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ABSTRACT

BACKGROUND: National consensus guidelines outline recommendations for best practices in treating patients with candidemia. This study
evaluated the impact of receiving care adherent to the best practice recommendations on clinical outcomes in patients with candidemia.

METHODS: This retrospective, multicenter study included patients with candidemia from 2010 to 2015 at 9 hospitals. The primary outcome
was the composite of 30-day in-hospital mortality and 90-day candidemia recurrence. Outcomes were compared between those receiving
and not receiving care adherent to the guideline recommendations. Inverse probability weights with regression adjustment were utilized to
determine the average treatment effect of adherent care on the composite outcome

RESULTS: 295 patients were included with 14.2% meeting criteria for the composite outcome (11.9% mortality and 2.4% recurrence). The
average treatment effect of adherent care was not significant (P=.75). However, receiving appropriate initial antifungal treatment and central
venous catheter removal were both associated with the composite (average treatment effect of -17.5%, P=.011 and —8.8%, P=.013, respec-
tively). In patients with a source of infection other than the central line, central venous catheter removal was not associated with the compos-
ite (P=.95). The most common reason for failure to receive appropriate initial antifungal treatment was omission of the loading dose.

CONCLUSIONS: Central venous catheter removal and appropriate initial antifungal treatment were associated with a lower incidence of the
composite of mortality and recurrence. Additional studies are needed to determine the optimal duration of therapy following candidemia

clearance.
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Introduction
Candidemia is a major healthcare burden representing the
fourth most common cause of healthcare-associated blood-
stream infections.»? Candidemia increases healthcare costs and
has an estimated mortality of 30%.3° Appropriate manage-
ment of this infection can be challenging due to complicated
and comorbid patients, the increasingly common isolation of
drug-resistant species, and the need to identify and remove the
source of infection.n7:8

National consensus guidelines for management of invasive
candidiasis were updated in 2016 by the Infectious Diseases
Society of America (IDSA).”? The guidelines recommend
multiple best practices for managing patients with candidemia:
appropriate initial antifungal treatment, repeat blood cultures
to confirm bloodstream clearance, treatment duration of at
least 14 days from bloodstream clearance, central venous cath-
eter removal, and ophthalmological examination for screening
of endophthalmitis.” Several of these recommendations are
controversial and based on expert opinion.” Studies have exam-
ined the impact of several of these best practice recommenda-
tions on clinical outcomes; however, data are extremely limited

on the impact of adherence to the recommendations collec-
tively.!0 This study evaluated the impact of receiving care
adherent to the best practice recommendations on clinical out-
comes in patients with candidemia.

Methods
Study design and setting

This was a multicenter retrospective cohort study conducted at
2 health-systems located in Orlando, Florida, USA and
Portland, Oregon, USA from January 2010 to June 2015.These
systems comprise 9 hospitals with 2820 total beds. Hospital
bed size ranges from 95 to 808 beds. These hospitals are diverse
and include one major academic, 3 community-teaching, and 5
community non-teaching medical centers. While multiple pro-
tocols and guidelines are available for management of various
infectious diseases, no hospital provided guidance specific to
candidemia. In both health-systems, it is common practice to
collect both an anaerobic and aerobic blood culture from 2 dis-
tinct sites for patients with suspicion of bloodstream infection.
All aspects of treatment of candidemia were at the discretion of

@ @@ Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial
4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without
further permission provided the original work is attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).


https://uk.sagepub.com/en-gb/journals-permissions
mailto:Brigg.turner@pacificu.edu
mailto:Brigg.turner@pacificu.edu

Infectious Diseases: Research and Treatment

the primary treating practitioner. Bedside infectious diseases
consultation was available to all patients upon request of the
primary treating practitioner. Outcomes were compared in
those that received care adherent to the guideline recommen-
dations and those that received non-adherent care. The Legacy
Health Institutional Review Board (LHS81520161) and
Arnold Palmer Medical Center Institutional Review Board
(831507-1) approved this study. The study was granted an

exemption of informed consent by both approving boards.

