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Abstract A 6-month-old child developed cutaneous 
mucormycosis of the forearm 5 weeks after liver transplan
tation, which progressed to osteomyelitis of the proximal 
ulna. Aggressive treatment, which included serial radical 
debridements, intravenous administration of amphotericin 
B, and eventually split thickness skin graft coverage 
resulted in successful functional salvage of the foreann, 
wrist, and hand. Of the nine previously reportcd cases of 
mucormycosis affecting the foreann or hand in immuno
compromised patients, all either required amputation of the 
hand or bclow elbow amputation, or resulted in the patient's 
death. Definitive early diagnosis and serial radical debride
ments may allow salvage of a functional hand. 

Keywords Cutaneous mucormycosis· Foreann . Infection· 
Liver transplantation 

N. F. Jones (l'-,]) 
University of Califomia Irvine Hand Center. 
I () I The City Drive South, Pavilion Ill, 
Orange. CA 92868. USA 
c-mail: nfjones(lguci.edu 

E. K. Shin 
The Philadelphia Hand Center, P.c., 
834 Chestnut Street, Suite G 114, 
Philadelphia. PA 19107. USA 

S. Eo 
DongGuk University Intemational Hospital. 
X 14, Siksa-dong, Ilsandong-gu, Go Yang-si, 
Gyeonggi-do 410-773. South Korea 

T. E. Starzl 
University of Pittsburgh Medical Center, 
200 Lothrop Street, 
Pittsburgh, PA 15213, USA 

~ Springer 

Introduction 

Mucormycosis is a very rare, fulminant opportumstlc 
fungal infection caused by members of the class phycomy
cetes, which arc ubiquitous soil saprophytes. Although 
rhinocerebral, pulmonary, and widely disseminated fonns 
of the disease have been extensively reported, mucormy
cosis can affect the hand and upper extremity as a localized 
cutaneous infection through direct inoculation of spores [-']. 
Cutaneous muconnycosis can also occur as a secondary 
infection following skin injuries such as burns, lacerations, 
and at intravenous injection sites [5, 7]. Like its more 
devastating disseminated fonn, cutaneous muconnycosis 
tends to occur in debilitated or immunocompromised 
patients [2, 6, 9-1 I, 13-15, 18, 19], though it can be seen 
in immunocompetent patients following extensive wound 
contamination or fanning injuries [I .'i]. 

This case report describes a very young child immunosup
pressed after liver transplantation who presented with a 
localized mucormycosis infection of the foreann, which 
progressed to osteomyelitis of the proximal ulna. Treatment 
consisted of serial radical surgical debridements, intravenous 
amphotericin B, and split thickness skin grafts, which resulted 
in successful salvage of a functional foreann, wrist, and hand. 
To our knowledge, this is the only case in the hand surgery 
literature documenting successful salvage of the upper 
extremity following mucormycosis infection of the foreann 
or hand in an immunocompromised patient. The nine previous 
cases involving the hand or foreann have necessitated either a 
below elbow amputation or amputation of the hand, or have 
resulted in death [2, 'i, 7, 10, 11, 13, 15, 18, 19]. 

Case Report 

A 6-month-old infant boy with a history of neonatal 
hepatitis underwent an allograft orthotopic liver transplan-
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Figure I Preoperativel y the area of necrosis ex tended from the volar 
aspect or the di stal forearm to just distal of the olecranon. 

tation . Following transplantation, the patient was started on 
immunosuppression with azathioprine and prednisone. 

Approximately J month posttranspJant, he developed an 
extensive area of necrosis over the left forearm, initially 
thought to be consistent with intravenous fluid infiltration. 
The area of necrosis extended from the volar aspect of the 
distal forearm to just distal to the olecranon. In spite of 
brisk capillary refill of the fingers, radial and ulnar pulses 
were difficult to palpate. The area of necrosis was 
surgically debrided on posttransplant day 35 (Fig. 1), and 
frozen section histology demonstrated broad, nonseptate 
branching hyphae consistent with mucormycosis (Fig. 2). 
The patient was started on intravenous amphotericin B. 
Azathioprine was discontinued, prednisone was decreased , 
and he was started on low-dose cyclosporine. 

