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Case Report

Management of Persistent Perfusion
of an Excluded Popliteal Artery
Segment Following Penetrating
Vascular Injury
CDR Brian S Knipp MD, LCDR Shalimar J Andrews MD, Halley R Werwath RVT
and CDR Daniel M Sutton MD
Naval Medical Center, Portsmouth, USA

Exclusion and bypass for penetrating vascular injury remains the gold standard. Persistent hemorrhage via retrograde
perfusion of the injured vessel by collateral vessels is rare and may, therefore, be overlooked as a cause of postoperative hemorrhage following bypass for vascular injury. We report a case of a 49-year-old male who presented to our
institution 2 weeks following a bypass graft of his popliteal artery after sustaining a gunshot wound to the vessel. His
ongoing complaints of pain and pressure in the popliteal fossa were found to be related to persistent collateral perfusion of the injured segment of his proximal popliteal artery. His symptoms resolved completely following coil
embolization of the injured native artery. While quite rare in clinical practice, the pathophysiology of this case is analogous to persistent perfusion of the aneurysm sac following open abdominal aortic aneurysm repair or bypass and
exclusion of a popliteal artery. In the setting of bypass grafting for vascular trauma, postoperative hemorrhage or
compressive symptoms should prompt a complete evaluation for a potentially missed patent collateral vessel.
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INTRODUCTION
A standard technique for the management of penetrating vascular injury with arterial disruption is exclusion
and bypass. While little has been reported in the literature regarding persistent retrograde perfusion of the
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injured segment via collateral vessels, this entity is recognized in the pathophysiology of endovascular leaks
(endoleaks) following endovascular aneurysm repair
(EVAR), branch vessel bleeding into the aneurysm sac
following open repair of abdominal aortic aneurysms,
and persistent pressurization of the aneurysm sac following treatment of popliteal artery aneurysms (PAA).
We present a case of lower extremity compressive
symptoms following exclusion and bypass of an injured
popliteal artery that resolved immediately and completely following coil embolization of the feeding vessel
and residual excluded segment.

CASE REPORT
Following a gunshot wound to the right distal thigh
above the knee, a 49-year-old male presented to the
regional trauma center complaining of pain, paresthesia, and motor weakness of the leg. His right femoral
pulse was palpable, but there were no palpable pulses or
audible Doppler signals in the popliteal or pedal arteries. A computed tomography (CT) scan demonstrated
acute occlusion of the proximal popliteal artery with
distal reconstitution of the tibial arteries via geniculate
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Figure 1 Demonstration of pulsatile flow in the most proximal
portion of the excluded popliteal artery (labeled as “Right SFA
Distal”). The proximal graft anastomosis is represented by the
white arrow.
Figure 3 Coronal view of the injured superficial femoral
and popliteal artery. Intraluminal thrombus is clearly
visualized beyond the proximal vascular clip in the native,
“excluded” artery with surrounding contrast (dark
arrowhead). The bypass graft is seen only partially as it is
mostly out of plane in this view (white arrowhead).

Figure 2 Flow through collaterals is visualized entering into the
native popliteal artery as well as an extraluminal fluid collection
(arrow).

collaterals. No active contrast extravasation was seen
on the CT scan. The patient underwent above-to-below
knee popliteal artery bypass grafting using reversed
great saphenous vein from the contralateral leg and
native artery ligation. A completion arteriogram was
performed from the proximal superficial femoral artery,
demonstrating a widely patent bypass graft with
three-vessel runoff. The pedal pulses were palpable at
the end of the procedure. However, the case was complicated by postoperative hemorrhage, requiring two additional explorations, although the source was never
identified. The patient was discharged from hospital
several days later, still complaining of pain and fullness
in the popliteal fossa.
He presented to our military medical center 18 days
following the injury with the ongoing complaint of right

