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In 1881, Richard Von Volkmann described a 16-year-old
patient with a deformity of hand and wrist that he ascribed
to interference with forearm muscular blood flow.1 Increased
compartmental pressure ensues from muscular ischemia and
sets up a vicious cycle of increased pressure, nerve damage,
tissue necrosis, andfibrosis. The clinical picture varieswith the
severity of nerve and tissue damage. The pathology is best
described as a clinical spectrum ranging from transient ische-
miawith nomajordamage to compartment syndromewhich if
left untreated leads to Volkmann ischemic contracture
depending on the degree and duration of the ischemic insult.

We report a case of neonatal Volkmann ischemic contrac-
ture/compartment syndrome and reviewed pertinent litera-
ture. Our patient fits the former part of the spectrum and this
is probably from the timely surgical intervention.

Case Description

A term 3.76 kg male neonate was born to a 32 years old
Hispanic female via emergency C-section. The mother pre-

sented with decreased fetal movements for 3 to 4 days.
Biophysical profile showed a score of 6 of 10 with fetal
decelerations. Prenatal course was uncomplicated except
for gestational diabetes-A2 controlled with diet and Glybur-
ide. Patient was born floppy, Apgar scores were 6 and 9 at 1
and 5 minutes, respectively, and amniotic fluid was meconi-
um stained. So, patient was intubated for meconium suction-
ing and persistent respiratory distress. Complete blood count
showed a total white count of 44,000/mm3; hemoglobin,
14.9 mg/dL; and platelets 93,000/mm3. Patient was started
on ampicillin, gentamycin, and cefotaxime and continued for
5 days. Over the next 24 hours, the respiratory status im-
proved, and patient was transitioned to nasal cannula, before
weaning to room air.

Of note, a 3 � 3.5 cm blister was present on the right dorsal
thenar hand at birth which spontaneously burst revealing a
necrotic plaque underneath. Two smaller 0.5 � 0.5 cm–sized
necrotic lesions were noted overlying the third and fourth
metacarpophalangeal joints (►Fig. 1). The entire right upper
extremity appeared swollen, erythematous with sluggish
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Abstract Background Neonatal Volkmann ischemic contracture in newborns is a devastating
condition with lifelong consequences.
Case Report We report a neonate born with necrotic skin lesions and bullae on right
dorsal thenar aspect of hand, who subsequently developed compartment syndrome
requiring fasciotomy.
Review and Conclusion Necrotic skin lesions with/without swelling, bullae are invari-
ably present at birth in these patients and should be recognized as a sentinel finding of
underlying tissue ischemia/compartment syndrome. Early recognition and prompt
surgical intervention can be limb saving. A range of radiologic abnormalities and
contractures were noted in upto 84% of such patients followed long term. Hence, we
recommend close follow-up until occurrence of epiphyseal fusion in these patients.
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perfusion (capillary refill 10þ seconds). The right radial pulse
was absent and flaccid paralysis of right upper extremity was
noted. Initial coagulation profile at 24 hours was within
normal limits (prothrombin time (PT), 21.5; partial thrombo-
plastin time (PTT), 31.4; international normalized ratio (INR),
1.96; and Fibrinogen, 208). So, patient was started on enox-
aparin dosage 1.5 mg/kg/dose every 12 hours subcutaneously
at 26 hours of age. For this patient only one dose of 5.7mg was
given subcutaneously. Thereafter, progressive redness and
swelling of right upper extremity was noted. Right axillary
arterial thrombosiswas suspected on the basis of 8 MHzhand-
held Doppler. Heparin drip was started at 36 hours of age
which mildly improved the perfusion. At approximately 60
hours, confirmatory doppler study of arteries and veins dem-
onstrated normal flow proximal and distal to the lesion and no
evidence of vascular thrombosis was noted. Subsequent tests
were consistent with disseminated intravascular coagulation
(prolonged PT/PTT, elevated INR, low fibrinogen, elevated
D-dimer, low platelets, low protein C, protein S, antithrombin
III, and factors II, V, VII levels). The heparin drip was stopped
and patient received multiple transfusions of fresh frozen
plasma and platelets before the coagulopathy resolved.

On fifth day (� 90 hours of age), compartment pressures
measured to be 20 mm Hg on the affected arm and 15 mm Hg
on the unaffected side with persistently decreased perfusion of
the right extremity. So, right forearm fasciotomywas performed
next day (� 112 hours of age) which revealed necrotic subcuta-
neous tissue over dorsoradial forearm. The dorsal, volar, and
mobile wad compartments were released and showed pink
viable muscles. A week later, the affected extremity appeared
red and hard because of fat tissue necrosis requiring debride-
ment and negative pressure wound therapy. Delayed primary
closure of the skinwas performed. The negative pressurewound
therapy was used for 1 month with serial changes leading to
clean and healthy wounds without signs of infection.

