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Appropriateness of antifungal prescribing in Oman
Fatima Issa El-Hussain, Abdullah Balkhair     , Ibrahim Al-Zakwani     , Mohammed Al Za’abi

Abstract
Background: The inappropriate use of antimicrobials has substantially contributed to the development of antimicrobial drug resistance. Appropriate 
antibacterial prescribing has been emphasised, with minimal focus on appropriate prescribing of antifungals. Evaluation of antifungal use in the clinical 
setting is essential to prevent unnecessary drug exposure, development of resistance, adverse effects, and high hospitalisation costs. Objective: The 
purpose of this study was to assess the appropriateness of antifungal prescribing among adult patients at the Sultan Qaboos University Hospital (SQUH) 
in Oman. Methods: In this retrospective, observational study, the study population comprised adult patients treated with oral or intravenous antifungals 
between July 2018 and December 2019. The appropriateness of treatment was assessed using guidelines from the Infectious Diseases Society of America 
(IDSA) and the National Comprehensive Cancer Network (NCCN), as well as a set of literature-based criteria that were modified by SQUH infectious 
diseases team to suit local practices. These criteria included indication, dosage, and potential drug interactions. The primary outcome was the frequency 
of adherence to the treatment guidelines for fungal infections. Descriptive statistics were used for data analysis. Results: A total of 400 prescriptions 
were collected, of which 158 (39.5%) were for empirical therapy, 135 (33.8%) for targeted therapy, 69 (17.3%) for prophylactic therapy, and 38 (9.5%) 
for pre-emptive therapy. The overall appropriateness was 74.8%. The indication, dosage, and potential for antifungal-drug interactions were considered 
appropriate in 391 (97.8%), 314 (78.5%), and 381 (95.3%) prescriptions, respectively. Anidulafungin was the most prescribed antifungal agent, with 210 
prescriptions (52.5%), followed by fluconazole with 102 prescriptions (25.5%), and voriconazole with 48 prescriptions (12%). Conclusion: In comparison 
with publised literature, our study revealed appropriate antifungal drug prescribing practices. However, studies with larger sample size in various hospital 
settings are necessary to confirm our findings on a national scale, and to obtain better statistical inferences and generalisability.
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INTRODUCTION
Antimicrobial drug resistance is a major global concern 
in clinical medicine. It has been classified by the World 
Health Organization (WHO) as one of the top ten global 
public health threats.1,2 The misuse and overuse of 
antimicrobials have been identified as major contributors 
to the development of antimicrobial drug resistance; 
as a result, emphasis has been placed on appropriate 
antibacterial prescribing. However, there has been 
minimal focus on appropriate prescribing of antifungals 
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and antivirals.3,4 Although acquired resistance to 
antifungals is less common than resistance to antibiotics, 
this does not diminish the importance of antifungal 
resistance, particularly since treatment for fungal 
infections is limited to only a few classes of antifungal 
drugs.
Inappropriate antifungal use increases the likelihood 
of microbial resistance, thereby exposing patients to 
unnecessary risks, which may cause adverse events and 
increase hospitalization costs.5-9 Recent trends in acquired 
antifungal resistance include increased azole resistance 
among non-Candida albicans isolates, azole resistance 
in Aspergillus fumigatus, and echinocandin resistance in 
Candida glabrata (C. glabrata).5-8 In addition, some fungal 
species are intrinsically resistant to certain drugs: for 
example, resistance of Candidakrusei to fluconazole and 
resistance of Candida lusitaniae to amphotericin B.5-8 This 
is a major concern, particularly for patients who are highly 
vulnerable to infections, such as immunocompromised 
patients, cancer patients, organ transplant recipients, 
and patients undergoing major surgeries.
Studies conducted in various settings have demonstrated 
that the appropriate use of antifungal drugs ranges from 
29% to 62%.10-14 Nivoix et al. studied the adherence 
of antifungal prescribing to international antifungal 
prescribing guidelines in the intensive care unit (ICU) 
and in the oncology and haematology departments at 
a tertiary care hospital in France.10 They reported that 
the indication and dosage were appropriate in 65% and 
62% of cases, inappropriate in 22% and 21% of cases, 
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and debatable in 13% and 17% of cases. Valerio et al. 
showed that antifungals were inappropriately prescribed 
in 16% of cases at a tertiary care hospital in Spain in 
2017.11 Inappropriate prescriptions were associated with 
inadequacies in drug selection (31%) and dosing (16%), 
not switching from intravenous to oral administration 
(20%), not adjusting drugs after microbiological results 
(35%), and unsuitable lengths of therapy (27%).
In a Malaysian tertiary care hospital in 2016, antifungal 
therapy was found to be appropriate in 44.7% of cases, 
debatable in 17.9% of cases, and inappropriate in 37.3% 
of cases.12 Lachenmayr et al. reported in 2016 that 38% 
of antifungal drug prescriptions in a German tertiary care 
hospital were deemed appropriate, while 15.2% and 
46.8% of prescriptions were considered debatable and 
inappropriate respectively.12

