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OBJECTIVES: To study the relationship between serum uric acid level
and Killip classification in pateints with acute myocardial infarction (MI),
and the use of serum uric acid levels as a marker of short-term mortality.

METHODS: The present study involved 50 patients with acute MI and 50
controls. Serum uric acid level was measured on days 0, 3 and 7 of MI, and
compared with all clinical parameters and mortality in the enrolled subjects.
RESULTS: There was a statistically significant higher serum uric acid
concentration in patients with MI on the day of admission compared with
controls. Patients with history of MI had higher serum uric acid levels. On

all days, serum uric acid levels were higher in patients who were in a higher
Killip class. Two patients who died after three days of hospital stay had a
serum uric acid level >7.0 gm/dL and both were in Killip class V.
CONCLUSIONS: Serum uric acid levels were higher in patients with
acute MI compared with normal healthy individuals. In acute MI,
patients with hyperuricemia had higher mortality. Serum uric acid levels
correlated with Killip classification in patients with acute MI. Serum uric
acid level can be used as a marker of short-term mortality in acute MI, and
hyperuricemia may be an indicator of poor prognosis. Serum uric acid
levels were elevated in acute MI patients with systemic hypertension and
diabetes mellitus.
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oronary artery disease (CAD) is a worldwide health epidemic.

Although age-specific events related to CAD have fallen dra-
matically in the past few decades, the overall prevalence has risen as
populations age and patients survive the initial coronary or cardiovas-
cular event. Globally, of those dying from cardiovascular diseases, 80%
are in developing countries and not in the Western world. The Global
Burden of Disease Study reported that in 1990 there were 5.2 million
deaths from cardiovascular diseases in economically developed coun-
tries and 9.1 million deaths from the same causes in developing coun-
tries (1). The prevalence of CAD in India increased from 1% in 1960
t0 9.7% in 1995 in urban populations and, in rural populations, it has
almost doubled in the past decade (2). Limitations in available
resources to treat ST-elevation myocardial infarction (STEMI) in
developing countries mandate major efforts on an international level
to strengthen primary prevention programs (3).

Left ventricular dysfunction is the single most important predictor
of mortality following STEMI (4,5). In 1967, Killip and Kimball (6)
proposed a prognostic classification scheme on the basis of the pres-
ence and severity of rales detected in patients presenting with STEMI.
Despite overall improvement in mortality rate in each class, compared
with data observed during the original development of the classifica-
tion scheme, the classification scheme remains useful today, as evi-
denced by data from large myocardial infarction (MI) trials involving
STEMI patients (7). The Killip classification is a powerful independ-
ent predictor of all-cause mortality in patients with non-ST-elevation
acute coronary syndromes (8).

There has been growing interest in the link between uric acid lev-
els, xanthine oxidoreductase and cardiovascular disease. Previous stud-
ies have reported that a high concentration of uric acid is a strong
marker of an unfavourable prognosis of moderate to severe heart fail-
ure and cardiovascular disease (9,10). Uric acid levels may be elevated
in heart failure and provide important prognostic information (11). A
failing heart due to acute MI may cause tissue hypoperfusion and

hypoxia, which trigger xanthine oxidase activation and oxidative
stress (12,13). Xanthine oxidase and oxidative stress, as reflected by
uric acid levels, may form a vicious cycle that promotes severe heart
failure (9,12).

According to the Japanese Acute Coronary Syndrome Study (18),
there was a close correlation between serum uric acid (SUA) concen-
tration and Killip classification in patients with acute MI. Elevated
SUA has been found to be closely associated with metabolic and other
related syndromes (19-22).

Elevated SUA is also associated with hypertension and renal dis-
ease. It is present in >75% of patients with malignant hypertension
(24,25). This elevation in these settings may be the result of decreased
renal blood flow and resultant increased urate reabsorption, although
this relationship is not completely understood (24,26). Bickel et al
(27) reported that a 1 mg/dL increase in SUA levels was associated
with a 26% increase in mortality.

Siniga Car et al (28) found that higher SUA determined on admis-
sion was associated with higher in-hospital and 30-day mortality, and
poorer long-term survival after acute MI. The Losartan Intervention
For Endpoint reduction in hypertension (LIFE) study (31) demon-
strated that lowering SUA concentrations by losartan was associated
with a beneficial effect on cardiovascular outcome. The uric acid
lowering effect of atorvastatin may have contributed to the decrease
in cardiovascular mortality in the Greek Atorvastatin and Coronary
Heart Disease Evaluation (GREACE) study (32).

