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Abstract

Objectives: The postoperative period of cardiac surgery
(CS) is associated with the development of major adverse
cardiovascular events (MACEs). However, the evaluation of
MACE after CS by means of biomarkers is poorly developed.
We aimed to evaluate postoperative biomarkers that could
be associated with MACE.

Methods: Two Hundred and ten patients who underwent
CS were enrolled during the study period. The diagnosis of
MACE was defined as the presence of at least one of the
following complications: acute myocardial infarction,
heart failure, stroke presented during intensive care unit
(ICU) stay, and 30-day mortality after CS. High-sensitive
troponin T (hs-TnT), C-reactive protein, procalcitonin,
interleukin-6, and immature platelet fraction (IPF) were
measured on ICU admission and after 24 h. The difference
between both measurements (A) was calculated to assess
their association with MACE. Early infected patients (n=13)
after CS were excluded from final analysis.

Results: The most frequent surgery was single-valve
surgery (n=83; 38%), followed by coronary artery bypass
graft (n=72; 34%). Postoperative MACE was diagnosed
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in 31 (14.8%) patients. Biomarker dynamics showed
elevated values at 24 h compared with those at ICU
admission in patients with MACE versus no-MACE.
Multivariate analysis showed that AIPF (OR: 1.47; 95%
CI: 1.110-1.960; p=0.008) and Ahs-TnT (OR: 1.001; 95%
CI: 1.0002-1.001; p=0.008) were independently associ-
ated with MACE.

Conclusions: These findings suggest that postoperative
AIPF and Ahs-TnT may be useful biomarkers for the iden-
tification of patients at risk of MACE development.
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Introduction

Cardiac surgery (CS) is a major surgery associated with
substantial morbidity and mortality [1]. Despite im-
provements in anesthesiology, surgical procedures and
postoperative care, cardiovascular complications still
represent an important cause of postoperative morbidity
and mortality [2]. Thus, the occurrence of major adverse
cardiovascular events (MACE) as a complication after
major surgery is not infrequent [3]. The definition of
MACE involves several of those cardiovascular compli-
cations: acute myocardial infarction, stroke, heart fail-
ure, and also mortality itself after a cardiovascular
procedure [4].

Several risk factors, such as age, gender, and comor-
bidities, have been used to assess the risk of MACE in pa-
tients who undergo surgery. However, MACE is not just a
consequence of these risk factors or preexisting comor-
bidities, many intraoperative variables may influence the
development of postoperative complications, and there-
fore MACE development [5]. The inflammatory response
that occurs as a consequence of an intense surgical pro-
cedure and prolonged cardiopulmonary bypass might play
a key role in the development of adverse cardiovascular
events after CS, emphasizing the close relationship be-
tween inflammation and outcomes [6,7]. Some biomarkers
may have a potential role in MACE prediction: cardiac
biomarkers such as high-sensitive troponin I or T (hs-Tnl/
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T) have been demonstrated to be stronger predictors of
adverse cardiovascular outcomes [8], whereas some in-
flammatory biomarkers, such as C-reactive protein (CRP),
procalcitonin (PCT), and interleukin-6 (IL-6), have a
controversial association with MACE although it seems
that there may be a strong rationale [9-13].

Most recently, immature platelet fraction (IPF), also
called reticulated platelets, has been gained interest as a
potential predictor of MACE after surgery [5,14,15]. They
are metabolically and enzymatically more active than
mature platelets and have a greater prothrombotic activ-
ity, which is closely related with decompensated inflam-
matory status [16]. In addition, IPF has recently shown an
association between inflammatory response and out-
comes after CS [17]. In consequence, it seems likely that
IPF may be associated with MACE after CS. The usefulness
of the IPF is based on the fact that its measurement has
been currently integrated into the routine hematology
analyzer, making the IPF value available in a generalized
way.

In agreement with previous data we hypothesized that
the cardiac and inflammatory biomarkers could be asso-
ciated with the development of cardiovascular outcome
and mortality after CS. Therefore, our study was aimed to
evaluate the association between postoperative bio-
markers, such as hs-TnT, CRP, PCT, IL-6, and IPF with
MACE development in the setting of CS.