To the best of our knowledge, there are no studies on the 
appropriateness of antifungal prescribing in Oman; data 
is limited to general utilization patterns and surveillance 
reports.15,16 In a retrospective analysis of Candida auris (C. 
auris) cases reported nationally to the Oman Antimicrobial 
Surveillance System in 2019, Al-Rashdi et al. revealed that 
outbreaks of C.auris infections were ongoing and posed a 
substantial health risk.16 There were 129 isolates of C.auris 
from 108 inpatients. Of the isolates, 94.8% and 96.1% 
were non-susceptible to fluconazole and amphotericin, 
respectively. The mean time from admission to infection 
was 1.7 months, the mean length of hospital stay was 3.5 
months, and the associated mortality rate was 52.5%.
Periodic evaluation of antifungal drug use in the clinical 
setting is required to optimise patient outcomes and 
prevent resistance and its associated consequences. The 
purpose of this study was to assess the appropriateness 
of antifungal prescribing, in terms of indication, dosage, 
and drug interactions, among adult patients at Sultan 

Qaboos University Hospital (SQUH), a tertiary health care 
facility in Oman.

METHODS
Setting and design
This retrospective, observational study was conducted 
at SQUH in 2020. Patients aged ≥18 years who were 
prescribed oral or parenteral antifungals between 1 
July 2018 and 31 December 2019 were included in this 
study. Patients who were prescribed topical or vaginal 
antifungals were excluded. Ethical approval was obtained 
from the Medical Research Ethics Committee of Sultan 
Qaboos University, Muscat, Oman (MREC approval 
number, 2349).
Evaluation of the appropriateness of antifungal 
prescribing
The appropriateness assessment was based on criteria 
previously described by Nivoix et al., that were modified 
by the SQUH infectious diseases team.10 These criteria 
included indication, dosage, and potential antifungal–
drug interactions (Table 1). Antifungal use was deemed 
appropriate when the three evaluation criteria were 
met, debatable when at least one debatable assessment 
criterion was present without the presence of any 
inappropriate assessment criteria, and inappropriate 
when at least one inappropriate assessment criterion 
was present.
The indications and dosages were assessed based on 
the recommendations made by the SQUH infectious 
diseases team, the Infectious Diseases Society of 
America (IDSA) guidelines for the diagnosis and 
management of aspergillosis and candidiasis, and 
the National Comprehensive Cancer Network (NCCN) 
guidelines for the prevention and treatment of cancer-

Table 1. Criteria used to assess adherence to antifungal treatment guidelines

Assessment Indication Dosage Antifungal-drug interaction

Appropriate Follows published 
guidelines, local protocol, 
adapted to mycological 
data, and/or follows 
infectious diseases team 
recommendation

Appropriate dose x or underdose or 
overdose by ≤10% with respect to 
loading dose when recommended. 
Also observing the recommended 
dose limit and dose adjustments for 
renal dysfunction

Antifungal has no potential interaction with drugs used 
concomitantly
Antifungal presents potential interactions with 
moderate severity but is subjected to clinical 
monitoring and/or dose adjustment when required

Debatable Does not follow protocol, 
but there is evidence in 
the literature or there is no 
suitable alternative

Underdose or overdose x by ≤25% 
and/or no loading dose and/or no 
discontinuation or dose adjustment 
in case of clinically related adverse 
events

Antifungal presents potential interactions with 
moderate severity, and clinical monitoring and/or dose 
adjustment is not performed when required

Inappropriate Inappropriate antifungal 
selection with respect 
to the protocol or 
mycological data and 
despite the existence of a 
suitable alternative

Under or overdose x > 25%; no 
discontinuation or dose adjustment 
in case of clinically related adverse 
event when an appropriate 
alternative is available

Antifungal presents potential interactions with 
concomitant medications, including serious or 
contraindicated interactions.
The antifungal is used with concomitant drug therapy 
and results in failure of the antifungal.
Concomitant use of two antifungals of the same 
classification.

