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Clinical history
A 67 year old man presented with a one year
history of increasing pain and swelling of his
right lower limb. On examination he was
apyrexial and there was diffuse inflammatory
swelling and tenderness of his right lower limb
with effusion of the knee. No clubbing was evi-
dent. Aspiration of the knee obtained a clear,
mildly inflammatory synovial fluid. There were
no crystals and cultures were negative. Initial
laboratory investigations revealed: haemo-
globin 10.8 g dl-', erythrocyte sedimentation
rate 76 mm/h, C reactive protein 21 mg litre'1;
rheumatoid factor, antinuclear antibodies,
VDRL negative; serum electrolytes, plasma
calcium, alkaline phosphatase, liver function
tests, and thyroid hormone concentrations
normal. There was no relevant past medical
history other than intermittent claudication
which had been remedied by an aortobifemoral
bypass with a Dacron graft five years
previously.
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Imaging findings and clinical course
Plain radiographs of the lower limbs were
obtained. There was marked periosteal new
bone formation along the diaphysis and meta-
physis of the right femur, tibia, fibula and
metatarsals, the left side being unaffected (figs
1-3).

99mTc methylene diphosphonate bone scan
showed increased linear pericortical activity in
the entire right lower limb with associated
increased radionuclide uptake in the adjacent
soft tissue (fig 4). The rest of the skeleton was
otherwise normal. Magnetic resonance imag-
ing (MRI) of the right knee confirmed joint
effusion, mild synovitis, and periostitis appear-
ing as a regular line of low signal intensity
separated from the underlying bony cortex by a
narrow line of high signal intensity (fig 5). The
patient refused further investigation and went
home.

Differential diagnosis
The imaging features of unilateral localised
periostitis in the lower limbs can be observed in
a number of disorders including chronic osteo-

Figure 1 Frontal radiograph of distal diaphysis and
metaphysis of rightfemur showing thick, multilayered and
irregular periosteal new bone formation (arrows) separated
from the subjacent cortex by a thin radiolucent line.

myelitis, syphilis, patent ductus arteriosus with
reversal of blood flow,' pulmonary metastatic
disease from angioblastic meningioma,'
chronic venous stasis,' Crohn's disease,4 severe
liver diseases (for example, primary biliary cir-
rhosis, Wilson's disease, biliary atresia),'
thyroid acropachy,6 polyarteritis nodosa,7
diverticular abscess of the colon,8 and primary
hypertrophic osteoarthropathy.9 These disor-
ders were excluded on clinical, radiological,
and biological grounds. Although in our
patient left distal pulses were palpable and
intermittent claudication was not present at
initial presentation, an ischaemic left lower
limb could not be totally ruled out. Indeed, this
potential change in regional vascular distrib-

863

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/ard.55.12.863 on 1 D
ecem

ber 1996. D
ow

nloaded from
 

http://ard.bmj.com/


Dellestable, Pere, Regent, Gaucher

ution with relatively increased blood flow to the in that limb. Thus the initial diagnosis was unilat-
right lower extremity might have accounted for eral periostitis associated with differential arterial
the preferential development of osseous changes perfusion distal to an aortic graft.

Follow up and final diagnosis
Four months later the patient was readmitted
for acute ischaemia of his left lower limb with
chills and fever of several weeks duration.
Blood cultures were positive for Streptococcus
milleri. An extra-anatomical axillobifemoral
bypass was performed with excision of the
aortobifemoral graft. A severe infection of the
aortic prosthesis was found. Cultures of the
resected graft grew Enterococcus and Corynebac-
tenium xerosis. Despite lower extremity revascu-

:A ;-sSf g l?larisation and intensive antibiotic treatment,
*S!;ts;SPAS,@ .?N the patient died from cardiac and septic
iAir LES complications. No necropsy was performed.

The final diagnosis was localised periostitis
complicating aortic prosthesis infection.

Discussion
Periostitis is the hallmark ofhypertrophic osteo-
arthropathy (HOA), a syndrome classically
characterised by clubbing of the fingers and
toes, periosteal new bone formation in the
tubular bones, painful swelling of limbs,
arthralgia, and arthritis.'" Signs of autonomic
disorders, such as sweating, flushing, and
blanching of the skin, also may be present.
HOA may be divided into two categories": pri-
mary (hereditary or idiopathic) HOA," also
called pachydermoperiostosis, and secondary
HOA. Major causes of the secondary form
include malignant or inflammatory conditions

