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Abstract

Background: Transthoracic device closure of ventricular septal defect (VSD) is widely used in the clinic, especially in
China. Changes in inflammatory marker levels after transthoracic device closure of VSD in pediatric patients have
not been reported.

Methods: We retrospectively collected clinical data for 85 pediatric patients in our hospital from September 2017
to January 2018. The patients were divided into two groups according to treatment (device group vs. surgical
group). The clinical and experimental data from the two groups were statistically analyzed.

Results: Clinical outcomes were good in all patients without any fatal complications. Similar increasing trends in
inflammatory markers (white blood cell (WBC) count, procalcitonin (PCT), C-reactive protein (CRP), and interleukin-6
(IL-6)) were found in the two groups, both of which showed noticeable systemic inflammatory responses. In
addition, no significant difference in the postoperative levels of inflammatory markers was observed between these
two groups.

Conclusions: Although transthoracic device closure of VSD seems to be less traumatic and involves a quicker
recovery, it also induces a systemic inflammatory response as measured by WBC count and PCT, CRP and IL-6 levels,
and the altered trends in inflammatory markers were similar to those of conventional surgery under CPB.
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Background
Ventricular septal defect (VSD) is the most common
type of congenital heart disease (CHD) [1, 2]. The gold
standard of treatment is surgical repair under cardiopul-
monary bypass (CPB) [3], but this procedure is associ-
ated with a visible scar, long postoperative hospital stay
and probable thoracic deformation [4]. In recent years,
transthoracic device closure of VSD has been widely
used, especially in China. Previous reports have de-
scribed its minimal invasiveness, rapid recovery, low cost

and wide indication [5–7]. Studies have explored the ele-
vation in inflammatory marker levels after cardiac sur-
gery under CPB [8–10], but little attention has been
given to whether postoperative levels of inflammatory
markers are altered by transthoracic device closure of
VSD. Currently used clinical inflammatory markers in-
clude white blood cell (WBC) count, C-reactive protein
(CRP), procalcitonin (PCT), and interleukin-6 (IL-6). In
addition to clinical manifestations, these levels of inflam-
matory markers also represent important criteria for
evaluating the severity of the systemic inflammatory re-
sponse [8–10]. Therefore, changes in the levels of these
inflammatory markers during the perioperative period
were examined to determine whether transthoracic de-
vice closure of VSD results in a systemic inflammatory
response and to assess the severity of this response.

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

* Correspondence: caohua0791@163.com
†Jiang-Shan Huang and Qiang Chen are contributed equally to this work and
share first authorship.
1Department of Cardiac Surgery, Fujian Provincial Maternity and Children’s
Hospital, Affiliated Hospital of Fujian Medical University, the Daoshan road
18, Gulou District, Fuzhou 350001, People’s Republic of China
Full list of author information is available at the end of the article

Huang et al. Journal of Cardiothoracic Surgery           (2019) 14:70 
https://doi.org/10.1186/s13019-019-0900-4

http://crossmark.crossref.org/dialog/?doi=10.1186/s13019-019-0900-4&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:caohua0791@163.com


Materials and methods
In this retrospective study, we collected the medical re-
cords of 88 consecutive pediatric patients with VSD in
our department from September 2017 to January 2018.
Furthermore, all patients received treatment from the
same experienced surgical team. All patients were diag-
nosed with isolated perimembranous VSD and were suf-
ficiently assessed by transthoracic echocardiography
(TTE). Routine preoperative examinations, including
chest radiography, electrocardiogram, TTE, complete
blood count, biochemistry and measurement of inflam-
matory markers (which included CRP, PCT and IL-6),
were performed for all patients. No clinical or laboratory
signs of infection were noted before the procedure.
The VSD closure guidelines were consistent with those

