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ABSTRACT

Introduction:  Systemic inflammatory response syndrome (SIRS) is related to 
increased circulating endothelial microparticles (EMP). 
Objective: The aim of this study was to compare the plasma concentration of 
EMP between patients undergoing aortic valve replacement with conventional 
bioprosthesis implantation and Perceval™ S (LivaNova) and to evaluate its impact on 
the inflammatory response in the short-term follow-up.
Methods: This is a randomized clinical trial with 24 patients submitted to isolated 
aortic valve replacement divided into two groups: Perceval™ S (Group P) and 
conventional bioprostheses (Group C). Incidence of severe SIRS (three or more 
criteria) in the first 48 hours postoperatively, EMP release profile, interleukins (IL) 6 and 
8, C-reactive protein, and procalcitonin were analyzed pre- and postoperatively at 24 
hours and three months.

Results: There were 24 patients (12 in each group), mean age was 69.92±5.17 years, 
83.33% were female, the incidence of severe SIRS was 66.7% and 50% in groups C 
and P, respectively (P=0.68), and EMP showed a significant increase in the 24-hour 
postoperative period (P≤0.001) and subsequent decrease in the three-month 
postoperative period (P≤0.001), returning to baseline levels. For IL-6 and IL-8, there 
was a greater increase in group C at 24 hours postoperatively (P=.0.02 and P<0.001).
Conclusion: The incidence of severe SIRS was similar in both groups, with significantly 
higher levels of IL-6 and IL-8, at the 24-hour postoperative period, in group C, however 
with higher levels of EMP in group P, and subsequent return to baseline levels at the 
three-month postoperative period in both groups.
Keywords: Aortic Valve Stenosis. Bioprosthesis. Systemic Inflammatory Response 
Syndrome. Endothelial Microparticles.

Abbreviations, Acronyms & Symbols

AF = Atrial fibrillation MP = Microparticle

CI = Confidence interval NYHA = New York Heart Association

CPB = Cardiopulmonary bypass PCT = Procalcitonin

CRP = C-reactive protein PPM = Prosthesis‐patient mismatch

EMP = Endothelial microparticles RVR = Rapid ventricular response

EOA = Effective orifice area SD = Standard deviation

ICU = Intensive care unit SIRS = Systemic inflammatory response syndrome

IL = Interleukin TAVI = Transcatheter aortic valve implantation

IPO = Immediate postoperative period



Oliveira JLR, et al. - Endothelial Microparticles Braz J Cardiovasc Surg 2024;39(1):e20230111

Br
az

ili
an

 Jo
ur

na
l o

f C
ar

di
ov

as
cu

la
r S

ur
ge

ry
 

Laplace Distribution was also considered in the calculation. With a 
standard deviation of 693, an alpha level of 5%, a power of 80%, and 
a difference of 700, the sample size calculated for this study would 
be 22 participants, with 11 participants in each group. Finally, a 
size of 12 was chosen in each group, maintaining a safety margin. 
Once the patients were selected, according to the inclusion and 
exclusion criteria, adaptive randomization was performed with 
pairing adjusted by age, sex, and body surface, and distribution 
into two groups with the same number of subjects (12 in each 
group), a procedure performed at the institution’s Laboratory of 
Epidemiology and Statistics (Figure 1).

Ethical Aspects

The design of this study was approved by the ethics committee 
of the Instituto Dante Pazzanese de Cardiologia (date 06/09/2016, 
CAAE number 56150516.5.0000.5462), and all patients signed an 
informed consent form.

Surgical Technique

The surgical procedure was performed through median 
sternotomy, with cannulation of the ascending aorta and 
right auricle, hypothermia (30°C), aortic cross-clamping, blood 
cardioplegia, transverse aortotomy (in the case of the Perceval™ 
prosthesis 1 cm above the sinotubular junction), removal of the 
native aortic valve leaflets, and decalcification of the annulus 
when necessary for subsequent implantation of Perceval™ S or 
conventional bioprosthesis.

Inflammatory Response

The occurrence of severe SIRS was defined by the presence of 
three or more of the following criteria during the first 48 hours 
after surgery: temperature < 36.0 or > 38°C, heart rate > 90 beats/
minute, respiratory rate > 20 breaths/minute or PaCO₂ > 32 mmHg, 
and leukocyte count > 12 or < 4 (109/L).
The EMP release profile was determined by flow cytometry, 
preoperatively and 24 hours and three months after prosthesis 
implantation. For EMP recovery, the patients’ blood samples were 
collected using tube containing citrate anticoagulant. Immediately 
after collection, they were centrifuged at 3000 × g for six minutes 
at room temperature, followed by another two consecutive 
centrifugations at 3000 × g for 15 minutes at 4°C, after incubation 
with the incubation antibody mixture (with anti-CD144, anti-CD31, 
and PE-conjugated anti-CD42 monoclonal antibodies), a wash was 
performed by centrifuging the sample at 20000 × g for 10 minutes 
before reading in the cytometer. EMP were defined as CD31+, 
CD42-, and CD144+ labeled vesicles. The plasma concentration of 
IL-6 and IL-8 was determined by multiplex technology using the 
Luminex® 100TM detection system (Luminex Corporation, Austin, 
Texas, United States of America). Procalcitonin (PCT) concentrations 
were determined using the Abcam® Human Procalcitonin ELISA 
Kit (ab100630). The ultrasensitive C-reactive protein (CRP) was 
analyzed by the automated turbidimetric immunoassay method, 
and the leukocytes were analyzed by an automated laser optical 
system, the Abbott Cell-Dyn Ruby device.

