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Background. The Infectious Diseases Society of America recommends a screening dilated retinal examination by an
ophthalmologist for all patients with candidemia. Conversely, the American Academy of Ophthalmology recommends against
routine screening in patients with candidemia without symptoms.

Methods. In a collaborative effort between infectious diseases and ophthalmology, we examined the incidence of ocular
complications in 308 patients with candidemia and subsequently measured the rate of fundoscopic examinations, risk factors
for ocular complications, management changes, and outcomes.

Results. Among those who received fundoscopic exams, findings suspicious for ocular candidiasis were found in 12 patients
(8%, 12/148). After independent review by ophthalmology and infectious diseases, 3 patients were found to have alternate
pathologies that explained their ocular findings. Nine patients (6%, 9/148) were adjudicated as having presumed Candida
chorioretinitis. Of these 9 patients, 4 (44%) were asymptomatic, and 2 (22%) were unable to declare symptoms. No patients were
definitively determined to have Candida endophthalmitis. Ocular candidiasis was not found to have a statistically significant
association with symptoms or comorbidities. Ocular candidiasis was more likely to be found at ophthalmology exams >7 days
from first positive Candida blood culture. The number needed to screen to detect presumed Candida chorioretinitis among
asymptomatic patients was 20.

Conclusions. Based on the available evidence and high risk of morbidity of eye involvement, continued ophthalmological screens
seem prudent, but a definitive consensus was found to be challenging given a lack of outcome data. Additional investigations are
warranted. Ophthalmology screenings have a higher sensitivity at >7 days from positive blood culture.
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Graphical Abstract

Do Patients With Candidemia Need an Ophthalmologic Examination?

Lehman et al, 2024 | Open Forum Infectious Diseases

patients with candidemia has been under examination.

Ocular candidiasis is a described complication of candidemia, manifestations ranging from chorioretinitis (involvement of choroid and
retina alone) to endophthalmitis (chorioretinitis with involvement of the vitreous). Of late, the need for ophthalmological screens in
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METHODS
In a collaborative effort between
infectious diseases and
ophthalmology, we examined ocular
complications in 308 patients with
candidemia in terms of incidence, rate
of fundoscopic examinations, risk
factors, management changes, and
outcomes.
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Based on the available evidence and high risk of morbidity of eye involvement, continued ophthalmological screens are
prudent, but a definitive consensus was precluded by a high 30-day mortality rate and a lack of outcome data. Additional investigations are

warranted.

https://doi.org/10.1093/ofid/ofae663

This graphical abstract is also available at Tidbit: https://tidbitapp.io/tidbits/do-patients-with-candidemia-need-an-ophthalmologic-examination-a442ceb2-1509-4ch3-

82ef-e42fcca30al9/update
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Estimates from the Centers for Diseases Control and Prevention
(CDC) suggest that ~23 000 cases of candidemia (7 per 100 000)
occur in the United States each year as of 2017 [1]. Ocular can-
didiasis is a described complication of candidemia resulting from
hematogenous seeding of the eye. However, of late the incidence
of ocular complications has been under examination. Ocular
candidiasis manifestations can range from chorioretinitis (in-
volvement of choroid and retina alone) to endophthalmitis (cho-
rioretinitis with involvement of the vitreous) [2, 3]. The
Infectious Diseases Society of America (IDSA) recommends a
screening dilated retinal examination by an ophthalmologist
for all patients with candidemia [4]. On the contrary, the
American Academy of Ophthalmology (AAO) recommends
against routine screening in patients with candidemia [5]. The
AAO supports ophthalmologic consultation for patients with
signs or symptoms suggestive of ocular infection regardless of
candidemia. This has led to uncertainty around whether oph-
thalmology screening is to be continued as a practice in patients
with candidemia and no ocular symptoms.

