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Introduction: The aim of this study was to audit the use of Computerised Tomographic Angiography (CTA) in assessing
extremity vascular injuries at our institution and to compare it to international standards.

The primary aim was to assess the number of CTAs performed and the indications for doing them. The secondary aim was to
look at CTA results and clinical findings and to correlate the two.

Methods: This is a retrospective review of all patients aged 13 years and older who had CTA performed for suspected
extremity vascular injuries due to blunt trauma or gunshot injuries, who presented from January 2012 to December 2012.
Results: Two hundred and eighty five (285) CTAs were performed in 2012 and 137 met our inclusion criteria. Eleven cases
were excluded due to insufficient data, leaving a total of 126 cases suitable for analysis. Eighty three patients (66%) had a
normal CTA. The indications for CTA were as follows: decreased pulse in 46 patients (42%), absent pulse in 19 patients
(17%), presumed knee dislocation in 18 patients (16%), injuries in the proximity of large vessels in 12 patients (11%),
haematoma in 8 patients (7%), bleeding in 5 patients (4%) and an abnormal Doppler in 2 patients (2%). When comparing
pulse examination to CTA results, the clinical assessment of pulses had a sensitivity of 74.4%, specificity of 53.7%, positive
predictive value (PPV) of 45.7% and a negative predictive value (NPV) of 80%.

Conclusion: Incorrect indications are being used when ordering a CTA in extremity vascular trauma. Clinical examination
is suboptimal and not a reliable indicator of vascular injury in our setting, leading to a lower threshold for ordering a CTA.
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Introduction have observed that injuries not found with initial and serial

In the last two decades, Computerised Tomographic clinical examinations pose no long-term adverse risk to these

Angiography (CTA) has replaced formal Digital Subtraction
Angiography as the gold standard in evaluating vascular into *hard’ signs and ‘soft’ signs.*!” (Table 1)
trauma. '2*# Correct diagnosis of vascular injuries is of
great importance as isolated vascular injuries of the lower
extremity have a mortality rate of 2.8% and an amputation

patients.** Clinical features of vascular injuries can be divided

Table 1. Clinical Features of vascular injuries

3 %¢l . % el
rate of 6.5%.5 Most of our knowledge of vascular injuries Hard’ signs Soft’ signs
has been gained from wars and conflicts.®” This has seen an  Absent pulse History of active bleeding
improvement in amputation rate from 49% in World War Il to  Ischaemic limb Decreased pulse
13% in the Vietnam conflict, mostly due to early evacuation  pyjcatile bleeding Non-expanding
and treatment of patients,’ stressing the importance of early el
surgical management of these injuries. The incidence of T Injury to an adjacent nerve

vascular injuries in long bone fractures is less than 1%. In ; ) ; T
certain high risk injuries, like knee dislocations, this increases ~ Sno¢k with ongoing bleeding  Penetrating injury in close
t0 16%. proximity to a major vessel

Physical examination remains the most important tool in  Palpable thrill or an audible bruit
the evaluation of the injured extremity and many authors
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In the presence of ‘hard’ signs a patient should be taken to
theatre for an emergency exploration. A patient who presents
with ‘soft’ signs should undergo further imaging.®*!!

The use of the Ankle-Brachial Index (ABI) and Arterial
Pressure Index (API) has been shown to be reliable in
excluding vascular injuries in both blunt and penetrating
trauma.”!>13

Patients with a normal examination should be observed or
have an API performed and where the API is less than 0.9 a
CTA should be performed.’

A delay of more than 8 hours increases the amputation rate
to 86%, which means delaying surgery to perform unnecessary
investigations could worsen the outcome.®

The aim of this study was to audit the use of CT Angiography
in assessing extremity vascular injuries at our institution and
to compare it to international standards.

Method

This is a retrospective review of all patients aged 13 years
and older who had CTA performed for suspected extremity
vascular injuries due to blunt trauma or gunshot injuries,
who presented from January 2012 to December 2012 to our
level one (Tertiary) trauma centre. All patients were primarily
assessed and managed by the trauma team, including the
trauma surgeons, before being referred to orthopaedic surgery
for the management of their orthopaedic injuries. Patients
younger than 13 years and patients who sustained stab wounds
were excluded. Data obtained included patient demographics,
mechanism of injury, associated injuries, pulse and
neurological assessment, capillary refill time and temperature
of the affected limb, result of Doppler examination, indication
for CTA, CTA result and whether any further intervention
was performed. The primary aim was to assess the number
of CTAs performed and the indications for doing them. The
secondary aim was to look at CTA results and clinical findings
and to correlate the two.

