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Summary

 Background: Invasive fungal infections due to Candida species constitute an increasing clinical problem. There 
are no guidelines for the management of candidemia in children undergoing surgical procedures 
for congenital heart defects (CHD). The aim of the study was to draw attention to the problem of 
candidemia in children who are operated on due to congenital heart defects.

 Material/Methods: We retrospectively analyzed medical documentation of 307 children with congenital heart defects 
treated in 1 clinical centre in Poland, from whom we selected those diagnosed with candidemia 
during the postoperative period. Next, we analyzed in detail the clinical course of invasive candi-
diasis in each individual and we performed an analysis of risk factors that lead to candidemia.

 Results: In the analyzed period, among 307 children who underwent surgical procedures, we observed 2 
cases of candidemia (0.65%) which were effectively cured with caspofungin. No adverse effects 
were observed after treatment with the drug.

 Conclusions: Candidemia in children who undergo surgical treatment of congenital heart defects is an impor-
tant factor that can influence final clinical results. Caspofungin may be an effective therapeutic 
option when treating candidemia in children after extensive cardiosurgical procedures.
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Background

Invasive fungal infections due to Candida species constitute an 
increasing clinical problem. In recent years, those fungal spe-
cies have become the fourth most common etiological cause 
of systemic infections in children. Data from the literature sug-
gest that surgical procedures may constitute a significant risk 
factor, making the spread of infection easier [1]. Due to di-
agnostic problems and often extremely rapid clinical course, 
many invasive fungal infections due to Candida species are 
diagnosed during post-mortem examinations. Unfortunately, 
there are no clear guidelines for therapeutic management 
of candidemia in children operated on for congenital heart 
defects (CHD). Only single case reports on the problem are 
available, and to the best of our knowledge, until now only 1 
case of effective caspofungin therapy in this group of patients 
has been reported [2]. The majority of papers on this topic 
have described use of echinocandins in children with prolif-
erative diseases of the hematopoietic system. Clinical prac-
tice guidelines for the management of candidiasis in cardi-
ac surgery updated in 2009 concern only adult patients [3].

The aim of the study was to draw attention to the problem 
of candidemia in children who are operated on for congeni-
tal heart defects. Additionally, we have analyzed all the avail-
able literature on the management of candidemia in chil-
dren undergoing cardiosurgical procedures.

Material and Methods

We retrospectively analyzed medical documentation of 
307 children with congenital heart defects treated in 
the period between January 2008 and July 2010 in the 
Department of Pediatric Cardiac Surgery, Pomeranian 
Centre of Traumatology in Gdańsk (Poland). We includ-
ed in our analysis both the children who were operated on 
with extracorporeal circulation (ECC), and those operated 
on without extracorporeal circulation (non-ECC). From all 
307 cases, we selected children who had candidemia due 
to Candida species diagnosed on the basis of positive blood 
cultures during the postoperative period.

Blood samples were collected onto PediBact multiplication 
medium. Incubation was carried out in the BacT/ALERT 3D 
system (bioMerieux SA, EU). Reaching sufficient growth, 
the material was cultured on various solid media, includ-
ing chromogenic medium for culturing Candida ID2 (bioM-
erieux SA, EU). Identification was carried out with 2 meth-
ods: with use of API ID 32C test (ATB Expression, bioMerieux 
SA, EU) in case of species other than C. albicans, and with 
use of the YST test card (Vitek 2, bioMerieux SA, EU) to 
confirm identification of C. albicans [4–6]. Drug sensitivity 
was determined with 2 methods: for species other than C. 
albicans it was done with ATB Fungus 3 test (ATB Expression, 
bioMerieux SA, EU), and for C. albicans it was done with the 
AST-YS01 test (Vitek 2, bioMerieux SA, EU). Sensitivity to 
caspofungin was determined with the E-test on RPMI medi-
um (Biomed, EU). The results of the procedures were inter-
preted according to the established guidelines for clinical 
microbiology. Reference species were used to control bio-
chemical tests and drug sensitivity determination.