The IDSA guideline recommendations for screening dilated
examination were based on the need to determine the extent of
ocular involvement in cases of ocular candidiasis, which in turn
guides therapeutics [4]. In patients with candidemia without
eye involvement, the IDSA recommends treatment with an
echinocandin followed by an azole, for a total of 2 weeks after
clearance of Candida from the

documented species

bloodstream and resolution of symptoms attributable to candi-
demia. In patients with eye involvement, at least 4-6 weeks of
treatment with an azole is recommended, with the final dura-
tion depending on resolution of the lesions as determined by re-
peated ophthalmological examinations. Arguments for these
recommendations include available evidence suggesting an in-
ability of echinocandins to achieve adequate concentrations in
the vitreous body, the sight-threatening nature of disease involv-
ing the macula, and poor outcomes seen with vitreous involve-
patients with chorioretinitis with macular
involvement and those with endophthalmitis, the IDSA addi-
tionally recommends close cooperation with ophthalmologists

ment. For

for (1) injection of either amphotericin B deoxycholate or vori-
conazole into the vitreous to achieve high drug concentrations in
the posterior segment and (2) consideration of a pars plana vit-
rectomy to reduce disease burden, as needed.

The key arguments to the newer AAO guidelines include the
following: (1) the incidence of Candida endophthalmitis in
candidemia was found to be lower than historically reported
(0.9%) in a recent systematic review [6], (2) previous classifica-
tions of ocular candidiasis lacked consistency and specificity,
(3) ocular findings attributed to candidemia cannot be readily
distinguished from findings in common comorbidities, and
(4) intraocular diagnostics and therapeutics pose risks, and
the benefits are not based on strong data [5]. The AAO recom-
mends that any future recommendations be developed through
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collaborative efforts between specialists represented by oph-
thalmology and infectious diseases.

In a collaboration between infectious diseases and ophthal-
mology, we examined the incidence of ocular complications
in patients with candidemia and subsequently measured rates
of fundoscopic examination, risk factors for ocular complica-
tions, management changes, and ophthalmologic outcomes.

METHODS

We performed a retrospective review of patients with candide-
mia at an academic medical center and 11 affiliated hospitals
from a single community health system between January 2011
and June 2022. The study was approved by the Institutional
Ethical Review Board at the University of Minnesota. We includ-
ed patients of all ages who had a positive blood culture for
Candida spp. Only the first positive blood culture showing
Candida spp. during this period was included, and any subse-
quent positive cultures in unique patients were not assessed.
International Classification of Diseases, 9th and 10th Revisions
(ICD-9 and ICD-10),
Terminology (CPT) codes were used to identify patients with

lab, and Current Procedural
positive blood cultures for Candida spp. and analyze for the pres-
ence of baseline characteristics (Supplementary Table 1). Patient
charts were reviewed for ophthalmologic consultation, fundo-
scopic examination, ocular findings, antimicrobial medication
management, repeat ocular examination findings, and 30-day
mortality. Study objectives were to (1) summarize Candida en-
dophthalmitis or chorioretinitis in those with candidemia, ap-
plying rigorous definitions of each, (2) determine the
prevalence of ocular candidiasis in those with candidemia, (3)
examine factors associated with ocular candidiasis, (4) describe
outcomes including 30-day mortality and changes in medical
management in patients with ocular candidiasis, (5) evaluate
the role of signs and symptoms in predicting ocular candidiasis,
and (6) evaluate the presence of comorbidities that may explain
ocular findings in patients suspected to have ocular candidiasis.
Records of all patients with eye findings suspicious for ocular
candidiasis were independently reviewed by study team mem-
bers from infectious diseases and ophthalmology, and differenc-
es were resolved by discussion.

Based on the definitions instituted in the recent Breazzano
et al. systemic review, ocular outcomes were classified as
presumed Candida chorioretinitis if classical ocular findings
consistent with Candida chorioretinitis were present and no al-
ternative etiology could explain the ocular findings, or presumed
other chorioretinal disease if ocular findings were more sugges-
tive of alternative etiologies or were nonspecific. Presumed
Candida chorioretinitis was defined by the presence of focal,
deep, white, infiltrative, chorioretinal lesions with no evidence
of direct vitreous involvement. Chorioretinitis with extension
of the surrounding inflammation into the vitreous or vitreous

abscess manifesting as intravitreal fluff balls was designated as
presumed Candida endophthalmitis [6].