Eligible patients

All patients 18years or older with at least one blood culture
positive for Candida species were screened for inclusion.
Patients were excluded if they were discharged, died, had status
changed to palliative care, or left against medical advice within
48hours of blood culture collection.

Definitions

Mortality was defined as in-hospital, all-cause death within
30days of the last dose of antifungal agent. Recurrence was
defined as candidemia after initial bloodstream clearance within
90days of the original index culture. Adherence was defined as
care in accordance with the guideline recommendations (exclud-
ing ophthalmologic examination) as follows:” (1) proper antifun-
gal selection initiated within 48hours of culture positivity
including appropriate loading and maintenance doses (see
Appendix); (2) repeat blood cultures at least every other day until
bloodstream clearance; (3) at least 14-day treatment duration
after documented bloodstream clearance; and (4) removal of cen-
tral venous catheters (CVC). While routine ophthalmologic
examination is recommended, it may not be needed in all patients
and is unlikely to affect mortality and was therefore excluded.
Additionally, as early death can prevent adherence to some guide-
line recommendations (ophthalmologic examination, appropriate
duration of therapy, and repeat blood cultures until clearance),
“adherence to initial recommendations” was examined and
defined as adherence to appropriate initial antifungal treatment
and CVC removal (recommendations that could be achieved
regardless of time to death).!! In patients that died during hos-
pitalization, adherence to treatment duration was not determined
except in patients that received at least 14days of therapy after
bloodstream clearance. Pitt bacteremia score was calculated as
described previously.’? Acute kidney injury was determined by
the RIFLE criteria.!3 Index culture was defined as the first blood
culture collected that was positive for Candida. Length of stay
was not calculated in patients that died during hospitalization.

Outcomes

The primary outcome was the composite of recurrence and
mortality. Secondary outcomes included mortality, recurrence,
hospital length of stay, and time to bloodstream clearance.

Statistical analysis

Assuming the non-adherent group would have a 35% inci-
dence of the composite outcome, 275 patients were required to
have an 80% power to detect a 50% lower incidence in the
adherent group (this assumes approximately 25% of patients
would receive guideline adherent care!?). Baseline characteris-
tics between the non-adherent and adherent groups were com-
pared by chi-squared, Fisher’s exact, Student’s r-test, or
Wilcoxon rank-sum test as appropriate. As substantial differ-
ences in the baseline and clinical characteristics between groups
was possible, we performed univariate analysis to determine
variables associated with the likelihood of receiving adherent
care. Variables with P<<.2 were included in a backward step-
wise logistic regression model with Huber-White sandwich
estimators with P<<.2 set for retention. Manual evaluation of
interaction terms was conducted and included if found to be
significant. Variables identified by this model were used to cal-
culate propensity scores for receipt of adherent care.!®'
Similarly, backward stepwise logistic regression was employed
to identify variables associated with the composite outcome
with P<C.05 set for retention. Inverse probability weights with
regression adjustment were utilized to determine the average
treatment effect of adherent care on the composite outcome.
This methodology was selected as it can balance covariates
between treatment groups while preserving the full data-set for
analysis.'®17 Covariate balance after propensity score weight-
ing was tested by examination of the raw and weighted differ-
ences and by an overidentification test of the full model. This
same methodology was utilized for examining the individual
guideline recommendations. All analyses were performed with

Stata version 14.2 (Stata-Corp, College Station, TX).

Results

A total of 475 patients were screened with 295 meeting criteria
for inclusion (Figure 1). Table 1 shows the baseline clinical and
demographic characteristics of the patients that received non-
adherent and adherent care. Several significant differences
were identified between groups including age, renal function,
CVC as the likely source, days in the hospital prior to diagno-
sis, and infectious diseases consultation. Approximately half of
the included patients were admitted to the intensive care unit
with approximately one-quarter requiring mechanical ventila-
tion at the time of index culture collection. Close to 90% of
patients had a central venous catheter with 67% suspected of
the line being the source of infection. Approximately half were
infected with Candida albicans and an additional one-quarter
infected with Candida glabrata. An echinocandin was used as
first line therapy in 54% of patients with almost all other
patients receiving fluconazole.

