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Background: Candida central nervous system (CNS) infection is a rare complication following 
neurosurgery. This disease often occurs during the treatment of bacterial CNS infection, and common 
bacterial culture results have a high false negative rate, which delays diagnosis and treatment, and seriously 
affect the prognosis of patients. The purpose of this study was to discuss the diagnosis, treatment process, 
and results of this disease through a small series of cases, so as to provide data support and a theoretical basis 
for the timely diagnosis and treatment of Candida CNS infection after neurosurgery.
Methods: A retrospective analysis was conducted on eight patients with confirmed Candida CNS infection 
following neurosurgery in our department between June 2011 and June 2019. Their clinical symptoms, 
treatment schemes, outcomes, risk factors, and complications were analyzed. 
Results: Four patients received intravenous administration of fluconazole and were cured. Three patients 
received intravenous administration of amphotericin B. Two of them were cured, and the other died. 
One patient was cured after intravenous administration of voriconazole throughout the treatment. The 
overall cure rate was 87.5% (7/8), and the death rate was 12.5% (1/8). Among the three patients treated by 
amphotericin B, one patient suffered vomiting and renal function impairment. After drug discontinuation, 
this patient gradually improved. Another patient had acute renal failure, and the conditions were not 
improved after drug discontinuation. The remaining patient suffered from anemia and vomiting, which 
were relieved after drug discontinuation. One patient had hematuria during voriconazole treatment, and 
the symptoms were improved after the therapy was changed to fluconazole. Four patients treated with 
fluconazole did not have apparent adverse reactions. None of the cured patients relapsed during the  
3–12 months follow-up after discharge.
Conclusions: Candida CNS infection following neurosurgery is a rare condition; however, it may result 
in disastrous consequences. Early diagnosis and timely use of antifungal agents are considered the primary 
treatment principles. Blood culture of cerebrospinal fluid (CSF) is useful for early diagnosis. Fluconazole 
is the preferred choice for the clinical treatment of Candida CNS infection as it has both good efficacy and 
safety.
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Introduction

Postoperative central nervous system (CNS) infection 
following neurosurgery is a complication characterized 
by high disability and mortality (1), with the incidence of 
1–10% (2). Bacterial infections are the most common type 
of postoperative CNS infection following neurosurgery, 
especially Gram-positive cocci, Staphylococcus epidermidis, 
and Staphylococcus aureus infections. Cerebrospinal fluid 
(CSF) leakage and foreign body implantation may be the 
main causes of CNS infection after neurosurgery (3,4). 
Fungal CNS infections, such as Candida, have a relatively 
low incidence (5). Candida CNS infection shares similar 
symptoms with bacterial CNS infection, such as fever, 
nuchal rigidity, altered mental status, and headache (6). 
Both may present as meningitis or related symptoms, which 
are easily neglected clinically, thereby resulting diagnostic 
and treatment delays and affecting the prognosis, and 
even leading to death (7). Low immunity, broad-spectrum 
antibiotics and anemia may be the risk factors of Candida 
CNS infection (3). Neurosurgery will destroy the blood-
brain barrier and damage the natural defense mechanism of 
human body. Candida may increase in value and invade the 
subarachnoid space and brain (8).

In the present study, medical records were collected from 
patients with Candida CNS infection after neurosurgery at 
the Cerebrospinal Fluid (CSF) Disease Center of Aviation 
General Hospital. Their clinical features and risk factors 
were analyzed, and a particular emphasis was placed on our 
diagnostic and treatment methods for these patients. Our 
research findings will provide reference for the diagnosis and 
treatment of similar patients. We present the following article 
in accordance with the AME Case Series reporting checklist 
(available at https://dx.doi.org/10.21037/apm-21-2577).

