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Background: Popliteal artery injury (PAI) is a challenging condition. Even with
appropriate initial treatment and reconstruction of the associated injuries, exten-
sive soft-tissue necrosis may occur, requiring lower leg amputation. There are
no reports on the effectiveness of orthoplastic surgery in treating traumatic PAI.
However, orthoplastic surgery is also considered very effective in PAI treatment,
which requires delicate handling of soft-tissue and blood vessels. This study aimed
to examine the treatment outcomes of traumatic PAI at a trauma center with the
capacity for orthoplastic management.

Methods: Patients with PAI who were treated at our institution between August
2013 and December 2021 were included in this study. The surgeons included
multiple orthoplastic surgeons with capabilities in vascular repair, bone and liga-
ment reconstruction, and soft-tissue reconstruction. Patient demographics, injury
characteristics, degree of ischemia, and treatment were investigated. We also inves-
tigated whether soft-tissue reconstruction and lower limb amputation were neces-
sary as outcomes of treatment.

Results: Fifteen limbs of 14 patients with PAI met the inclusion criteria. Extensive
soft-tissue necrosis was observed in three limbs. Two of these limbs were covered
with a free latissimus dorsi flap and could be salvaged. In the remaining limb, lower
limb amputation was unavoidable because of unexplained cardiac arrest during
the initial surgery, but a fillet flap was used to successfully preserve the knee joint.
Conclusion: Orthoplastic management has the potential to improve limb salvage
rates and provide good outcomes for the treatment of traumatic PAI. (Plast Reconstr
Surg Glob Open 2024; 12:¢5696; doi: 10.1097/GOX.0000000000005696; Published

online 25 March 2024.)

The incidence of popliteal artery injury (PAI) in
trauma around the knee joint is rare (0.2%-1%); how-
ever, the amputation rate of the lower extremities is
reportedly 10%-16%.'" PAI is a challenging trauma
that requires prompt and accurate treatment because
the probability of lower limb amputation increases
as the ischemic time increases. The initial treatment
for PAI requires early resumption of blood circulation
with a temporary vascular shunt (TVS), prompt arterial
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reconstruction, fasciotomy to prevent compartment syn-
drome, and temporary stabilization of the knee joint
using an external fixator. After the hemodynamics of
the lower limbs have stabilized, appropriate reconstruc-
tive surgery is required for the associated bone and liga-
ment injuries. However, even with appropriate initial
treatment and reconstruction of the associated injuries,
extensive soft-tissue necrosis may occur during the treat-
ment course, requiring lower leg amputation. It is pos-
sible to salvage the limb by predicting the occurrence of
extensive soft-tissue necrosis and performing soft-tissue
reconstruction at an appropriate time. Therefore, it is
desirable to perform management that considers future
soft-tissue reconstruction required from the initial treat-
ment stage. Orthoplastic surgery is known as “the prin-
ciple and practice of specialties of orthopedic and plastic
surgeons applied to a clinical problem either by a single
provider or teams of providers working in concert for the
benefit of the patient.”® There have been many reports
on the effectiveness of orthoplastic management in treat-
ing open fractures of the lower extremities.” However,
there are no reports on the effectiveness of orthoplastic
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surgery for treating traumatic PAI. Orthoplastic surgery
is also considered to be very effective in PAI treatment,
which requires delicate handling of the soft-tissue and
blood vessels.

Our trauma center is staffed by multiple orthoplas-
tic surgeons who can consistently perform TVS, vascular
repair, bone and ligament reconstruction, and soft-tissue
reconstruction. This study aimed to examine the treat-
ment outcomes of traumatic PAI at a trauma center with
the capacity for orthoplastic management and to dem-
onstrate its effectiveness in orthoplastic management in
the treatment of traumatic PAI. We also examined and
reported predictors of the need for soft-tissue reconstruc-
tion in patients with traumatic PAI.

This study was approved by the institutional review
board of the authors’ affiliated institutions. Patients with
PAI who were treated at our institution between August
2013 and December 2021 were included in this study, and
their treatment outcomes were investigated. The surgeons
included multiple orthoplastic surgeons with capabilities
in vascular repair, bone and ligament reconstruction, and
soft-tissue reconstruction. During the acute phase of treat-
ment, patients were consistently treated by their respective
surgeons. Patients with insufficient medical records were
excluded.

