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Purpura fulminans is a rare catastrophic childhood illness 
occurring after an initial apparently benign infection, with 
rapid progression and development of a purpuric skin rash 
(Fig. 1), disseminated intravascular coagulation and frequent-
ly multiple organ failure.  It can follow viral, rickettsial and 
bacterial infections, but typically is seen following Neisseria 
meningitidis septicaemia.1,2 Children with meningococcaemia 
are at greatest risk of developing purpura fulminans. Surgical 
complications occur in up to 72% of cases, with a case fatal-
ity rate of 8 - 50%.1-4  

Medical management includes systemic support, antibiot-
ics, correction of plasma deficiencies, and when required, 
anticoagulant and thrombolytic therapy.5,6 Surgical treatment 
depends on the nature and extent of tissue damage and may 
include decompression during the acute phase, and sub-
sequently debridement of necrotic tissue, skin grafts, local 
microvascular flaps, and amputations.  This study describes 
our experience with the management of children with pur-
pura fulminans seen since 1977, with the goal of developing 
a management protocol that could perhaps limit the extent of 
tissue injury.
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Summary
Objective. To describe surgical experience with purpura 
fulminans related to meningococcaemia in a single in-
stitution, and to suggest a management protocol. 

Methods. A retrospective review was done of patients 
admitted to the intensive care unit at Red Cross War 
Memorial Children’s Hospital in Cape Town with the clinical 
diagnosis of purpura fulminans.

Results. During a 28-year period (1977 - 2005) 112 children 
(average age 3.4 years) were treated for meningococcaemia 
with purpura fulminans. Overall mortality was 10.7%.  Local 
treatment consisted of measures to improve circulation, 
infection control and healing of necrotic tissue.  Demarcation 
of necrotic areas was evident at 5.5 days and the average 
area of skin necrosis was 14% total body surface area (range 
2 - 85%). The lower limbs were predominantly affected.  
Purpura fulminans resolved in 35 children (31.2%) without 
skin necrosis. Skin grafting was required in 77 children 
(68.8%).  Factors associated with a poor outcome for 
peripheral extremity salvage were progressive irreversible 
skin changes, early disappearance of distal pulses, tense 
cold swollen extremities and intense pain on passive 
movement of the affected extremity.  Amputations were 
performed proximal to the area of necrosis, on average 27 
days after injury.  

Conclusions. Meningococcaemia is a disease with 
potentially devastating consequences. Early surgical 
consultation is essential.  Skin- and soft-tissue-releasing 
incisions should be considered early to reduce the incidence 
of extremity necrosis.  Small necrotic areas usually separate 
spontaneously with secondary healing or can be excised and 
sutured.  Larger necrotic areas should be excised only after 
demarcation has been established, and can be covered with 
delayed skin grafting.  Amputation should be conservative 
but may require revision.  

Fig. 1. Typical rash of meningococcal septicaemia with small 
to large or confluent purpuric lesions.
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Material and methods
A retrospective record review was done of patients admit-
ted to the intensive care unit (ICU) at Red Cross Children’s 
Hospital with a clinical diagnosis of purpura fulminans over 
a 28-year period (1977 - 2005). Purpura fulminans was 
defined as clinical evidence of extensive purpura, intravascu-
lar thrombosis and the presence of septic shock.  All patients 
received standard ICU medical care, including factors to 
neutralise the effects of the endotoxin, heparin, tissue plas-
minogen activator (TPA), streptokinase and regional anaes-
thesia. Early releasing incisions or fasciotomies were done if 
limb viability was threatened.  Timing and extent of surgical 
interventions were documented.  Wound care was deter-
mined by local pathology and in principle was dealt with in a 
similar manner to full-thickness burns.  Small necrotic areas 
were left to heal or were covered with non-adhesive dressings.  
Larger areas were covered with an antiseptic solution and 
extensive wounds were regarded as full-thickness necrosis 
requiring regular hydrotherapy, topical antiseptics, occlusive 
dressings, bacteriological surveillance and debridement when 
fully demarcated.  Debridement and primary or delayed skin 
grafting were done only in stable patients with well-demarcat-
ed necrotic tissue. Levels of amputation were likewise defined 
using standard principles.  A Hartman’s colostomy was done 
in patients with perineal and upper-thigh wounds to prevent 
contamination of the wounds.  All amputations were sent for 
histological examination.

