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ARTICLE INFO ABSTRACT

Keywords: Background: Heart-type fatty acid-binding protein (H-FABP) is a cytoplasmic protein and is released form ne-
Heart-type fatty acid-binding protein crotic cardiac myocytes, as well as ischemic cardiac myocytes. In this study, we compared creatine kinase MB
H-FABP (CK-MB), H-FABP, and cardiac troponin T (cTnT) after coronary artery bypass grafting (CABG), heart valve
3:;2 surgery, or septal defect surgery to evaluate the difference in detecting myocardial injury between three markers.

Methods: A total of 69 patients (CABG, 32; valve surgery, 27; and septal defect surgery, 10) were prospectively
enrolled. Blood samples were taken at specific intervals.

Results: Mean amount (AUCy 72,) of CK-MB and cTnT released for 72 h in the patients with valve surgery were
2446 h'ng/ml and 93.2 h-ng/ml, which were significantly larger than those in the patients with CABG or septal
defect surgery (p < .05). Mean amount (AUCy._72) of H-FABP released for 72 h in the patients with CABG was
1939 h'ng/ml, which was significantly larger than that in the patients with septal defect surgery (700.1 h-ng/ml)
(p < .05).

Conclusion: H-FABP would be a more useful marker for detecting myocardial ischemic injury than CK-MB and
¢TnT. CK-MB and cTnT would be more sensitive to myocardial injury with surgical trauma than with ischemic
injury in the patients with cardiac surgery.

Septal defect surgery

1. Introduction

Cardiac troponins are a very specific marker for myocardial in-
farction (MI) [1,2] and currently the measurement of cardiac troponin
T (cTnT) or troponin I (cTnl) is the gold standard in laboratory diag-
nosis of MI [3]. As cardiac troponin increases begin 2 to 4 h after acute
M], it is difficult to diagnose acute MI early by using cardiac troponins
[4]. Early diagnosis of acute MI and early intervention improve the
prognosis [5,6].Consequently, many studies have been conducted to
detect early diagnostic marker for acute MI [7-9]. Heart-type fatty acid-
binding protein (H-FABP) is one of these markers.

H-FABP is a small cytoplasmic protein (15kDa) and 2-10 times
more expressed in cardiac muscle than in skeletal muscle [10-12]. It is
rapidly released into the circulation following myocardial injury and
detected at high concentrations in blood within 1 h of myocardial injury
[13,14]. H-FABP has been considered as an early marker for acute

myocardial infarction (MI) [15,16]. However, H-FABP has not yet been
widely used in clinical laboratories.

The majority of cardiac troponins is bound to myofilaments and so
cardiac troponins are mainly released from necrotic cardiac myocytes
[17]. In comparison, H-FABP is a cytoplasmic protein and is released
form necrotic cardiac myocytes, as well as ischemic cardiac myocytes
[18-20]. As myocardial infarction (MI) is more common after coronary
artery bypass grafting (CABG) than after septal defect surgery [21-26],
so the comparison of blood concentrations between ¢TnT and H-FABP
after CABG and spetal defect surgery would be useful to understand
difference between both markers.
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2. Materials and methods
2.1. Patients

A total of 74 patients who had cardiac surgery with cardio-
pulmonary bypass (CBP) and aortic cross-clamping (ACC) at the
Department of Thoracic & Cardiovascular Surgery of St. Vincent's
Hospital, Korea, between December 2008 and November 2009 were
enrolled in this prospective study. Among these patients, five were
excluded due to complications (two deaths, one hypertension, one ar-
rhythmia, and one reoperation). Of the 69 patients, 32 (46.4%) un-
derwent CABG, 27 (39.1%) underwent valve surgery, and the re-
maining 10 (14.5%) underwent septal defect surgery. After the
operation, blood samples were taken at specific intervals. All subjects
provided informed written consent and this study was approved by St.
Vincent's Hospital Institutional Review Board.

