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Abstract
Purpose: To evaluate the factors associated with the development of ocular candidiasis (OC) and ocular prognosis
with echinocandin therapy for candidemia.
Methods: The medical records of 56 consecutive patients with a positive blood culture for Candida species
between November 2016 and October 2019 were retrospectively reviewed. Information on patient characteristics,
isolated Candida species, treatment details for candidemia, and ocular findings were extracted to identify factors
associated with OC development.
Results: The leading pathogen of candidemia was Candida albicans (C.albicans) (41.1%). Of 56 patients, 18 (32.1%)
were diagnosed with chorioretinitis, categorized as either probable (8 patients) or possible OC (10 patients). There
was no case of endophthalmitis with vitritis. The incidence of probable OC was not significantly different between
the groups treated with echinocandins and other antifungal drugs (15.2% vs. 11.1%, p = 1.00). In all probable OC
cases, systemic antifungal therapy was switched from echinocandins to azoles, and no case progressed to
endophthalmitis. A multivariate logistic analysis revealed that female sex (adjusted odds ratio [aOR], 8.93; 95%
confidence interval [CI], 1.09–72.9) and C. albicans (aOR, 23.6; 95% CI, 1.8–281) were independent factors associated
with the development of probable OC.
Conclusion: One-seventh of patients with candidemia developed probable OC. Given the evidence of female and
C. albicans as the factors associated with OC development, careful ophthalmologic management is required with
these factors, especially in candidemia. Although echinocandins had no correlation with OC development and did
not lead to the deterioration of ocular prognosis, further investigation is required.
Keywords: Ocular candidiasis, Endogenous endophthalmitis, Endophthalmitis, Chorioretinitis, Candidemia, Candida
albicans, Echinocandins

Key message
Previously some studies reported risk factors for the development of ocular candidiasis (OC), including
hemodialysis, immunosuppressive status, and C. albicans
involvement. In recent years, the ratio of C. albicans as
the responsible species for candidemia has decreased
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and the use of echinocandins as initial therapy for candidemia has increased, which has a concern of effectiveness for patients with OC due to the poor concentration
in vitreous fluid. In the present study with eight probable OC cases of 56 candidemia cases, we showed that
the presence of C. albicans and being female were significant factors associated with OC development. In
addition, initial therapy of echinocandins for candidemia
had no correlation with OC development and did not
lead to the deterioration of ocular prognosis.
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Introduction
Without early diagnosis and appropriate treatment, candidemia is a potentially fatal bloodstream infection
worldwide [1]. The incidence of candidemia is growing
alongside the increasing patient population at higher risk
of infection due to the use of immunosuppressive drugs,
aggressive chemotherapy, broad-spectrum antibiotics,
and intravenous devices [2, 3]. Although Candida albicans (C.albicans) remains the most common species
responsible for candidemia, a shift toward Candida nonalbicans species has been reported in the recent years
[2–4]. With regard to candidemia, there have been
recent trends in increasing echinocandin use [5] and
prompt initiation of antifungal therapy [6]. The Infectious Diseases Society of America (IDSA) currently recommends echinocandin drugs for the initial treatment
of candidemia and invasive candidiasis [7]. Echinocandins have emerged as preferred agents for most episodes
of candidemia and invasive candidiasis, except for the involvement of the central nervous system, eye, and urinary tract, where they can achieve poor concentration.
This preference is based on a strong safety profile, convenience, early fungicidal activity, and a trend toward
better outcomes based on data from individual studies
and combined analyses of candidemia studies [8, 9].
Ocular candidiasis (OC) is an important disseminated
complication of candidemia. The incidence of OC in patients with candidemia reported in previous studies is
quite variable, ranging from 2.9% to 44.7% [10–19]. To
date, several studies have reported risk factors for the
development of OC, such as hemodialysis, parenteral
hyperalimentation, immunosuppression, and C. albicans
involvement [11, 13, 20]. One of the topics is the potential concern that initial systemic antifungal therapy with
echinocandins might increase OC development because
of poor intraocular penetration. Systemic echinocandins
are known to have limited ability to penetrate the vitreous humor [21, 22]. Therefore, the IDSA does not recommend echinocandin use for Candida endophthalmitis
[7]. Although some studies have reported that there is
no evidence that initial echinocandins increase the incidence of OC [20, 23], whether initial echinocandins are
an associated factor for the development of OC remains
under debate. In addition, no report has clarified
whether echinocandin use has a potential impact on
ocular prognosis in candidemia.
The epidemiology and management of candidemia is
constantly changing, alongside the evolution of medical
technology; however, the impact of recent trends on the
development and prognosis of OC has not been fully
evaluated. This study aims to evaluate the clinical prognostic factors for the development of OC in patients
with candidemia and the relationship between ocular
prognosis and echinocandins therapy for candidemia.
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Methods
Study design and setting

