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A B S T R A C T

Background: Pseudoaneurysms as result of orthopaedic injuries are a known clinical entity. But with
increase in operative interventions and use of implants, its incidence is bound to increase. It is important
to detect this complication at the earliest to avoid any limb or life threatening problems. Selective
angiography is a minimally invasive technique to pin point the diagnosis and at the same time allow for
therapeutic embolization/stenting of the pseudo aneurysm.
Methods: A retrospective review of inpatients from January 2007 to January 2013 requiring transarterial
embolization/stenting for pseudoaneurysm in the limbs. All patients had evidence of pseudoaneurysm as
proved by radiological findings. Angiographic intervention in a cath lab was performed, following which
patients were monitored for morbidity and mortality benefits on short and long term follow up.
Results: Out of the total 13 patients; 7 adults and 1 child underwent embolisation with polyvinyl alcohol
particle/soft metal coil, whereas the remaining 5 adults underwent revascularisation with covered stent.
The mean age of patients in our case series was 41.92 � 18.89 years. The mean follow up period of the
group was 14.61 �12.21 months. All but one patients showed significant clinical improvement with
endovascular management with no procedure related mortality.
Conclusion: Endovascular management is the modality of choice in comparison to other procedures for
traumatic pseudoaneurysms in both paediatric and adult patients.
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1. Introduction

Pseudoaneurysm as a result of orthopaedic injuries1 and their
management is a well known entity with pseudoaneurysms being
documented after all spectrum of musculoskeletal injuries varying
from sprains, closed reductions, interlock nailing,2 plating,
arthroscopies3 and joint replacements.4 These aneurysms are
the result of a tangential injury in an arterial wall through which
blood continues to flow.5 This continues gradually and the
aneurysm continues to grow and encroach upon the surrounding
tissues. It may at times rupture causing massive haemorrhage
which can be life or limb threatening. Once the diagnosis of a
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pseudoaneurysm has been made, it is imperative to intervene
surgically to prevent the growth and the complications of these
aneurysms.

The conventional approach in the management of these
aneurysms has been a direct approach to the lesion followed by
ligation or resection with a venous graft. This technique is
demanding, costly in terms of prolonged hospital stay and patient
morbidity. Selective angiography and therapeutic embolization for
the treatment of pseudoaneurysms is a technique which aids in
diagnosing the exact site and size of the aneurysm. The
embolization can be done with a variety of materials and is a
minimally invasive method to diagnose and treat pseudoaneur-
ysms.

Taking into consideration the complications associated with the
conventional open surgical methods and the advantages of arterial
angiography and embolization, seven patients with a pseudoa-
neurysm as a result of orthopaedic surgical intervention were
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Fig 1. (a): Case 2: Pseudoaneurysm in branch of Profunda Femoris following
Dyanmic Hip Screw Removal. (b): No leakage following embolisation with PV
particles.
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diagnosed and managed by selective arterial angiography and
simultaneous therapeutic selective embolisation.

In the present study, we audited our experience with the use of
endovascular management in a catheterisation laboratory for
traumatic pseudoaneurysm to address various important issues of
limb survival benefit, morbidity and mortality on short to long
term follow up.

2. Material and methods

A retrospective review of hospital record of inpatients from
January 2007 to January 2013 was performed after approval from
Ethics Committee in a tertiary care hospital. Data was collected on
patients who underwent Arterial Embolisation which included
demographics, injury specific data, physical findings, X-ray
findings, operative intervention,length of hospital stay and final
outcome at discharge.

A high index of suspicion of pseudoaneurysm was kept in
patients presenting to emergency and outpatient department who
presented with either a pulsatile swelling, uncontrollable bleeding
or non responding pain following an Orthopaedic injury with the
use of metal work. Indications to perform angiography were
determined after active extravasation of contrast on CT scan.
Angiography/Angioraphic embolization was performed after
taking informed consent from patient/patient’s relative as per
protocol.

Angiography and embolization/stenting was performed in a
cath lab with angiographic Philips Allura Integris System (Philips
Medical Systems, Best, The Netherlands). Arterial access was
obtained via the femoral artery in the lower limbs and brachial
artery in the upper limbs using the Seldinger technique. A 5–8, 10
French Cordis sheath was then placed to secure the arterial access
and different diagnostic catheters (3French Cook’s microcatheter,
5–7 French Judkin catheter, 6–7 French crossover sheath, 0.014
PTCA guidewire of Abott and 0.35” Teurner guide to cross the
lesion) were then used to access the culprit vessels and diagnostic
arteriograms were performed. The arteriograms of culprit vessels
either demonstrated active contrast extravasations, pseudoaneur-
ysms and were selectively embolised/stented resulting in stasis of
blood flow.

In cases where pseudoaneurysm was found to be arising from a
small artery, of less importance which could be sacrificed, it was
embolised with help of poly vinyl particles/coils or thrombin
injection; and where it was arising from large artery it was isolated
with help of an expandable stent graft of appropriate size, using
front and back technique.

