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Abstract: Background: Clinical assessment of myocardial ischemia risk and early rapid and accurate diagnosis of
acute myocardial infarction (AMI) are lacking. Methods: Surgical patients with coronary heart disease (CHD) or its
risk factors were recruited. According to the perioperative chest pain, severe myocardial ischemia related changes
in ECG, and vital signs, blood samples were collected at different time points for the detection of hs-cTnT and
cTnT. Results: The hs-cTnT area under receiver operating curve (AUC) of all patients with postoperative chest pain
or severe myocardial ischemia within 3 h and 6 h was 0.902 and 0.941, respectively, diagnostic accuracy for AMI
was 86.3% and 92.6%, respectively, sensitivity was 89.1% and 93.8%, respectively, and specificity was 83.5% and
92.5%, respectively. The ¢cTnT AUC within 3 h and 6 h was 0.623 and 0.820, respectively, diagnostic accuracy for
AMI was 38.5% and 85.0%, respectively, sensitivity was 32.6% and 81.0%, respectively, and specificity was 37.8%
and 83.8%, respectively. Postoperative incidence of AMI in patients with CHD was significantly higher than in other
patients. At 3 h and 6 h after chest pain, hs-cTnT concentration higher than 99th percentile of healthy controls was
observed in 77.4% and 89.6% of high risk patients, respectively, and >20% change in plasma hs-cTnT was found
in 51.2% and 82.5% of high risk patients, respectively. Conclusion: Patients with high risk had higher hs-cTnT than
other groups. Continuous peri-operative detection of hs-cTnT is able to assess the risk for myocardial ischemic injury
and help the early accurate diagnosis of AMI. It is especially important for patients with clinically invisible chest pain.
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Introduction ters used in the diagnosis and clinical assess-

ment of AMI [6-9]. In most patients with ST-
Acute myocardial infarction (AMI) is a major elevation AMI, the clinical assessment and ECG
cause of perioperative death in patients with may confirm the diagnosis of AMI and thus
concomitant heart disease undergoing non- revascularization may be initiated within min-
cardiac surgery [1]. Substantial advances have utes. However, ST-elevation AMI is found in only

been achieved in non-cardiac surgery, which
improves the quality of life of patients, but has
perioperative complications in approximately
30% of patients and may cause death in 50%
of patients due to myocardial ischemic injury
complicated by AMI [1-5]. Therefore, the AMI
should be more rapidly and accurately diag-
nosed, which is very important to reduce the
incidence of adverse cardiovascular events
and the timely and targeted evidence-based
medical treatment [6-8].

about 5% of consecutive patients presenting
with acute chest pain [10]. Therefore, in the
vast majority of patients, considerable uncer-
tainty is left after the clinical assessment and
initial ECG examination. In addition, ST-segment
deviation is often affected by other conditions,
such as acute pericarditis, left ventricular
hypertrophy, and conduction block [6-8, 11].
Therefore, ECG alone is often insufficient to
diagnose AMI. cTn is an important biochemical
marker for myocardial damage with high sensi-
Nowadays, 12-lead electrocardiogram (ECG) tivity and specificity and may serve as a useful
and cardiac troponin (cTn) are major parame- biological indicator in the clinical diagnosis of
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acute coronary syndrome (ACS) [8, 12]. How-
ever, within the initial few hours of chest pain,
the blood cTn concentration remains at a low
level and therefore has a poor sensitivity; until
six hours after myocardial ischemia, blood cTn
significantly rises. Therefore, it will delay the
diagnosis of AMI, significantly increasing the
risk for serious complications [8, 13].

To overcome these limitations, the forth gener-
ation of this technique is developed for the
detection of high-sensitivity cardiac troponin T
(hs-cTnT) that has the 10% coefficient of varia-
tion no higher than 10% and is lower than the
99th percentile of that in healthy controls [14-
20]. Clinical studies on patients with chest pain
in the department of emergency have shown
that hs-cTnT can significantly improve the sensi-
tivity and specificity of AMI diagnosis [19, 20].
Apple et al. [8, 21] also demonstrated hs-cTnT
had a higher sensitivity than previous indica-
tors and could further enhance the accuracy of
the diagnosis of AMI and therefore improve the
diagnostic sensitivity and specificity, even in
patients early after the onset of chest pain. We
hypothesized that hs-cTnT may be used for
early, rapid and accurate diagnosis of AMI in
patients even in the absence of obvious chest
pain and other symptoms in the peri-operative
period. This study was to investigate whether
hs-cTnT can be used for the early, rapid and
accurate diagnosis of AMI, and the sensitivity
and specificity of hs-cTnT in the diagnosis of
AMI and the incidence of AMI in non-cardiac
surgery patients with heart disease in the peri-
operative period were also explored.

Materials and methods
Ethics

The study was approved by the Ethics Com-
mittee of the Fourth People’s Hospital of Wuxi
City and was carried out from March 2013 to
August 2015.

Objectives

The primary objective of this study was to exam-
ine the role of hs-cTnT in the prediction of risk
for myocardial ischemic injury through compar-
ing chest pain patients with different risks.

