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Abstract

OBJECTIVES: Postoperative infections are still an important problem in cardiac surgery, especially in the paediatric population, and may in-
fluence the final outcome of congenital heart disease treatment. Postoperative infections with fungi are uncommon. The aetiology is
poorly understood, and the proper diagnosis and treatment is unclear. In this single-centre study, the frequency of invasive fungal disease
in children who underwent surgical management of congenital heart diseases was determined along with the risk factors for infection,
treatment options and outcomes.

METHODS: All consecutive paediatric patients (<18 years of age) who underwent cardiac surgery for congenital heart disease between
September 2008 and December 2015 in a paediatric cardiac centre in Poland were identified. Those who developed invasive fungal
disease in the early postoperative period (30 days) were identified.

RESULTS: Of the 1540 cardiosurgical procedures for congenital heart disease, 6 were complicated by fungal infection (0.39%). One patient had a
high probability of fungal infection, but the diagnosis was unproved. Nevertheless, the patient was successfully treated with antifungal treatment.
Five had proven invasive fungal disease. Of these, 3 were diagnosed with candidaemia. All had undergone cardiopulmonary bypass. Of the
remaining 2 patients, 1 was a preterm newborn with complete atrioventricular septal defect who developed rib fungal invasion. The remaining
patient had pulmonary atresia with ventricular septal defect and developed Fournier’s gangrene after surgery. None of the patients died due to
infection in the early postoperative period. However, the child with rib fungal invasion died 39 days after surgery as a result of multiorgan failure.

CONCLUSIONS: Fungal infections in paediatric patients after cardiac surgery may markedly influence morbidity and mortality. Fungal infection
prophylaxis in this specific group of children may reduce morbidity, whereas early empirical treatment followed by a targeted approach may
improve outcomes. The ‘hit fast, hit hard’ treatment strategy may be the best rescue option for children who develop invasive fungal disease
after cardiac surgery.
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INTRODUCTION

In modern healthcare, many types of invasive devices and proce-
dures are used to diagnose and treat diseases. This can increase
the risk of hospital-acquired infections. This is particularly prob-
lematic given that the worldwide abuse of antibiotics has influ-
enced human microbiota and promoted the development of
multidrug resistance. Indeed, antibiotic abuse has changed the
epidemiology of postoperative infections in surgery.

These problems are particularly acute in cardiac surgery, which
differs from other surgical fields in that it involves many invasive
therapeutic procedures, cardiopulmonary bypass is often needed,
and the treatment is often complex and requires long operation

times. Moreover, the patients must often stay in the postoperative
intensive care unit for long periods of time. These factors elevate
the risk of postoperative infections, especially in the paediatric
population. This can influence the treatment outcomes of con-
genital heart diseases.
Various pathogens are responsible for postoperative infections

after paediatric cardiac surgery. However, fungal infections are
rare: the incidence of fungal infections in surgically treated cardiac
patients ranges from 0.2 to 0.35% [1, 2]. The most common aetio-
logical agent is Candida. Notably, Abou et al. [3] showed that the
mortality rates of patients who develop invasive fungal disease
(IFD) in the postoperative period range from 39 to even 100%. It
may be that these mortality rates vary so widely because different
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fungal species or strains predominate in different centres. How-
ever, despite these studies and the potential gravity of IFDs, the
aetiology of these infections and how to diagnose and treat them
remain poorly understood.

This study aimed to highlight the problem of fungal infections
in the early postoperative period in children undergoing cardiac
surgery for congenital heart defects. The study site was a paediat-
ric cardiac centre. The frequency of IFD in these patients was
determined along with its risk factors, treatment options and final
outcomes.

MATERIALS ANDMETHODS

Identification of cases of postoperative invasive
fungal disease

The medical records of the Department of Pediatric Cardiac
Surgery were searched to identify all consecutive cardiac surgeries
on children (newborns and older children <18 years of age) with
congenital heart disease over an 8-year period (September 2008
to December 2015). The patients who developed an IFD in the
early postoperative period (30 days) were identified.