INTRODUCTION

In patients with aortic valve stenosis undergoing valve intervention, 
the inflammatory response is a frequent finding, both in the 
pathogenesis of calcified aortic valve disease[1-3] and after surgical 
intervention[4].
Endothelial dysfunction presents in patients with aortic stenosis 
and after valve replacement surgery and elevates the number 
of circulating endothelial microparticles (EMP), promoting the 
inflammatory response[5-9].
Microparticles (MP) are membrane fragments (100 nm to 1 µm in 
diameter) capable of transferring proteins and nucleic acids from 
one cell to another. In patients with aortic stenosis undergoing 
valve replacement, increased circulating EMP is linked to triggering 
of systemic inflammatory response syndrome (SIRS)[6,10,11].
Transcatheter aortic valve implantation (TAVI) has been associated 
with lower levels of pro-inflammatory interleukins (IL) when 
compared to the surgical valve replacement, reflecting the less 
invasive nature of this procedure[6,12]. The implantation of sutureless 
prostheses has demonstrated shorter aortic cross-clamping times, 
associated with significantly lower postoperative IL-6 levels[13].
Thus, the implantation of a sutureless prosthesis, which allows for 
a faster procedure, could reduce the impact of cardiopulmonary 
bypass (CPB) and, consequently, less inflammatory response that 
should be characterized by a decrease in circulating EMP. The 
aims of this study were to compare the levels of EMP between 
patients undergoing aortic valve replacement with conventional 
bioprosthesis implantation and with Perceval™ S (LivaNova) and to 
evaluate its impact on the inflammatory response in the short-term 
follow-up.

METHODS

Study Design

This is a single-center, unblinded, randomized, controlled, and 
comparative clinical trial.

Participants

This study included patients aged at least 65 years or older, 
with severe aortic valve stenosis, with small aortic annulus (≤ 23 
mm), and who underwent isolated aortic valve replacement, 
divided into two groups — Group P, 12 patients with Perceval™ 
S valve (LivaNova), and Group C, 12 patients with conventional 
bioprosthesis, EpicTM (four patients) and TrifectaTM (eight 
patients). The prostheses used in group C were the institution’s 
routinely used prostheses that were available at the time of the 
surgical procedures under study. The exclusion criteria were pure 
aortic valve insufficiency, congenital bicuspid aortic valve, aortic 
root dilatation, need for associated surgical procedure, emergency 
surgery, infectious endocarditis, use of immunosuppressive drugs 
or diagnosis of immunosuppressive diseases, reoperation, diabetes 
mellitus, autoimmune diseases, chronic kidney disease requiring 
dialysis, atrial fibrillation, and malignant neoplasms.

Sample Size

The sample size calculation for this study was based on the 
standard deviation estimated in the study by Jansen et al.[8]. The 
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Enrollment

Allocation

Postoperative follow-up at 24 hours and 3 and 6 months

Analysis

Analysed (n= 12) 
• Excluded from analysis after the 3-month 
postoperative follow-up (due to death) (n=1) 
• Total number of patients who completed 
the 6-month follow-up (n=11) 

Analysed (n= 12) 
• Excluded from analysis (n= 0) 
• Total number of patients who completed 
the 6-month follow-up (n=12)

Lost to follow-up (n= 0) 
Discontinued intervention (n= 0)

Lost to follow-up (due to death at 3 months 
postoperatively) (n=1) 
Discontinued intervention (n= 0)

Allocated to Perceval™ group (n=12) 
• Received allocated intervention (n=12) 
• Did not receive allocated intervention (n= 0) 

Allocated to conventional group (n=12) 
• Received allocated intervention (n=12) 
• Did not receive allocated intervention (n= 0) 

Randomized (n= 24) 

Excluded (n= 366) 
• Did not meet inclusion criteria (n= 362) 
• Declined to participate (n= 4) 

Assessed for eligibility (n= 390)

Fig. 1 - Flowchart of the participants, according to the Consolidated Standards of Reporting Trials (or CONSORT 2010).