Patient demographics and injury characteristics were
obtained from the medical records. Associated injuries
were evaluated using plain radiography and CT. Soft-
tissue injury was evaluated using photographs and medical
records taken at the time of transportation. As the degree
of ischemia in the injured extremities at the time of trans-
portation to our institution, the presence or absence of
pulsation, Doppler ultrasound of the dorsalis pedis artery,
and degree of motor paralysis of the lower extremities were
investigated. In many patients, sensory loss of the lower
limbs was not sufficiently recorded; therefore, these data
were excluded from the survey. CT angiography (CTA)
was performed to evaluate blood flow in the extremities
at the time of transportation. Patients in whom arteries on
the distal side were not enhanced were considered to have
no collateral circulation. Patients in whom arteries on the
distal side were enhanced, even though the main trunk
of the popliteal artery at the injured site was interrupted,
were considered to have preserved collateral circulation
(Fig. 1). CTA of both lower extremities was performed
simultaneously, and it was confirmed that the blood ves-
sels of the lower extremity on the unaffected side, includ-
ing collateral circulation, were enhanced. By doing so, we
denied that collateral circulation on the affected side was
not enhanced owing to the timing of imaging.

We investigated the presence or absence of TVS use
during the initial surgery, time period between injury and
TVS establishment, time from injury to the completion of
popliteal artery reconstruction, presence or absence of
fasciotomy, and types of secondary surgery. We also inves-
tigated whether soft-tissue reconstruction and lower limb
amputation were necessary as outcomes of treatment.
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Question: Does orthoplastic management improve the
outcomes of popliteal artery injury (PAI) treatment?

Findings: We reported the case series of treatment out-
comes of traumatic PAI in a trauma center with capacity
for orthoplastic management, and treatment outcomes
were excellent.

Meaning: Orthoplastic management has the potential to
improve the limb salvage rate and provide good outcomes
in the treatment of traumatic PAIL

All hemodynamic and neurological assessments of the
lower extremities and judgments regarding the use of TVS
were made by each patient’s surgeon. Each surgeon indi-
vidually determined the need for prophylactic fasciotomy
after revascularization, considering the ischemia time,
degree of swelling of the injured limb, and condition of
the open wound. The initial surgery was completed by sta-
bilizing the bones and joints using an external fixator and

Fig. 1. CTA of PAl with residual collateral circulation.
The main trunk of the popliteal artery is interrupted
at the level of knee joint, but the artery is once again
enhanced distally.
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revascularizing the popliteal artery. Internal fixation of
the fracture and ligament repair was performed a few days
later as a secondary surgery. Soft-tissue reconstruction was
performed after determining the extent of the skin and
muscle necrosis.

Statistical analysis was performed to determine pre-
dictors of extensive soft-tissue necrosis requiring soft-
tissue reconstruction. The patients were divided into two
groups: patients in whom extensive soft-tissue necrosis
did not occur during the treatment course (group 1) and
those in whom necrosis occurred (group 2). Predictors of
extensive soft-tissue necrosis were investigated by compar-
ing the age and sex of the patients, degree of ischemia,
rate of TVS use, time from injury to repair of the popliteal
artery, and fasciotomy rate between the two groups. A two-
sided Fisher exact test was used to compare explanatory
variables, and the Mann-Whitney U test was used to com-
pare continuous variables. Statistical significance was set at
a Pvalue of less than 0.05. All statistical analyses were per-
formed using EZR (Saitama Medical Center, Jichi Medical
University, Saitama, Japan), a graphical user interface
for R software (R Foundation for Statistical Computing,
Vienna, Austria).’ EZR is a modified version of the R com-
mander and is designed to add statistical functions that
are frequently used in biostatistics.