Next, we analyzed in detail the clinical course of invasive 
fungal infection in each individual with candidemia. We 

performed an analysis of risk factors for the studied chil-
dren in respect to risk factors of candidemia described in 
the literature, which include neutropenia, receipt of immu-
nosuppressive agents, diabetes mellitus, prematurity, prima-
ry and/or secondary immune deficiencies, presence of con-
genital heart defects, prolonged antibiotic therapy (over 5 
days), previous Candida species colonization, receipt of total 
parenteral nutrition, extracorporeal circulation, presence 
of intravascular thrombus or implantable prosthetic devic-
es, and receipt of renal replacement therapy [1,3,7–10]. 
Next, we analyzed the course of treatment of candidemia 
in the selected children and long-term results of the thera-
py. Adverse effects of the applied antifungal management 
were also assessed.

results

During the analyzed period, 307 children with CHD were 
operated on in our Department, including 119 with ECC 
and 188 with non-ECC. Two of them (0.65%) had candi-
demia diagnosed during the postoperative period and the 
infection was successfully treated with caspofungin.

The first patient was a 20-month-old girl (AW) with the di-
agnosis of a complex congenital heart defect in the form 
of coarctation of the aorta (CoA) and double-outlet right 
ventricle (DORV). In the neonatal period the patient un-
derwent a successful surgical procedure of aortic arch re-
pair using the extended end-to-end method, patent ductus 
arteriosus (PDA) ligation and pulmonary artery banding 
(PA banding). At the age of 20 months (body weight 9 kg), 
the performed diagnostic tests confirmed the correct re-
pair of aortic coarctation (with no gradient in the area of 
previous stenosis) and DORV with non-restrictive non-com-
mitted VSD (DORV-nc-VSD) of about 15 mm in diameter. 
The child was referred for a surgical correction of the de-
fect. Microbiological examinations performed before the 
surgical procedure confirmed colonization with C. albicans 
in the nasal cavity. The surgical procedure included DORV 
correction with Kawashima intraventricular tunnelization 
with Dacron Savage patch with ECC. After removal of the 
banding, the pulmonary artery trunk was widened with an 
autologous pericardial patch. The early postoperative pe-
riod was complicated with heart failure, therefore support 
with high doses of catecholamines and delayed sternum 
closure was necessary. Additionally, the child needed peri-
toneal dialysis due to acute renal failure (10 days) and to-
tal parenteral nutrition (TPN) (16 days). On the eleventh 
day after the surgery, despite compensation of the cardio-
vascular system sternum closure, use of antibiotic agents 
(tazobactam + cefoperazone, vancomycin) and antifungal 
prophylaxis (fluconazole), the general condition of the girl 
deteriorated and fever >38.5 degrees Celsius was noted. We 
observed significantly increased leucocytosis with a left shift 
(47.3 G/L) and a slight increase of acute-phase reactants 
(CRP 24 mg/L, normal range <5 mg/L). Blood samples 
from the central venous catheter were cultured. Two days 
later, Candida albicans isolates were identified in the blood 
(minimal inhibitory concentration (MIC) for caspofungin 
0.023 mg/L; for fluconazole ≤1 mg/L; for amphotericin 
B ≤0.25 mg/L). The antifungal management was altered 
and caspofungin was initiated (loading dose of 70 mg/m2, 
50 mg/m2 daily thereafter). Clearance of Candida from the 
blood was documented and we observed a gradual decrease 
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of leucocytosis. Antifungal therapy was continued for the 
next 20 days. Over this period, we noted an increase of CRP 
and leucocytosis. In our opinion, the incident was related 
to surgical procedures: tracheostomy and percutaneous en-
doscopic gastrostomy (PEG). After the removal of tracheos-
tomy and PEG (48 days after the surgery) and implementa-
tion of intensive rehabilitation, we observed final recovery 
of the child (Figure 1).