Statistical Analysis

The means or medians and standard deviation or interquartile 
ranges were used for continuous variables, and absolute and 
relative frequencies were used for categorical variables. The 
variables were compared according to the type of prosthesis 
using non-parametric hypothesis tests: Mann-Whitney U test 
for continuous variables and Fisher’s exact test for categorical 
variables. Mean profile plots were constructed according 
to prosthesis type and time for the laboratory variables. For 
laboratory measurements, mixed linear models were used, the 
fixed effect was given by the type of prosthesis, and the random 
effect by time. The P-value of the interaction test was presented, in 

addition to multiple comparisons that were used to evaluate the 
effect of the variable of interest between the prostheses at each 
time, in addition to the average effect of time. The linear model 
estimates were the differences between the two prostheses 
for the variable of interest. The 95% confidence interval (CI) of 
differences and P-values were also presented. Outcomes of interest 
were presented according to the type of prosthesis. The variable 
number of SIRS criteria was categorized into 2 vs. 3-4, and a logistic 
regression model was constructed, having the type of prosthesis 
as an explanatory variable. Analyses were performed with the aid 
of R software (version 4.1.2). Statistical significance was adopted 
with P-values < 0.05.
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RESULTS

From September 4, 2018, to December 15, 2020, 24 patients with 
severe aortic valve stenosis underwent aortic valve replacement 
surgery, 12 patients in the group C and 12 patients in the group P. 
Twenty (83.33%) patients were female, mean age was 69.92±5.17 
years, and most patients were in New York Heart Association 
(NYHA) functional class II (15 [62.50%]). The mean left ventricular 
ejection fraction was 64.92%±6.75%, and 17 (81%) patients had 
significant left ventricular hypertrophy. Preoperative clinical and 
demographic characteristics were similar in both groups (Table 1).
Regarding intraoperative data, there was a statistically significant 
difference in the total surgical time (P<0.001), CPB time (P=0.001), 
and aortic cross-clamping time (P<0.001), with shorter times in the 
group P than in the group C (Table 2).
The total length of hospital stay was 8.5 (8.0;12.2) days vs. 7.0 (6.8;8.2) 
days (P=0.08) in the groups C and P, respectively, with longer 
total length of stay in the group C, however without statistical 
significance. There was no mortality during the hospital stay related 
to the aortic valve replacement surgical procedure in either group. 
In the follow-up up to six months after hospital discharge, there 
was one death in the group P (8.3%) due to endocarditis three 
months after surgery.
Severe SIRS was observed more frequently in the group C when 
compared to group P, however without statistical significance, with 
three to four criteria in eight (66.7%) vs. six (50.0%) patients (P=0.68). 

In the multiple regression model to evaluate the effect of the 
prosthesis, although the odds ratio of 0.5 shows that the chance of 
developing SIRS with three to four criteria is 50% lower in the group 
P than in the group C, P=0.410 was not significant.
No patient in the sample had major complications such as acute 
renal failure, shock, stroke or neurological deficit, major bleeding, 
or need for definitive pacemaker in the immediate postoperative 
period.
Prosthesis‐patient mismatch (PPM) defined by an effective orifice 
area (EOA < 0.90 m2/cm2) was evidenced in six (50%) patients in the 
group C and in two (16.7%) patients in the group P (P=0.19), and 
there was a higher occurrence of PPM in the group C. There was no 
severe PPM (EOA < 0.65 m2/cm2) in either group.
On the other hand, paravalvular leak (mild) was present only in the 
group P, two (16.7%) patients (P=0.48).
Patients in the group C stayed longer in the ward (six [5.8;7.5] days 
vs. four [4.0;5.0] days; P=0.006). In the group C, there were higher 
rates of atrial fibrillation with rapid ventricular response (five 
[41.7%] vs. three [25%]; P=0.67), pneumonia (one [8.3%] vs. 0 [0.0%]; 
P=1.000), acute diarrheal disease (one [8.3%] vs. 0 [0.0%]; P=1.000), 
and hypertensive crisis with statistically significant difference 
(seven [58.3%] vs. 0 [0.0%]; P=0.005). Comparing the preoperative 
period with the immediate postoperative period, there was an 
improvement in NYHA functional class in both groups. The results 
during the immediate postoperative period according to the 
groups are described in Table 3.

Table 1. Preoperative clinical and demographic characteristics of the conventional and Perceval™ groups.