Univariate analyses were done to investigate the study findings
further. To investigate the association between potential risk
factors and ophthalmology screening (yes/no), the chi-square,
Fisher exact, and Wilcoxon rank-sum tests were used, when ap-
propriate. To investigate the association between clinical features
and ocular findings, the Fisher exact test was used. All reported
P values are 2-sided, and a significance level of .05 was used.
Statistical analyses were performed using R (version 4.1.2;
R Core Team).

RESULTS

We included 308 patients with a first blood culture positive for
Candida species during the defined study period. The cohort
was 50% female and had a median age (range) of 57.9 (0.0-
94.8) years. Forty-two percent required a critical care stay,
33% required a central venous catheter, and 79% received anti-
biotics within 30 days before positive culture. Many patients
had chronic preexisting conditions such as hypertension
(74%), diabetes (40%), or renal disease (42%). The 30-day mor-
tality rate was at 34%. Less than half of the patients (48%, 148/
308) received a dilated fundoscopic ophthalmologic examina-
tion. In patients without an examination, 46% died within 30
days of positive culture vs 22% among those with an examina-
tion (P <.001, Table 1). The median age was 61 years in pa-
tients who did not receive an ophthalmology screen,
compared with 53 years in those who did (P <.001). Patients
at the university adult and children’s hospitals were more likely
to have had an ophthalmology screen than patients at the com-
munity hospitals (P <.001). Patients who had symptoms were
more likely to receive an ophthalmology screen (P <.001).
Patients who received an ophthalmology screen were also
more likely to have Candida endocarditis and to have needed
central venous access, had neutropenia, or received antibiotics
in the 30 days before positive blood culture (P < .05 for all).
Abnormal ocular findings concerning for possible ocular
Candida complications including chorioretinitis and/or en-
dophthalmitis were found in 12 patients (8%, 12/148) (Table 2).

After review of the cases by the study team, 2 of these patients
were determined to have presumed other chorioretinal disease
due to characteristics of lesions suggesting an alternative etiol-
ogy (Table 2). One patient who had a questionable diagnosis of
Candida endophthalmitis, due to coexisting bacterial endoph-
thalmitis, and negative Candida intravitreal cultures in the set-
ting of having received systemic and intravitreal antifungals
was excluded from subsequent analyses. This was the only pa-
tient who had intravitreal cultures performed and underwent
intraocular therapeutics and surgery (enucleation). All the
remaining 9 patients (6%, 9/148) had presumed Candida
chorioretinitis.
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Table 1. Comparison of Risk Factors by Ophthalmology Screening for Patients With Positive Candida Blood Culture