The other patient was an 8-month-old boy (LD) (body weight 
6 kg) who was qualified for a corrective surgery of tetralogy 
of Fallot (ToF) with a critical narrowing of the outflow tract 
from the right ventricle (RV), with an anomalous course of 
coronary vessels, hypoplasia of the PA trunk and malalign-
ment ventricular septum defect (VSD) of 15 mm in diam-
eter. Microbiological examinations performed before the 
surgical procedure excluded Candida colonization. During 
the surgical correction of the defect with ECC with use of 
a xenograft (Contegra, USA), we found the thymus to be 
small and restricted to a single lobe. The early postoperative 
period was complicated with heart failure and acute renal 
failure, requiring peritoneal dialysis (3 days). We observed 
an outflow of dialysis fluid from the pleura despite no iat-
rogenic communication between the peritoneum and the 
pleura. On the tenth day after the surgery, despite the use 
of broad-spectrum antibiotic agents (meropenem, vanco-
mycin) and antifungal prophylaxis (fluconazole), we ob-
served high fever (38.3 degrees Celsius) and deterioration 
of the general condition of the child. Blood samples from 
the central venous catheter were cultured; candidemia with 
Candida parapsilosis isolates was diagnosed (MIC for caspo-
fungin =0.75 mg/L; for fluconazole <1.0 mg/L; for ampho-
tericin B <0.5 mg/L). Fluconazole administration was dis-
continued and caspofungin was initiated (loading dose of 70 
mg/m2, 50 mg/m2 daily thereafter). Positive C. parapsilosis 
isolates from the pleural drainage were also documented. 
Blood cultures became negative 20 days after the first posi-
tive C. parapsilosis isolates, despite replacement of the cen-
tral venous catheter. Cultures from the drainage became 
negative on the fifth day of the antifungal therapy. The 

total time of caspofungin management reached 34 days 
(Figure 2). The child was discharged home with no symp-
toms of heart failure or infection after rehabilitation in our 
pediatric hospital.

In the both presented cases, systemic infection was suggest-
ed on the basis of clinical symptoms (high fever, deteriora-
tion of general condition) and prior the results of labora-
tory tests (increased leucocytosis and CRP), and the final 
diagnosis of fungemia was based on microbiological ex-
aminations. The risk factors present in both patients were: 
congenital heart defects, use of extracorporeal circulation 
(ECC), central venous catheters, previous treatment with 
broad-spectrum antibiotic agents, receipt of parenteral nu-
trition (TPN), renal replacement therapy, and use of im-
plantable prosthetic devices. The applied antifungal ther-
apy with caspofungin enabled complete eradication of the 
infection. No adverse effects were observed after treatment 
with the drug.

The follow-up for these patients is currently 13 and 9 months 
after the surgical procedures. During this period, we ob-
served no recurrent fungal infections, long-term conse-
quences or symptoms that might be related to the past in-
fection or the applied antifungal treatment.

discussion

Invasive fungal infections due to Candida species constitute 
the fourth most common etiological cause of systemic infec-
tions in the USA [9,10]. They are a significant therapeutic 
problem, since it has been estimated that the attributable 
mortality of Candida infections in children is 10–15% [11]. 
It is also reported that in the subgroup of children with 
CHD after cardiac surgery, the attributable mortality reaches 
39%, and in infants below 6 months of age it may be as high 
as 83% [1,7]. Non-albicans species tend to be more com-
mon world-wide in comparison to Candida albicans, which 
most probably results from frequent administration of azole 

Figure 1.  Graph illustrating WBC and CRP levels on consecutive 
postoperative days for the girl with DORV, together with the 
main risk factors and antifungal therapies. Arrows signify 
positive Candida albicans isolates from the bloodstream; 
asterisk – telephone information on positive Candida 
isolates from the bloodstream.

