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Practical Management of Knee Dislocations: A Selective
Angiography Protocol to Detect Limb-Threatening
Vascular Injuries
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Abstract: Knee dislocations are relatively uncommon but poten-
tially catastrophic injuries. In athletes, these injuries generally result
from high-energy traumatic mechanisms such as collisions in football
and rugby, high-velocity falls in skiing, and falls from heights in
gymnastics and extreme sports. Knee dislocations are frequently
associated with coincident neurological or vascular injuries.
Recognition of vascular injury is particularly challenging because
vascular compromise may not be immediately associated with clinical
signs of ischemia and may result from injuries without complete or
evident dislocation. This article reviews the rationale behind selective
angiography, adjunctive vascular testing, and the need for observation
after multiligament knee trauma. An algorithm for the diagnosis of
vascular injuries is presented.
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INTRODUCTION

Traumatic knee dislocations are relatively uncommon
orthopedic injuries and are often the result of high-velocity
trauma. The most frequently reported mechanism of injury is
motor vehicle accidents. No detailed data regarding the
incidence and mechanism of this injury in athletes has been
reported in a large series. However, many believe that the
prevalence of this injury is increasing in the athletic
population." This may be a result of an increase in the size,
strength, and speed of the modern athlete leading to higher
collision forces or an increase in the popularity of extreme
sports that places participants at risk for sustaining high-
velocity falls from heights.
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Multiple ligament knee injuries may have devastating
consequences, particularly in the setting of unrecognized
vascular compromise. The incidence of popliteal artery injury
after knee dislocation has been estimated as high as 40%,?
a concerning statistic given that studies have shown that
delayed recognition of an occlusive injury beyond 8 hours is
likely to result in above the knee amputation.>* Traditionally,
the liberal use of angiography was recommended in any
patient with known or suspected knee dislocation in an effort
to avoid missing or delaying the diagnosis of an associated
vascular injury.*'® Currently, many authorities advocate for
the use of selective angiography protocols based on physical
examination findings. Though these protocols vary with
respect to the time of observation required, frequency of
physical examination, and whether adjunctive tests such as
ankle brachial indices (ABIs) or duplex ultrasonography are
used, they have been generally successful in their ability to rule
out clinically significant vascular injury.!'™'® Despite the
reported success of these protocols, delays in the diagnosis of
surgically significant vascular injury continue to occur, and
many patients with knee dislocations are not receiving an
adequate vascular evaluation. The aim of this article was to
review the basis for selective angiography after multiligament
knee injury and present a simple protocol for detecting limb-
threatening vascular injury in patients with knee dislocation
based on the current best evidence.

MULTILIGAMENT DISRUPTION AND
VASCULAR INJURY

Knee dislocation is defined as a complete loss of the
tibiofemoral articulation. However, an unknown number of
these injuries spontaneously reduce, making the clinical
diagnosis difficult.?® In fact, it is unnecessary for the knee to
have completely dislocated for an injury to the intimal wall of
the popliteal artery to develop. In the senior author’s (CJW)
experience with 86 multiligament knee injuries treated
between August 2004 and October 2008, vascular compromise
occurred in 6% of traumatic injuries in which only 2 ligaments
were torn. Specifically, vascular injuries can occur in patients
with bicruciate injuries or simultaneous tears of the anterior
cruciate ligament (ACL) and lateral collateral ligament (LCL).
Of all magnetic resonance imaging—documented 2-ligament
injuries treated, the only pattern not associated with a vascular
injury was concomitant tears of the ACL and medial collateral
ligament (MCL).?' With 2 ligaments disrupted, the knee can be
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difficult to examine due to patient discomfort and gross
rotational and coronal plane instability that can be difficult to
isolate to the lateral or medial side. Therefore, when sub-
stantial laxity of 2 or more of the major ligaments of the knee
is found, a presumptive diagnosis of knee dislocation should
be made.®

The most devastating consequence of multiligament
knee injury is popliteal artery damage, which may occur in
10%-40% of knee dislocations.'® The high incidence of
popliteal artery injury is due to its proximity to the knee joint
and its anchored attachments at the adductor canal cephalad
and by the fibrous arch of the soleus muscle caudad, restricting
its ability to stretch.'® Timely diagnosis of an associated
vascular injury is of the utmost importance in patients with
knee dislocations, as previous studies have shown that
recognition of an occlusive injury beyond 8 hours is likely
to result in irreversible limb ischemia and above the knee
amputation.*?