Patients With Ophthalmology Patients Without Ophthalmology P
Variable Screening (n=148) Screening (n=160) Value®
Sex, No. (%) .820
Female 73/148 (49.3) 81/160 (50.6)
Male 75/148 (50.7) 79/160 (49.4)
Age <.001
Mean (SD), y 47.4 (21.9) 57.5(18.8)
Median (range), y 53.1 (0.0-86.6) 61.1(6.2-94.8)
Hospital location, No. (%) <.001
Community Hospitals 17/148 (11.5) 60/160 (37.5)
University Children’s Hospital 20/148 (13.5) 7/160 (4.4)
University Adult Hospital 111/148 (75.0) 93/160 (58.1)
Symptoms, No. (%) <.001
Yes 23/148 (15.5) 4/160 (2.5)
No 81/148 (54.7) 91/160 (56.9)
Unable to ask 44/148 (29.7) 42/160 (26.2)
Not asked 0/148 (0.0) 23/160 (14.4)
Candida species, No. (%) .666
Candida albicans 57/148 (38.5) 72/160 (45.0)
Candida dubliniensis 5/148 (3.4) 7/160 (4.4)
Candida glabrata 38/148 (25.7) 39/160 (24.4)
Candida guilliermondii 2/148 (1.4) 3/160 (1.9)
Candida kefyr 2/148 (1.4) 1/160 (0.6)
Candida krusei 3/148 (2. ) 5/160 (3.1)
Candida lusitaniae 2/148 (1. 5/160 (3.1)
Candida parapsilosis 27/148 (1 8.2) 22/160 (13.8)
Candida pelliculosa 1/148 (0.7) 0/160 (0.0)
Candida tropicalis 11/148 (7.4) 6/160 (3.8)
ICU during admission, No. (%) 65/148 (43.9) 63/160 (39.4) 419
Candida endocarditis, No. (%) 8/148 (5.4) 0/160 (0.0) .003
Diabetes before positive culture, No. (%) 58/148 (39.2) 65/160 (40.6) 797
Hypertension before positive culture, No. (%) 113/148 (76.4) 115/160 (71.9) 371
AKI or CKD 30 d before admission and through positive culture, 60/148 (40.5) 68/160 (42.5) 727
No. (%)
Prematurity at any time, No. (%) 4/148 (2.7) 0/160 (0.0) .052
Cirrhosis before positive culture, No. (%) 22/148 (14.9) 18/160 (11.2) .346
Neutropenia 30 d before admission and through positive culture, 23/148 (15.5) 10/160 (6.2) .008
No. (%)
Bacteremia 30 d before admission and through positive culture, 52/148 (35.1) 45/160 (28.1) .186
No. ((yo)
Anemia 30 d before admission and through positive culture, No. 77/148 (52.0) 70/160 (43.8) 146
(%)
Thrombocytopenia 30 d before admission and through positive 29/148 (19.6) 22/160 (13.8) .168
culture, No. (%)
Antibiotics 30 d before admission and through positive culture, 124/148 (83.8) 118/160 (73.8) .032
No. (%)
Immunosuppressant 30 d before admission and through positive 19/148 (12.8) 14/160 (8.8) 247
culture, No. (%)
Chemotherapy 30 d before admission and through positive 13/148 (8.8) 10/160 (6.2) .398
culture, No. (%)
Central venous access 30 d before admission and through 60/148 (40.5) 41/160 (25.6) .005
positive culture, No. (%)
Mortality within 30 d of positive culture, No. (%) 32/148 (21.6) 74/160 (46.2) <.001

Abbreviations: AKI, acute kidney injury; CKD, chronic kidney disease; ICU, intensive care unit.

#To investigate the association between potential risk factors and ophthalmology screening, the chi-square, Fisher exact, and Wilcoxon rank-sum tests were used.

Patients with presumed Candida chorioretinitis were more
likely to have had the eye exam >7 days into candidemia
(P<.05) (Table 3). No statistically significant clinical risk

factors for development of ocular candidiasis were found.
The majority of patients with presumed Candida chorioretini-
tis had a change in management (78%, 7/9) from an
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Table 3. Clinical Features of Patients With and Without Ocular Candidiasis Among Those who Received Ophthalmology Screenings