2.2. Measurements of cardiac biomarkers

Blood concentrations of the cardiac biomarkers were measured just
before cardiac surgery, just after, and at 3, 6,12h,and 14, 2, 3, 4, 5, 6,
and 7 d after cardiac surgery was completed. In addition, the mea-
surement of cTnT was continued until the concentration was normal-
ized. The amounts of the biomarkers released from injured myocardium
were calculated by using the area under the concentration-time curve
(AUQ) just after the surgery to a certain time. The cardiac biomarkers
measured in this study were cardiac troponin T (¢TnT), CK-MB and H-
FABP. ¢TnT and CK-MB were measured using electro-
chemiluminescence immunoassays on the Elecsys 2010 analyzer (Roche
Diagnostics). Reference ranges of CK-MB and ¢TnT were < 6.7 ng/ml
and 0.1 ng/ml, respectively. The limit of quantitation of c¢TnT was
0.013 ng/ml. H-FABP was measured using the HiSens h-FABP turbido-
metric immunoassay (Genematrixbio), which uses latex particles coated
with a monoclonal anti-H-FABP antibody. It provided a minimum de-
tection limit of 0.1 ng/ml and a within-run precision of 4.8% at 2.5 ng/
ml. This turbidometric immunoassay was performed using the Hitachi
7600 chemistry analyzer, with a reference range of < 6.2 ng/ml.

2.3. Half-lives of cardiac biomarkers

Half-lives of CK-MB, c¢TnT and H-FABP were calculated by using the
non-compartment model. The maximum concentration (Cy,,x) and the
time to Cmax (t,.x) Were obtained by visual inspection of the result.
The sampling time to reach C,.x was considered to be time zero. The
area under the concentration-time curve from time zero to a certain
time (AUCy.) and the area under the concentration-time curve from
time zero to infinity (AUCy...) were calculated using the linear trape-
zoidal method. The mean resident time (MRT) was calculated from
AUMC,.../AUCy..., where AUMC,... is the area under the first-moment
curve of the concentration-time curve from time zero to infinity. The
elimination rate constant (k.) was calculated as 1/MRT and each half-
life (t;,2) was calculated as 0.693/k, [27].

Glomerular filtration rate (GFR) was calculated using the MDRD
study equation as follows [28]:

GFR (ml/min/1.73m?) = 186 X [serum creatinine (mg/dL)] 115
X (Age)™%203 x (0. 742 if female).

Study patients were divided into 3 groups depending on the level of GFR
(<60,60 — < 90,>90 ml/min/1.73m?).

2.4. Statistics

Continuous data were expressed as mean * SD and compared
using Student's t-test. Non-normally distributed continuous data were
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Table 1
Patients' characteristics.

CABG Valve surgery  Septal surgery p
n 32 27 10
Age 639 = 7.1 59.5 £ 10.9  40.1 * 14.7 < 0.05°
Sex(M/F) 20/12 12/15 3/7
CPB time (min) 1755 + 64.3 187.7 * 56.5 93.0 = 51.0 < 0.05"
ACC time (min) 1383 + 56.8 139.8 £ 50.8 69.6 = 33.9 < 0.05°
Hospitalization at ~ 17.2 * 13.7 12.8 = 8.8 6.3 + 4.7 < 0.05"

ICU (d)

@ p values between septal surgery and the other two groups.

compared using Mann-Whitney U test. Multiple linear regression was
used to explain the relationship between the amount of the biomarker
released after cardiac surgery and age, GFR, CPB time, ACC time, length
of hospitalization, and length in the intensive care unit. The relation-
ship between the amount of the biomarker and type of surgery was
analyzed using Student's t-test or Mann-Whitney U test. Ap < .05 was
considered statistically significant. The statistical analysis was per-
formed using SPSS software, ver 13.0.

3. Results

A total of 69 patients included 32 patients with CABG, 27 patients
with valve surgery, and 10 patients with septal defect surgery (Table 1).
CPB times in the patients with CABG, valve surgery, and septal defect
surgery were 175.5 = 64.3min, 187.7 + 56.5min, and
93.0 + 51.0min, respectively. ACC times in the patients with CABG,
valve operation, and septal defect surgery were 138.3 * 56.8 min,
139.8 = 50.8 min, and 69.6 *= 33.9 min, respectively. The patients
with septal defect surgery had a significantly shorter time of CPB and
ACC than did the other two patient groups (p < .05). There was no
significant difference in the CPB and ACC time between the patients
with CABG and those with valve surgery. The lengths in the intensive
care unit (ICU) for the patients with CABG and those with valve surgery
were not significantly different (17.2 + 13.7 d and 12.8 + 8.8 d, re-
spectively), but these were significantly longer than those for the pa-
tients with septal defect surgery (6.3 = 4.7 d) (p < .05).