Participants

Institutional approval was obtained from the
Ethics Committee of the Fourth People’s Hos-
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pital of Wuxi City and all the patients provided
informed consent before study. Considering
that the incidence of myocardial ischemia was
26% in the high risk patients (x=0.05, 3=0.2)
[14, 22], the number of patients required for
each group was 80. Eligible patients were at
least 18 years old, had American Society of
Anesthesiologists (ASA) class I-IV, had no his-
tory of allergy to anesthetics and received non-
cardiac elective surgery under general anes-
thesia in our hospital. A total of 343 patients
were recruited between March 2013 and
August 2015.

Evaluation

According to the guideline of New York Heart
Academy (NYHA) on heart function classifica-
tion, patients with a history of AMI within a
week or recent myocardial infarction (one week
to a month) or risk factors associated with myo-
cardial ischemia (MI), decompensated heart
failure (NYNA stage IV), new onset of ventricular
tachycardia, severe aortic stenosis (mean pres-
sure gradient greater than 40 mmHg, aortic
valve area less than 1.0 cm? or presence of sig-
nificant clinical symptoms), and severe mitral
stenosis (chronic progressive exertional dys-
pnea, fatigue, syncope, or heart failure) were
excluded from this study.

Grouping

Patients with different heart diseases or differ-
ent related cardiovascular risk factors have dis-
tinct incidences of AMI and other serious car-
diovascular events. Therefore, patients studied
were allocated to three different groups accord-
ing to cardiac risk determined on the basis of
2014 AHA/ACC Guideline for the Management
of Patients With Non-ST-Elevation Acute Coro-
nary Syndromes and 2014 ACC/AHA Guideline
for Peri-operative Cardiovascular Evaluation
and Management of Patients Undergoing non-
cardiac Surgery [9]. High risk group (Group H)
consisted of 85 patients with a history of coro-
nary artery disease, including 19 patients with
a history of unstable angina, 15 patients in the
recovery period of AMI (within 6 months), 8
patients with 3° degree atrioventricular block,
20 patients with atrial fibrillation (resting heart
rate >100 beats/min), and 23 patients with
symptomatic bradycardia. Moderate risk group
(Group M) consisted of 87 patients with high-
risk factors of AMI, including 21 diabetic melli-
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Table 1. Basic line information of all groups

tained at between 40 and

60 for all the patients. Cal-

Characteristics Group H Group M Group L Group C
Age (age) 6218 6319 6519 6218
Gender (Male/Female) 54/31 57/30 52/33 55/31
BMI (Kg/m?) 23.5+4.7 23.843.9 23.3+3.7 22.9+4.1

eium Dibulyryl Cyclic Ade-
nosine Monophate Injecti-
on (40 mg/d) was given co-
ntinuously to improve myo-

Heart function (I/11/11l/IV) 0/16/65/4 0/34/53/0 0/73/12/0 76/10/0/0 cardial ischemia from 1

ASA grade (I/11/111/1V)

Anesthetic time (min) 189+35 193+39
Operation time (min) 165+22 168+24
Blood loss (ml) 315432 325+36

0/16/65/4 0/34/53/0 0/73/12/0 76/10/0/0
182137 183132
163123 160+20
320+29 318+33
Transfusion volume (ml) 2025256 2080+269 2100+272 2056+270

day before surgery to 7
days after surgery in three
risk groups, and normal
saline of the same volume
was administered in con-

Notes: High risk group (Group H); Moderate risk group (Group M); Low risk group (Group

L); The control group (Group C).

tus patients, 19 patients with atrial fibrillation
(resting heart rate <100 beats/min), 10 pati-
ents with 2 degree atrioventricular block, and
37 patients with premature systole. Low risk
group (Group L) consisted of 85 patients having
risk factors of AMI, including 50 patients with
abnormal electrocardiogram (cardiac hypertro-
phy, bundle branch block and ST-T changes)
and 35 patients with severe hypertension. In
addition, the control group (Group C) consisted
of 86 apparently healthy subjects: according to
the requirements in the Clinical and Laboratory
Standards Institute (CLSI), liver and kidney
function, findings from routine blood test, blood
pressure, blood glucose and plasma albumin
were within the normal ranges; there was no
obvious history of smoking or drinking; ECGs
were normal, and there was no history of blood
transfusion and surgery within six months.

Anesthesia

Isotonic liquid (10 ml/kg/h; <500 ml) was in-
fused before anesthesia induction. Anesthesia
was induced with etomidate (2.0~3.0 mg/kg),
midazolam (0.1 mg/kg), fentanyl citrate (5-8
ug/kg) and cisatracurium besylate (0.2~0.25
mg/kg). After intubation, anesthesia was main-
tained with propofol (4-5 mg/kg/h), sevoflu-
rane (0.8-1.5 minimum alveolar concentration),
cisatracurium besylate (3-4 pg/kg/min) and
remifentanil (0.1-0.2 pg/kg/min). Isotonic lig-
uid, plasma and blood were administered to
maintain blood volume according to patients’
weight and blood loss during surgery. If bleed-
ing was uncontrolled and mean arterial pres-
sure (MAP) was very low, aramine (50 pg/min)
was infused till MAP was maintained at 70
mmHg. The bispectral index (BIS) was main-
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trol group.
Observations

During the peri-operative period, measure-
ments of ECG, continuous invasive arterial
blood pressure, central venous pressure, respi-
ration; pulse oximetry (SPO,), body tempera-
ture, and urine output were done in all the
patients. Blood was sampled at O h, 3 h, and 6
h for the hs-cTnT and cTnT detection.