In separate studies, Yildiz et al (29) and Nihat Kalay et al (30)
found that SUA levels were higher in patients with slow coronary flow
compared with controls.

We undertook the present study to note the levels of SUA in
patients with acute MI to correlate SUA levels with Killip classifica-
tion; to study the role of SUA as a marker of short-term mortality in
acute MI; and to study the relationship between SUA and systemic
hypertension and diabetes mellitus in acute MI.
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TABLE 1
Clinical profile of cases and controls

Parameter Cases (n=50) Controls (n=50) P
Age, years, mean + SD 57.6+9.335 58.6+7.027 NS
Sex, male/female, n/n 38/12 35/15 NS
Systemic hypertension, % 52 50 NS
Diabetes mellitus, % 68 64 NS
Serum uric acid (day 1), mg/dL 7.272 5.916 <0.01
NS Not statistically significant

TABLE 2

Serum uric acid levels in relation to Killip class on days 1,
3 and 5 following admission

Uric acid level Killip class Mean ANOVA P

Day 1 | 5.51 84.190 <0.0001
Il 8.05
1 11.18
v 14.16

Day 3 | 5.27 7.488 <0.0001
I 6.75
1 7.76
v 8.05

Day 5 | 4.97 6.490 0.001
Il 5.17
1]l 5.65
[\ 5.96

METHODS

Study design

The present analysis was a prospective single-centre observational
study conducted at the Gandhi Hospital (Hyderabad, India) between
August 2011 and August 2013. Patients >18 years of age with STEMI
or non-ST segment elevation MI (NSTEMI) on the basis of history,
clinical examination, electrocardiographical changes and biochemical
markers were included. Patients with a condition known to elevate
SUA level (eg, chronic kidney disease, gout, hematological malig-
nancy, hypothyroidism, hyperparathyroidism) were excluded. Patients
taking drugs that increase SUA (eg, salicylates [>2 g/day], ethambutol,
amiloride, bumetanide, chlorthalidone, cisplatin, cyclophosphamide,
cyclosporine, ethacrynic acid, thiazide diuretics, furosemide, indapa-
mide, isotretinoin, ketoconazole, levodopa, metolazone, pentamidine,
phencyclidine, pyrazinamide, theophylline, vincristine or vitamin C
were also excluded, as were chronic alcoholics.

Patients

Fifty patients with acute MI (STEMI and NSTEMI) who fulfilled
inclusion/exclusion criteria were studied. Fifty age- and sex-matched
controls were also evaluated for their baseline SUA level.

Data analysis

Data analysis was performed using SPSS (IBM Corporation, USA).
Statistical analyses were performed using the y? test, t test, Pearson
correlation and Fischer’s exact test; P<0.05 was considerd to be statis-
tically significant.

Ethics approval was obtained from the institutional ethics commit-
tee before commencemnt of the study. Patients enrolled provided
informed consent and the protocol was approved by the institutional
review committee.

RESULTS
Fifty patients with acute MI (STEMI and NSTEMI) and 50 age- and
sex-matched healthy controls were studied. The profile of hyperten-
sive and diabetic status and the mean SUA level on the day of admis-
sion of both the cases with acute MI and healthy controls are
summarized in Table 1.
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Figure 1) Serum uric acid (UA) levels in relation to Killip class on days 1,
3 and day 5 following admission

Patients with acute MI had statistically significant higher SUA
levels on the day of admission compared with healthy controls
(P<0.01). The majority (60%) of the cases belonged to Killip class I,
22% to class II, 12% to class Il and only 6% to class IV.

The mean SUA levels of male and female cases with MI on the day
of admission was not significantly different (t=0.759; P=0.451). The
mean SUA levels on day 3 and day 5 following admission was found to
be higher in males compared with females with MI.

The mean SUA level was higher among cases who belonged to
higher Killip class on the day of admission, and day 3 and day 5 follow-
ing admission (P=0.001) Table 2.

Figure 1 depicts SUA levels in relation to Killip class on days 1, 3
and 5 following admission. On all days, SUA levels were higher in
patients who were in higher Killip class (P<0.001). The SUA levels on
the day of admission were significantly higher among patients in
higher Killip class. Excluding two deaths by day 3, the SUA levels
were found to be significantly higher in those belonging to higher
Killip class on both days 3 and 5. There was significant association
between higher SUA level and patients who were hypertensive. SUA
levels in patients with MI who were diabetic were also found to be
significantly higher.

