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Systemic Candidal Infections Associated with Use of Peripheral Venous 
Catheters in Neonates: A 9-Year Experience 

Eugene Leibovitz, Ada luster-Reicher, Moshe Amitai, 
and Benjamin Mogilner 

From the Departments of Pediatrics "A" and Neonatology, Kaplan 
Hospital, Rehovot, and the Hadassah School of Medicine, 

Jerusalem, Israel 

The clinical courses of 25 infants with systemic candidiasis who were treated in the neonatal 
intensive care unit at Kaplan Hospital, Rehovot, Israel, during the period 1980-1989 were retro- 
spectively analyzed. Twenty-three (92%) weighed <1,500 g at birth. Candidemia was associated 
with prolonged antibiotic therapy, hyperalimentation, and intravenous fat emulsions in all cases 
and with previous tracheal intubation in 80% of cases. Only one infant had a central venous 
catheter placed; for all others, hyperalimentation was administered by means of peripheral intra- 
venous catheters. The mean age at onset of systemic candidiasis was 30 + 14 days, although an 
earlier onset (25 ? 8 days) was noted during the last 3 years of the study period. Candida species 
were isolated from the blood of 24 infants and from the urine of 10 infants. Microscopic examina- 
tion of the urine was positive for Candida organisms for three infants and led to a rapid diagno- 
sis. Candidal skin abscesses were present in 11 infants (44%); for two of these infants, the early 
occurrence of such abscesses prompted the initiation of therapy before confirmation of the diag- 
nosis of systemic candidiasis. All infants were treated with intravenous amphotericin B and oral 
5-fluorocytosine. The mortality rate was 20%, but death was directly attributable to candidemia 
in only three infants (12%). 

The modern aggressive treatment of very-low-birth-weight 
(VLBW) infants has led to a substantial increase in the inci- 
dence of systemic candidiasis in this group of patients [1]. 
Systemic candidiasis may result in serious neonatal mortality 
and morbidity, including that due to meningitis, endophthal- 
mitis, pneumonia, renal infection, arthritis, osteomyelitis, 
and endocarditis [2-9]. The predisposing factors that have 
been suggested as major determinants in the development 
ofcandidiasis are prematurity, prolonged intravascular cathe- 
terization, prolonged endotracheal intubation, and use of 
broad-spectrum antibiotics [10]. 

The goal of this study was to review the experience accu- 
mulated with regard to systemic candidiasis that occurred in 
25 infants born at our facility and admitted to the neonatal 
intensive care unit during the period 1980-1989. We ana- 
lyze the risk factors, clinical presentations, diagnostic fea- 
tures, and treatment modalities involved and give special em- 
phasis to a discussion of the rapid and early diagnosis of this 

potentially fatal disease. 

Patients, Methods, and Results 

This retrospective study included all the infants treated for 
a documented systemic fungal infection in the neonatal in- 
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tensive care unit at Kaplan Hospital, Rehovot, Israel, from 
January 1980 to April 1989. During this period 25 candide- 
mic patients were identified, representing 1.4% of all admis- 
sions. All patient data were recorded as mean ? SD. 

Patients 

Details of the cases of the 25 infants with systemic candi- 
diasis are summarized in table 1. Sixteen (64%) of them were 
VLBW infants whose gestational ages were between 24 and 
28 weeks and whose birth weights were between 700 and 
1,220 g. The mean birth weight was 1.12 + 0.45 kg (range, 
700 to 2,840 g). Within this group of 25, there were 13 male 
and 12 female infants. 

Clinical Condition 

The clinical conditions commonly found in the general 
population of low-birth-weight infants were recorded in our 
population as well. Seventeen infants had respiratory distress 
syndrome, and six developed bronchopulmonary dysplasia. 
Nine infants had clinically diagnosed patent ductus arterio- 
sus; eight of them required indomethacin treatment and two 
required surgical ligation of the ductus. Twenty-one of the 
infants received phototherapy for Coombs' test-negative hy- 
perbilirubinemia, and 11 of them required exchange transfu- 
sions, sometimes multiple. An abdominal wall defect (a gas- 
troschisis) was present in one infant, and the only full-term 
baby in the study presented with cardiac and hepatic failure 
due to a large hepatic arteriovenous malformation. 
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Table 1. Data on 25 infants with systemic candidiasis. 

