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presence of diabetes was associated with an increased H-
FABP level (r = 0.30, p = 0.01). Of the 27 patients with H-FABP 
 ≥ 7.5 ng/ml, 21 (87%) had diabetes. There was no significant 
correlation with other clinical risk factors, type or duration of 
surgery.  Conclusion:  The H-FABP levels significantly in-
creased in the postoperative period. Most patients with in-
creased postoperative H-FABP levels were diabetic. High H-
FABP levels could alert clinicians to increased perioperative 
cardiovascular risk and could prevent underdiagnosis, espe-
cially in diabetic patients.  © 2014 S. Karger AG, Basel 

 Introduction 

 The number of patients who undergo noncardiac sur-
gery and the proportion of patients at risk of periopera-
tive cardiac events are increasing worldwide  [1] . The risk 
of perioperative complications are related to the condi-
tion of the patient prior to surgery, comorbidities, and the 
duration and type of the surgery. The type of surgery de-
termines the severity of prolonged hemodynamic and 
cardiac stress. Recommended clinical risk indices are to 
be used for preoperative risk stratification to reduce peri-
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 Abstract 

  Objective:  To test the potential role of heart-type fatty acid-
binding protein (H-FABP) in detecting increased periopera-
tive cardiac risk in comparison with cardiac troponin I (cTnI) 
in the early postoperative period.  Subjects and Methods:  
Sixty-seven patients who had clinical risk factors and under-
went elective intermediate - or high-risk noncardiac surgery 
were included in this study. Serum specimens were analyzed 
for H-FABP and cTnI levels before and at 8 h after surgery. 
None of the patients had chest pain; 27 had a history of isch-
emic heart disease, 3 of heart failure, 5 of cerebrovascular 
diseases, 40 of diabetes and 46 of hypertension.  Results:  The 
mean duration of the operations was 2.33 ± 1.27 h (range 
1–6). In the postoperative period, 27 (40.3%) patients had 
increased H-FABP levels ( ≥ 7.5 ng/ml); the median preopera-
tive serum H-FABP level was 0.13 ng/ml (<0.1–5.9) and the 
median postoperative H-FABP level was 6.86 ng/ml (<0.1–
13.7). Only 1 (1.5%) patient had cTnI >0.1 μg/l during the 
postoperative period. Correlation analysis revealed that the 
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operative cardiac complications  [1–3] . The most com-
monly used guidelines and recommended cardiac risk 
stratification tool is Lee’s revised cardiac risk index  [2] . 
Lee described six independent risk factors: high-risk type 
of surgery, history of ischemic heart disease, history of 
congestive heart failure, history of cerebrovascular dis-
ease, insulin-requiring diabetes, and preoperative serum 
creatinine above 2.0 mg/dl. Several external validation 
studies have suggested that the Lee index is probably sub-
optimal for identifying patients with multiple risk factors 
 [4–6] .

  Although less than 1% of patients develop periopera-
tive myocardial infarction (MI) or cardiac arrest, two 
thirds of these patients die within 30 days of surgery. Ap-
parently, nonfatal perioperative MI is an independent 
predictor for long-term cardiovascular events following 
surgery. Hence, determinants of perioperative myocar-
dial injury and early diagnosis are vital  [5, 6] . Based on 
previous studies, perioperative cardiac complications oc-
cur more frequently in patients with a known diagnosis 
of diabetes mellitus than in nondiabetic patients due to 
high preoperative glucose levels  [7, 8] .

  Postoperative ischemia is clinically silent in more than 
90% of cases and up to half of perioperative MIs may be 
underdiagnosed if clinicians rely solely on clinical signs 
or symptoms  [1–3, 9] . Silent ischemia is more prevalent 
in diabetic patients  [8, 10, 11] .

  Chest pain and electrocardiographic ST segment 
changes rarely accompany postoperative myocardial 
ischemia; hence, the diagnosis of postoperative MI is due 
mainly to the fluctuations of biochemical markers, espe-
cially of cardiac troponin (cTn)  [2, 3] . Heart-type fatty 
acid-binding protein (H-FABP) is a small and relatively 
cardiac-specific cytoplasmic molecule; it appears in the 
blood as early as 30–90 min after myocardial injury, peaks 
at around 4–6 h and returns to baseline values within ap-
proximately 24 h. Because of its high sensitivity in the 
early phase of acute MI, H-FABP has been suggested for 
the initial diagnosis of MI as well as of more subtle de-
grees of subclinical myocyte injury  [12–18] . It has been 
reported that H-FABP was more sensitive than cTnT for 
detecting ongoing myocardial damage in chronic heart 
failure patients  [19] . Hence, the purpose of this study was 
to investigate the potential role of serum H-FABP and 
cTnI levels in detecting increased perioperative cardiac 
risk in patients who have clinical risk factors at an early 
phase of the postoperative period.