Materials and methods

Patients

This is a prospective and observational single-center study performed
in a third-level university affiliated hospital, from March 2016 to March
2017. The study was approved by the local Ethics Committee of the
hospital (Reference No. PR090/16). Written informed consent was
obtained from each patient prior to enrollment. This study was con-
ducted in accordance with the Declaration of Helsinki and standards
of good clinical practice.

Patients were eligible for the study if they were > 18 years old and
underwent CS with an intensive care unit (ICU) stay of at least 48 h. CS
included the following surgical procedures: coronary artery bypass
graft (CABG), valve surgery, aortic surgery, and cardiac tumor resec-
tion. Exclusion criteria were as follows: preexisting immunosuppres-
sion, hematological and oncological diseases in the last 5 years, and
heart transplantation.

The operations were performed throughout the study period by
the same group of cardiac surgeons using median sternotomy, stan-
dard cardiopulmonary bypass with moderate hypothermia (> 34 °C),
and antegrade cardioplegia. A mean aortic pressure of > 65 mmHg was
maintained during CS. For revascularization, the internal thoracic
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artery (or bilateral if possible) and saphenous vein grafts were used.
Bypass graft flow was assessed for each graft by Doppler transit time
flowmetry. All patients were transferred to the cardiac ICU post-
operatively. All patients received prophylactic antibiotics after surgery
based on local protocols. In all patients, decisions regarding post-
operative ICU management were made by the attending physician
according to local protocols.

Data were extracted from the electronic medical records of each
patient and collected in a database for analysis purposes. Preoperative
data (i.e., demographic data, comorbidities, and treatment before
surgery), operative data, and postoperative variables were routinely
collected.

Methods

The main study outcome was the presence of MACE during the follow-
up period. MACE was recorded if any of the described complications
were present from ICU admission immediately after surgery to ICU
discharge and mortality at 30 days after CS. The diagnosis of MACE
was defined as, at least, the presence of one of any of the following
complications: acute myocardial infraction, heart failure, stroke, and
any all-cause mortality. Acute myocardial infarction, heart failure,
and stroke were defined according current definitions and clinical
practice [18-24]. Briefly, acute myocardial infarction was defined as
the presence of abnormal repolarization on electrocardiogram (i.e., Q
waves, ST-segment elevation or depression, new left bundle branch
block), imaging evidence of new regional wall motion abnormality
and elevation of cardiac biomarkers [18,20]. Stroke was defined as
the presence of an acute episode of a focal or global neurological
deficit [21,22]. Heart failure was defined as the appearance of a
recent deterioration in heart function or the worsening in patients
with previous heart failure, and the need of inotropes or vaso-
pressors to keep hemodynamic stability during postoperative
period [19,23]. An echocardiography, or invasive monitoring in the
most severe cases (i.e., pulmonary artery catheter), was performed
at the bedside in order to confirm the diagnosis of postoperative
heart failure [24].

Blood collection and measurement of biomarkers: Blood
samples for the study were taken by central venous catheter at ICU
admission postoperatively and then at 24 h postoperatively. Plasmas
were collected in 4 mL tubes containing Lithium Heparin (Vaccu-
ette®, Greiner Bio One®, Kremsmiinster, Austria). After collection,
samples were centrifuged at 2000 rpm for 10 min and immediately
processed and/or stored at —20 °C until measurement. The hs-TnT
and CRP were measured immediately on Cobas 6000 analyzer
(Roche Diagnostics International, Rotkreuz, Switzerland) using the
electrochemical luminescent method and immunoturbidimetric
method, respectively. IL-6 and PCT were measured from stored
plasma on Cobas 6000 analyzer using the electrochemical lumi-
nescent method.

For IPF measurement, samples were collected at ICU admission
and 24 h after CS in 4 mL tubes containing tripotassium ethyl-
enediaminetetraacetic acid (Vaccuette®, Greiner Bio One®, Krems-
miinster, Austria) and stored at room temperature before
measurement. All samples were analyzed within 2-4 h after collection
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using Sysmex® XN (Sysmex®, Kobe, Japan) according to the manu-
facturer’s recommendations.