Source of 
Birth Age at positive 

Patient Year of weight Gestation Neonatal condition(s) (treatment diagnosis culture 
no. birth (g) (w) method) (d) specimen Outcome 

1 1980 750 25 RDS, BPD, H. influenzae sepsis, 52 Blood, urine, Died 
hyperbilirubinemia (exchange kidney 
transfusion), PDA (ligation) abscesses 

2 1980 970 24 RDS, PDA (indomethacin), 30 Blood, ET Died 
seizure disorder, tube 

hyperbilirubinemia (exchange 
transfusion), renal failure, S. 
marcescens sepsis 

3 1982 860 25 RDS, hyperbilirubinemia 31 Urine Cured 
(exchange transfusion), seizure 
disorder, S. epidermidis sepsis 

4 1983 700 26 RDS, PDA (indomethacin), 22 Blood, urine, Cured 
hyperbilirubinemia (exchange skin 
transfusion), right 
hydronephrosis 

5 1983 780 25 RDS, PDA (indomethacin), 31 Blood, urine, Cured 
hyperbilirubinemia (exchange skin 
transfusion), S. epiderumidis 
sepsis 

6 1984 1,550 34 Hyperbilirubinemia, hematochezia 21 Blood, urine, Cured 
skin, ET 
tube 

7 1984 1,060 31 RDS, E. cloacae sepsis and 50 Blood, urine Cured 
meningitis, hyperbilirubinemia, 
seizure disorder 

8 1985 770 26 PDA (indomethacin), 33 Urine, skin Cured 
hyperbilirubinemia (exchange 
transfusion), K. pneurnoniae 
sepsis 

9 1985 885 25 RDS, BPD, PDA (ligation), 19 Blood, urine Died 
hyperbilirubinemia (exchange 
transfusion), P. morganii sepsis 

10 1985 1,005 27 RDS, hyperbilirubinemia 32 Blood, urine Cured 
11 1985 1,450 30 Gastroschisis, gangrene of small 80 Blood, Died 

bowel, extensive (80%) resection catheter tip 
of small bowel, PDA 

(indomethacin), E. coli sepsis, 
central venous catheterization 

(Broviac) 
12 1986 955 27 Hyperbilirubinemia (exchange 38 Blood, skin Cured 

transfusion), S. epidermidis 
sepsis 

13 1986 1,170 30 Hyperbilirubinemia, S. epidermidis 21 Blood Cured 
sepsis 

14 1986 995 27 RDS, BPD, hyperbilirubinemia, S. 21 Blood, lungs, Died 
epidermnidis sepsis peritoneum 

15 1987 1,070 27 RDS 17 Blood Cured 
16 1988 1,480 31 RDS, hyperbilirubinemia 19 Blood, skin Cured 
17 1988 1,370 31 Hyperbilirubinemia 11 Blood, urine, Cured 

skin 
18 1988 845 27 PDA (indomethacin), 23 Blood, urine, Cured 

hyperbilirubinemia ET tube 
19 1988 820 26 RDS, PDA (indomethacin), BPD, 30 Blood, skin Cured 

hyperbilirubinemia (exchange 
transfusion) 

20 1988 1,175 33 Hyperbilirubinemia, S. epidermidis 21 Blood, skin Cured 
and K. oxytoca sepsis 
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Table 1. (Continued) 

Source of 
Birth Age at positive 

Patient Year of weight Gestation Neonatal condition(s) (treatment diagnosis culture 
no. birth (g) (w) method) (d) specimen Outcome 

21 1988 1,675 32 RDS, hyperbilirubinemia, 22 Blood, skin Cured 

gastroenteritis due to E. coli 0119 
22 1989 1,220 28 RDS, S. epidermidis sepsis 20 Blood Cured 
23 1989 750 28 RDS, hyperbilirubinemia 30 Blood Cured 

