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SUMMARY 

Introduction: Liposomal amphotericin use is limited in developing countries due to its 

extremely high cost and availability. Therefore, the study aimed to evaluate deoxycholate 

amphotericin B's utility and adverse effect profile in patients with mucormycosis.  

Methodology: This retrospective cohort study from 2019 to 2021 included patients with 

proven mucormycosis who received deoxycholate amphotericin B for more than or equal to 

five days and had at least three creatinine values on treatment. Baseline demographic details, 

risk factors and treatment details of all the patients were recorded. In addition, the details of 

treatment-related adverse effects and outcomes were ascertained. 

Results: Of the 57 included patients, a history of diabetes, COVID-19 and steroid use was 

present in 49 (86%), 43 (75.4%) and 33 (57.9%) patients, respectively. Isolated rhino-orbital 

mucormycosis was the most common presentation (n=49, 86%). The median time of follow-



 

 

up was 48 (30.5-90) days. A total of 8 (14%) patients died during the hospital stay. The 

median duration of amphotericin treatment was 21 (14-40) days. Thirty-nine patients (68.4%) 

developed hypokalaemia on treatment, while 27 (47.4%) patients developed 

hypomagnesaemia. A total of 34 (59.6%) patients developed AKI on treatment. The median 

day of development of AKI was 6 (4-10) days. The median baseline, highest and final 

creatinine values were 0.78 (0.59-0.94) mg/dl, 1.27 (0.89-2.16) mg/dl and 0.93 (0.74-1.59) 

mg/dl respectively. The median percentage change from baseline to highest value and last 

follow-up value was 45% (0.43%-161%) and 25% (-4.8%-90.1%) respectively. The final 

creatinine was less than 150% of the baseline in 36 patients.  

Conclusion: Deoxycholate amphotericin is an acceptable alternative for treating 

mucormycosis in resource-constrained settings.  
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INTRODUCTION 

Mucormycosis is caused by various species of ubiquitous fungi belonging to the 

Mucormycetes family [1]. Its incidence in South East Asia is higher owing to the propensity 

of fungus to favour tropical climates and the high prevalence of DM in these areas [1]. The 

incidence increased further during the second wave of Coronavirus disease 2019 (COVID-

19) due to the inappropriate and indiscriminate use of steroids to treat COVID-19 [2]. The 

drug of choice for mucormycosis is liposomal amphotericin B [3]. However, its use is limited 

in developing countries due to its extremely high cost and availability [4]. Deoxycholate 

amphotericin is cheap but owing to the high incidence of associated nephrotoxicity, its use is 

not recommended for routine use. Despite this, clinicians in India are forced to use 

deoxycholate amphotericin for management without feasible alternatives. Therefore, the 

study aimed to evaluate deoxycholate amphotericin B's utility and adverse effect profile in 

patients with mucormycosis.  

 

METHODOLOGY 

This retrospective cohort study was conducted after taking permission from the Institutional 

Ethical Committe of Kasturba Medical College, Manipal, India. 

All patients admitted with a diagnosis of mucormycosis between 2019 and 2021 were 

screened. Those patients with a confirmed microbiological diagnosis (microscopy or culture 



 

 

positive) and who received deoxycholate amphotericin B were included in this study. Those 

patients who received amphotericin for less than five days and had less than three creatinine 

values while on treatment were excluded.  

Demographic details such as age, gender, month and year of the presentation were entered in 

a pre-defined case record form. A diagnosis of COVID-19 at the time or within one year of 

diagnosis of mucormycosis was recorded in all patients. The time from symptom onset of 

COVID-19 to symptom onset of mucormycosis was also calculated. The history of use of 

steroids and the requirement for oxygen during the COVID-19 episode were ascertained from 

the case records. History of diabetes mellitus (newly diagnosed or otherwise), glycated 

haemoglobin (HBA1C) and random blood sugar levels at presentation were recorded. History 

of malignancy and associated febrile neutropenia at presentation was also recorded. All the 

cases were categorised into rhino orbital mucormycosis (ROM), pulmonary mucormycosis, 

cutaneous mucormycosis and bone mucormycosis.  