Sample collection

3-ml blood was collected at O h, 3 h, and 6 h
after chest pain, coagulated at room tempera-
ture for 10-20 min, and centrifuged for 20 min
at 2000-3000 rmp/min. Serum was collected
and stored at -80°C for further detections.

Reagent and instrument

cTnT kit, hs-cTnT kit, and cobase 601 automat-
ed immunoassay analyzer were used. Accord-
ing to the manufacturer instructions, hs-cTnT
>0.014 pg/L and cTnT >0.030 pg/L are indica-
tive of AMI secondary to ischemic myocardial
injury. The hs-cTnT detection limit is 0.002
pg/L, the 99th percentile of hs-cTnT in appar-
ently healthy subjects is <0.014 pg/L, and CV%
<10 is 0.013 pg/L; 99th percentile of cTnT in
apparently healthy subjects is <0.010 ug/L,
and CV% <10% is 0.030 pg/L.

Diagnostic criteria for AMI

AMI was diagnosed according to the third uni-
versal definition of myocardial infarction devel-
oped by ESC/ACC/AHA/WHF in 2016. AMI was
diagnosed according to the International Dia-
gnostic Criteria for acute myocardial ischemia
developed by ESC/ACC in 2016. AMI was
defined when there was evidence of myocardial
necrosis in a clinical setting. Under these con-
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Table 2. Plasma hs-cTnT (ug/L) and con-cTnT (ug/L) concentrations at O h, 3 h and 6 h after chest pain

Oh 3h 6h

Grou
P hs-cTnT con-cTnT hs-cTnT con-cTnT hs-cTnT con-cTnT

Group H 0.012 (0.009-0.015) 0.1 (0.06-0.18) 0.058 (0.011-0.124) 0.25 (0.13-0.52) 0.127 (0.012-0.326) 0.62 (0.38-0.95)
Group M 0.009 (0.007-0.012) 0.09 (0.05-0.14) 0.012 (0.007-0.015) 0.18 (0.11-0.36) 0.013 (0.007-0.016) 0.42 (0.27-0.58)
Group L 0.010 (0.008-0.013) 0.09 (0.04-0.12) 0.017 (0.009-0.014) 0.13 (0.07-0.24) 0.015 (0.010-0.018) 0.26 (0.15-0.37)
Group C 0.004 (0.002-0.005) 0.06 (0.02-0.09) 0.004 (0.002-0.006) 0.12 (0.05-0.18) 0.004 (0.002-0.005) 0.13 (0.05-0.26)

Notes: High risk group (Group H); Moderate risk group (Group M); Low risk group (Group L); The control group (Group C).

Table 3. hs-cTnT higher than 99th percentile of hs-cTnT in apparently Generally, the clinical diag-

healthy subjects and >20% change in plasma hs-cTnT by at 3 h and nosis of AMI was based
6 h after chest pain on the hs-cTnT above the
Higherthan 99th  >20%  Higherthan 99th  >20% 99th percentile of apparent-

Group percentile of hs-cTnT change in percentile of hs-cTnT change in ly healthy subjects (0.014
in apparently healthy plasma in apparently healthy plasma pg/L) and the CV% of <10%

subjects at 3 h hs-cTnT subjects at 6 h hs-cTnT (0.013 pg/L) (that is, hs-cTnT

Group H 77.4 51.2 89.6 82.5 20.014 pg/L), which is acc-
Group M 73 21 9.4 5.6 ording to the instruction of
Group L 8.2 45 14.6 8.3 Roche hs-cTnT Kit. In order

Group C 0 0 0 0 to improve the sensitivity

and specificity of early AMI
diagnosis, hs-cTnT of differ-
ent cut points was used for
the diagnosis of AMI: (A) hs-

Notes: High risk group (Group H); Moderate risk group (Group M); Low risk group
(Group L); The control group (Group C).

£5.0; cTnT >0.014 pg/L at O h after chest pain or
‘54_5. —+—Group H severe new MI changes; (B) hs-cTnT >0.014
&4.0 -2-Group M pg/L at 3 h after chest pain or severe new Ml
235 ~+-Group L changes; (C) hs-cTnT >0.014 pg/L at 6 h after
g 3.0 ~B-Group C chest pain or severe new Ml changes; (D) was

22_5 >20% change in hs-cTnT concentration at 3 h
<20 after chest pain or sever new MI changes; (E)
; 1.5 >30% change in hs-cTnT concentration at 3 h
c1.0 after chest pain or severe new MI changes; (F)
Eo-g' >20% change in hs-cTnT concentration at 6 h

after chest pain or severe new MI changes; (G)

1 2 3 4 5 6 7 8 9 ) )
Days after surgery >30% change in hs-cTnT concentration at 6 h

after chest pain or sever new Ml changes.