Variables Conventional group (n=12) Perceval™ group (n=12) P-value 

Age (years) 70.2±4.4 69.58±6.02 0.76

Female sex 10 (83.3%) 10 (83.33%) > 0.99

Body surface area (m2) 1.73±0.11 1.71±0.13 > 0.99

Body mass index (Kg/m2) 29.3±5 26.13±4.67 0.13

EuroSCORE II (%) 1.8±0,7 1.9±1.2 0.85

STS score (%) 1.7±0.7 1.7±1.3 0.96

Systemic arterial hypertension 9 (75.0%) 8 (66.66%) > 0.99

Dyslipidemia 8 (66.7%) 7 (58.33%) > 0.99

Extracardiac arteriopathy 0 (0.0%) 1 (8.3%) > 0.99

Former smoker 5 (41.7%) 4 (33.33%) > 0.99

Sinus rhythm 12 (100%) 12 (100%) -

NYHA functional class

   I 2 (16.7%) 1 (8.3%)

0.66
   II 7 (58.3%) 8 (66.7%)

   III 2 (16.7%) 3 (25.0%)

   IV 1 (25%) 0 (0.0%)

Angina 2 (50%) 7 (58.33%) > 0.99

Syncope 0 (0.0%) 2 (16.7%) 0.48

EuroSCORE=European System for Cardiac Operative Risk Evaluation; NYHA=New York Heart Association; STS=Society of Thoracic 
Surgeons
Data are presented as mean and standard deviation for continuous variables and as absolute number and percentage for categorical 
variables
Mann-Whitney U test and Fisher’s exact test
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Table 2. Intraoperative characteristics of the conventional and Perceval™ groups.

Variables Conventional group (n=12) Perceval™ group (n=12) P-value 

Total surgical time (minutes) 228 (206.2;242.2) 180 (163.5;183.8) < 0.001

CPB time (minutes) 80 (66.5;91.2) 57.5 (55;60) 0.001

Time of anoxia (minutes) 60 (48.5;68.8) 40 (37.8;42.2) < 0.001

Blood loss volume (mL) 252,5 (168.8;308.8) 255 (215;315.5) 0.69

Intraoperative transfusion 6 (50.0%) 7 (58.3%) > 0.99

Enlargement of the aortic valve 
ring

1(8.3%) 0(0.0%) > 0.99

CPB=Cardiopulmonary bypass
Data are presented as median and interquartile range (1st, 3rd) variables and absolute number and percentage
Mann-Whitney U test and Fisher’s exact test

Table 3. Comparisons of the outcomes in the immediate postoperative period of the conventional and Perceval™ groups.

Variables Conventional group (n=12) Perceval™ group (n=12) P-value

Hospital mortality 0 0 -

Total length of stay (days) 8.5 (8,0;12.2) 7 (6.8;8.2) 0.082

Length of stay in ICU (days) 2.5 (2.0;3.0) 2.5 (2.0;3.2) 0.864

Length of stay in the ward 6.0 (5.8;7.5) 4.0 (4,0;5.0) 0.06

Mechanical ventilation time 
(hours)

10.0 (7.8;13.0) 9.5 (6.0;12.0) 0.45

Complications at IPO 12 (100%) 12 (100%) -

SIRS 11 (91.7%) 11 (91.7%) > 0.99

SIRS (3-4 criteria) 8 (66.7%) 6 (50.0%) 0.68

AF with RVR in IPO 5 (41.7%) 3 (25%) 0.66

Pneumonia at the IPO 1 (8.3%) 0 > 0.99

Thrombocytopenia at the IPO 2 (16.7%) 3 (25%) > 0.99

Hypertensive crisis 7 (58.3%) 0 0.005

Mild paravalvular leak 0 2 (16.7%) 0.478

PPM 6 (50.0%) 2 (16.7%) 0.193

NYHA functional class at the 
time of hospital discharge

   1 10 (83.3%) 11 (91.7%)
> 0.99

   2 2 (16.7%) 1 (8.3%)

Rhythm at the time of hospital 
discharge

   Sinus 11 (91.7%) 12 (100%)
> 0.99

   AF 1 (8.3%) 0

AF=atrial fibrillation; ICU=intensive care unit; IPO=immediate postoperative period; NYHA=New York Heart Association; 
PPM=prosthesis-patient mismatch; RVR=rapid ventricular response; SIRS=systemic inflammatory response syndrome
Data are presented as median and interquartile range (1st, 3rd) and in absolute numbers and percentages
Man-Whitney U test and Fisher’s exact test
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Laboratory Findings in the Preoperative and Postoperative 
Period of 24 Hours and Three Months