Prior to excluding patients that died within 48 hours, mor-
tality was 21.9% and consistent with previous reports.”!81% In
the final population, mortality was only 11.9% and median
time to death was 7.5days from index culture collection.
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Inpatients with at least 1
blood culture with Candida

species

n =475 Excluded patients: n = 180
Age<18 years: 18
Death within 48 hours: 38
Palliation within 48 hours: 7
Discharge within 48 hours: 116

Included in analysis Incomplete data: n=1

n =295
Exclusion from complete
adherence determination
Inability to determine
appropriateness of duration of
therapy: 9 patients

Non-complete adherence Complete adherence
n=227/286 (79.4%) n =59/286 (20.6%)

Figure 1. Flow diagram for patients included in the study.

Table 1. Demographics and clinical characteristics in the non-adherent and adherent groups.

NON-ADHERENT (N=227)2 ADHERENT (N=59)' P VALUE
Health-system location .009
Orlando, Florida 153 (67.4) 50 (84.8)
Portland, Oregon 74 (32.6) 9 (15.3)
Age, years 55.6 = 17.5 49.2+17.6 012
Male gender 113 (49.8) 33 (55.9) 40
BMI (kg/m?) 27.2+8.9 25.9+6.5 28
Admitted to an intensive care unit 101 (44.5) 29 (49.2) .52
Mechanically ventilated 50 (22.0) 15 (25.4) .58
Central venous catheter 201 (88.6) 58 (98.3) .022
Comorbidities
Immunosuppressive drugs 45 (19.8) 14 (23.7) .51
Prior systemic antibiotics 147 (64.8) 44 (74.6) 15
Receipt of chemotherapy 13 (5.7) 4 (6.8) .76
Active malignancy 56 (24.7) 11 (18.6) .33
Required dialysis 36 (15.9) 13 (22.0) .26
Receipt of parenteral nutrition 50 (22.0) 17 (28.8) .27
Recent surgery 59 (26.0) 21 (35.6) 14
Diabetes mellitus 64 (28.2) 18 (30.5) .73
History of endocarditis 9 (4.0) 5(8.5) 15
Injection drug user 29 (12.8) 7 (11.9) .85
Neutropenia 6 (2.6) 2 (3.4) .76

(Continued)



Infectious Diseases: Research and Treatment

Table 1. (Continued)

Baseline renal function (mL/min)
Pitt bacteremia score’?

Pitt bacteremia score =4

Acute kidney injury, RIFLE criteria'®
Risk
Injury
Failure

Time to antifungal initiation from culture collection, hours

Source, central-line associated
Hospital-acquired candidemia
Length of stay prior to index culture, days
Infectious diseases consultation
Species
Candidia albicans/dublinesis
Candida glabrata
Candida krusei
Candida lusitanea
Candida parapsilosis
Candida tropicalis
Initial antifungal selected
Fluconazole
Echinocandin
Amphotericin b
No treatment given

Total duration of antifungal treatment

Duration after documented bloodstream clearance

NON-ADHERENT (N=227)2 ADHERENT (N=59)' P VALUE
91.3+61.6 118.1+72.8 005
2 (1-4) 2 (0-4) 50
72 (31.7) 17 (28.8) 67
1.0
41 (18.1) 11 (18.6)
23 (10.1) 6(10.2)
19 (8.4) 4 (6.8)
431+497 38.4+216 48
148 (65.2) 49 (83.1) .008
126 (55.5) 41 (69.5) .052
4.4 (0.9-13.5) 8.8 (1.5-18.4) 027
193 (85.0) 56 (94.9) .049
.99
103 (45.4) 27 (45.8)
53 (23.4) 15 (25.4)
4(1.8) 1(17)
2(0.9) 0(0.0)
32 (14.1) 7 (11.9)
33 (14.5) 9 (15.3)
<.001
111 (48.9) 9 (15.3)
110 (48.5) 50 (84.8)
4(1.8) 0 (0.0)
2(0.9) 0(0.0)
14.9+8.9 21.3+10.6 <.0001
10.5+8.6 19.7 +10.4 <.0001

Data reported as mean * standard deviation, number (percent), or median (25th to 75th percentile).