of previous reports [5–7]. The inclusion criteria were as
follows: no other intracardiac malformation and/or
organ disease; a significant hemodynamic left-to-right
shunt and/or chamber enlargement and capacity over-
load and/or mild to moderate pulmonary hypertension;
and no aortic regurgitation. The exclusion criteria were
age under 9 months, weight below 6 kg, pulmonary or
other organ infection, severe pulmonary hypertension or
Eisenmenger syndrome. Patients with significantly in-
creased preoperative inflammatory markers (WBC
count, PCT, CRP, and IL-6) and with preoperative or
postoperative infection were also excluded from this
study. We defined the criteria for infection as follows: 1,
body temperature higher than 38.5 °C; 2, chest radiog-
raphy indicated pulmonary infection; 3, pulmonary aus-
cultation can detect obvious moist rales; 4, the
expectorated sputum was a clearly purulent sputum; and
5, bacteria appeared in sputum and blood cultures [11].
All of the above data were recorded in detail in the med-
ical records. The final diagnosis of infection was made
independently by two experts, and a third researcher
evaluated whether specific cases were included or
excluded.
When we retrospectively analyzed the data, we ex-

cluded 3 patients from the study because they had post-
operative pulmonary infections. The remaining 85
patients we selected did not show any noticeable clinical
or laboratory signs of infection after their procedures.
The patients were divided into two groups according to
the different VSD closure procedures. Thirty-eight pa-
tients with isolated and restrictive VSD (VSD size ran-
ging from 4 to 6 mm) in group A underwent
transthoracic device closure. The 47 patients in group B
underwent surgical repair under CPB. This group in-
cluded patients with nonrestrictive or misaligned VSD,
failure to complete or refusal of device closure, and in-
eligibility for device closure. In this group, 21 patients
were selected to receive a right infra-axillary incision,
and 26 patients were selected to receive a median

incision based on their individual situations. A successful
VSD closure was defined as no large residual shunt (< 2
mm). The clinical features of the two groups are shown
in Table 1. No statistically significant differences in gen-
der or age distribution were found between the two
groups.
The transthoracic device closure of VSD without CPB

in group A was performed under general anesthesia. In
our cardiac center, a lower partial median sternotomy
was performed, and the sternum was partially spread to
expose the operative fields. Then, the pericardium was
opened and suspended to expose the free wall of the
right ventricle. With the guidance of transesophageal
echocardiography (TEE), the transport track was set up
and traversed the right ventricle to the VSD to the left
ventricle. The occluder was inserted into the sheath and
advanced into the left ventricle by the push rod, and
then the two dishes of the occluder were released in turn
into the two sides of the ventricular septum to close the
VSD guided by TEE. The occluder was released from
the push rod once its correct location was confirmed.
Subsequent treatment included three months of anti-
coagulant therapy. We have described many of these
procedures in our previous reports [12].
In group B, the surgical procedure was performed

under general anesthesia. Two kinds of surgical incisions
were used in this study: the traditional median incision
and the right infra-axillary incision. Regardless of the in-
cision type, the surgical field (which at minimum in-
cluded the ascending aorta root, right atrium, partial
right ventricle, and upper and inferior vena cava) was
fully exposed. After systemic heparinization, a routine
CPB was established. Then, the ascending aorta was
clamped, and cardioplegia was injected at the root of the
aorta. After cardiac arrest, the right atrium was opened,
and the ventricular septal defect was repaired with a
patch through the tricuspid valve.
We retrospectively analyzed the levels of the selected

inflammatory markers, which were collected on the first
preoperative day (preOP) and the first, second, third,
fifth and seventh postoperative days (POD1, POD2,