In the levels of EMP (MP CD31+, CD42b-, CD144+), there was a 
significant increase in the 24-hour postoperative period (P<0.001) 
and a subsequent decrease at three months postoperatively 
(P=0.001) (Table 4). The mean concentration was significantly 
lower in the group C (-3.29; 95% CI -5.60, -0.98; P=0.006) at 24 hours 
postoperatively (Table 5), with no significant interaction between 
the groups C and P over time (P=0.11); the groups behaved similarly 
over time (Figure 2, Table 6).
The IL-6 was characterized by significant elevation in the 24-hour 
postoperative period (P≤0.001) and decrease in the three-month 
postoperative period, returning to baseline levels (Table 4); the 
level of IL-6 was significantly higher in the group C in the 24-hour 
postoperative period (75.11; 95% CI 12.23, 138.11; P=0.02) (Table 
5), with no significant interaction between groups in the behavior 
over time (P=0.21) (Figure 2, Table 6).
Regarding IL-8, a statistically significant interaction was observed 
over time (P=0.0006) (Figure 2, Table 6); in the 24-hour postoperative 
period, there was a significant difference, with higher levels in the 
group C (22.30; 95% CI 9.53, 35.08; P=0.0009) (Table 5).
The PCT showed an increase in the 24-hour postoperative period 
and a subsequent decrease in the three-month postoperative 
period, with a significant interaction (P=0.04) over time; in the 
group C, there was a greater increase when compared to the group 
P (Figure 2, Tables 4, 5, and 6).

In the plasma concentration of leukocytes, there was no statistically 
significant interaction (P=0.06) (Figure 2, Table 6), although the 
levels were lower in the group C in the 24-hour postoperative 
period (-3001.97; 95% CI -5773.51, -230.43; P=0.03) (Table 5).
The CRP showed significant elevation in the 24-hour postoperative 
period (P<0.001) and a subsequent decrease in the three-month 
postoperative period (Table 4), a similar behavior between the 
groups over time, without significant interaction (P=0.86) (Figure 2, 
Table 6). There were also no differences in plasma levels between 
the groups C and P at 24 hours and three months postoperatively 
(P=0.52 and P=0.95, respectively) (Table 5).

DISCUSSION

Studies report a high incidence of SIRS in the immediate 
postoperative period of surgical valve replacement, and it is directly 
related to surgical trauma and the use of CPB[6,7]; in our study, there 
was a high incidence of severe SIRS defined by the presence of 
three or more criteria (58.33% of the sample). Although our study 
showed significant differences between the conventional and 
Perceval™ groups in relation to total surgical times, CPB times, and 
anoxia, being significantly lower in the Perceval™ group (P<0.001, 
P=0.001, P<0.001, respectively) when compared to the conventional 
group, this was not reflected in a lower incidence of severe SIRS; 
the incidence of SIRS was high and similar in both groups (group C 
66.3% vs. 50% group P; P=1,000). When the plasma concentration 
of EMP (MP CD31+, CD42b-, CD144+) was evaluated, we observed 

Table 4. Comparisons of the mean effects of the conventional and Perceval™ groups over time (preoperative and 24-hour and 
3-month postoperative) with respect to laboratory variables.

Variables Comparisons Differences Lower 95% CI Upper 95% CI P-value

MP CD31+, CD42b-, CD144+

24 hours - 3 months 3.11 1.95 4.27 < 0.001

24 hours - Preoperative 3.44 2.29 4.58 < 0.001

3 months - Preoperative 0.33 -0.83 1,49 0.5722

IL-6 (pg/mL)

24 hours - 3 months 147.19 101.73 192.64 < 0.001

24 hours - Preoperative 146.92 101.96 191.87 < 0.001

3 months - Preoperative -0.27 -45.73 45.19 0.9905

IL-8 (pg/mL)

24 hours - 3 months 30.27 22.50 38.05 < 0.001

24 hours - Preoperative 28.69 21.02 36.36 < 0.001

3 months - Preoperative -1.58 -9.35 6.19 0.6839

Procalcitonin (pg/mL)

24 hours - 3 months 198.26 65.94 330.59 0.0043

24 hours - Preoperative 211.75 80.89 342.61 0.0022

3 months - Preoperative 13.49 -118.84 145.81 0.8380

Leukocytes (mm3)

24 hours - 3 months 7798.58 6.363.65 9233.50 < 0.001

24 hours - Preoperative 8087.50 673.11 9501.89 < 0,001

3 months - Preoperative 288.92 -1146.00 1723.85 0.6864

CRP (mg/L)

24 hours - 3 months 12.49 10.26 14.72 < 0.001

24 hours - Preoperative 12.66 10.46 14.87 < 0.001

3 months - Preoperative 0.18 -2.05 2.40 0.8743

CI=confidence interval; CRP=C-reactive protein; IL=interleukin; MP=microparticles
The P-value refers to the comparison of the mean effects of the conventional and Perceval™ groups over time
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Table 5. Comparisons between the conventional and Perceval™ groups at each time point (preoperative and 24-hour and 3-month 
postoperative), in relation to laboratory variables.