Methods

General data

From June 2011 to June 2019, eight patients with 
confirmed postoperative Candida CNS infection following 
neurosurgery at the CSF Diagnosis and Treatment 
Center of Aviation General Hospital of China Medical 
University were recruited. All patients had symptoms of 
CNS infection. Candida infection was confirmed in all 
of these patients by CSF culture, either by using a blood 
culture bottle or routine procedures (Table 1). We reviewed 
the basic information of each patient, including age, 
gender, primary disease, history of Neurosurgery, history 

of previous bacterial CNS infection, history of antibiotic 
application, etc. Clinical data and results of antifungal 
therapy in each patient were collected. Follow up was 
conducted by outpatient and telephone. The patients were 
followed up for 3–12 months. Three of the eight patients 
were first confirmed as positive for Candida species by CSF 
culture in a blood culture bottle; however, they were initially 
negative for CSF culture. Subsequently, blood or CSF 
cultures were performed repeatedly, and all were positive. 
One patient was initially found to be positive for Candida 
species by CSF culture in a blood culture bottle, while the 
CSF culture was consistently negative. Two patients were 
simultaneously found to be positive for Candida species by 
CSF culture in a blood culture bottle and by ordinary CSF 
culture. Another two patients were confirmed as positive for 
Candida infection only through ordinary CSF culture.

The patients comprised seven males and one female, 
aged 1–52 years old, with an average of 30.1±16.6 years. 
Primary diseases among these patients included the 
following: (I) traumatic brain injury in two patients; (II) 
subarachnoid hemorrhage in one patient; (III) intracranial 
tumor in two patients; (IV) hydrocephalus in two patients; 
and (V) otitis media-induced brain abscess in one patient. 
All patients were surgically treated for primary diseases. 
Seven patients had bacterial CNS infections combined with 
hydrocephalus, as well as a recent history of antibiotics 
use and a ventriculoperitoneal shunt (VPS) or external 
ventricular drain (EVD). 

The clinical manifestations upon confirmation of Candida 
infection were as follows: loss of consciousness in three 
patients, drowsiness in two patients, and clear consciousness 
in three patients. There were seven patients with fever 
(body temperature >38 ℃), one patient with normal body 
temperature, and eight patients positive for meningeal 
irritation syndrome. This study has been approved by the 
Medical Ethics Committee of Aviation General Hospital 
(2021-KY-01-11). The study was a retrospective study and 
the data was managed anonymously, so the requirement for 
informed consent was waived. We have a policy on patient 
privacy. The study was carried out in accordance with the 
Declaration of Helsinki (as revised in 2013).

Treatment

Four patients underwent removal of the VPS at an early 
stage following admission (less than 72 h), and received 
EVD. Three patients carried EVDs upon admission, and 
the drains were unobstructed and retained. One of these 
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three patients had an obstructed drain replaced during 
infection treatment. One patient with hydrocephalus directly 
received EVD upon admission. Following confirmation of 
the diagnosis, anti-fungal drugs were given by intravenous 
administration according to the drug allergy information in 
Table 1. The treatment schemes for each patient are shown in 
Table 2. None of these patients received an intraventricular 
injection of anti-fungal drugs. All seven patients, who were 
cured after CNS infection, received VPS.

Observation indicators

Changes in symptoms and signs before and after treatment 

were observed and recorded, as was the duration of 
medication use. CSF samples were taken and preserved 
regularly each week for culturing (ordinary CSF culture and 
CSF culture in a blood culture bottle). CSF biochemistry 
and other routine tests were also performed. Other tests 
included routine blood tests, liver and kidney function tests, 
and electrolyte tests. 

Efficacy evaluation

According to the Clinical Practice Guideline for the 
Management of Candidiasis: 2016 Update by the Infectious 
Diseases Society of America (9), cure was defined as the 

Table 2 Treatment schemes and results of eight patients with Candida CNS infection

Patient 

No.