(exchange transfusion) 
24 1989 915 27 RDS, hyperbilirubinemia 38 Blood, skin Cured 

(exchange transfusion), S. 

epidermidis sepsis, BPD, CMV 

hepatitis 
25 1989 2,840 40 Asphyxia neonatorum, PDA, 32 Blood, skin Cured 

hepatic and cardiac failure due to 

large hepatic AV malformation, 
S. epidermidis sepsis, P. aeruginosa 
and K. oxytoca sepsis 

NOTE. RDS = respiratory distress syndrome; BPD = bronchopulmonary dysplasia; PDA = patent ductus arteriosus; ET = endotracheal; CMV = 

cytomegalovirus; AV =arteriovenous. 

Sepsis and Antibiotics 

An antibiotic course was defined as (1) 10 days of therapy 
following the first negative blood culture result obtained 
after treatment was started or (2) a total of 14 days of treat- 
ment following a positive blood culture result. Before the 
onset of candidemia, 24 of the 25 infants were given antibi- 
otic therapy, in most cases for prolonged periods of time 
(mean, 17 days; range, 5-42 days), for suspected or proven 
bacterial sepsis. Ten infants received three courses of differ- 
ent antibiotics, and four infants received four such courses. 

Proven bacterial sepsis occurred in 14 infants (56%) prior 
to the fungal infection (due to Staphylococcus epidermidis in 
8, Escherichia coli in 1, Proteus morganii in 1, Haemophilus 
influenzae in 1, Klebsiella pneumoniae in 1, Enterobacter cloa- 
cae in 1, S. epidermidis and Klebsiella oxytoca in 1, and Pseu- 
domonas aeruginosa and K. pneumoniae in 1). The initial 
antibiotic treatment used in our unit was with a combination 
of ampicillin and gentamicin. If a nosocomial infection was 
suspected, a combination of mezlocillin and amikacin was 
administered. Cloxacillin, cefotaxime, ceftriaxone, colistin 
and vancomycin were also used when clinically indicated. 

Ten infants (40%) had evidence of a concurrent bacterial 
infection when systemic candidiasis was diagnosed, and they 
received antibiotic therapy during the antifungal therapy pe- 
riod. Four of the 10 had S. epidermidis isolates and one each 
had K. pneumoniae and E. cloacae isolates recovered from 
their blood cultures. In addition, four of the 10 infants devel- 
oped urinary tract infections (due to E. coli in two patients 
and K. oxytoca in another two infants). Cultures of endotra- 
cheal aspirate from three infants were persistently positive 
for K. pneumoniae in two cases and for K. oxytoca in one 

case). In one infant who died with disseminated candidiasis, 
cytomegalovirus inclusions were observed at the postmortem 
examination of the lungs and kidneys. 

Chronic prophylactic oral therapy with nystatin was given 
to all infants. 

Hyperalimentation and Central Catheters 

All the infants had umbilical arterial or venous catheters 
that were inserted on day 1 and left in situ during the first 
week of life. Only one infant had a central venous (Broviac) 
catheter inserted for administration of total parenteral nutri- 
tion; all others underwent hyperalimentation via peripheral 
intravenous catheters (Quick-Cath [24 gauge or 22 gauge]; 
Baxter Healthcare, Sacramento, CA), which were left in 
place for periods of time no longer than 48 hours. The proto- 
cols for protection of access sites for central or peripheral 
catheters included the use of gloves and povidone-iodine. All 
the infants were receiving therapy with total parenteral nutri- 
tion and fat emulsions at the time of diagnosis of fungemia, 
and 21 (84%) of the 25 had been receiving such therapy for 
>21 days. 