On posttransplant day 37, the patient underwent a more 
radical debridement of the left forearm . A I-cm margin of 
normal-appearing skin was excised all around the necrotic 
areas, and the forearm extensor muscles were carefully 
debrided until normal-appearing muscle fibers were visual
ized . The flexor digitorum superficial is and flexor carpi 
ulnaris muscles were radically excised leaving only the 
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Figure 2 Following surgical debridement or the necrotic areas, broad, 
nonseptate branching hyphae consistent with mucormycos is were 
identified on hi stologic examination. 
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Figure 3 A I-cm margin of skin was excised around the necrotic 
areas. Following radical debridement of the foreann musculature, 
normal-appearing neurovascular structures were preserved. 

flexor carpi radialis, the flexor digitorum profundus, and 
the flexor pollicis longus muscle bellies, which appeared 
normal, as well as the median and ulnar nerves and the 
radial and ulnar arteries (Fig. 3). The proximal portion of 
the subcutaneous border of the ulna was exposed over a 
2-cm distance just distal to the olecranon. This area of the 
ulna demonstrated radiographic findings suggestive of 
osteomyelitis, and this was subsequently confinTled histo
logically (Fig. 4). A window was created using a rongeur to 
remove the involved cortex of the ulna, and the medullary 
cavity was extensively curetted. Intraoperatively, excellent 
pulses were recorded using a Doppler probe from the radial 
and ulnar arteries. It was hypothesized that the necrotic 
muscles of the superficial flexor compartment of the 
forearm produced a compartment syndrome, thereby com
promising the vascular supply to the hand. 

Following this radical surgical excision, frozen section 
analysis of the margins demonstrated no fungal elements in 
any of the skin or muscle margins. Pig skin allograft was 
used to provide temporary cover of the wound, even of the 
exposed medullary cavity of the ulna. On posttransplant 

Figure 4 Radiographs of the forearm suggested osteomyelitis 
involving the proximal ulna and olecranon. These areas were 
extensively debrided on posttrallsplant day 37. 
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day 43 , multiple biopsies were again taken from all tissues of 
the left forearm. All the permanent sections were negative for 
mucormycosis. At the final fourth operation, the pig skin 
allograft was removed and a split thickness skin graft from 
the left thigh was applied to the wound (Fig. 5). 

The child was allowed to begin unrestricted motion of the 
left upper extremity on posttransplant day 66, and amphotericin 
B was discontinued on posttransplant day 75. One year 
postoperatively, the child had excellent flexion and extension 
of his left elbow and wrist and could fully flex and extend his 
fingers and thumb. His liver function tests returned to normal. 

Figure 5 After multiple biopsies confirmed the absence of any 
remaining infection , pig skin allograft was used to provide temporary 
coverage of the wound . This was subsequently re placed with a split 
thickness skin gran from the left thigh . 

Discussion 

Table I Mucomlycosis involving the upper ex tremity. 

No. Age Sex Predisposing factors 

I 79 F Diabetes mellitus 

2 20 M Bum injlllY 
3 41 M Cnlsh injUiY. diabetes mellitus 

4 39 F Chronic myelogenous leukemia, 

diabetes mellitus 
80 F Predni sone therapy for polYlllya lgia 

rheumat ica 

(, 56 F Hemodialysis for analges ic nephropathy 

15 F Acquired immunodefici ency syndrome 
(AIDS) 

37 F Diabetes mellirus. corticosteroid 
therapy for panhypopituitarism 

9 2R F Bum injulY, diabetes mellitus 

10 52 F Diabetc~ mellillis 

II 12 F Motor vehicle injury, open fractures 

of humerus, radius. and ulna 
12 26 M Conveyor belt injUlY 
13 2X M Motor vehicle injury, open fracture 

of humerus 
14 46 /'vi Motor vehicle injury, open fractures of 

humeru s, rad ial neck and olecranon 

15 56 F Conveyor belt injury, open fractures 
o f radius and ulna 

16 52 F Conveyor belt injury. closed anterior 

elbow dislocation 
17 70 M Com auger injury, open thumb 

dislocation 

IX 38 F Alcoholic encephalopathy 

19 6 M Immunosuppression for liver 
months transplantation 

Numbers I I to 17 convey immunocompetent patients 
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To our knowledge, 18 cases of cutaneous mucormycosis 
affecting the upper extremity have been described in the 
medical literature [2, J , 5, 0, 9-1 I, I J, IS, 17-1 <.J ] with II 

Infection site Treatment Outcome Reference 

Right foreann Excision Died Baker et al. [.; ] 

Right hand Through wrist amputation Well Foley and Shuck [,) 

Right hand Index and middle finger ray Well Palmer et al. [17) 
amputations. amphotericin B 

Right upper arm Excision, amphotericin B Well Jain et at [lJ ] 

Right upper ann Excision , amphoteric in B Well Hennessy and 
Mosher [h) 

Right small finger Below elbow amputation, Well Kerr et al. [I OJ 
amphotericin B 