Fifteen limbs of 14 patients with PAI met the inclu-
sion criteria. The average age at the time of injury was
53.7 years (20-86 years) for 14 male limbs and one female
limb. Among these, five limbs were injured by a farm
tractor, four by a traffic accident, three by a fall, two by a

crush injury, and one by a mowing machine. Crash inju-
ries occurred in two limbs of the same patient. Associated
injuries included knee joint dislocation in six limbs, proxi-
mal tibial fracture in three, distal femur fracture in one,
and tibial shaft fracture in the other. A total of four limbs
did not have any bone or ligamentous injuries. Soft-tissue
injuries included open leg wound in four limbs, open pop-
liteal wound in three limbs, gastrocnemius muscle injury
in two limbs, tibialis anterior muscle injury in one limb,
and popliteal crush injury in three limbs. The degree of
ischemia at the time of transport was also evaluated. Blood
flow in the lower extremities was measured by palpation
of the dorsalis pedis artery or via Doppler ultrasound,
which was confirmed in five limbs but not in the others.
Three limbs did not show motor paralysis, five showed
partial motor paralysis, and seven showed complete motor
paralysis. CTA revealed interruption of the main trunk of
the popliteal artery in all the cases, with collateral circula-
tion in only 12 limbs (Table 1). A cross-limb vascular shunt
(CLS) was performed in five limbs. Intravascular shunt-
ing (IVS) was not performed in our case series. The aver-
age time from injury to establish TVS was 5.2 (3-8) hours.
The average time from injury to popliteal artery recon-
struction was 8.8 (4-16) hours, and popliteal artery recon-
struction was performed using end-to-end anastomosis or
a greater saphenous vein graft from the uninjured side.
Fasciotomies were performed on seven limbs.

During the treatment course, extensive soft-tissue
necrosis occurred in three limbs, all of which were accom-
panied by complete motor paralysis with no collateral cir-
culation on CTA. Two of these limbs were covered with
a free latissimus dorsi flap and could be salvaged. In the
remaining limb, unexplainable cardiac arrest occurred
during initial treatment; therefore, arterial reconstruc-
tion could not be performed. After the patient’s general

Table 1. Patient Demographics, Characteristics of Injuries, and Degree of Ischemia

Mechanism of Dorsalis Motor Collateral
No. Age,y Sex Injury Associated Injury Soft-tissue Injury Pedis A Paralysis  Circulation
1 80 Male Fall accident Knee dislocation ~ Open popliteal wound, Inaudible — Remained
gastrocnemius muscle injury
2 42 Male Fall accident Knee dislocation  — Audible — Remained
3 35 Male Fall accident Knee dislocation  — Inaudible  — Remained
4 81 Male Farm tractor Distal femur — Audible Partial Remained
fracture
5 39 Male Mowing machine — Open popliteal wound, Audible Partial Remained
gastrocnemius muscle injury
6 39 Female Traffic accident Proximal tibial Open leg wound, tibialis Audible Partial Remained
fracture anterior muscle injury
7 20 Male Traffic accident Knee dislocation  Open popliteal wound Inaudible Partial Remained
8 42 Male Farm tractor — Popliteal crush injury Audible Partial Remained
9 77 Male Farm tractor Proximal tibial Open leg wound Inaudible Complete  Remained
fracture
10 24 Male Traffic accident Proximal tibial — Inaudible Complete  Remained
fracture
11 86 Male Farm tractor Knee dislocation  — Inaudible Complete  Remained
12 75 Male Farm tractor Knee dislocation  Open leg wound Inaudible Complete Remained
13 28 Male Traffic accident Tibial shaft Open leg wound Inaudible Complete  —
fracture
14 69 Male Crush injury — Popliteal crush injury Inaudible Complete  —
15 69 Male Crush injury — Popliteal crush injury Inaudible Complete ~ —




Table 2. Treatment and Outcomes
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No. TVS Time to Establish TVS,h Time to Artery Repair, h Fasciotomy Secondary Surgery Soft-tissue Reconstruction Amputation
1 — — 9 + Ligament repair — —
2 — — 10 - Ligament repair — —
3 — — 12 + — — —
4 — — 6 + — — —
5 — — 4 — — —
6 — — 16 - Osteosynthesis — —
7 — — 8 = — — —
8 CLS 8 10 + — — —
9 — — 8 + Osteosynthesis — —
10 — — 10 + Osteosynthesis — —
11 CLS 4 6 Ligament repair — —
12 CLS 8 10 + — — —
13— — 10 - Osteosynthesis Free LD —
14  CLS 3 4 - — Free LD —
15 CLS 3 — - — Pedicled fillet flap Below knee

LD, latissimus dorsi flap. +, cases in which fasciotomy was performed. -, cases in which fasciotomy was not performed.

condition stabilized, the popliteal artery was reconstructed
using a greater saphenous vein graft, and a fillet flap
was performed, allowing the knee joint to be preserved
and below-knee amputation. This was the only case that
required amputation of the lower extremity (Table 2).
No case developed compartment syndrome during the
treatment course. Of the 12 limbs that did not develop
extensive skin and muscle necrosis, one limb had partial
necrosis of the tibialis anterior muscle but did not require
soft-tissue reconstruction with a flap surgery. Although
collateral circulation remained in this case, the injured
limb was accompanied by complete motor paralysis, and
the duration from injury to revascularization was 10 hours.

