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Abstract: Despite the remarkable technological advances in coronary angiography (CA)/percutaneous coronary intervention
(PCI) for diagnosis and treatment of coronary artery disease, the contrast-induced acute kidney injury (CI-AKI) is always an
important cause of hospital-acquired AKI. Most local CI-AKI studies in Vietnam had small sample sizes and short-term
follow-up of only 24-48 hours following CA or PCI intervention, resulting in controversial conclusions. We conducted a study
of the incidence of CI-AKI during a longer follow-up time period and associated risk factors among adult patients undergoing
CA/ PCI at Nguyen Tri Phuong University Public Hospital and Tam Duc Private Cardiology Center in Ho Chi Minh City,
Vietnam between January 2014 and March 2015. All 320 patients with CA/PCI at the two hospitals were enrolled in a
retrospective cohort study. Information on demographic data, treatment, and laboratory test results was collected from the
patients’ records. The total cumulative incidence of CI-AKI at 24, 48, 72 and >72 hours following CA/PCI was 6.7%, 12%,
14% and 16.9% respectively. Prognostic factors for CI-AKI included an increase by 1 ml/min/1,73m? in clearance creatinine
before the intervention (P =0.006, Hazard Ratio (HR)=0.970, 95%CI 0.949 — 0.991) and an increase by 1% in ejection
fraction (P =0.023, HR =0.984, 95%CI 0.970 — 0.998). Delayed CI-AKI was not rare after CA/PCI intervention. Therefore, it
is pivotal to monitor serum creatinine in a longer time after the intervention to timely detect CI-AKI. Also, information on risk
factors such as emergency interventions, chronic kidney disease, and ejection fraction < 45% could assist in predicting CI-AKI
development.
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of the most common causes of death [1]. Although the newer
generations of radiocontrast are well tolerated, rare adverse
effects such as acute kidney injury (AKI) remain a persistent
problem and can be life-threatening. According to many

1. Introduction

Coronary angiography (CA) has been the gold standard for
the diagnosis of coronary artery disease (CAD) which is one
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studies, contrast-induced acute kidney injury (CI-AKI) is the
third most common cause of hospital-acquired AKI [2-4].
This condition results in a permanent loss of kidney function
and an increased mortality rate among in-hospital patients [5,
6]. CI-AKI also increases risks of myocardial infarction (MI),
hemorrhage, prolonged hospital length of stay, and dialysis,
resulting in increased treatment cost for patients with
coronary interventions [7, 8]. Risk factors for CI-AKI include
high-dose radiocontrast, chronic kidney disease (CKD),
diabetes mellitus (DM), old age, severe heart failure (HF),
peri-interventional cardiovascular instability, co-
administration of nephrotoxic drugs, dyslipidemia,
hypertension (HT) and anemia [9-12]. A careful assessment
and detection of these factors are crucial in preventing CI-
AKI, and thereby improving the efficacy of coronary
intervention and patient’s outcome.

In Vietnam, coronary intervention has become more
widely performed, and the risk of CI-AKI would therefore
increase in parallel [13]. However, published studies on this
complication are scarce. Most studies were single center and
focused on creatinine changes at or less than 48 hours. The
presenting study was conducted at the two first-rank general
and cardiology hospitals in Ho Chi Minh City, Vietnam, with
the aim to assess the incidence and associated risk factors of
CI-AKI by long-term monitoring serum creatinine.

2. Materials and Methods
2.1. Design of the Study

A retrospective cohort study was conducted at Nguyen Tri
Phuong (NTP) University Public Hospital and Tam Duc (TD)
Private Cardiology Center between January 2014 and March
2015. All patients aged 18 years and older with CA or
percutaneous coronary intervention (PCI) were recruited to
participate in the study. The study protocol was approved by
the ethics committee/ Board of Directors of NTP and TD
hospitals.