leg pain localized to the region of injury. He reported
persistent swelling in the popliteal fossa and pain with
ambulation, and stated that he was unable to perform
his activities of daily living due to the pain and sense of
instability. His physical examination was notable for
easily palpable pedal pulses, and his foot was warm and
well perfused with normal motor and sensory function.
His incisions were well-approximated without evidence
of infection. A duplex study, however, demonstrated
multiphasic flow within the injured popliteal artery segment, which was perfused by collaterals (Figures 1 and 2).
A CT angiogram confirmed these findings; the proximal
portion of the surgically excluded popliteal artery was
found to be filling on arterial phase contrast imaging
(Figures 3 and 4). The underlying pathophysiology
seemed to be a popliteal fossa hematoma originating
from the injured popliteal artery and under near-systemic
arterial pressure via collaterals.
Based on the imaging findings, the patient underwent
a right lower extremity arteriogram via left common
femoral access. The arteriogram demonstrated a widely
patent graft with three-vessel runoff (Figure 5). The
excluded segment of the popliteal artery was visualized
filling via distal profunda femoris arterial collaterals
(Figures 6–8). The profunda femoris artery was selected
and a mildly hypertrophied distal branch was subselected. Digital subtraction angiography (DSA) imaging
verified this branch filling the excluded segment. Smaller
collateral branches extending from the excluded segment
were identified supplying soft tissue in the immediate
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Figure 4 Sagittal view of the native artery with contiguous hematoma in the distal thigh and
proximal popliteal fossa (dark arrowheads). The arterial contrast can be seen along the edges of the
hematoma. The bypass graft is shown by the white arrowheads.

vicinity. A Progreat microcatheter was manipulated into
the excluded arterial segment and approximately 3–5
ml of dilute 700–900 micron microspheres (Embosphere; Biosphere Medical, Rockland, MA) were injected
to decrease the risk of retrograde flow into the excluded
segment. These microspheres lodge in the arterial outflow branches above the capillary bed level, thereby limiting the potential for ischemic injury and necrosis of the
soft tissues. Immediate post-embolization DSA imaging
demonstrated markedly decreased flow through the segment and into the surrounding tissue. Next, multiple
Azur CX (Terumo, Somerset, NJ) and VortX (Boston Scientific, Marlborough, MA) metallic coils were deployed
(Figures 9 and 10) into the excluded segment and postembolization DSA imaging demonstrated no filling of
this excluded segment. The patient noted immediate
relief of his symptoms at the conclusion of the procedure.
He has been seen multiple times in followup with no
recurrence of his symptoms. His bypass graft remains
widely patent.

Ethical Approval and Informed Consent
Ethical approval was not required. The information has
been anonymized and informed consent was not required.

DISCUSSION
In the setting of hemorrhage or compressive symptoms
following bypass for vascular trauma, strong consideration

must be given to the possibility of an unrecognized patent collateral. The complication of persistent retrograde
perfusion of an injured arterial segment following exclusion and bypass for trauma has not been wellreported in the literature. It is, however, physiologically
similar to three relatively well-recognized phenomena:
post-EVAR type II endoleak, aneurysmal sac hemorrhage following open abdominal aortic aneurysm repair,
and persistent geniculate artery perfusion of a PAA following exclusion and bypass.
Blood flow entering an excluded segment of native
artery by retrograde flow through a branch vessel (e.g.,
a type-II endoleak following an EVAR procedure)
demonstrates both pulsatility and magnitude similar to
systemic blood pressure. In 17 patients undergoing treatment for persistent type-II endoleaks following EVAR,
Baum et al. observed pulsatile waveforms in the excluded
aneurysm sac within 20% of systemic pressure in all
patients [1]. Following 1218 open abdominal aortic
aneurysm repairs, Darling reported 48 cases (4%) of persistent flow into the aneurysm sac seen on duplex imaging; in 7 of these cases (0.5%), this led to aneurysm sac
rupture [2]. Hartung et al. reported a case of persistent
retroperitoneal hemorrhage following EVAR repair for a
ruptured abdominal aortic aneurysm that resulted in persistent back pain, hypotension, and hemodynamic instability and, subsequently, required coil embolization,
leading to a successful outcome [3]. In another case,
Sharma et al. presented a case of persistent lumbar branch
vessel bleeding 5 months following open repair of a
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Figure 6 Selective angiogram demonstrating antegrade filling
of the injured superficial femoral artery. Note the proximal
vascular clip placed at the time of the bypass graft.