This study was approved by our Department of Surgery
Research Committee and Ethics Committee.

Results

Two hundred and eighty five (285) CTAs were performed in
2012 and 137 met our inclusion criteria. Eleven cases were
excluded due to insufficient data, leaving a total of 126 cases
suitable for analysis (Figure 1). One hundred and five (83%)
were male and 21 (17%) female. The average age was 30 years
(range 14-86 years). Mechanism of injury was as follows:
gunshots in 63 patients (50%), motor vehicle collisions in 21
patients (17%), pedestrian-vehicle collisions in 20 patients
(16%), falls in 8 patients, sports injuries in 5 patients and
blunt assaults in 3 patients. In a number of patients the
following clinical parameters were not documented: pulse
examination (1 patient), neurological function (49 patients),
capillary refill time (113 patients), temperature of affected
limb (99 patients) and Doppler examination (82 patients)
(Figure 2). No ABI/APIs were performed. The indications
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Figure 1. Percentage of patients in whom clinical parameters
were not documented
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for CTA were as follows: decreased pulse in 46 patients
(42%), absent pulse in 19 patients (17%), presumed knee
dislocation in 18 patients (16%), injuries in the proximity of
large vessels in 12 patients (11%), haematoma in 8 patients
(7%), bleeding in 5 patients (4%) and an abnormal Doppler
in 2 patients (2%).

Ninety five patients (75%) had associated orthopaedic
injuries: 77 fractures, 15 knee dislocations/multi-ligamentous
knee injuries and 3 patella dislocations.

Two patients (1.6%) had amputations. The first one was
involved in a pedestrian-vehicle collision and sustained
bilateral open tibia fractures with an absent pulse on the
one side and an abnormal CTA on the other. The surgeons
performed an ‘on-table angiogram’ and arterial repair, but
the patient later required a below-knee amputation. The
second patient sustained a gunshot wound to the distal thigh
with a distal femur fracture and a pulseless, cold foot with
altered sensation (ischaemic limb). CTA showed a complete
superficial femoral artery cut off and the patient had a failed
arterial bypass with eventual above-knee amputation.

Results of pulse examination

Of the 55 patients who had a normal pulse, 12 had an abnormal
CTA and 6 of these patients had further intervention. (Table 2)
Of the patients with a normal pulse, 31 had normal neurological
function documented. In this group, there were 7 abnormal
CTAs, of which 4 had further intervention. In one of these cases
a vascular injury was noted with further investigation, which
was a profunda femoral artery injury mentioned earlier, which
had proximity to an artery as indication for the CTA. (Table 3)
Of the 70 patients with an abnormal pulse, 32 (46%) had an
abnormal CTA and 38 (54%) had a normal CTA. Of these
patients 19 had further surgical intervention.

One patient had no pulse status documented. The CTA
was performed due to active bleeding and showed a possible
arteriovenous fistula, but the formal angiogram was normal.



Table 2. Summary of patients with a normal pulse with an abnormal CTA who had further intervention

CTA Result Intervention Result ™!
1 Flap/Dissection DSA Normal
2 False Aneurysm Exploration Normal
3 False Aneurysm On table angiogram Normal
4 PFA Cut off Stent -
5 SFA Injury Exploration Normal
6 False Aneurysm Coiling -

*1 If Applicable
*2 After the angiogram the patient had a fasciotomy

DSA: Digital Subtraction Angiography, PFA: Profunda Femoral Artery, SFA: Superficial Femoral artery

Table 3. Summary of patients with a normal pulse and neurological examination and abnormal CTA

Mechanism of injury CTA Result

Intervention - result

Knee dislocation Intimal injury

GSW Dissection/flap
GSW False aneurysm
GSW AVF

GSW (Proximity) PFA cut off
GSW PTA injury
GSW Intimal injury

None

DSA - Normal
Exploration - Normal
On table angio - Normal
DSA — AVF - Stent
None

None

GSW: Gunshot wound, DSA: Digital subtraction angiography, AVF: Arteriovenous fistula, PFA: Profunda femoral artery,

PTA: Posterior tibial artery

When comparing pulse examination to CTA results, the clinical
assessment of pulses had a sensitivity of 74.4%, specificity of
53.7%, positive predictive value (PPV) of 45.7% and a negative
predictive value (NPV) of 80%.

CTA results

Eighty three patients (66%) had a normal CTA, of which 2
patients had further intervention: the first one had an absent
pulse and was taken to theatre where a bleeding vein was
tied off and the second patient had a decreased pulse and a
fasciotomy was performed to release a tight compartment.