This retrospective study was performed according to the
Declaration of Helsinki and was approved by the medical
ethics committee at the Kobe University Hospital (Kobe,
Japan). Because this was an observational study involving
the use of medical records, the committee waived the requirement for informed consent. The confidentiality of
patient data shall be maintained. We retrospectively
reviewed the medical records of consecutive patients
who were referred to the department of ophthalmology
for positive blood culture of Candida species between
November 2016 and October 2019. If there were multiple consultations for a single patient during the same
hospitalization, only the first one was included. Patients
whose medical records did not include the presence of
ocular involvement or details of initial antifungal therapy
were excluded.
We used the criteria described below to classify the ocular findings in accordance with previous studies [15, 17].
Proven endophthalmitis was defined as ocular lesions with
positive cultures of vitreous humor. Probable endophthalmitis was defined as vitritis, including a typical fluffy ball
extending into the vitreous cavity. Probable chorioretinitis
was defined as deep, focal, white lesions that were restricted to the chorioretinal layers. Possible chorioretinitis
was defined as other nonspecific chorioretinal lesions including retinal hemorrhage, cotton wool spots, or Roth
spots. Then, both probable endophthalmitis and probable
chorioretinitis were categorized as probable OC and possible chorioretinitis was categorized as possible OC. When
both eyes in a patient were affected, the eye with more severe OC was applied to analyses in the current study. We
reviewed the patient characteristics, isolated Candida species, details of candidemia or OC treatment, and ocular
findings. The incidence of OC was calculated as the number of patients with ocular findings that met the diagnostic
criteria of OC mentioned above.
Study objective

This study primarily aims to evaluate the factors associated with the development of probable OC in patients
with candidemia. The following potential factors were
included in multivariate logistic regression model: diabetes mellitus, malignancy (solid tumor or hematological
tumor), collagen-related disease, heart failure, kidney
failure, elevated liver enzyme, hypertension, anemia,
thrombocytepenia, neutropenia, corticosteroid use, immunosuppressive drug use, recent systemic surgery
(within the past 1 month), intravenous hyperalimentation, intravascular devices, history of ophthalmic surgery,
and β-D-glucan blood level. Information about the terms
of variable factors was collected from the medical records. Following specific conditions were also evaluated
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based on the laboratory data. Referring to the blood test
results of the closest available date to blood culture collection, we defined kidney failure as creatinine level of 1
mg/dL or higher, anemia as hemoglobin level of 11 g/dL
or lower, neutropenia as neutrophil count of less than
1500 /μL, thrombocytepenia as platelet count of less
than 100,000 /μL. Elevated liver enzyme was defined as
abnormal elevation of liver enzymes at least one of asparate transaminase (AST), alanine transaminase (ALT),
gamma glutamyl transferase (GGT) or alkaline phosphatase (ALP) with the following upper limits [24]: AST,
35 IU/L; ALT, 56 IU/L; GGT, 85 IU/L; ALP, 133 IU/L.
Corticosteroid and immunosuppressive drugs were
regarded as drug use when the patients were treated
with them over a week of systemic administration regardless of dosage. After these data were collected, each
factor was analyzed as a mono-variable. Eventually, factors associated with probable OC were analyzed using a
multivariate logistic regression model.
The secondary objective of this study was to evaluate
the relationship between initial antifungal therapy (echinocandins vs. other antifungal drugs or timing of treatment initiation) and probable OC. To investigate the
effect of the difference of initial therapy for OC, patients
who underwent antifungal therapy were divided into two
groups based on the initial treatment regimen with echinocandins or other antifungal drugs and the timing of
treatment initiation within 2 days or after 3 days from
positive blood culture collection, respectively.
Statistical analysis

