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Abstract
Management of candidemia in developing countries like India encounters laxity in appropriate clinical management and challenges
in terms of healthcare capacity, despite its association with high morbidity and mortality. Our study aims to evaluate the impact of a
comprehensive candidemia care bundle implementation on appropriateness of therapy and major clinical outcomes.
The single-center, quasi-experimental study conducted at a south Indian tertiary care center included adult patients diagnosed

with candidemia. Following a retrospective review of candidemia patients of the pre-implementation period (January 2013–
December 2015), the hospital antifungal stewardship team instituted a clinical pharmacist driven comprehensive candidemia care
bundle for candidemia patients during the post-implementation period (October 2017–2019) and its impact on appropriateness of
antifungal prescriptions and inpatient mortality was evaluated.
The study included 175 patients with candidemia, comprising of 103 patients in the pre-implementation period and 72 patients in

the post-implementation period. Appropriateness of antifungal prescriptions rose to 65% during post-implementation period from
30% observed in pre-implementation phase (P= .0005). The inhospital mortality rate reduced from 40% in the pre-implementation
phase to 36% in the post-implementation phase, recording a 10% reduction over 2years post-implementation (P= .26). No
significant difference was observed in terms length of stay (P= .17).
Our study demonstrates the successful implementation of an antifungal stewardship led comprehensive care bundle in a low

middle income countries setting. The results of our study will have profound implications in improving the appropriateness of
management of candidemia and feasibility of scaling up to wider settings could be explored.

Abbreviations: AFS = antifungal stewardship, ASP = antimicrobial stewardship programme, CVC = central venous catheter,
LMIC = low middle income countries.
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1. Introduction

With the increasing use of broad spectrum antibiotics, there is a
rising trend of nosocomial candida infections. This trend is
extremely common in critically ill patients and those with
prolonged hospital stay. An overall incidence of candidemia was
found to be 6.51cases/1000 intensive care unit admissions in
India. Epidemiological data on candidemia from developing
countries are sparse, albeit high mortality, and morbidity.
Review of randomized controlled trials (RCTs) report the
successful treatment rate of candidemia to be 64.7%.[1] The
management of candidemia in low middle income countries
(LMICs) is complicated by delayed diagnosis and subsequent
lag in antifungal therapy initiation, along with inappropriate
antifungal prescriptions such as incorrect dosing and dura-
tions.[2] Although international guidelines for the management
of candidemia, such as those published by Infectious Diseases
Society of America and European Society of Clinical Microbiol-
ogy & Infectious Diseases, are updated regularly, they have not
been able to bring about the desired behavioral changes in the
management of candidemia.[3] Coupled with this, there is lack of
regional guidelines regarding the use of antifungals in developing
countries. Developing countries also face inherent infrastructur-
al issues that undermine proper infection control practices and
unavailability of diagnostic techniques compounding proper
medical care. On the other hand, inappropriate use of
antifungals, has led to the widespread emergence of antifungal
resistance and associated high cost of therapy.[4]

This calls in for the implementation of methods to improve the
use of antifungals and management of invasive fungal infections
and thereby improving the appropriateness of antifungal therapy.
Antifungal stewardship (AFS) is an effective program recom-
mended to be incorporated into hospital policies that focuses on
established roles such as promoting appropriateness of antifungal
therapy, cost containment and reducing the emergence of
resistance.HoweverAFS as a standalone programme alonewould
fall short of optimizing candidemia management in a comprehen-
sivemanner. The adoption of care bundles focusing on improving
infection related clinicalmanagement have beenproven successful
in improving appropriateness of management of candidemia in
developed countries.[5–7] Compliance to candidemia specific
management bundles addressing appropriate antifungal prescrip-
tions and follow up of microbiological cultures alongwith proper
source control was reported to be independently associated with
clinical success and mortality benefits.[1] To the best of our
knowledge, no published reports from India have evaluated the
impact of an AFS driven candidemia care bundle on the
management of patients with candidemia.
Optimization of antifungal therapy for candidemia represents

opportunity for exploring management strategies implementable
using existing resources in LMIC setting. We hypothesized that
bundlingofevidencebasedstrategies formanagementofcandidemia
and AFS driven process for implementing the comprehensive care
bundle would improve overall patient outcomes. Hence, our
objectivewas to evaluate the impact of a comprehensive candidemia
care bundle using a quasi-experimental design.
2. Methodology