Forty three patients (34%) had a CTA which showed a
vascular injury, of which 24 had further intervention. Eighteen
of these cases had vascular pathology at further exploration.
Six of these had normal vascular anatomy at time of
exploration or formal angiography and one of them proceeded
to a fasciotomy for a compartment syndrome.

Results as per indication

In only 110 patients a request for the CTA could be located or
an indication was noted.

Absent pulse (Hard sign)

Of the 19 patients (17%) with absent pulses, 16 had abnormal
CTA results and 11 of these patients (57.8%) required further
intervention. Clinical documentation of neurological deficits
was poor, but 4 patients in this group had neurological
deficits and all of them required intervention. Only one
patient had good documentation of clinical signs suggesting
an ischaemic limb. This patient had a failed bypass ending in
an above-knee amputation.

Decreased pulse (Soft sign)

Forty six patients (42%) had a decreased pulse as an indication
for their CTA, of which 10 had a CTA showing vascular injury.
Only 3 of these patients had further surgical intervention.
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Mechanism of injury (Soft sign?)

Eighteen patients (16%) had a CTA performed for a presumed
knee dislocation. Further imaging showed 3 of these patients
to have patella dislocations. Three patients had an abnormal
CTA: an intimal injury and external compression of the
anterior tibial artery, both receiving no further intervention
and one patient with a popliteal artery occlusion requiring
a bypass. This last patient had a decreased pulse on clinical
examination.

Proximity to a major artery (Soft Sign)

All of the 12 patients (11%) in this group had normal pulses on
examination. Three patients had an abnormal CTA and one of
these patients required further intervention. This patient had a
completely normal vascular and neurological assessment and
required a stent for a profunda femoral artery injury.

Haematoma (Hard/Soft Sign)

This group includes patients who had a CTA performed for a
haematoma or swelling. In none of the cases did the requesting
doctor differentiate between an expanding or non-expanding
haematoma making it impossible to determine whether it was
a hard or soft sign. This group had a total of 8 patients (7%)
with 3 abnormal CTAs of which one patient was too unwell
for theatre. One had a negative exploration and the other had a
normal ‘on-table angiogram’, but required fasciotomies for a
compartment syndrome.

Bleeding (Hard/Soft Sign)

Depending on the history of bleeding this can be interpreted as
a hard or a soft sign, but this differentiation was not made on
the request forms. This group included 5 patients (5%) and all
had an abnormal CTA of which one showed venous bleeding
and had no further surgical intervention. The other 4 all had
further intervention: exploration and anterior tibial artery
ligation, a normal ‘on-table angiogram’, a normal Digital
Subtraction Angiogram and a pseudo aneurysm managed with
coiling.

Abnormal Doppler

An abnormal Doppler examination was noted to be the
indication for CTA in 2 patients (2%). This is not a hard or
soft sign. One patient had a normal CTA and one had an
abnormal CTA, a posterior tibial artery filling defect requiring
no further intervention.

Discussion

The most striking observation is the poor documentation of
clinical parameters, which makes interpretation of results very
difficult. The indication for CTA was not clearly documented
for all patients, which explains the discrepancy in numbers.
Furthermore, the indication for CTA and the pulse examination
are different in certain cases; for example, a patient with a
decreased pulse had mechanism of injury as indication and
therefore the results are presented separately as per indication
and pulse examination.
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CTA has become the primary investigation for vascular trauma,®
but opinions regarding the threshold for using CTA are very
different. Many authors state that clinical examination should
be the primary tool in assessment of possible vascular injuries
and advocate against the routine use of CTA.*!L1213141516
Patterson et al ' concluded that arteriography only delays the
time to definitive repair and commented that: “It is important
to not underestimate the value of a warm hand on a cold foot.”
Mills et al reviewed the use of the ABI in knee dislocations
and using 0.9 as a cut off had a specificity, sensitivity, NPV
and PPV of 100%. They argued that arteriography just delays
repair of vascular injuries.'”” Lynch and Johansen published
a series of cases comparing the API to arteriography and
concluded that screening arteriography is rarely positive and
that often clinically irrelevant lesions are discovered. They
showed that the API may be just as reliable as arteriography.'
The argument that arteriography may be useful to locate the
level is valid only in cases of multiple injuries to the same
limb, because with knee dislocations the injury is between
the adductor canal and the soleus arch!* and in single
penetrating injuries the vascular injury will be in the area of
the penetrating injury. Injuries distal to the trifurcation often
do not need any further intervention and the confirmation of
these injuries rarely contributes to further management.