X= According to the drug labelling or guidelines, including dose adjustments according to renal functions.
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related infections.17-19 The potential for antifungal–drug 
interactions and their risk category was assessed using 
Lexi-Interact Online software (Lexi-Comp Inc., Hudson, 
Ohio, United States).
Sample size estimation 
Previous studies have shown that the rate of appropriate 
antifungal drug use ranged between 29% and 65%.10-

14 Therefore, for a sample size of 363 patients, a 
hypothesised appropriate use rate of 40%, a margin of 
error of 5%, and a confidence interval of 95% were used. 
The sample size was further increased to 400 to account 
for any missing data.
Statistical analysis
Descriptive statistics were used to analyse the data 
collected in this study. Continuous data were described 
as means and standard deviations (SDs) for normally 
distributed variables. Categorical data were expressed 
as frequencies and percentages. Data analysis was 
performed using the Statistical Package for Social Sciences 
software version 25 (SPSS, IBM, Chicago, Illinois, USA).

RESULTS
Four hundred patients were enrolled in this study, of 
whom 58.5% (n=234) were men. The mean age of the 
study cohort was 52 ± 19 years (range: 18–95 years), and 
the mean weight and height were 65 ± 19 kg (range: 23–
137 kg) and 159 ± 12 cm (range: 75–186 cm), respectively.
Indication for antifungal agents
Among the 400 prescriptions, 227 were prescribed 
for infections caused by Candida spp. (56.8%), 119 for 
prophylaxis of invasive fungal infection (29.8%), 34 
for aspergillosis (8.5%), 6 for mucormycosis (1.5%), 3 
for Pneumocystis jiroveci pneumonia (0.8%), 1 for a 
Cryptococcus sp. infection (0.3%), and 1 for a Fusarium sp. 
infection (0.3%). Nine (2.3%) prescriptions were indicated for 
other reasons, such as basidiobolomycosis, Saccharomyces 
infections, tinea pedis, and prophylaxis in patients with 
human immunodeficiency virus (HIV) (Table 2).
Cultures were isolated from samples retrieved from 279 
(69.8%) patients. A positive result was reported in 142 
patients (50.9%). Among the positive cultures, 119 were 

Table 2. Demographic and clinical characteristics of subjects and prescription (N=400)

Parameter Mean (SD) n (%)

Male 234 58.5

Age, years 52 (19)

Weight, kg 65 (19)

Height, cm 159 (12)

Hospital units Intensive care 155 38.8

Haematology 135 33.8

Oncology 41 10.3

Other* 69 17.3

Indication Candida species 227 56.8

Aspergillusspecies 34 8.5

Mucorales 6 1.5

Cryptococcus species 1 0.3

Fusarium species 1 0.3

Pneumocystis jirovecii pneumonia 3 0.8

Invasive fungal infection** 119 29.8

Others 9 2.3

Microbiological Testing Candida species 119 83.8

Aspergillosis species 14 9.9

Mucorales 4 2.8

Pneumocystis jirovecii 2 1.4

Fusarium species 1 0.7

Others 3 2.1

* Includes: Internal Medicine, Nephrology, Surgery, Gastroenterology, Neurology, Obstetrics and Gynaecology, 
Pulmonology, Cardiology and Rheumatology.
**Indicates use for prophylaxis for invasive fungal infection.