The surgeries were performed with or without extracorporeal
circulation (ECC). In the patients who underwent surgery with
ECC, hypothermia ranging from 16 to 32°C was induced and was
mainly accompanied by aorta cross-clamping. Some patients were
treated with deep hypothermic circulatory arrest.

IFDs were detected as follows. At admission to our department,
all patients underwent culture sampling of the nose, pharynx,
anus, groin and, in newborns, the ears to determine the preopera-
tive microbiological colonization status at these sites. Materials
from at least three of these body sites were tested for the presence
of multidrug resistance bacteria and Candida colonization; for this,
routine microbiological culture and identification methods were
used. In the postoperative period, we followed the accepted algo-
rithm in our department, namely, when a child was suspected to
have an infection, specimens were taken and were subjected to
microbiological and biochemical examinations. When septicae-
mia was suspected, at least two blood samples from different
venous locations were taken. When focal infection was suspected,
material from the location was taken. If blood, tissue or bone as-
pirate samples were positive for microbiological culture, routine
microbiological methods were used to assess drug sensitivity accord-
ing to the EUCAST guidelines. IFD of any aetiology in the early
postoperative period was categorized according to the revised
definitions of IFD published in 2008 by the European Organization
for Research and Treatment of Cancer/Invasive Fungal Infections
Cooperative Group and the National Institute of Allergy and Infec-
tious Diseases Mycoses Study Group (EORTC/MSG) Consensus
Group [4]. These definitions categorize the diagnosis of IFD as
‘proven’, ‘probable’ and ‘possible’. IFD diagnosis is considered to
be proven for most conditions of IFD when fungal elements are
detected in the diseased tissue. An IFD diagnosis is considered
probable when one or more host factors and one or more clinical
features are observed together with evidence of mycological in-
fection. An IFD diagnosis is considered possible when mycological
evidence is lacking, but one or more host factors are observed to-
gether with sufficient clinical evidence that is consistent with IFD.
In addition, we considered that patients with a Candida score of
≥3 points had a high probability of fungal infection, as described
by Leon et al. [5].

Data analyses

The patients with IFD were assessed for the presence of the fol-
lowing risk factors for fungal infection: prematurity, neutropaenia,
preoperative Candida colonization, treatment with immunosup-
pressive agents, antacid treatment, parenteral nutrition, presence
of primary and/or secondary immune deficiencies, prolonged
antibiotic therapy (>5 days), prolonged endotracheal intubation
(>3 days), prolonged central vascular catheterization (>7 days),
prolonged catecholamine support, the sternum was left open
during the postoperative period, the patient had implantable
prosthetic devices and renal replacement therapy [6, 7]. The clinic-
al course of the IFD in each affected child during early and late
postoperative follow-up was analysed, particularly the details of
antifungal treatment.

RESULTS

During the study period, 1540 cardiac surgical interventions were
performed in paediatric patients: 736 with and 804 without ECC
support (Fig. 1). Six patients had fungal infections in the early post-
operative period (0.39%). One patient did not meet the criteria for
either probable or possible IFD, as defined by EORTC/MSG.
However, this patient had a high probability of fungal infection, as
indicated by the Candida score, and was successfully treated with
antifungal agents. In the remaining 5 patients, the IFD was proved.
Three had postoperative candidaemia, as indicated by multiple
blood cultures of Candida. One patient had primary sterile tissue
invasion with Candida albicans in the left rib. The remaining
patient with proven IFD had Fournier’s gangrene that was caused
by C. albicans (Fig. 2).
Regarding the remaining 1534 procedures, thorough microbio-

logical postoperative diagnostics did not detect any signs of fungal
infection. There was also no sepsis-related mortality in this group
of patients.
The demographics, surgical procedures and clinical characteris-

tics of the 5 patients with proven IFD are summarized in Table 1.
Three patients developed proven IFD (candidaemia) after surgery

Figure 1: Surgical procedures in children with congenital heart disease in the
Department of Pediatric Cardiac Surgery, Gdansk, Poland. ECC: procedures
with extracorporeal circulation support; non-ECC: procedures without extracor-
poreal circulation support.
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with ECC: the mean ± standard deviation bypass and aorta cross-
clamping times were 205 ± 31 (range, 180–240) min and 89 ± 56
(range, 41–150) min, respectively.