Clinical Presentation 

The mean age at onset of the systemic fungal infection was 
30 + 14 days (range, 11-80 days), but a change in the mean 
age to 25 ? 8 days (14 patients; range, 11-38 days) indicated 
an earlier presentation of infection during the period 1986- 
1989. All 25 episodes of candidemia were associated with 
clinical symptoms. The mean time between the onset of clin- 
ical symptoms and initiation of antifungal therapy was 3.6 
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days (range, 1-8 days). Respiratory deterioration was the 

presenting sign in 22 infants (84%); two infants were treated 
with continuous positive airway pressure, while nine others 

required endotracheal intubation and use of a ventilator. 
The other 11 infants, already intubated at the time of diagno- 
sis of candidemia, required increased ventilatory support. 
Bradycardia was evident in 20 patients (80%) at the time of 

diagnosis. Seven (28%) of the 25 infants developed marked 
abdominal distention, and in one patient this finding was 
associated with bloody stools. The findings on abdominal 

radiographs were not indicative of pneumatosis intestinalis, 
however, and the clinical picture subsequently improved. Hy- 
perglycemia was noted in four infants (16%) and hypoglyce- 
mia in one. Lethargy was evident in three infants (12%), and 

oliguria was one of the presenting signs in two infants. 
Total white blood cell counts of>20,000/mm3 were noted 

in only four (16%) of the 25 cases. Thrombocytopenia (a 
thrombocyte count of <75,000/mm3) occurred proximately 
to candidemia (48 hours before or after the diagnosis of can- 

didemia) in 11 episodes (44%). The chest radiographs of three 
infants showed evidence of pneumonitis (defined as the ap- 
pearance of a new opacity over the area of generalized hazi- 
ness indicative of the bronchopulmonary dysplasia already 
present). The retinas of 15 of the 25 patients were examined, 
and bilateral candidal endophthalmitis was noted in one in- 
fant (patient 18). The lesions gradually improved and com- 
pletely disappeared following the antifungal therapy. 

Diagnosis 

Blood, CSF, urine, and specimens from cutaneous ab- 
scesses were obtained for cultures after the skin site was 
cleaned with povidone-iodine. Blood (0.5-1 mL) was inocu- 
lated into aerobic and anaerobic Bactec radiometric blood 
culture media (Johnson Laboratories, Towson, MD). The 
dilution of blood with media was approximately 1:50. The 
species of each Candida isolate was identified with use of 
standard laboratory methods [11]. The mean time elapsed 
before a blood culture was reported positive for Candida spe- 
cies organisms was 2 days (range, 1-4 days). All the urine 
samples were obtained by suprapubic aspiration (SPA). Cul- 
tures of urine and skin abscess specimens were incubated for 
5 and 7 days, respectively, before the final reading. 

Candida species organisms were isolated from the periph- 
eral venous blood of 24 infants. For 10 of them a urine cul- 
ture also was positive for yeasts. In 11 infants (44%) the pres- 
ence of Candida organisms in urine was established by 
suprapubic aspiration and culture (nine cases) and/or micro- 
scopic examination for budding yeasts (three cases). The 
urine culture was negative in the case of one infant, but the 
diagnosis was established by the presence of visible fungi in 
the urine obtained by SPA and by a subsequent blood cul- 
ture that was positive. Renal ultrasonographic examinations 
were performed in only six of the 11 cases in which Candida 

organisms were found in the urine, and the results were 
normal. 

Specimens from the cutaneous lesions (abscesses of arms, 
legs, and scalp) of I 1 patients (44%) were cultured, and in all 
cases Candida species organisms were present. No other 
pathogens were cultured from these lesions. In eight cases 
skin abscesses developed at the previous site of peripheral 
venous catheters, and phlebitis was evident in two of these 
cases (specimens from the wounds and the tips of the periph- 
eral catheters were not regularly cultured after removal of the 
catheters). In seven cases (29%) the skin abscesses were al- 
ready present at the time of diagnosis of systemic candidiasis, 
and in two of them the identification of Candida organisms 
prompted the initiation of antifungal therapy before the posi- 
tive blood cultures confirmed the diagnosis. No cases of local- 
ized candidal skin abscesses without disseminated candidia- 
sis were recorded among our group of patients during the 

study period. 
Cultures of tracheal specimens were positive for fungi in 

three cases (12%), and in one of them these positive results 
were obtained > 1 week before those of the blood cultures. 
Examinations of the CSF of all 25 infants were negative for 
Candida organisms. A specimen from the tip of the central 
venous catheter inserted in patient 11 was cultured after the 
catheter was removed, and the culture yielded Candida albi- 
cans. 