With or without  

replacement of EVD 

Anti-fungal drugs and  

duration of treatment

Side effects of anti-fungal 

drugs

Time to CSF culture 

turning negative
Result

1 Yes, at 43 days a 

fter the discovery of 

Candida infection

Voriconazole 5 weeks,  

unresponsive, fluconazole  

8 weeks

No Day 49 of medication Cured, without relapse 

during the 5-month 

follow-up 

2 No Voriconazole 2 weeks, 

change of therapy to

fluconazole 4 weeks

Hematuria occurred during  

treatment with voriconazole, 

which gradually disappeared 

after the therapy changed to 

fluconazole

Day 28 of medication Cured, without relapse 

during the 12-month 

follow-up

3 No Voriconazole 20 weeks,  

unresponsive, amphotericin 

B 3 weeks

Renal function impairment  

and vomiting, which gradually  

disappeared after drug  

discontinuation

Day 141 of medication Cured, without relapse 

during the 12-month 

follow-up

4 No Fluconazole 4 weeks No Day 12 of medication Cured, without relapse 

during the 12-month 

follow-up

5 No Fluconazole 12 weeks No Day 45 of medication Cured, without relapse 

during the 3-month 

follow-up

6 No Voriconazole 7 weeks No Day 7 of medication Cured, without relapse 

during the 12-month 

follow-up

7 No Amphotericin B 1 weeks Renal function impairment, 

which did not improve after 

drug discontinuation

No Death

8 No Amphotericin B 5 weeks Vomiting and anemia, which 

gradually improved after drug 

discontinuation

Day 16 of medication Cured, without relapse 

during the 12-month 

follow-up

CNS, central nervous system; EVD, external ventricular drainage; CSF, cerebrospinal fluid.
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disappearance of symptoms, signs, and CSF and radiologic 
abnormalities related to Candida CNS infection.

Safety evaluation

Adverse events related to medication were closely observed, 
including renal and hepatic toxicity, electrolyte disturbance, 
anemia, leukopenia, thrombocytopenia, nausea, vomiting, 
diarrhea, and convulsions. The incidence of adverse events 
was estimated. 

Statistical analysis

Continuous variables were reported as the median and 
range, while categorical variables were reported as 
frequencies and percentages. Data analysis was performed 
in Excel 16.0 (Microsoft Corporation, USA).

Results

Clinical efficacy

Four patients received intravenous administration of 
fluconazole and were cured. One of them was initially 
treated by voriconazole but was unresponsive, and was 
later shifted to fluconazole. Another was initially treated 
by voriconazole and was later shifted to fluconazole due to 
hematuria. Two patients were cured after treatment with 
amphotericin B. One of these patients was initially treated 
by voriconazole but was unresponsive, and was later shifted 
to amphotericin B, while the other patient died. One 
patient was cured following intravenous administration 
of voriconazole throughout the treatment (Table 2). The 
overall cure rate was 87.5% (7/8), with one withdrawal 
(death) (Table 2). The seven cured patients received 
anti-fungal treatment for 1–23 weeks, with an average 
of 10.0±6.7 weeks. Following treatment, the results of 
several consecutive CSF cultures (over three times) were 
negative, with the disappearance of related symptoms, 
signs, and radiological abnormalities. The relatives of one 
patient abandoned treatment, and this patient died soon 
after discharge. The cause of death of this patient was an 
extensive infection of brain parenchyma with acute renal 
failure.

Safety evaluation

During infection treatment, one out of three patients 

treated with amphotericin B presented with renal function 
impairment and vomiting. The conditions were relieved 
after drug discontinuation. One patient suffered acute 
renal failure, and the conditions were not improved after 
drug discontinuation. The remaining patient had anemia 
and vomiting, which were gradually improved after drug 
discontinuation. Hematuria occurred in one patient during 
voriconazole treatment, which disappeared after the therapy 
was changed to fluconazole. Four patients, who were treated 
by fluconazole, did not have apparent adverse reactions 
during treatment.

Long-term follow-up

The seven cured patients were followed up for 3–12 months 
after discharge, with an average of 9.7±3.9 months, and 
none of them relapsed.

