A Case Report & Literature Review

Delayed Complete Limb Ischemia
Following a Closed Tibial Shaft Fracture

Perry J. Evangelista, MD, Lauren M. Evangelista, BA, Gregory T. Evangelista, MD, John T. Ruth, MD,

and Joseph L. Mills Sr, MD

Abstract

We present a 19-year-old collegiate athlete who
sustained a low-energy closed tibial shaft frac-
ture. Following closed reduction, the dorsalis
pedis and posterior tibial pulses were symmet-
ric to the contralateral limb on physical exami-
nation. Angiography later confirmed triple ves-
sel arterial disruption complicated by delayed
ischemia requiring limb revascularization. Lower
extremity triple vessel occlusion from a low-
energy injury is rare, and delayed presentation
requiring limb salvage is even more unusual: We
review the literature, describe the diagnosis ‘and
treatment, and propose a strategy for post-frac-
ture reduction management of vascular status.

extremity trauma, Despite limited data, palpable and

symmetri¢,distal pulses, with or without Doppler-
derived limb blood pressures, have been used in orthopedics
to exclude significant vascular injury in
the presence of a tibial shaft fracture.!
Although several studies show that
physical examination reliably excludes

P hysical examination of distal pulses is necessary after

significant vascular injury in patients
who sustain knee dislocations, the vas-
cular literature would suggest that ankle
brachial index (ABI) measurements and
some form of popliteal artery imaging
be performed in patients with poste-
rior knee dislocations.*® Orthopedic
traumatologists have extrapolated and
interpreted these data and generally be-
lieve that normally palpable distal pulses
exclude major vascular injury in patients
with tibial shaft fractures.

Multiple studies indicate that when
pedal pulses are symmetric to the un-
injured extremity, significant vascular

injury is unlikely. This case calls into question the adequacy
of physical examination alone to accurately exclude significant
vascular injury in patients with tibial shaft fractures. We also
review the literature and propose appropriate diagnostics and
treatment.

The patient provided written informed consent for print
and electronic publication of this case report.

Case Report
During low-speed, noncontact drills, a 19-year-old collegiate
football player collided with another player. An obvious de-
formity, diminished dorsalis pedis and posterior tibial pulses
were noted atthe scene when examined by emergency medi-
cal technicians. The patient was splinted as he lay and arrived
in the emergency room 2 hours later. He did not report any
history of previous injury, neurologic, or vascular symptoms
in the affected leg. His medical history was unremarkable. He
also did not report using any medications or drugs. His family
history was significant for cardiovasculardisease but negative
for coagulation disorders.

On physical examination at arrival torthe emergency de-
partment, hisifoot was externally rotated and there was an
obvious deformity at the midportion of the affected leg. His

Figure 1. Anteroposterior radiograph of isolated tibia and fibula midshaft fractures (A).
Radiograph demonstrating reduction with external fixation (B).
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skin was intact and his compartments were compressible and
non-tender. His motor and sensory examinations were normal,
with palpable, but diminished dorsalis pedis and posterior
tibial pulses. His foot was warm and well perfused. Left lower
extremity radiographs confirmed isolated midshaft fractures
of the tibia and fibula (Figure 1A).

Closed reduction was performed and a long leg splint was
applied. Following the reduction, his dorsalis pedis and poste-
rior tibial pulses were now equal to the contralateral leg with
a present Doppler signal. He had no findings of compartment
syndrome. His motor and sensory examinations remained
intact and he received 30 mg of enoxaparin subcutaneously
for deep venous thrombosis prophylaxis. Hourly postopera-
tive nursing notes documented palpable left lower extremity
pulses. Approximately 12 hours after the closed reduction,
the patient reported paresthesias in the first web space. Upon
examination, the foot was cool, pedal pulses were no longer
palpable, and ankle Doppler signals were not detectable.

The on-call orthopedic surgeon was present and able to
repeat the examination after less than 15 minutes from the
onset of symptoms. At this time, the foot was slightly cooler
than the contralateral extremity. His sensation was decreased
to light touch in the deep peroneal distribution. The remain-
der of the motor and sensory examination was normal. He
exhibited no other signs of compartment syndrome, but the
dorsalis pedis and posterior tibial pulses were not palpable nor
was flow detectable by continuous wave, hand held Doppler.