Table 2 indicates the risk factors for fungal infection in the 5
patients with proven IFD. The risk factors of the 3 patients who
underwent surgery with ECC were mainly related to postoperative

low cardiac output syndrome. This resulted in secondary immune
deficiency and the need for extended intensive treatment. Three
patients with proven IFD were preoperatively colonized with
Candida: in 2, fluconazole prophylaxis was initiated on post-
operative day 2. In 1 patient, the sternum was left open for 2 days
after surgery. For all 5 proven cases, the mean intervals between

Figure 2: Diagram showing patients with invasive fungal disease treated cardiosurgically in the Department of Pediatric Cardiac Surgery, Gdansk, Poland. ECC: proce-
dures with extracorporeal circulation; EORTC/MSG: European Organization for Research and Treatment of Cancer/Invasive Fungal Infections Cooperative Group and
the National Institute of Allergy and Infectious Diseases Mycoses Study Group.

Table 1: Demographics, surgical procedure and clinical characterization of children with congenital heart disease with proven
invasive fungal disease treated surgically in Gdansk in the years 2008–2015

Variable Patient 1 Patient 2 Patient 3 Patient 4 Patient 5

Age at surgery 20 months 8 months 3 months 5 weeks 4 weeks
Gender Female Male Female Male Male
Weight (kg) 9 6 3.4 2.4 3.1
Prematurity No No, but hypotrophy at

birth (2.9 kg)
No, but hypotrophy at
birth (2 kg)

Yes (33 weeks, 1.9 kg) No, but hypotrophy at
birth (2.7 kg)

Candida
colonization

Yes – Yes – Yes

Primary diagnosis DORV + CoA ToF VSD, ASD II AVSD, HF PA-VSD
Additional
diagnosis

– Hypothymia, dysmorphia,
polydactylism

– Hypothymia, Down
syndrome

–

Antifungal
prophylaxis

Fluconazole Fluconazole – Fluconazole (as
empirical
treatment)

–

Previous surgical
procedures

CoA repair + PA banding – – – –

Cardiosurgical
procedure

DORV repair (intraventricular
tunnelization with
Dacron® patch),
debanding PA

ToF repair using xenograft
(Contegra®, USA) for
RVOT plasty
(monocusp)

VSD closure,
reoperation 2 days
after (aortic
insufficiency)

PA banding, PDA
closure

Unifocalization,
aortopulmonary shunts
bilateral (Gore-Tex®)

ECC Yes Yes Yes – –

ECC time (min) 240 195 180 – –

DHCA – – Yes – –

AoX (min) 150 75 41 – –

Hypothermia 28°C 28°C 20°C – –

DORV: double outlet right ventricle; CoA: coarctation of aorta; ToF: tetralogy of Fallot; VSD: ventricular septal defect; ASD II: atrial septal defect type II; AVSD:
atrioventricular septal defect; HF: heart failure; PA-VSD: pulmonary atresia with ventricular septal defect; PA: pulmonary artery; RVOT: right ventricular outflow
track; ECC: extracorporeal circulation; DHCA: deep hypothermic circulatory arrest; AoX: aortic cross-clamping.
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clinical onset and total parenteral nutrition, antibiotic administra-
tion and endotracheal intubation were 10 ± 1 (range, 9–11), 11 ± 1
(range, 10–12) and 11 ± 1 (range, 10–12) days, respectively. Three
patients needed 3, 7 and 10 days of renal replacement therapy
after surgery, respectively. The patient with fungal rib infection
underwent emergency surgery during active infection due to
heart failure and deterioration of the general health status. At that
time, the aetiology had not yet been identified. The patient with
Fournier’s gangrene had low postoperative cardiac output that
resulted in systemic hypoperfusion and presumably secondary
immune deficiency.