Figure 1. The incidence of AMI in four groups at differ-

ent time points during the perioperative period. High Statistical analysis
risk group (Group H); Moderate risk group (Group M);
Low risk group (Group L); The control group (Group C). Statistical analysis was performed using the

Statistical Package for Social Sciences for

ditions, any one of following criteria was indica- Windows, version 11.0 (SPSS, Inc., Chicago, IL).

tive of the diagnosis of MI [23]. Measurement data were treated by Shapiro-

Wilk test and homogeneity of variance test.
The final diagnosis was made by an indepen- Data with normal distribution are expressed as
dent clinical cardiologist and an anesthesiolo- mean + standard deviation (SD), and intergroup
gist according to the clinical medical history, comparisons were performed using Student’s t
physical examination, ECG, cTnT, and clinical test. Data with abnormal distribution are ex-
signs (coronary angiography if necessary) dur- pressed as median or interquartile range, and
ing the perioperative period. Any disagreement intergroup comparisons were performed using
was resolved by consulting another cardiolo- Mann-Whitney U test. Categorical variables
gist. were compared using the chi-square test or
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Table 4. Diagnostic characteristics of hs-cTnT and con-cTnT for AMI at 3 h after chest pain in all

patients (%)

AUC (95% e s Positive Negative
Parameter confidence interval) Sensitivity - Specificity - Accuracy predictive value predictive value
hs-cTnT 0.915 (0.835-0.967) 89.1 83.5 86.3 76.7 84.5
con-cTnT 0.643 (0.528-0.672) 32.6 37.8 38.5 36.2 38.5

Notes: Cutoff value: hs-cTnT 20.014 pg/L; con-cTnT >0.030 pg/L.

Table 5. Diagnosis characteristics of hs-cTnT and con-cTnT for AMI at 6 h after chest pain in all pa-

tients (%)

AUC (95% e s Positive Negative
Parameter confidence interval) Sensitivity - Specificity - Accuracy predictive value predictive value
hs-cTnT 0.972 (0.893-0.988) 93.8 92.5 92.6 86.3 93.4
con-cTnT 0.821 (0.738-0.902) 81.0 83.8 85.0 73.0 91.2

Notes: Cutoff value: hs-cTnT 20.014 pg/L; con-cTnT >0.030 pg/L.
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Figure 2. ROC of hs-cTnT and cTnT at 3 h after chest pain or sever new myo-
cardial ischemia changes. Significant difference was observed between hs-
c¢TnT and cTnT (P<0.01). The AUC, sensitivity, specificity, accuracy, positive
predictive value, and negative predictive value were 0.915, 89.1%, 83.5%,
86.3%, 76.7%, and 84.5% for hs-cTnT. The AUC, sensitivity, specificity, ac-
curacy, positive predictive value, and negative predictive value were 0.643,
32.6%, 37.8%, 38.5%, 36.2%, and 38.5% for con-cTnT.

groups is shown in Table 1.
None developed chest pain
during the preoperative peri-
od; however, only 8 patients
complained chest dull pain a
few days after surgery.

1) The plasma concentrations
of hs-cTnT and cTnT after chest
pain in four groups are shown
in Table 2.

2) Over 20% change in hs-cTnT
concentration at 3 h and 6 h
after chest pain or severe new
MI changes is shown in Table
3.

3) The incidence of AMI in four
groups at different time points
during the perioperative peri-
od is shown in Figure 1.

4) The diagnostic characteris-
tics of hs-cTnT and cInT in
relation to AMI at 3 h and 6 h
after chest pain or severe new
MI changes were compared

Fisher’'s exact test. A value of P<0.05 was con-
sidered statistically significant.

Results
In total 343 patients were recruited into pres-
ent study, and all the patients completed this

study. None withdrew from the study. All the
basic line information of objectives in four
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(Tables 4, 5). In addition, the AUC of hs-cTnT
and cTnT at 3 h and 6 h after chest pain or
severe new Ml changes showed statistically sig-
nificant differences between hs-cTnT and cTnT
(P<0.01, Figure 2; P<0.05, Figure 3).

5) Clinical application of AMI diagnosing princi-

ples was conducted in this study. The different
principles were used for the peri-operative AMI

Int J Clin Exp Med 2017:10(9):13463-13472
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Figure 3. ROC of hs-cTnT and c¢TnT at 6 h after chest pain or sever new myo-
cardial ischemia changes. Significant difference was observed between hs-
¢TnT and ¢TnT (P<0.05. The AUC, sensitivity, specificity, accuracy, positive
predictive value, and negative predictive value were 0.972, 93.8%, 92.5%,
92.6%, 86.3%, and 93.4% for hs-cTnT. The AUC, sensitivity, specificity, ac-
curacy, positive predictive value, and negative predictive value were 0.821,
81.0%, 83.8%, 85.0%, 73.0%, and 91.2% for con-cTnT.

Table 6. Role of different rules in the diagnosis of AMI (%)

Positive  Negative

Combined mode Sensitivity Specificity Accuracy predictive predictive
value value
A 86.5 87.9 83.2 74.1 82.2
B 89.1 83.8 86.3 76.7 84.5
C 93.8 92.5 92.6 86.3 93.4
A&D or B&D 92.6 90.2 93.5 83.7 87.2
A&E or B&E 94.2 95.6 95.2 89.0 92.7
A&F or C&F 97.5 97.5 98.6 92.8 93.4
A&G or C&G 98.7 99.3 99.2 94.6 95.3