Variables Time Differences between 
conventional and Perceval™ Lower 95% CI Upper 95% CI P-value

MP CD31+, CD42b-, CD144+

Preoperative -1 -3.3 1.31 0.3875

24 hours -3.29 -5.60 -0.98 0.0063

3 months -1.62 -3.95 0,72 0.1706

IL-6 (pg/mL)

Preoperative 7.96 -54.98 70.9 0.8012

24 hours 75.17 12.23 138.11 0.02

3 months 6.13 -58.25 70.51 0.8496

IL-8 (pg/mL)

Preoperative 0.09 -12.69 12.86 0.9892

24 hours 2.3 9.53 35.08 0.0009

3 months 2.28 -10.73 15.3 0.7264

Procalcitonin (pg/mL)

Preoperative -128.64 -312.49 55.22 0.1669

24 hours 159.74 -24.11 343.6 0.0874

3 months -116,4 -304.47 71.66 0.2206

Leukocytes (mm3)

Preoperative 13.03 -2758.51 2784.57 0.9925

24 hours -3001.97 -5773.51 -230.43 0.0344

3 months -295.72 -3107.2 2.515.75 0.8331

CRP (mg/L)

Preoperative 0.05 -3.08 3.17 0.9765

24 hours 0.99 -2.14 4.12 0.5292

3 months -0.11 -3.31 3.09 0.947

CI=confidence interval; CRP=C-reactive protein; IL=interleukin; MP=microparticles
The P-value refers to the multiple comparison between the groups at each time point

a significant increase after 24 hours of the surgical procedure 
(P<0.0001), in relation to the preoperative values, coinciding with 
the development of SIRS in this period. Similar data were observed 
in the study by Jansen[8] with 50 patients undergoing TAVI, where 
they showed higher levels of EMP in the subgroup that developed 
SIRS. In our study, the plasma concentration of EMP in the 24-hour 
postoperative period was significantly higher in the Perceval™ 
group (P=0.006).
Regarding the effect of aortic stenosis treatment in the mid-
term follow-up, a prospective study in 56 symptomatic patients 
with significant aortic valve stenosis undergoing TAVI, with 
determination of EMP and platelets by flow cytometry, in the 
three-month postoperative follow-up showed a decrease in MP 
levels compared to the preoperative period; the treatment of 
aortic valve stenosis by TAVI was associated with improved function 
and endothelial integrity, indicating beneficial effects of TAVI on 
systemic arterial function[14].
Nevertheless, in our study, when assessing EMP levels (MP CD31+, 
CD42b-, CD144+) in the three-month postoperative period, 
we observed a significant decrease in relation to the 24-hour 
postoperative period (P<0.001), however, with no statistically 
significant difference between the preoperative and three-month 
postoperative times (P=0.57), the levels returned to baseline values.
Regarding IL-6 levels, a study in Spain evaluating the inflammatory 

response in patients undergoing surgical aortic valve replacement 
with conventional vs. sutureless prostheses observed shorter aortic 
cross-clamping and CPB times in the sutureless prosthesis group 
associated with significantly lower postoperative IL-6 levels[13]. Data 
was compatible with our experience, where aortic cross-clamping 
and CPB shorter times were observed in the Perceval™ group with 
statistically significant difference and lower levels of IL-6 and IL-8.
Data supported by Goetzenich A, et al.[12], in a prospective 
observational study with 25 patients comparing TAVI by transapical 
approach vs. surgical treatment with conventional bioprosthesis, 
showed an increase in pro-inflammatory ILs (IL-6, IL-8, and IL-10) 
during and after the procedure in both groups. With a greater 
increase in the conventional surgery group, the transapical 
transcatheter procedure showed significant reduction but not 
elimination of the inflammatory response, reflecting the less 
invasive nature of this procedure.
Studies in patients with aortic valve stenosis undergoing aortic 
valve replacement with conventional surgery and TAVI via the 
transapical and transfemoral routes showed an inflammatory 
response in all groups, with higher levels of plasma leukocytes, 
CRP, IL-6, and IL-8 in the conventional and transapical transcatheter 
surgery groups when compared to the transfemoral route. These 
results suggest less inflammation after transfemoral procedures[6,14].
Sinning JM et. al, in a study of 152 elderly patients with symptomatic 
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Fig. 2 - Changes in endothelial microparticles and biomarkers according to the conventional and Perceval™ prosthesis groups in the preoperative 
and 24-hour and 3-month postoperative periods.

severe aortic stenosis undergoing TAVI, showed a 40% occurrence 
of SIRS during the first 48 hours after the procedure, characterized 
by a significantly elevated release of IL-6 and IL-8, with subsequent 
increase in leukocytes, CRP, and PCT[16].
Data like the findings of our study, where we found a high incidence 
of SIRS, and in relation to the levels of IL-6, IL-8, plasma leukocytes, 
CRP, and PCT, showed a significant increase in the postoperative 
period of 24 hours, when compared to the preoperative period.