In the 3 patients with candidaemia, the median day of clinical
onset was the 11th postoperative day (Days 10, 11 and 12, respect-
ively). In each case, that was the day that the blood samples were
taken for microbiological analysis. These analyses later confirmed
that the patients had IFD. On the day of clinical onset, the mean ±
standard deviation C-reactive protein (CRP) level was 44 ± 21.1
(range, 24–66) mg/l. The mean ± standard deviation change in
CRP between IFD onset and the day before was 28 ± 12.3 (range,
19–42) mg/l. In these 3 patients, eight blood samples in total were
taken on the day of onset (two, two and four samples, respectively):
all samples confirmed infection with Candida. In 2 patients, the re-
sponsible pathogen was C. albicans and in 1 patient C. parapsilosis.
One patient with candidaemia developed fungal organ invasion: an
ultrasound examination 2 days after IFD onset indicated typical
fungal infection lesions in both lungs.

The C. albicans rib invasion was confirmed by microbiological
examination of intraoperative tissue sample taken from the left
rib. The patient was a 5-week-old preterm and hypotrophic boy
with congenital heart disease, namely, complete atrioventricular
canal and trisomy of the 21st chromosome. He was admitted as
an emergency to our department with heart failure and an active
infection of unknown origin. He received antibiotics and was
treated with fluconazole for a few days. At this point, his CRP level
was 132 mg/l and his procalcytonin (PCT) level was 0.74 ng/ml.
He qualified for life-saving palliative treatment, namely, the pul-
monary artery banding procedure. During left thoracotomy and
preparation of the intercostal space with electrocautery, the rib
periosteum was cut and yellow-reddish fluid leaked from the rib.

Its consistency was bone marrow-like, but it had an unusual
colour. The sample was taken for microbiological analysis. After 2
days, C. albicans was isolated in the sample. Since the patient had
been transferred to another centre on the first postoperative day,
the antifungal treatment was started there. The child was treated
with voriconazole, although multiple blood samples obtained
later in the postoperative period were negative for fungi. Unfortu-
nately, after 39 days, the patient died due to multiorgan failure.
The autopsy failed to detect signs of fungal infection.
The fifth patient with proven IFD was admitted at the age of 23

days for surgical treatment of pulmonary atresia with ventricular
septal defect. He weighed 3.1 kg and had been born at 38 gesta-
tional weeks with a birth weight of 2.7 kg. The routinely performed
microbiology at admission indicated preoperative colonization
withmethicillin-resistant Staphylococcus aureus and C. albicans. After
diagnostic catheterization, unifocalization with creation of aorto-
pulmonary shunts made of Gore-tex® (3.5 mm in diameter) was
performed bilaterally. The postoperative period was complicated
by low cardiac output syndrome. Reoperation through the left
thoracotomy 2 days after the first intervention due to shunt dys-
function was also necessary. On the 15th day after the first sur-
gery, clinical examination revealed a painful erythematous and
oedematous scrotum. However, fever was not detected. The white
blood count, CRP and PCT levels were 11.16 g/l, 68 mg/l and
0.55 ng/ml, respectively. An examination of the scrotum by the
consulting surgeon revealed mucopurulent tissue infiltration. Em-
pirical therapy with meropenem, vancomycin and fluconazole
was initiated. During the next 24 h, erythaema and oedema spread
rapidly over the groin and the left side of the chest. Fournier’s
gangrene was diagnosed and emergency surgical debridement
was performed. Tissue samples were taken for microbiological
examination. All microbiological samples revealed the presence of
C. albicans. Fluconazole was replaced by caspofungin and was admi-
nistered intravenously for 14 days, followed by fluconazole. The
outcome was good.
The 3 cases of proven candidaemia and the case with Fournier’s

gangrene were initially treated with caspofungin (Cancidas®) with
a loading dose of 70 mg/m2 followed by daily doses of 50 mg/m2

thereafter. In 3 of these 4 patients, the antifungal treatment

Table 2: Risk factors for fungal infection in children with congenital heart disease with proven invasive fungal disease treated
surgically in Gdansk in the years 2008–2015