Abbreviations: BMI, body mass index; IDC, infectious diseases consultation.

aPatients that died during therapy were excluded from these data as adherence to all guideline recommendations could not be determined.

Recurrence occurred in only 2.4% of patients with a total com-
posite outcome occurring in 14.2%.

Association of adherence to composite guideline
recommendations and clinical outcomes

Table 2 shows the overall incidence of adherence to the guide-
line recommendations. The composite outcome, mortality, and
recurrence were similar regardless of receiving care adherent to
guideline recommendations (Table 3). However, receiving
adherent care was associated with a 1.7day quicker time to

clearance of candidemia but longer total hospital stay. Factors
associated with adherent care were well-balanced after inverse
probability weighting. Multiple factors associated with the
composite outcome (Table 4) were used in the propensity-
score weighted model. After inverse probability weighting with
regression adjustment, the composite was similar in the non-
adherent and adherent groups (Table 5). Adherence to initial
recommendations (appropriate initial antifungal treatment and
CVC removal) was associated with approximately 10% lower
incidence of the composite outcome (Table 5) and lower mor-
tality (average treatment effect -6.9%, P=.037).
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Table 2. Incidence of adherence to guideline recommendations.

Complete adherence?

Adherence to initial recommendations®
Appropriate initial antifungal treatment
Repeat blood cultures at least every other day
Treatment duration of at least 14 days?

CVC removed

Ophthalmologic examination (not included in “complete adherence”)

Abbreviation: CVC, central venous catheter.

INCIDENCE (N =295)
59/286 (20.6)
181/295 (61.4)
206/295 (69.8)
172/295 (58.3)
140/274 (51.1)
225/268 (84.0)

71/295 (24.1)

aDefined as adherence to appropriate initial antifungal treatment, repeat blood cultures at least every other day, treatment of at least 14 days, and CVC removal;
adherence to treatment duration was not able to be determined for some patients that died prior to receiving 14 days of antifungal therapy.

bIncluded appropriate initial antifungal treatment and CVC removal.

Table 3. Outcomes in the non-adherent compared to the adherent group.

NON-ADHERENT (N=227)2

Composite 25 (11.0)
Mortality 20 (8.8)
Recurrence 5(2.2)

Time to clearance of candidemia, days 4.4 (2.8-6.4)

Hospital length of stay® 22 (12-35)

Data reported as number (percent) or median (25 percentile to 75 percentile).

ADHERENT (N=59)2 P VALUE
8 (13.6) 59
6 (10.2) 75
2(3.4) 60
2.7 (1.8-3.6) <.0001
29 (20-53) 010

aAdherence to treatment duration was not able to be determined for some patients that died prior to receiving 14 days of antifungal therapy.

bExcluded patients that died during hospitalization.

Table 4. Multivariate logistic regression model of variables associated with the composite outcome of mortality or recurrence.

ADJUSTED OR (95% Cl) P VALUE
Acute kidney injury?2 6.3 (2.2-18.0) .001
Active malignancy 3.0 (1.3-6.9) .010
Admitted to an intensive care unit 2.6 (1.0-6.7) .045
Infected with Candida tropicalis 3.0 (1.2-7.6) .022
Immunosuppressive drugs 2.2 (1.0-4.6) .040
Pitt bacteremia score'? 1.2 (1.0-1.4) .014
Initial treatment with fluconazole 0.35 (0.14-0.82) .017

Abbreviations: Cl, confidence interval; OR, odds ratio.
aFailure on the RIFLE criteria.'®