Ethical approval for case review was obtained.

Results
One hundred and twenty-two children with an admission 
or discharge diagnosis of purpura fulminans were identified.  
There were 74 females and 48 males, with a mean age of 3.4 
years (range 3 months - 12 years). Eight of the children were 
less than 1 year of age.  Ten children were excluded from the 
study, 2 with mild meningococcal disease not progressing 
to skin necrosis and 8 with non-diplococcus Gram-negative 
septicaemia and purpura fulminans.  In the latter group, 
the causative organisms on blood culture were Enterococcus, 
Psuedomonas, Haemophilus influenzae, Streptococcus and 
Staphylococcus spp. All patients presented with the classic pic-
ture of Gram-negative septicaemia, viz. shock, intravascular 
coagulation and purpuric skin lesions.  Seventeen children 
had negative blood cultures, 10 of whom had received antibi-
otics before admission.  This group was included in the study 
because of the classic presentation.  Meningococcal isolates 
were not typed but showed 100% sensitivity to penicillin, 
cefotaxime and chloramphenicol.

Skin lesions were present in all on admission, and once 
demarcated involved on average a total body surface area 
(TBSA) of 14% (range 2 - 85%).  Skin necrosis (dark black 
areas) was observed within 24 hours of admission and was 
most prominent in areas of distal circulation.  Sites of the 
major skin lesions were the lower limbs (N = 51), arms  
(N = 32), trunk (N = 20), face and head (N = 12), upper 
thighs (N = 8) and gluteal area (N = 8).  Multiple areas were 
usually involved and demarcation of necrotic tissue was clini-
cally completed at 5.5 days (range 3 - 19 days).  

Purpura fulminans resolved without skin necrosis, or with 
spontaneous separation of the eschar followed by secondary 
healing of the wound in 35 children (31.2%).  Skin grafting 
was required in 77 children (68.8%), primarily to the legs, 

arms, trunk or face.  Five primary skin grafts were performed, 
of which 4 were lost. This was because of the infected necrot-
ic nature of the wounds which proved an unsuitable base for 
primary skin grafting. Quantitative tissue cultures of necrotic 
tissue always yielded a heavy growth of Gram-positive and 
negative organisms, especially S. aureus, beta-haemolytic 
streptococcus, Psuedomonas, Proteus, Enterobacter, Klebsiella 
and Escherichia coli.  No fungal elements were identified.  
Seventy-two patients had wounds that were initially unsuit-
able for grafting due to infected, sloughy granulation tissue.  
Delayed skin grafting yielded excellent results.  Vacuum-
assisted closure was used in 6 children towards the end of the 
study to enhance the formation of healthy granulation tissue.  
During 2005 we started using continuous epidural infusions 
to provide analgesia, and sypathetic blockage to improve 
peripheral circulation. 

There was an average of 3 surgical procedures per patient.  
The procedures included tissue debridement (N = 97) fas-
ciotomy (N = 5) (Fig. 2), skin graft (N = 77), amputation  
(N = 29), colostomy (N = 10), and musculocutaneous flap 
(N = 1).  Allografts were used in 4 children with extensive 
skin necrosis and unsuitable donor sites as temporary biolog-
ical dressings. The colostomies were a temporary Hartman’s-
type colostomy to prevent ongoing faecal soiling of extensive 
gluteal and upper-thigh wounds.  No colostomy complica-
tions were encountered.