Table 3 summarizes the relationship between Killip class and mor-
tality. Of the two patients who died, none was in Killip class I, II or III,
and two were in Killip class IV at the time of admission. Patients who
died were in higher class (class IV) at time of admission

Table 4 shows the association of SUA on day of admission with
mortality. Of 50 patients, two dies during the seven-day follow-up. All
patients who died had SUA levels >7.0 mg/dL. Thus, there appeared
to be an association between SUA level and mortality.

DISCUSSION
We studied a total of 50 patients with acute MI, of whom 38 were male
and 12 were female. Fifty age- and sex-matched controls were also
evaluated for their baseline SUA level. There was no significant differ-
ence with regard to age, sex, status of systemic hypertension and dia-
betes mellitus in patients with acute MI and healthy controls.

The patients with acute MI had statistically significant higher
SUA level on the day of admission compared with the healthy con-
trols (P<0.0001).

We noted that there was a significant relationship between SUA
level and mortality. All patients who died had SUA level >7.0 mg/
dL (P=0.041 [Fisher’s exact test]), as shown in Table 4. Thus, there
was a significant association between SUA level and mortality. Sinisa
Car et al (28) found that higher SUA determined on admission was
associated with higher in-hospital and 30-day mortality, and poorer
long-term survival after acute MI. Thus, elevated SUA level may
be associated with coranary artery disease. Nadkar and Jain (33)
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TABLE 3 TABLE 4
Relationship between Killip class and mortality Association of serum uric acid level on the day of

Killip class admission with mortality
Status | 1} 1 v Total Serum uric acid, mg/dL Died Alive Total
Alive 30 11 6 1 48 <4 0 4 4
Deceased 0 0 0 2 2 4-7 0 26 26
Total 30 1 6 3 50 >7 2 18 20
Data presented as n Total 2 48 50

concluded that SUA levels were higher in patients with acute MI and
were correlated with Killip class. In our study, the majority (60%) of
cases belonged to Killip class I, 22% to Killip class II, 12% to Killip
class III and 6% to Killip class IV.

In our study, there was significant relationship (P=0.042 on dayl,
P=0.014 on day 3 and P=0.001 on day 5) between SUA level and
patients who were known or found to be hypertensive on admission.
Our study showed that hypertensive patients had more hyperuricemia.
Kojima et al (18) noted that SUA concentration was significantly cor-
related with hypertension (r=0.301; P=0.005).

There was a significant relation between SUA level and Killip
class on day of admission (Table 2). In our study, patients in Killip class
I and 1V had higher levels of SUA compared with patients in Killip
class [ and II (P=0.001). The mean SUA level was higher among those
cases who belonged to higher Killip class; similar findings were noted
by Kojima et al (18), Nadkar and Jain (33), and Killip and Kimball
(6). However, Jularattanaporn et al (34) noted that there was no
observed association between hyperuricemia and high TIMI risk scores
or Killip class at first presentation or in-hospital adverse outcomes.

We also found a statistically significant positive correlation
(r=0.840; P=0.001) between CPK-MB on day of admission and Killip
class: of 50 patients, two dies during the seven-day follow up. Of these,
none were in Killip class I, Il or I1I, and both were in Killip class [V at
the time of admission. Thus, both patients who died were in higher
class (Killip class V) at time of admission.

In the present study, we found a close relationship between SUA
concentration and Killip classification, suggestive of left ventricular
failure. High SUA levels on admission were strongly associated with
adverse clinical outcome in patients who had acute MI. Our study
showed the value of SUA as a marker of short-term mortality in acute
MI. Kojima et al (18) noted that hyperuricemia after acute MI was
associated with the development of heart failure.

Nadkar and Jain (33) showed that SUA levels were higher in
patients with acute MI and correlated with Killip class. A combination
of Killip class and SUA level after acute MI is a good predictor of
mortality after acute MI.

CONCLUSIONS

SUA levels were higher in patients with acute MI compared with
normal healthy individuals. SUA levels are elevated in systemic
hypertension and diabetes mellitus in patients with acute MI. In acute
MI, patients with hyperuricemia had higher mortality. SUA levels cor-
related with Killip classification in acute MI. SUA can be used as a
marker of short-term mortality in patients with acute MI.
Hyperuricemia is an indicator of poor prognosis in acute MI.
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