure between the patients with and without AF
recurrence. LA volume measured on 3-D electroanatomical
mapping tended to be larger in the patients with AF recurrence
than in those without (11541 vs. 86+33; P=0.08).

LV Diastolic Dysfunction and Outcome of RFCA
Comparison of E/e’ between the patients with and without AF
recurrence is shown in Figure 1. E/e’ was significantly higher
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P-value P-value

Duration of AF (months)

LA diameter (mm o
30mmHg)

CTIA

HR (95% CI)

tMeasured on 3-D electrophysiologic mapping. Abbreviations as in Table 1.

in the patients with AF recurrence than in those without. In all
13 patients without AF recurrence, E/e’ was <15. In contrast,
in 6 of 9 patents (67%) with AF recurrence, E/e’ was >15. On
ROC curve analysis, the optimal threshold of E/e’ for predict-
ing AF recurrence was 15 (sensitivity, 67%; specificity,
100%). The area under the ROC curve was 0.88. Figure 2
shows the results of Kaplan-Meier analysis of the maintenance
of SR following RFCA. Patients with E/e’ 215 had a signifi-
cantly higher risk of AF recurrence than those with E/e’ <15
(log-rank, P<0.001).

Predictors of Long-Term Quicome ,

The results of Cox regression analysis are shown in Table 2.
On univariate Cox regression analysis, E/e’, duration of AF
and LA volume measured on 3-D electroanatomical mapping
were significant predictors of AF recurrence. On multivariate
Cox regression analysis F/e’ was the only predictor of AF
recurrence following RFCA (HR, 1.16; 95% CI: 1.01-1.37,
P=0.03).

Discussion

Main Findings
The major findings of the present study are as follows: (1) E/e’

was significantly higher in patients with AF recurrence than in
those without; (2) patients with E/e’ 215 had a significantly
higher risk of AF recurrence than those with E/e’ <15; and (3)
E/e’ was the only predictor of AF recurrence following RFCA
in the patients with HCM. To the best of our knowledge, this
is the first report to describe the relationship between LV dia-
stolic dysfunction and outcome of RFCA for AF in patients
with HCM.

LV Diastolic Dysfunction and AF Recurrence

In the present study, we examined the correlation between LV
diastolic dysfunction, estimated as E/e’, and outcome for AF
in HCM patients. In patients with HCM, the mitral variables
of E/A ratio and deceleration time of early filling velocity
have weak to no correlations with LV filling pressures.'*15 But
E/e’ correlated reasonably well with LV pre-A pressure during
SR,15 which mean that E/e’ is a good parameter of LV dia-
stolic function even in patients with HCM. E/e’ was signifi-
cantly higher and e’ was significantly lower in patients with
AF recurrence. The lower e’ reflects impaired myocardial re-
laxation. Severely impaired myocardial relaxation should el-
evate LA pressure, manifested as higher Efe’ 1617 Elevated LA
pressure might result in continuous atrial remodeling after
RFCA, which might explain why a higher recurrence was noted.
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Patients with LV diastolic dysfunction and AF have a lower
LA voltage and higher recurrence rate of AF after RFCA 81819
In contrast, SR was maintained in 13 of 16 patients (82%) with
mild or moderate LV diastolic dysfunction (E/e’ <15). In those
patients, the LA pressure might not be so high and the LA
remodeling might not progress very much after RFCA for AF.
The present results are in accordance with the previous reports
showing that the presence and severity of LV diastolic dys-
function increased the risk of AF in patients with preserved
LV systolic function, 222

