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RESEARCH ARTICLE
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ABSTRACT
Purpose: To assess whether transcutaneous retrobulbar amphotericin B injections (TRAMB) reduce 
exenteration rate without increasing mortality in rhino-orbital-cerebral mucormycosis (ROCM).
Methods: In this retrospective case–control study, 46 patients (51 eyes) with biopsy-proven ROCM 
were evaluated at 9 tertiary care institutions from 1998 to 2021. Patients were stratified by radio
graphic evidence of local orbital versus extensive involvement at presentation. Extensive involve
ment was defined by MRI or CT evidence of abnormal or loss of contrast enhancement of the 
orbital apex with or without cavernous sinus, bilateral orbital, or intracranial extension. Cases 
(+TRAMB) received TRAMB as adjunctive therapy while controls (−TRAMB) did not. Patient survival, 
globe survival, and vision/motility loss were compared between +TRAMB and -TRAMB groups. 
A generalized linear mixed effects model including demographic and clinical covariates was used 
to evaluate the impact of TRAMB on orbital exenteration and disease-specific mortality.
Results: Among eyes with local orbital involvement, exenteration was significantly lower in the +TRAMB 
group (1/8) versus -TRAMB (8/14) (p = 0.04). No significant difference in mortality was observed between 
the ±TRAMB groups. Among eyes with extensive involvement, there was no significant difference in 
exenteration or mortality rates between the ±TRAMB groups. Across all eyes, the number of TRAMB 
injections correlated with a statistically significant decreased rate of exenteration (p = 0.048); there was no 
correlation with mortality.
Conclusions: Patients with ROCM with local orbital involvement treated with adjunctive TRAMB 
demonstrated a lower exenteration rate and no increased risk of mortality. For extensive involve
ment, adjunctive TRAMB does not improve or worsen these outcomes.
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Introduction

Rhino-orbital-cerebral mucormycosis (ROCM) is a rare, 
highly morbid, and often fatal opportunistic infection. 
Presence of fungal colonization of the paranasal sinuses 
is common due to the inhalation of fungal spores. In the 
setting of an immunocompromised host, this coloniza
tion may evolve into invasive infection and spread from 
the paranasal sinuses to the intraorbital and intracranial 
spaces via ischemic vasculitis resulting in tissue infarction 
and necrosis.1 Susceptible patients are most often those 
immunosuppressed due to diabetes mellitus, hematologic 

malignancy, or solid organ transplantation.2 The global 
rise in COVID-19 has also resulted in an unprecedented 
increase in mucormycosis infections, termed COVID-19 
associated mucormycosis.3–9 This is commonly seen in 
diabetic patients infected with COVID-19, though it has 
also been described in immunocompetent and non- 
diabetic patients.10,11

Current standard of care for ROCM involves reversal 
of immunocompromising conditions where possible, sys
temic antifungal therapy, and debridement of devitalized 
tissue. Due to the angioinvasive nature of the disease with 
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resultant tissue destruction, systemic antifungal therapy 
alone is insufficient secondary to limited tissue 
penetration.12 Debridement of necrotic tissue is thus 
key as it reduces fungal load, provides specimen for 
biopsy/culture, and improves penetration of both sys
temic antifungal therapy and host immune 
response.13,14 Further, functional endoscopic sinus sur
gery with debridement of affected tissues has been 
demonstrated to improve survival.15,16 Adjunctive sys
temic therapies include additional antifungal agents and 
hyperbaric oxygen (HBO). Additional agents may 
include triazoles, specifically posaconazole and isavuco
nazole, used for de-escalation or for patients intolerant to 
amphotericin B.17 Echinocandins such as micafungin and 
caspofungin are also used as salvage therapy, and while 
they are not inherently active against mucormycosis, 
there is some evidence they may augment amphotericin 
B.17 Hyperbaric oxygen is thought to allow direct delivery 
of oxygen to ischemic tissue, enhance the oxygen- 
dependent mechanisms of host leukocytes, and inhibit 
fungal growth. However, outcomes regarding HBO for 
invasive fungal sinusitis are mixed and animal models 
have demonstrated no improved survival.18–20