Other authors recommend the liberal use of arteriography.
Nitecki et al advise liberal use of CTA, but this was in a
combat setting.!” According to Barnes et al, pulse examination
is not reliable and recommends liberal use of arteriography,
specifically in knee dislocations.'®

Out of a total number of our 126 patients, 34% had an
abnormal CTA and 19% required further intervention.
Defining an acceptable pick up rate is very difficult. How
many negatives can you accept to be satisfied that no injuries
are missed? When comparing our results to others we noticed
a variable spread of results. Nitecki et al with a liberal use
of CTA in a combat setting had abnormal CTAs in 14.5%
of cases.!” Busquets et al '° noted abnormal CTAs in 26.3%
of cases and Inaba et al * in 34.9% of cases. Seaman et al
performed an ABI in patients with soft signs and only did
a CTA where the ABI was less than 0.9. In 21 months they
performed 21 CTAs and found vascular injuries in 42.9% of
cases.’

The most common mechanism of injury in our cohort was
gunshot wounds (50%). According to Jawas et al,*® road traffic
accidents should be the most common in a civilian population,
but Inaba et al* and Lynch and Johansen'® found gunshot
wounds to be the most common.

Our results suggest that clinical examination is unreliable
with a sensitivity of 74.4%, specificity of 53.7% and NPV
and PPV of 80% and 45.7% respectively. Barnes et al agrees
with this stating that an abnormal pulse is not sensitive in
predicting surgical lesions.!® Miranda et al found a NPV of
100% with clinical examination.' Various other authors state
that a thorough and sometimes repeated clinical examination
is sufficient to rule out vascular injuries.*'> According to
James et al, clinical examination alone is equivalent in safety
and accuracy to any other modality.'® Dueck et al stated that,



in the absence of hard signs, all significant vascular injuries
can be identified by serial clinical examination and injuries
discovered do not lead to limb loss.’

An absent pulse (19 patients) is regarded as a hard
sign, but due to poor documentation it is not possible to
determine whether this group had truly ischaemic limbs or
whether they were warm pulses limbs with good capillary
refill. Using altered sensation as a surrogate for ischaemia,
we found the group with both an absent pulse and altered
sensation (5 patients) all required further intervention. Most
authors agree that patients with hard signs should undergo
emergency exploration.®!? Both patients in our series who
had amputations had an absent pulse on clinical examination
and thus, according to international recommendations, should
have been taken to theatre for an on-table angiogram and
exploration without doing a CTA.

The ‘mechanism of injury’ group refers to patients with
knee dislocations, which is not noted to be a sign of vascular
injury, but up to 20% of cases with a knee dislocation and
vascular injury will have an amputation' and this leads to a
fear of missing these injuries'* which in turn has led to routine
arteriography for knee dislocations. According to Miranda
et al,'* physical examination had a NPV of 100% and they
recommend that radiological tests are not necessary in the
setting of normal physical examination. Using an ABI of
0.9 as a cut off, Mills et al'? showed a sensitivity, specificity,
NPV and PPV of 100% in patients with knee dislocations.
The use of an ABI or API is not part of the management
protocol of patients in our department and not a single one
was performed. Of greater concern is the fact that 3 of these
patients had patella dislocations.

Proximity to a large vessel as indication for further imaging
has been disputed in the literature. In our series using
proximity as an indication, one patient with a completely
normal physical examination did have a profunda femoral
artery injury discovered on CTA, which required intervention.
Some authors still advocate that proximity alone should not
be an indication for further imaging.®' They state that an
asymptomatic intimal flap does not need further management
and serial clinical examination is sufficient to pick up any
deterioration.'®"” According to James et al, only 1.3% of
proximity injuries needed surgical intervention and in their
series all patients with delayed onset of hard signs presented
within a week and had surgical repair without limb loss or
morbidity.!® Significant injury is rare in the absence of hard
or soft signs.?

The retrospective nature of this review, poor clinical
documentation and the lack of a management protocol for
patients with suspected vascular injuries are weaknesses of
this study.

Conclusion

In our setting, clinical examination is suboptimal and therefore
pulse examination is not a reliable indicator of vascular injury.
This has led to a lower threshold for ordering CTA and thus
substituting a good clinical examination with CTA. Incorrect

indications are being used as evidenced by the number of
pulseless patients who had CTA performed. Patients with
hard signs of vascular injury require emergency on-table
angiography and exploration which should not be delayed by
obtaining further imaging. The routine use of CTA in patients
with knee dislocations should be reconsidered.

We recommend the introduction of a management protocol
for patients with a suspected vascular injury, utilising the ABI/
APIL.
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