Notes: A: O h after postoperative chest pain or myocardial ischemia, hs-cTnT
greater than 99th percentile (0.014 pg/L) of apparently healthy subjects; B: 3 h
after postoperative chest pain or myocardial ischemia, hs-cTnT greater than 99th
percentile of healthy subjects; C: 6 h after postoperative chest pain or myocardial
ischemia, hs-cTnT greater than 99th percentile of healthy subjects; D: within 3 h
after postoperative chest pain or myocardial ischemia, >20% hs-cTnT change; E: 3
h within postoperative chest pain or myocardial ischemia, >30% hs-cTnT change;
F: within 6 h after postoperative chest pain or myocardial ischemia, >20% hs-cTnT
change; G: within 6 h after postoperative chest pain or myocardial ischemia, >30%
hs-cTnT change. cutoff value: hs-cTnT 20.014 pg/L; con-cTnT =0.030 pg/L.

diagnosis in patients with cardiovascular dis-
eases and the diagnostic features are shown in
Table 6.
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Discussion

Clinical studies have shown
that hs-cTnT has higher sensi-
tivity and specificity for the
diagnosis of AMI than tradi-
tional methods [16-18, 21,
24, 25]. However, concerns
remain in to the clinical appli-
cation of hs-cTnT. Most previ-
ous studies primarily focus
on emergency patients with
chest pain. In this study, 343
hospitalized patients with dif-
ferent heart disease and risk
factors who received surgery
were recruited. Our results
showed that that hs-cTnT
could help early prediction of
ACS and early diagnosis of
AMI during the perioperative
period.

Our results also showed that
hs-cTnT had high sensitivity in
the diagnosis of myocardial
ischemic injury of different
severities. For patients with a
history of coronary artery dis-
ease (CHD), 3.8%, 77.4% and
89.6% of patients had plasma
hs-cTnT concentration above
the 99th percentile of that in
apparently healthy subjects at
0 h, 3 h and 6 h after chest
pain or severe MlI, respecti-
vely (Table 2) and, 82.5% and
51.2% of patients had >20%
change in hs-cTnT plasma con-
centration within 3 h and 6 h
(Table 3), respectively, which
were much higher than in mo-
derate risk group and low risk
group. It is indicated that the
probability and severity of po-
stoperative M| were higher in
patients with a history of CHD.
These results indicated that
within 9 days, 17.6% of pati-
ents with a history of CHD

experienced AMI, while only 5.7% of non-AMI
heart disease patients and 2.3% of AMI-related
high-risk patients experienced AMI (Figure 2).

Int J Clin Exp Med 2017;10(9):13463-13472
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Studies on ACS patients showed that hs-cTnT
above the 99th percentile of apparently healthy
subjects may significantly increase the risk for
future cardiovascular events [26], and hs-cTnT
is able to predict myocardial infarction after
one year and improve diagnostic ability [27].
A study on 4513 ACS patients without ST-
segment elevation found that patients with hs-
cTnT higher than the 99th percentile of appar-
ently healthy subjects suffered myocardial
infarction and the risk of death within 30 days
was three times higher than that in healthy
patients [28]. Although the subjects and meth-
ods used differed from those in previous stud-
ies, the results were consistent among them,
indicating that plasma hs-cTnT concentration
can reflect myocardial injury of ischemic heart
disease and predict the risk of AMI.

Moreover, our results showed that hs-cTnT
helped the early peri-operative diagnosis of
AMI in patients with severe MI. Three hours
after chest pain or severe MI, the plasma hs-
cInT concentration was significantly higher
than the 99th percentile of apparently healthy
subjects. In addition, the AUC of hs-cTnT reac-
hed 0.902 (Figure 2), but that was only 0.623
for cTnT (Figure 2). Six hours after chest pain,
the AUC of hs-cTnT was 0.941 (Figure 3) and
that for cTnT was 0.820 (Figure 3), indicating
that hs-cTnT achieved early and accurate diag-
nosis of AMI. Studies on emergency patients
with chest pain demonstrated that hs-cTnT was
capable of helping accurate AMI diagnosis at 3
h after chest pain [19, 20]. Different from many
other studies, our study recruited patients after
surgery. When AMI occurred, only eight patients
developed chest pain. Most patients were still
unable to describe symptoms clearly due to the
mechanical ventilation in ICU, and thus relevant
information could not be obtained. However, se-
vere or new M, or characteristics of AMI shown
in continuous electrocardiography or significant
changes in vital signs are risk signals and pro-
vide us direction in the treatment which differ
from the usual treatment of emergency patients
with chest pain as the major complaint.

Our results suggest that patients with cardio-
vascular disease have a high risk for AMI within
a week after surgery. Comprehensive analysis
of clinical vital signs, continuous ECG changes,
and timely detection of plasma hs-cTnT concen-
tration has important clinical significance for
the early detection of perioperative AMI (Tables
2, 3).
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Dynamic detection of hs-cTnT improves the pos-
itive and negative predictive values. The posi-
tive and negative predictive values of hs-cTnT
were 76.7% and 84.5%, respectively at 3 h and
86.3% and 93.4%, respectively at 6 h after sur-
gery (Table 4). Early short term and repeated
blood sampling can not only improve diagno-
stic sensitivity, accuracy and specificity, but
increase negative predictive value for ACS, pro-
viding a basis for timely, early, and evidence-
based treatment [7, 27, 29, 30]. When mild
myocardial injury occurs, hs-cTnT concentration
is at a low level; one test is not enough to con-
firm the diagnosis. Prior studies have indicated
that repeated testing can improve the positive
and negative predictive values of hs-cTnT for
ACS, thereby reflecting the degree of myocardi-
al ischemic injury [31].