All Patients With Ophthalmology Patients With Ocular Patients Without Ocular P
Variable Screening (n = 147°) Candidiasis (n=9) Candidiasis (n = 138°) Value®
Symptoms, No. (%) 712
Yes 22/147 (15.0) 2/22 (9.1) 20/22 (90.9)
No 81/147 (55.1) 4/81 (4.9) 77/81 (95.1)
Unable to ask 44/147 (29.9) 3/44 (6.8) 41/44 (93.2)
Candida species, No. (%) .390
Candida albicans 57/147 (38.8) 4/57 (7.0) 53/57 (93.0)
Candida dubliniensis 5/147 (3.4) 1/5 (20.0) 4/5 (80.0)
Candida glabrata 37/147 (25.2) 2/37 (5.4) 35/37 (94.6)
Candida guilliermondii 2/147 (1.4) 0/2 (0.0) 2/2 (100.0)
Candida kefyr 2/147 (1.4) 0/2 (0.0) 2/2 (100.0)
Candida krusei 3/147 (2.0) 0/3 (0.0) 3/3 (100.0)
Candida lusitaniae 2/147 (1.4) 0/2 (0.0) 2/2 (100.0)
Candida parapsilosis 27/147 (18.4) 0/27 (0.0) 27/27 (100.0)
Candida pelliculosa 1/147 (0.7) 0/1 (0.0) 1/1 (100.0)
Candida tropicalis 11/147 (7.5) 2/11 (18.2) 9/11 (81.8)
ICU during admission, No. (%) 65/147 (44.2) 6/65 (9.2) 59/65 (90.8) .184
Candida endocarditis, No. (%) 8/147 (5.4) 1/8 (12.5) 7/8 (87.5) 404
Diabetes before positive culture, No. (%) 57/147 (38.8) 5/57 (8.8) 52/57 (91.2) 310
Hypertension before positive culture, No. (%) 112/147 (76.2) 7/112 (6.2) 105/112 (93.8) >.999
AKI or CKD 30 d before admission and through 59/147 (40.1) 6/59 (10.2) 53/59 (89.8) 157
positive culture, No. (%)
Prematurity at any time, No. (%) 4/147 (2.7) 0/4 (0.0) 4/4 (100.0) >.999
Cirrhosis before positive culture, No. (%) 22/147 (15.0) 2/22 (9.1) 20/22 (90.9) .624
Neutropenia 30 d before admission and through 22/147 (15.0) 2/22 (9.1) 20/22 (90.9) .624
positive culture, No. (%)
Bacteremia 30 d before admission and through 51/147 (34.7) 2/51 (3.9) 49/51 (96.1) 497
positive culture, No. (%)
Anemia 30 d before admission and through positive 76/147 (51.7) 4/76 (5.3) 72/76 (94.7) 739
culture, No. (%)
Thrombocytopenia 30 d before admission and 28/147 (19.0) 2/28 (7.1) 26/28 (92.9) .681
through positive culture, No. (%)
Antibiotics 30 d before admission and through 123/147 (83.7) 8/123 (6.5) 115/123 (93.5) >.999
positive culture, No. (%)
Immunosuppressant 30 d before admission and 19/147 (12.9) 2/19 (10.5) 17/19 (89.5) .328
through positive culture, No. (%)
Chemotherapy 30 d before admission and through 13/147 (8.8) 2/13 (15.4) 11/13 (84.6) 182
positive culture, No. (%)
Central venous access 30 d before admission and 59/147 (40.1) 5/59 (8.5) 54/59 (91.5) 485
through positive culture, No. (%)
Mortality within 30 d of positive culture, No. (%) 32/147 (21.8) 2/32 (6.2) 30/32 (93.8) >.999
Days to eye exam, No. (%) .035
<7d 112/147 (76.2) 4/112 (3.6) 108/112 (96.4)
>7d 35/147 (23.8) 5/35 (14.3) 30/35 (85.7)
Days of positive blood culture, No. (%) 728
<2d 55/147 (37.4) 4/55 (7.3) 51/55 (92.7)
>2d 92/147 (62.6) 5/92 (5.4) 87/92 (94.6)
Mean (SD), d 4.0 (5.1) 6.3 (8.3) 3.9(4.8) 158
Median (range), d 2.0 (1.0-39.0) 2.0 (1.0-23.0) 2.0 (1.0-39.0)

Abbreviations: AKI, acute kidney injury; CKD, chronic kidney disease; ICU, intensive care unit.

“To investigate the association between clinical features and ocular findings, Fisher exact tests were used.

®One patient who had a questionable diagnosis of Candida endophthalmitis, due to coexisting bacterial endophthalmitis, and negative Candida intravitreal cultures in the setting of having
received systemic and intravitreal antifungals was excluded from analysis.

echinocandin-based regimen to an azole-based regimen, or to a

longer duration of azoles. Most of the patients (67%, 6/9) with

presumed Candida chorioretinitis were transitioned to comfort

care and died within 8 weeks of initial candidemia. Among the

patients with ocular findings, only 50% (6/12) underwent re-

peat fundoscopic examination. Among these, 3 patients who

had been transitioned to an azole demonstrated resolved find-

ings, 2 patients who had remained on an echinocandin showed
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lesions that were without improvement, and 1 patient who did
not receive a fluconazole prescription as intended at discharge
demonstrated worsening ocular disease. Of the 9 patients with
presumed Candida chorioretinitis, 4 patients (44%, 4/9) were
asymptomatic, 3 patients (33%, 3/9) were symptomatic, and 2
patients (22%, 2/9) were unable to declare symptoms. The 4
asymptomatic patients with presumed Candida chorioretinitis
were found by screening 81 asymptomatic patients with candi-
demia, making the number of asymptomatic candidemia pa-
tients needed to screen (NNS) to find 1 patient with
presumed Candida chorioretinitis equal to 20 (absolute risk
reduction [ARR] = 4/81 =4.9; NNS=1/ARR =1/4.9 =20.4).