https://creativecommons.org/licenses/by-nc-nd/4.0/
https://orcid.org/0000-0003-4320-943X
http://www.pharmacypractice.org/


www.pharmacypractice.org (eISSN: 1886-3655 ISSN: 1885-642X)
© the Authors

El-Hussain FI, Balkhair A, Al-Zakwani I, Al Za’abi M. Appropriateness of antifungal prescribing in Oman. Pharmacy Practice 2022 Jan-
Mar;20(1):2613

https://doi.org/10.18549/PharmPract.2022.1.2613

4

identified as Candida spp. (83.8%) and 14 as Aspergillus 
spp. (9.9%). Among the Candida spp., 18 were identified 
as C. auris (15.1%) (Table 2).
Antifungal drugs used
Anidulafungin was prescribed for 210 patients (52.5%), 
fluconazole for 103 patients (25.8%), voriconazole for 
48 patients (12%), liposomal amphotericin B for 18 
patients (4.5%), caspofungin for 11 patients (2.8%), 
posaconazole for 8 patients (2%), and itraconazole for 3 
patients (0.8%). Regarding the route of administration, 
antifungal drugs were administered intravenously to 297 
patients (74.3%) and orally to 103 patients (25.8%). Of 
the 102 patients prescribed fluconazole, 27 (26.5%) had a 
creatinine clearance of ≤50 ml/min and required dosage 
adjustments.
The above antifungal drugs were prescribed in different 
units of the hospital. The ICU was the unit in which 
antifungals were the most frequently prescribed (155 
prescriptions, 38.8%), followed by the haematology units 
(135 prescriptions, 33.8%), other medical specialties 
(69 prescriptions, 17.3%), and the oncology unit (41 

prescriptions, 10.3%) (Table 2).
Appropriateness of antifungal indications
In this study, the stratification of prescriptions by 
therapeutic strategy revealed antifungal use as follows: 
empirical use in 158 patients (39.5%), targeted use in 135 
patients (33.8%), prophylactic use in 69 patients (17.3%), 
and pre-emptive use in 38 patients (9.5%).
Most prescriptions (299, 74.8%) were deemed 
appropriate. The indication, dosage, and potential for 
drug interactions were considered appropriate in 391 
(97.8%), 314 (78.5%) and 381 (95.3%) prescriptions, 
respectively. Inappropriateness was mainly associated 
with prophylactic use (34 out of 69 patients, 49.3%), 
followed by pre-emptive use (6 out of 38 patients, 15.8%), 
targeted use (15 out of 135 patients, 11.1%) and empirical 
use (5 out of 158 prescriptions, 3.2%). The haematology 
unit recorded the most cases of inappropriate prescribing 
(36 out of 135 prescriptions, 26.7%), followed by other 
medical units (13 out of 69 prescriptions, 18.8%), the 
oncology unit (7 out of 41 prescriptions, 17.1%) and the 
ICU (4 out of 155 prescriptions, 2.6%) (Table 3).

Table 3. The assessment of antifungal drug prescription appropriateness in relation to indication, dosage, interaction, treatment, 
and hospital units (N =400)

Parameter Appropriate, n (%) Inappropriate, n (%) Debatable, n (%)

Assessment Overall 299 (74.8) 41 (10.3) 60 (15)

Indication 391 (97.8) 4 (1) 5 (1.2)

Dosage 314 (78.5) 37 (9.2) 49 (12.3)

Antifungal-drug interaction 381 (95.2) 8 (2) 11 (2.8)

Treatment Empirical 133 (84.2) 20 (12.7) 5 (3.2)

Targeted 108 (80) 12 (8.9) 15 (11.1)

Prophylactic 32 (46.4) 3 (4.3) 34 (49.3)

Pre-emptive 26 (68.4) 6 (15.8) 6 (15.8)

Hospital units Intensive care 142 (91.6) 9 (5.8) 4 (2.6)

Haematology 74 (54.8) 25 (18.5) 36 (26.7)

Oncology 33 (80.5) 1 (2.4) 7 (17.1)

Others 50 (72.5) 6 (8.7) 13 (18.8)

Voriconazole and caspofungin were the drugs that were 
most inappropriately prescribed in terms of indication (5 
out of 48 patients (10.4%) and 1 out of 11 patients (9.1%), 
respectively). Fluconazole and posaconazole were the 
drugs that were most inappropriately prescribed in terms 
of dosage (44 out of 102 patients (43.1%) and 1 out of 8 
patients (12.5%), respectively) (Table 4).
Potential for drug–drug interactions
The potential for antifungal–drug interactions was 
found in 76 (19%) prescriptions. Voriconazole had the 
highest potential for interactions, with 35 potential 
interactions identified (46.1%), followed by fluconazole 
with 30 (39.5%), posaconazole with 6 (7.9%), liposomal 
amphotericin B with 3 (3.9%), and itraconazole with 2 

(2.6%). Most of these interactions had a risk rating of 
C (n=43), a risk rating of D (n=17), or a risk rating of X 
(n=11). Contraindications for combinations of antifungals 
were associated with the following combinations: 
voriconazole and azithromycin, voriconazole and 
tamsulosin, posaconazole and atorvastatin, posaconazole 
and tamsulosin, liposomal amphotericin B and foscarnet, 
itraconazole and domperidone (Table 5).