2.1. Study setting and population

This was a single-center, pre-post quasi-experimental study done
at a 1300 bedded academic tertiary care referral center in the
2

state of Kerala, catering to a high proportion of morbid and
critical care patients. The ethical approval for the study has been
obtained from the Ethics Committee of Amrita School of
Medicine at our hospital. The hospital has a robust antimicrobial
stewardship team (antimicrobial stewardship programme [ASP])
reviewing the appropriateness of reserve drug prescriptions.[8]

Our study included all adult inpatients (age≥18years) with
provisional blood culture positivity for budding yeast, which
was further identified as candida species. Pediatric patients were
excluded as well as patients who expired prior to initiating
candidemia care bundle since their compliance to the bundle
checklist cannot be assessed. As this was a quality improvement
initiative, sample size was not estimated prior to initiation of the
study.
2.2. Comprehensive candidemia care bundle as an
intervention

The pre-implementation phase was from January 2013 to
December 2015. A retrospective review of medical charts of
adult patients diagnosed with candidemia during this period of
time was conducted (Fig. 1). Candidemia refers to the isolation
of pathogenic species of Candida from a blood culture specimen
of the patient. Specimen positive for Candida species was
identified by the updated VITEK 2 system (Biomerieux, Marcy
l’Etoile, France).
The gaps in the management of candidemia including the

inappropriateness of antifungal prescriptions and time delay in
initiating antifungal therapy were identified asmajor drawbacks.
This was followed by a department wise training to improve the
appropriateness of antifungal therapy which was imparted
through multiple sessions led by the multidisciplinary antibiotic
stewardship team. PDSA cycles were created by the team and an
implementation of a bundled approach for Candidemia
management was decided upon. A dedicated clinical pharmacist
was chosen as the key driver of the process.
A process of early notification of blood cultures positive for

budding yeast in the form of critical alert from microbiology lab
to all stakeholders was generated. Upon receipt of the critical
alert, the clinical pharmacist would review the patient medical
chart at bedside and file the candidemia care bundle check list in
the patient file. The bundle checklist was formulated by
aggregating 5 important recommendations for ideal manage-
ment of candidemia. The components of the checklist were
adopted from the Infectious Diseases Society of America’s 2016
guidelines for the management of invasive candidiasis. The key
elements included drug choice and parameters for appropriate-
ness including early initiation of intravenous antifungals in right
loading dose and maintenance dose, optimum duration of
treatment (14days after last negative blood culture), timely
repetition of blood cultures in the setting of positive repeat
culture, evaluation for infective endocarditis (Echocardiogra-
phy), and Fundus examination to rule out endophthalmitis (see
Table, Supplemental Digital Content 1, http://links.lww.com/
MD2/A963 listing the comprehensive candidemia bundle
checklist components). The references for the components of
the checklists including information about loading and mainte-
nance doses, duration of antifungal therapy, ideal time for
intravenous to oral conversion were provided in the checklist
itself for enhancing the knowledge of the primary clinical care
team. It was mandated that the checklist should be filled by the
primary physician in stepwise compliance and audited by the
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Figure 1. Process flow of candidemia management in both the pre and post-implementation phase.
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clinical pharmacist at regular intervals during the patient’s
hospital stay and at the time of patient’s discharge. The checklist
and institutional dosing protocols for antifungals in candidemia
were then disseminated through hospital intranet prior to
implementation.
In addition to the filing of the checklist, primary team would

also be notified through a phone call from the clinical pharmacist
regarding the culture positivity, filing of the check list, and choice
of antifungals. After the antifungals are prescribed by the
primary team, post prescriptive audit for appropriateness would
conducted by the Antifungal Stewardship Team. These cases
were discussed in the twice weekly AFS meetings and the
appropriateness of antifungal therapy was assessed as per 5 R’s
(Right indication, Right drug, Right dose, Right frequency, and
Right duration).[8] Of note, an antifungal prescription will be
marked as appropriate only if all 5 R’s are fulfilled. Performance
of central venous catheter (CVC) removal in non neutropenic
cases and repeat blood cultures in appropriate cases were
assessed. The clinical pharmacist followed the patient till
discharge for subsequent blood cultures, microbiological cure,
and outcomes. The stewardship team also reinforced and
audited the use of Echocardiogram to rule out endocarditis
and ophthalmoscopy to rule out endophthalmitis. The compli-
ance to each element of the candidemia care bundle checklist was
audited and the team intervened whenever non-compliance to
the checklist was identified. Figure 1 represents the whole
process flow regarding management of Candidemia in both the
3

pre and post-implementation phase. An AFS team as part of the
ongoing antimicrobial stewardship activities reviewed appropri-
ateness of antifungal prescriptions. The comprehensive 5R
system was followed to evaluate the appropriateness of
prescriptions. A prescription was marked appropriate only if
all R’s are fulfilled (Right indication, right drug, right dose, right
frequency, and right duration). After completion of training and
piloting the process went live from October 1, 2017. The post-
implementation phase was from October 2017 to December
2019. Appropriateness of the treatment and mortality are the
primary and secondary outcomes. Compliance to bundle
elements was evaluated to assess its correlation with mortality.