Figure 5 Nonselective right lower extremity angiogram
demonstrating persistent filling of the proximal excluded
segment of the superficial femoral artery via profunda
femoris collaterals.

ruptured aneurysm with associated sac expansion that
was successfully treated with Onyx embolization [4].
The other situation analogous to this case is persistent geniculate artery blood flow perfusing a PAA sac
following exclusion and bypass. Flynn et al. reported
two cases of continued aneurysm expansion with compressive symptoms following exclusion and bypass of
PAA due to geniculate side-branch perfusion [5]. In a
study of 26 PAAs treated via exclusion and bypass technique with at least 24 months of followup data, there
was a 38% incidence of retrograde flow into the aneurysm sac via geniculate collaterals; 23% of aneurysms
increased in size, and 12% ruptured [6]. In all cases that
underwent posterior sac decompression following a previous exclusion and bypass, the sac demonstrated pulsatile waveforms at nearly systemic pressures. Battey et al.
presented a case of a ruptured previously bypassed PAA,
demonstrating that the pressures transmitted via geniculate collaterals were sufficient to lead to this outcome.
Rupture of a PAA is rare, occurring in only 2–3% of
cases. Rupture of excluded aneurysms is much less common, making this entire pathologic entity extremely rare

Figure 7 Following the injection of embolospheres, a repeat arteriogram was performed,
which demonstrated persistent flow into the
native excluded artery with outflow via multiple
collaterals as well as contrast extravasation.
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Figure 8 Subselective catheterization of the
injured native artery.

in clinical practice [7]. Bypass and exclusion of the PAA
remains the gold standard operation, given decreased
complexity vis a vis the posterior approach. Awareness
of the potential for retrograde perfusion via geniculate
collaterals and early intervention should symptoms
develop seems an appropriate tradeoff for the reduced
risk of surgical complications [5]. Szilagyi et al. specifically warned about the risk of leaving geniculate collateral vessels unligated. “It must be emphasized, however,
that the ligation of the aneurysm must be carefully carried out and no potential collateral arterial branches
must be left between the aneurysm and the ligature if a
recurrence of the aneurysm is to be prevented [8].”
These same principles would arguably hold in the
case of penetrating arterial trauma. While we were
unable to find other reports in the literature describing
persistent retrograde arterial perfusion from branch vessels into an injured and excluded arterial segment, the
situation is directly analogous to type-II endoleak following EVAR, hemorrhage into the aneurysm sac of an
open abdominal aortic aneurysm repair, and persistent
geniculate collateral flow into an excluded PAA sac with

Figure 9 Multiple thrombogenic coils were
placed in the excluded segment of the artery.

expansion. While all of these entities are uncommon,
they are well documented in the literature. Once the pattern is recognized, the solution is straight forward—
occlusion of flow via the branch vessel into the excluded
arterial segment. While endovascular approaches to the
culprit vessel are ideal in settings in which this capability is available, in austere or low-resource environments,
open exploration might be necessary. Just as open-sac
exploration is the proper solution for persistent type-II
endoleaks following EVAR, if catheter-based techniques
are either not available or have proven unsuccessful
[9, 10], then open exploration is the proper course in
these resource-constrained environments.

CONCLUSIONS
Analogous to symptomatic type-II endoleak following
EVAR, persistent aneurysm sac bleeding following
open abdominal aortic aneurysm repair, and geniculate
flow leading to a pressurized excluded PAA sac, the
pain and compressive symptoms following exclusion
and bypass of an injured native artery should prompt
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