  Subjects and Methods 

 Following institutional review board approval, a total of 67 out 
of 80 patients who underwent elective intermediate and high-risk 
noncardiac surgery were enrolled in this study, each providing 
their informed consent. Thirteen patients were excluded from the 
study due to inappropriate sample collection or timing. Inclusion 
criteria were patients aged >18 and <80 years who had one or more 
clinical risk factors, such as ischemic heart disease, diabetes mel-
litus, a history of cerebrovascular disease, a history of heart failure 
but left ventricular ejection fraction (LVEF) >40%, or had minor 
clinical predictors, such as hypertension or abnormal electrocar-
diogram, rhythm other than sinus on the electrocardiogram. Pa-
tients who underwent intermediate-risk surgery (abdominal, neck 
and head, carotid, major urologic, major orthopedic, intrathoracic 
surgery) or high-risk vascular surgery according to the European 
Society of Cardiology (ESC) guidelines on perioperative cardio-
vascular evaluation for noncardiac surgery were included  [2] . The 
exclusion criteria were inability or unwillingness to give informed 
consent, age <18 or >80 years, emergency procedures, acute coro-
nary syndrome, decompensated heart failure and/or severe sys-
tolic dysfunction (LVEF <40%), severe valvular heart disease, se-
vere cardiac arrhythmia, renal failure (serum creatinine >1.5 mg/l), 
pulmonary embolism, obstructive sleep apnea syndrome, chronic 
obstructive airway disease, and undergoing a low-risk operation, 
such as breast, eye, reconstructive, minor urologic and minor or-
thopedic surgery.

  Before surgery, patients were evaluated for clinical risk factors, 
including diabetes mellitus, ischemic heart disease, renal dysfunc-
tion, heart failure, stroke and age, and then a physical examination 
was performed. Prior to surgery, each patient’s serum hemoglobin 
level, serum creatinine level, serum lipid profile, electrocardiogra-
phy, medications and risk of surgery according to the ESC guide-
line for perioperative management in noncardiac surgery were re-
viewed. Echocardiographic evaluation was performed in all pa-
tients to exclude severe valvular heart disease and severe systolic 
dysfunction. All preoperative chronic cardiovascular medications 
were continued until the day of surgery and resumed as soon as 
possible postoperatively.

  Peripheral venous blood samples drawn in the preoperative 
and postoperative periods were immediately centrifuged and the 
serum was stored at –80   °   C for later analysis. cTnI and H-FABP 
levels of the serum specimens were analyzed before and at 8 h after 
surgery as this time period carries the highest risk for silent isch-
emia and MI. The reasons for this are that the majority of patients 
receive narcotic therapy or sedation, which could mask clinical 
symptoms, and troponin sensitivity is at its lowest in the first 6 h. 
Of equal importance is that the H-FABP sensitivity declines after 
8 h of symptom onset at the MI diagnosis, and the H-FABP level 
peaks approximately at 4–6 h after myocardial injury  [13] . Serum 
cTnI levels were measured using the Elecsys troponin I immunoas-
say (Roche Diagnostics, Mannheim, Germany), the upper refer-
ence limit of which is 0.01 μg/l. Serum H-FABP levels were mea-
sured using a human H-FABP enzyme-linked immunosorbent as-
say kit (Hycult H-FABP Elisa Test Kit; Hycult Biotech, Uden, The 
Netherlands). The kit has a concentration range of 102–25,000 pg/
ml. Serum samples were also obtained from 20 healthy controls to 
assess the cutoff value for H-FABP, which was measured as 7.5 ng/
ml and used to define positive H-FABP levels, based on the 95th 
percentile for the 20 healthy controls.
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  Data were analyzed with the software SPSS version 15.0 for 
Windows (SPSS Inc., Chicago, Ill., USA). Continuous variables are 
presented as the mean ± standard deviation (SD), and categorical 
variables as frequencies and percentages. The paired t test was used 
to compare normally distributed continuous variables and the 
Mann-Whitney U test for variables without a normal distribution. 
Median values and their 95% confidence intervals (95% CI) were 
calculated for continuous variables that were not distributed nor-
mally. The χ 2  test was used to compare categorical variables. The 
Spearman and Pearson methods were used for correlation analysis. 
A p value <0.05 was considered significant.