DISCUSSION
Appropriate and effective antifungal agents are 
essential for the treatment of fungal infections to 
ensure successful patient outcomes. Due to the limited 
number of antifungal drug classes, the emergence 
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Table 4. The assessment of each antifungal drug prescription appropriateness in relation to indication, dosage and interaction (N =400)

Antifungal Drug Appropriate (%) Inappropriate (%) Debatable (%)

Anidulafungin n=210 Overall 86 12 2

Indication 98 1 1

Dosage 88 11 1

Antifungal-drug interaction 100 0 0

Fluconazole n=102 Overall 50 7 43

Indication 97 2 1

Dosage 48 8 44

Antifungal-drug interaction 95 4 1

Voriconazole n=48 Overall 70 13 17

Indication 91 0 9

Dosage 92 6 2

Antifungal-drug interaction 77 8 15

Liposomal amphotericin B n=18 Overall 83 11 6

Indication 100 0 0

Dosage 89 11 0

Antifungal-drug interaction 94 0 6

Caspofungin n=11 Overall 82 9 9

Indication 91 0 9

Dosage 91 9 0

Antifungal-drug interaction 100 0 0

Posaconazole n=8 Overall 75 0 25

Indication 100 0 0

Dosage 88 0 12

Antifungal-drug interaction 75 0 25

Itraconazole n=3 Overall 67 0 33

Indication 100 0 0

Dosage 100 0 0

Antifungal-drug interaction 67 0 33

Table 5. Assessment of antifungal-drug interactions (N= 76)

Antifungal drug Interacting drug Frequency Risk rating

Voriconazole n =35 Esomeprazole 11 C

Azithromycin 6 X

Atorvastatin 5 D

Amlodipine 3 C

Cyclosporin 3 D

Others 7

Fluconazole n=30 Amlodipine 5 C

Azithromycin 5 C

Atorvastatin 3 C

Cyclosporin 3 C

Moxifloxacin 3 C

Others 11

Posaconazole n=6 Esomeprazole 2 D
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of resistance to a single drug class or multiple drugs 
can substantially complicate patient management.6-9 
Resistance of Candida and Aspergillus species to azoles, 
and multidrug resistance of some Candida spp., such 
as C.glabrata and C.auris, is regarded as a considerable 
challenge in the management of fungal infections.6,20 
Guidelines have been developed to assist clinicians in 
appropriate antifungal drug prescribing, and have been 
demonstrated to be a valuable tool. However, studies 
have shown that antifungal prescribing guidelines are 
not consistently adhered to, and inappropriate antifungal 
prescribing remains a clinical concern, especially in 
inpatient settings.10,21,22

Increasing research is being conducted on the use of 
antifungal drugs in tertiary care hospitals and adherence 
to treatment protocols, particularly in relation to 
IDSA and NCCN guidelines and the appropriate use of 
antifungal drugs has been reported to range from 29% 
to 62%.10-14,23,24 In the present study, we assessed the 
appropriateness of antifungal prescribing among adult 
patients at a tertiary health care facility in Oman. We found 
that over two-thirds (74.8%) of antifungal prescriptions 
met all the evaluation criteria for appropriate indication, 
dosage, and potential for drug–drug interactions. The 
appropriateness rate was 97.8% for indication, 78.5% for 
dosage, and 95.2% for antifungal-drug interactions. These 
results are comparable to those of previous studies, in 
which appropriateness was shown to be in the range of 
65–91% for indication, 62–86% for dosage and 46–94% 
for drug–drug interactions.10-14,23,24