DISCUSSION

The systematic review by Breazzano et al., which serves as the
basis for new AAO recommendations, considers the incidence
of Candida ophthalmologic complications to be overestimated
in historical medical literature [5, 6]. New definitions and rec-
ognition of confounding clinical variables are described as the
basis for the determination of overestimation. Breazzano et al.
defines concordant Candida endophthalmitis as Candida cho-
rioretinitis with extension of the surrounding inflammation
into the vitreous or vitreous abscess manifesting as intravitreal
fluff balls, whereas discordant Candida endophthalmitis in-
cludes examination with nonspecific ocular findings and those
without vitreous involvement, thus overlapping with choriore-
tinitis. Descriptive definitions such as these pose challenges to
systematic and retrospective reviews as outcomes depend on
subjectivity and quality in documentation of the fundoscopic
examination. Breazzano et al. found incidence rates of concor-
dant endophthalmitis to be at 0.9% and discordant endophthal-
mitis rates to be at 14.9%. However, a recent meta-analysis by
Phongkhun et al. found a 10.7% pooled prevalence of ocular
candidiasis, with the prevalence of concordant Candida
endophthalmitis being 1.8%, and a 3.6% pooled prevalence
among studies from Asian countries [7]. In the CANDIPOP
prospective, multicenter candidemia surveillance study in
Spain, a post hoc analysis found that only 46% (168/365) re-
ceived a fundoscopic examination, of which 7.7% (13/168)
had ocular lesions associated with ocular candidiasis [8].
Probable Candida endophthalmitis occurred in 1.2% (2/168)
of patients in the CANDIPOP study, probable Candida
chorioretinitis was present in 4.8% (8/168) of patients, and pos-
sible Candida chorioretinitis (with possible alternate causes of
eye findings, such as diabetes, hypertension, or concomitant
bacteremia) was found in 1.8% (3/168) of patients. Our study
adhered to stringent definitions of ocular candidiasis as recom-
mended by Breazzano et al. and found a 6% (9/148) incidence
of presumed Candida chorioretinitis and no cases of definitive
Candida endophthalmitis among the cohort that received fun-
doscopic examination. Differing rates in these studies can likely

be attributed to the inability of cases included in retrospective
reviews to consistently meet definitive definitions. The inci-
dence of Candida ophthalmologic complications cannot truly
be known unless studies perform fundoscopic screening in
a prospective manner with documentation consistent with
the new definitions.

Rapid initiation of targeted systemic antifungal therapy can
reduce risk of Candida ophthalmologic complications; how-
ever, the optimal antifungal regimen remains largely
uncharacterized for both Candida chorioretinitis and en-
dophthalmitis. Seventy-eight percent (7/9) of patients in our
cohort with presumed Candida chorioretinitis underwent a
change in antimicrobial therapy per IDSA guidance [4].
While echinocandins are the initial antifungal deployed in
candidemia, azole therapy has been described to have superior
vitreal penetration, specifically with voriconazole in tissue
studies [9]. The choroid plexus is a highly vascular tissue
and hence theoretically allows for the possibility of vitreal
penetration of echinocandins in Candida chorioretinitis
with the enhanced breakdown of blood-retinal integrity [5].
This theory is not supported in observational clinical studies.
The CANDIPOP study demonstrated resolution of ocular
complications in 1 patient treated with micafungin; however,
all other patients received a regimen that contained systemic
fluconazole for varying durations [8]. In our study, 3 patients
who had been transitioned to an azole demonstrated resolved
findings, and 2 patients who remained on an echinocandin
showed lesions that remained without improvement. The sys-
tematic review by Breazzano et al. demonstrated no treatment
failures in surviving patients or those with repeat examina-
tion; however, the majority of these patients received regi-
mens based on azoles and amphotericin B [6]. Small
retrospective reviews suggest no correlation between ocular
candidiasis and initial use of echinocandins in candidemia,
and 1 study suggests that echinocandins may reduce ocular
candidiasis risk [10, 11]. No clinical efficacy data on use of
echinocandins in Candida ocular disease can be extrapolated
from such small observational numbers. Candida spp. with
intrinsic or high rates of resistance to azoles, such as C. krusei
and C. glabrata, are another consideration. Among our pa-
tients with presumed Candida chorioretinitis, we had 2 pa-
tients with C. glabrata, both of whom were treated with
voriconazole, and no patients with C. krusei. Voriconazole
has been reported to exhibit in vitro activity against
Candida species resistant to fluconazole and itraconazole,
but clinical efficacy needs to be further elucidated [9, 12,
13]. Another recent collaborative review by infectious disease
and ophthalmology providers acknowledges that evidence to
support or refute use of echinocandins in ocular candidiasis
is inconclusive [3]. Additional studies are warranted, but as
echinocandins remain the recommended initial agent in can-