Additionally, preoperative and postoperative data related to
renal and hepatic function assessment (creatinine, total bilirubin, and
alanine aminotransferase) were measured on Cobas 6000 using
spectrophotometry method. Hemoglobin, leucocytes, and platelets
concentrations were measured on Sysmex XN analyzer. Hemoglobin
was measured by means of sodium lauril sulfate photometric method
and leukocytes and platelets by fluorescence flow cytometry method
with semiconductor diode laser.

The Acute Physiology and Chronic Health Evaluation Il (APACHE
II) score was calculated for each patient during the first 24 h of ICU
stay.

Statistical analysis: Continuous variables are presented as means
and standard deviations or medians and interquartile ranges as
appropriate. The significance of the differences of the mean between
groups was assessed using a Student’s t-test if the distributions of the
data were normal or the Mann-Whitney U test for variables with
skewed distributions. For categorical variables, we used the Pearson x°
test or Fisher’s exact test, where appropriate.

A logistic regression model was performed to examine the asso-
ciation between biomarkers (hs-TnT, CRP, IL-6, PCT, and IPF) and
MACE development (outcome variable).

The established risk factors of age, sex, intraoperative trans-
fusion, and aortic cross-clamping time (ACC) were considered to be
potential covariates for the model. Only the variables with statistical
significance in the univariate model were included in the final model.

Table 1: Baseline characteristics of all patients and subgroups.

Imperiali et al.: MACE biomarkers after surgery =—— 3

A probability of < 0.05 was considered statistically significant. Sta-
tistical analyses were performed using Stata/MP, version 14 (Stata-
Corp LP).

Results

During the study period, 210 adult patients (n=120) were
included. Demographics and preoperative data of all pa-
tients and grouped according to MACE development are
shown in Table 1.

The median ICU stay was 3 (2-5) days and the mean
APACHE IT was 12.9 + 4.6. At least one outcome event of the
MACE definition was diagnosed in 31 (14.8%) patients
(Table 2). More than one outcome was occurred in five
patients. Two patients showed heart failure (HF) and death.
One patient developed HF and myocardial infraction (MI)
and another patient presented HF and stroke. Finally, the
last patient presented HF, MI, and death.

The most frequent surgery was single-valve surgery
(n=83; 38%), followed by CABG (n=72; 34%), mixed pro-
cedures (CABG plus valve: n=22; 10.5%), double valve
(n=17; 8%), aortic surgery (n=11; 5.3%), and miscellaneous,
which mainly included myxoma extraction (n=>5; 2.4%). The
remaining surgical parameters are shown in Table 3.

Characteristics Patients (n=210) No MACE (n=179) MACE (n=31) p-Value
Male sex, n (%) 137 (65) 120 (67) 17 (57.8) 0.188
Age, years (min—-max) 70 (28-86) 70 (28-86) 71 (72-85) 0.566
BMI, kg/m?, mean + SD 30 +£4.8 29+ 4.9 27.6 + 3.5 0.120
Laboratory parameters
Hemoglobin, g/L, mean + SD 132+ 16 132+19 131+18 0.847
Leukocytes, x 10°, mean + SD 8.0+2.3 8.1+23 7.4+1.9 0.173
Platelets count, x10°/L, mean + SD 218 + 63 222 +63 188 + 52 0.009
Creatinine, pmol/L, mean + SD 94 + 31 94 + 32 95+ 25 0.413
Total bilirubin, pmol/L, mean + SD 10+ 6 9.7 +5.2 12.7 £+ 10.9 0.332
ALT, U/L, median (IQR) 18.6 (13.8-25.8) 18.6 (13.8-25.2) 20.4 (15-28.8) 0.447
Comorbidity and therapy
Diabetes mellitus, n (%) 85 (40.5) 73 (40.8) 12 (38.7) 0.828
Hypertension, n (%) 165 (78.6) 141 (78.8) 24 (77.4) 0.866
Dyslipidemia, n (%) 138 (65.7) 119 (66.5) 19 (61.3) 0.574
COPD, n (%) 19 (9.5) 15 (8.4) 4(12.9) 0.418
NYHA class Ill and IV, n (%) 73 (34.8) 58 (32.4) 15 (48.4) 0.198
Previous MI, n (%) 61 (29) 49 (27.4) 12 (38.7) 0.199
Previous stroke, n (%) 22 (10.5) 16 (8.9) 6(19.4) 0.080
Aspirin, n (%) 104 (49.5) 90 (50.3) 14 (45.2) 0.599
Beta-blocker, n (%) 112 (53.3) 95 (53.1) 17 (54.8) 0.856
Statin, n (%) 134 (63.8) 114 (64) 20 (64.5) 0.960