Debate remains regarding management of ROCM 
within the orbit. Traditionally, exenteration can be 
employed; however, this is disfiguring, and a survival 
benefit has yet to be demonstrated.15,21–23 Further, orbital 
disease is associated with a poorer prognosis, given the 
direct access to the intracranial space via the orbital 
apex.14 Several prior studies have proposed adjunctive 
orbital therapy. These have included conservative debri
dement of necrotic orbital tissue in conjunction with 
intraoperative irrigation of amphotericin B, placement 
of indwelling orbital catheters for local administration 
of amphotericin B, and transcutaneous retrobulbar injec
tions of amphotericin B (TRAMB).24–33 The purpose of 
this study is to describe a multi-institutional experience 
with TRAMB as adjunctive therapy for ROCM in cases of 
both local orbital and extensive involvement.

Methods

Cohort assembly

This is a multi-institution retrospective comparative study 
of adult patients with ROCM treated with transcutaneous 
retrobulbar amphotericin B injections (+TRAMB) or with
out injections (−TRAMB) as an adjunct to traditional 
management. Approval was obtained by the Institutional 
Review Boards at the University of California San Diego, 
Stanford University, Vanderbilt University, University of 
Wisconsin Madison, University of California Irvine, 
University of Iowa, University of Illinois Chicago, 

Washington University in St. Louis, and University of 
Michigan. This report adheres to the ethical principles 
outlined in the Declaration of Helsinki as amended in 
2013 and is HIPAA complaint. This manuscript describes 
an off-label use of amphotericin B.

Patients were identified via electronic medical record 
review of those presenting to the ophthalmology or ocu
loplastic consult services from 1998 to 2021 with assigned 
ICD-9 and ICD-10 codes corresponding with a diagnosis 
of rhino-orbital-cerebral mucormycosis. Demographics, 
medications, clinical examinations, laboratory reports, 
operative reports, pathology reports, and radiographic 
reports were extracted from electronic medical records. 
Inclusion criteria included age ≥18 years and sinus cul
ture and/or biopsy confirming fungi of the phylum 
Mucormycota (including Rhizopus and Mucor). 
Exclusion criteria included patients presenting with inva
sive fungal sinusitis caused by organisms of other phyla or 
that which did not involve the orbit. Records were sub
sequently reviewed individually by investigators to divide 
participants into two groups: extensive or local orbital 
involvement at presentation. Extensive orbital involve
ment was defined by MRI or CT evidence of abnormal 
or loss of contrast enhancement of the orbital apex with 
or without cavernous sinus, bilateral orbital, or intracra
nial extension. Local involvement was defined by MRI or 
CT evidence of abnormal or loss of contrast enhancement 
within the orbit without apical involvement. All patients 
received functional endoscopic sinus surgery with debri
dement and intravenous amphotericin B with reversal of 
immunocompromising comorbidities where possible.

Study design

Demographic factors, predisposing comorbidities 
(including diabetes mellitus, solid-organ transplanta
tion, and hematologic malignancy), adjunctive systemic 
antifungals (azoles or echinocandins), and adjunctive 
HBO were extracted from the medical record of 
+TRAMB and -TRAMB patients.

Presenting visual acuity (measured at the hospital bed
side using a Rosenbaum near vision acuity card at 14 inches 
with corrective lenses when available) was obtained except 
for patients presenting with altered mental status. Final 
visual acuity was assessed either similarly or with 
a Snellen chart at distance, subject to whether a patient’s 
final exam took place in the hospital or clinic. Visual acuity 
was converted to the logarithm of minimum angle of 
resolution (logMAR) for statistical analysis, with count 
fingers, hand motion, light perception represented as 
1.86, 2.30, 2.78, respectively.34 For patients exenterated, 
final visual acuity was defined as no light perception repre
sented as 2.78.
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Presenting and final ophthalmoplegia were graded as 
1 point for every duction affected irrespective of the 
degree of impacted motility yielding a score of 0 (full 
ductions) to 4 (supra-, infra-, add-, and abduction 
affected). This was to account for difference in motility 
grading schemes across multiple participating centers. 
Presenting and final signs of orbital congestion were 
also graded as 1 point for the presence of proptosis, 
eyelid edema, eyelid erythema, conjunctival chemosis, 
or conjunctival injection yielding a score of 0 to 5. For 
patients who were exenterated, final ophthalmoplegia 
and orbital congestion were defined as the scores at the 
last exam prior to exenteration.