Amputations were performed proximal to the areas of 
necrosis after completion of demarcation, on average 27 days 
(range 19 - 50 days) post admission.  Necrotic fingers were 
amputated at the mid-phalangeal joint level in 6 children 
(bilaterally in 3) and at metacarpal level in both hands of 1 
child with bilateral feet amputations. Earlabes were involved 
in 2 cases, with excision of necrotic tissue and primary clo-
sure in 1 and subsequent reconstruction in another.  The tip 
of the nose was amputated in 1 child.  The toes were ampu-
tated at the metatarsophalangeal joints in 6 children and at 
the interphalangeal joint in 1 child. Five children required 
transmetatarsal foot amputations.  Bilateral below-knee 
amputations were performed in 2 children, below-the-knee 
amputation in 1, a through-knee amputation in 1, and an 
emergency above-knee amputation as part of a life-saving 
procedure for peripheral gangrene with exposed bone, in 
another. In addition, 1 child had extensive areas of necrosis 
involving 85% of her TBSA, which included both legs up to 
the knees.  Bilateral amputations were contemplated as both 
anterior and posterior muscle compartments were involved, 
but a technetium 99m limb perfusion scan showed evidence 

Fig. 2. Soft-tissue release including fasciotomy for peripheral 
limb ischaemia.  The widely separated skin edges are indica-
tive of the pressures in the subcutaneous and fascial compart-
ments released by soft-tissue incisions.   
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of distal perfusion.  After extensive debridement of necrotic 
tissue, sufficient functional muscle tissue was left to justify 
limb preservation.  Subsequently, she regained limited plan-
tar and dorsiflexion function of her feet and achieved reason-
able locomotive activity.  One adipose fascial dermal flap was 
used to cover exposed bone and deep structures of the plan-
tar surface of the right foot.  Major soft-tissue and muscle 
necrosis of the lower limbs developed in 4 children, exposing 
joint cavities leading to septic arthritis in 2, and the loss of 
most anterior and posterior compartment lower leg muscles 
in the other.  None of these children required lower-leg 
amputations but all had limitations in locomotive function.

The majority of children received morphine by continu-
ous infusion during the acute phase of the disease.  Recently, 
continuous epidural infusions have been used, not only 
to provide analgesia but also for sympathetic blockade to 
improve peripheral circulation with limb-saving effects. 
  Histological evaluation of amputated specimens showed 
widespread coagulative necrosis and inflammation of skin, 
subcutaneous tissue and even muscle and bone in some cases.  
Twelve children (10.7%) died either during evolution of the 
disease from intractable shock, or as a result of irreversible 
septicaemia 36 - 120 hours after admission.  Postmortems 
showed evidence of the Waterhouse-Friderichsen syndrome 
in 3 children.

Discussion 
To prevent the devastating consequences of meningococcae-
mia, the diagnosis should be made promptly, and immediate 
appropriate treatment should be instituted (Fig. 3).3,5 N. men-
ingitidis is very sensitive to penicillin, although more resistant 
strains are increasing.  Of 183 strains, isolated from either 
cerebrospinal fluid or blood cultures during a recent survey 
in our laboratories, 100% of N. meningitidis were sensitive to 
cefotaxime, chloramphenicol and rifampicin, 98% were sen-
sitive to penicillin and 37% to co-trimoxazole.  Rifampicin 
is given as prophylaxis to all household contacts to eradicate 
bacteria from the nasopharynx.  

Therapeutic options have been developed to ameliorate the 
pathogenesis and pathology of the purpura fulminans. From 
a practical point of view, apart from protein-C concentrates, 
and recombinant bacteriocidal/permeability-increasing protein 
(rBPI21) not used in our series, the following non-surgical 
interventions were utilised, to counteract the effects of the endo-
toxin.7

The use of heparin has been advocated for many years and 
a recent retrospective study found that heparin used within 
the first 72 hours reduced digit and extremity necrosis and the 
number of skin-graft procedures and amputations.8 We used 
heparin early on in 7 children, but unfortunately 5 of them 
progressed to peripheral necrosis. In our experience therefore 
it had little benefit.  rBPI21 should be administered at the 
time of initial diagnosis along with the appropriate antibiotics.7 

Tissue plasminogen activator (TPA) and streptokinase were 
used in 3 children in an attempt to improve small-vessel cir-
culation.7 Amputations were required in 2 but immediate and 
sustained improvement in perfusion of purpuric areas was 
observed in 1.   