MAKING THE DIAGNOSIS OF VASCULAR
INJURY ASSOCIATED WITH
MULTILIGAMENT DISRUPTION

Physical Examination

When substantial laxity of 2 or more of the major
ligaments of the knee is found, a diagnosis of knee dislocation
should be considered and careful examination of the vascular
status of the limb must be undertaken. Palpation of the dorsalis
pedis and posterior tibial pulses are an essential part of this
examination, and any asymmetry detected between limbs
should alert the practitioner to the possibility of vascular
injury. The palpation of pedal pulses when used as part of
a protocol that includes serial physical examination performed
by a physician over a period of observation of 23—48 hours has
been shown to be highly sensitive and specific in detecting
vascular injury associated with knee dislocation.!”'® It must be
emphasized, however, that an initial palpation of pedal pulses
alone is inadequate to rule out limb-threatening vascular injury
in this group of patients.** Numerous reports exist in which
patients who had initially normal pulses after a knee dislo-
cation were ultimately diagnosed with an associated limb-
threatening vascular injury. In fact, estimates suggest that this
may occur in as many as 5%—15% of knee dislocations
through delayed expansion of an intimal tear,>%20->24

Selective Arteriography

Arteriography has long been considered the gold
standard for detecting any limb-threatening vascular injury
after knee dislocation and historically has been performed in
all patients suspected of having sustained this injury.*>"-°
However, this diagnostic test is costly, invasive, and carries the
risk of contrast dye allergic reactions and renal toxicity and
may delay surgical intervention. Consequently, its value has
recently been challenged by a number of authors who promote
selective angiography protocols with use of the physical
examination as the primary screening tool for vascular injuries
in patients with a knee dislocation.''™"® Though these proto-
cols vary somewhat with respect to the time of observation
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required and frequency of physical examination and whether
adjunctive tests such as ABIs or duplex ultrasonography are
used, they have been successful in their ability to rule out
clinically significant vascular injury. Traditional selective
angiography protocols require admission to the intensive care
unit for frequent neurovascular checks.'”'® In the largest such
study to date, Stannard et al'® applied a selective angiography
protocol to 126 patients with knee dislocation. Patients with
hard signs of arterial injury, such as distal ischemia, active
hemorrhage, or an expanding pulsatile hematoma, received an
immediate arteriogram. Those without hard signs on physical
examination were admitted for serial examinations over
a 24-hour period. This protocol had a positive predictive
value 0of 90%, a negative predictive value of 100%, a sensitivity
of 100%, and a specificity of 99% for detecting surgically
significant vascular injury in their group of patients.

Ankle Brachial Index

The ABI is calculated after obtaining the systolic blood
pressure values from all 4 extremities using a Doppler probe
and a standard blood pressure cuff. The highest measured
arterial pressure from the dorsalis pedis or posterior tibial
artery is divided by the higher of the brachial arterial pressures
from both upper extremities. This noninvasive, easily
performed test provides an objective tool for practitioners to
use when determining whether to obtain an arteriogram and
may increase the accuracy of physical examination.?* Mills
et al** prospectively evaluated the value of ABI for diagnosing
arterial injury after knee dislocation. In their study, they found
11 of 38 patients who required vascular surgical intervention
had ABIs <0.90. No patients with an ABI >0.90 required
intervention during their hospital stay. Importantly, they
diagnosed 1 patient with surgically significant vascular injury
who had normal pulses and no hard signs of vascular injury
who would not have undergone arteriogram had ABI
evaluation not been performed. In this study, the negative
predictive value of having an ABI >0.90 was 100%. They also
identified 3 patients who would have undergone unnecessary
arteriography. This study is limited by its small number of
patients and lack of long-term follow-up; however, it is
currently the only study that prospectively evaluates the use of
ABI in knee dislocation. The reader is cautioned that there
have been reports of the delayed presentation of popliteal
artery injury even with normal systolic ankle pressures after
penetrating trauma,>®> and more studies are required to
determine the effectiveness of ABIs to diagnose arterial injury
in patients with knee dislocations.