For the +TRAMB group, the total number of 
TRAMB injections was extracted along with any 
reported adverse events. Injections consisted of com
pounded amphotericin B in a prefilled syringe. Patients 
were anesthetized with 2 mg intravenous morphine or 
the equivalent dose of intravenous hydromorphone or 
fentanyl. One patient received a peribulbar block of 2% 
lidocaine mixed 1:1 with 0.5% bupivacaine per prefer
ence. A 23 or 25-gauge retrobulbar needle was used to 
deliver 1 mL of liposomal amphotericin 
B transcutaneously to the retrobulbar space. Patients 
were observed after each injection for signs of orbital 
compartment syndrome. At time of study, all participat
ing centers adopted TRAMB into their ROCM manage
ment protocol, however due to the retrospective and 
multi-institutional nature of this study, the exact injec
tion protocol varied across participating centers. The 
liposomal formulation was preferred given it has been 
shown to induce less inflammation, with one eye receiv
ing the deoxycholate formulation.33 All patients except 
one received 1 mL of 3.5 mg/mL amphotericin B; the 
remaining patient instead received a single injection of 
1 mL of 1.5 mg/mL. Frequency of injection was subject 
to the institution’s practice at the time with the most 
common protocols being an initial loading of three daily 
injections; thereafter, injections were continued daily or 
every other day. Among cases with extensive involve
ment, injections were continued until either exentera
tion, death, or transition to comfort care. Among cases 
with local orbital involvement, injections were contin
ued until clinical examination (visual acuity, ophthal
moplegia, and orbital congestion) was considered to 
have stabilized, exenteration, or death.

Primary outcome measures included rate of orbital 
exenteration and disease-specific mortality.

Statistical analysis

Demographic and clinical characteristics of cases and 
controls were compared via two-sided t-tests or Fisher’s 

exact tests. Eyes were then stratified into local orbital 
and extensive involvement. For patients with bilateral 
orbital involvement, each eye was analyzed as a separate 
unit. Visual acuity at presentation and final exam was 
compared between +TRAMB and -TRAMB groups via 
two-sided t-tests for each stratum. Ophthalmoplegia 
and orbital congestion at presentation and final exam 
were compared between +TRAMB and -TRAMB 
groups via Wilcox rank-sum tests for each stratum. 
Patients unable to participate in visual acuity or extrao
cular motility assessments due to altered mental status 
and those with missing data were excluded from these 
analyses. Generalized linear mixed effects models 
(GLMM) were used to evaluate the effect of these demo
graphic and clinical features on exenteration and mor
tality. The use of GLMM allowed control for the within- 
subject variability and random intercept associated with 
correlated eyes of the same subject, due to our cohort 
including some patients with two effected eyes. 
Variables that had a statistically significant relationship 
(p ≤ 0.05) or a nearly significant relationship (p < 0.20) 
to exenteration or disease-specific mortality in univari
ate models were included in subsequent multivariate 
models. Analyses were conducted with R (R Core 
Team; Vienna, Austria) and figures were made with 
GraphPad Prism 9.0.0 (GraphPad Software LLC; San 
Diego, California).

Results

Forty-six patients met inclusion criteria. Of these, four 
patients presented with bilateral orbital involvement 
and one patient was admitted twice for sequential uni
lateral infections, for a total of 51 eyes. Twenty-three 
eyes received TRAMB (+TRAMB), 15 with extensive 
and 8 with local orbital involvement at presentation. 
Twenty-eight eyes served as controls (−TRAMB), 14 
with extensive and 14 with local orbital involvement at 
presentation.