Limitations

Our study was performed in a single center, and we did not 
evaluate the effect of statins on the inflammatory response, but a 
study reports that statins effectively inhibit the release of EMP[17]. 
The EMP have specific surface antigens among CD144, CD146, 
and CD62E[18]; in our study, only CD144 was determined. We 
found higher EMP values in the immediate postoperative period, 

suggesting an association with the impact of the surgical procedure 
and the development of SIRS; in the three-month postoperative 
period, we did not find differences in relation to the baseline values, 
and cohorts with larger numbers of patients should be performed 
to assess the effect at the three-month follow-up. Regarding the 
techniques for determining EMP levels, their results are operator-
dependent[18].

CONCLUSION

The incidence of severe SIRS was similar in both groups. The 
plasma concentration of EMP was higher in the Perceval™ group 
in the 24-hour postoperative period; in both groups, there were 
an increase in EMP in the immediate postoperative period and 
a subsequent decrease from three months postoperatively to 
baseline. IL-6, IL-8, and PCT presented significantly higher levels in 
the conventional group when compared to the Perceval™ group 
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Table 6. Laboratory variables in the conventional and Perceval™ groups in the preoperative and 24-hour and three-month 
postoperative periods.

Variables
Conventional 
(preoperative) 

(n=12)

Perceval™ 
(preoperative) 

(n=12)

Conventional 
(24 hours) 

(n=12)

Perceval™ 
(24 hours) 

(n=12)

Conventional 
(3 months) 

(n=12)

Perceval™ 
(3 months) 

(n=11)
P-value

(interaction 
test)

MP CD31+, 
CD42b-, 
CD144+ (%)

2.7±1.9 3.7±2.4 5±2.8 8.3±4 2.7±2 4.3±2.7 0.112

Interleukin 6 
pg/mL

9.8±15 1.9±2.5 190.3±162.5 115.2±88.2 8.6±9.1 2.5±2.4 0.212

Interleukin 8 
pg/mL

10.8±13.1 10.7±4.9 50.6±32.2 28.3±9.6 10.3±10.1 8±2.8 0.006

Procalcitonin 
pg/mL

71.4±43.6 200±145.9 427.4±393.2 267.6±281.3 91±68.3 207.6±171.5 0.043

Leukocytes/
mm3 6786.4±2116.4 6773.3±2043.6 13366.4±5183 16368.3±4563.7 6920.9±2147.9 6794.5±1304.6 0.062

C-reactive 
protein mg/dL

0.6±0.5 0.6±0,2 13.2±6.3 12.8±6.5 0.8±0.4 0.9±0.4 0.963

MP=microparticle
Data are presented as mean and standard deviation
P-value of the linear mixed model interaction test

in the 24-hour postoperative period, which suggests the impact 
of longer CPB on the inflammatory response of the conventional 
group in the immediate postoperative period.

Financial support: This study was funded by the Coordenação 
de Aperfeiçoamento de Pessoal de Nível Superior (CAPES) 001 
e Fundação de Amparo à Pesquisa do Estado de São Paulo 
(FAPESP) 2016/18760-0. The corresponding author received 
financial support from FAPESP and CAPES. 
No conflict of interest.

Authors’ Roles & Responsibilities

JLRO Substantial contributions to the conception or design of the work; 
or the acquisition, analysis, or interpretation of data for the work; 
drafting the work or revising it critically for important intellectual 
content; agreement to be accountable for all aspects of the work 
in ensuring that questions related to the accuracy or integrity of 
any part of the work are appropriately investigated and resolved; 
final approval of the version to be published

MAS Substantial contributions to the conception or design of the work; 
or the acquisition, analysis, or interpretation of data for the work; 
drafting the work or revising it critically for important intellectual 
content; final approval of the version to be published

AT Agreement to be accountable for all aspects of the work in 
ensuring that questions related to the accuracy or integrity of any 
part of the work are appropriately investigated and resolved; final 
approval of the version to be published

REFERENCES

1.	 Mathieu P, Bouchareb R, Boulanger MC. Innate and adaptive immunity 
in calcific aortic valve disease. J Immunol Res. 2015;2015:851945. 
doi:10.1155/2015/851945.

2.	  Venardos N, Nadlonek NA, Zhan Q, Weyant MJ, Reece TB, Meng X, et 
al. Aortic valve calcification is mediated by a differential response of 
aortic valve interstitial cells to inflammation. J Surg Res. 2014;190(1):1-
8. doi:10.1016/j.jss.2014.03.051.

3.	 Ahn YS, Jy W, Horstman LL, Jimenez JJ. Cell-derived microparticles: a 
mediator of inflammation in aortic valve stenosis? Thromb Haemost. 
2008;99(4):657-8. doi:10.1160/TH08-03-0135. 

4.	 Diehl P, Nagy F, Sossong V, Helbing T, Beyersdorf F, Olschewski M, et 
al. Increased levels of circulating microparticles in patients with severe 
aortic valve stenosis. Thromb Haemost. 2008;99(4):711-9. doi:10.1160/
TH07-05-0334. 