Association of adherence to individual guideline
recommendations and clinical outcomes

Appropriate initial antifungal treatment and CVC removal
were the only individual recommendations associated with a
lower probability of the composite outcome after propensity-
score weighting (Table 5). Of the 89 patients (30.2%) that

did not receive appropriate initial antifungal treatment, 2

(0.7%) did not receive any antifungal treatment during the
entire hospital course; 13 (4.4%) received their first dose of
antifungal therapy more than 48 hours after culture positiv-
ity; 3 (1.0%) received caspofungin without an appropriate
loading dose; 68 (23.1%) received fluconazole without a
loading dose; and 3 (1.0%) received a suboptimal fluconazole
maintenance dose. When limiting the analysis to patients
that initially received fluconazole (n=121), patients that
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Table 5. Impact of adherence to guideline recommendations on the composite of 90-day recurrence and 30-day in-hospital mortality.

AVERAGE TREATMENT EFFECT (%)

Complete adherence? 1.2
Adherence to initial recommendations® -10.7
Appropriate initial antifungal treatment -17.5
Repeat blood cultures at least every other day 1.7
Treatment duration of at least 14 days 0.8
CVC removal -8.8

Abbreviation: CVC, central venous catheter.

95% CONFIDENCE INTERVAL P VALUE
—6.4% t0 8.9% .75
-19.1% to -2.4% .01
-33.7% to —12.7% .035
-5.2% 10 8.6% .63
-5.4% 10 7.0% .61
-15.8% to -1.9% .013

aDefined as adherence to appropriate initial antifungal treatment, repeat blood cultures at least every other day, treatment of at least 14 days, and CVC removal.

bIncludes adherence to appropriate initial antifungal treatment and CVC removal.

received appropriate loading doses were less likely to suffer
the composite outcome (adjusted odds ratio 0.27, P=.20),
but this did not reach significance.

In patients with a CVC as the suspected source of infection,
removal was associated with a lower incidence of the composite
outcome (12.6% vs 30.4%, P=.023) which persisted after pro-
pensity-score weighting (removal associated with average
treatment effect of -18.8%, P<.001). Patients suffering the
composite outcome had a slower time to catheter removal than
those that did not (median 7.7 vs 2.4 days, P=.042). Of the 65
patients with a CVC with a suspected source other than the
CVC, the composite occurred with a similar frequency in those
with removal and retention (15.6% vs 15.0%, P=.95).

While 123 patients (41.7%) did not have blood cultures
taken every other day until clearance, most patients had docu-
mented negative blood cultures during the hospital admission
(86.8%). In-hospital mortality was not the main factor for fail-
ing to document negative blood cultures as those suffering
mortality only accounted for 18% of these failures.

Of the 134 patients that did not receive an appropriate
duration (see Table 2),27% received 7 days or less, 41% received
7 to 13 days, and 28% received 14 or more days of total antifun-
gal treatment; however, the latter group only received an aver-
age of 8.8days of antifungal treatment after bloodstream
clearance and therefore most did not qualify as having an
appropriate duration of treatment.

Few patients had an ophthalmologic examination (Table 2).
In those receiving care without an infectious diseases consulta-
tion, only 7.9% received this examination; however, even in
patients with an infectious diseases consultation, only 26.5%
had this examination.

Discussion

This study failed to identify a benefit to care adherent to the
2016 IDSA guidelines. However, we did identify a benefit
when care was adherent to initial recommendations (appropri-
ate initial antifungal treatment and CVC removal), which sup-
ports the guideline recommendations. We attempted to control
for bias by calculating propensity scores for receipt of adherent

care and modeling with inverse probability weights with regres-
sion adjustment. To our knowledge, this study is the largest
evaluating guideline adherence and association with clinical
outcomes.