Table 1 presents demographic and clinical features of 
both -TRAMB and +TRAMB eyes. Notably, there was 
no statistically significant difference in age, sex, or use of 
adjunctive therapies such as azoles, echinocandins, or 
hyperbaric oxygen therapy. When further stratified by 
extent of involvement, there was no statistically signifi
cant difference in use of adjunctive azoles (p = 0.38, 
0.35) or echinocandins (p = 0.25, 0.70) for local orbital 
or extensive disease, respectively. Both ± TRAMB 
groups demonstrated no significant difference in pre
valence of diabetes mellitus or solid organ transplanta
tion. However, hematologic malignancy as 
a predisposing immunocompromising comorbidity 
was significantly more prevalent in -TRAMB controls.
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In the local orbital involvement group, visual acuity, 
ophthalmoplegia, and orbital congestion were evaluated 
at presentation and final exam (Table 2). There was no 
statistically significant difference in visual acuity, 
ophthalmoplegia, or orbital congestion at presentation 
between -TRAMB and +TRAMB eyes. Visual acuity 
improved in +TRAMB eyes at final exam relative to 
-TRAMB, with borderline statistical significance (p =  
0.051). Ophthalmoplegia improved in +TRAMB eyes 
as well, though this finding was not significant (p =  
0.074). There was no significant difference in orbital 
congestion between -TRAMB and +TRAMB eyes at 
final exam.

In the extensive involvement group, visual acuity, 
ophthalmoplegia, and orbital congestion at presentation 
and final exam were also evaluated (Table 3). There was 
no statistically significant difference in visual acuity, 
ophthalmoplegia, or orbital congestion at presentation 
between -TRAMB and +TRAMB eyes. Visual acuity at 
final exam worsened in both groups, and there was no 

improvement in ophthalmoplegia for either group. 
Notably, orbital congestion was significantly worse in 
+TRAMB eyes at final exam relative to -TRAMB.

Regarding exenteration, there was a significantly 
decreased rate of exenteration for eyes with local orbital 
involvement that received TRAMB (1/8) versus those that 
did not (8/14) (p = 0.04) (Figure 1). However, among eyes 
with extensive involvement, there was no significant dif
ference in rate of exenteration between +TRAMB (4/15) 
and -TRAMB (6/14) (p = 0.38) (Figure 2). Table 4 sum
marizes demographic and clinical correlates of exentera
tion amongst all eyes determined by univariate and 
multivariate generalized linear mixed effects models 
(GLMM). Of these, males and those who received adjunc
tive intravenous echinocandins had a nearly significant 
increased rate of exenteration (p < 0.20). The number of 
TRAMB injections correlated with a statistically signifi
cant decreased rate of exenteration (p = 0.03). This corre
lation remained significant in a multivariate GLMM 
model controlling for sex and adjunctive echinocandins 

Table 1. Demographic and clinical characteristics of patients with ROCM.
−TRAMB 

N = 28
+TRAMB 

N = 23 p-value*

Age (years, mean ± SD) 58.6 ± 12.5 54.5 ± 12.1 .25
Sex (male, %) 85.7 69.6 .19
Immunocompromising comorbidities (%)

Diabetes mellitus 82.1 91.3 .44
Solid organ transplant 10.7 17.4 .69
Hematologic malignancy 35.7 8.7 .04
Other 3.6 21.7 .08

Adjunct systemic antifungal (%)
Azoles 71.4 47.8 .15
Echinocandins 35.7 21.7 .36

Hyperbaric oxygen therapy (%) 17.9 34.8 .22

*Continuous variables compared by two-sided t-test. Categorical variables compared by two-tailed Fisher's exact 
test.

Table 2. Visual acuity, ophthalmoplegia, and orbital congestion 
at presentation and final exam for local orbital involvement.

−TRAMB +TRAMB p-value*

Visual Acuity 
(logMAR median 
[IQR])

N = 10 N = 5

Presentation 0.54 [0.13, 2.42] 0.18 [0.05,0.24] .095
Final 1.54 [0.00, 2.78] 0.10 [0.00, 0.14] .051

Ophthalmoplegia# 

(median [IQR])
N = 8 N = 5

Presentation 4.00 [0.75, 4.00] 1.00 [0.50, 4.00] .574
Final 4.00 [0.50, 4.00] 0.00 [0.00, 2.00] .074

Orbital 
CongestionΔ 

(median [IQR])

N = 9 N = 5

Presentation 3.00 [1.50, 4.00] 1.00 [0.50, 2.50] .117
Final 1.00 [0.00,3.50] 1.00 [0.00, 2.50] .582

*Continuous variables (logMAR) compared with two-sided t-test. Ranked 
numeric variables (ophthalmoplegia, orbital congestion) compared with 
Wilcox rank-sum test. 