Figure 2.  Graph illustrating WBC and CRP levels on consecutive 
postoperative days for the boy with ToF, together with the 
main risk factors and antifungal therapies. Arrows signify 
positive Candida parapsilosis isolates from the bloodstream; 
hash – positive Candida parapsilosis isolate from the pleural 
drainage; asterisk – telephone information on positive 
Candida isolates from the bloodstream.
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antifungals and from a concomitant increase of resistance 
to administered drugs [10]. In the case of candidemia in 
children with CHD after cardiac surgeries, the most com-
mon etiologic factor is C. parapsilosis (54%), followed by C. 
albicans (42%), and other species are detected significantly 
less frequently (4%) [1]. In our pediatric patients with CHD 
after cardiac procedures, candidemia was detected only in 2 
patients, however it must be emphasized that our study was 
carried out in a relatively limited population. Risk factors 
which lead to candidemia include: neutropenia, receipt of 
immunosuppressive agents, diabetes mellitus, prematurity, 
primary and/or secondary immune deficiencies (including 
AIDS), CHD, prolonged antibiotic therapy (over 5 days), 
previous Candida species colonization, TPN, ECC by-pass 
time, presence of intravascular thrombus, presence of cen-
tral venous catheter, receipt of renal replacement therapy 
and implantable prosthetic devices [3,7,12].

Both patients showed an acute postoperative course which 
resulted from extended corrective procedures of com-
plex heart defects (DORV-nc-VSD, complex form of ToF). 
Prolonged catecholamine support with subcompensation pe-
riods of the cardiovascular system, extended antibiotic ther-
apy, increased period of central cannulation, parenteral nu-
trition and peritoneal dialysis applied in those patients are 
all common elements of intensive postoperative care that 
increase the risk for development of invasive fungal infec-
tions. The correction of complex heart defects in the de-
scribed patients required the use of implantable prosthetic 
devices, including a xenograft, which significantly increas-
es the risk of infections, including fungal infections. Due 
to acute renal failure related to circulatory failure, perito-
neal dialyses were necessary in both patients.

Primary immune deficiencies (PID) are a well-known risk 
factor that leads to invasive fungal infections. In pediat-
ric cardiac surgery it is extremely important to realize that 
some complex heart defects are accompanied by primary 
immune deficiencies. DiGeorge syndrome (CATCH 22) is 
the most common PID with a co-existing CHD, and is char-
acterized by phenotypical thymic aplasia or hypoplasia re-
lated to cellular immune deficiencies [13]. Therefore, we 
suggest that when qualifying the child for a cardiosurgical 
procedure, special attention should be paid to the presence 
or absence of the thymus gland during preoperative diag-
nosis and during the operation. Patients who have micro-
scopical thymic aplasia or hypoplasia are at higher risk for 
invasive fungal infections. A cardiac surgeon or cardiolo-
gist who detects thymic aplasia is obliged to refer the child 
to a specialist immunological centre in order to perform di-
agnostic tests for DiGeorge syndrome [14]. The described 
patient with ToF who had thymic hypoplasia detected intra-
operatively, currently undergoes a genetic process of diag-
nosis for CATCH 22 syndrome. In the discussed group of 
children with diagnosed or suspected PID, introduction of 
antifungal prophylaxis or pre-emptive therapy in the early 
postoperative period might be of great importance.

Unfortunately, there are no guidelines for diagnostic and 
therapeutic management of candidemia in children un-
dergoing cardiosurgical procedures. Therefore, for the 
described children we decided to apply guidelines for 
non-neutropenic patients, as well as guidelines for onco-
hematological children [3]. The only available guidelines 

in cardiac surgery involve adult patients, mainly in the fol-
lowing cases: native valve endocarditis, valve replacement 
candidemia, prosthetic valve endocarditis, pericarditis, myo-
carditis, suppurative thrombophlebitis, pacemaker and im-
plantable cardiac defibrillator wire infections or ventricu-
lar assist devices infection [3].

According to the available literature, the median time from 
the surgical procedure to the first symptoms of candidemia 
after admitting the child to an ICU is 19–24 days [1,7]. In 
the described patients, this time was 10 and 11 days. The 
main symptoms that may suggest candidemia include high 
body temperature over 38 degrees Celsius (in 73% of pa-
tients), increased WBC and a moderate increase of CRP, as 
well as deterioration of the general condition of the child 
– both of the described children demonstrated these symp-
toms [1]. For the children presented in this paper, the time 
between initiation of treatment and the first negative blood 
cultures was 9 days in the first case, and 20 days in the oth-
er. The total therapy time was 29 days for eradication of 
C. albicans and 34 days for eradication of C. parapsilosis. 
Chakradabi described a group of 6 infants operated on for 
CHD, for whom the median time of infection after intro-
ducing antifungal treatment was 17 days (range 12–32) [7].

