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Abstract
Background Mycetoma is an under recognised but significant disease endemic in various countries and associated with high
morbidity. Treatment is a combination of antimicrobial therapy, with surgery often reserved for refractory or delayed cases where
functional sequelae are often ignored. This case series aimed to provide preliminary evidence for the role of reconstructive
surgery in treating mycetoma.
Methods Twenty-six cases of eumycetoma suitable for reconstruction post-excision were identified between 2013 and 2016 in
three centres in Sudan. The choice of reconstruction was based on consensus of the treating team, and relevant end-points noted
including patient satisfaction, mobility and complication rate.
Results Mycetoma lesions affected primarily the limbs (n=23), with three cases involving the gluteal region. A range of
reconstructive options was used including skin grafting (n = 14), local flaps (n =5) and regional flaps (n =4). Three cases were
closed primarily. No complications were noted, and disease recurrence was not found in any of the patients. Subjective
interviewing revealed adequate patient satisfaction with cosmesis, and all patients reached a post-operative mobility status at
least equivalent to their pre-morbid state.
Conclusions This study demonstrates the feasibility of reconstructive surgery in selective patients with mycetoma as part of their
treatment protocol.

Level of Evidence: Level 1V, therapeutic study.
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certain sub-Saharan and South American countries such as

Sudan, Somalia, Mexico and Venezuela—the so-called ‘my-
cetoma belt’ [1]. Whilst early disease is amenable to cure

Introduction

Mycetoma is a chronic granulomatous inflammatory disease

of the skin and subcutaneous tissue, commonly described ac-
cording to causative organism as either eumycetoma (i.e. fun-
gal) or actinomycetoma (i.e. bacterial) [1]. The World Health
Organisation (WHO) recognises mycetoma as a badly
neglected disease, without accurate data on its incidence and
prevalence, or any formal programme for prevention and sur-
veillance [2]. Although it occurs worldwide, it is endemic in
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through a combination of medication and surgery, little atten-
tion has thus far been paid to options for reconstructive sur-
gery for what is often a debilitating and disfiguring surgery.

There are more than 70 organisms implicated in causing my-
cetoma, most of which are soil inhabitants and are transmitted via
traumatic inoculation e.g. via a thorn prick [3, 4]. Mycetoma
clinically presents with a classic triad of a hard subcutaneous
swelling, multiple sinuses with painless seropurulent discharge,
and the presence of grains of various colours and sizes
(representing colonies of the causative organism) [5]. The foot
is the most commonly involved site, but mycetoma may affect
virtually any part of the body [6]. There is a male preponderance
(sex ratio 3—4:1), and most cases are seen in individuals in their
third and fourth decades [7]. Owing to the painless nature of the
disease, lack of health facilities in endemic areas, and low levels
of patient health education, late disease presentation is often en-
countered where the infection involves the underlying bone and
muscle and is more resistant to medical treatment [8].
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Diagnosis of the disease is made in combination with clinical
findings and identification of the causative organism through
fine-needle aspiration (FNA) cytology. If equivocal, histopatho-
logical and Gram stain examination of tissue biopsies, as well as
molecular diagnostic techniques, will identify the causative fun-
gal and bacterial species. Imaging techniques such as plain ra-
diographs, ultrasound and magnetic resonance imaging (MRI)
are useful adjuncts in characterising the extent of the lesions,
including involvement of deeper bony or muscular structures.

Treatment regimes vary widely, but in general comprise a
prolonged course of either an antibiotic or antifungal agent,
and in the case of eumycetoma patients, surgical excision.
Indications for surgery include small, well-localised lesions,
in massive lesions to reduce organism load, in medication
refractory cases, and to counter certain complications such
as secondary bacterial infection and sepsis [9]. However, little
consideration has thus far been given to reconstructive options
post-excision, nor the associated complications, impact on
disease recurrence or overall patient prognosis.

As such, the aim of this study is to characterise the recon-
structive surgical options and post-operative sequelae for
eumycetoma patients.

Methods
Ethics

This study was approved by the institutional review board. All
participants gave their written consent, and individual patient
data was anonymised to preserve confidentiality.