5.	 Lindman BR, Goldstein JS, Nassif ME, Zajarias A, Novak E, Tibrewala A, 
et al. Systemic inflammatory response syndrome after transcatheter 
or surgical aortic valve replacement. Heart. 2015;101(7):537-45. 
doi:10.1136/heartjnl-2014-307057.

6.	 Erdoes G, Lippuner C, Kocsis I, Schiff M, Stucki M, Carrel T, et al. 
Technical approach determines inflammatory response after 
surgical and transcatheter aortic valve replacement. PLoS One. 
2015;10(11):e0143089. doi:10.1371/journal.pone.0143089.

7.	 Lawson C, Vicencio JM, Yellon DM, Davidson SM. Microvesicles and 
exosomes: new players in metabolic and cardiovascular disease. J 
Endocrinol. 2016;228(2):R57-71. doi:10.1530/JOE-15-0201. 

8.	 Jansen F, Rohwer K, Vasa-Nicotera M, Mellert F, Grube E, Nickenig G, et 
al. CD-144 positive endothelial microparticles are increased in patients 
with systemic inflammatory response syndrome after TAVI. Int J Cardiol. 
2016;204:172-4. doi:10.1016/j.ijcard.2015.11.179.

9.	 Marchini JF, Miyakawa AA, Tarasoutchi F, Krieger JE, Lemos P, Croce 
K. Endothelial, platelet, and macrophage microparticle levels do not 
change acutely following transcatheter aortic valve replacement. J 
Negat Results Biomed. 2016;15:7. doi:10.1186/s12952-016-0051-2. 



Oliveira JLR, et al. - Endothelial Microparticles Braz J Cardiovasc Surg 2024;39(1):e20230111

Br
az

ili
an

 Jo
ur

na
l o

f C
ar

di
ov

as
cu

la
r S

ur
ge

ry
 

10.	 Butler J, Rocker GM, Westaby S. Inflammatory response to 
cardiopulmonary bypass. Ann Thorac Surg. 1993;55(2):552-9. 
doi:10.1016/0003-4975(93)91048-r. 

11.	 Levy JH, Tanaka KA. Inflammatory response to cardiopulmonary 
bypass. Ann Thorac Surg. 2003;75(2):S715-20. doi:10.1016/s0003-
4975(02)04701-x. 

12.	 Goetzenich A, Roehl A, Spillner J, Haushofer M, Dohmen G, Tewarie L, et 
al. Inflammatory response in transapical transaortic valve replacement. 
Thorac Cardiovasc Surg. 2011;59(8):465-9. doi:10.1055/s-0031-1280370.

13.	 Estevez-Cid F, Serrano-Teruel ME, Fernandez-Rodriguez F, Bouzas-
Mosquera A, Fernandez-Moreno M, Dieguez-Garcia P, et al. Postoperative 
plasma mitochondrial DNA and cytokine profiles of elderly patients 
undergoing minimally invasive aortic valve replacement. Thorac 
Cardiovasc Surg. 2021;69(1):34-42. doi:10.1055/s-0039-1683427. 

14.	 	Horn P, Stern D, Veulemans V, Heiss C, Zeus T, Merx MW, et al. 
Improved endothelial function and decreased levels of endothelium-
derived microparticles after transcatheter aortic valve implantation. 
EuroIntervention. 2015;10(12):1456-63. doi:10.4244/EIJY14M10_02. 

This is an open-access article distributed under the terms of the Creative Commons Attribution License.

15.	 Stähli BE, Grünenfelder J, Jacobs S, Falk V, Landmesser U, Wischnewsky 
MB, et al. Assessment of inflammatory response to transfemoral 
transcatheter aortic valve implantation compared to transapical and 
surgical procedures: a pilot study. J Invasive Cardiol. 2012;24(8):407-11. 

16.	 Sinning JM, Scheer AC, Adenauer V, Ghanem A, Hammerstingl C, 
Schueler R, et al. Systemic inflammatory response syndrome predicts 
increased mortality in patients after transcatheter aortic valve 
implantation. Eur Heart J. 2012;33(12):1459-68. doi:10.1093/eurheartj/
ehs002. 

17.	 Tramontano AF, O'Leary J, Black AD, Muniyappa R, Cutaia MV, 
El-Sherif N. Statin decreases endothelial microparticle release from 
human coronary artery endothelial cells: implication for the rho-
kinase pathway. Biochem Biophys Res Commun. 2004;320(1):34-8. 
doi:10.1016/j.bbrc.2004.05.127. 

18.	 Leite AR, Borges-Canha M, Cardoso R, Neves JS, Castro-Ferreira R, Leite-
Moreira A. Novel biomarkers for evaluation of endothelial dysfunction. 
Angiology. 2020;71(5):397-410. doi:10.1177/0003319720903586.