The patient was emergently taken to the operating room
with suspected vasospasm. The splint was removed and trac-
tionvapplied. No improvement in the pulserexamination was
noted and Doppler signals remained absent! The patient was
urgently transferred to the care of/a University vascular/sur-
geon. Thedeg wasrapidly prepared and an external fixator was
applied, but the pulses did not return (Figure 1B).

A weak, monophasic Doppler signal was present in the poste-
rior tibial artery distal to the medial malleolus. An intraoperative
angiogram was then rapidly performed of the thigh (Figure 2A)

and lower extremity (Figures 2B, 2C); this study demonstrated
complete occlusion of the anterior tibial and peroneal arteries
at the level of the fracture. The posterior tibial artery was oc-
cluded just distal to the level of the fracture but subsequently
reconstituted just proximal to the ankle joint, with minimal
collateral flow to the foot. Surgical exploration demonstrated
that the posterior tibial artery was in continuity. Attempts to
pass a 2 mm Fogarty catheter distally via the proximal posterior
tibial artery were not successful. Therefore, a segment of great
saphenous vein was harvested from the contralateral, unin-
jured extremity for bypass grafting of the injured extremity.
A reversed saphenous vein popliteal to paramalleolar posterior
tibial artery bypass graft was performed. The total ischemia
time to the extremity was less than 4 hours, and after revascu-
larization, there were no signs of ischemia. The joint decision
by orthopedics and vascular surgery was made to forego formal
4-compartment fasciotomy since the posterior compartments
were opened during bypass grafting and circulation was main-
tained proximally in the lower extremity.

The following morning, the patient reported leg tightness
and pain. His anterior and lateral compartments were now
tense and tender to palpation. Passive stretch of his ankle and
toes exacerbated his leg pain. His motor and sensory examina-
tions remained unchanged compared to his preoperative ex-
aminations and the posterior tibial pulse was palpable. He was
emergently taken to the operating room for anterior and lateral
compartment fasciotomies. The patient was subsequently dis-
charged from the hospital without any further complications.
At the time of the patient’s final evaluation 18 months after
repair, there weremo signsrofiinfectionymno,claudicationror
recurrent limb ischemia,/the popliteal to posterior tibialartery
bypass was|patent, and radiographs demonstrated union and
callus formation at the fracture sites (Figures 3A, 3B).

Discussion
The presented case questions the common practice of using
physical examination findings of symmetric distal pulses to

Figure 2. Angiography of femoral to popliteal artery of the distal femur and knee demonstrating bifurcation into anterior tibial artery and
posterior tibial artery (A). Angiogram demonstrating occlusion with collaterals of the anterior and posterior tibial and peroneal arteries at
the level of the fracture (B). Angiogram demonstrating triple-vessel complete occlusion distal to the fracture site (C).
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exclude the presence of significant vas-
cular injury in patients with tibial shaft
fractures caused by low-energy mecha-
nisms. This practice has been extrapo-
lated from studies performed on patients
who sustained knee dislocations.”* It
could be speculated that the multiple
anastomoses and collaterals between the
3 major vessels of the lower extremity,
particularly around the foot and ankle,
may have provided palpable pulses.®
Normal anatomic variants may also have
been present, such as primary contribu-
tion to the dorsalis pedis from the pero-
neal artery.” An alternative explanation
would be that pulse examination alone
is subjective and may be less accurate
and reliable than objective tests such as Doppler-derived ankle
pressures or ABI measurements.

Despite anatomic variants, in our experience, diminished
pulses are relatively common following tibial shaft fractures
with obvious deformity. The most common suggested eti-
ology involves arterial spasm, kinking of vessels, or direct
compression from bone, which has been demonstrated to oc-
cur in other regions of the body.® Our experience has shown
that pulses typically return following closed reduction, as was
demonstrated in this case. However, delayed arterial occlusion
is not common and likely occurred due to initial acute intimal
fracture or partial disruption, and subsequent arterial occlu-
sionyfrom delayedsthrombosis at the sitesyof intimalwinjury:
If delayed thrombosis at the site of subclinically detectable
intimal injury is the cause, then physicians must be aware
of this and have their téam perform physical examinations
hourly in order to quickly detect changes in vascular status
and palpable pulses.