Several studies have evaluated the impact of adherence
from previous iterations of the guidelines. In 2004, Patel and
colleagues performed a similar study by evaluating adherence
to the guidelines published in the year 2000 based on 3 crite-
ria: (1) selection of an appropriate initial antifungal; (2) CVC
removal; and (3) antifungal treatment for all patients.* They
found a mortality of 32% and overall adherence of 76%; the
latter was associated with lower mortality after controlling for
severity of illness (P=.003). Similarly, we identified a benefit
in mortality and the composite outcome in patients that
received care adherent to initial recommendations (see Table
5). In 2017, Ashong and colleagues evaluated guideline
adherence to the 2009 IDSA guidelines for management of
candidiasis in 94 patients with candidemia at a single center.!!
They found only 17% adherence to appropriate duration and
initial antifungal treatment; however, those that were adher-
ent were much less likely to die at 6weeks (0% vs 42.3%,
P=.001; overall mortality 33%). It is unclear how the authors
classified duration of therapy in those that died prior to day
14 and if that may have affected the identified difference in
mortality. As this study had few patients, the authors did not
attempt to adjust for potential confounding.

In 2020, Cardozo et al'® published an analysis examining
the impact of a practice improvement implemented (2016-
2018) in 11 hospitals in Spain. Infectious diseases specialists
identified patients with candidemia via prospective microbiol-
ogy screening and made recommendations based on a bundle
that included the guideline recommendations. Patients with
candidemia during the practice improvement period were
much less likely to suffer early and overall mortality as com-
pared to historical controls (2010-2011). This study provides
evidence to support implementation of similar best practice
bundles. However, the study did not compare patients with and
without guideline-adherent care and conclusions about indi-
vidual recommendations cannot be made. In addition, it
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is difficult to determine whether additional changes in man-
agement between the pre- (2010-2011) and post-implementa-
tion (2016-2018) periods affected the outcomes.

Similar to the finding in our study, previous studies have
identified that earlier administration of appropriate antifungal
therapy is associated with lower mortality.*71120 This conforms
to the general understanding in treatment of infectious dis-
eases.?! In accordance to the guidelines, we classified flucona-
zole as an appropriate initial choice in non-neutropenic patients
if they received an appropriate loading dose. Recently, a pro-
spective randomized controlled trial found that initial therapy
with isavuconazole (a triazole) failed to meet the definition of
non-inferiority compared to caspofungin (with step-down to
oral voriconazole therapy in close to 40% of patients).?? This
recent study, in combination with other previous reports,?3-2°
suggests that echinocandins are likely the favored initial anti-
tungal therapy regardless of patient factors or prevalence of
triazole-resistance. Our study identified a lower incidence of
the composite outcome in those receiving fluconazole as initial
therapy (see Table 4). This may represent incomplete control
for severity of illness by other covariates instead of an actual
benefit of empiric fluconazole;?? a previous retrospective cohort
study also reached this conclusion.?® Our study illustrates that
fluconazole is still frequently utilized as a first-line agent, but
often with inappropriate initial dosing (59.5% of patients
treated with fluconazole in our study did not receive the load-
ing dose). Lack of a loading dose may further affect outcome
when fluconazole is chosen for empiric therapy. Although lack
of a fluconazole loading dose itself was not statistically associ-
ated with the composite outcome in this study, it did account
for 76% of the patients who did not receive appropriate initial
antifungal therapy. Due to difficulty in appropriate dosing and
suggested greater risk of poor clinical outcome,?3?* we believe
echinocandins should be preferentially used for initial treat-
ment of known candidemia, with step-down to oral triazoles
considered in stable patients once susceptibility is known.
When triazoles are used for empiric or definitive therapy, the
dosing should be optimized.

Similar to other findings,”?* our study identified a benefit of
CVC removal. In addition, we identified that a quicker time to
removal was associated with a lower incidence of the composite
outcome. This finding may be confounded by other factors
including severity of illness. Conversely, we identified no ben-
efit with removal when the source was that other than the cen-
tral line. Other studies have questioned the benefit of CVC
removal, and some have questioned specifically removal in
patients without CVC as the source.?”-? While the guidelines
continue to support early CVC removal in all non-neutropenic
patients regardless of source,” a definitive answer is unlikely to
be reached until performance of a randomized controlled trial
examining catheter management including early versus late
removal and removal versus retained catheter. Evaluating the
role of CVC removal for sources other than the CVC may be
especially important, as our study failed to show a benefit in

this subgroup. Due to the low number of neutropenic patients
in our study, we were not able to explore CVC removal in this
subpopulation.