#Graded as 1 point for every duction affected 0 (full ductions) to 4 (complete 
ophthalmoplegia). 

ΔGraded as 1 point for proptosis, chemosis, conjunctival injection, eyelid 
edema, eyelid erythema, 0 (none) to 5 (all).

Table 3. Visual acuity, ophthalmoplegia, and orbital congestion 
at presentation and final exam for extensive involvement.

−TRAMB +TRAMB p-value*

Visual Acuity 
(logMAR median 
[IQR])

N = 12 N = 7

Presentation 1.20 [0.33, 2.78] 0.54 [0.30, 2.78] .598
Final 2.78 [0.30, 2.78] 2.78 [1.30, 2.78] .773

Ophthalmoplegia 
(median [IQR])

N = 12 N = 7

Presentation 4.00 [1.50, 4.00] 4.00 [1.00, 4.00] .883
Final 3.00 [0.50, 4.00] 4.00 [1.00, 4.00] .713

Orbital Congestion 
(median [IQR])

N = 12 N = 12

Presentation 0.00 [0.00, 2.00] 2.00 [0.25, 3.00] .074
Final 1.00 [0.00, 2.75] 2.00 [1.00, 4.00] .047

*Continuous variables (logMAR) compared with two-sided t-test. Ranked 
numeric variables (ophthalmoplegia, orbital congestion) compared with 
Wilcox rank-sum test. 

#Graded as 1 point for every duction affected 0 (full ductions) to 4 (complete 
ophthalmoplegia). 

ΔGraded as 1 point for proptosis, chemosis, conjunctival injection, eyelid 
edema, eyelid erythema, 0 (none) to 5 (all).
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(p = 0.048). Notably, extensive involvement was not asso
ciated with significantly increased rate of exenteration (p  
= 0.43).

There was no significant difference in disease-specific 
mortality among eyes with local orbital involvement that 
received TRAMB (1/8) versus those that did not (3/14) (p  
= 0.62) (Figure 1). Similarly, there was no significant 
difference in death among eyes with extensive involve
ment that received TRAMB (8/15) and those that did not 
(5/14) (p = 0.36) (Figure 2). Table 5 summarizes demo
graphic and clinical correlates of mortality amongst all 
eyes determined by GLMM. No variable conferred statis
tical significance. However, extensive involvement 
yielded an odds ratio of 16.92. Notably, the number of 
injections was not correlated with mortality.

The median [interquartile range] number of TRAMB 
injections was 3 [2,6] with a range of 1 to 20. Frequency 
of injections varied by institution either as a daily or 
every other day, with only one case receiving an injec
tion every 2 days. Of the 23 cases, 16 began TRAMB 
within 1 day of presentation. The remaining seven 
initiated injections based on declining visual acuity. 
Five of the 23 eyes (21.7%) suffered adverse effects. All 
five demonstrated interval increase in orbital congestion 
with worsened chemosis. Of these, one patient also 
developed an interval 1.5cc admixture of amphotericin 
B and debris within the extraconal inferior orbit that 
required drainage by orbitotomy. This was thought to 
have resulted from precipitation of amphotericin B in 
the setting of ten consecutive TRAMB injections.

Discussion

Orbital involvement of mucormycosis is associated with 
poor prognosis and unfortunately there is no consensus 
on management of orbital disease.14 Exenteration has 
traditionally been employed to decrease risk of direct 
intracranial extension via the orbital apex. However, 
a prior meta-analysis and two retrospective series 
found lack of survival benefit, while a second meta- 
analysis found a survival benefit only in patients pre
senting with fever.15,21–23 It remains unclear whether 
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Figure 1. Exenteration and death for ROCM with local orbital 
involvement (mean ± SEM).
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Figure 2. Exenteration and death for ROCM with extensive 
involvement (mean ± SEM).