Several studies have demonstrated that RECA of severely
symptomatic AF is both a feasible and safe approach in pa-
tients with HCM.# Di Donna et al found that the most impor-
tant independent predictors of AF recurrence following RFCA
consisted of age, functional status and LA volume.* In that
study, however, the relationship between the outcome of
RFCA for AF and the severity of the LV diastolic dysfunction
was not examined. Bunch et al showed that AF control follow-
ing RFCA was less likely in patients with more advanced LV
diastolic dysfunction.” In the present study, LV diastolic dys-
function was graded as normal (grade 0), abnormal relaxation
(grade I), pseudonormalization (grade II), restrictive (grade
1), or irreversible advanced restrictive (grade IV). Although
the grade of diastolic dysfunction was inversely related to the
rate of AF control, this relationship did not reach statistical
significance. Also, echocardiographic variables utilized to as-
sess LV diastolic function were not associated with a reduced
likelihood of AF control. The severity of LV diastolic dys-
function was not assessed in some patients due to AF during
echocardiography, which might result in exclusion of the pa-
tients with severe LV diastolic dysfunction and weakening of
the inverse relationship between the severity of LV diastolic
dysfunction and the rate of AF control.

Clinical Implication

According to the ESC guidelines for the management of AF,
RFCA for symptomatic AF refractory to pharmacological
control in patients with HCM is a class Ila indication.? At the
same time, the ESC guidelines note that severe L'V diastolic
dysfunction is at high risk for recurrence. The appropriate
candidates for RFCA in patients with HCM and AF have not
been defined. We showed that outcome after RFCA was fa-
vorable in patients with mild or moderate LV diastolic dys-
function (Efe’ <15). This suggests that HCM patients with
mild or moderate L'V diastolic dysfunction (E/e’ <15) and AF
might be good candidates for RFCA.

Study Limitations

This study had several limitations. Fitst, this study was a ret-
rospective study. Second, we could have underestimated the
recurrence rate after RFCA for AF because asymptomatic AF
recurrence could have been missed. Third, echocardiography
was performed during AF in 7 of 22 patients. Although echo-
cardiography during AF can be inaccurate, E/e’ is useful in the
estimation of LV filling pressure even in patients with AF.2425
There were no changes in LV diastolic parameters on tissue
Doppler imaging following electrical cardioversion in patients
with persistent AF,?¢ which means that these parameters were
used equally in the patients with SR and AF. Fourth, this was
an analysis of a small number of patients and a small number
of events. Further examination is required with a larger num-
ber of patients to confirm the present results.

Conclusions

LV diastolic dysfunction evaluated on E/e’ was linked to the
possibility of rhythm control after RFCA in the patients with
HCM and AF. Patients with mild or moderate LV diastolic
dysfunction (Efe’ <15) might be good candidates for RFCA in
those with HCM and AF.
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Admission Hyperglycemia Is an Independent Predict()r of
Acute Kidney Injury in Patients With Acute
Myocardlal Infarction
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Background: Acute kidney injury (AKI) and acute hyperglycemia are associated with unfavorable outcomes. The im-
pact of acute hyperglycemia on the development of AKI after acute myocardial infarction (AMI), however, remains un-
clear. This study was undertaken to assess the relationship between admission glucose and incidence of AKI after AMI.

Methods and Results: This study consisted of 760 patients with AMI admiited to the National Cerebral and
Cardiovascular Center within 48 h after symptom onset. Blood sample was obtained on admission and repeated sam-
pling was done at least every 1 or 2 days during the first week. AKI was diagnosed as increase in serum creatinine
>0.3mg/d! or >50% within any 481. Ninety-six patients (13%) had AKI during hospitalization for AMI, and these pa-
tients had higher in-hospital mortality than those without AKI (25% vs. 3%, P<0.001). Patients with AKI had higher
plasma glucose (PG) on admission than those without (222+105mg/d! vs. 166269 mg/dl, P<0.001). The incidence
of AKI increased as admission PG rose: 7% with PG <120 mg/dl; 9% with PG 120-160mg/dl; 11% with PG 160-
200mg/dl; and 28% with PG >200mg/dl (P<0.01). On multivariate analysis admission PG was an independent predic-
tor of AKI (odds ratio, 1.10; 95% confidence interval: 1.03—1.18, P=0.02).