didemia, and as recommended duration of treatment differs
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(2 weeks vs 4-6 weeks minimum) based on absence or pres-
ence of ocular findings, fundoscopic examination remains im-
portant to determine the possibility of ocular complications
and guide therapy changes.

Both the AAO and IDSA recommend fundoscopic screening
in symptomatic patients [4, 5]. Within our cohort with
presumed Candida chorioretinitis, the majority of patients were
asymptomatic (44%, 4/9) or unable to declare symptoms (22%,
2/9). These findings are similar to those of the CANDIPOP study,
where 92% (12/13) of the patients with ocular candidiasis
were asymptomatic [8]. As such, significant amounts of ocular
Candida complications would be missed if screening were limited
to those with symptoms or those unable to declare symptoms. In
fact, within our cohort of asymptomatic patients, the number
needed to screen to find 1 case of ocular Candida chorioretinitis
was 20. As such, identification of risk factors for ocular candidi-
asis remains important if selective screening is limited to only
symptomatic patients. Previous literature correlates risks factors
or predictors of ocular candidiasis to include C. albicans identifi-
cation, prolonged positive cultures, presence of central venous
catheters, prematurity in age, and immunocompromised states
[14, 15]. The recent meta-analysis by Phongkhun et al. failed to
identify predictors outside of C. alibicans spp. (pooled odds ratio
[pOR], 3.02; 95% CI, 1.67-5.46; P < .01) and TPN (pOR, 6.92;
95% CI, 3.58-13.36; P < .01) [7]. However, other studies includ-
ing our cohort have been unable to identify any significant clin-
ical predictors for ocular candidiasis; thus, overall predictors are
poorly defined, and triaging asymptomatic patients remains un-
validated [16].

A striking result in our study is the 67% mortality rate at 8
weeks seen in patients with presumed Candida chorioretinitis.
Patients with candidemia tend to be an inherently critically ill
population, with mortality rates up to 50% reported in the lit-
erature [17]. Our cohort of patients with candidemia was se-
verely ill as well, with a 34% 30-day mortality and significant
comorbidities. One can hypothesize that the subset with candi-
da chorioretinitis was likely to be even sicker. Reported risk fac-
tors for ocular candidiasis often include markers of critical
illness, such as prolonged positive cultures, and presence of
central venous catheters [14, 15]. Ocular candidiasis has also
been described as a marker of disseminated candidiasis [3].
Among patients with presumed Candida chorioretinitis, only
56% (5/9) underwent repeat fundoscopic examination. Of the
remaining patients, 3 were transitioned to comfort care before
an exam could be done, and 1 patient was lost to follow-up.
Multicenter studies that can generate larger numbers and sub-
sequently analyze clinical outcomes are essential to better deci-
pher optimal management strategies for the spectrum of ocular
candidiasis disease.

We also found that patients who received eye exams >7 days
from first positive blood culture were more likely to have findings
suggestive of ocular candidiasis. IDSA guidelines currently

recommend eye exams in all patients with candidemia within
the first week of therapy in non-neutropenic patients [4]. For neu-
tropenic patients, it is recommended to delay the examination un-
til neutrophil recovery. Sakamoto et al. have previously described
patients with candidemia who showed no abnormal findings dur-
ing a first ophthalmologic examination <7 days but who were di-
agnosed with ocular candidiasis during a second examination >7
days [15]. Others have recommended that the fundoscopy be per-
formed at least 1 week after the onset of therapy in candidemia
patients without visual symptoms to increase its sensitivity to de-
tect ocular candidiasis [18]. Our study also suggests value in con-
sidering delayed or repeat eye exams. However, a consideration of
delayed exams has to be carefully weighed against the risks of not
identifying ocular involvement early.