3. Results

During the 6 year period, out of 15,786 trauma patients
presenting to Orthopaedics and trauma department, thirteen
patients were taken up for arterial angiographic embolization/
stenting in the catheterisation laboratory and were evaluated.
Demographics showed that 62% were men and 38% were
0045">During the 6 year period, out of 15,786 trauma patients
presenting to Orthopaedics and trauma department, thirteen
patients were taken up for arterial angiographic embolization/
stenting in the catheterisation laboratory and were evaluated.
Demographics showed that 62% were men and 38% were women.
The mean age of patients was 41.92 (range 10–71 years).
Mechanism of injury was due to road traffic accidents in 8
(61.5%) and accidental/domestic fall in 4 (30.8%). 6 (46%) patients
had post traumatic vascular injury, while 7 (54%) had injury
following operative intervention Fig. 1 out of which 6 (46%) were
following use of metal work and one had following central venous
cannulation. 7 (54%) patients presented early (within 15 days of
trauma/intervention), while 6 (46%) presented late (3 weeks-9
months following trauma). None of the late presenting cases was
infected in our series.

Arterial injuries was confirmed by MDCT scan in 100% of the
series. 8 (61.5%) patients had pseudoaneurysm in artery of lower
limb, while upper limb was involved in 5 (38.5%). Embolisation was
done in 7 (53.8%) patients. Polyvinyl alcohol (PVA) particles
ranging from 350 to 750 mm and soft metal coils made from Teflon
O35 wire were used for embolization.(Fig. 2) In 5 (38.5%) patients
covered stent (WARD) was used to bypass the pseudoaneurysm.
(Fig. 3)In one patient (Case No. 13), additional thrombin injection
was used, as following stenting there was filling of pseudoaneur-
ysm from the surrounding vessels and good end result was
obtained.

All patients underwent successful angiographic embolization/
stenting and there was no procedure related mortality in the



Fig. 2. (a): Case 3: Pseudoaneurysm in Posterior Tibial Artery, due to schanz pin
impingement. (b): Embolisation with PV particles.
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group. One patient had angiography related local complications, a
pseudoaneurysm in brachial artery which was managed with
thrombin injection. In all cases the involved limb was salvaged
following the procedure. In Case No. 12, on MDCT there was injury
in the axillary artery with complete cutoff and plan was kept for
surgery, but following embolization, brachial artery was found to
be filling from collaterals, so no further intervention was done

All patients were followed up till June 2013 (range 12–36
months) and no rebleed or necrosis of the limb was reported.

4. Discussion

False aneurysms in the vicinity of a fracture and orthopaedic
implants are a well recognized entity. The diagnosis and early
treatment of pseudoaneurysms is important owing to the fact that
any complication attributed to them can severely compromise the
function of a limb and possibly lead to an amputation.

Traumatic pseudoaneurysms follow incomplete disruption of
an artery and result in leakage of blood into the surrounding
tissues.6 The uninjured portion of the arterial wall prevents the
vessel from contracting leading to unbridled extravasation, which
in due course organises and develops a fibrous capsule.7 However,
turbulent blood flow continues in the central region. False
aneurysms are distinguished from true aneurysms by a wall
composed of fibrous tissue rather than components of the normal
arterial wall.8

The various vessel traumas that lead to pseudoaneurysms
include blunt injury,9 direct trauma and branch avulsion.
Penetration by a drill bit, excessive screw length, sharp bone
fragment or placement of the retractor too deep during surgery are
documented as the causes of pseudoaneurysm formation.10,11 In
our series six out of thirteen cases developed pseudoaneurysm
postoperatively.Apart from surgical injury, certain patient factors
may predispose to pseudoaneurysm formation for example
atherosclerotic peripheral vascular disease can lead to formation
of collateral vessels and hence larger than expected vessels in
unexpected positions that may not tamponade as expected. In
another predisposed group, patients receiving anticoagulants, take
longer to seal traumatized vessels, and are more likely to
experience prolonged bleeding. This group includes patients with
recently discontinued warfarin and with subcutaneous heparin.
Similar is the case in patients with congenital bleeding diatheses.

In our series, nearly half of these cases were caused by use of
metal work. So, it can be concluded that pseudoaneurysms caused
due to use of metal work are not that uncommon as it was thought
to be previously. To prevent this complication we recommend the
use of meticuluous surgical dissection and techniques, achieving
good haemostasis, choosing proper screw lengths and appropriate
size of schanz pins for external fixators.

The classical presentation of psudeoaneurysm is that of an
enlarging pulsatile swelling. A systolic bruit may be audible and a
thrill may be present. Distal pulsations are usually present.Classic
signs of arterial injury such as pulse deficit, bruit, arterial bleeding
and expanding or pulsatile haematoma may be absent despite
significant damage to the arterial wall. Aneurysms may mimic soft-
tissue masses including abscesses, neoplasms or ganglions. The
inflammation that results subsequent to organisation of the
haematoma may masquerade as an infection because local heat
and tenderness are usually present. In our series Case No. 3, 4, 5
and 8 presented only with dull ache in the concerned region,
without the classical features of pseudoaneurysm. So in cases
presenting with dull pain after operative intervention or following
trauma, which is not getting relieved after trial of analgesics, a
possibility of pseudoaneurysm should be kept.