Conclusions: Admission hyperglycemia might have contributed to the development of AKI in patients with AMI.

Key Words: Acute hyperglycemia; Acute kidney injury; Acute myocardial infarction

curs in a variety of conditions and is often associated

with poor prognosis.'-3 Acute myocardial infarction
(AMI) is one of the critical conditions in which AKI is likely
to occur, because of its comorbid factors, hemodynamic insta-
bility or other renotoxic agents.*S Although it is often under-
recognized, AKI is associated with adverse outcomes, includ-
ing higher incidence of heart failure and mortality after AMI.®
Despite the recent recognition of the importance of AKI, the
incidence of AKI, factors contributing to AKI and its conse-
quence in patients with AMI are not fully understood.

S- cute kidney injury (AKT) is a complex disorder that oc-

Editorial p?7??

Recent studies have demonstrated the prognostic importance
of acute hyperglycemia in patients with AML™1® We have pre-

viously reported that high plasma glucose (PG) at the time of
admission is linearly associated with increased in-hospital mor-
tality in AMI patients. This finding is independent from a his-
tory of diabetes or hemoglobin Alc (HbA1c).1812 The postulated
mechanisms for the causal relationship between acute hyper-
glycemia and poor outcome after AMI include enhanced oxi-
dative stress, exacerbated inflammation, apoptosis, endothelial
dysfunction and activation of coagulation and platelet activi-
ty.13-16 Indeed, these are all factors that may exacerbate renal
dysfunction in critical ill conditions and may cause AKIL.!"

In this study, we assessed the association between acute hy-
perglycemia and the development of AKT in patients with AMIL
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AKI (-) AKIl (+) P-value
Demographics )

o (years)

BMI

Medical history

v 33 (34)

14(15)

52 (54)

77 (80)

ACEI andfor ARB : 154 (23) 28 (29) 0.19

Bblocker 73 (1) 11 (11) 0.89

Anti-hyperglycemic agent 91 (14) 26 (26) 0.0023

Data given as n (%) or mean+SD. ACEI, angiotensin-converting enzyme inhibitor; AKI, acute kidney injury; AMI, acute
myocardial infarction; ARB, angiotensin receptor blocker; BMI, body mass index; CABG, coronary artery bypass graft-
ing; CAG, coronary angiography; eGFR, estimated glomerular filtration rate; Ml, myocardial infarction; PCI, percutane-
ous coronary intervention; STEMI, ST elevation myocardial infarction.

30 - Methods

Patients

From January 2007 to June 2012, 760 consecutive patients who
were admitted to National Cerebral and Cardiovascular Center
in Japan within 48 h after symptom onset were included into the
retrospective observed registry of AMI at the National Cerebral
and Cardiovascular Center. AMI was diagnosed on chest pain
consistent with ongoing myocardial ischemia persisting >30min
and concomitant electrocardiographic changes. Serum creatine
kinase was measured every 3—4h for at least 24 h until it reached
a peak, and the peak creatine kinase value had to be more than
twice the normal upper limit.

In-hospital nortality (%)

AKI(—) AKI (-
‘ ( ) Laboratory Data
Figure 1. In-hospital mortality in patients with and without acute Blood samples, including PG, creatinine and other baseline labo-
kidney injury (AKI) after acute myocardial infarction. The in- ratory parameters were required to be obtained on admission.
hospital mortality rate was significantly higher.in patients with (Some parameters including HbA 1c may be obtained days after
AKI than in patients without (25% vs. 3%; P<0.001). admission.)