Table 1 Preoperative data comparison between two groups of
patients

Item Group A Group B p value

N 38 47

Gender(M/F) 21/17 24/23

Age(years) 1.7 ± 1.2 1.4 ± 1.4 0.24

Weight(kg) 9.1 ± 2.3 9.3 ± 2.3 0.72

Pulmonary hypertension (mm Hg) 36.3 ± 8.2 37.2 ± 5.2 0.55

Size of VSD(mm) 4.8 ± 1.2 5.3 ± 1.3 0.17

Cardiothoracic ratio 0.53 ± 0.1 0.56 ± 0.1 0.41
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POD3, POD5 and POD7, respectively), if necessary. In
addition, we also collected and analyzed data on the
postoperative mechanical ventilation time, duration of
time in the intensive care unit (ICU), and length of hos-
pital stay.
Continuous data are presented as the means±SD. We

used Tukey’s HSD (honest significant difference) test to
compare the data collected at different time periods
using analyses of variance and repeated measures data.
A statistically significant difference was defined as a p
value less than 0.05.

Result
On the basis of the inclusion and exclusion criteria, 85
pediatric patients were included in this study. All pa-
tients received a successful closure without reoperation
for VSD, cerebrovascular accident, multiple organ dys-
function, or any serious postoperative complications, in-
cluding severe low cardiac output syndrome, death,
malignant arrhythmia or complete atrioventricular
block.
Group A had a shorter operative time, postoperative

mechanical ventilation time, duration of intensive care
and length of incision than group B. The corresponding
data are shown in Table 2.
The values of the inflammatory markers that were se-

lected for group A and group B on the first preoperative
day and the first, second, third, fifth and seventh postop-
erative days (if necessary) are shown in Table 3. The
usual length of hospitalization for these groups was 3–6
days, and subsequent examinations were completed in
the outpatient department. As shown in this table, we
found that WBC count and levels of CRP, PCT and IL-6
were significantly increased after both treatments. The
changes in CRP and IL-6 were similar in the two groups,
as CRP levels peaked on the second postoperative day
(POD2) in both groups, while IL-6 levels peaked on the
first postoperative day and then began to decrease. WBC
count and PCT levels peaked on the first postoperative
day in group A, while in group B, these values peaked
on the second postoperative day and then began to de-
cline. In addition, no significant differences in inflamma-
tory factors during any specific period after treatment
were observed between these two groups (P > 0.05).

Discussion
The traditional surgery for VSD is performed with car-
diac arrest under CPB [3]. In our cardiac center, a me-
dian incision or a right infra-axillary incision is typically
chosen. Our surgical teams found no statistically signifi-
cant differences in the time of CPB, aortic clamping, op-
erative time or prognoses between the median incision
and the infra-axillary incision [4]. Many articles describe
the advantages and disadvantages of transcatheter device
closure of VSD [13, 14]. In addition to these two
methods, transthoracic device closure guided by echo-
cardiography is a recently described alternative to sur-
gery. Due to the specific advantages of such a procedure,
patients are more likely to accept transthoracic device
closure than conventional surgery, especially in China
[5–7, 12].
Stimulation of cardiac surgery can induce the synthesis

and release of inflammatory cytokines, causing a sys-
temic inflammatory response [15]. The systemic inflam-
matory response involves the interaction of a large
number of cytokines, inflammatory mediators and in-
flammatory cells. WBC count is one of the classic clin-
ical methods used to diagnose a bacterial infection.
Although the medical reference range of the WBC count
is relatively wide and clear interindividual differences
exist, WBC count was still included in this study since it
is the most commonly used parameter. CRP is a typical
acute phase protein that is expressed in acute inflamma-
tion, but its levels are extremely low in the blood of
healthy people. CRP is synthesized and secreted by hepa-
tocytes under stress, which activates complement
through the classic pathway, thus participating in sys-
temic inflammation [16]. PCT is the precursor of calci-
tonin, and it is produced by the expression of the
calcitonin I gene on chromosome 11 and inhibited in
the absence of infection [17, 18]. Therefore, PCT has
unique advantages in the identification of infectious or
noninfectious inflammatory responses and has been re-
ported to be more reliable than traditional indicators
such as WBC count, CRP and other markers in distin-
guishing infection and noninfection [19–21]. IL-6 is an
important inflammatory mediator and is produced by a
variety of cells, including activated T cells and B cells,
mononuclear macrophages, and endothelial cells. Studies
have shown that IL-6 production is associated with sur-
gery and that patients undergoing cardiac surgery experi-
ence a similar increase in IL-6 regardless of whether CPB
is performed, similar to the results of this study [22].
A study by Güvener M. et al. showed that the severity