Left foreall11 Through elbow amputation, Well A I-Qattan and 

amphotericin B AI Mazrou I:] 
Left hand Above-elbow amputation. Died La Hausse-Brown 

amphotericin B et al. I. :] 
H and and foreann Above-elbow amputation. Well Lidor and Nunley [I 3j 

amphotericin B 

Right hand Above-elbow amputation, Well Stevanovic et al. [l'lJ 
amphotericin B 

Upper ann and Excision , amphotericin B Well Moran et a l. l l 51 
fOreallTI 

Unknown Excision, amphotericin B Well Moran et 31. [15) 

Upper arm Above-elbow amputation. Well Moran et al. [ 1' 1 
amphotericin B 

Upper arm and Glenohumeral disarticulation, Well Moran et al. [1· 1 
elbow amphotericin B 

Forea lm Excision, amphotericin B Well Moran et al. [15) 

Elbow Ring and small finger ra y Well Moran et a l. [ 15] 
amputations, amphotericin B 

Hand Below elbow amputation, Well Moran et al. [ IS] 

amphotericin B 
Left forearm Below elbow amputation Died Raizman et al. [H 
Left forearm Serial radical excisions, Well Present case 

amphotericin B 
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involving the foreann or hand and seven involving the 
upper ann. Nine of the II cases specifically involving the 
forealm or hand required a through or above-elbow amputa
tion, and even then two of these patients died (Table I) [:, :'. 
10, I I, U, 15, 17-19]. The remaining two patients 
underwent attempted salvage of the foream1 and hand, but 
unfortunately one died [.']. All of the previous cases of 
mucormycosis affecting the upper extremity have been 
reported in adults with the single exception of a 12-year
old female reported in a series of immunocompetent patients 
afflicted with cutaneous muconnycosis [I :'i]. 

Mucormycosis infection in all its fonns is rarely repOlied 
in the absence of any immunodeficiency. Risk factors 
include diabetes mellitus [3, 7, 9, II, 13, 17] hematologic 
malignancy [Ill], drug abuse p<], steroid use [(l, II], 
transplant recipients [4, 12,20], bum injuries [:'i, I.']' and 
hemodialysis [I (I]. Like this case, II of the other reported 
mucormycosis infections in the upper extremity were f()lInd 
to have associated risk factors. However, Moran et al. [15] 

presented a series of seven immunocompetent patients with 
mucormycosis infections following motor vehicle accidents 
with gross contamination or farming injuries. Despite the 
favorable immunologic status of these patients, mUltiple 
debridements were still necessary and four of the seven 
patients ultimately required some fom1 of upper extremity 
amputation. 

Successful treatment of cutaneous mucormycosis in tec
tions of the upper extremity depends upon three principles: 
early diagnosis, prompt administration of high-dose ampho
tericin B, and serial radical surgical resection with 
debridement of all necrotic tissues. In spite of appropriate 
management, the mortality rate for cutaneous mucormyco
sis has been reported to be up to 16% [I]. 

Early diagnosis of cutaneous muconnycosis is facilitated 
by having a high level of suspicion, particularly in 
susceptible patients who develop a necrotic area of their 
extremity. Prompt diagnosis is mandatory to ensure the 
patient's best chance of survival. Clinically, cutaneous 
mucormycosis may initially present with pustules, blisters, 
bullae, and discoloration. Definitive diagnosis is made by 
histologic examination of a tissue biopsy demonstrating the 
characteristic hyphae. Intraoperative frozen sections should 
be considered to facilitate rapid identification of the 
otfending organism and eventually to confirm clear 
margins. 

Amphotericin B is the mainstay of medical treatment for 
cutaneous muconnycosis even though it may be limited by 
its adverse effects, which include hypokalemia, renal 
impainnent, and infusion-related intolerance reaction [16]. 
It may complement surgical debridement by slowing the 
progression of spread of mucormycosis and by controlling 
infection in areas where vital structures cannot be com
pletely resected. 
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Complete or serial radical debridement of all necrotic 
and infected tissues is unquestionably the single most 
impOliant component of treatment. Since the fungus rapidly 
disseminates via the vasculature, a wide margin of resection 
must be employed. With deep infection or involvement of 
vital structures, partial or total amputation of the limb 
should be strongly considered. There has been only one 
other report of muconnycosis osteomyelitis of the hand, but 
this patient required above-elbow amputation [19]. Suc
cessful salvage of a functional hand was achieved in our 
patient despite osteomyelitis of the ulna by rapid diagnosis, 
intravenous amphotericin B, and serial radical debridements 
of the forearm followed by delayed reconstruction using 
skin grafts, but only after total eradication of the fungus 
from all the affected tissues-bone, muscle, and skin-had 
been confinned by pennanent sections. 
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