Data are presented as number (%) or mean + SD or median (IQR) according with data distribution. Years are presented as a mean (minimum-
maximum). BMI, body mass index; ALT, alanine aminotransferase; COPD, chronic obstructive pulmonary disease; NYHA, New York Heart

Association; MI, myocardial infraction.
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Table 2: Outcome events presented after CS.

Event n (%)
MI, n (%) 6(2.9)
Stroke, n (%) 2(0.95)
HF, n (%) 22 (10.5)
Death 1-month, n (%) 7 (3.3)
At least one MACE, n (%) 31 (14.8)

Data are presented as number (%). MI, myocardial
infraction; HF, heart failure; CS, cardiac surgery; MACE,
major adverse cardiovascular event.

Biomarkers

Biomarkers (hs-TnT, CRP, IL-6, PCT, and IPF) were
measured immediately at ICU admission and 24 h after CS.
IL-6 and PCT at 24 h were measured only in 137 (65.2%) of
the total patients due to a lack of plasma separation or not
refrigerated immediately after extraction, which can affect
IL-6 stability [25]. Measurement of the remaining bio-
markers was routinely performed at both times. The delta
of each biomarker was calculated for each patient. It was
defined as the difference between day 1 after CS and the day
of ICU admission. For IPF (%), the difference is expressed
in percentage points.
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Biomarker dynamics showed elevated values in pa-
tients with MACE compared to those without MACE. How-
ever, not all biomarkers were significantly higher in
patients with MACE than those without MACE (Table 4).
Only the delta of PCT, hs-TnT, and IPF was statistically
significantly higher in MACE compared to no-MACE. The
relative percentage change of each biomarker was 661% for
PCT, -3.8% for hs-TnT, and 18% for IPF in no-MACE and
2.975%, 48%, and 37.5%, respectively, in MACE. Since the
presence of infection could cause higher biomarker con-
centrations, especially of CRP, IL-6, PCT, and IPF, the data
were analyzed excluding patients who developed infection
during the first 3 days after CS (Table 4). In total, 13 patients
presented with infection. The most frequent infection was
pneumonia (n=10; 79.9%), followed by mediastinitis (n=1;
7.7%), surgical wound infection (n=1, 7.7%), and urinary
tract infection (n=1; 7.7%). Furthermore, the remaining
postoperative laboratory results related to renal, hepatic,
and hemogram parameters, are shown in Table 5.

Logistic regression

The univariate analysis exposed differences between pa-
tients with and without MACE with respect to ACC time,
transfusion of hemoderivatives, delta of troponin and delta

Table 3: Surgical data of total patients and in patients with and without MACE.

Surgical parameters Total No MACE MACE p-Value
(n=210) (n=179) (n=31)
Surgical procedure, n (%)
CABG 72 (34.2) 64 (35.8) 8(25.8) 0.075
Valve surgery 83 (39.5) 74 (41.3) 9(29)
Double valve 17 (8.1) 13 (7.3) 4(12.9)
Mixed procedures 22 (10.5) 15 (8.4) 7 (22.6)
Aortic surgery 11 (5.2) 8 (4.5) 3(9.7)
Miscellaneous 5(2.4) 5(2.8) 0
Elective surgery, n (%) 155 (73.8) 135 (75.4) 20 (64.5) 0.184
Operating time, min, mean + SD 277 + 88 272.5 + 84 305.9 + 106 0.085
CPB time, min, mean + SD 103 + 38 100.6 + 36 114.3 + 46 0.115
ACC time, min, mean + SD 61.8 + 37 58.2 + 36 82.7 + 36 0.004
Intraoperative blood cells transfusion, n (%) 38 (18.1) 26 (14.5) 12 (38.7) 0.001
Number of blood cells, n (%) 0.008
1 20 (9.5) 14 (7.8) 6 (19.4)
2 15(7.1) 9 (5) 6 (19.4)
3 2(1) 2(1.1) 0
4 1(0.5) 1 (0.06) 0
Intraoperative platelets transfusion, n (%) 24 (11.4) 15 (8.4) 9 (29 0.001
Number of platelet pools, n (%) <0.001
1 19 (9.1) 14 (7.8) 5(16.1)
2 5(2.4) 1(0.6) 4(12.9)

Data are presented as number (%), mean + SD. CABG, coronary artery bypass grafting; CPB, cardiopulmonary bypass; ACC, aortic-cross

clamping; MACE, major adverse cardiovascular event.