The diagnosis of patients with suspected mucormycosis in our centre is usually made using 

microscopy {potassium hydroxide (KOH) mount or histopathological examination (HPE)} or 

culture (Sabourad dextrose media) or both. Positivity on microscopy or culture was recorded. 

The treatment details of all the patients, both medical and surgical, were recorded.  

The patients were monitored for development of the common side effects that include Acute 

Kidney Injury (AKI), hypokalaemia (less than 3.5 mEq/litre) and hypomagnesaemia (less 

than 1.6 mEq/litre). The minimum levels of potassium and magnesium were noted. AKI was 

defined as an increase in creatinine from baseline by 150% within seven days or an increase 

in the absolute value of 0.3 mg/dl within two days (Kidney Disease: Improving Global 

Outcomes definition) [5]. The day of development of AKI was noted. Creatinine levels on 

days 0, 2, 4, 6, 8, 10, 12, 14, 30 and 90 on treatment were noted. The percentage change 

between baseline creatinine and the highest recorded creatinine value on or after treatment 

was calculated. Similarly, the percentage change between baseline creatinine and the final 

creatinine value (last available creatinine value of the sequence mentioned above) was also 

recorded. The outcome of in-hospital stay was categorised as dead or alive on treatment.  

Data analysis: Qualitative variables were expressed as percentages whereas quantitative 

variables were expressed as Mean (+ Standard deviation) and Median (Inter-quartile range). 

The baseline parameters between those who died and those who survived were compared. 

The Chi-square test was used for qualitative variables while the independent-t-test was used 

for quantitative variables. A p-value of less than 0.05 was considered significant.  

 



 

 

 

RESULTS 

Of 71 patients with mucormycosis admitted during this period, 57 (80.3%) met the inclusion 

criteria. The mean age of the patients was 49.7+14.8 years. A total of 39 (68.4%) patients 

were male (Table 1). A total of 49 (86%) patients had diabetes, eleven (22.4%) of which were 

diagnosed with mucormycosis at the time of admission (Table 1). The median random blood 

sugar level was 157 (102-269) mg/dl at presentation. The mean HBA1c at presentation was 

9.9+3.  

 

Table 1 - Demographic and clinical details of all patients with mucormycosis who were 

included in the study 

 

Demographic and clinical parameters Number of patients 

(Percentage) 

Gender Male 39 (68%) 

Female 18 (32%) 

Diabetes mellitus 49 (86%) 

Chronic kidney 

disease 

Not dialysis-dependent 2 (3.5%) 

Dialysis dependent 2 (3.5%) 

Haematological 

malignancy 

Febrile neutropenia  4 (7%) 

Non-neutropenic 1 (1.7%) 

Trauma 1 (1.7%) 

COVID-19 Diagnosed before mucormycosis 37 (64.9%) 

Diagnosed after mucormycosis 6 (10.5%) 

Steroids for COVID-19 33 (57.9%) 

Oxygen for COVID-19 20 (35.1%) 

Site of 

mucormycosis 

Isolated rhino-orbital 49 (86%) 

Isolated pulmonary 4 (7%) 

Concomitant rhino-orbital and 

pulmonary 

2 (3.5%) 

Bone 1 (1.7%) 

Cutaneous 1 (1.7%) 

Diagnosis Microscopy positive 57 (100%) 



 

 

Culture positive 22 (38.6%) 

Treatment Surgical debridement 49 (86%) 

Deoxycholate amphotericin 57 (100%) 

Step-down posaconazole 42 (73.7%) 

Adverse events Acute Kidney Injury 34 (59.6%) 

Hypokalaemia  39 (68.4%)  

Hypomagnesemia 28 (49.1%) 

Outcome at last 

follow-up 

Death 8 (14%) 

Doing well 49 (86%) 

 

A total of 43 (75.4%) patients were diagnosed with COVID-19 within a year of diagnosis of 

mucormycosis (Table 1). Of these 43 patients, six patients (13.9%) were diagnosed with 

COVID after the onset of mucormycosis symptoms. The median duration from onset of 

COVID-19 symptoms to the beginning of symptoms for mucormycosis was 20 (10-75) days. 

Most patients (n=25, 58.2%) developed mucormycosis within 20 days of COVID-19 

symptoms. A total of 33 (76.7%) patients received steroids for COVID-19 (Table 1). 