Most patients did not receive an ophthalmologic fundo-
scopic examination, and thus the incidence of ocular candidia-
sis cannot truly be known based on these data. The rate of
ophthalmologic examination in our study was similar to that
of the CANDIPOP study in Spain, which found that only
46% received an ophthalmologic exam [8]. One hypothesis
for the low rates of exam, based on what we see in practice, is
that ophthalmology referrals were often intended for an outpa-
tient consultation at discharge, but these did not occur if the pa-
tient died before discharge or if the patient was lost to
follow-up. This is corroborated by our finding that in patients
without an examination 46% died within 30 days of positive
culture vs 22% among those with an examination (P <.001).
The availability of ophthalmology resources at academic vs
community hospitals is another factor likely at play here. We
found that patients at the university adult and children’s hospi-
tals were more likely to have had an ophthalmology evaluation
than patients at the community hospitals (P < .001). At our ac-
ademic centers, there is usually an in-patient ophthalmology
consultation service available. Residents and retina fellows
help with the consultations, supervised by an attending oph-
thalmologist. The availability of ophthalmology services in
community hospitals can vary widely—some may have a con-
sulting ophthalmologist while others may not, in which case
a referral to an academic center maybe needed when an oph-
thalmology evaluation is required, which often relies on bed
availability and risk-benefit determinations for transfer
decisions.

Among those who received ophthalmology exams in our
cohort, 76% did so <7 days from onset of candidemia, which
could have affected the sensitivity of the ophthalmology
screens. Screening of patients being performed by multiple ex-
aminers could also have skewed the fundus exam descriptions.
Furthermore, none of the patients had ophthalmology fundus
images to corroborate the description of the clinical findings.
Additionally, we defined ocular findings as presumed Candida
chorioretinitis and presumed other chorioretinal disease given
that definitive ocular candidiasis cannot be proven without
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positive intravitreal cultures. However, intravitreal cultures are
rarely done in clinical practice, and none of our patients with
presumed Candida chorioretinitis had an intravitreal culture
done, which limited the ability to meet this definitive definition.
Finally, the high incidence of 30-day mortality and lack of
follow-up exams in 50% of patients precluded the determination
of meaningful clinical outcomes of ophthalmology screenings.

Unique in this study is the collaboration between infectious
diseases and ophthalmology specialties, independent chart re-
views by each specialty, and subsequent extensive analysis
and discussion of results and determination of value. The pro-
cess led to shared knowledge, widened perspectives between
both specialties, and strengthened collaboration to develop sys-
tematic approaches to clinical operations as it pertains to infec-
tious ocular diseases.

This study has certain limitations. Cohort and risk factor de-
termination was facilitated by lab, ICD-9, ICD-10, and CPT co-
des with subsequent chart review, with the inherent possibility
of missing some elements in this retrospective methodology.
Furthermore, analysis of the first candidemia blood culture al-
lowed for a defined correlation to ocular candidiasis; however,
often the clinical care of patients with candidemia is more com-
plex, with multiple incidents of candidiasis over time, which
likely impact development of ocular complications.

CONCLUSIONS

Based on the available evidence and high risk of morbidity of
eye involvement, continued ophthalmological screenings
seem prudent, but we found a definitive consensus to be chal-
lenging given the high 30-day mortality and inability to obtain
outcome data in 50% of patients in our study [19]. Ocular
candidiasis was more likely to be diagnosed >7 days from can-
didemia onset. Interdisciplinary discussions and decisions in-
volving ophthalmology and infectious diseases at the national
level can help inform best practices for screening eye exams
in patients with candidemia until more definitive evidence is
available. Future studies could evaluate ocular photography
and teleophthalmology as screening strategies [3] that could
be particularly helpful in low-resource settings and at institu-
tions without ophthalmology consultation. Prospective, multi-
center studies need to focus on clarifying preferred treatments
and providing equitable ophthalmologic access [19].
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