Azole antifungals had the lowest rates of appropriate 
prescribing, which is a finding consistent with previous 
research.10-14 The prescribing of azole antifungals 
was deemed inappropriate due to the lack of dosage 
reductions in patients with impaired renal function, 
the lack of loading doses on the first day of therapy, 
insufficient maintenance dosing, and prescribing in the 
presence of contraindications or clinically significant 
drug interactions. It has been shown that patients who 
receive inappropriate or debatable antifungal treatment 
have a lower 12-week survival rate (70%) than patients 
who receive appropriate therapy (81%).24 Furthermore, 
Zilberberg et al. demonstrated that inappropriate 

antifungal therapy had a negative impact on patient 
outcomes.25

In this study, we found a predominance of infections 
caused by Candida spp., which might explain why 
anidulafungin and fluconazole were the most frequently 
prescribed agents. Anidulafungin was prescribed in 
over half of the prescriptions (52.5%), in addition to 
fluconazole (25.5%), and voriconazole (12%). In other 
studies, fluconazole and amphotericin B were the most 
prescribed antifungal agents.12,14 A randomised, double-
blind trial showed that anidulafungin was more effective 
than fluconazole in treating systemic Candida infections.26 

Furthermore, a recent pharmacoeconomic analysis 
reported that anidulafungin was more cost-effective for 
the treatment of invasive candidiasis caused by Candida 
albicans and non-albicans Candida species.27,28

In our study, 119 (83.8%) of the positive cultures were 
identified as Candida spp. This finding is consistent with 
the findings of other studies, in which positive cultures for 
Candida spp. were one of the most common indications 
for antifungal therapy.10-14 Over the last decade, the threat 
of emerging multidrug-resistant C.auris has become 
more prominent worldwide, including in Oman.16,29,30 In 
our study, 18 (15.1%) of the 119 isolated Candida spp. 
were identified as C.auris, which raises concerns about 
its spread.
The most common therapeutic strategy identified in 
our study was empirical (39.5%), followed by targeted 
(33.8%), prophylactic (17.3%), and pre-emptive (9.5%). 
Empirical therapy was found to be appropriate in 84% 
of cases, targeted therapy in 80% of cases, pre-emptive 
therapy in 68% of cases, and prophylactic therapy in 46% 
of cases. These findings are in line with the published 
literature.10-14 Inappropriateness of prophylactic therapy 
was attributed to the underdosing of fluconazole in 
invasive fungal infections (200 mg versus 400 mg daily) 
and to the prescribing of 200 mg of fluconazole once 
weekly for the prophylaxis of cryptococcal disease in HIV 
patients, compared with the recommended dosage of 
200–400 mg daily for 6 to 12 months.18,19,31

In the current study, we also assessed the appropriateness 
of antifungal therapies in relation to their interactions 

Cyclosporin 1 D

Tacrolimus 1 D

Atorvastatin 1 X

Tamsulosin 1 X

Liposomal amphotericin B n=3 Foscarnet 1 X

Colistin 1 D

Dexamethasone 1 C

Itraconazole n=2 Domperidone 1 X

Esomeprazole 1 D
Risk Rating C: Monitor therapy. D: Consider therapy modification. X: Avoid combination
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with other administered medications. In this regard, the 
appropriateness was 95%, which is almost identical to the 
appropriateness reported by Nivoix et al. (94%).10 In this 
study, most of the interactions involved azole antifungals 
(73 out of 76 interactions), which is not surprising given 
that azoles are well known for their effect on several 
hepatic cytochrome P450 enzymes and thus, their 
potential for interactions with a variety of drugs.32,33

Our study had a few limitations. First, the generalisability 
of our results may be limited because this study was 
conducted at a single tertiary care hospital, therefore, it 
may be difficult to apply our findings at other hospitals in 
the country. Second, data were collected via retrospective 
chart review so were based on electronic patient records; 
as a result, incomplete or missing information, laboratory 
tests, or insufficient documentation might have 
influenced the conclusions. Third, in this study, we were 
unable to assess the potential outcomes of antifungal 
drug interactions.

CONCLUSION
In summary, the overall appropriateness rate of antifungal 
prescribing was 74.8%. The rates of appropriate 
prescribing for indication, dosage, and potential drug 
interactions were 97.8%, 78.5%, and 95.2%, respectively. 
Most of the prescriptions were empiric, and anidulafungin 
was the most prescribed agent for the treatment of 

infections caused by Candida spp. To further promote 
appropriate antifungal use, we recommend involving 
a clinical pharmacist in antifungal prescribing and 
implementing an antifungal stewardship program across 
all hospital departments. Studies with larger sample 
size in various hospital settings are required for better 
statistical inferences and generalisability.
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