Variable Patient 1 Patient 2 Patient 3 Patient 4 Patient 5

Prematurity − − − + −
Neutropenia − + − −
Candida colonization + − + − +
Immunosuppressive agents − − + − −
Antacids + + + + +
Parenteral nutrition + + + − +
Primary immune deficiencies − + − + −
Secondary immune deficiencies + + + + +
Prolonged catecholamine support (>2 days) + + + + −
Prolonged antibiotics (>5 days) + + + + −
Prolonged endotracheal intubation (>5 days) + + + + +
Prolonged central vascular catheterization (>7 days) + + + + +
Sternum left-opened + − − − −
Implantable prosthetic devices + + + + +
Renal replacement therapy + + + − −
Sum of risk factors 11/15 10/15 12/15 9/15 7/15
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(14, 20 and 30 days, respectively) was successful and did not
have any adverse effects of antifungal therapy. Thus, caspofun-
gin completely eradicated the fungal infection in these cases.
The fourth patient, who had undergone ventricular septal defect
closure and reoperation after 2 days, developed liver insuffi-
ciency during caspofungin treatment. Therefore, the standard
dose of caspofungin treatment had to be reduced to 35 mg/m2.
After 3 days of this antifungal treatment, the child presented
with symptoms of invasive fungal endocarditis and echocardi-
ography revealed aorta–right atrium communication. At the
same time, chest ultrasound examination and X-ray revealed
signs of pulmonary fungal invasion. The patient did not undergo
CT because of deterioration of his general state. Owing to the multi-
organ IFD, caspofungin (35 mg/m2) was combined with amphoteri-
cin B lipid complex (Abelcet®) at a dose of 5 mg/kg. After 11 days of
this antifungal treatment, the signs and symptoms of the infection
retreated and Candida could not be cultured from the blood.

All 5 children with IFD survived the 30-day postoperative
period. When all 1540 cases of cardiac surgical interventions in
paediatric patients were examined, the overall 30-day mortality
was 2.08%. The child with rib fungal invasion died 39 days after
the surgery as a result of multiorgan failure. The overall in-hospital
mortality for the entire series was 2.76%. The 3 patients who
developed proven candidaemia in the early postoperative period
after cardiosurgery with ECC were still alive 19, 71 and 75 months
later, respectively (mean, 4 years and 7 months). The patient with
Fournier gangrene is also still alive 4 months after the first surgery.
He is presently awaiting the next step of the cardiac surgical treat-
ment for pulmonary atresia with ventricular septal disease.

The patient whose IFD could not be proved exhibited the same
clinical deterioration during the postoperative period that was
observed in the patients with proven candidaemia. This patient
was a 2.5-year-old girl with hypoplastic right ventricle with pul-
monary atresia. She was treated surgically with ECC with the Fontan
operation. The girl was preterm and hypotrophic, had Rubinstein–
Taybi syndrome and was treated with antacids. In the postoperative
period, she developed low cardiac output syndrome that was com-
plicated by chylothorax, pneumothorax and renal insufficiency that
required peritoneal dialysis. She underwent prolonged tracheal in-
tubation, central vascular catheterization, catecholamine treatment
and antibiotic and antifungal (fluconazole) treatment. On the 14th
day after surgery, her general health condition deteriorated. Her
CRP level rose from 12 to 45 mg/l. The WBC did not change (32 g/l
both days). The PCT levels rose slightly to 0.63 ng/ml. Her Candida
score was 4 points (severe sepsis, total parenteral nutrition and surgi-
cal treatment). According to Leon et al. [5], this indicates a high prob-
ability of fungal infection. Three blood samples were taken and
caspofungin treatment at the standard dose was provided. The
general condition of the patient improved within 36 h, and her clin-
ical signs and labour signs of infection subsided. Her blood samples
remained negative for fungal growth. The subsequent 8 months of
observation were uneventful.

DISCUSSION

Invasive fungal infections caused by a variety of fungal species
are becoming an increasing problem worldwide. In particular,
Candida species have become the seventh most common cause
of nosocomial sepsis in children [8]. The rate of infections in chil-
dren with congenital heart diseases after surgical treatment is
poorly researched, but reported incidences range from 2.8 to