In the case of one infant (patient 3), despite the negative 
blood culture, the diagnosis of systemic candidiasis was es- 
tablished on the basis of the clinical picture and the presence 
of Candida stellatoidea in two consecutive suprapubic urine 
cultures and in specimens from skin abscesses on the left arm 
and thigh. 

C. albicans was isolated from 16 patients (from cultures of 
16 blood, 6 urine, 3 tracheal, and 6 cutaneous lesion speci- 
mens), C. stellatoidea was isolated from 6 patients (from cul- 
tures of 5 blood, 4 urine, and 4 skin abscess specimens), and 
Candida parapsilosis and Candida krusei were isolated from 
1 patient each. Two species, C. albicans and C. stellatoidea, 
were isolated from cultures of specimens from the left arm 
abscess of patient 7. The fungal isolates were not tested for in 
vitro susceptibility to amphotericin B and 5-fluorocyto- 
sine (5-FC). 

Treatment 

All infants were treated with a combination of intravenous 
amphotericin B and oral 5-FC. Amphotericin B was adminis- 
tered as a single daily dose, and thrombocyte counts and 
levels of urea, creatinine, and electrolytes were monitored 
for signs of toxicity. The dosage initially was 0.05-0.1 mg/ 
(kg. d) and was increased daily up to a maximal dosage of 
0.5-0.6 mg/(kg. d). Only patient 24 needed a maximal dos- 
age of 1 mg/(kg- d) in order to recover after blood cultures 
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Table 2. Mortality in a series of 25 infants with systemic candidiasis. 

Major underlying 
Patient condition(s) at onset Drugs Dosage Total duration 
no. of candidiasis administered (mg/[kg d]) of therapy (d) Cause of death 

I Severe RDS AmB 0.5 6 Disseminated candidiasis 
5-FC 100 15 and disseminated 

CMV infection 
2 Renal failure AmB 0.1 7 S. marcescens sepsis 

5-FC 100 13 
9 Severe RDS AmB 0.35 21 P. morganii sepsis 

5-FC 100 21 
11 Gastroschisis, extensive AmB 0.5 16 K. pneumoniae sepsis 

bowel resection, 5-FC 100 17 and disseminated 
Broviac candidiasis 
catheterization 

14 RDS AmB 0.1 1 Disseminated candidiasis 
5-FC 100 1 

NOTE. RDS = respiratory distress syndrome; AmB = amphotericin B; 5-FC = 5-fluorocytosine; CMV = cytomegalovirus. 

persistently yielded C. albicans for 34 days after the initiation 
of therapy. 

The mean duration of treatment with amphotericin B (cal- 
culated after excluding the cases in which death could be 

directly attributed to the fungal infection) was 22 days 
(range, 13 days [patient 2] to 44 days [patient 24]). The 
mean total dose of amphotericin B was 7.14 mg/kg (range, 
0.85-40.4 mg/kg). 

The 5-FC was administered in four divided doses at a dos- 

age of 50-100 mg/(kg * d). Duration of treatment with 5-FC 

ranged from 21 to 44 days (patient 24), with a mean of 25 

days. 
For patient 9, the amphotericin B and 5-FC were adminis- 

tered on alternating days because of the development of se- 
vere thrombocytopenia, and for patient 2 cessation of am- 

photericin B therapy was necessitated by severe renal failure 
and thrombocytopenia. Another infant (patient 16), already 
moderately thrombocytopenic at the initiation of antifungal 
therapy, became severely thrombocytopenic on the fourth 

day of amphotericin B treatment. He received intravenous 

thrombocytes but no change was made in the antifungal ther- 

apy; his thrombocytopenia resolved in a few days. 
No amphotericin B-induced nephrotoxicity was noted in 

any infant, although two (patients 2 and 4) had signs of renal 
failure before initiation of therapy. 

Outcome 

Cure was defined as (1) clinical improvement and recov- 

ery to the status preceding the fungal infection, (2) sterility of 
blood, CSF, and urine cultures for at least 2 weeks following 
the initiation of the antifungal therapy, and (3) sterility of 
cultures following the discontinuation of therapy. 