At 3 weeks of age, right upper arm radiographs demon-
strated subtle lucency and irregularity along the distal meta-
physes of radius and ulna (►Fig. 2). Nerve conduction studies
showed no response of the right ulnar nerve, 20% response in
right musculocutaneous nerve and only motor response was
demonstrable in the right median nerve. Skin biopsy taken at
the time of fasciotomy was negative for Kaposiform hen-
gioendothelioma and Kasabach–Merritt phenomenon and
blood cultures did not grow any organisms.

The patient was closely followed by occupational therapist
and also referred into the early intervention program. At
3months follow-up, the affected extremity has a normal tone,
good grip, and a healthy appearance (►Fig. 3), although
spontaneous movements are slightly less compared with
the other side.

Discussion

We found 50 cases (30 males, 17 females, and 3 unspecified)
of neonatal Volkmann ischemic contracture described in the
literature2–20 (►Table 1). All occurred in the upper extremi-
ties except two caseswhere lower extremitywas involved.6,20

In all of these cases, skin lesions were present at birth,
indicating that the process started in utero. Although we
could not come up with a definitive etiological agent, the
clinical manifestations of all the cases fell into the same
spectrum, suggesting that the pathophysiological basis may
be the same.

Skin blisters on the hand evolving into necrotic plaques as
seen in our case is a sentinel finding of underlying tissue

Fig. 1 Necrotic plaque on the right dorsal thenar hand with upper
extremity swelling and induration at 1 day of life. Fig. 2 (A) Right upper extremity radiograph at 10 hours of age

showing normal radius and ulna with soft tissue swelling around the
elbow; (B) Radiograph at 3 weeks of age demonstrating subtle lucency
and irregularity along the distal metaphyses of radius and ulna.

Fig. 3 Healthy appearance of right upper extremity at 3months of life.
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ischemia and compartment syndrome—88% of the reported
cases had skin necrosis at birth2–20 (►Table 1). This associa-
tion is most often not appreciated and emergent fasciotomy
has been rarely been performed.9,10,13,14 Ragland et al14

found that larger or circumferential lesions were associated
with greater tissue loss and poorer function. Depending on
the clinical scenario close observation may be prudent for
minor skin lesions but an untreated compartment syndrome,
can quickly evolve into a Volkmann contracture with muscle
infarction and nerve damage. Distal pulses are usually pres-
ent, 13 patients had palpable pulses, 2 patients had no distal
pulse, and for 35 patients such information was not available.

The specific cause is unknown and it is speculated that
both extrinsic and intrinsic factors may play a role. Extrinsic
factors include oligohydramnios, multiple gestation, fetal
macrosomia, abonormal in utero posture/positioning, diffi-
cult extractions, maternal diabetes, and excessive maternal

weight gain2–20 (►Table 1). In this case, maternal diabetes,
fetal macrosomia and the insult leading to decreased fetal
movements were the likely contributory factors. Intrinsic
factors include hypercoagulable state, leading to intravenous
or intra-arterial thrombosis.3,21,22 However, occlusion of a
major blood vessel gives rise to a different clinical syndrome
known as extremity gangrene of newborn. Pulses are invari-
ably absent and the end result is amputation of the affected
extremity without prompt therapy. Successful salvage with
heparin, thrombolysis, or thrombectomy has been reported
previously.23,24 In cases of Volkmann ischemic contracture,
external compressive effects seemsmore plausible because of
involvement of superficial extensor muscle group, overlying
skin, and the return of nerve function in previous reports. The
coagulopathy in our patient was likely secondary to the
compressive effects in utero and possibly precipitated by
the ischemic insult. This predisposition is likely due to the
fact that plasma concentrations of prothrombin, several
clotting factors and antithrombin III are only approximately
50% of adult concentrations in term newborns and these are
even lower in premature infants. Also, newborns have dys-
functional and reduced concentration of plasminogen, tissue
plasminogen activator, and normal/increased concentrations
of plasminogen activator inhibitors.23

Regardless of the inciting event, the end result is an increase
in compartment pressure, leading to muscle ischemia fibrosis
and contractures. Of 45 patients that were followed up long
term, 38 developed contractures and 32 had radiographically
detectable bony abnormalities. Hence, long-term follow-up is
critical for these patients. In this case, the compartmental
pressure in the affected forearm was only mildly elevated
compared with the other side, but the blood flow persistently
remained sluggish in the right extremity and the risk of ongoing
ischemia was high. Hence, a decision for fasciotomy was made.

Conclusion

Necrotic lesions of the extremities with/without skin blisters
in a neonate is a sentinelfindingof underlying tissue ischemia
and compartment syndrome. Early recognition of such find-
ings and emergent fasciotomy can be limb saving during the
acute phase. In the long run, physical/occupational therapy
and reconstructive procedures to improve the functional
ability of the limb remains the mainstay of therapy and can
mitigate life-long disability. Our review also emphasizes on
the range of X-ray deformities and high incidence of con-
tractures that have been reported previously. Hence, these
patients should be followed closely until epiphyseal fusion
occurs in the affected extremity.
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