We proposed the hypothesis that the cumulative incidence
of CI-AKI events would increase while the serum creatinine
was being monitored with time. Therefore, the objective of
our study was also to evaluate the moments for the
occurrence of CI-AKI event. As the events would change
with time, and each individual had variable follow-ups, we
used the exponential model to calculate the minimal event
number for survival regression analysis. Assuming that the
variables of the patients in two hospitals were similar despite
the difference in the number of patients in each hospital, the
number of event occurring at each hospital would be
calculated by the following equation [14]

2
2 * (Zl—% + ZI_B)
In(6)2

n >

In which In(6) was considered as relative risk (RR).
According to the literature, the RR of CI-AKI in patients
with coronary intervention (CI) would be three times higher

than that of patients without CI [15]. Zl-0/2 was
conventionally set at 1.96, corresponding to a statistic
threshold of 0=0.05. Z1-p was considered as the strength of a
statistic test. We expected B = 0.1, and thus Z1-B value was
1.28. Based on these factors, the minimal event rate would be
n> 17.4, and thus the total events of the two hospitals would
be 35. According to the literature, CI-AKI incidence ranged
from 7-15% [16]. If 15% was taken as CI-AKI incidence, the
total sample size of our study would be at least 233 patients.

Patients’ records were utilized to collect information on
demographic data (age and sex), medical information and
laboratory test results. Medical information included
symptoms at admission, pre-intervention ejection fraction
(EF) measured by echocardiography, medical history and co-
morbidities, intervention types (CA, elective or emergency
PCI procedures), types of radiocontrast used, and length of
hospital stay. Laboratory test results included serum
creatinine before intervention, at 24 hours, 48 hours, 72
hours, and >72 hours following intervention and blood
biochemistries at admission (hemoglobin, glucose, HBA1C,
total cholesterol, high density lipoprotein (HDL), low density
lipoprotein (LDL) cholesterol, and triglycerides). All
laboratory tests were performed at study clinics’ validated
and qualified laboratories that meet the national laboratory
standard. Pre-intervention clearance creatinine (CrCl) was
estimated by using Cockcroft-Gault formula [17, 18].
Cigarroa score which is the maximum acceptable contrast
dose and is defined as (5 mL x body weight (kg))/baseline
serum creatinine (mg/dL)) was calculated for comparison
[19]. The recommended Cigarroa score is < 5 [19]. CI-AKI
was defined as a condition in which the serum creatinine
following the intervention increases up to 25% higher than
the value before intervention [16].

2.2. Statistical Analysis

Data were managed and analyzed using Statistical Package
for the Social Sciences (SPSS) version 20 (IBM). Categorical
variables were expressed as a number and percentage, while
continuous variables were presented by mean and standard
deviation (SD). Cox multiple-regression analysis was used to
test risk factors for CI-AKI. Independent variables which
were used for the model included demographics variables,
reasons for admission, medical history, serum biochemistries
at admission, pre-intervention CrCIl and EF, intervention
types, types of radiocontrast used, and hospital that provided
treatment (e.g. NTP and TD). Statistic significant level was
set at P <0.05.

3. Results

3.1. Characteristics of Study Population

A total of 320 patients participated in the study of whom
112 were from NTP and 208 from TD (Table 1). The mean
age (year) of all patients was 64.9£12.6 and 65.9% were
male. The most common reason for admission was angina
pectoris (231/320, 72%) and nearly three fourth (235/320,
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73.5%) of study participants had hypertension. The mean
length of hospital stay was 10.3+7.6 days. The intervention
types in order of frequency included elective percutaneous

coronary intervention (159/320, 49.7%), emergency
percutaneous coronary intervention (110/320, 34.4%) and
coronary angiography only (51/320, 15.9%). The

radiocontrasts used were Ominpaque, Ultravist, Xenetix, and
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Visipaque. Xenetix (170/320, 53.1%) was most commonly
prescribed in both hospitals while Visipaque was only used in
TD. There were 22 patients (6.9%) who received the contrast
dose larger than the recommendation (e.g. Cigarroa
score >5). There were two CI-AKI cases treated by
temporary hemodialysis (data not shown).

Table 1. Demographic and clinical characteristics of 320 patients receiving treatment at Nguyen Tri Phuong Hospital and Tam Duc Cardiology Center.