The use of regional anaesthesia, particularly central block-
ade (caudal, epidural) is controversial since both septicaemia 
and a coagulopathy with a low platelet count are consid-
ered contraindications.  The risk of epidural haematoma or 

abscess formation is unknown in this patient population since 
only a few case reports have been published.  The long-term 
benefit of limb salvage may outweigh the potential compli-
cations.  Immediate benefits include prolonged analgesia, 
and haemodynamic stability which is usually not seen when 
systemic vasodilators or opiate analgesics are used in com-
promised patients.  Furthermore, regional anaesthesia is not 
associated with respiratory depression.9,10 Purpura fulminans 
was present in all 4 limbs of 1 patient.  A continuous caudal 
block was placed to provide analgesia and to vasodilate the 
lower limbs.  Bilateral axillary blocks were placed to achieve 
the same effect in the upper limbs.  These were repeated on 2 
occasions and the child suffered no limb loss.

In our experience, all children with progressive dermal 
ischaemic change, disappearance of arterial pulses and severe 
limb pain on passive extension, developed major digital or 
limb losses.  Linear skin and subcutaneous decompression 
incisions, with or without fasciotomy done before irrevers-
ible ischaemic changes occur, may improve the chances of 
limb preservation, similar to escharotomies done for circum-
ferential limb burns3-12 (Fig. 2).  A child with threatening 
peripheral ischaemia, and compartmental pressure measured 
at 68 cm H2O, was reduced to 25 cm H2O after 2 fasciotomy 
incisions with immediate and dramatic improvement in 
distal perfusion.  Bleeding was easily controlled with bipo-
lar cauterisation.  Our previous reluctance to decompress 
ischaemic extremities with skin and subcutaneous releas-
ing incisions was based on the presence of disseminated  
intravascular coagulopathy (DIC), bleeding and an evolving 
disease with an uncertain end point.  However, in 1 small 
pilot series13 early fasciotomies were instrumental in salvag-

Fig. 3. Treatment algorithm for purpura fulminans (adapted 
from Adams and Hobar3). 
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ing severely compromised distal extremities. Continuous 
subcutaneous and compartment pressure monitoring and 
early soft-tissue releasing incisions are proposed to reduce 
the consequences of peripheral ischaemia.  Concomitant 
sympathectomy to improve peripheral circulation has not 
been recommended, although temporary sympathectomy 
using regional analgesia may be of value.

Management of skin necrosis presents a difficult problem.  
It is important to allow the necrotic area to demarcate fully, 
which may take several weeks (Fig. 4).  The lesion is usually 
a thick necrotic eschar, which provides favourable conditions 
for bacterial growth with rapid bacterial multiplication and 
invasive sepsis.  Histological analysis and quantitative cul-
tures revealed a polymicrobial infection with both Gram-pos-
itive and negative organisms.  Small areas can be left to heal 
through a process of spontaneous separation, wound con-
traction and healing by secondary intention.  This occurred 
in one-third of our children.  Alternatively, the areas can be 
excised with primary closure if they are located in cosmeti-
cally and functionally important areas.  If left to heal sponta-
neously, unsightly scars may develop.  

The surgical management of larger areas is labour-inten-
sive and children require a number of procedures to com-
plete the healing process.  Large necrotic areas require either 
single or serial debridement of necrotic tissue including non-
viable skin, subcutaneous skin and even muscle.  Necrotic 
tissue should only be excised in stable patients.  Resection of 
questionable tissue should be deferred until clear demarca-
tion is evident in order to minimise tissue loss.  Histological 
assessment of tissue viability may be helpful, as clinical 
assessment cannot always determine the extent of subcutane-
ous muscle and bone necrosis with accuracy.  Limb perfusion 
scans, magnetic resonance imaging (MRI) and magnetic 
resonance angiograms (MRAs) may be valuable adjuvants 
in delineating the level of arterial occlusion, soft-tissue and 
bone necrosis.14,17 In 1 of our cases a technetium scan show-
ing distal limb perfusion aided the decision to conserve the 
lower limb.