  Results 

 The patient characteristics are summarized in  table 1 . 
The mean ± SD age was 65 ± 11 years, and 41 patients 
were male and 26 were female. The procedures performed 
were predominantly intermediate-risk noncardiac sur-
geries: major orthopedic surgery was performed in 20 pa-
tients (28.2%); major urologic surgery in 26 (36.6%), in-
trathoracic surgery in 1 (1.4%), and other abdominal, 
neck, head and neurosurgical operations in 17 (25.3%). 
Also, 3 (4.2%) patients had infrainguinal major vascular 
surgery. The mean duration of the operations was 2.33 ± 
1.27 h. The prevalence of β-blockers and/or statin treat-
ment usage in the patients undergoing noncardiac sur-
gery was 35.8% (24 patients).

  None of the patients had chest pain during the 8 h after 
surgery. The median H-FABP concentration differed sig-
nificantly between before and after surgery ( fig 1 ). The 
median serum H-FABP concentration of patients before 

surgery was 0.13 ng/ml (<0.1–5.9) and at 8 h after surgery 
6.86 ng/ml (<0.1–13.7). The serum H-FABP levels were 
significantly increased after surgery compared to the pre-
operative period (p < 0.05). None of the patients had an 
H-FABP serum level  ≥ 7.5 ng/ml before surgery ( fig 2 ). 
There was correlation between the preoperative level of 
H-FABP and age (r = 0.27, p = 0.027). However, at 8 h 
after surgery, 40% (27/67) of the patients had an H-FABP 
level  ≥ 7.5 ng/ml. The presence of diabetes was associated 
with postoperative increased H-FABP levels (r = 0.30, 
p = 0.01). In the H-FABP  ≥ 7.5 ng/ml group, 78% (21/27) 
of patients had diabetes, compared with 47.5% (19/40) in 
the H-FABP <7.5 ng/ml group. There was no association 
between the use of β-blockers and/or statin therapy, oth-
er clinical risk factors, type of surgery or duration of an-
esthesia and postoperative elevated H-FABP levels. The 
cTnI level did not differ between before and after surgery 
[the median serum cTnI measurement before surgery 
was <0.01 μg/l (<0.01–0.31 μg/l), the median serum cTnI 
measurement at 8 h after surgery was <0.01 μg/l (<0.01–
0.14 μg/l), p = 0.89]. Five out of 67 patients (7%) had se-
rum cTn-I levels  ≥ 0.01 μg/l, and only 1 of them had a 
level >0.1 μg/l.

 Table 1.  Patients’ demographic and clinical characteristics (n = 67)

Males 41 (61.1)
Age, years 65 ± 11
History of ischemic heart disease 27 (40)
History of heart failure (LVEF >40%) 3 (4.4)
History of diabetes mellitus 40 (59.7)
History of hypertension 46 (68.6)
History of cerebrovascular disease 5 (7.5)
Hemoglobin, g/dl 12.90 ± 1.70
Serum creatinine, mg/dl 0.98 ± 0.30
Fasting serum glucose, mg/dl 147.55 ± 63.20
Total cholesterol, mg/dl 199.59 ± 34.10
Triglyceride, mg/dl 159.72 ± 73.17
High-density lipoprotein, mg/dl 45.19 ± 12.76
Low-density lipoprotein, mg/dl 122.61 ± 27.14

Values are n (%) or mean ± SD.
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  Fig. 1.  Preoperative (0.13 ng/ml; 95% CI <0.1–5.9) and postopera-
tive (6.86 ng/ml; 95% CI <0.1–13.7) H-FABP levels. 
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  Discussion 