2.3. Statistical analysis

Descriptive statistics was used summarize the major clinical
characteristics and key outcomes. Categorical variables were
analyzed by chi-square test or Fisher exact tests and continuous
variables by student t test or Mann–Whitney U test based on
distribution, to compare key outcomes between pre and post-
implementation phase. P< .05 was considered to be statistically
significant. All analysis was performed using SPSS version 17
(IBM, Chicago).

3. Results

A total of 175 adult patients diagnosed with candidemia were
included into the study, 103 patients in the pre-implementation

http://www.md-journal.com


Table 1

Comparison of baseline characteristics of patients with candi-
demia during the pre-implementation and post-implementation
period.

Characteristics
Pre-implementation
(Jan 2014–Dec 2015)

Post-implementation
(Oct 2017–Dec 2019)

N 103 72
Incidence per 1000 patients 1.4 0.73

Age (mean±SD) 54.85±16.7 57.09±16.39
Advanced age (≥80 yrs) 7 (7%) 4 (5%)

Gender
Male 66 (64%) 43 (60%)

Major Departments
Medical 82 (80%) 47 (65%)
Surgical 21 (20%) 25 (35%)

Fungal species
Candida tropicalis 31 (30%) 16 (22%)
Candida parapsilosis 26 (25%) 23 (32%)
Candida albicans 16 (16%) 16 (22%)
Candida auris 0 (%) 10 (14%)
Candida glabrata 2 (2%) 2 (3%)

Community acquired 9 (9%) 14 (19%)
Inhospital acquired 65 (63%) 58 (81%)
Source of infection

CLABSI 22 (21%) 30 (42%)
Urinary tract infection 18 (17%) 17 (24%)
Pneumonia 2 (2%) 5 (7%)
Skin and soft tissue infection 1 (1%) 2 (3%)
Osteomyelitis 0 1 (1%)

Days to Fungemia (mean) 10.56±9.3 11.57±17.5
Risk factors

ICU stay 69 (67%) 48 (65%)
Use of central venous catheter 64 (62%) 46 (64%)
Use of ventilator 47 (46%) 30 (42%)
Malignancy 24 (23%) 14 (19%)
Neutropenia 15 (15%) 12 (17%)

ICU= intensive care unit.
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period (January 2013–December 2015) and 72 patients in the
post-implementation period (October 2017–2019). Baseline
characteristics including demographics and fungal infection
features of the cohort are depicted in Table 1. Incidence of
Table 2

Comparison of outcome and treatment modalities during the pre-im

Characteristics Pre-implementation (Jan 2014–Dec

Empirical therapy 32 (31%)
Definitive therapy 39 (38%)
Antifungal resistance

Amphotericin B 18 (17%)
Fluconazole 28 (27%)

Appropriateness of antifungal treatment (n=46)
∗

Appropriate 31 (30%)
Inappropriate 72 (70%)

Outcomes
Alive 62 (60%)
Expired 41 (40%)
Delay in treatment (mean in hours) 59.07±98.4

Length of stay
�14 days 43 (42%)
15–29 days 37 (36%)
≥30 days 23 (22%)

∗
Twenty six patients in the post-implementation period died before possible completion of all bundle e
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candidemia per 1000 patients was observed to be lower at 0.73
in the post-implementation period compared with 1.38 in the
pre-implementation period. Medical specialties dominated both
pre-implementation and post-implementation cohorts at 83%
and 63% respectively. Frequently isolated Candida species were
C tropicalis (30%) and C parapsilosis (32%) over the pre and
post-implementation phases respectively. Use of CVC (62% vs
64%) and intensive care unit stay (67% vs 65%) were the most
prevalent among the known risk factors for candidemia in pre
and post-implementation phases. Mean days to candidemia was
observed to be higher in post-implementation phase (11.57±
17.5) compared with pre-implementation phase (10.02±12.2).
3.1. Outcomes