Duplex Ultrasonography

Occlusion of the popliteal artery occasionally has been
reported immediately after ligament reconstruction.?*%® This is
thought to be the result of an unrecognized non—flow-limiting
intimal tear, which occurred at the time of the injury, that either
progressed to a flow-limiting tear or resulted in thrombosis.
Duplex ultrasonography offers another noninvasive and less
expensive alternative to arteriography with a comparable
accuracy in detecting traumatic vascular injury, though no
study specific to knee dislocations has been performed.*’ 2 It

© 2009 Lippincott Williams & Wilkins



Clin | Sport Med * Volume 19, Number 2, March 2009

Selective Angiography Protocol for Knee Dislocation

seems plausible, however, that duplex ultrasonography may be
able to detect injury that may be non-flow limiting, which may
go undetected by pedal pulse examination and/or ABI
examination, and therefore may increase the sensitivity of
a selective angiography protocol. Though every effort is made
to avoid the use of a tourniquet when operating on patients
with multiple ligament knee injuries, they are occasionally
required. The stasis that results from the use of a tourniquet
can further increase the risk of occlusion when an un-
recognized intimal tear is present or in patients who have
undergone previous vascular reconstruction. For this reason,
we routinely obtain arterial duplex ultrasonography on all
patients who require surgical reconstruction. Ultimately, more
studies are needed to determine the role of this diagnostic test
in the evaluation of knee dislocations.

Authors’ Recommended Protocol

We recommend a simple to use algorithm to detect limb-
threatening vascular injury after known or suspected knee
dislocations (Figure 1). With the recommended protocol,
patients with hard physical signs of vascular injury (expanding
hematoma, absent pulses, hemorrhage, and bruit) receive an
immediate intraoperative angiogram by the vascular surgeons.
In the absence of hard physical signs of vascular injury, ABIs
are performed. Those with ABIs <0.90 undergo emergent
angiography to evaluate for vascular compromise. Conscious
patients without hard signs and with normal ABIs (>0.90) can
be observed for 24 hours outside the intensive care unit setting.
If operative intervention of the extremity is anticipated, duplex

arterial ultrasonography is employed to confirm arterial
patency and normal flow velocities. Intimal tears with no
flow limitation identified with these noninvasive tools require
observation.'*!'*!1?3%3! For patients who present with a sub-
acute knee dislocation (>24 hours after injury), vascular
assessment including palpation of popliteal, posterior tibial,
and pedal pulses, as well as obtaining ABIs is indicated;
however, a period of further observation is likely not necessary.
A table outlining the key management points for identifying
and treating vascular injury associated with knee dislocation
based on time of presentation is included (Table 1).

The reader is cautioned that conclusive evidence demon-
strating that any selective angiography protocol is adequate
for detecting all surgically significant vascular injury has yet
to be presented. Given the disastrous consequences that may
result should a delay in diagnosis occur, we continue to
recommend formal angiography be considered in any patient
with a knee dislocation who has an equivocal exam, and it is
definitely warranted at institutions where evidence-based
selective angiography protocols are unable to be followed.

CONCLUSIONS

Physicians must maintain a high degree of suspicion for
arterial injury after any knee dislocation. Even if the initial
physical examination is normal, the physician must take
further measures to objectively rule out occult injury, such as
ABIs or arterial duplex ultrasonography. Observation for a
24-hour period is warranted in all cases of knee dislocation

Known or suspected knee dislocation
or multiple ligament knee injury

v

Reduce knee joint (if needed)

v

Perform physical exam including

A 4

nent of distal perfusion and
ankle brachial indices

v ‘

FIGURE 1. Recommended algorithm
for the diagnosis of vascular injury
following multiple ligament knee
injuries. *Modified from the Univer-
sity of Washington/Harborview
Medical Center (Seattle, WA).
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Distal pulse present and well
perfused limb with ABI >.90