Blood sampling was repeated every 3—4h until creatine
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AKI and Admission Hyperglycemia in AMI

U

ate

OR (95% Cl)

AKI o 10.7 (5.67-20.6)

1.03 (1 01-1. 06)

P-value OR (95% CI) P-value

<0.001

3.5 (1 48—8 31)

1.00 (0.97—1 04)

4.05 (2.00-7.85)

’ Aspirin

3.24 (1.72-6.04)

© 0.004 2.43 (0.91-6.37)

Cl, confidence interval; OR, odds ratio. Other abbreviations as in Table 1.
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Figure 2. Incidence of acute kid- -
ney" injury -(AKI) in patients -with

5~ . -acute myocardlal~|nfarct n. The:in=
" cidence of AKI i i as admis-

_sion plasma ] i

0 - creased. There wel /
1 120-160 160-200 2 : patfents with PG - 20 mg/dl 9% of
<120 ’ >200 281 patients with PG 120-160mgy/d;
(n=189) (n=281) {(n=138) (n=152) 11% of 138 patients with PG 160~
. . - 200mg/dl; and.28% of 152 patients
Admission plasma glucese (mg/dl) with PG, >200mg/dl (p<0 001)
kinase reached a peak. Creatinine was measured every day or function.

every 2 days for at least 1 week after hospital admission during
the first week. AKI was diagnosed according to criteria proposed
by the AKI network, which defines AKI as an increase in serum
creatinine 20.3mg/dl or an increase 2150% from baseline with-
in any 48h.1

Emergency coronary angiography was performed in most
cases if indicated. Selective coronary angiography was per-
formed in multiple projections before the initiation of reperfu-
sion therapy. Immediately after diagnostic angiography, reper-
fusion therapy was performed mostly with primary percutaneous
coronary intervention (PCI) with stent. The allocation of throm-
bolysis or coronary intervention was not randomized and was
based on physician decision.

Data Analysis

In the current study, we investigated the prevalence of AKI and
admission hyperglycemia. Impacts of AKI and admission hy-
perglycemia on in-hospital mortality were also assessed. Fi-
nally, we evaluated factors that are related to the development
of AKI, especially impact of admission hyperglycemia on renal

Categorical data are reported as proportions and continuous
data as mean=+SD. Statistical analysis was done with the chi-
squared test for categorical variables, and t-test was used for
continuous variables. Logistic regression analysis was used to
obtain odds ratios (OR) and 95% confidence intervals (CT) for
the development of AKI. In multivariate analysis, the associa-
tion between admission PG and the development AKI was ad-
justed for age, and all predictors of AKI. Because HbAlc was
not obtained in 50 patients (6.5%), 2 models of multivariate
analysis were used. In the first model, age, hypertension, dys-
lipidemia, diabetes mellitus, Killip class, hemoglobin, estimated
glomerular filtration rate (eGFR), creatinine, previous angina,
previous PCI, primary PCI and use of aspirin and anti-hyper-
glycemic agent were adjusted. In the second model, HbAlc was
added to these variables. We used JMP (version 10.0, SAS in-
stitute). A significance level of 0.05 was used and 2-tailed tests
were applied.
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K:Ihp >2

Hypertensnon

Univariate Multivariate
Model 1 Model 2
OR (95% CI P-val
(95% C1I) value R(@5%Cl)  Poval OR (95% C)
Adnis 1.06-1,31). 103-1.18) -

B 3 4 (1 97-5.86)
( .96-0.98)

349 . 91—6 39)

0. 91”(0 40-1.92)
1.86(0.85-4:28)
1.47 (0.61-2.34)

1.03 (0.57-1. Qé)

HbA1c was not obtained in 50 patients (6.5%). Two models of mulnvanate analysis were used. In the first model, age, hypertensmn dyslipidemia,

diabetes mellitus, Killip class, hemoglobin, eGFR, creatinine, previous angina, previous PCI, primary PCl and use of aspmn and anti-hypergly-
cemic agent were adjusted. In the second model, HbA1c was added to these variables.

Abbreviations as in Tables 1,2.