Three limbs with extensive soft-tissue necrosis were
included in group 2, and the remaining 12 limbs were
included in group 1. No significant differences were found
between groups 1 and 2 in terms of age or sex (P=0.828
and P= 1, respectively). Group 2 had a significantly higher
proportion of limbs with no collateral circulation than
group 1 (P=0.002). Group 2 also had a higher rate of
limbs with complete motor paralysis than group 1, but this
difference was not significant (P=0.079). No significant
differences were found between the two groups in the rate
of absence of pulsation and Doppler ultrasound of the
dorsalis pedis artery, rate of TVS use, time from injury to
reconstruction of the popliteal artery, or rate of fasciotomy
(P=0.505, P=0.242, P=0.574, and P=0.2, respectively;
Table 3). The absence of collateral circulation appeared
to be the only predictor of extensive soft-tissue necrosis
requiring soft-tissue reconstruction.

CASE PRESENTATION

Cases 14 and 15: a 69-year-old man was injured when
he was caught between a falling wall and the ground. The
patient was transported to our trauma center 2 hours after
the injury. Despite the absence of open wounds on either
leg, a vacant area was observed under the skin in the popli-
teal fossa, and the degree of soft-tissue damage was judged
to be severe. At the time of transportation, the dorsalis
pedis arteries on both sides were not palpable and both
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Table 3. Comparison of Results between the Two Groups

All Patients Group 1  Group 2
(n=15) (n=12) (n=3) P
Age, y 53.7 53.3 55.3  0.828
Sex, n 1
Female 1 1 0
Male 14 11 3
Collateral circulation, n 0.002
Remained 12 12 0
Interrupted 3 0 3
Pulsation and Doppler, n 0.505
Presence 5 5 0
Absence 10 7 3
Motor paralysis, n 0.079
No/partial 8 8 0
Complete 7 4 3
TVS, n 5 3 2 0.242
Time to artery repair, h 8.8 9.1 7 0.574
Fasciotomy, n 7 7 0 0.2

lower limbs had complete motor paralysis. CTA revealed
interruption of both popliteal arteries and no collateral
circulation (Fig. 2). No associated bone or ligament injury
was observed. Bilateral CLS was performed in the operat-
ing room and blood circulation resumed 3 hours after the
injury. First, the left popliteal artery was explored from a
medial approach, and the damaged area was excised. End-
to-end anastomosis was performed, and popliteal artery
reconstruction was completed 4 hours after injury. When
an attempt was made to reconstruct the right popliteal
artery from a medial approach, an unexplainable cardiac
arrest occurred, and cardiopulmonary resuscitation was
required. Therefore, right popliteal artery reconstruction
was discontinued. After admission to the intensive care
unit, the patient’s general condition stabilized. A thor-
ough examination ruled out reperfusion injury; however,
the cause of the cardiac arrest remained unknown. On
the fourth day after the injury, the right popliteal artery
was reconstructed using a great saphenous vein graft
(Fig. 3). This revascularization was performed with the
aim of maximizing the area of remaining soft tissue, and



Izawa et al * Treatment for Popliteal Artery Injury

Fig. 2. CTA at the time of injury in cases 14 and 15. The popliteal
arteries were interrupted at the level of femoral malleolus on both
sides and no collateral circulation was observed.

ensuring future spare parts surgery was possible, even if
limb salvage would be difficult. In the left lower leg, skin
and muscle necrosis occurred around the skin incision, on
the medial side of the thigh, from 1 day after the injury.
After confirming the extent of necrosis, a free latissimus
dorsi flap was performed on the 13th day after the injury
(Fig. 4). Extensive soft-tissue necrosis occurred in the
right lower leg, and it was determined that it would be dif-
ficult to salvage the limb using soft-tissue transplantation.
The right lower limb was amputated on the 19th day after
the injury. Using the skin and muscles of the foot, where
blood flow remained as a pedicled fillet flap, we preserved
the knee joint and performed a below-knee amputation
(Fig. 5). Three months after the injury, the soft-tissue con-
dition stabilized, and the patient was able to walk with the
right prosthetic leg (Fig. 6).