Five (20%) of the 25 infants died. Data on these patients 
are presented in table 2. Four infants died while still receiv- 

ing antifungal therapy. Patient 9 died of respiratory failure 
10 days after completing a successful course of amphotericin 
B and 5-FC. P. morganii was cultured from his blood on the 
last day of life. An autopsy was not allowed. Another infant 

(patient 2) died of Serratia marcescens sepsis and renal fail- 
ure on day 13 of the antifungal therapy. No evidence of can- 
didal infection was found at the postmortem examination. 

Death could be directly attributed to candidiasis in three 

patients (12%). One infant (patient 14) developed fulminant 
sepsis with severe leukopenia, thrombocytopenia, oliguria, 
abdominal distention, and temperature instability 72 hours 
prior to death. C. krusei was recovered from two blood cul- 
tures and antifungal therapy was started 24 hours prior to his 
death. A postmortem examination was not performed. Pa- 
tient 1 died with respiratory and renal failure, and dissemi- 
nated candidiasis was noted at autopsy. He had been treated 
with 5-FC for 15 days and with amphotericin B for the last 6 

days of life. Cytomegalovirus inclusions were found in his 

lungs and kidneys. Patient 11, the only full-term infant in the 
series, had undergone an extensive (80%) resection of a ne- 
crotic small bowel and died with K. pneumoniae sepsis and 
disseminated candidiasis. Before his death, C. albicans was 
isolated from the blood and from a specimen from the tip of a 
Broviac catheter inserted for hyperalimentation. The infant 
was treated with amphotericin B and 5-FC but the central 
catheter was not removed. Permission for autopsy was not 
accorded. 

Discussion 

The high rates of mortality (25%-54%) and morbidity 
(25%) associated with systemic candidiasis in neonates have 
been attributed to diagnostic delays and therapeutic difficul- 
ties [10, 12]. The clinical presentation of systemic candidia- 
sis may be indistinguishable from that of bacterial septice- 
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mia; the laboratory confirmation of infection is often diffi- 
cult due to intermittently positive cultures and the slow 
growth of fungi in blood cultures. In addition, the high inci- 
dence of skin and gastrointestinal colonization by Candida 
species and the subsequent contamination of specimens may 
lead to misinterpretation of these positive cultures as indica- 
tive of colonization or contamination; as a result, the diagno- 
sis and initiation of treatment may be delayed. A reliable 
serologic test for identification of fungal infections is not yet 
available despite intensive research efforts [13, 14]. 

We found in our study that prolonged antibiotic therapy, 
hyperalimentation, and intravenous fat emulsions in all 
cases and prolonged tracheal intubation in 80% of cases were 
associated with development of candidemia, as has been 
shown by other investigators as well [10]. We cannot com- 
ment on the association between central venous catheters 
and development of candidemia since most of our patients 
underwent hyperalimentation via a peripheral vein. In this 
respect, our experience seems to be unique, since most expe- 
rience among investigators in the United States was acquired 
in nurseries where infants had central catheters. On the basis 
of our particular experience, it appears that peripheral ve- 
nous catheters may be as dangerous as central catheters in 
regard to their potential for generating infectious problems in 
infants. We find it difficult to speculate further about the 
significance of our experience, although we do believe that 
the strict aseptic techniques used in our neonatal intensive 
care unit made unlikely the introduction of infection via trau- 
matic skin breaks at the peripheral catheterization site. 

Prophylactic oral therapy with nystatin did not preclude 
later development of systemic candidiasis in our population. 
In this respect our data confirm previous reports concerning 
development of the condition in infants and other high-risk 
groups of patients; it seems that at present effective strategies 
to prevent colonization of Candida species in VLBW infants 
are not available [15, 16]. 