Characteristics NTP (N =112) TD (N = 208) Both hospitals (N = 320)
Demographic characteristics

Male n (%) 72 (64.3) 139 (66.8) 211 (65.9)
Age (year) mean (SD) 63.0 (12.2) 65.9 (12.7) 64.9 (12.6)
Parameters at admission n (%)

Anemia 42 (39.3) 83 (39.9) 125 (39.7)
Ejection fraction < 40% 13 (12.6) 46 (22.1) 59 (19.0)
Dyspnea 40 (35.7) 49 (23.6) 89 (27.8)
Angina 85(75.9) 99 (47.6) 184 (57.5)
Blood biochemistries at admission mean (SD)

Hemoglobin (g/dl) 13.2(1.9) 13 (1.8) 13.1 (1.8)
Serum creatinine(mmol/l) 108.3 (52.6) 108.4 (90.3) 108.4 (79.2)
Serum glucose (mmol/l) 8.2 (3.9) 6.6 (2.1) 7.1 (2.9)
HbA1C (%) 6.2 (1.9) 6.1 (1.7) 6.2 (1.7)
Uric Acid (pmol/L) 415 (198.7) 365.4 (127.4) 366.8 (128.8)
Cholesterol (mmol/L) 4.9 (1.1) 4.2 (1.5) 4.4(1.5)
LDL (mmol/L) 2.6(1.1) 3.1(1.8) 2.9(1.6)
TG (mmol/L) 2.7 (1.5) 3.0(1.8) 29(1.7)
HDL (mmol/L) 1.0 (0.3) 1.1 (0.6) 1.1 (0,5)
Medical history n (%)

Hypertension 83 (74.1) 152 (73.1) 235(73.4)
Diabetes mellitus 31(27.7) 74 (35.6) 105 (32.8)
Myocardial infarction 28 (25) 57(27.4) 85 (26.6)
Heart Failure 12 (10.7) 17 (8.2) 29 (9.1)
Coronary artery bypass 1(0.9) 8 (3.8) 9 (2.8)
Stroke 11 (9.8) 4 (1.9 15 (4.7)
Peripheral Artery Disease 2(1.8) 6 (2.9) 8 (2.5)
Chronic Kidney Disease 4(3.6) 30 (14.4) 34 (10.6)
Smoking 48 (42.9) 93 (44.7) 141 (44.1)
Radiocontrasts used n (%)

Ominpaque 1(0.9) 52 (25) 53 (16.6)
Ultravist 5(4.5) 0 (0) 5(1.6)
Visipaque 0 (0) 92 (44.2) 92 (28.8)
Xenetix 106 (94.6) 64 (30.8) 170 (53.1)
Intervention Type n (%)

Cigarroa score >5 13 (19.1) 9 (4.7) 22 (6.9)
Coronary angiography only 21 (18.8) 30 (14.4) 51(15.9)
Elective percutaneous coronary intervention 45 (40.2) 114 (54.8) 159 (49.7)
Emergency percutaneous coronary intervention 46 (41.0) 64 (30.8) 110 (34.4)
Other characteristic mean (SD)

Length of hospital stay (days) 9.6 (6.1) 10.6 (8.3) 10.3 (7.6)

3.2. Incidence of Contrast-induced Acute Kidney Injury

Serum creatinine level was measured at 24 hours, 48
hours, 72 hours and >72 hours after the intervention. At 24
hours, nearly all (313/320, 97.8%) study participants were
undertaken serum creatinine measurement (Table 2). The
total proportion of patients whose serum creatinine level was
measure decreased to 52.2% (167/320), 46.9% (150/320),
and 25.9% (83/320) at 48 hours, 72 hours and >72 hours
respectively. At 24 hours and 48 hours after the intervention,

the total incidence of CI-AKI was 6.7% (21/313) and 12%
(20/167) respectively (Table 2). The incidence of CI-AKI at
NTP was significantly higher than the incidence of CI-AKI at
TD at 24 hours (P=0.002) and 48 hours (P=0.001). At 72
hours and >72 hours after the intervention, the total incidence
of CI-AKI was 14% (21/150) and 16.9% (14/83) respectively
and there was no difference in the incidence of CI-AKI
between the two hospitals (P>0.05).
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Table 2. Incidence of contrast-induced acute kidney injury (CI-AKI) at different time points after the intervention at Nguyen Tri Phuong Hospital (NTP) and

Tam Duc (TD) Cardiology Center.