Figure 2 Frontal radiograph of right ankle showing of the lungs, mediastinum, and pleura,
periostitis along cortical surfaces of distal tibia andfibula
(arrows) and ossification of the interosseous membrane congental cyanotic heart disease, and
(arrowheads). inflammatory bowel diseases. Whether primary

or secondary, the clinical and radiological find-
ings of HOA are generally diffuse, bilateral,
and symmetrical, involving both upper and
lower extremities." Secondary HOA that is
confined to the lower extremity in a unilateral
or bilateral fashion is very rare and has been
described in patients with a patent ductus arte-
riosus with reversal of flow,' or an infected aor-

- ~~~~tiC graft.
Two main theories have been postulated to

explain the pathogenesis of HOA." The first,
the neurogenic theory, suggests that the
autonomic nervous system might play a role in
HOA in view of the prompt relief of symptoms
and signs following surgical vagotomy. The
second hypothesis, which is currently favoured,
is humoral and proposes that the substance
responsible for HOA might be a circulating
factor normally present in the venous
circulation and also normally inactivated or
removed by the lungs. On the basis of this lat-
ter theory, a new hypothesis has recently been
proposed, suggesting that both clubbing and
periostitis could be produced by the release of
platelet derived growth factor (PDGF) due to
the peripheral fragmentation of megakaryo-
cytes and platelet clumps which are normally
trapped by the pulmonary capillary bed.'5 This
hypothesis also accounts for HOA complicat-

Figure 3 Anteroposterior radiograph of rightfoot showing ing an infected aortic graft, as chronic infection
linear periostitis of the metatarsal bones (white arrow and
black arrowheads) and metatarsophalangealjoints may lead to the formation of platelet clumps
osteoporosis. with secondary release ofPDGF in the arterial
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Figure 4 (A) Total body 99Tc bone scan (anterior view) revealing marked linear
pericortical hyperactivity confined to the right lower extremity. (B) Tc bone scan (lower
part, posterior view) demonstrating diffuse accumulation of the radionuclide in the soft
tissue of the entire right lower limb (arrowheads).

blood distal to the prosthesis. PDGF is
probably metabolised in the periphery or in the
lungs, thus limiting its effect to the lower
extremities. The unilateral or bilateral distribu-
tion of HOA is supposed to indicate whether
the infection involves one or both of the graft
limbs,'617 although differential blood flow in
the lower extremities might also account for
the unilateral localisation of the condition."

CLINICAL FEATURES
Localised HOA as a manifestation of arterial
graft sepsis was first described by King in
1972.1' Since then several individual case

reports have appeared.'121 With the exception
of a patient with an axillary-axillary bypass,23
the infection always occurs in an aortic
bifurcation prosthesis. The interval between
surgery and clinical occurrence ofHOA ranges
from several months to 10 years. Most patients
present with progressive pain and diffuse swell-
ing of one or both lower extremities, associated
with chronic effusion of the knee or ankle.
Clubbing of the toes is noted in approximately
half the patients.22 Infectious signs and
symptoms ofvascular graft sepsis (for example,
fever, chills, bacteraemia, recurrent abscesses)
are often mild and non-specific, thus delaying
accurate diagnosis. When positive, repeated
blood cultures usually grow a polymicrobial
flora of enteric origin, a finding highly sugges-
tive of aortoenteric fistula.20 This potentially
fatal complication almost inevitably occurs in
the natural course of infected aortic prosthesis

leading to intermittent and modest bleeding"9
or massive gastrointestinal haemorrhage."'820

IMAGING FEATURES
Localised HOA is diagnosed mainly by radiog-
raphy. The roentgenographic findings are
identical to those seen with other forms of
HOA but are strictly confined to areas distal to
the infected vascular prosthesis. In early
disease, plain radiographs may be normal or
show mild periarticular osteoporosis and soft
tissue swelling, emphasising the presence of
synovitis." The predilection for large joint
involvement and the absence of joint space
narrowing and osseous erosions allow for
differentiation between HOA, rheumatoid
arthritis, and Reiter's syndrome. Periosteal
proliferation along the shafts of long bones is
the major radiological finding, appearing first
in the distal diaphyseal regions. Initially, perio-
steal changes appear as a continuous thin line
of new bone separated from the underlying
bony cortex by a narrow radiolucent line.
However, the morphology, extent, and
distribution of the periostitis change during the
course of the disease.'6 Thus in mild and early
cases, few bones are affected (most commonly
the tibia and fibula) and the periosteal
proliferation is limited to the diaphysis and
appears as a single layer of new bone.
Subsequently, more bones are involved,
metaphysis and epiphysis may be affected, and
periostitis becomes multilayered, fusing with
the subjacent osseous tissue and leading to
cortical thickening.22 In more advanced cases,
ligamentous ossification may appear in the
interosseous region between the tibia and
fibula (fig 2).

Radionuclide bone imaging using 99mTc
methylene diphosphonate is a highly sensitive
method of detecting abnormalities of HOA
and is very useful in documenting the extent
and exact distribution of periostitis.' The scin-
tigraphic abnormalities frequently appear