Results

Incidence of AKI

Baseline characteristics of the study patients are listed in Table 1.
Emergency coronary angiography was performed in 708 patients
(93%) and primary PCI in 654 patients (86%). Among the entire
760 patients, AKI developed in 96 patients (13%). The demo-
graphic, clinical, and biochemical characteristics of the patients
with and-without AKT are listed in Table 1. There were signifi-
cant differences.in age, diabetes mellitus, Killip class 22, dys-
lipidemia, creatinine and eGFR, HbAIc, hemoglobin, and ad-
mission glucose between patients with AKI and those without.
There was no significant difference in emergency coronary an-
giography and primary PCI. Anti-hyperglycemic agent (oral
hyperglycemic drug and/or insulin) were more frequently used
in patients with AKI before AMI (Table 1).

In-Hospital Mortality

In-hospital mortality of the entire patient group was 5.7%. In-
hospital mortality was significantly higher in patients with AKT
than in those without AKI (25% vs. 3%, P<0.001; Figure 1).
On univariate analysis, admission PG, AKI, Killip class, eGFR,
hemoglobin, age, diabetes mellitus, previous PCI, previous
CABG and aspirin were associated with in-hospital mortality
(Table 2). Multivariate analysis showed that both AKT and ad-
mission PG were independent predictors of in-hospital mortality.

Admission PG and AKI

Patients with AKT had higher PG on admission (222+105 mg/dl
vs. 16669 mg/dl, P<0.001). Figure 2 shows the relationship
between admission PG and the incidence of AKI. The incidence
of AKI increased as admission PG increased. The incidence of
AKI was 7% of 189 patients with PG <120mg/dl; 9% of 281
patients with PG 120-160mg/dl; 11% of 138 patients with PG
160-200mg/d]; and 28% of 152 patients with PG >200mg/d]
(P<0.001; Figure 2).

On unjvariate logistic regression admission PG was associ-
ated with AKI, along with age, diabetes, dyslipidemia, Killip
>2, eGFR, hemoglobin, HbAlc, and the use of anti-hypergly-
cemic drugs. After adjusting these variables, admission PG re-

mained as an independent predictor of AKI in patients with
AMI, but diabetes mellitus and HbA 1c were not (Table 3).

Discussion

The major findings of this study are: (1) AKI developed in 13%
after AMI; (2) AKI was associated with in-hospital mortality
after AMI; and (3) admission hyperglycemia was an indepen-
dent risk factor for AKI in patients with AMI.

Incidence of AKI in AMI Patients

In previous studies the incidence of AKI has ranged from 10%
to 20% in AMI patients.51%20 The ACTION registry, which en-
rolled 59,970 patients with AMI who were mostly treated with
primary PCI, reported that 16.1% of patients developed AKI
during hospitalization.?? In the current study, the incidence of
AKI was 13%, which is similar to these previous reports.

In the last decade, primary PCI has become the treatment of
choice for patients with AMI, and number of patients who re-
ceive coronary angiography has been rapidly increasing. The
contrast medium is nephrotoxic, and may cause acute tubular
necrosis. This is termed ‘contrast-induced AKI (CI-AKI)’ 521-23
There is a concern about the risk of CI-AKI for patients under-
going coronary angiography and primary PCI for AMI. In the
present study, however, both emergency angiography and
primary PCI were not associated with AKI in AMI patients.
Consistent findings have been reported. Amin et al assessed
the temporal trend in the use of PCI and the development of
AKXl in 31,532 patients with AMI. Interestingly, the incidence
of AKT has progressively declined (from 26.6% in the year 2000
to 19.7% in 2008), as the use of PCI has progressively increased
(from 32.1% in the year 2000 to 47% in 2008).¢ Therefore,
CI-AKI seems not to be the main cause of AKI in patients
with AML

AKI and In-Hospital Mertality

In the current study, the in-hospital mortality of patients with
AKI was 8-fold as high as those without AKI. It has been well
demonstrated that AKI is a strong predictor of mortality after
AML. In the ACTION registry, the in-hospital mortality in-
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