of the systemic inflammatory response was significantly
related to the time of CPB and aortic clamping [23].
Madhok A.B. et al. also demonstrated changes in post-
operative inflammatory markers, confirming that CPB
and aortic clamping were major factors in the systemic

Table 2 Perioperative and postoperative data comparison
between two groups of patients

Item Group A Group B p value

Operation time(min) 24.6 ± 7.6 108.5 ± 23.0 p < 0.01

Mechanical ventilation time(h) 2.9 ± 2.1 10.3 ± 4.7 p < 0.01

Intensive care unit time(h) 5.7 ± 3.8 16.7 ± 3.9 p < 0.01

Drainage(ml) 12.5 ± 10.3 24.2 ± 15.7 p < 0.01

The incision length(cm) 2.8 ± 0.7 7.5 ± 1.2 p < 0.01
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inflammatory response [24]. Moreover, many scholars
have proven that inflammatory factors increase notably
after traditional surgery under CPB [8, 25, 26]. In this
study, we primarily compared transthoracic device closure
of VSD with conventional surgical repair of VSD under
CPB with regard to the operative time, mechanical ventila-
tion time, intensive care unit time, drainage, and incision
length. As shown in Table 2, we clearly demonstrated that
the transthoracic method is superior to traditional surgery,
which is the same conclusion that has been reached by
other researchers. We hypothesize that such advantages of
the transthoracic method may be due to avoiding CPB
and cardiac arrest. No studies have reported whether this
procedure causes a systemic reaction or whether the in-
flammatory responses caused by surgery are more severe
than those of the transthoracic method.
Based on the results of this study, the transthoracic ap-

proach resulted in a clear systemic inflammatory response.
Furthermore, no significant difference in the systemic in-
flammatory response was found between the transthoracic
device closure group and the conventional surgery group.
Although many studies have shown that transthoracic de-
vice closure is less invasive than traditional procedures
and has irreplaceable advantages, it is still associated with
a significant systemic inflammatory response. We specu-
lated that the underlying reasons may include the follow-
ing aspects: the pericardium still needs to be opened, and
the puncture of the right ventricle and the embedded
occluder may directly lead to myocardial injury. In
addition, blood flow through the occluder may also cause
an inflammatory response. Therefore, we need to remain
aware of the possible occurrence of a systemic inflamma-
tory response after such a procedure. However, whether
the occurrence of these inflammatory factors can be pre-
dicted and the prognosis of the systemic inflammatory re-
sponse need further study.

Miyamoto K. et al. showed that the increase in inflam-
matory cytokines was related to the prognosis of the pa-
tient [27]. Therefore, knowing the changes in and trends
of inflammatory factors after defect closure and being
aware of the possible occurrence of a systemic inflam-
matory response are important, as these practices could
help guide clinical treatment. In the device group, the
systemic inflammatory marker levels peaked on the first
postoperative day (POD1), except for CRP, which peaked
on the second postoperative day (POD2). Then, CRP
slowly decreased and was basically controlled on the
fifth postoperative day (POD5). However, in the surgical
repair group, inflammatory markers did not peak until
the second postoperative day (POD2), except for IL-6,
which peaked on the first postoperative day (POD1). Al-
though the time needed for the inflammatory factors to
peak varied, no statistically significant differences were
found in the levels of inflammatory factors between the
two groups at any period after treatment.
This study has some limitations. First, it was a

single-center observational study with a small group
of patients. In addition, only a few inflammatory
markers were selected, which was the limiting factor
of this study. Furthermore, the relationship between
the elevation in inflammatory markers and systemic
inflammatory response after transthoracic device clos-
ure needs further study.