before the roentgenographic findings and may
be present before the development of
symptoms. Bone scan shows a characteristic
abnormal pattern confined in the affected limb
with marked pericortical linear concentration
of radionuclide tracer along the shafts of the
long bones (fig 4A). Increased periarticular
uptake of the radionuclide due to associated
synovitis may also be observed. Blood pool
early static images emphasise the increased
vascular perfusion of affected areas.'7 Diffuse
accumulation of the radionuclide in the soft
tissue corresponding to swelling of the affected
extremity and changes in the regional blood
flow is occasionally apparent on the delayed
images (fig 4B).
Computed tomography is often preferred in

the assessment of cortical osseous alterations.
However, MRI allows direct visualisation of
the periosteal proliferation, faithfully depicts its
local relations with adjacent structures, and
optimally assesses the bone marrow. On both
Ti and T2 weighted images, the periosteal
new bone formation appears as a characteristic
line of low signal intensity which is initially
separated from the subjacent cortex by a
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Figure 5 (A) Coronal postgadolinium DTPA Tl weighted image and (B) axial T2 weighted image of the right knee
showing periosteal new bone formation along the distalfemur appearing as a regular line of low signal intensity (arrows)
separatedfrom the underlying cortical bone by a narrow area of high signal. Knee effusion (*) and mild synovial
proliferation (largely of low to intermediate signal) are also apparent in (B). Note preservation of normalfatty bone
marrow signal on both sequences.

narrow space of high signal intensity (fig 5).
This high signal area is considered to represent
fat, a finding that correlates well with what is
seen pathologically in patients with HOA."4
MRI is superior to other imaging methods in

the evaluation of joint effusion (low Ti and
high T2 signal) and associated synovitis. In
HOA, synovitis is usually mild, chronic, and

i. !~~~~~~~~~~~~~~~~~~~~~~~~.
Figure 6 Contrast enhanced axial computerised tomography scan at the level of the
proximal anastomosis of an aortic graft in a 66 year old man, showing a large perigraft
collection offluid (arrowheads) with small gas pockets (curved arrows) suggestive ofgraft
infection. A right retroperitoneal haematoma is also apparent (black arrows).

non-inflammatory,"appearing as an inhomo-
geneous mass ofmixed hypo- and intermediate
signal on T2 weighted images, whereas an
inflammatory or infective synovitis would
appear as an high signal intensity proliferation,
hardly distinguishable from synovial fluid (fig
5B). Furthermore, in these patients with an
infected aortic graft, MRI is very useful to
exclude osteomyelitis and soft tissue infection,
thus confirming that the periostitis is not only a
response to adjacent infection.

MANAGEMENT
Almost all patients with aortic prosthesis infec-
tion will, without surgical intervention,
succumb from massive gastrointestinal haem-
orrhage or sepsis. Therefore it is of the utmost
importance to establish a definite diagnosis of
vascular graft sepsis to reduce the incidence of
aortoenteric fistula which is almost invariably
the cause of death in this group of patients.
Preoperative diagnosis of infected vascular
grafts and aortoenteric fistulae may be
difficult.25 The most useful investigations for
accurate diagnosis of graft infection are gallium
or labelled leucocyte scans,2' aortography
when demonstrating an anastomotic aneurysm
or intraprosthetic vegetations,2' and ultrasound
and computed tomography of the aorta and
graft, which may show a perigraft collection of
fluid or gas indicating graft sepsis (fig 6).
Enteroprosthetic fistula may be diagnosed by
upper gastrointestinal endoscopy as it allows
direct visualisation of the point of graft erosion
into the bowel lumen.25 However, upper

866

..4i.qhkk-

.....

,1.41

Clo 41%,
ii N

Ws
....
'm

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/ard.55.12.863 on 1 D
ecem

ber 1996. D
ow

nloaded from
 

http://ard.bmj.com/


Hypertrophic osteoarthropathy following aortic surgery

gastrointestinal barium contrast studies and
aortography are sometimes helpful for
establishing the diagnosis of fistula by showing
extravasation of the contrast material.'7 25
Surgical management consists of complete
removal of the infected graft, closure of the
bowel defect if present, and limb revascularisa-
tion through an extra-anatomic route (for
example, axillobifemoral bypass).25 Intensive
antibiotic treatment is started before surgery
and continued postoperatively for at least three
weeks.'7 With this therapeutic regimen,
survival can be achieved in about 50 percent of
patients. Of interest is the fact that clinical
signs and symptoms and radiographic and
radionuclide findings of localised HOA may
diminish or even disappear after appropriate
treatment.'7 23 Improvement of this syndrome
following resection of the infected graft
supports the hypothesis that clubbing and
periostitis could be produced by the release of
PDGF due to fragmentation and detachment
of large platelet clumps from the walls of the
infected vascular prosthesis.'5

Summary
Unilateral lower extremity hypertrophic
osteoarthropathy may be the initial symptom
of an infected aortic graft. Knowledge of this
uncommon association should lead to early
and accurate diagnosis and appropriate
surgical management, thus avoiding the devel-
opment of aortoenteric fistula, a complication
that still carries a significant risk of mortality.
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