Patients

A total of 26 patients were recruited between the period of 2013
and 2016 within three centres in endemic states in Sudan. The
inclusion criteria included a formal diagnosis of eumycetoma,
confirmed clinically, radiologically and cytologically, in adult
patients over 18 years. These patients were deemed to require
surgery as part of the treatment strategy, and the most suitable
reconstructive option chosen by consensus by a team of plastic
surgeons. Exclusion criteria included paediatric patients, those
with incomplete data sets or who were lost to follow-up, and
those for whom reconstructive surgery was not indicated.

Diagnosis

All patients were diagnosed as eumycetoma based on a com-
bination of factors. Clinical susceptibility was based primarily
on residency in an endemic area, history of discharge of black
grains and history of previous mycetoma infection as well as
supportive physical examination findings. FNA cytology of
lesions was performed using 10% potassium hydroxide in
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order to classify grains, with subsequent culture on
Sabouraud’s Dextrose Agar 2% and Mycobiotic Agar. If in-
sufficient, histological examination of tissue biopsy was per-
formed using haematoxylin-eosin, Grocott’s methanamine sil-
ver, Periodic acid-Schiff and Gram-Brown-Brenns. All pa-
tients had plan film radiographs taken of the affected region,
with further imaging using ultrasound or MRI as needed.

Treatment

All patients were treated according to a standard protocol at
the local institutions. This consisted of 200400 mg/day of
Itraconazole, chosen for its comparatively low rate of systemic
toxicity and side effects, for a minimum period of 6 months.
The decision to then operate was made by the multi-
disciplinary team. All patients initially underwent wide local
excision (WLE) under a regional/general anaesthetic tech-
nique, and proceeded on to reconstruction based on the con-
sensus of the operative team. A tourniquet was used to allow
for a bloodless field. Generous long incisions were made to
facilitate initial excision, with a wide rim of healthy tissue
(between 1 and 2 cm) excised as a safety margin. Choice of
reconstructive technique was based on the principles of the
reconstructive ladder, as well as anatomical site of defect.

Follow-up

The patients were followed-up monthly at the outpatient clinic
to assess cosmetic and functional outcomes post-operatively,
the presence of any complications, concordance with medical
treatment and disease recurrence.

Statistical analysis Data included in this study were analysed
using descriptive statistics with the Statistical Package for the
Social Services (SPSS), version 20.0.

Results

A total of 26 eumycetoma cases were included in the present
study; 21 were male, and 5 were female (male to female ratio of
4.2:1). In nine (34.6%) patients, this was a recurrent diagnosis
of eumycetoma, whilst in the remaining, it was their initial
presentation. The mean age was 28 years (range 18-56 years).
Four patients had a single concomitant comorbidity, with two
having two or more comorbidities. The commonest comorbid-
ities included hypertension and type two diabetes mellitus.
The time from onset of clinical signs to diagnosis and med-
ical treatment ranged from 4 to 27 months (mean 13 months).
The distribution of eumycetoma lesions were as follows: 9
(34.6%) affecting the foot, 5 (19.2%) affecting the hand, 3
(11.5%) affecting the leg, 4 (15.4%) affecting the thigh/knee,
2 (7.7%) affecting the arm and 3 (11.5%) affecting the gluteal
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region. Diagnosis was established through FNA cytological
examination in 23 (88.5%) cases, whilst direct microscopy
was required in 3 (11.5%) cases. The causative organism
was established in 22 (84.6%) cases, with Madurella
mycetomatis representing the most common organism in 17
(65%) cases. All patients underwent plain radiography of the
affected site, with additional imaging performed via ultraso-
nography or MRI in 8 (30.7%) and 2 (7.7%) of the cases,
respectively.

The average time of antifungal therapy prior to operative
intervention ranged from 6 to 13 months (mean 8.7 months).
Post-WLE, reconstruction was performed using skin grafting
in 14 (53.8%) patients (Fig. 1). Local flaps, primarily V-Y
advancement flaps, were utilised in 5 (19.2%) patients
(Fig. 2), whilst regional flaps were used in 4 (15.4%) in-
stances. These included two patients who underwent a
grastrocnemius flap for left thigh and knee lesions (Fig. 3), a
dorsalis pedis pedicled flap for a right foot lesion, and a lateral
calcaneal artery skin flap. Three (11.5%) patients had their soft
tissue defects managed with primary closure after sufficient
undermining to allow a tension-free closure.