Although primary skin grafting has been advocated, it is 
seldom successful.3 Delayed split skin grafting on a healthy 
bed of granulation tissue is preferred.  Vacuum-assisted 
closure can promote a healthy bed of granulation tissue.  
Allografts can be used as temporary biological dressings to 
cover extensively excised wounds where donor sites are defi-
cient or where the development of a vascularised bed for skin 
grafting is awaited.  The use of cultured epithelial autografts 
has been reported, and although the ‘take’ rate is only in the 
order of 50%, their application can stimulate wound healing 
especially in children with massive skin loss.15 We have not 
used local, random or pedicle fasciocutaneous or subcutane-
ous flaps to cover large defects or amputation stumps initially 
as the underlying vasculitis and wound infection precludes 
their use.  The need for flaps to cover bone and deep muscu-
lar structures was required in only 1 of our children (0.9%).  
Skin and muscle loss can also expose joints, resulting in 
septic arthritis.  Two of our children had knee joints exposed 
which required treatment with antibiotics, local debridement 
and skin grafts.  Functional ability returned in these joints.

Of major concern are the progressive ischaemic changes 
to peripheral structures which may culminate in digital or 
extremity loss. In reported series, the amputation rate var-
ies from 23% to 71%, with up to 38% of surviving children 
having amputations of 2 or more limbs.  High-level qua-
druple limb amputations may be required in up to 23%.4,14 
The need for amputations must be evaluated with great 
circumspection.  The basic principle is to preserve useful 
function as much as possible.16 The most appropriate level of 
amputation is determined by functional and reconstructive 
considerations especially in growing children as residual limb 
lengthening may provide useful function at a later date.3 This 
might require multiple skin grafts, the use of allografts or 
transposition flap coverage for wound closure.  If the epiphy-
sis has to be sacrificed, as much diaphyseal length as possible 
should be left. Histological evaluation of the skeletal element 
amputated showed the extent of tissue ischaemia, confirming 
that the field of pathology is not only confined to the skin 
and subcutaneous tissues; in addition focal vascular inflam-
mation, acute periostitis and acute osteomyelitis may indicate 
a direct suppurative effect of the meningococcus.  

In our experience, amputations should always be cov-
ered initially by local anterior and posterior muscular flaps, 
with either primary or secondary closure obtained using 
skin grafts.  Most amputations involve the lower extremi-
ties and quadruple amputations are rare, with only 1 child 
in our series requiring both hand and feet amputations.  
Amputation levels frequently required revision, and stump 
problems such as unsatisfactory skin cover, epiphyseal dam-
age with leg length discrepancy, angular deformities and 
poorly fitting prostheses may become evident during the 
rehabilitation phase.  Long-term follow-up is essential, as 
scar revision and surgical repair of deformities such as the 
ones due to arrest of growth plate are frequently required.16,17 
These changes can occur early, or up to 10 years later.    

In conclusion, purpura fulminans is a disease with devas-
tating consequences.  We advocate early surgical consultation.  
Skin and soft-tissue releasing incisions should be consid-
ered early on to reduce the incidence of extremity necrosis.  
Regional anaesthesia may be beneficial in this regard.  Small 
necrotic areas usually separate spontaneously with secondary 
healing or can be excised and sutured.  Larger necrotic areas 

Fig. 4. Peripheral limb ischaemia with a 
clear demarcation line, with absent perfu-
sion in the lower limbs. Emergency soft-
tissue decompression was not done. Both 
lower limbs were amputated. 
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should be excised once demarcation has been established and 
skin grafting delayed.  A-mputations should be conservative 
and may require subsequent revision.  Growth disturbances 
in long bones are not uncommon and scar revision and sur-
gical repair of deformities may become necessary, making 
ongoing surveillance essential.
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