Discussion

Candida CNS infection following neurosurgery is rare 
(5,10,11). Nguyen et al. only reported three such cases 
at their institute during the 4-year period from 1989 to  
1993 (11). Nearly 100 patients with conditions associated 
with intracranial infections across China visit our center every 
year. Over a period of 8 years, there were only eight patients 
with Candida CNS infection, which only accounted for 
approximately 1.00% of all intracranial infections. Candida 
albicans is the most common cause of postoperative Candida 
CNS infection following neurosurgery (10,12), which is 
consistent with our statistics (Table 1). Previous reports have 
shown that the mortality of Candida CNS infection ranges 
from approximately 10–33% (13), which also in agreement 
with our data (12.5%). Patients with postoperative Candida 
CNS infection following neurosurgery usually have recent 
history of bacterial CNS infection, antibiotics use, and CNS 
surgery (14). O'Brien et al. performed a retrospective analysis 
that showed that the risk factors for postoperative Candida 
CNS infection following neurosurgery include external 
intracranial devices, bacterial CNS infection, as well as the 
use of wide-spectrum antibiotics (10). In the present study, 
the risk factors identified in the eight included patients were 
similar to those in previous reports. All patients in our study 
had a recent history of CNS surgery, and seven of them had a 
recent history of bacterial CNS infection and antibiotics use.

Although ordinary CSF culture can identify pathogens, 
the false negative rate remains high clinically (7). Possible 
reasons for this include the following: (I) the volume 
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of the CSF sample used for the culture is small or the 
content of pathogens in the sample is low; (II) pathogens 
in the CSF sample have a high requirement on the growth 
environment; and (III) patients have previously been 
prescribed antifungal agents prior to identification of the 
pathogens. Simor et al. showed that the blood culture 
system could improve the pathogen detection rate in bodily 
fluids (other than blood) and shorten the time needed for 
detection. This is because the blood culture flask usually 
contains the growth supplements, activated charcoal, 
and Fuller’s earth that are conducive to the detection of 
pathogens in CSF (15). According to Yoo et al., the positive 
rate of CSF culture in a blood culture bottle is significantly 
higher than that of ordinary CSF culture (16). Four patients 
in the present study were initially confirmed as positive for 
Candida species by CSF culture in a blood culture bottle; 
however, they were negative for ordinary CSF culture 
at this time. Subsequently, three of them were found to 
be positive by repeated CSF cultures in a blood culture 
bottle as well as ordinary CSF culture, and one of them 
was constantly negative for the ordinary CSF culture. This 
indicates that for symptomatic patients, CSF culture should 
be performed in a blood culture bottle in order to improve 
the positive rate, rapidly identify pathogens, and select the 
appropriate medication.

For the treatment of Candida CNS infection, intravenous 
administration of amphotericin B plus flucytosine is usually 
recommended (9). Amphotericin B is a polyene anti-
fungal drug, which inhibits fungal growth by affecting cell 
membrane permeability. It is active against all Candida 
species, and there is a large body of evidence supporting 
the use of amphotericin B for the treatment of Candida 
CNS infection (17). However, amphotericin B is associated 
with greater toxicity, with renal toxicity being the most 
common (18). In this study, two of the three patients treated 
with amphotericin B suffered renal function impairment. 
Of these patients, one was a mild case whose condition 
gradually improved after drug discontinuation. However, 
the other patient suffered acute renal failure during 
treatment with this medication, and their condition did not 
improve after drug discontinuation. This patient’s relatives 
refused continuous renal replacement therapy (CRRT), 
which might have been an important factor that leads to the 
patient’s death. 