Imperiali et al.: MACE biomarkers after surgery

DE GRUYTER

I=U, ‘PT1=U, ‘6T=U, ‘8T T=U, :S3N|BA B})3P 113y} pue 9-7| ‘| dd 10} SD J9Ye Y ¥Z IV "S¢=U, ‘TLI=U, ‘TE=U,
‘6/1=U,'sjujod agejuadiad ‘dd tuoijoeiy1a)ale)d ainjeww] ‘44| ‘utuodosl | 9AISUIS Y31y ‘L ul-Sy ‘u1ajoid aA1ldeal-) ‘dyD f9-upnajiaiul ‘9-7 futuod)edold ‘[ Jd *(YOI) uelpsw se pajuasaid aie ejeq

#1000 (6'1-1°0) T (€1-1°0-) S0 (€°1-0)5°0 /61 8%0°0 (S'z-10) 1T (#'1-0) 9°0 (s'1-0) Z'0 01¢ dd 4dl 40 e33@
1ST0 (I'Z-1'%) €S (5'9-€) 9% (59-1°€) 9% /6T ST0'0 (1°6-1'%7) 'S (59-1°€) 9 9'9-Ce) Ly 01z %t
9690 (£'5-TE) Y (7'$s-9'7) 6°¢ (€5-9'0) 6°¢ 16T 1%5°0 Ws-20% (7'$-9°0) 6°¢ W's-90 v 01 0 % ‘(¥0I) uelpaw ‘4d|
(T2 (STT 03 £°9%Z-) 1/8u
900'0 (197 019-)0CT  016%¥T-) #'SE-  8'8I— /61 €00°0 (€85 016°GH-) 6€T  (TL0¥8YZ-)6'T€~  (€€T0I9YC-) 8'WI- OIC ‘Lu]-sy jo e3aq
100°0> (7yCi-€Ty) 828  (WLE-9%T) 99¢€ (¥7£9-557) 88¢€ /61 100°0>  (08S1-06%) 96 (625-6%77) SL€ (61£-597) 60 01z ¢ 1/8u ‘(¥0I)
€10°0  (77€1-69€) 9.5  (90/-0%7) /8¢  (0€£Z-6%T) 00% /61 100°0 (1€91-£8€) 929 (80£-1%7) 06€ (562-5'057) S1¥ 01z 0 uelpaw ‘juj-sy
(s'zee (1°z61
1500 -%'08) 6'TLL -6'26) 7°Tyl (8'00T-€'26) 9°SWT  L61 S0 (€TT-€'06) €91 (¢61-L%6) 7°Ty1 (661-8°€6) €£'S¥71 (1) 44 1/8w ‘dy) 40 e32a
(X744 (1961
ws0  -§'88) 7’91 -S°16) 7' LY1 (9°661-%7'96) T'6%T  L61 8YED (9°£22-526) 9°29T (5°961-%'€0T) T'9¥T (I0C-%'€0T) 7’871  0IC W#C 1/3w ‘(YOI
080 (I'7-8'0)C¢ (s'%7-1)€°C (sv-1)€°C /61 866°0 (1'%-8°0) S°¢C (9v-1)€C (s'v-1)€°C 0tz 0 uelpaw ‘dyd
(S'15 (265 (£°65 019°TH1-) (8'241019'78¢-) (L6501 7' Tw1-)
719°0 O #'STZ-) ¥'#9— O01H#°0€1-) §'5—  €GI— 8Tl T9%°0 /8- €5°6- (£'65-9'851-) T’eT  L€T 1/8u ‘9-71 J0 e313Q
1y ((2Vx44 (9°805-7°Z0T)
70S°0 -€'%01) T'191 -2°70T) T°9ST (T7€T-€0T) T°9ST  8TZT /SO0 (W74 (1'877-T°TOT) 1°9ST  (S'THT-€401) TO9T ZET HT
5oy (Y414 1/3u ‘(¥01)
T€0'0  —6ST) £'81C -2'901) 7'7/41 (8'T67-8'T1T) €181 Z61 010°0 (129-5°€51) 8'82C  (6'78T-2'801) §°ZL1 (STE€-6CIT)T°€8T  0IZ O uelpaw ‘9|
(09°% (556°0
10000 —-5%9°0) Z£6'T -1€1°0) T9€°0 (60%7°T-T¥1°0) Z8€°0 8CT 1000>  (ST'S-%7C9°0) ¥S0°C (I0°T-9€1°0) €££°0 (L¥S'T-6%1°0) IO LET 1/8M ‘12d 0 enaq
(VER (80°1
2000 -69°0) S/1°C -981°0) §1%7°0 (S€9°T-917°0) €7°'0 8T 100°0>  (¥€'S-/9°0) 94T (60°1-61°0) 5Z7°0 (89'T-€€7°0) 10S'0  ZET #C
(tot'o (060°0 /80 ‘(¥o1)
#90°0  —$%0°0) 80°0 -%€0°0) §50°0 (60°0-5€0°0) 950°0 /61 §20°0 (91°0-9%70°0) 800 (60°0-7€0°0) 950°0  (60°0—-2€£0°0) £50°0 0IZ O uelpaw ‘1dd
anjea-d  3IVYW ,JDVW ou sjuanjed jejop u anjep-d JOVW JIVW ou sjuanjed jejo} u
uoi2ajul Ajea Suipnjox3 sjuaijed )y awil