The times to reach the maximum concentration in the blood of CK-
MB, H-FABP and cTnT after the cardiac operation was completed were
3.78 + 5.82h, 5.60 = 8.58h and 6.75 * 11.05h, respectively
(Table 2). CK-MB concentrations showed an increase until the 3 h time
point and then decreased to baseline on the 4th day after the cardiac
operation (Fig. 1). ¢cTnT concentrations showed an increase until the 6 h
time point and then decreased. H-FABP concentrations showed two
types of pattern. Among 69 patients, 29 (42.0%) patients had H-FABP
concentrations showing initially decrease and then increase with a peak
24 h after the cardiac operation. The other 40 patients had H-FABP
concentrations showing a continuous decrease after the cardiac op-
eration. Among 32 patients with CABG, 16 (50%) showed the biphasic
distribution of H-FABP. Twelve (44.4%) of 27 patients with valve sur-
gery and one (10%) of 10 patients with septal surgery showed the bi-
phasic distribution of H-FABP after surgery.

Of the 69 patients, 37 had a GFR of =90 ml/min/1.73m?, 24 had a
GFR of 60 to < 90 ml/min/1.73m?, and 8 had a GFR of < 60 ml/min/
1.73m? (Table 3). In the 37 patients with a GFR of =90 ml/min/
1.73m?, the halflife of CK-MB was 19.7 + 3.9h which was sig-
nificantly shorter than those of ¢TnT (49.6 = 17.7h) and H-FABP
(25.7 = 9.1h) (P < .05). CK-MB showed no significant difference in
half-life according to renal function. However, ¢TnT and H-FABP
showed a significant increase of half-life with the decrease of GFR
(p < .05).

Multiple linear regression showed that the amounts of H-FABP and
cTnT released after the cardiac surgery was significantly associated
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Table 2
Concentrations of three biomarkers after cardiac surgery in 69 patients
(mean * SD).

Time CK-MB (ng/ml) H-FABP (ng/ml) c¢TnT (ng/ml)
Pre-operation 28 £ 27 3.6 £ 6.3 0.05 = 0.16
0h after surgery 55.4 = 50.0 46.1 = 45.2 1.39 = 1.50
3h 539 = 41.4 40.4 = 47.2 1.40 = 1.42
6h 50.7 = 39.7 40.5 = 51.3 1.41 = 1.40
9h 46.4 = 38.8 40.1 = 519 1.31 = 1.32
12h 42.6 = 35.6 45.0 = 57.3 1.27 = 1.41
1d 29.5 = 21.7 421 = 455 1.02 = 1.09
2d 14.8 + 10.6 31.0 = 36.1 0.77 = 0.73
3d 8.2 = 8.0 18.0 = 21.1 0.70 = 0.63
4d 52 *= 43 141 + 29.1 0.67 = 0.65
5d 4.9 = 95 10.1 + 26.3 0.62 = 0.77
6d 4.2 * 6.2 9.4 + 28.8 0.51 = 0.91
7d 3.7 =29 8.7 * 29.0 0.43 = 0.92
P < 0.05" < 0.05" < 0.05°

? Comparison using paired sample t-test between the following groups: pre-
op vs 0 h after surgery; 3vs6h; 6 vs 9h; 9vs 12h; 12hvs1d; 1vs2d; 2vs 3 d;
3vs4d.

> Comparison using paired sample t-test between the following groups: pre-
op vs 0 h after surgery; 0 h after surgery vs 3h; 12vs1d; 1 vs2d; 2vs 3d; 4 vs
5d;6vs7d.