There is little evidence to suggest that collecting follow-up
blood cultures to document bloodstream clearance is related to
clinical outcomes.” Duration of therapy for uncomplicated
infection is based on practice in randomized controlled trials
and high-quality prospective studies evaluating the impact of
duration of therapy on clinical outcomes are lacking.” Routine
ophthalmologic examination in patients with candidemia is
controversial and there s little evidence linking examination to
clinical outcomes.” We failed to identify a link between follow-
up blood cultures, duration of therapy, or routine ophthalmo-
logic  examination and clinical outcomes. Routine
ophthalmologic examination should likely continue to be per-
formed based on the prevalence of ophthalmologic involve-
ment despite lack of symptoms in patients with candidemia.3
Despite lack of confirmatory data, follow-up blood cultures
and adequate duration of therapy should continue to be recom-
mended until prospective studies suggest otherwise.

Other studies have consistently identified a protective effect
of infectious diseases consultation (IDC) on mortality in
patients with candidemia.’®1%31 While patients in our study
with an IDC had a higher incidence of adherent care (Table 2),
we did not identify lower mortality in patients with an IDC
(data not shown, P=.56). This may be related to the low num-
ber of patients without an IDC in our cohort. As there can be
a substantial delay between identification of candidemia and an
IDC (delay in primary practitioner request), antimicrobial
stewardship programs that perform prospective audit with
feedback may be ideally placed to optimize appropriate initial
antifungal treatment. As we identified a lower incidence of the
composite outcome in those that had appropriate initial anti-
fungal treatment, we believe antifungal selection and dosing to
be major targets for antimicrobial stewardship programs.

Substantial limitations are present in this study. First, this
was a retrospective study and is subject to bias. Variables associ-
ated with clinical outcomes may be causative, consequences of
the outcome, or merely associated.?® Substantial differences
between the non-adherent and adherent groups were present.
We attempted to control for these differences via multivariate
modeling and propensity score weighting; however, additional
bias may still be present. Second, few patients received care
adherent to all guideline recommendations; this small number
of adherent patients may have been insufficient to identify a
clinical benefit to adherence. Third, our study included few
patients with concurrent neutropenia and the results cannot be
extrapolated to this unique population.

Conclusions

In this multicenter study, we found a clinical benefit in patients
that received appropriate initial antifungal treatment and
underwent CVC removal. We suggest that antimicrobial stew-
ardship programs may be ideally placed to improve the
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percentage of patients receiving appropriate initial treatment.
While we did not find a clinical benefit to ophthalmologic
examination or patients that had repeat blood cultures until
bloodstream clearance, we believe these practices should con-
tinue until further evidence suggests otherwise. In addition,
prospective randomized studies are needed to identify the ideal
duration of therapy in patients with candidemia.
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Appendix: Appropriate initial treatment
The following were considered appropriate initial treatment if
received within 48 hours of culture positivity:

e Micafungin = 100 mg every 24 hours

e Caspofungin 70mg load followed by 50mg every
24hours or 35mg every 24 hours with moderate-severe
hepatic impairment

e Amphotericin B deoxycholate 0.7 to 1mg/kg every
24hours
e Liposomal amphotericin b 3 to 5 mg/kg every 24 hours

e Fluconazole 800mg or 6 mg/kg as a loading dose fol-
lowed by fluconazole 400 mg every 24 hours

° If creatinine clearance is <50 mL/min, fluconazole

200mg every 24 hours

°  Fluconazole was not considered an appropriate first
line therapy for infection caused by Candida krusei or
Candida glabrata