Review of our 25 cases indicates that aside from the pres- 
ence of Candida species in the blood, the organisms could be 
commonly found in two other sites: skin and urine. Fourteen 
infants (44%) developed subcutaneous abscesses infected 
with Candida species; some of these abscesses developed at 
intravascular entry sites, with no evidence of associated phle- 
bitis, while others developed at noncontiguous foci with no 
obvious local entry point. In two of these patients the early 
presence of subcutaneous abscesses infected with Candida 
species prompted the initiation of therapy before the diagno- 
sis was confirmed by positive blood cultures. We believe that 
the occurrence of skin abscesses may represent a frequent 
initial event at the presentation of invasive systemic candi- 
diasis and that once such abscesses are detected, a thorough 
search for other sites of systemic candidal infection and early 
institution of antifungal therapy are mandatory. 

Our 9-year experience with systemic candidiasis during 
the study reconfirms our policy that urine obtained by SPA 

should be examined in any case in which fungal infection is 
suspected. The microscopic examination of the urine may 
give a valuable diagnostic clue; the urine of three of our pa- 
tients was found to be positive for yeasts by this method, a 
result which led to a rapid diagnosis. A microscopic examina- 
tion positive for yeasts in the urine of an infant with signs of 
systemic infection should be considered strongly suggestive 
of systemic candidiasis, and antifungal therapy should be 
started before confirmation of the diagnosis by blood and 
urine cultures. 

Although a uniform approach to the treatment of systemic 
candidiasis has not yet been developed, amphotericin B has 
remained a mainstay of therapy during the past 3 decades 
[17-19]. Therapy with a combination of amphotericin B plus 
5-FC has been described as very effective and has been sug- 
gested as a routine method of treatment in most reports [2, 
12, 15, 20]. The potentially severe adverse effects associated 
with both drugs have to be taken into consideration, how- 
ever, and caution in regard to their prescription and adminis- 
tration is recommended [18, 21, 22]. On the other hand, a 
delay in or lack of treatment can result in severe morbidity 
and high mortality as well. 

All the infants in our series were treated with a combina- 
tion of intravenous amphotericin B (maximum dosage 0.5 
mg/[kg d] in most cases) and oral 5-FC. This combination 
proved to be extremely effective and was well tolerated; 
none of the patients developed signs of renal or hepatic toxic- 
ity directly related to the antifungal therapy. Therefore, a 
change in our treatment policy for systemic candidiasis was 
made after the conclusion of this study. We now recommend 
initiation of therapy with amphotericin B at a dosage of 0.3 
mg/(kg * d), with a rapid increase in dosage to 0.5 mg/(kg * d) 
or higher during the 3 days following initiation of therapy. 
The exact length of time required for successful treatment of 
systemic candidiasis in neonates is not known; it is estimated 
to be between 10 and 90 days, but probably at least 2 weeks 
of therapy is necessary [1, 2, 12, 15, 20-22]. Our policy was 
to institute a 14-day treatment regimen following obtain- 
ment of the first negative blood culture result since initiation 
of therapy; in only one case (patient 24) was prolonged anti- 
fungal therapy (of 48 days' duration) necessary. 

The deaths of three infants (12%) were directly attribut- 
able to systemic candidiasis in our series, and one of these 
infants (patient 14) received almost no antifungal therapy 
(table 2). Another infant (patient 1), who died during ther- 
apy, was treated initially with 5-FC alone; the addition of 
amphotericin B to the regimen possibly occurred too late. 
The case of patient I 1, whose Broviac catheter-related can- 
didal infection was treated with antifungal drugs but without 
removal of the catheter, emphasizes the concept that prompt 
catheter removal is crucial in the treatment of catheter-re- 
lated candidemia [23, 24]. 

The trend in this study toward an increase in the rate of 
systemic candidiasis in VLBW infants, associated with an 
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earlier presentation of the disease, is disturbing but not sur- 

prising. In light of this finding, the uncertainty concerning 
the efficacy of prophylaxis, and the unreliability of serologic 
tests for rapid detection of the infection, we strongly believe 
that a high index of suspicion, rapid diagnosis by means of 

microscopic examination of specimens from easily accessible 
focuses of infection, and prompt initiation of systemic anti- 

fungal therapy may markedly reduce the mortality and im- 

prove the prognosis associated with neonatal systemic candi- 
diasis. 
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