Conclusion
Although transthoracic device closure of VSD seems
to be less traumatic and involves better postoperative
recovery than traditional surgery, it still elicits the
same systemic inflammatory response as traditional
surgery. Therefore, we should still pay attention to
the systemic inflammatory response after transthoracic
device closure of VSD.

Table 3 Changes in the levels of inflammatory markers of patients in the group A and B

item preOP POD1 POD2 POD3 POD5 POD7

WBC A 8.4 ± 1.8 16.7 ± 2.8 15.4 ± 1.9 13.2 ± 2.2 9.7 ± 4.0 8.4 ± 0.9

B 7.4 ± 2.8 15.9 ± 2.1 16.1 ± 2.6 13.6 ± 2.0 10.8 ± 1.6 8.4 ± 0.9

P 0.08 0.38 0.12 0.41 0.10 0.81

PCT A 0.36 ± 0.15 9.24 ± 3.34 8.91 ± 1.55 4.84 ± 1.22 0.77 ± 0.18 0.41 ± 0.2

B 0.32 ± 0.09 8.37 ± 1.08 9.42 ± 0.90 5.57 ± 2.06 0.81 ± 0.10 0.44 ± 0.1

P 0.14 0.1 0.07 0.06 0.23 0.37

CRP A 0.76 ± 0.7 58.6 ± 28.2 127 ± 27.8 41.9 ± 34.6 17.4 ± 9.3 4.70 ± 2.9

B 1.2 ± 1.3 68.7 ± 26.7 133 ± 25.5 57.2 ± 43.3 20.3 ± 8.5 5.40 ± 3.8

P 0.11 0.10 0.26 0.08 0.13 0.34

IL-6 A 2.9 ± 1.4 189 ± 25.8 66.8 ± 22.0 27.3 ± 26.6 10.1 ± 8.2 8.3 ± 1.6

B 3.4 ± 1.1 196 ± 21.3 72.9 ± 18.7 37.3 ± 27.4 15.1 ± 14.7 10.2 ± 6.7

P 0.10 0.17 0.18 0.10 0.07 0.10

A = group A, B = group B

Huang et al. Journal of Cardiothoracic Surgery           (2019) 14:70 Page 4 of 5



Abbreviations
CHD: Congenital heart disease; CPB: Cardiopulmonary bypass; CRP: C-reactive
protein; IL-6: Interleukin-6; PCT: Procalcitonin; TEE: Transesophageal
echocardiography; TTE: Transthoracic echocardiography; VSD: Ventricular
septal defect; WBC: White blood cell

Acknowledgments
We highly acknowledge the contribution by the participating doctors: Dao-
zhong Chen, Feng Lin, Qi-min Wang, Han-fan Qiu, Xue-shan Huang, Dong-
shan Liao, Xiao-fu Dai, Zeng-chun Wang.

Funding
Not applicable.

Availability of data and materials
Data sharing is not applicable to this article as no datasets were generated
or analyzed during the current study.

Authors’ contributions
QC, J-sH and HC designed the study, performed the statistical analysis, partic-
ipated in the operation, and drafted the manuscript. L-wC, Y-rK, Z-lH col-
lected the clinical data. All authors read and approved the final manuscript.

Ethics approval and consent to participate
The present study was approved by the ethics committee of Fujian Medical
University, China, and adhered to the tenets of the Declaration of Helsinki.
Additionally, written informed consent was obtained from the relatives of
the patients.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Department of Cardiac Surgery, Fujian Provincial Maternity and Children’s
Hospital, Affiliated Hospital of Fujian Medical University, the Daoshan road
18, Gulou District, Fuzhou 350001, People’s Republic of China. 2Department
of Cardiovascular Surgery, Union Hospital, Fujian Medical University, Fuzhou
350001, People’s Republic of China. 3Division of Plastic Surgery, Department
of Surgery, Kaohsiung Medical University Hospital, 100 TzYou 1st Rd,
Kaohsiung City 80756, Taiwan.