Comparison of antifungal management and major outcomes of
the study between the pre and post-implementation phases are
outlined in Table 2.
Only 31% (n=32) of the candidemia patients in the pre-

implementation period received antifungal therapy on provi-
sional blood culture report of budding yeast while awaiting
species identification and susceptibility data. Initiation of
antifungal therapy for candidemia post provisional culture
report was significantly higher in post-implementation phase
(94%) compared with pre-implementation phase (31%) (P
< .001) among patients who received antifungal therapy
(P= .0001). Appropriateness of antifungal prescriptions arose
to 65% post the implementation of the comprehensive
candidemia care bundle from 30% observed during the pre-
implementation phase (P= .0005). The all-cause inhospital
mortality rate of the candidemia patients was found to relatively
reduce from 40% in the pre-implementation phase to 36% in the
post-implementation phase, recording a 10% reduction over 2
years post-implementation. However, a statistical significance
was not observed. The mean delay in initiating antifungal
therapy significantly reduced to 8.26±16.35hours post candi-
demia care bundle implementation from 59.07±98.4hours in
pre-implementation phase (P= .0001). However, a shift towards
higher hospital length of stay was observed during the post-
implementation phase as demonstrated by an increase of
plementation and post-implementation period.

2015) Post-implementation (Oct 2017–Dec 2019) P

68 (94%) .0001
4 (6%)

1/57 (2%) .0007
5/57 (9%) .0007

30 (65%) .0005
16 (35%)

46 (64%) .6
26 (36%)

8.26±16.35 .0001

25 (35%) .26
23 (32%)
24 (33%)

lements; thus, their data were excluded from analysis for appropriateness.



Table 3

Compliance to candidemia care bundle checklist.

Steps in candidemia care bundle checklist N (%) Alive Death P value

Appropriate antifungal selection (n=72) 68/72 (87%) 43/46 (93%) 25/26 (96%) .63
Appropriate dose of antifungal (n=72) 62/72 (86%) 38/46 (83%) 24/26 (92%) .25
Removal of central venous catheter (n=47) 43/47 (89%) 27/28 (96%) 16/19 (84%) .14
Sending repeat blood culture at 48hours (n=67) 45/67 (67%) 31/45 (69%) 14/22 (64%) .667
14 days of antifungal therapy from first negative blood culture (n=51) 40/51 (78%) 37/46 (80%) 3/5 (60%) .62
TTE/TEE to rule out fungal endocarditis (n=15) 7/15 (47%) 5/9 (55%) 2/6 (33%) .39
Total compliance to all bundle components (n=72) 30/72 (42%) 20/46 (43%) 10/26 (38%) .67

TEE= transesophageal echocardiogram, TTE= transthoracic echocardiogram.
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candidemia patients with LOS≥30days (22% vs 33%) (P= .26).
The mean time to clearance of candidemia was found to be
6.2days.
Among 52 patients for whom microbiological cure could be

assessed in the post-implementation phase, 40% and 19% of
patients achieved microbiological cure within 48 and 72hours of
initial positive blood culture report. Microbiological cure could
not be assessed for 28% of patients in the post-implementation
phase who expired before sending repeat cultures.
3.2. Compliance to candidemia care bundle

The overall compliance to the comprehensive candidemia care
bundle post its implementation was reported to be 40%. No
significant association was observed between overall bundle
compliance and mortality, though compliance rate was higher
among patients who survived (43%) in comparison to expired
patients (38%). Similarly, a higher compliance rate was observed
among survived patients relative to patients who expired in the
case of 4 bundle elements of the candidemia care bundle checklist
including removal of CVC (96% vs 84%), sending repeat
cultures at 48hours (69% vs 64%), 14days of antifungal
therapy from first negative blood culture (80% vs 60%), and
transthoracic echocardiogram/transesophageal echocardiogram
to rule out fungal endocarditis (55% vs 33%). A significant
association was however not observed between any of the
candidemia care bundle element compliance to mortality
(Table 3). Among the 52 patients in the post-implementation
phase for which repeat blood culture data were available, higher
Figure 2. Quarterly rates of appropriateness, mortalit
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rates of microbiological cure of 52% and 60% at 48hours
(P= .17) and 72hours (P= .7) respectively was observed among
patients who had bundle compliance in comparison to patients
who were non-compliant to the candidemia care bundle (48% in
48hours and 40% in 72hours) despite without a significant
association. Appropriate antifungal selection rose over the initial
quarter to 100% and was sustained throughout the post-
implementation period. The total compliance rate exhibited
gradual and sustained improvement over the quartiles (Fig. 2).