3.1%. In terms of fungal infections, their incidence in this paedi-
atric population has been reported to range from 0.2 to 0.65%
[1, 2, 9, 10]. However, the literature on bacterial and especially
fungal infections in this group of patients is rather limited. In the
case of fungal infections, the literature largely relates to case
reports or small series. The literature suggests that the difficulties
faced in diagnosing fungal infections, especially in children, may
lead to underdiagnosis of this complication.
Of the fungal pathogens that have been reported to complicate

surgical treatment of congenital heart diseases in children, Candida
is the most common. In the past, C. albicans was the most common
species. At present, however, non-albicans are more commonly
detected. This may reflect the frequent administration of azoles in
clinical practice [8, 11]. In a series of children who developed can-
didaemia after cardiac surgery, the aetiological agents in 54 and
42% were C. parapsilosis and C. albicans, respectively [12]. Notably,
several studies suggest that the postoperative mortality of this spe-
cific group of patients with invasive fungal infection differs de-
pending on the centres: mortality rates range from 36 to even
100% [1, 3]. This may reflect the spectrum of fungal species at each
centre: a study showed that mortality rates for IFD in paediatric in-
tensive care units were 8.5, 13.5 and 23.3% when the infection was
with C. albicans, C. parapsilosis and C. tropicalis, respectively [11].
Cardiac surgery differs from other types of surgery largely

because of the frequent use of cardiopulmonary bypass and
hypothermia, the complexity of the treatments, the long oper-
ation times, the prolonged postoperative intensive care unit stays
and the use of many invasive therapeutic procedures. These risk
factors may elevate the incidence of fungal infections in this group
of patients. Many surgically treated paediatric cardiac patients also
have additional risk factors, including low cardiac output syn-
drome, central vascular catheterization, endotracheal intubation,
prematurity, exposure to broad-spectrum antibiotics, parenteral
nutrition, antacid administration and preoperative Candida colon-
ization. In relation to the latter risk factor, the rates of preoperative
Candida colonization in children with congenital heart disease
range from 5 up to 29% [13]. Moreover, acute organ failure in the
postoperative period is an independent risk factor for proven IFD
[1]. Another risk factor for IFD is systemic inflammatory response
syndrome (SIRS), which commonly develops in patients who
undergo surgery with ECC [14]. This complex inflammatory reac-
tion induces transient immunosuppression in surgically treated
paediatric cardiac patients, which may increase the risk of hospital-
acquired infection in this group [15]. The management of SIRS is a
major challenge at present because it is necessary to control in-
flammation while preserving a level of inflammation that is suffi-
cient for host defence. Another factor that significantly increases
the risk of SIRS and therefore the risk of infections in surgically
treated paediatric cardiac patients relates to the use of implanta-
ble prosthetic material, particularly homografts or xenografts. Another
well-known risk factor for infections in general is primary immune
deficiencies (e.g. DiGeorge syndrome), which often coexist with
certain congenital heart diseases.
The lack of guidelines regarding the diagnosis of IFD in paediat-

ric cardiac patients after heart surgery markedly complicates this
diagnosis when compared with IFD diagnosis in other groups of
children. In general, 3–7% of the blood infections in infants after
cardiac surgery are caused by fungi [3, 16]. Two studies reported
that in children in the intensive care unit after surgical treatment,
the median time to onset of clinical symptoms of candidaemia is
19–24 days after admission [6, 12]. In our small group of patients,
the median time was 11 days after surgery. This corresponds with
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the study of Klingspor et al., who performed a prospective multi-
centre survey that was initiated by the European Confederation
of Medical Mycology: the survey reported that the median time
from admission of a surgical patient to the intensive care unit
to the first positive blood culture for Candida is 12 days [17].
However, it should be emphasized that the usefulness of blood
culture in diagnosing fungal infection is limited by its low sensi-
tivity; other diagnostic techniques as PCR should be evaluated
as an alternative [18]. This could explain the therapeutic success
of echinocandin in one of our children who had negative blood
cultures. This case also supports the notion that supplementary
techniques such as the Candida score should be used to identify
possible cases of fungal infection, as this will allow these patients
to be treated without delay in an empirical fashion. Trends in
biochemical inflammatory variables in the postoperative period
can support a diagnosis of IFD. Typically, IFD is characterized
by increased CRP and normal or minimally elevated PCT levels
[19]. We also observed this in the present study. However, exact
cut-off levels for these variables that indicate IFD with reason-
able reliability have not yet been determined. In relation to
serum PCT levels, these levels are crucial for diagnosing and
monitoring bacterial infections, but they are less reliable for
diagnosing fungal infections. However, a PCT cut-off threshold
of >1.3 ng/ml could be helpful in ruling out a fungal blood-
stream infection [20].