Of the 15 treated limbs, three developed extensive
soft-tissue necrosis. It was possible to salvage two limbs by
performing free-flap surgery at the appropriate time for

Fig. 3. CTA after popliteal artery reconstruction in cases
14 and 15. The artery on the left was reconstructed on
the day of injury, and the artery on the right was recon-
structed fourth day after injury. The popliteal arteries are
patent on both sides.

soft-tissue defects. The patient with the remaining limb
had an unexplainable cardiac arrest during the initial sur-
gery, and early revascularization could not be performed
and had to be amputated. However, after the patient’s
general condition stabilized, popliteal artery reconstruc-
tion was performed and the knee joint was preserved
using a fillet flap. There are various reports regarding the
lower leg amputation rate in PAI. The lower leg amputa-
tion rate in PAI among civilians in areas with high medi-
cal standards is 10%-16%. The amputation rate in our
study was 6.7%, which was much lower than the reported
amputation rate. Additionally, it is highly likely that limb
salvage could have been achieved in all cases if the adverse
event of unexplained cardiac arrest during the initial sur-
gery did not occur. We believe that orthoplastic manage-
ment improves the limb salvage rate in the treatment of
traumatic PAI. Furthermore, even in cases where lower
limb amputation is unavoidable, the knee joint can be
preserved, and outcomes can be improved using free-flap
surgery or fillet flap techniques.



Fig. 4. Clinical course of case 14. A, Extensive soft-tissue necrosis
occurred on the inside of the left thigh. B, Soft-tissue reconstruction
using a free latissimus dorsi flap was performed on the 13th day after
injury.

A two-group comparison showed that the absence of
collateral circulation on CTA was a predictor of extensive
soft-tissue necrosis that required soft-tissue reconstruction.
Lin et al" reported that the presence of collateral circula-
tion on CTA was correlated with a high limb salvage rate,
which is consistent with our findings. Three limbs of cases
with extensive skin and muscle necrosis were accompanied
by relatively severe soft-tissue injury. If the accompanying

PRS Global Open © 2024

soft-tissue injury is severe, collateral circulation may be
interrupted, and the degree of ischemia may be severe;
however, a soft-tissue defect itself, due to trauma, may also
require flap surgery. If the absence of collateral circula-
tion is diagnosed on CTA, or if severe soft-tissue damage
is present, orthoplastic management should be consid-
ered in future soft-tissue reconstruction. Treatment of
PAI requires multiple operations in a narrow area around
the knee, including revascularization, osteosynthesis,
ligament reconstruction, and soft-tissue reconstruction.
Therefore, selecting an inappropriate treatment sequence
or approach may result in insufficient treatment. Reports
recommend soft-tissue reconstruction within 7 days after
injury for open limb fractures to prevent complications,
but no reports indicate the appropriate timing for soft-
tissue reconstruction for PAL!" After reconstruction of the
associated bones and ligaments, soft-tissue reconstruction
using flap surgery should be performed immediately after
determining the extent of soft-tissue necrosis. In cases
without collateral circulation or with severe ischemia, it
is necessary to keep in mind that soft-tissue reconstruc-
tion should be performed during the treatment course
and that orthoplastic surgeons must determine the tim-
ing, order, and approach of operations to maximize treat-
ment outcomes. Additionally, if soft-tissue reconstruction
cannot be performed, the patient should be promptly
transferred to a facility with orthoplastic management
capabilities. Therefore, it is important to identify predic-
tors of extensive soft-tissue necrosis.