Follow-up was performed on a monthly basis for the first
year. All patients were still concordant with clinical therapy at
this time. No complications were reported, with a 100% suc-
cessful skin graft and flap take. No cases of recurrence were
noted up to the time of writing of this report. Wound cosmesis
was reported to be at least satisfactory on subjective
questioning of the patients, and all patients reached a function-
al outcome that at least matched, if not bettered, their pre-
operative state, as assessed by the specialist physiotherapist
(Table 1).

Discussion

To date, and to our knowledge, this is the largest published
case series of patients with eumycetoma that have been man-
aged with both medical therapy and reconstructive surgery. In
this study, 26 patients with confirmed eumycetoma underwent
medical therapy followed by a combined wide local excision
and immediate reconstruction. The rationale for selecting
eumycetoma patients was based on the relative paucity of

Fig. 1 Right foot mycetoma
treated with wide local excision
(left) and immediate application
of split skin graft (right)

effective antifungal therapy for these cases, which often ne-
cessitates surgical intervention, compared with
actinomycetoma [10]. However, surgery has historically been
performed for disease control, with little consideration given
to post-operative function or cosmesis.

The higher male to female ratio identified in our study
sample is in line with the reported literature, as is the mean
age of the patients included [7]. The presence of existing co-
morbidities have not been shown to be associated with more
severe or atypical forms of mycetoma, however, in this case,
were of general interest from an anaesthetic and peri-operative
point of view. Similarly, the distribution of lesions in our
study, with the majority affecting the foot, is supported by
various case series. In fact, over 80% of mycetoma cases are
known to affect the limbs, which is possibly explained by the
fact that patients in endemic areas often walk barefoot and
thus inosculate themselves with the disease [11].

FNA cytological analysis of grain specimens has been
shown to be as reliable as formal histopathological assessment
of tissue biopsies, given the characteristic colour, size and
consistency of individual grains [12]. M. mycetomatis, the
commonest eumycotic agent, are often large and stain black.
Other organisms responsible for eumycetoma include
Madurella grisea, Pseudoallescheria boydii and
Leptosphaeria senegalensis. The use of radiographic assess-
ment greater than plain radiographs is generally reserved for
cases where there is a strong clinical suspicion of bony or
muscle involvement, delineating the anatomy prior to poten-
tial surgical reconstruction or in cases of equivocal diagnosis.

Given the varied total treatment duration for eumycetoma
reported in the literature, a consensus approach was taken to
determine length of antifungal treatment prior to surgery. In
principle, the use of antifungal therapy should reduce the acute
disease burden, whilst inducing the formation of an adequate
fibrous capsule around the lesion and so facilitate surgical
dissection [9]. However, this alludes to a larger problem in
the treatment and surgical management of mycetoma i.e. a
lack of published guidelines and standardised peri-operative
treatment protocols. For instance, there is no defined margin at
which a WLE should be performed, with examples in the
literature varying between 0.5 to over 2 cm [9, 13—15]. In this
study, the reconstructive decision was based on our extensive
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Fig. 2 Right hand mycetoma
(left) treated with wide excision
and local V-Y flap (right)

experience in dealing with mycetoma patients over the last
25 years [8].

Tamir et al. performed the first published reconstruction for
a patient with mycetoma; a 28-year-old patient with a 3-year
history of right foot eumycetoma resistant to medical therapy
underwent two-stage resection and reconstruction with a free
tensor fascia lata (TFL) musculocutaneous flap [13]. More
impressively, the patient remained disease-free a year after,
and was ambulant on the affected leg. Since then, scant pub-
lications have reported varying degrees of success in recon-
struction using a range of techniques from skin grafting, to
local and regional flaps [14—17]. However, almost none of
these reports included a functional assessment post-operative-
ly, and certainly, none included a patient measure of outcome
satisfaction.