The recommendations for the treatment of fungal infections,
especially for invasive candidiasis in children, are extrapolated
from the studies performed on adults. However, studies that
specifically examine the effect of complex disease–drug combi-
nations in children after cardiac surgical treatment, especially in
cases of hypothermia with ECC or extracorporeal membrane
oxygenation support, are needed. The optimal rescue strategy
for this group of patients with IFD should be a ‘hit fast, hit hard’
approach [21]. An essential step in the management of candi-
daemia is to remove the central venous catheter as early as pos-
sible, as this significantly reduces mortality [22]. Recent data
suggest that echinocandins should be the first-line therapy in
patients with candidaemia [17, 23]. Recommended options for
empirical treatment in paediatric patients of all age groups
include liposomal amphotericin B (1–3 mg/kg) and caspofungin
(loading dose 70 mg/m2/day, followed by 50 mg/m2/day) [23].
All patients who had candidaemia in our department received
caspofungin with this regimen. This induced complete eradica-
tion of the fungal infection. In one case, namely, the patient
who developed multiorgan IFD after fungal endocarditis caused
by C. albicans and suboptimal treatment with caspofungin due
to liver insufficiency, we combined echinocandin with ampho-
tericin B lipid complex, which had a good outcome. It is import-
ant to note that none of the children in our study developed
complications that related directly to the antifungal treatment,
and that all patients survived the early postoperative period.

In our opinion, in the face of the many risk factors for fungal
infections in paediatric cardiac patients, it is essential to provide
IFD prophylaxis. Fluconazole is recommended in all neonatal
departments that may have significant incidences of IFD [21]. In
addition, fluconazole prophylaxis is recommended routinely in
older paediatric cardiac patients, especially those who are sup-
ported with extracorporeal membrane oxygenation [24]. However,
it should be emphasized that fluconazole prophylaxis does not
provide total protection from Candida infection. All C. krusei and
many C. glabrata strains are resistant to fluconazole. Moreover,
Klingspor et al. reported that 44% of 98 patients who developed

invasive candidiasis despite receiving prophylactic fluconazole
had C. albicans; the next most common species were C. parapsilo-
sis (27.6%), C. glabrata (17.4%) and C. krusei (4.1%) [17]. It was re-
cently reported that breakthrough fungal infections may be the
result of underdosing antifungal treatment. We consider flucon-
azole prophylaxis at a dose of 3–6 mg/kg/dose twice weekly to be
insufficient for paediatric cardiac surgery patients. However, to
prevent invasive candidiasis in non-neutropaenic paediatric
patients in the intensive care unit, fluconazole 8–12 mg/kg/day
administered intravenously or orally remains a reasonable option
[23]. It is worth noting here that children on extracorporeal mem-
brane oxygenation require a higher fluconazole loading dose for
both prophylaxis (12 mg/kg) and treatment (35 mg/kg). This is
because of the increased volume of distribution and decreased
clearance [25]. In our department, we start antifungal prophylaxis
with fluconazole (8–12 mg/kg/day) on the second postoperative
day if the patient meets certain risk factors, especially low post-
operative cardiac output syndrome.
In conclusion, fungal infections in paediatric patients after

cardiac surgery may radically influence morbidity and mortality.
However, guidelines for both prophylaxis and treatment are
lacking. Proper prophylaxis of fungal infections in this specific
group of patients may reduce morbidity. Early empirical treatment
followed by a targeted approach may also improve outcomes. We
recommend that IFD in paediatric cardiac patients should be
tackled by a comprehensive strategy that includes a thorough ana-
lysis of several key risk factors, namely, the Candida score, pre-
operative Candida colonization status and biochemical marker
trends. Moreover, early and proper antifungal prophylaxis and
treatment with combined multidrug therapy is needed. The strat-
egy of ‘hit fast, hit hard’may be the best rescue option for children
who develop IFD after cardiac surgery.
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