 The serum H-FABP levels significantly increased after 
surgery (p < 0.05) but the serum cTnI did not differ be-
tween before and at 8 h after surgery. Detection of posi-
tive H-FABP or cTnI indicates that the patient might be 
suffering from myocardial injury and/or be at increased 
cardiac risk. Higher levels of H-FABP during the early 
phase of the postoperative period could be a result of sec-
ondary myocardial injury induced by surgery. We found 
that H-FABP is more sensitive than cTnI, which is con-
sistent with previously published studies  [20–22] . Ka-
trukha et al.  [20]  reported that in patients with unstable 
angina pectoris, which involves a relatively small amount 
of myocardial necrosis, H-FABP was more sensitive than 
cTnI within 6 h of chest pain. Viswanathan et al.  [21]  
showed that H-FABP predicted long-term mortality and 
reinfarction in patients with suspected acute coronary 
syndrome who were troponin negative .  O’Donoghue et 
al.  [22]  reported that H-FABP identified high-risk pa-
tients who were considered to be troponin negative .  Fur-
thermore, Niizeki et al.  [19]  reported that, in congestive 
heart failure patients with negative cTnT, a high H-FABP 
level was a risk factor for cardiac complications compared 
to a low H-FABP level; hence, H-FABP was more sensi-
tive in detecting ongoing myocardial damage.

  The release and serum kinetics of these markers denot-
ing myocardial ischemia may explain our findings. H-
FABP is located in the cytoplasm and is not bound to the 

sarcomere and, thus, might be released more easily in re-
sponse to myocardial injury. H-FABP is a small molecule, 
which further enhances the release. However, cTnI is a 
part of the troponin-tropomyosin complex in muscle fi-
bers, and is released into the circulation only when the 
cardiomyocyte is completely damaged. After myocardial 
injury, the tissue-to-plasma gradient is steeper for H-
FABP, thereby making plasma H-FABP rise more during 
the early phase after myocardial injury than cTnI  [12–19] .

  It has been reported that H-FABP is not solely a cardi-
ac-specific marker and is also present in the skeletal mus-
cle at low concentrations  [12, 23] . Skeletal muscle damage 
during surgery may result in leakage of H-FABP, thus the 
release of H-FABP could be overestimated. Of equal im-
portance, it has been reported that elevated levels of H-
FABP, BNP and cTnI in injured adult patients were as-
sociated with increased adverse cardiac events and unre-
lated to direct thoracic injury  [24] . Surgery and renal 
failure causes elevation of H-FABP concentrations  [25] . 
The slow release of proteins from skeletal muscle might 
be related to lower blood flow during rest and lower per-
meability of the endothelial barrier in skeletal muscle 
than in the heart. In our study, it is not known if there is 
any relationship between an elevated level of H-FABP 
and cardiac events. Patients were not followed up for car-
diovascular events in the following days. We could not 
determine whether H-FABP rise is the result of a real 
ischemic event, microvascular ischemia or just nonspe-
cific myocardial damage.

  The limitations of this study include the limited num-
ber of patients; failure to follow up cardiovascular events 
occurring in the following days, and lack of objective as-
sessment of ischemia with other cardiovascular tests, 
such as electrocardiographic ST segment Holter monitor-
ing. Some readers may wonder why we did not research 
the relationship between the level of HbA1c and H-FABP 
in diabetic patients. Plasma HbA1c reflects the mean gly-
cemic status over a 2- to 3-month period. It has been dem-
onstrated that a reduction in plasma HbA1c levels below 
7% results in a lower incidence of microvascular compli-
cations in both type 1 and type 2 diabetes mellitus. How-
ever, a reduction in plasma HbA1c levels would result in 
a similar reduction in the incidence of macrovascular 
complications in patients with diabetes that failed to 
reach clinical statistical significance  [26, 27] . Glycemic 
control for diabetic patients is especially associated with 
postoperative infectious complications  [28] . Due to these 
results, we did not research the relationship between the 
level of HbA1c and H-FABP in patients with diabetes.
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  Fig. 2.  Plot showing every patient’s preoperative and postoperative 
H-FABP levels. 
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  Conclusion 

 H-FABP levels significantly increased in the postop-
erative period and most patients with increased postop-
erative H-FABP levels were diabetic. H-FABP could be 
used in detecting increased perioperative cardiac risk 

during the early phase of the postoperative period. Fur-
ther comprehensive research is required to evaluate the 
value of this marker in the perioperative period for car-
diac events and long-term prognosis in larger patient 
populations.
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