All statistical analyses were performed using SPSS for
Windows software package, version 25 (SPSS Inc.,
Chicago, IL, USA). Fisher’s exact test was used to compare
categorical variables. The factors associated with the
development of probable OC were analyzed by logistic regression analysis. All variables with a P value of less than
0.2 on univariate analyses were included in the multivariate analyses as potentially relevant factors. A P value of
less than 0.05 was considered statistically significant. In
the statistical analysis, a blood β-D-glucan level less than
the limit of detection was considered to be 3 pg/mL.

Results
Patient profile and incidence of OC

There were 58 ophthalmology consultations for patients
with positive blood culture of Candida species between
November 2016 and October 2019. One patient had
lagophthalmos, and her fundus was invisible as a result
of the corneal condition. Another patient had persistent
infection of C. parapsilosis for about 1½ years at the time
of referral. These two patients were excluded from the
evaluation. Overall, 56 patients with a blood culture
positive for Candida species were included in the study.
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Table 1 presents the patients’ profiles. There were 38
male patients and 18 female patients. The mean (SD)
age at presentation was 67.6 (17.1) years, with a range of
13–90 years. The mean (SD) and the median time from
positive blood culture to referral were 5.5 (3.7) and 5
days, respectively, with a range of 0–24 days. Moreover,
44 of 56 (78.6%) patients referred to ophthalmology
within 1 week from positive blood culture. Thirty-eight
patients (67.9%) had a single fundus examination. Ocular
findings meeting the criteria of any kind of OC were detected in 18 of 56 patients (32.1%). Among them, eight
patients with probable chorioretinitis (14.3%) were categorized as probable OCs, and ten patients with possible
chorioretinitis (17.9%) were categorized as possible OCs.
There was no case of probable endophthalmitis. Because
none of our patients underwent vitrectomy or vitreous
sampling, there was also no proven endophthalmitis.
Isolated Candida species

The leading pathogens were C. albicans (23 cases,
41.1%), followed by C. parapsilosis (14 cases, 25.0%), C.
glabrata and C. tropicalis (7 cases, 12.5% in each), C.
krusei (3 cases, 5.4%), and other Candida species (2
cases, 3.6%).
Characteristic features of patients with and without
probable OC

Table 1 shows the characteristics of patients with and
without probable OC. In 18 female patients, 6 females
were among the 8 patients with probable OC (75.0%),
which is a significantly higher proportion as compared
with the 12 females among 48 patients without probable
OC (25.0%; P = 0.013). Among the 15 patients who received an immunosuppressive drug prior to candidiasis,
4 were among the 8 patients with probable OC (50.0%),
which was not statistically different as compared with 11
patients among 48 patients without probable OC (22.9%;
P = 0.123). In 18 patients with diabetes mellitus, the rate
of 3 of 8 patients with probable OC (37.5%) was not statistically different as compared with 15 of 48 patients
without probable OC (31.3%; P = 0.727). In 23 patients
with C. albicans infection, 7 cases in 8 patients with
probable OC (87.5%) was significant higher rate as compared with 16 patients in 48 patients without probable
OC (33.3%; P = 0.018).
Factors associated with probable OC