CSF is highly permeable to flucytosine, which is active 
against most fungi in the clinic. However, its high cost and 
toxicity have restricted its application (19). Voriconazole 
is a second-generation triazole anti-fungal drug, which 

displays excellent in vitro anti-fungal activity against a 
variety of yeasts and molds. Voriconazole has a more 
potent anti-fungal spectrum than the first-generation, but 
also involves more side effects and drug-drug interactions 
than fluconazole. There is also a lack of clinical trial 
data supporting the use of voriconazole in Candida CNS 
infections (20). In our study, four patients were initially 
treated with voriconazole, and another patient was 
consistently treated with voriconazole throughout the 
course of the disease. Two patients were unresponsive to 
at least 2 weeks of voriconazole treatment and were shifted 
to fluconazole or amphotericin B. These two cases were 
eventually cured. Hematuria occurred in one patient during 
voriconazole treatment, and the symptoms disappeared 
after the therapy changed to fluconazole. Voriconazole is 
a triazole anti-fungal drug, to which the CNS is highly 
permeable. It is active against most strains of Candida 
causing CNS infections (9), in addition to having a high 
tolerance in most patients (18). In this study, four patients 
were cured after treatment with fluconazole and did not 
present with adverse events. This indicated that fluconazole 
outperformed voriconazole in efficacy and had a better 
safety profile than amphotericin B. At present, there are no 
guidelines available concerning the duration of anti-fungal 
treatment for Candida CNS infections. As for the duration 
of treatment for candidemia, guidelines recommend 
continued use for 2 weeks after the blood culture turns 
negative and the symptoms and signs of candidemia 
disappear (9). The guidelines for candidemia were referred 
to when determining the duration of treatment for Candida 
CNS infection. That is, the medication was continued for at 
least 2 weeks after the CSF culture turned negative, routine 
CSF test and biochemistry indicators were normal, and 
symptoms of infection disappeared. In the present study, the 
CSF culture turned negative in 7–141 days (Table 2), and 
the median treatment time was 28 days, which was close to 
the reported median treatment time of 28 days (14–41 days) 
in the previous studies (11). Moreover, no recurrence of 
infection was observed during the long-term follow-up. 

Studies have shown that Candida infection causes the 
formation of biofilm over the medical device, which adds to 
the difficulty of eliminating the pathogens by medication 
alone, thereby increasing the risk of recurrent infection 
(10,21,22). We believe that as long as CNS drainage is 
unobstructed, it is not necessary to remove the EVD at an 
early stage, due to the following considerations. Firstly, 
the EVD is a replaceable device that can drain the CSF 
with fungal colonization outside the body, thus reducing 
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secondary injury to the brain tissues and nervous system. 
Secondly, the EVD provides an intuitive pathway to 
observe the properties of the CSF, based on which the 
status of the intracranial infection can be assessed regularly. 
EVD plays a vital role in the treatment of Candida CNS 
infection. In contrast, the VPS has little clinical value and 
should be removed as early as possible. A study reported 
that continuous EVD was beneficial for the treatment of 
fungal CNS infections (23). In this study, the EVD was 
not removed at an early stage in three patients, but was 
removed only after healing of the infection and during the 
subsequent VPS. All of these patients were cured and did 
not present with complications. All cured patients were 
combined with hydrocephalus and received VPS after the 
healing of the CNS infection. These patients were followed 
up for 3–12 months after discharge, and there was no 
relapse of CNS infections or hydrocephalus.

There are some limitations in this study that should be 
noted. Firstly, this was a single-center and retrospective 
study that had a limited sample size. We will further conduct 
multi-center and large sample research. Secondly, intrathecal 
or intracerebroventricular administration of anti-fungal 
drugs was performed in the present study. Although some 
successful cases have been reported (24,25), the working 
mechanism of this administration pathway in the treatment 
of Candida CNS infection is not yet fully understood.

Conclusions

Candida CNS infection following neurosurgery is a rare 
condition; however, it may result in disastrous consequences. 
Early diagnosis and timely use of antifungal agents are 
considered the primary treatment principles. Blood culture 
of CSF is useful for early diagnosis. Fluconazole is the 
preferred choice for the clinical treatment of Candida CNS 
infection as it has good efficacy and safety. Internal and 
external ventricular drains can be temporarily retained 
during infection treatment.
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