*JIVYIW INOYUM pue yim sjusjied uj SUOIIRIIUIIUOD SIddjIewolg i d)qel



6 = Imperiali et al.: MACE biomarkers after surgery DE GRUYTER
Table 5: Postoperative laboratory results.
Postoperative (ICU admission) Patients (n=210) No MACE (n=179) MACE (n=31) p-Value
Hemoglobin, g/L, mean + SD 106 + 15 107 + 15 101 + 15 0.129
Leukocytes, x10°/L, mean + SD 13.1 +5.5 13.0 + 5.6 13.0 + 4.6 0.590
Platelets count, x10°/L, mean + SD 164 + 57 168 + 58 143 + 46 0.022
Creatinine, pmol/L, mean + SD 79 +32 79 + 34 81+ 23 0.250
Total bilirubin, pmol/L, mean + SD 15+9 15+8 19+11 0.038
ALT, U/L, median, IQR 17 (13-25) 16 (13-24) 20 (14-31) 0.066
Postoperative (24 after CS)
Hemoglobin, g/L, mean + SD 101 + 14 101 +13 98 + 16 0.405
Leukocytes, x10°/L, mean + SD 14.4 + 4.3 14.1+4.1 16.3 +5.1 0.019
Platelets count, x10°/L, mean + SD 166 + 54 169 + 56 148 + 48 0.073
Creatinine, pmol/L, mean + SD 90 + 50 87 + 47 112 + 61 0.004
Total bilirubin, pmol/L, mean + SD 13+9 12+9 17 £ 14 0.013
ALT, U/L, median, IQR 19 (15-29) 18(14-25) 34 (22-102) <0.001

Data are presented as number (%) or mean + SD or median (IQR) according with data distribution. ALT, alanine aminotransferase; MACE, major

adverse cardiovascular event.

of IPF. In contrast, age and sex were not different (Table 6).
After accounting for ACC time and transfusion of hemo-
derivatives, the association of delta of IPF and delta of hs-
TnT with the occurrence of MACE remained significant. On
the one hand, the delta of IPF demonstrated the strongest
independent association with a highest OR of 1.47 (CI: 1.11—
1.96). On the other hand, the delta of hs-TnT also shows an
independent association with an OR of 1.001 (CI: 1.0002-
1.001). This result represents the risk of developing MACE
was found to be increased by 10% for a rise of the delta of
hs-TnT of 100 ng/L (Table 6).