Table 2 presents the results of the logistic regression
analysis for potential factors associated with probable
OC. Univariate analyses revealed that being female and
C. albicans infection were significantly associated with
an increased risk of probable PC (univariable odds ratio
[OR], 9.0; 95% confidence interval [CI], 1.6–50.7; univariable OR, 14.0; 95% CI, 1.6–123.8, respectively),
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Table 1 Clinical characteristics of the patients with and without probable OC
P
value

Overall

Patients with probable OC

Patients without probable OC

(n = 56)

(n = 8)

(n = 48)

Age (years), mean (SD)

67.6 ± 17.1

65.9 (20.0)

69.3 (14.4)

0.759

Female, n (%)

18 (32.1)

6 (75.0)

12 (25.0)

0.013†

Malignancy, n (%)

25 (44.6)

5 (62.5)

20 (41.7)

0.282

Solid tumor

20 (35.7)

4 (50.0)

16 (33.3)

0.368

Hematological tumor

5 (8.9)

1 (12.5)

4 (8.3)

0.704

Diabetes mellitus, n (%)

18 (32.1)

3 (37.5)

15 (31.3)

0.727

Corticosteroids use, n (%)

14 (25.0)

3 (37.5)

11 (22.9)

0.384

Immunosuppressive drug use, n (%)

15 (26.8)

4 (50.0)

11 (22.9)

0.123b

Neutropenia, n (%)

5 (8.9)

1 (12.5)

4 (8.3)

0.704

Recent systemic surgery (within 1 month), n (%)

36 (64.3)

5 (62.5)

31 (64.6)

0.909

IVH

42 (75.0)

6 (75.0)

36 (75.0)

1.000

Intravascular devices

52 (92.9)

7 (87.5)

45 (93.8)

0.534

Blood β-D-glucan (pg/mL), mean (SD) (n = 36)

98.4 (161.5)

Blood β-D-glucan > 20 pg/mL, n (%) (n = 36)

16 (44.4)

3 (60.0)

13 (41.9)

0.655

Heart failure, n (%)

12 (21.4)

1 (12.5)

11 (22.9)

0.514

Kidney failure, n (%)

21 (37.5)

2 (25.0)

19 (39.6)

0.436

Elevated liver enzymes, n (%)

38 (67.9)

4 (50.0)

34 (70.8)

0.252

Hypertension, n (%)

21 (37.5)

3 (37.5)

18 (37.5)

1.000

Anemia, n (%)

49 (87.5)

7 (87.5)

42 (87.5)

1.000

Thrombocytopenia, n (%)

24 (42.9)

2 (25.0)

22 (45.8)

0.282

Collagen-related disease, n (%)

7 (12.5)

1 (12.5)

6 (12.5)

1.000

Previous history of ophthalmic surgery, n (%)

16 (28.6)

1 (12.5)

15 (31.3)

0.299

Candida albicans

23 (41.1)

7 (87.5)

16 (33.3)

0.018a†

Candida parapsilosis

14 (25.0)

1 (12.5)

13 (27.1)

0.392 a

Candida glabrata

7 (12.5)

0 (0.0)

7 (14.6)

Candida tropicalis

7 (12.5)

0 (0.0)

7 (14.6)

Candida krusei

3 (5.4)

0 (0.0)

3 (6.3)

Other Candida species

2 (3.6)

0 (0.0)

2 (4.2)

Candida species, n (%)

OC Ocular candidiasis, SD Standard deviation, IVH Intravenous hyperalimentation
a
Compared with other Candida species
b
Identified as potentially relevant
† Statistically significant at the P < 0.05 level

whereas the use of an immunosuppressive drug before
candidiasis had a univariable OR of 3.364 with no significance (95% CI, 0.7–15.7). These factors were identified as potentially relevant by univariate analyses.
Eventually, multivariate analyses revealed that being
female (P = 0.041; adjusted OR, 8.93; 95% CI, 1.09–72.9)
and C. albicans infection (P = 0.012; adjusted OR, 23.6;
95% CI, 1.98–281) were independent factors associated
with probable OC.
Initial antifungal therapy