Number of patients whose serum creatinine
was measured

Incidence of contrast-induced acute kidney
injury (CI-AKI)

P&

Time points _ Both hospitals  NTP(N = _ Both OR (95%CI)

(N=320)n 112) I](),,g =208)  pospitals* NTP*n (%)  TD*n (%) value

(%) n (%) n (%)
At24hours 313 (97.8) 109 (97.3) 204 (98.1) 21 (6.7) 14 (12.8) 7 (3.4) 0.002 024 (0,09-0,62)
At48hours 167 (52.2) 3127.7) 136 (65.4) 20 (12.0) 9 (29.0) 11 8.1) 0.001 022 (0,08 0,58)
At72hours 150 (46.9) 44 (39.3) 106 (51.0) 21 (14.0) 6 (13.6) 15(14.2) 0934 1,04 (0,38 —2,89)
At>72hours 83 (25.9) 16 (14.3) 67 (32.2) 14 (16.9) 3 (18.8) 11 (16.4) 0.823  0,85(021 3,49

*Patients whose serum creatinine level meets the definition of CI-AKI at the given follow-up were counted

& Chi-squared test

At 24 hours after the intervention, the number of CI-AKI
incident cases at NTP and TD was 14 and 7 respectively
(Table 3). The cumulative frequency of CI-AKI at NTP
increased to 18 at 48 hours and remained the same at 72
hours and >72 hours. In contrast, cumulative frequency of
CI-AKI at NTP increased by time which was 14 (at 48

hours), 22 (at 72 hours) and 27 (at >72 hours). Among 21
patients undergoing coronary angiography only for diagnosis,
12% developed CI-AKI (data not shown). There was 10.3%
of a total 45 patients receiving elective interventions had CI-
AKI, while 21.3% of 46 patients undergoing emergency
interventions developed CI-AKI (data not shown).

Table 3. Cumulative frequency of contrast-induced acute kidney injury (CI-AKI) at different time points after the intervention at Nguyen Tri Phuong Hospital

(NTP) and Tam Duc (TD) Cardiology Center.

Cumulative frequency of CI-AKI

Time points

Both hospitals* NTP* TD*
At 24 hours 21 14 7
At 48 hours 32 18 14
At 72 hours 40 18 22
At >72 hours 45 18 27

*Only new patients whose serum creatinine level meets the definition of CI-AKI at the given follow-up were cumulatively counted

3.3. Risk Factors for Contrast-induced Acute Kidney Injury

Cox multiple-regression analysis indicated that having an
increase by 1 ml/min/1.73m? in pre-intervention CrCl
(P=0.006, HR=0.970) and an increase by 1% in pre-
intervention EF (P=0.023, HR=0.984) were independent

prognostic factors for CI-AKI (Table 4). Other demographic
variables, symptoms at admission, medical history, blood
biochemistries at admission, hospital that provided treatment
(e.g. NTP and TD), and types of radiocontrast used were not
significantly associated with CI-AKI (P>0.05, data not shown).

Table 4. Cox multiple-regression analysis for risk factors for contrast-induced acute kidney injury (CI-AKI) in patients receiving interventions at Nguyen Tri

Phuong Hospital (NTP) and Tam Duc (TD) Cardiology Center.

Characteristics Beta Coefficient P value HR (95%CI)
Pre-intervention clearance creatinine increased by 1 (ml/min/1.73m?) -0.031 0.006 0.970 (0.949 — 0.991)
Pre-intervention ejection fraction increased by 1% -0.016 0.023 0.984 (0.970 — 0.998)