¢ Comparison using paired sample t-test between the following groups: pre-
op vs O h after surgery; 6 vs9h; 12hvs1d;1vs2d;2vs3d;5vs 6d; 6 vs 7 d.

with GFR and CPB time (Table 4). In addition, CPB time was also sig-
nificantly associated with the amount of CK-MB. However, age, ACC
time, and length of hospitalization were not associated with the amount

of each marker.
ng/mL
300.0 250.0

"8/'“1 CK-MB

|
| »
|
|

H-FABP
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Table 3

Half-life (h) of cardiac markers according to renal function.
GFR (ml/min/1.73m?)  Half-life (h) P

CK-MB cTnT H-FABP

<60 (n=28) 20.2 *+ 6.6 63.3 = 21.7 36.8 = 9.7 < 0.05
60- < 90 (n = 24) 21.8 + 3.2 56.7 * 20.3 347 £ 79 < 0.05
=90 (n = 37) 19.7 * 39 49.6 = 17.7 25.7 = 9.1 < 0.05
Total (11.8-186.3) 20.4 = 4.1 53.6 = 19.4 30.0 = 9.9 < 0.05
p NS <0.05 <0.05

As GFR increased the concentrations of H-FABP and cTnT released
after the cardiac surgery, the relationship between the amount of the
three biomarkers and type of surgery was analyzed by using 61 patients
with GFR of =60 ml/min/1.73m? (Table 5). The mean amount (AUC,.
7on) of CK-MB and cTnT released for 72h in the patients with valve
surgery were 2446 hng/ml and 93.2 hng/ml, which were significantly
larger than those in the patients with CABG or septal defect surgery
(p < .05) (Table 2). There was no significant difference in the amount
of CK-MB and cTnT between the patients with CABG and those with
septal defect surgery. In contrast, the mean amount (AUCy ;o) of H-
FABP released for 72h in the patients with valve surgery was
2229 h'-ng/ml, which was similar to that in the patients with CABG
(1939 h'ng/ml), which was significantly larger than that in the patients
with septal defect surgery (700 hng/ml) (p < .05).

. Discussion

Our data showed that the amounts of CK-MB, ¢TnT and H-FABP
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Fig. 1. Release kinetics of CK-MB, H-FABP and cTnT after cardiac surgery. The median is shown as a line in the box. Circles () indicate suspect outliers and asterisks

(*) indicate very suspect outliers in box plot.
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Table 4
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Relationship between the amounts of three biomarkers and age, GFR, CPB time, ACC time, length of hospitalization, and length in the intensive care unit using

multiple linear regression.

CK-MB (AUCo.721n)

H-FABP (AUCo.721) ¢TnT (AUCo.72n)

B p B p B p
Age —-0.014 0.926 0.038 0.763 —-0.119 0.375
GFR 0.062 0.649 —0.442 0.000 —0.243 0.057
CPB time 0.679 0.071 0.613 0.060 0.878 0.012
ACC time —0.403 0.276 —0.441 0.170 —0.534 0.118
Length of hospitalization 0.012 0.935 0.133 0.299 0.116 0.392
Length in ICU —0.140 0.347 0.008 0.949 -0.210 0.126

B = Standardized coefficients.

Table 5
Area under the concentration-time curve according to the type of cardiac op-
eration in 61 patients (GFR = 60).

AUC CABG Valve surgery Septal surgery p

CK-MB (hng/ml)

AUCo 24n 710 = 631 1527 + 860 762 = 302 < 0.05
AUCo.48n 1098 + 943 2145 + 1122 1064 + 366 < 0.05
AUCy 721 1263 + 1067 2446 *+ 1259 1216 * 419 < 0.05
AUCo.96n 1423 + 1108 2623 + 1328 1309 + 446 < 0.05
P’ < 0.05 < 0.05 < 0.05

H-FABP (h'ng/ml)

AUCo. 24n 858 + 991 1024 + 981 347 + 238 < 0.05
AUCo.48n 1526 * 1587 1793 + 1511 574 = 320 < 0.05
AUCq.72n 1939 + 1796 2229 + 1757 700 = 368 < 0.05
AUCo.96n 2336 + 2237 2452 + 1876 762 *+ 398 < 0.05
P’ < 0.05 < 0.05 < 0.05

cTnT (hng/ml)