Of the 56 patients, 55 were treated with systemic antifungal at referral. The only patient who did not receive

an antifungal was already treated with vancomycin for
catheter-related blood stream infection upon C. albicans
detection, and his general status was improving at that
time. Overall, 46 patients (83.6%) were treated with echinocandins (micafungin was used in all cases); 8 patients
(14.5%) were treated with fluconazole, and 1 patient was
treated with liposomal amphotericin B (L-AMB) (1.8%).
Micafungin was the most common choice of initial therapy, which was empirically selected in the patients with
fungal infection suspicion or detection. Otherwise, fluconazole was selected based on results of pathogen identification and/or antibiotics susceptibility test in 6
patients. The bases of antifungal selection based on
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Table 2 Results of logistic regression analysis of factors associated with the development of probable OC
Variable

Univariate analysis

Multivariate analysis

OR

95% CI

P value

Age per year

0.993

0.953–1.036

0.759

Sex (female/male)

9.000

1.598–50.691

0.013†

Malignancy

2.333

0.499–10.907

0.282

Solid tumor

2.000

0.442–9.056

0.368

Hematological tumor

1.571

0.153–16.182

0.704

Diabetes mellitus

1.32

0.278–6.257

0.727

Corticosteroids use

2.018

0.415–9.815

0.348

Immunosuppressive drug use

3.364

0.721–15.701

0.123a

Neutropenia

1.571

0.153–16.182

0.704

Recent systemic surgery (within 1 month)

0.914

0.194–4.301

0.909

IVH

1.000

0.178–5.632

1.000

Intravascular devices

0.467

0.042–5.140

0.534

Blood β-D-glucan > 20 pg/mL

0.655

0.138–3.472

0.457

Heart failure

0.481

0.053–4.34

0.514

Kidney failure

0.509

0.093–2.79

0.436

Elevated liver enzymes

0.412

0.09–1.881

0.252

Hypertension

1.000

0.213–4.693

1.000

Anemia

1.000

0.104–9.614

1.000

Thrombocytopenia

0.394

0.072–2.152

0.282

Collagen-related disease

1.000

0.104–9.614

1.000

Previous history of ophthalmic surgery

0.314

0.035–2.787

0.299

Candida species (Candida albicans/non-albicans)

14.000

1.583–123.79

0.018†

aOR

95% CI

P value

8.927

1.093–72.944

0.041†

2.885

0.316–26.350

0.348

23.624

1.984–281.289

0.012†

OC Ocular candidiasis, OR Odds ratio, aOR adjusted OR, CI Confidence interval, IVH Intravenous hyperalimentation
a
Identified as potentially relevant
† Statistically significant at the P < 0.05 level

medical records were unclear in remaining 2 patients
treated with fluconazole and 1 patient treated with LAMB. The incidence of probable OC was not significantly different between the groups treated with echinocandins and others (7 of 46 [15.2%] vs. 1 of 9 [11.1%];
P = 1.00; Table 3).
There were 14 patients who underwent empiric therapy with systemic antifungal administration before detection of fungus in blood culture. The remaining 41
patients were initiated on antifungal therapy based on
the detection of positive blood culture. Among these

patients, the median time from blood culture collection
to initiation of antifungal drugs was 2 days, with a range
of 1–4 days, and 39 patients started treatment within the
day of detection. There were 31 patients (75.6%) who
started treatment within 2 days and 10 patients (24.4%)
who started treatment after 3 days from positive blood
culture collection. The incidence of probable OC was
not significantly different between the groups that
started treatment within 2 days and those who started
after 3 days from positive blood culture collection (6 of
31 [19.4%] vs. 2 of 10 [20.0%]; P = 1.00; Table 3).