Here, ischemia time and the presence or absence of
TVS were not predictors of extensive soft-tissue necrosis. In

Fig. 5. Clinical course of case 15. A, As extensive soft-tissue necrosis occurred in the right lower leg, it was judged that limb salvage would
be difficult. B, Necrotic area was removed and the skin and muscle of the foot with the remaining blood flow were used as a fillet flap. C,
Below-knee amputation was performed and the stump of the limb was covered with a fillet flap. D, Plain radiograph after below-knee
amputation. The knee joint was preserved.
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Fig. 6. Appearance 3 months after surgery in cases 14 and 15. A, Soft-tissue condition was stable in both
limbs. B, Prosthesis was attached to the right leg and walking training was initiated.

the case where blood circulation of the popliteal artery was
interrupted for the longest time (16 hours), revasculariza-
tion was performed without TVS; however, muscle necrosis
did not occur. In the case with residual collateral blood flow
on CTA, without severe motor paralysis, there is relatively
more residual blood flow to the injured limb. In such cases,
it is assumed that problems arising from muscle ischemia
are unlikely to occur, even if there is a delay in repairing the
popliteal artery. However, in cases with a severe degree of
ischemia, it is certain that prolonged ischemia leads to irre-
versible muscle necrosis, and previous studies have shown
that ischemia lasting longer than 6 hours leads to lower limb
amputation.'” In our study, one limb with residual collateral
artery and complete motor paralysis had partial necrosis of
the tibialis anterior muscle, and there were 10 hours from
injury to revascularization. In cases with severe ischemia,
the extent of skin and muscle necrosis can be minimized
by shortening the ischemia time. Two types of TVS, IVS and
CLS, have been used to decrease the ischemic time in limb
vascular injuries. IVS is used to temporarily resume blood
flow to the injured limb by connecting the stumps of the
major injured vessels using a tube.'*”* As a damage control
adjunct, IVS improves the rate of limb salvage in wartime
vascular injury."*~'° In IVS, the shunt tube is inserted directly
into the exposed blood vessel to secure sufficient blood flow
to the peripheral side. However, this procedure has a draw-
back in that the shunt tube must be removed and blood flow
to the peripheral side must be blocked during vessel recon-
struction. Furthermore, in closed injuries, including PAI,

it takes a relatively long time to resume blood circulation
because it is necessary to evaluate and maintain the vessels.
CLS involves sending blood from an artery in a healthy body
part to a peripheral vessel in an injured one to immediately
resume blood flow to the injured limb and has been used
for traumatic extremity major amputation.'”'* CLS does not
require direct exploration of the injured vessels and can be
performed in the emergency room; therefore, blood circu-
lation can be resumed relatively quickly (Fig. 7). Therefore,
CLS is an effective TVS method for treating traumatic PAI
with severe ischemia or soft-tissue damage.”® However,
because CLS is a nonphysiological method for vascular
perfusion, sufficient blood flow cannot be obtained, par-
ticularly in the lower limbs. Although IVS and CLS have the
same purpose of shortening the ischemic time, they differ in
the time required to establish perfusion, amount of perfu-
sion, and pathological conditions to which they should be
applied. In cases where collateral blood circulation is not
enhanced by CTA, blood flow should be resumed as soon
as possible; therefore, CLS, which can be established in
a short period of time, should be selected. Proper use of
CLS can minimize the extent of skin and muscle necrosis.
Appropriate indications for IVS and CLS should be consid-
ered in future studies.

This study had several limitations. First, as this study
was retrospective in nature, multiple surgeons performed
the operations, and there was no unified standard of treat-
ment selection. In addition, the quality of the surgery
depends on the surgeon. Moreover, because PAI is rare,

7



Fig. 7. Appearance of CLS in the left PAI (case 12). CLS was
performed in the emergency room. A 6-Fr arterial sheath was
placed in the right femoral artery and a 4-Fr arterial sheath
was placed in the left dorsalis pedis artery. The two arterial
sheaths were connected to a simple polyethylene extension
tube and three-way stopcocks. Arterial blood was diverted
from the right femoral artery to the left dorsalis pedis artery,
and the injured limb was revascularized.

the number of cases was limited and statistical compari-
sons using multivariate analyses were difficult. Therefore,
further studies with larger sample sizes are warranted.

CONCLUSIONS
Here, we reported the treatment outcomes of 15 limbs
with traumatic PAI at a trauma center with orthoplastic
management capabilities. Orthoplastic surgery has the
potential to improve limb salvage rates and provide favor-
able outcomes. The absence of collateral circulation on
CTA is a predictor of extensive soft-tissue necrosis, and
treatment must be performed with soft-tissue reconstruc-

tion in mind from the initial treatment.
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