A

Distal pulses asymmetric

Distal pulse present and well
perfused limb with ABI <.90

A

Distal pulse absent or other hard
signs of vascular injury (distal
ischemia, active hemorrhage,
expanding pulsatile hematoma)

v

Admit for 24 hour observation and
serial physician examinations

Arteriogram

A

Arterial duplex ultrasonography
prior to ligament reconstruction

To operating room for surgical
exploration with or without
arteriogram
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TABLE 1. Key Management Points for Identifying and Treating Vascular Injury Associated With Knee Dislocation Based on Time of

Injury Presentation

Injury Presentation Management Principles

Actions

On the field

—

1. Stabilize the patient

2. Diagnose the vascular injury 2.

3. Diagnose the knee dislocation 3.

. Activate EMS

o If a knee dislocation is known to have occurred or is suspected, the patient
must be expeditiously transferred to a hospital equipped to deal with knee
dislocations and their associated injuries. Even if the vascular examination
is normal, these patients require further evaluation in the emergency
department and need to be observed for at least 24 h.

Assess ABC’s

e Knee dislocations are commonly the result of high-energy trauma and are
often associated with other severe injuries. These must be identified and
treated primarily.

e Palpation of bilateral posterior tibial and dorsalis pedis pulses must be
performed. Any asymmetry should alert the provider to possible vascular
injury.

o If no pulse is palpated and the knee is grossly dislocated an attempt
at reduction is warranted. This may result in re-perfusion of the extremity.

Knee examination

o Often knee dislocations spontaneously reduce and may not present with a
large effusion. This is due to the capsular disruption that occurs as a result
of the injury.

o Any combined ligamentous injury detected on physical examination should
raise concern for knee dislocation and should be treated as such until proven
otherwise. Varus or valgus instability in full extension and exaggerated
hyperextension of the knee generally only occur with combined
ligament injuries and knee dislocation should be suspected in these cases.

Acute (<24 h) with obvious
associated vascular injury

—_

1. Expedient reperfusion of the
injured extremity

. Reduction

o Reduction is performed by stabilizing the distal femur and applying
longitudinal traction on the tibia. A medial skin dimple is indicative of
a posterior lateral dislocation which is often irreducible by closed methods.
This is a result of the medial femoral condyle becoming trapped in the
capsule or extensor mechanism. After reduction, the knee should be
immobilized in 15 degrees of flexion to prevent resubluxation or dislocation.

. Facilitate surgical management

o If the patient continues to have no palpable distal pulses despite reduction or
has hard signs of vascular injury (active hemorrhage, expanding pulsatile
hematoma), care must be coordinated to avoid a delay in revascularization.
Ischemic injury of greater than 8 h leads to a high likelihood of above the
knee amputation. Emergency department evaluation must be efficient and
angiography, if necessary, should be performed in the operating room.
Formal arteriography may delay surgical intervention.

Acute (<24 h), without obvious 1. Reduce knee joint if dislocated 1. Reduction
associated vascular injury e As above.
2. Evaluate for occult vascular 2. Vascular examination
njury o A thorough vascular assessment must be performed. This includes palpation
of popliteal, posterior tibial, and pedal pulses, as well as obtaining
Ankle-Brachial-Indices (ABI). Patients with normal findings and an
ABI >0.90 should be admitted for observation for 24 h. Patients with
abnormal findings or an ABI <0.90 require arteriography. (Figure 1).
Subacute (>24 h from injury), 1. Diagnose knee dislocation 1. Diagnosis
without obvious associated e The diagnosis of knee dislocation and multiligament trauma is difficult, and,
vascular injury occasionally, these patients present days or weeks after their injury.
2. Evaluate for occult vascular 2. Vascular examination
mjury e Vascular assessment including palpation of popliteal, posterior tibial, and

pedal pulses, as well as obtaining ABIs is indicated. If examination and ABIs
are normal, these patients do not require a period of further observation as
most occult vascular injuries present within the first 24 h.

o Arterial duplex ultrasonography should be obtained prior to any
surgical intervention.

EMS, emergency medical services.
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or multiligament injury in which a negative arteriogram has
not been documented.
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