Table 3 Relationship between initial antifungal therapy and the development of probable OC
Patients with probable OC

Patients without probable OC

Echinocandins (n = 46)

7 (15.2%)

39 (84.8%)

Others (n = 9)

1 (11.1%)

8 (88.9%)

Antifungal (n = 55)

Initiation from blood culture collection (n = 41)
Within 2 days (n = 31)

6 (19.4%)

25 (80.6%)

After 3 days (n = 10)

2 (20.0%)

8 (80.0%)

OC Ocular candidiasis

Sakai et al. Journal of Ophthalmic Inflammation and Infection

(2021) 11:17

Clinical course

We confirmed reversing ocular findings (four complete
resolution and four incomplete resolution) in all cases of
probable OC with systemic antifungal therapy. In seven
of eight cases of probable OC who received micafungin
as initial therapy, the antifungal drug was changed to fluconazole before or after the OC diagnosis. The bases of
these antifungal switching were diagnosis of OC in 4 patients, results of pathogen identification and/or antibiotics susceptibility test (de-escalation) in 2 patients, and
unknown in remaining 1 patient. Among the cases with
possible OC, three showed improving ocular findings
(two with complete resolution and one with incomplete
resolution), three cases showed unchanged findings, and
the remaining four cases did not undergo a follow-up
examination. No cases of OC progressed to endophthalmitis with vitritis. Moreover, none of the patients required vitrectomy. The mean (SD) follow-up time was
90 (134) days for patients with probable OC and 11 (14)
days for patients with possible OC. Data on visual acuity
were available for two cases of probable OC, which
showed improvement in vision. In other cases, the visual
acuity was not correctly evaluated because of the patients’ critical status.