The application of clinical diagnosis rules also
significantly improved hs-cTnT specificity and
accuracy of AMI diagnosis. At 3 and 6 h after
chest pain, >20% or 30% change in plasma hs-
cTnT concentration significantly increased the
diagnostic capacities (Table 5). For patients
with unstable angina, higher hs-cTnT concen-
tration was present. A single hs-cTnT test can-
not reflect real condition, but the fold change in
hs-cTnT concentration may help the accurate
diagnosis (Table 5). Other studies have demon-
strated that dynamic detection of hs-cTnT (twice
over a short time period; change of >20% or
30%) may also improve the diagnostic accuracy
of AMI and negative predictive value [32].

However, there were some limitations in our
study. First, only plasma hs-cTnT concentration,
post-operative AMI and other cardiovascular
events in the perioperative period were exam-
ined, and long-term outcome was not evaluat-
ed. Second, the influence of kidney function on
plasma hs-cTnT concentration was not evaluat-
ed. Third, reagents from different manufactur-
ers may also affect the detection of hs-cTnT, but
reagent from a single manufacturer was used
in our study.

In conclusion, perioperative dynamic hs-cTnT
detection is helpful for the assessment of risk
for myocardial ischemic injury and for the early
accurate diagnosis of AMI. Especially, for pati-
ents with clinically latent chest pain, this pro-
vides an important scientific basis for the early
accurate diagnosis and treatment of MI. How-
ever, to assess the risk of AMI development, it
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is still needed to rule out other potential factors
which contribute to AMI occurrence.

Acknowledgements

This work was supported by grants from Jiang-
su Province Commission of Health and Family
Planning (QNRC2016158), Wuxi City Com-
mission of Health and Family Planning (No.
YGZXY1307 and No. MS201517), and National
Natural Science Foundation of China (8127-
0126).

Disclosure of conflict of interest
None.

Address correspondence to: Jiru Zhang, Depart-
ment of Anesthesiology, Affiliated Hospital of
Jiangnan University (Wuxi No. 4 People’s Hospital),
No. 200, Huihe Road, Wuxi 214062, China. E-mail:
zjr2010508@126.com

References

[1] Fleisher LA, Beckman JA, Brown KA, Calkins H,
Chaikof E, Fleischmann KE, Freeman WK,
Froehlich JB, Kasper EK, Kersten JR, Riegel B,
Robb JF, Smith SC Jr, Jacobs AK, Adams CD,
Anderson JL, Antman EM, Buller CE, Creager
MA, Ettinger SM, Faxon DP, Fuster V, Halperin
JL, Hiratzka LF, Hunt SA, Lytle BW, Nishimura
R, Ornato JP, Page RL, Riegel B, Tarkington LG
and Yancy CW. ACC/AHA 2007 guidelines on
perioperative cardiovascular evaluation and
care for noncardiac surgery: executive sum-
mary: a report of the American college of cardi-
ology/American heart association task force
on practice guidelines (writing committee to
revise the 2002 guidelines on perioperative
cardiovascular evaluation for noncardiac sur-
gery). Anesth Analg 2008; 106: 685-712.

[2] Bottiger BW and Martin E. [Prevention of peri-
operative myocardial ischemia--an update].
Anaesthesist 2000; 49: 174-186.

[3] Auerbach AD and Goldman L. Beta-Blockers
and reduction of cardiac events in noncardiac
surgery: clinical applications. JAMA 2002; 287:
1445-1447.

[4] Friess U and Stark M. Cardiac markers: a clear
cause for point-of-care testing. Anal Bioanal
Chem 2009; 393: 1453-1462.

[5] Zaninotto M, Mion MM, Novello E, Altinier S
and Plebani M. New biochemical markers:
from bench to bedside. Clin Chim Acta 2007;
381: 14-20.

[6] Anderson JL, Adams CD, Antman EM, Bridges
CR, Califf RM, Casey DE Jr, Chavey WE 2nd,
Fesmire FM, Hochman JS, Levin TN, Lincoff

13470

(7]

(8]

9]

[10]

[11]

AM, Peterson ED, Theroux P, Wenger NK,
Wright RS, Jneid H, Ettinger SM, Ganiats TG,
Lincoff AM, Philippides GJ and Zidar JP. 2012
ACCF/AHA focused update incorporated into
the ACCF/AHA 2007 guidelines for the man-
agement of patients with unstable angina/
non-ST-elevation myocardial infarction: a re-
port of the American college of cardiology
foundation/American heart association task
force on practice guidelines. Circulation 2013;
127: e663-828.