4. Discussion

Our study demonstrated an increase in appropriateness in the
management of candidemia with the implementation of an ASP
led comprehensive candidemia care bundle checklist with a
clinical pharmacist driven process to follow up the patients with
candidemia ensuring timely implementation of the bundle
elements.
Our bundle checklist included both antifungal drug related

and non-drug related aspects of care for patients with
candidemia. Compliance to all the elements of the bundle was
35% in our cohort, higher than the previously reported
compliance rate at 6.9% by Antworth et al.[5] But the study
reported by Takesue et al had a nationwide implementation and
the bundle included additional components. Compliance to care
elements for managing candidemia ranged from 17% to 83% in
literature and was observed to be generally higher in ASP led
interventions.[5–11] Survival rates were observed to be higher in
subcohorts who complied with individual components and all
y and compliance to candidemia bundle checklist.
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components in aggregate, although this failed to attain statistical
significance in our study. This could be attributed to the
relatively small sample size of the subcohorts in our study. The
striking contrast of absence of significant mortality benefit as
comparedwith certain published literaturemay be due to the fact
that our bundle was implemented in a tertiary care setting on an
institutional basis and hence the cohort could have been sicker
than in a nationwide implementation.[1] Moreover, some studies
did not observe a beneficial impact on clinical outcomes such as
mortality and length of stay.[9,12]

Despite the use of CVC identified as a major risk factor for
candidemia in both pre-implementation (62%) and post-
implementation periods (64%) and the major focus of infection
in expired patients (19/26,73%) in post-implementation phase,
CVC removal failed to confer benefit in terms of survival. This is
in contrast with the published literature demonstrating favour-
able effects of CVC removal.[1,13] However overall mortality in
candidemia had been known to correlate with the underlying
disease.[14] Time window of CVC removal is another factor
worth noting which could have tilted the balance. In our study
cohort, 33% (17/52) of patients expired before the results
arrived/filing of the checklist and thus were not true beneficiaries
of the bundle implementation. However, conclusive evidence
supporting the removal of CVC is lacking in literature due to
heterogeneity of the observational studies and lack of RCTs.
The process of critical alert generation to the stewardship team

in addition to the results published in the hospital information
system provided the crux of a multipronged approach to
improve the time to initiation of antifungal and proved effective
in reduction of the same. Evidently, an empiric antifungal was
initiated in majority of the patients in the post-implementation
period according to the institutional protocol without delaying
the therapy until the final culture report was available, thereby
reducing the mean delay in treatment initiation. In addition to
this, the availability of the checklist and concise treatment
guidelines in the patient file guided the clinician in appropriately
managing the candidemia patients. Furthermore, the AFS team
provided feedback to the clinician whenever additional
clarification regarding any of the bundle elements were required.
In our system, the standard turnaround times of susceptibility

data, especially in relation to fungal cultures, has been a major
hurdle in timely initiation of antifungal therapy. Post-imple-
mentation period witnessed a decrease in the delay in initiating
therapy (12hours compared with 58hours) and initiation of
systemic antifungals before susceptibility results (96% compared
with 19%) but these could not be translated to independent
determinants of survival in our cohort. Similar reduction in
time to effective therapy was also reported by a Pharm D driven
ASP intervention study, akin to our clinical pharmacist led
process.[12]

Majority of the patients in the post-implementation phase
complied to the drug related parameters in the bundle checklist
including appropriate drug selection, appropriate dose of
antifungal, and 14-day antifungal therapy from the first negative
blood culture. There was an apprehension from the clinicians to
comply to some of the non-drug therapy elements in the bundle
checklist such as sending repeat blood culture at 48hours and
transthoracic echocardiogram/transesophageal echocardiogram
to rule out fungal endocarditis due to lack of strong evidence
supporting these recommendations. These were also considered
as moderate recommendation according the Equal Candida
score developed by Mellinghoff et al.[15] One of the major
6

reasons behind the non-compliance to the bundle elements was
the resistance from a few clinicians despite our initial
sensitization. Evidently, this could represent one of the major
barriers for incorporation of care bundles in clinical practice in
low middle income group countries like ours. Quarterly
evaluation of compliance of individual components of the
bundle revealed a sustained positive trend for selection of
antifungals, appropriate dose of antifungals, and sending of
repeat cultures. This also highlights the need and importance
of continued sensitization and feedback. The involvement of
dedicated clinical pharmacist as the key driver of the process was
unique in our setting and this could have translated in the
improvement in the drug related appropriateness as reported by
Reed et al.[12]
4.1. Limitations of the study

Due to pre post quasi experimental design of study, it was not
possible to determine causality of outcomes. The major
limitation was the small sample size because of which we were
not able to show statistically significant results in many aspects
of the bundle checklist. Another limitation was that we did not
receive real time notifications during off hours on evenings and
weekends.

5. Conclusion

The current study demonstrates the successful implementation
of an ASP led comprehensive care bundle approach in improving
the appropriateness of management of candidemia. This is
especially beneficial in LMIC like India where there is a limited
availability of resources.
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