4. Discussion

CI-AKI incidence varies depending on the diagnosis
criteria. The widely accepted definition of CI-AKI is the 25%
increase in serum creatinine level at 48-72 hours after
intervention compared to baseline (serum creatinine level
before intervention) [16, 20, 21]. Based on this definition, we
found that the total cumulative incidence of CI-AKI at 24,
48, 72 and >72 hours following CA/PCI was 6.7%, 12%,
14%, and 16.9%, respectively among our study participants
whose serum creatinine was measured at these time points. It
is documented that in some patients undergoing CA/PCI
intervention serum creatinine only temporarily increases then
immediately returns to baseline [22, 23]. If serum creatinine
value was only documented at a specific moment, we could

inadvertently omit many CI-AKI cases, resulting in a falsely
low incidence. In our study, serum creatinine level was
monitored during a longer period of time (up to 72 hours or
more after intervention). This enabled us to reveal some
delayed CI-AKI events, which could not be detected in the
common follow-up period of less than 48 hours. Also, CI-
AKI events were calculated by using Cox survival regression
model with cumulative incidence with time. This helped to
reflect better the incidence of CI-AKI in reality and therefore
explain why CI-AKI incidence in our study was higher than
other studies in Vietnam which utilized a shorter follow-up
[24, 25].

Of various interventions, the risk of developing CI-AKI
among patients undergoing emergency percutaneous
coronary intervention was reported to be significantly higher
than in those undergoing elective intervention [26]. This
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demonstrated the importance of patient preparations, while
considering the importance of hemodynamic instability
management in preventing CI-AKI, which was also reported
in other study [16]. In a recent study including 2,025 patients
with ST-segment-elevation myocardial infarction managed
by primary PCI, Caspi O et al. found that CI-AKI
development following primary PCI was not related to the
use of contrast media, but rather to factors such as older age
(=70 years) and hemodynamic instability [27]. Our findings
are in line with this study regarding the types of contrast
media used. Yet we found no association between CI-AKI
and demographic characteristics.

We found that having CKD was an independent risk factor
for CI-AKI. There was a statistically significant relationship
between the decrease in CrCl and CI-AKI. In fact, a decrease
in pre-intervention CrCI by 1 (ml/min/1.73m?) increased the
risk of CI-AKI by 1.03 times. This finding was in consistence
with other studies [7, 27].

Heart failure is a complex clinical syndrome with
diastolic and/or systolic dysfunction secondary to structural
or functional injury of the heart, clinically manifested by
dyspnea, volume retention, and exhaustion [28]. Several
studies revealed that an EF <40% was an independent risk
factor for CI-AKI [11, 27]. Indeed, compared with those
with Killip class I, patients with Killip class II-III had 1.99
fold greater odds of acquiring CI-AKI [27]. Patients with
Killip class IV or who used an intra-aortic balloon pump
had a 7.43-fold higher odds of acquiring CI-AKI. Patients
with an EF below 45% had a 1.44—fold higher odds of
acquiring CI-AKI [27]. Our study found that an increase in
1% of EF would decrease the risk of acquiring CI-AKI by
0.984 times.

Current guidelines [10, 29] recommend using low osmolar
or iso-osmolar radiocontrast instead of high osmolar
radiocontrast in cardiovascular interventions to minimize the
risk of CI-AKI. However, there was no difference in the rate
of CI-AKI found among four kinds of radiocontrast used in
our study. In addition, like the other study [27], we did not
find any relationship between doses of radiocontrast and CI-
AKI.

The small number of patients whose serum creatinine was
documented during different time points is a notable
limitation of our study due to the common local practice of
early discharges of some patients. This may possibly
underestimate the incidence of CI-AKI after CA/PCI
intervention. Yet we successfully recruited all study
participants receiving treatment at both the largest public
hospital and private center for cardiovascular intervention in
southern Vietnam to demonstrate the pattern of CI-AKI
following CA/PCI intervention and associated risk factors in
these different health clinics.

5. Conclusions

Delayed CI-AKI following CA/PCI intervention was not
uncommon but not systematically detected. Our findings
emphasized the importance of serum creatinine monitoring

during a longer period after CA/PCI to timely detect CI-
AKI; the longer post-interventional period in which the
patients’ serum creatinine levels were closely monitored,
the CI-AKI incidence was higher. Also, information on risk
factors such as emergency interventions (without patient
careful preparation), chronic kidney disease, and ejection
fraction < 45% could assist in predicting CI-AKI
development. In addition, there was no difference in the
rate of CI-AKI found among four kinds of radiocontrast
used in our study nor the relationship between doses of
radiocontrast and CI-AKI.
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