Bassand JP, Hamm CW, Ardissino D, Boersma
E, Budaj A, Fernandez-Aviles F, Fox KA, Hasdai
D, Ohman EM, Wallentin L and Wijns W.
Guidelines for the diagnosis and treatment of
non-ST-segment elevation acute coronary syn-
dromes. Eur Heart J 2007; 28: 1598-1660.
Thygesen K, Alpert JS, White HD, Jaffe AS,
Apple FS, Galvani M, Katus HA, Newby LK,
Ravkilde J, Chaitman B, Clemmensen PM,
Dellborg M, Hod H, Porela P, Underwood R, Bax
JJ, Beller GA, Bonow R, Van der Wall EE,
Bassand JP, Wijns W, Ferguson TB, Steg PG,
Uretsky BF, Williams DO, Armstrong PW,
Antman EM, Fox KA, Hamm CW, Ohman EM,
Simoons ML, Poole-Wilson PA, Gurfinkel EP,
Lopez-Sendon JL, Pais P, Mendis S, Zhu JR,
Wallentin LC, Fernandez-Aviles F, Fox KM,
Parkhomenko AN, Priori SG, Tendera M, Voipio-
Pulkki LM, Vahanian A, Camm AJ, De Caterina
R, Dean V, Dickstein K, Filippatos G, Funck-
Brentano C, Hellemans |, Kristensen SD,
McGregor K, Sechtem U, Silber S, Tendera M,
Widimsky P, Zamorano JL, Morais J, Brener S,
Harrington R, Morrow D, Lim M, Martinez-Rios
MA, Steinhubl S, Levine GN, Gibler WB, Goff D,
Tubaro M, Dudek D and Al-Attar N. Universal
definition of myocardial infarction. Circulation
2007; 116: 2634-2653.

Amsterdam EA, Wenger NK, Brindis RG, Casey
DE Jr, Ganiats TG, Holmes DR Jr, Jaffe AS, Jneid
H, Kelly RF, Kontos MC, Levine GN, Liebson PR,
Mukherjee D, Peterson ED, Sabatine MS,
Smalling RW and Zieman SJ. 2014 AHA/ACC
guideline for the management of patients with
Non-ST-Elevation acute coronary syndromes: a
report of the American college of cardiology/
American heart association task force on prac-
tice guidelines. J Am Coll Cardiol 2014; 64:
e139-228.

Apple FS, Wu AH and Jaffe AS. European soci-
ety of cardiology and American college of cardi-
ology guidelines for redefinition of myocardial
infarction: how to use existing assays clinically
and for clinical trials. Am Heart J 2002; 144:
981-986.

Angelini GD, Taylor FC, Reeves BC and Ascione
R. Early and midterm outcome after off-pump
and on-pump surgery in beating heart against

Int J Clin Exp Med 2017;10(9):13463-13472



[12]

[13]

(14]

[15]

(16]

[17]

(18]

[19]

[20]

[21]

hs-cTnT for AMI

cardioplegic arrest studies (BHACAS 1 and 2):
a pooled analysis of two randomised controlled
trials. Lancet 2002; 359: 1194-1199.

Fellahi JL, Hanouz JL, Le Manach Y, Gue X,
Monier E, Guillou L and Riou B. Simultaneous
measurement of cardiac troponin |, B-type na-
triuretic peptide, and C-reactive protein for the
prediction of long-term cardiac outcome after
cardiac surgery. Anesthesiology 2009; 111:
250-257.

Wildi K, Twerenbold R and Mueller C. How
acute changes in cardiac troponin concentra-
tions help to handle the challenges posed by
troponin elevations in non-ACS-patients. Clin
Biochem 2015; 48: 218-222.

Apple FS and Collinson PO. Analytical charac-
teristics of high-sensitivity cardiac troponin as-
says. Clin Chem 2012; 58: 54-61.

Casals G, Filella X, Auge JM and Bedini JL.
Impact of ultrasensitive cardiac troponin | dy-
namic changes in the new universal definition
of myocardial infarction. Am J Clin Pathol
2008; 130: 964-968.

Apple FS, Smith SW, Pearce LA, Ler R and
Murakami MM. Use of the centaur Tnl-ultra as-
say for detection of myocardial infarction and
adverse events in patients presenting with
symptoms suggestive of acute coronary syn-
drome. Clin Chem 2008; 54: 723-728.
Mingels A, Jacobs L, Michielsen E, Swaanen-
burg J, Wodzig W and van Dieijen-Visser M.
Reference population and marathon runner
sera assessed by highly sensitive cardiac tro-
ponin T and commercial cardiac troponin T and
| assays. Clin Chem 2009; 55: 101-108.
Melanson SE, Morrow DA and Jarolim P. Earlier
detection of myocardial injury in a preliminary
evaluation using a new troponin | assay with
improved sensitivity. Am J Clin Pathol 2007;
128: 282-286.

Keller T, Zeller T, Peetz D, Tzikas S, Roth A, Czyz
E, Bickel C, Baldus S, Warnholtz A, Frohlich M,
Sinning CR, Eleftheriadis MS, Wild PS,
Schnabel RB, Lubos E, Jachmann N, Genth-
Zotz S, Post F, Nicaud V, Tiret L, Lackner KJ,
Munzel TF and Blankenberg S. Sensitive tropo-
nin | assay in early diagnosis of acute myocar-
dial infarction. N Engl J Med 2009; 361: 868-
877.

Reichlin T, Hochholzer W, Bassetti S, Steuer S,
Stelzig C, Hartwiger S, Biedert S, Schaub N,
Buerge C, Potocki M, Noveanu M, Breidthardt
T, Twerenbold R, Winkler K, Bingisser R and
Mueller C. Early diagnosis of myocardial infarc-
tion with sensitive cardiac troponin assays. N
Engl J Med 2009; 361: 858-867.

Apple FS, Jesse RL, Newby LK, Wu AH and
Christenson RH. National academy of clinical
biochemistry and IFCC committee for stan-
dardization of markers of cardiac damage lab-

13471

[22]

(23]

(24]

[25]

[26]

[27]

(28]

oratory medicine practice guidelines: analyti-
cal issues for biochemical markers of acute
coronary syndromes. Circulation 2007; 115:
e352-355.