Received: 2 January 2019 Accepted: 1 April 2019

References
1. Hoffman JI, Kaplan S. The incidence of congenital heart disease. J Am Coll

Cardiol. 2002;39(12):1890–900.
2. Tynan M, Anderson RH. Ventricular septal defects. In: Anderson RH, Baker EJ,

Maccartney FJ, Rigby ML, Shinebourne EA, Tynan M,editors. Paediatric
Cardiology, 2nd ed. London: Churchill Livingstone; 2002;983–1014.

3. Moritz A, Ozaslan F, Dogan S, Abdel-Rahman U, Aybek T, Wimmer-
Greinecker G. Closure of atrial and ventricular septal defects should be
performed by the surgeon. J Interv Cardiol. 2005;18(6):523–7.

4. Hong Z-N, Chen Q, Lin Z-W, Zhang G-C, Chen L-W, Zhang Q-L, Cao H.
Surgical repair via submammary thoracotomy, right axillary thoracotomy
and median sternotomy for ventricular septal defects. J Cardiothorac Surg.
2018;13(1):47.

5. Xing Q, Wu Q, Shi L, Xing Y, Yu G. Minimally invasive transthoracic device
closure of isolated ventricular septal defects without cardiopulmonary
bypass: long-term followup results. J Thorac Cardiovasc Surg. 2015;149:257–
64.

6. Xu HS, Inamdar KY, Firoj KM, Zhao WZ. Perventricular device closure of
ventricular defects in 235 young children: a single-center experience. J
Thorac Cardiovasc Surg. 2013;146(6):1551–3.

7. Lin ZW, Chen Q, Cao H, Zhang GC, Chen LW, Zhang QL, Hong ZN. The
short and midterm follow-up of transthoracic device closure of
Perimembranous ventricular septal defect in adults. Heart Surg Forum. 2018;
21(4):E242–6.

8. Delannoy B, Guye ML, Slaiman DH, Lehot JJ, Cannesson M. Effect of
cardiopulmonary bypass on activated partial thromboplastin time waveform
analysis, serum procalcitonin and C-reactive protein concentrations. Crit
Care. 2009;13(6):R180.

9. Aouifi A, Piriou V, Blanc P, Bouvier H, Bastien O, Chiari P, Rousson R, Evans R,
Lehot JJ. Effect of cardiopulmonary bypass on serum procalcitonin and C-
reactive protein concentrations. Br J Anaesth. 1999;83(4):602–7.

10. Haponiuk I, Jaworski R, Paczkowski K, Chojnicki M, Steffens M, Szofer-
Sendrowska A, Gierat-Haponiuk K, Kwaśniak E, Paśko-Majewska M,
Leszczyńska K, Zieliński J, Szymanowicz W. Postoperative kinetics of
common inflammatory biomarkers after congenital heart defect procedures
with extracorporeal circulation in children. Kardiol Pol. 2018;76(6):968–73.

11. Li X, Wang X, Li S, Yan J, Li D. Diagnostic value of Procalcitonin on early
postoperative infection after pediatric cardiac surgery. Pediatr Crit Care Med.
2017;18(5):420–8.

12. Chen Q, Hong ZN, Zhang GC, Chen LW, Zhang QL, Lin ZW, Cao H.
Intraoperative device closure of isolated ventricular septal defects:
experience on 1,090 cases. Ann Thorac Surg. 2018;105(6):1797–802.

13. Ghaderian M, Merajie M, Mortezaeian H, Aarabi Moghadam MY, Shah MA.
Mid-term follow-up of the Transcatheter closure of Perimembranous
ventricular septal defects in children using the Amplatzer. J Tehran Heart
Cent. 2015;10(4):182–7.