However, a history of oxygen requirement during COVID admission was present in only 20 

(46.5%) patients (Table 1). Patients with COVID-19 who required oxygen therapy were 

given through either nasal prongs or face masks. Mechanical ventilation was not required for 

any of the patients. In the fourteen patients where the details were available, 

methylprednisolone was used in four and dexamethasone in the rest of the ten patients. The 

median duration of steroid use was 7.5 days (5-10 days). Dexamethasone was used at the 

dosage of 8 mg once to twice daily while methylprednisolone was used at the dosage of 40 

mg once to twice daily.   

Isolated ROM was the most common presentation (n=49, 86%), followed by isolated 

pulmonary mucormycosis (n=4, 7%) (Table 1). Of the 51 patients with ROM, all 51 patients 

had evidence of sinus involvement (Maxillary-51, sphenoidal-36, ethmoidal-35, and frontal-

27). The palate was involved in 11 patients. Of the patients with ROM (n=53), clinical or 

radiological evidence of ocular and cerebral involvement was seen in 35 (66%) and 15 

(28.3%) patients, respectively.  

Of the 57 patients, all were positive by microscopy (KOH or HPE), but only 22 (38.6%) were 

culture positive (Table 1). Except for eight patients who did not undergo surgical 

debridement, they all underwent at least one surgical debridement (Table 1). Fourteen 



 

 

patients required two surgical debridements, while one had three debridements. All 57 

patients were treated with deoxycholate amphotericin B. The mean dose of amphotericin per 

day was 56.8+9.6 mg. The median cumulative amphotericin dose was 1470 mg (840-2100). 

The median duration of amphotericin treatment was 21 (14-40) days.  

A total of 39 (68.4%) patients developed hypokalaemia on treatment, while 28 (49.1%) 

patients developed hypomagnesaemia (Table 1). The mean minimum potassium and 

magnesium levels were 2.6+0.7 and 1.3+0.2, respectively. A total of 34 (59.6%) patients 

developed AKI on treatment. The median day of development of AKI was 6 (4-10) days. The 

median baseline, highest and final creatinine values were 0.78 (0.59-0.94) mg/dl, 1.27 (0.89-

2.16) mg/dl and 0.93 (0.74-1.59) mg/dl respectively. The median percentage change between 

baseline and highest creatinine was 45% (0.43%-161%). The median percentage change 

between baseline and final creatinine was 25% (-4.8%-90.1%). The final creatinine was less 

than 150% of the baseline in 36 (63%) patients.  

 

 

Figure 1: Number of patients with Acute Kidney Injury on amphotericin and the day of 

development 

 

 

 

 

 

 



 

 

 

Figure 2: Baseline, highest and final creatinine values in patients on deoxycholate 

Amphotericin (n=57) 

 

 

 

Figure 3: Trend of creatinine change in those patients with more than five creatinine 

recordings (n=36) 

 

 



 

 

The median duration of admission was 17 (8-24.5 days). A total of 8 (14%) patients died 

during the follow-up period (Table 1). None of the factors was a significant predictor of death 

on univariate analysis (Table 2). Of the remaining 49 patients who were doing well at 

discharge, 42 (85.7%) patients were transitioned from intravenous amphotericin to oral 

posaconazole at discharge. The median duration of posaconazole treatment was 30 (16.5-60) 

days. The median time of follow-up was 48 (30.5-90) days.  

 

Table 2: Comparison between those mucormycosis patients who died vs those who 

survived during the follow-up period 

Parameters Died (n=8) Survived (n=49) p-value 

Age 51.5+13.4 49.4+15.2 0.712 

Male Gender 6 (75%) 33 (67.3%) 0.66 

History of COVID-19 3 (37.5%) 40 (81.6%) 0.07 

Oxygen requirement 

during COVID 

3 (37.5%) 17 (34.7%) 0.877 

Diabetes mellitus 6 (75%) 43 (87.7%) 0.336 

History of steroid use 3 (37.5%) 30 (61.2%) 0.208 

Rhino-orbital 

involvement 

7 (87.5%) 44 (89.8%) 0.844 

Surgical debridement 7 (87.5%) 42 (85.7%) 0.893 

Hypokalaemia 6 (75%) 33 (67.3%) 0.66 

Hypomagnesemia 2 (25%) 26 (53%) 0.14 

Acute Kidney Injury 5 (62.5%) 29 (59.2%) 0.859 

 