Discussion
In this study, 8 of 56 patients had typical ocular findings
that met the criteria of probable OC and 10 of 56 patients had nonspecific ocular findings of possible OC.
We calculated the incidence of probable OC as 14.3%.
Recently, using the same criteria, Ueda et al. [19] and
Son et al. [20] reported that the incidence of OC, except
for possible cases, was 12.8% and 16.7%, respectively,
which was similar to the incidence rate in this study.
Recently, some studies [2, 4] have shown that a change
in the distribution of Candida species from C. albicans
to Candida non-albicans is responsible for candidemia.
In a previous similar study, C. albicans was reported to
be a leading pathogen of candidemia. Nagao et al. [16]
reviewed the records of patients between 2005 and 2011,
and detected C. albicans in 52.5% of patients. Son et al.
[20] reviewed the records of patients between 2014 and
2017, and detected C. albicans in 42.2% of patients. In
our study, the leading pathogen was C. albicans, which
was detected in 41.1% of patients; this was similar to the
recent report. As for the antifungal selection of initial
treatment, a recent trend is an increase in echinocandins. Muñoz et al. [23] reviewed the records of patients
between 2010 and 2011, and found that echinocandins
were selected for 33.3% of patients. Meanwhile, Kato
et al. [18] reviewed the records of patients between 2011
and 2016, and determined that echinocandins were selected for 80.1% of patients. In our study, echinocandins
was selected for 83.6% of patients, the highest
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proportion among previous studies. Thus, our results
show the latest clinical features of OC, which are
reflected by an increase in echinocandin use as initial
treatment for candidemia.
Multivariate logistic regression analysis revealed that
C. albicans infection and female sex were independent
factors associated with probable OC. Among 8 cases of
probable OC, 7 had C. albicans involvement, which was
considered to be a significant factor associated with OC,
consistent with previous reports [16, 25]. Abe et al. [26]
also reported that C. albicans might have greater risk for
OC over other Candida species. In addition, Abe et al.
reported that ocular inflammation was more severe because of the greater cytokine/chemokine release and
concomitant recruitment of neutrophils and monocytes
in mice with C. albicans infection as compared with
Candida non-albicans infection. Some studies in the
2000s reported male sex as a predisposing factor for OC
development. Although male was reported as the majority of the patients with OC in these studies [27, 28], the
rationale for male as a predisposing factor was not clarified. More recent studies have reported that sex differences have no relevance [18, 20]. The current study is
the first to show that female sex is a factor associated
with probable OC development. The infection caused by
Candida spp. affects 70%–75% of women at least once
during their lives, and 10% of women have asymptomatic vaginal colonization with Candida spp. [29]. The
presence of Candida in the vagina, in the absence of immunosuppression or damaged mucosa, is usually not associated with any signs of disease. However, one report
showed confirmed C. albicans endogenous endophthalmitis in a 35-year-old diabetic female patient with a 1year history of severe chronic vaginal C. albicans infection [30]. That case highlighted that a number of systemic predisposing factors, such as long-standing type 2
diabetes mellitus, a recent history of admission for urinary sepsis, a recent use of broad-spectrum systemic antibiotics, and topical dexamethasone therapy in the right
eye, could result in endogenous endophthalmitis due to
vaginal candidiasis. Vaginal candidiasis most frequently
affects young women of childbearing age, whereas candiduria typically occurs in elderly, hospitalized, or immunocompromised patients [31]. Unless there are
coexisting predisposing factors, candiduria does not generally lead to invasive candidiasis. However, Suzuki et al.
reported a case of C. albicans endogenous endophthalmitis in a 51-year-old female patient with candiduria
secondary to urinary tract infection (UTI) who had had
poor control of her diabetes mellitus [32]. They suggested that performing frequent ophthalmologic examinations in patients with diabetes who have candiduria
and symptoms of a UTI is crucial due to the possibility
of developing candidemia. In the present study, as it is
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shown in Supplemental Table 1, among 7 female patients who had urine culture results, 5 patients (71.4%)
had candiduria; and among 6 female patients whose results of urinalysis prior to antifungal treatment were
available, 5 patients (83.3%) had leukocyteuria. The incidence of candiduria and leukocyteuria were higher in female than in male. Although the available data was
limited, that might support that candiduria or UTI were
relatively common conditions in female patients with
candidemia. Moreover, 8 of 18 (44.4%) women had a
history of steroid use, 9 of 18 (50.0%) women had a history of immunosuppressive drug use, and 7 of 18
(38.9%) women had diabetes mellitus (Supplemental
Table 1). Thus, the female sex might be considered a potential factor associated with OC in the presence of certain conditions.
Based on their excellent safety profile and broad
spectrum of activity [33], echinocandins are widely used
as first-line therapy for candidemia. However, they are
not recommended for patients with OC because of a
concern regarding their poor intraocular penetration [7].
Given this pharmacological aspect of echinocandins, the
utility of echinocandin therapy for ocular complications
in candidemia is conflicting. Micafungin which is the
representative drug of echinocandin, has poor penetration into the vitreous after a single intravenous injection