14. Yang L, Tai BC, Khin LW, Quek SC. A systematic review on the efficacy and
safety of transcatheter device closure ofventricular septal defects (VSD). J
Interv Cardiol. 2014;27(3):260–72.

15. Polomsky M, Puskas JD. Off-pump coronary artery bypass grafting--the
current state. Circ J. 2012;76(4):784–90.

16. Jaworski R, Haponiuk I, Irga-Jaworska N, Chojnicki M, Steffens M, Szofer-
Sendrowska A, Zielinski J, Juscinski J. Kinetics of C-reactive protein in
children with congenital heart diseases in the early period after
cardiosurgica treatment with extracorporeal circulation. Adv Med Sci. 2014;
59(1):19–22.

17. Nahum E, Schiller O, Livni G, Bitan S, Ashkenazi S, Dagan O. Procalcitonin
level as an aid for the diagnosis of bacterial infections following pediatric
cardiacsurgery. J Crit Care. 2012;27(2):220.e11–6.

18. Harbarth S, Holeckova K, Froidevaux C, Pittet D, Ricou B, Grau GE, Vadas L,
Pugin J. Diagnostic value of procalcitonin, interleukin-6, and interleukin-8 in
critically ill patients admitted with suspected sepsis. Am J Respir Crit Care
Med. 2001;164(3):396–402.

19. Bin D, Pan J, Dechang C, Yi L. Serum procalcitonin and interleukin-6 levels
may help to differentiate systemic inflammatory response of infectious and
non-infectious origin. Chin Med J. 2003;116(4):538–42.

20. Arkader R, Troster EJ, Abellan DM, Lopes MR, Júnior RR, Carcillo JA, Okay TS.
Procalcitonin and C-reactive protein kinetics in postoperative pediatric
cardiac surgical patients. J Cardiothorac Vasc Anesth. 2004;18(2):160–5.

21. Simon L, Gauvin F, Amre DK, Saint-Louis P, Lacroix J. Serum procalcitonin
and C-reactive protein levels as markers of bacterial infection: a systematic
review and meta-analysis. Clin Infect Dis. 2004;39(2):206–17.

22. Steinberg JB, Kapelanski DP, Olson JD, Weiler JM. Cytokine and complement
levels in patients undergoing cardiopulmonary bypass. J Thorac Cardiovasc
Surg. 1993;106(6):1008–16.

23. Güvener M, Korun O, Demirtürk OS. Risk factors for systemic inflammatory
response after congenital cardiac surgery. J Card Surg. 2015;30(1):92–6.

24. Madhok AB, Ojamaa K, Haridas V, Parnell VA, Pahwa S, Chowdhury D.
Cytokine response in children undergoing surgery for congenital heart
disease. J Card Surg. 2015;30(1):92–6.

25. Harig F, Hohenstein B, von der Emde J, Weyand M. Modulating IL-6 and IL-
10 levels by pharmacologic strategies and the impact of different
extracorporeal circulation parameters during cardiac surgery. Shock. 2001;
16(Suppl 1):33–8.

26. Wan S, DeSmet JM, Barvais L, Goldstein M, Vincent JL, LeClerc JL. Myocardium
is a major source of proinflammatory markers in patients undergoing
cardiopulmonary bypass. J Thorac Cardiovasc Surg. 1996;112(3):806–11.

27. Miyamoto K, Takeuchi D, Inai K, Shinohara T, Nakanishi T. Prognostic value
of multiple biomarkers for cardiovascular mortality in adult congenital
heartdisease: comparisons of single−/two-ventricle physiology, and systemic
morphologically right/left ventricles. Heart Vessels. 2016;31(11):1834–47.

Huang et al. Journal of Cardiothoracic Surgery           (2019) 14:70 Page 5 of 5


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Materials and methods
	Result
	Discussion
	Conclusion
	Abbreviations
	Acknowledgments
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