Table 4. Univariate and multivariate correlates of exenteration.
N = 51 Regression coefficient Univariate p-value Multivariate p-value Odds Ratio

Age (years) 0.01 0.53 1.01
Sex (male) 1.30 0.12 0.297 2.56
Extensive involvement −0.46 0.43 0.84
Adjunctive systemic antifungal

Azoles −0.05 0.93 0.50
Echinocandins 0.83 0.19 0.376 2.75

Number of TRAMB injections −0.47 0.03 0.048 0.54
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exenteration benefits patients with mild orbital disease 
at the expense of vision loss and disfigurement.

Given the unclear survival benefits of exenteration, 
alternative strategies such as conservative orbital debri
dement with or without intraoperative irrigation of 
amphotericin B and indwelling orbital catheters or 
drains have been reported.24–28,33 These methods, 
while less invasive than exenteration, require either sur
gical removal of necrotic orbital contents or placement 
of a catheter or drain potentially introducing an addi
tional nidus for infection. Compared to these methods, 
TRAMB injections are minimally invasive and conveni
ently can be performed at bedside.13,21,33

The overall rate of exenteration for the controls 
(−TRAMB) in our study was 57% (local orbital involve
ment) and 43% (extensive involvement), which is similar 
to prior studies that reported rates of 21–57%.14,15,21 

With TRAMB, the rate of exenteration was significantly 
lower in the local involvement group (12.5%), while dis
ease-specific mortality was comparable (21% +TRAMB 
vs 13% -TRAMB). For extensive involvement, the rate of 
exenteration with TRAMB (27%) was not significantly 
different from that of controls. This may reflect patients 
with severe disease adopting comfort care measures or 
being unfit for general anesthesia. Mortality rates for this 
group were similar with or without retrobulbar injec
tions, 36% +TRAMB vs 53% -TRAMB. No demographic 
or clinical variables, including number of TRAMB injec
tions, correlated with a survival benefit. In our multi
variate analyses, extensive involvement by itself yielded 
a nearly 17-fold greater odds of disease-specific mortality, 
following that extent of disease is the strongest predictor 
of mortality.35

For local orbital involvement, visual acuity improved 
at final exam in the +TRAMB group, possibly due to the 
number of eyes saved from exenteration, conferring 
with borderline statistical significance. Improvement 
in ophthalmoplegia with TRAMB trended towards sig
nificance at final exam. Orbital congestion at final exam 
was not significantly different between ± TRAMB for 
local orbital involvement. Notably, there was 
a significant worsening of orbital congestion by final 
exam for +TRAMB eyes with extensive involvement. 
Amphotericin B is known to incite edema and 

inflammation when administered locally, as it induces 
the expression of pro-inflammatory cytokines including 
TNF-a, IL-6, and IL-1.36,37 When injected into the orbit, 
this inflammatory reaction manifests as increased orbi
tal congestion. Further, frequent injections add volume 
to an already confined space. Additional studies evalu
ating long-term effects post amphotericin injections are 
needed.

This study has several limitations. First, it was retro
spective and therefore patients were not randomized to 
the intervention. Second, variation exists in the injec
tion protocol adopted by each institution. Given the 
rarity of ROCM and resulting limitations in sample 
size, there has been no prospective study to date eval
uating TRAMB, and thus the optimal injection proto
col including frequency of injections and endpoint to 
cease therapy remains to be determined.38 Third, we 
did not stratify patients further by radiographic fea
tures of contrast enhancement, as has been previously 
suggested.13,33,39–42 Further, our cohort of extensive 
involvement includes patients with apical disease with 
and without intracranial spread. Disease-specific mor
tality expectedly is increased with central nervous sys
tem involvement, with the expectation that TRAMB 
would not be curative once disease has reached the 
CNS. Our findings are consistent with this expectation.

Determining the effect of TRAMB on exenteration and 
disease-specific mortality in patients with apical enhance
ment alone is an important area of continued study.33

In this multi-institutional retrospective comparative 
study, patients with ROCM with local orbital involve
ment treated with adjunctive TRAMB demonstrated 
clinically improved visual acuity, a decreased rate of 
exenteration, and no increased rate of mortality com
pared to those treated with standard therapy. Clinicians 
may consider TRAMB injections a useful minimally inva
sive and globe-sparing adjuvant therapy in these patients.
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