Discussion

Despite surgical advances and improvements in the post-
operative management of CS patients, cardiovascular
complications after CS are an important issue that can
worsen patients’ outcomes. In this prospective study, with
more than 200 patients who underwent CS, we found that

the delta of IPF, and the delta of hs-TnT to a lesser extent,
are both associated with postoperative MACE develop-
ment, independently of the presence of established risk
factors.

Our findings may demonstrate the potential usefulness
of IPF and hs-TnT to detect increased risk of MACE devel-
opment after CS. This result was in concordance with
previous studies. Multiples studies have shown the asso-
ciation of hs-Tnl/T with MACE [26-28]. To date, only one
published study found a relationship between IPF and
MACE, but this study was performed in non-CS patients [5].
To the best of our knowledge, there is no study showing
this association in CS patients until now.

CS may exacerbate or enhance the inflammatory
response, which has important clinical implications lead-
ing to postoperative heart failure. Many biochemical and
molecular mechanisms are involved in the pathogenesis of
the inflammatory response: nitric oxid alteration genera-
tion, increased levels of proinflammatory cytokines, and
endothelium dysfunction, among others. As a consequence,

Table 6: Logistic regression model of variables associated with MACE occurrence.

Univariate Multivariate
Variables OR (95% CI) p-Value OR (95% CI) p-Value
Sex 1.67 (0.77-3.63) 0.191 - -
Age 1.02 (0.98-1.06) 0.380 - -
ACC time 1.02 (1.01-1.03) 0.001 1.02 (1.01-1.03) 0.003
Transfusion of hemoderivates 2.77 (1.45-5.32) 0.002 1.97 (0.90-4.28) 0.089
AIPF 1.55 (1.17-2.07) 0.002 1.47 (1.11-1.96) 0.008
APCT 1.10 (0.97-1.24) 0.124 - -
Ahs-TnT 1.001 (1.0002-1.002) 0.010 1.001 (1.0002-1.001) 0.008

OR, odds ratio; Cl, confidence interval; ACC time, Aortic cross-clamping; AIPF, delta of immature platelet fraction; APCT, delta of procalcitonin;

Ahs-TnT, delta of high-sensitive troponin T.
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the inflammatory response after CS may increase the risk of
a postoperative cardiac event as well a variety of organs
dysfunction [29].

Since an inflammatory response could be involved in
the pathogenesis of cardiovascular outcomes after CS, we
hypothesized that inflammatory biomarkers such as PCT,
CRP, IL-6, and IPF could be associated with MACE
development.

As expected, on the one hand, we found that some
laboratory parameters related with renal, hepatic, and also
leukocytes, are higher during postoperative period in pa-
tients who developed MACE compared to those who did
not. MACE is closely linked with inflammatory response.
Likewise, this inflammatory response contributes to the
pathogenesis of organ failure [29].

On the other hand, in our study, we found that at least
one of the criteria of MACE was present in 31 patients. No
differences were found between types of surgical proced-
ures and MACE development. Regarding biomarkers, all
studied biomarkers demonstrated higher values in the
MACE group, with statistically significant differences in
delta values for PCT, hs-TnT, and IPF. No differences be-
tween groups were found for the deltas of IL-6 and CRP. Itis
well-known that PCT, IL-6, CRP, and also IPF are strongly
related with infections; hence, we also examined the re-
sults after excluding patients who developed an infection
during the first 3 days after surgery.

The behavior of the deltas of different biomarkers were
the same even after excluding patients with early post-
operative infections. Regarding IL-6, a recent study per-
formed in adult CS found a significant association with IL-6
levels and mortality following CS [30]. In contrast with our
study, they studied 1-year mortality.

Despite differences in CRP, the delta not being statis-
tically significant, its behavior showed the same trend
(positive) in both groups. CRP results were lower at ICU
admission compared to CRP levels 24 h after surgery, which
may be related to the kinetics of this acute-phase protein.
Early postoperative CRP levels start to increase within 2 h
and achieve their peak after 48 h [31].