The interval between injury and the appearance of the clinical
presentation of the pseudo aneurysm may vary from less than one
week up to years.12 In our series, seven patients presented to us
within fifteen days following injury. Late presentation was of Case
No. 4, who presented to us nine months following initial trauma.
There was no infection related to the formation of pseudoaneur-
ysms in our case series.

The initial diagnosis depends on a high degree of clinical
suspicion and usually followed by an ultrasound doppler. Various
other modalities have been reported to establish the diagnosis of
these aneurysms, but angiography remains the gold standard.

Although some pseudoaneurysms can thrombose spontane-
ously, they usually need treatment, as there is a risk of continued
expansion leading to rupture, adjacent structure compression,
infection, or embolization.4

Multiple management strategies can be applied to pseudoa-
neurysms; options range from ultrasound compression13,14 to
thrombin injection,15 radiologic intervention and surgery. The
management of arterial pseudoaneurysms depends on their
location and size and the presence or absence of infection. Some
pseudoaneurysms may simply be observed if they are less than
10 mm in size, are asymptomatic, and involve arteries of minor



Fig. 3. (a): Case 4: Pseudoaneurysm in branch of Superficial Femoral Artery
following Dyanmic Hip Screw insertion. (b) Stenting with covered stent done.

Fig. 4. (a) Case 11: Pseudoaneurysm in subclavian artery following fracture clavicle.
(b): Bypass done with a covered stent.
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importance. Larger aneurysms, those that become symptomatic, or
those that involve major arteries in which occlusion would
threaten severe ischaemic effects generally require intervention.

Ultrasound compression is limited by position deep within
muscle compartments, late presentations, and large pseudoaneur-
ysm neck size making its use in orthopaedic cases limited.
Thrombin injection again is dependent on access and on
appropriate pseudoaneurysm neck length,thus limiting its use.

Many surgical techniques have been reported like resection,
ligation and vein grafting. The most appropriate technique
depends on the site and size of the lesion. The conventional
treatment has been to directly approach the aneurysm followed by
ligation of the artery proximal and distal to the lesion. If need arises
a venous graft may have to be put in order to establish the blood
flow in case the aneurysm is present in an artery which cannot be
sacrificed. Open surgical repair can be difficult because of large
haematoma and risk of active bleeding, which can further reduce
the accessibility to the artery.Most of the times the approach to an
aneurysm may require considerable soft tissue dissection which
may further compromise the safety of the surrounding neuro-
vascular structures. Another concern is the increased chance of
infection as a result of soft tissue damage during an open approach.
Selective angiography is a minimally invasive technique which
helps to exactly localize the site of the aneurysm and at the same
time the aneurysm can be treated in the form of embolization or
bypass. This is very cost-effective, reduces patient’s hospital stay
and also does not increase the chance of infection to the affected
limb. It offers the advantage of minimally invasive approach with
no surgical incision. Proper patient selection and timely diagnosis
are the two most important factors which determine the successful
outcome of the use of this technique for managing pseudo
aneurysms.

In our series all the thirteen cases were effectively managed by
selective angiography. In the present series eight pseudoaneurysm
were managed in the lower limb vessels, while five were present in
the upper limb vessels. So, selective angiography is an effective tool
for management of pseudoaneurysms both in the upper as well as
lower limb. In cases where the artery in which pseudoaneurysm
had formed was found to be of a small calibre and had good
collateral circulation, in those cases it was sacrificed, and
embolization was done. In cases where pseudoaneurysm was
seen to be arising from a major vessel, there it was bypassed with a
covered stent as in Case No: 4, 8, 9,10, 11(Fig.4) and 13. There is risk
of stent fracture of about 10%, but still in patients where vessel
supplying the limb is a major vessel which couldn’t be sacrificed,



280 B. Mohan et al. / Journal of Clinical Orthopaedics and Trauma 8 (2017) 276–280
stenting is preferred over embolization and patients are put on
long term antiplatelet therapy(single anti platelet for at least 6
months).

At the mean followup of 14.61 �12.21 months, all the patients
were doing well, with no signs of ischemia or bleed.

Our case series strongly puts forth the view that pseudoaneur-
ysms following injury are an important cause of concern for the
clinicians which needs to be tackled with immaculate radiological
evaluation followed by prompt clinical endovascular management.
But one should be careful of endoleak in large vessels and filling of
pseudoaneurysm from collateral vessels.

5. Conclusion

High degree of suspicion and timely embolization/stenting can
not only save the limb, but also avoids surgery which has high
mortality and morbidity. In brief,the comprehensive management
of traumatic pseudoaneurysms in our cathlab involving a team
approach of orthopaedic surgeon, interventionist, anesthesist, and
intensive care physician adjudicates the use of embolization/
stenting as the gold standard treatment in all age group of patients.
The results with regular follow up till date points out to our
strategy being thoroughly effective with nil mortality rate. To
conclude, angiographic embolization/stenting should be concom-
itantly used in all age groups following early or late pseudoaneur-
ysm formation for a successful outcome.
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