Zellweger MJ, Hachamovitch R, Kang X, Hayes
SW, Friedman JD, Germano G and Berman DS.
Threshold, incidence, and predictors of prog-
nostically high-risk silent ischemia in asymp-
tomatic patients without prior diagnosis of
coronary artery disease. J Nucl Cardiol 2009;
16: 193-200.

Thygesen K, Alpert JS, Jaffe AS, Simoons ML,
Chaitman BR, White HD, Thygesen K, Alpert JS,
White HD, Jaffe AS, Katus HA, Apple FS, Lindahl
B, Morrow DA, Chaitman BA, Clemmensen PM,
Johanson P, Hod H, Underwood R, Bax JJ,
Bonow RO, Pinto F, Gibbons RJ, Fox KA, Atar D,
Newby LK, Galvani M, Hamm CW, Uretsky BF,
Steg PG, Wijns W, Bassand JP, Menasche P,
Ravkilde J, Ohman EM, Antman EM, Wallentin
LC, Armstrong PW, Simoons ML, Januzzi JL,
Nieminen MS, Gheorghiade M, Filippatos G,
Luepker RV, Fortmann SP, Rosamond WD, Levy
D, Wood D, Smith SC, Hu D, Lopez-Sendon JL,
Robertson RM, Weaver D, Tendera M, Bove AA,
Parkhomenko AN, Vasilieva EJ and Mendis S.
Third universal definition of myocardial infarc-
tion. Eur Heart J 2012; 33: 2551-2567.
McCann CJ, Glover BM, Menown |IB, Moore MJ,
McEneny J, Owens CG, Smith B, Sharpe PC,
Young IS and Adgey JA. Novel biomarkers in
early diagnosis of acute myocardial infarction
compared with cardiac troponin T. Eur Heart J
2008; 29: 2843-2850.

Macrae AR, Kavsak PA, Lustig V, Bhargava R,
Vandersluis R, Palomaki GE, Yerna MJ and
Jaffe AS. Assessing the requirement for the
6-hour interval between specimens in the
American heart association classification of
myocardial infarction in epidemiology and clini-
cal research studies. Clin Chem 2006; 52:
812-818.

Celik S, Giannitsis E, Wollert KC, Schwobel K,
Lossnitzer D, Hilbel T, Lehrke S, Zdunek D,
Hess A, Januzzi JL and Katus HA. Cardiac tro-
ponin T concentrations above the 99th percen-
tile value as measured by a new high-sensitivi-
ty assay predict long-term prognosis in patients
with acute coronary syndromes undergoing
routine early invasive strategy. Clin Res Cardiol
2011; 100: 1077-1085.

Mills NL, Lee KK, McAllister DA, Churchhouse
AM, MaclLeod M, Stoddart M, Walker S, Denvir
MA, Fox KA and Newby DE. Implications of low-
ering threshold of plasma troponin concentra-
tion in diagnosis of myocardial infarction: co-
hort study. BMJ 2012; 344: e1533.

Bonaca M, Scirica B, Sabatine M, Dalby A,
Spinar J, Murphy SA, Jarolim P, Braunwald E
and Morrow DA. Prospective evaluation of the

Int J Clin Exp Med 2017:10(9):13463-13472



[29]

[30]

hs-cTnT for AMI

prognostic implications of improved assay per-
formance with a sensitive assay for cardiac
troponin I. J Am Coll Cardiol 2010; 55: 2118-
2124,

Haaf P, Drexler B, Reichlin T, Twerenbold R,
Reiter M, Meissner J, Schaub N, Stelzig C,
Freese M, Heinzelmann A, Meune C, Balmelli
C, Freidank H, Winkler K, Denhaerynck K,
Hochholzer W, Osswald S and Mueller C. High-
sensitivity cardiac troponin in the distinction of
acute myocardial infarction from acute cardiac
noncoronary artery disease. Circulation 2012;
126: 31-40.

Than M, Cullen L, Aldous S, Parsonage WA,
Reid CM, Greenslade J, Flaws D, Hammett CJ,
Beam DM, Ardagh MW, Troughton R, Brown AF,
George P, Florkowski CM, Kline JA, Peacock
WF, Maisel AS, Lim SH, Lamanna A and
Richards AM. 2-Hour accelerated diagnostic
protocol to assess patients with chest pain
symptoms using contemporary troponins as
the only biomarker: the ADAPT trial. J Am Coll
Cardiol 2012; 59: 2091-2098.

13472

(31]

(32]

Giannitsis E, Becker M, Kurz K, Hess G, Zdunek
D and Katus HA. High-sensitivity cardiac tropo-
nin T for early prediction of evolving non-ST-
segment elevation myocardial infarction in pa-
tients with suspected acute coronary syn-
drome and negative troponin results on admis-
sion. Clin Chem 2010; 56: 642-650.

Omland T, de Lemos JA, Sabatine MS, Chris-
tophi CA, Rice MM, Jablonski KA, Tjora S,
Domanski MJ, Gersh BJ, Rouleau JL, Pfeffer
MA and Braunwald E. A sensitive cardiac tropo-
nin T assay in stable coronary artery disease.
N Engl J Med 2009; 361: 2538-2547.

Int J Clin Exp Med 2017;10(9):13463-13472