A major surgical procedure always triggers a signifi-
cant inflammatory response, and CRP increases after CS as
a response to inflammation induced by surgery trauma in
an unspecific way, which may ultimately explain why we
did not find differences between groups. CRP does not
represent a useful biomarker in this setting because of its
elevation after an uncomplicated course.

Some studies have reported higher PCT levels in pa-
tients with complications after CS. Liu et al. [32] found a
PCT peak within 24 h postoperatively, noting that PCT
concentrations and PCT clearance were significantly
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higher in the non-survivor group compared with survivor
group after CS. Clementi et al. [13] found that PCT con-
centrations measured at 48 h after CS were significantly
higher in renal and respiratory outcomes and in septic
patients, and in agreement with our study, they did not find
differences in cardiovascular outcomes either between
patients who died during hospitalization, at 30 days or at
6 months.

Troponin T or I are cardiac biomarkers that reflect the
pathophysiological mechanism of MACE from a direct
myocardial injury point of view. In a large cohort of coro-
nary artery disease patients, elevated hs-Tnl levels were
associated with an increased risk of MACE [8]. Another
study conducted by Mauermann et al. [26] examined the
association of troponin changes from first and second
postoperative days in CS patients with all-cause mortality
and cardiac morbidity, finding that an increase of more
than 10% in troponin levels was significant associated with
the endpoint. All these findings are in accordance with our
study, which were found even after cross-clamping time
multivariate analysis adjustment.

Research on IPF has recently focused on the potential
association with clinical outcomes in patients with car-
diovascular diseases and major surgery. While IPF pro-
duction is known to be promoted by low platelet
concentration in blood, its role in inflammatory conditions
is still less understood and the mechanism for increased
IPF levels after surgery have not been well explored so far.
Growing evidence supports the fact that the pathophysio-
logical mechanism through which IPF increases after
inflammatory stimuli is related with thrombopoietin
regulation in response to acute-phase mediators. IL-6 in-
creases thrombopoietin transcription from the liver and
consequently thrombopoietin rises causing a reactive
platelet production [33].

Previous studies demonstrated the association of IPF
with inflammatory response complications but only one of
these was performed in CS patients [17]. IPF levels may be
useful as a biomarker for the early identification of patients
at risk of inflammatory response development after CS. The
role of IPF in infection has been widely studied. Previous
research revealed its utility especially in septic patients.
Park et al. [34] found that IPF has high sensitivity and ac-
curacy in the discrimination of septic from nonseptic pa-
tients. Moreover, Koyama et al. [35] reported that immature
platelet count is associated with major mortality in septic
patients. However, publications regarding IPF association
with complications after surgery are scarce. Our data are in
agreement with a study performed by Anetsberger et al. [5].
These authors found that high postoperative IPF levels
are associated with an increased risk of major adverse
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cardiovascular as well as thromboembolic events in pa-
tients who underwent non-CS.

Limitations of the study

The first limitation of our study is related to the sample size.
The sample size limited the number of variables that could
be examined to determine the independent association of
biomarkers with MACE. Second, follow-up data from PCT
and IL-6 at 24 h after surgery are lacking in an important
number of patients due to the stability of IL-6 over the course
of time. Third, only two biomarkers measurement were
performed postoperatively (at ICU admission and at 24 h
after CS), no further measurements were performed. How-
ever, we think that the delta between these two times could
provide reliable and more early information than other in-
tervals as, for example, ICU admission and 48 h after CS.

Finally, preoperative IPF measurement was not per-
formed. However, a previous study performed in non-car-
diac surgeries, which investigated the association with IPF
and MACE, did not find significant differences in preop-
erative IPF results between groups [5].

Conclusions

In summary, increased levels of the deltas of IPF and hs-
TnT between 0 h and at 24 h after CS were associated with
worse clinical outcomes related with adverse cardiovas-
cular events during ICU stay and mortality at 30 days in our
population. Our research shows that the deltas of IPF and
hs-TnT remain associated with MACE development even
after intraoperative factor adjustment, such as cross-
clumping time and transfusion of hemoderivatives. Our
data suggest that IPF and troponin postoperative mea-
surement would be helpful for MACE assessment in pa-
tients undergoing CS. These data are of potential interest as
IPF is an easily and inexpensively obtained routine labo-
ratory test that is readily incorporated into clinical practice.
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