This is significant for two reasons: firstly, as has been wide-
ly noted, farmers and other manual workers are the individuals
most commonly affected by this disease, and so the ability to
preserve function is integral to their livelihood, which in turn
will ease the socioeconomic burden associated with the dis-
ease. Limb amputation remains a relatively common surgical
treatment and so any effort to preserve limb function with

Fig. 3 Right knee mycetoma
(upper left) treated with wide
excision and regional
gastrocnemius flap (upper right).
Intra-operative image final flap
position (bottom left) and healed
defect (bottom right)
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radical dissection and reconstruction will further reduce pa-
tient morbidity and the considerable social stigma associated
with amputations. This is particularly evident in the four cases
of regional flap reconstruction we performed. Weight-bearing
status was preserved, and the patients were ambulant soon
after, returning to a near normal baseline function within 3
to 4 months. Secondly, patient satisfaction with treatment is
likely to result in greater treatment adherence, and hence the
reduced likelihood of disease recurrence. There are other pos-
ited benefits of reconstruction; Tamir et al. suggested that the
transfer of a highly vascularized tissue to the infected region
may improve loco-regional blood flow and hence delivery of
anti-fungal drugs to the area, thus helping eradicate residual
nests of disease [13].

In our case series, there was no reported disease recurrence
within the follow-up period, and patients were generally free
of surgical complications. This is in contrast with the existing
literature, but can be explained by the fact that most cases of
surgical excision outside our centres are performed under lo-
cal anaesthesia and by an inexperienced surgeon in a rural
setting with poor surgical facilities. This is one of the main
predictors of disease recurrence, along with the presence of
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Table 1 Summary of the post-operative patient-reported measures
Strongly agree Agree No opinion Disagree Strongly disagree Total

I am satisfied with how my wound looks, 7 (27.0%) 16 (61.5%) 3 (11.5%) 0 0 26 (100%)
after surgery

I am satisfied with how my wound feels, 2 (7.7%) 19 (73.1%) 5(19.2%) 0 0 26 (100%)
after surgery

I feel that my function is impaired 0 0 1 (3.8%) 17 (65.4%) 8 (30.8%) 26 (100%)
after surgery

I feel that I am able to do at least as 18 (69.2%) 4 (15.4%) 4 (15.4%) 0 0 26 (100%)
much now, compared with before surgery

I feel confident in returning to my 20 (76.9%) 3(11.5%) 3(11.5%) 0 0 26 (100%)

previous level of function, after surgery

Percentages provided in brackets (%)

disease greater than 10 years, the presence of extra-pedal dis-
ease, family history, and certain demographic factors such as
occupation and geographic location [18].

This case series arguably demonstrates the merits of surgi-
cal reconstruction for mycetoma patients. However, despite
the first case report of reconstruction being published over
20 years ago, there has been little widespread acceptance of
its role. Part of the explanation for this is that mycetoma is
endemic in resource-poor countries, where the resources or
infrastructure may not permit for reconstruction. However,
good medico-surgical management may reduce the recurrence
rates of mycetoma, which will inevitably reduce costs associ-
ated with prolonged courses of medication, as well as the
economic impact of further morbidity. Additionally, as men-
tioned previously, a lack of consensus on the most suitable
reconstructive and peri-operative approach means that routine
adoption of reconstruction may be delayed. Within our cen-
tres, we are developing a treatment protocol to attempt to
address some of the variability in disease presentation, as well
as how to successfully match the reconstructive approach.

Conclusion

Mycetoma is a neglected and often underreported disease,
associated with significant morbidity and mortality in those
countries in which it is endemic. Treatment with antibiotics or
antifungal medication is often insufficient in preventing recur-
rence and is associated with a high dropout rate. Whilst wide
local surgical excision has been well established for localised
lesions, larger lesions have often necessitated aggressive
debulking, often tending towards amputation at the expense
of function. Reconstruction, particularly of large skin and soft
tissue defects is a viable option to restore both function and
cosmesis, as evidenced in this study. However, further work
needs to be undertaken to determine the optimal timing of
surgery, peri-operative protocol, and ideal reconstructive tech-
nique to ensure its wider application.
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