in animal models, although concentrations in retinachoroid and plasma exceeded the minimal antifungal inhibitory concentrations for endophthalmitis [34]. Mochizuki et al., reported micafungin levels in blood, cornea,
retina-choroid, aqueous humor, and vitreous humor in
eight eyes of 7 patients with the fungal disease who received intravenous injections of 150 to 300 mg micafungin. Though the micafungin levels in all samples
exceeded the MICs, the levels in the vitreous and aqueous humor were lower [35]. In addition, the mean vitreous
levels
of
micafungin
with
endogenous
endophthalmitis still remained low, suggesting that even
with a disrupted blood-retinal barrier, micafungin penetrated poorly into the vitreous [36]. On the other hands,
recently, some clinical studies have reported that there is
no evidence of a risk for development of OC with
echinocandin use for the initial treatment of candidemia
[20, 23]. The current study also showed that there was
no difference in the incidence of probable OC between
the groups treated with echinocandins and others. In
this study, 46 (83.6%) out of 55 patients received echinocandins as initial antifungal therapy, and then no patient
developed endophthalmitis with vitritis. While, according to Son et al. [20] and Muñoz et al. [23] reports, 90
out of 275 patients (32.7%) and 56 out of 168 patients
(33.3%) received echinocandins as initial antifungal
therapy, then 8 (3.0%) and 2 (1.2%) patients developed
endophthalmitis, respectively. Although there was a
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discrepancy in the proportion of initial use of
echinocandins, the very low incidence of endophthalmitis in this study is consistent with results from prior
studies [20, 23]. This might support the hypothesis that
echinocandins as initial therapy were not associated with
the development of endophthalmitis. In addition, no
cases of probable OC progressed to endophthalmitis
with vitritis, despite 7 of 8 cases receiving echinocandins
as initial therapy. However, because of the limitations of
available data, whether echinocandins were effective for
Candida chorioretinitis without vitreal involvement was
unclear. Although echinocandins were switched to fluconazole at time of diagnosis of OC or the de-escalation
of antifungal therapy in all cases, our results suggest
that, under appropriate ophthalmic evaluation, the initial
use of echinocandins might not have a negative impact
on the ocular prognosis in candidemia.
With regard to the timing of treatment initiation for
candidemia, recent evidence supports the importance of
earlier intervention with antifungal therapy [8, 37, 38].
Considering that the incubation time for candidemia
was reported to be about 2 days [39], the median time of
2 days from blood culture collection to antifungal therapy initiation wouldmeanthat most patients received an
early intervention for candidemia in our study. We
found no significant difference in the incidence between
the groups treated within 2 days and those treated after
3 days from positive blood culture collection, which was
attributed to the relatively unified early intervention.
The major limitation of this study was the absence of
predetermined criteria for ophthalmologic screening for
patients with candidemia. Although most of the patients
(78.6%) referred to ophthalmology within 1 week from
positive blood culture, there might be potential cases
with the ocular findings which had already disappeared
at the timing of ophthalmological examination in this
study. Moreover, the majority of the patients (67.9%)
had only a single fundus examination, and some of them
could develop OC after an examination. Furthermore,
we included only cases with candidemia who were referred to the department of ophthalmology. The rate of
ophthalmological assessment among patients with candidemia has been reported to range from 46% to 71.8%
[19, 21, 40]. Thus, we might underestimate the incidence
of OC. Other limitations included the retrospective nature of the study design and the relatively small sample
size. Our study had eight cases of probable OC, which
may have limited the statistical power. Finally, the evaluation of visual acuity was limited because of the critical
status of most of the patients in this study. We expected
future studies involving large sample sizes with unified
early ophthalmology referral and multiple ophthalmological examinations to validate our findings in this
study. Additionally, in the current study, echinocandins
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were changed to fluconazole in all cases of probable OC
before or after diagnosis. This fact might have made a
considerable contribution to the preferable prognosis.
Further studies that include an increased number of
cases which treated with echinocandins are needed to
investigate the impact of echinocandin use for OC management, including its incidence and prognosis. The investigation in this study was mainly performed for
probable OC, because possible OC might include ocular
lesions, which have different etiologies from Candida infection, such as ischemia and hypertension, leading to a
concern of overdiagnosis among patients with possible
OC [19].
In conclusion, probable OC was developed in about
one-seventh of patients with candidemia. The presence
of C. albicans infection and female sex could be significant factors associated with the development of OC in
patients with candidemia. Therefore, careful ophthalmologic management might be recommended for patients
with candidemia, especially in female patients or those
patients with C. albicans involvement. Echinocandins
had no correlation with OC development. In addition,
when an alternative therapy of echinocandins is appropriately considered at the time of diagnosis of OC or
with de-escalation of antifungal therapy, the initial use
of echinocandins might not be associated with any concerns regarding ocular prognosis.
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