DISCUSSION 

Similar to previous studies, DM was the most common risk factor in patients with 

mucormycosis in this study [6-8]. The risk is even higher in those with a higher degree of 

poor sugar control, as evidenced by the mean HBA1C of around 10% in this study. The mean 

HBA1c in another study in patients with mucormycosis was 10.7% [6]. Hyperglycaemia 

renders the phagocytic cells dysfunctional, making a patient prone to fungal invasion [9]. 

Similar to our study, previous studies have shown that DM was first diagnosed at the time of 

diagnosis of mucormycosis in some cases. Steroid use is another common risk factor for 

mucormycosis [7]. Besides causing hyperglycemia, its use is also associated with 



 

 

dysregulated immune response. Both DM and steroid use was postulated to be the driving 

forces that led to an increase in COVID-associated mucormycosis cases [2]. Two-thirds of 

the patients in our cohort had a recent history of COVD-19. Similar to other studies, the time 

to onset of post-COVID mucormycosis was 2-3 weeks in most patients [6,8,10]. It is 

interesting to note that more than 30% of the steroid use in the patients of this cohort was 

inappropriate. Similar findings were observed in other studies [8,10]. Similar to other studies, 

ROM followed by pulmonary mucormycosis was the most common type of mucormycosis 

[7]. In ROM, the infection begins from the sinus and can rapidly spread to involve orbits and 

the brain or progress towards the palate. It is worthwhile to mention that pulmonary 

involvement is easier to miss, mainly if associated with COVID, as symptoms can be 

confused with long COVID.  

Direct microscopy using KOH mount or histopathological staining is one of the fastest ways 

to make a reliable diagnosis of mucormycosis [3]. Although the fungus grows in 2-3 days on 

culture, the sensitivity of fungal culture is poor [3]. The culture was positive in only 39% of 

the patients in our study. Early suspicion and initiation of appropriate management are 

paramount. Management of mucormycosis is built on three tenets: control of the underlying 

disease, aggressive surgical debridement and administration of appropriate antimicrobials 

[3,4]. Aggressive debridement of involved tissues is essential to decrease the fungal burden 

and improve the penetration of antifungals [11]. A total of 86% of the patients in this cohort 

underwent at least one surgical debridement. Delay in antifungals is associated with an 

increase in mortality [12]. Therefore, the standard of care is acute administration of 

antifungals in those with high suspicion of the disease.  

The drug of choice for treating mucormycosis is liposomal amphotericin B [3]. The liposomal 

form is preferred because of its favourable toxicity profile. However, it is costly, and its 

availability may be restricted in outbreak settings [4]. Isavuconazole and posaconazole are 

used for step-down therapy after initial treatment with liposomal amphotericin. These azoles 

can be used as first-line alternatives in patients where liposomal amphotericin B is 

contraindicated [13,14]. However, the data on using these azoles for the primary management 

of mucormycosis is limited. Besides, both of them are expensive as well. Deoxycholate 

Amphotericin B is a cheap alternative but is associated with renal toxicity and hypokalemia. 

It is, therefore, not recommended by the international guidelines. Due to a lack of another 

option in resource-limited settings, deoxycholate amphotericin has been used in its place 

despite the limited data. Most of the available literature on deoxycholate amphotericin is from 

clinical trials involving the treatment of cryptococcal meningitis. However, since the median 



 

 

duration of therapy in this study was longer than most regimens for cryptococcal meningitis, 

the results of this study may turn out to be helpful in the role of deoxycholate amphotericin in 

the treatment of mucormycosis.  

Since amphotericin is insoluble in an aqueous solution at physiological pH, the plain 

amphotericin B is combined with sodium deoxycholate to form a colloidal suspension. 