AUCo. 241 19.5 + 13.8 43.1 = 389 15.7 + 12.2 < 0.05
AUCo.48n 34.4 = 27.6 70.7 = 60.7 29.1 + 20.9 < 0.05
AUCo.72n 45.6 = 40.3 93.2 * 76.0 41.4 = 29.9 < 0.05
AUCo.96n 58.0 = 57.8 113.7 = 89.3 50.6 = 37.1 < 0.05
P’ < 0.05 < 0.05 < 0.05

2 Comparison using paired sample t-test.

released after valve surgery for a specific time period were about 2
times larger than those in the patients with septal defect surgery. Valve
surgery needs longer operating time and is more invasive than septal
defect surgery. This finding indicated that repeated surgical trauma
caused direct myocyte damage and release of cardiac markers. In ad-
dition, all of our patients underwent cardiac surgery with cardio-
pulmonary bypass (CPB) which resulted in myocardial ischemic injury
[29-31]. In our study, CPB time for valve surgery was about twice as
long as that for septal defect surgery. This finding also suggests that
ischemia-reperfusion injury is also a major cause of increase in the
cardiac markers.

Ischemia-reperfusion injury (IRI) is common in cardiac surgery with
CPB. During cardiac surgery with CPB, the heart is isolated from the
circulation which results in myocardial ischemia [30]. The restoration
of blood flow to the ischemic myocardium results in oxidative stress
and oxidative damage of myocytes which could lead to myocardial
infarction and cardiac arrhythmias [32,33]. IRI is also common in or-
thopedic surgery with tourniquet, organ transplantation, percutaneous
coronary intervention, and CABG without CPB [34-36]. In our study,
the amounts of CK-MB and cTnT released after CABG were similar to
those after septal defect surgery. This finding was not the same as ex-
pected. As the patients with CABG had coronary artery stenosis and
longer duration of CPB compared with septal defect surgery, more se-
vere IRI would be occurred in the patents with CABG. This data in-
dicated that CK-MB and cTnT did not properly represent IRI in the
patients with CABG. In contrast, the amounts of H-FABP after CABG
were about three times larger than those after septal defect surgery.
These findings suggested that H-FABP would be a more useful marker
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for detecting myocardial ischemic injury than CK-MB and cTnT. Our
result was similar to the study of Muehlschlegel et al. that H-FABP was a
superior independent predictor of postoperative mortality and ven-
tricular dysfunction after CABG than CK-MB and c¢Tnl [37]. The study
of Malik et al. also showed that Heart-type fatty-acid—binding protein
was a more rapid marker of perioperative myocardial damage than CK-
MB in the patients with CABG [31]. The study of Thielmann et al. also
told that H-FABP was a sensitive and rapid biomarker that detected MI
reliably at 1 h after CABG, much earlier than c¢Tnl [38].

MI is common after CABG [39]. MI is more common after CABG
than after valve surgery [38,40]. However, our data showed that the
amounts of CK-MB and cTnT released after CABG were half those after
valve surgery, but the amounts of CK-MB and cTnT released after valve
surgery were about two times larger than after septal defect surgery.
This finding indicated that CK-MB and cTnT would be more sensitive to
myocardial injury with surgical trauma than with ischemic injury in the
patients with cardiac surgery.

Our study showed that H-FABP and cTnT were affected by renal
function, as in other studies [41-43]. This finding suggests that a dif-
ferent cutoff of H-FABP for myocardial infarction should be applied to
the patients with renal disease.

This study has a few limitations. First, our data are from a relatively
small sample size and from one center. Further larger cohort studies
would be desirable to confirm the difference between cTnT and H-FABP
for detecting myocardial ischemic injury after cardiac surgery. Second,
H-FABP concentrations released after cardiac surgery showed the bi-
phasic distribution in the twenty nine of 69 patients in this study. The
biphasic distribution occurred more frequently in the patients with
CABG than the other two groups. However, we did not perform long-
term follow-up of the patients showing the biphasic distribution of H-
FABP after cardiac surgery.

In conclusion, H-FABP would be a more useful marker for detecting
myocardial ischemic injury than CK-MB and cTnT. CK-MB and c¢TnT
would be more sensitive to myocardial injury with surgical trauma than
with ischemic injury in the patients with cardiac surgery.
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