There is no accepted universal algorithm for subsequent
evaluation of vascular status in such cases of tibial shaft
fractures. There are several tests to evaluate vascular status:
ABI, duplex ultrasonography, conventional angiography, and
multiple-slice helical computed tomography or computed to-
mography angiography. Of these, ABI is a quick, useful, in-
expensive, cost-effective, and extensively studied noninvasive
test for assessing the vascular status of a traumatically injured
extremity.”"* Multiple-slice helical computed tomography an-
giography (MCTA) and computed tomography angiography
(CTA) have a more limited role in the routine evaluation of
patients with tibial shaft fractures, as their role has not been
well defined and they are more expensive and invasive.'>"?
Nassoura and colleagues' compared ABI to angiography after
suspected vascular occlusive injury secondary to trauma and
found ABI to be a useful tool for assessing significant vascular
injury with a reported sensitivity and specificity of 72% and
100%, respectively. Furthermore, they found a positive pre-
dictive value of 100% and negative predictive value of 96%.
However, Causey and colleagues'" described a patient with a
tibial fracture secondary to blunt trauma who initially had
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Figure 3. Anterior/posterior radiograph demonstrating fracture callus and union at
18-month follow-up (A). Lateral radiograph demonstrating fracture callus and union
at 18-month follow-up (B).

normal pulses on physical examination and an ABI of 1.0, but
who subsequently developed limb ischemia and was found
to have triple-vessel occlusion. In the latter case, angiography
demonstrated vessel injury and assisted in making the deci-
sion for revascularization and limb salvage. Screening methods
using audible characteristics of the Doppler signals such as
pulsatility and phasicity also need to be considered by physi-
cians as tools/for assessing patients with tibial shaft fractures,
but these studies are subjective, and unless the examiner is ex-
tremely experienced, likely are less reproducible and accurate
than ABI determination. With the assistance of our vascular
surgery colleagues, we used physical examination, hand-held
Doppler interrogation, and. conventionalangiography to detect
and define the delayed presentation of triple-vessel injury,
establish a timely diagnosis and promptrevascularization for
limb salvage: Limb salvage following blunt orthopedic trauma
with triple vessel injury is challenging; amputation rates of
60%-90% have been reported in such scenarios.'>'

To our knowledge, this is the second case of blunt tibial
trauma resulting in triple-vessel arterial disruption despite ini-
tially normal pedal pulses. Currently there is limited published
literature to guide vascular status evaluations of the lower ex-
tremity following a tibial shaft fracture. Further research is
needed in this area.

Conclusion
The literature related to low impact, blunt shaft tibial fractures
suggests that when a patient has pulses in the injured extremity
that are symmetric in comparison to the contralateral extrem-
ity, a significant vascular injury is highly unlikely. This case,
in addition to the one reported by Causey and colleagues,"
indicates that a normal physical examination does not exclude
limb threatening arterial injury. Physicians who treat these
types of injuries must be aware of this fact and implement close
observation. In addition, more objective serial evaluations such
as hand held Doppler interrogation or ABI determination might
be prudent.

With the lack of adequate literature available regarding as-
sessment of vascular injury in patients with tibial shaft frac-
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tures, further research should aim at defining the best method
to assess these patients in an effective, timely, and cost-effective
manner. It is our recommendation that physical examination
consisting of pulse checks prior to and after fracture reduction,
along with 1-hour pulse checks for a minimum of 24 hours
will adequately detect significant vascular injury in a manner
that is timely and cost-effective. Any subsequent and concern-
ing change in physical examination should then be further as-
sessed with ABI or duplex ultrasound. Prompt vascular surgical
consultation in cases of possible or suspected vascular injury
is essential, as signs and symptoms may be subtle.
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