Amphotericin binds to ergosterol and results in pore formation. Pore formation leads to 

leakage of ions and, subsequently, cell death. It leads to potassium ion leakage in low doses, 

while high doses lead to magnesium ion leaks and, consequently, fungal cell death. Since 

amphotericin can bind to cholesterol in the human cell membrane, it can result in ion leakage 

resulting in hypokalaemia and hypomagnesemia. In this study, 68% of the patients developed 

hypokalaemia, while 47% developed hypomagnesemia. Despite the routine premedication 

protocol with 20 MEq of Potassium chloride every day, there was a high incidence of 

hypokalaemia. Although the development of dyselectrolytaemia is inevitable with 

amphotericin B, they are easily managed with routine monitoring and timely correction. None 

of our patients required discontinuations due to electrolyte disturbances. Premedication with 

potassium chloride is helpful, mainly when normal saline is used for premedication hydration 

and salt loading [15].  

Amphotericin causes a dose-dependent constriction of afferent arterioles leading to decreased 

renal blood flow. This consequently leads to a reduced glomerular filtration rate. It is also 

directly toxic to distal renal tubules. In this study, 60% of the patients developed AKI on 

amphotericin treatment. Previous cohort studies have shown a 30-50% incidence on 

amphotericin treatment [16,17]. The dose and duration of amphotericin can explain the 

variation in incidence. With increasing dose and time, the incidence of AKI increases. In a 

study by Bicanic et al., creatinine increases by 52% on day 7 while it rises by 73% on day 14 

[18]. In our study, the median day of development of AKI was 6 (4-10) days. In those 

patients who developed AKI, the salt loading was increased, and the infusion duration was 

prolonged. Although there is conflicting evidence about the benefits of prolonging infusion, 

increasing the salt loading decreased the incidence of AKI [19]. In a randomised controlled 

trial, nephrotoxicity was higher when 5% dextrose was used for premedication hydration than 

normal saline [15]. Studies show that nephrotoxicity due to amphotericin is reversible 

primarily [20]. However, resolution of creatinine can take months after cessation of 

amphotericin therapy [21]. The median increase from baseline to the last follow-up in 

creatinine was just 25% in our study. In most patients in our study, the creatinine at the last 



 

 

follow-up was less than 1.5 times the baseline. The therapy was not discontinued in any of 

the patients due to AKI in our series.  

In a double-blind, randomised controlled trial that compared deoxycholate vs liposomal 

amphotericin for the management of cryptococcal meningitis, no difference in efficacy was 

noted [22]. Unfortunately, similar trials have not been conducted for mucormycosis. In an 

observational study from Mexico, the cure rate with deoxycholate amphotericin and surgical 

debridement was 55% in patients with mucormycosis [23]. In our study, only 14% of the 

patients succumbed to the illness during the median hospital stay of 17 days. In a systematic 

review by Watanabe et al., the pooled mortality of COVID-19-associated mucormycosis was 

29% [24]. Of the rest of the patients who were doing well at discharge, 86% were prescribed 

posaconazole. The rest of the patients were not prescribed posaconazole due to financial 

constraints.  

In resource-limited settings, patients with confirmed mucormycosis can be treated with 

deoxycholate amphotericin at a 1mg/kg dose. Potassium and creatinine can be monitored on 

alternate days initially. The frequency can be increased or decreased based on the condition 

of the patient. In those who develop hypokalaemia, magnesium levels can also be measured. 

It is a good practice to prophylactically supplement potassium before amphotericin B. In our 

centre, patients were given 500ml to 1 litre of normal saline with 20 milliequivalents of 

potassium chloride prior to amphotericin. As discussed before, premedicating with normal 

saline can decrease AKI. In those who develop AKI, increasing hydration and decreasing 

infusion speed of amphotericin can be tried. Although there are no studies on appropriate 

duration, the usual protocol at our centre is to treat for at least 3-6 weeks, depending on the 

extent of involvement. These patients can then be transitioned to oral posaconazole.  

Limitations: Due to the shorter follow-up duration, clinical or radiological improvement was 

not ascertained during follow-up. Also, since there was no comparison group, it isn't easy to 

determine whether deoxycholate amphotericin has a similar impact on outcomes as liposomal 

amphotericin B. 

In conclusion, considering the high mortality of mucormycosis in the absence of medical 

therapy, deoxycholate amphotericin is an acceptable and cheap alternative for treating 

mucormycosis in resource-constrained settings. Dyselectrolytaemia and AKI due to this drug 

is reversible and can be managed easily in such a setting.  
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