When candidemia is diagnosed, it is recommended to re-
move central catheters and other artificial elements such 
as drains, probes or catheters, even if the condition of the 
child remains severe [1]. We suggest, however, that risk-
benefit ratio should always be considered. The removal of 
the central venous catheter seems to be safe only when an-
other central catheter is placed, especially when the con-
dition of the patient remains unstable and the patient re-
quires administration of catecholamines and/or parenteral 
nutrition. Central venous catheters were removed and re-
placed in both the described patients. We decided to leave 
the drainage in the left pleural cavity of the patient with 
ToF, despite positive C. parapsilosis isolates, because of the 
severe condition of this child. It was unconditionally neces-
sary to maintain the pleural drainage due to lymphorrhea 
and the risk related to another introduction of the drain-
age was assessed as too high.

It is especially important to administer the correct antifun-
gal agent when managing candidemia, mainly in the case 
of previous exposure to azoles. The 2009 guidelines for em-
pirical treatment and treatment of confirmed candidemia 
in adult non-neutropenic patients recommend administra-
tion of fluconazole for stable patients and echinocandins 
for patients in moderately severe to critically condition, or 
for patients have had recent azole exposure [7]. Transition 
from an echinocandin to fluconazole is recommended for 
clinically stable patients after confirming susceptibility of 
the isolate to azoles. The recommended duration of ther-
apy is for 2 weeks after documented clearance of Candida 
from the bloodstream. Amphotericin B is the treatment of 
choice in neonates.

Caspofungin is an echinocandin, a class of antifungal agents 
which were not yet described in the guidelines in 2000 [15]. 
Guidelines for clinical management with use of this drug 
were included in the study by Pappas et al. in 2004 [16]. 
The drug has a unique mechanism of action on the cell 
wall and therefore is active against all Candida species, even 
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though C. parapsilosis demonstrates less in vitro susceptibil-
ity to the drug. However, in clinical studies it has not been 
proved [17]. Another advantage of caspofungin is that it 
does not require dosage adjustments for renal insufficien-
cy or dialysis [3]. It is important for children who undergo 
cardiosurgical procedures with ECC, since the procedures 
are frequently complicated with renal insufficiency. Both 
of the studied children had acute renal failure which re-
quired receipt of renal replacement therapy. Caspofungin 
is well tolerated by patients – there are hardly any interac-
tions with other drugs. Similarly to reported patients with 
neoplasms, the children treated by our team did not show 
any adverse reactions related to administration of the drug.

Echinocandins are not the drug of first choice for positive 
Candida parapsilosis isolates. We decided to introduce caspo-
fungin in our both patients because of the previous fluco-
nazole exposure, which is in concordance with the guide-
lines [3]. Concomitant renal insufficiency which required 
receipt of renal replacement therapy was another reason for 
our choice of treatment. The determination of drug sensi-
tivity on the second day after initiating caspofungin in the 
patient with Candida parapsilosis infection confirmed that 
the selected therapeutic option was rational.

When suspecting candidiasis of the CNS, treatment with 
echinocandins is not recommended. Our patients did not 
show any symptoms that might have suggested a neuroin-
fection. Candidal endophthalmitis was excluded on the ba-
sis of a dilated retinal examination.

For the presented cases, we are convinced that clinical alert-
ness and fast mycological identification led to diagnosis of 
the disease, introduction of targeted antifungal treatment 
and the final positive therapeutic outcome, as it is com-
monly considered that early initiation of effective antifun-
gal therapy is crucial [3]. We believe, as do other authors, 
that pre-emptive therapy should be considered for patients 
with CHD and additional risk factors for infection when no 
microbiological confirmation is available [12].

conclusions

Initiation of caspofungin in the management of candidemia 
in both the described patients after complex cardiac proce-
dures, despite the lack of precise guidelines for the use and 

effectiveness of the drug in the case of infections of this type 
in pediatric cardiac surgery, proved to be a successful meth-
od which safely led to fungal infection control and protect-
ed the patients against full-symptom sepsis.
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