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walls are based on the matrix components, elastin and colla-
gen, whereas smooth muscle cells have the potential to mod-
ulate wall mechanics. Therefore, the systemic implications
of an aortic aneurysm may be different in central arteries
than in peripheral arteries. In another investigation by
Sandgren et al., ultrasound measurements of the anteroposte-
rior diameters of the peripheral arteries of the right legs of
183 consecutive patients who were referred for elective
repair of AAA revealed 8 common femoral aneurysms and 4
popliteal aneurysms, all in men (879). Of those in whom
femoral and popliteal aneurysms were identified, occlusive
PAD was present in 46% and 49%, respectively. After exclu-
sion of those with either peripheral aneurysms or occlusive
disease, no dilating diathesis was found in the limb vessels of
the remaining patients with AAA.

5.4.2. Natural History

Unlike AAAs, the natural history of extremity-artery
aneurysms is not one of expansion and rupture but one of
thromboembolism or thrombosis.

RECOMMENDATION

Class I
In patients with femoral or popliteal aneurysms,
ultrasound (or computed tomography or magnetic
resonance) imaging is recommended to exclude con-
tralateral femoral or popliteal aneurysms and AAA.
(Level of Evidence: B)

5.4.2.1 Popliteal Artery Aneurysms

Popliteal aneurysms account for 70% of all aneurysms in the
lower extremities and have an estimated incidence of 0.1% to
2.8% (1245,1246). Approximately 5% of small aortic
aneurysms are discovered because of lower extremity
ischemia caused by distal embolization of mural thrombus
(1247). However, thromboembolic complications are much
more common with popliteal aneurysms, which also may be
associated with arteriomegaly involving the common
femoral and superficial femoral arteries. Before the introduc-
tion of modern arterial bypass grafting, Gifford et al. report-
ed a series of 69 patients with 100 popliteal aneurysms, of
which 45% were bilateral and 65% were symptomatic
(1248). Only 21% of these aneurysms were treated surgical-
ly. Very few (7%) of the remaining aneurysms eventually
ruptured, but 21% ultimately were associated with ischemic
complications, and 23% of the 69 patients required amputa-
tions.

Although rupture has continued to be distinctly unusual in
some studies, the data in Table 60 confirm many of the other
observations that were made by Gifford et al. (1248). The
vast majority of popliteal aneurysms occur in men, and
approximately half are bilateral. Approximately half of
popliteal aneurysms also are associated with other
aneurysms, principally involving the abdominal aorta. At
least 40% of popliteal aneurysms are symptomatic on dis-
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covery because of thrombosis-in-situ of the popliteal artery
or distal emboli to the calf or foot. According to a collective
review of the literature that was conducted by Dawson et al.
(1249), these complications still occur in 36% of patients
whose popliteal aneurysms are merely placed under observa-
tion, a figure that is remarkably similar to the late complica-
tion rate of 34% that was reported by Gifford and his associ-
ates more than 40 years earlier. Furthermore, Dawson et al.
also found that the cumulative incidence of ischemic com-
plications was as high as 70% during 5 to 10 years of follow-
up for popliteal aneurysms that were evaluated at their own
center (1250,1251).

According to data reported by Roggo et al., as many as
50% of previously asymptomatic popliteal aneurysms may
be expected to become symptomatic within 2 years after
their discovery and 75% within 5 years (1254) (Figure 22).
Symptomatic popliteal aneurysms generally exceed 2.0 cm
in diameter, often contain a substantial amount of mural
thrombus on B-mode ultrasound imaging, and frequently are
associated with distal tibioperoneal arterial occlusions that
suggest previous emboli (1252,1253,1255). Probably
because of prior emboli with thrombosis of downstream out-
flow vessels, Poirier et al. reported that 56% of patients con-
tinued to experience distal ischemia despite surgical repair of
symptomatic popliteal aneurysms, and 19% eventually
required amputation (1256).

The unfavorable consequences of popliteal aneurysms sug-
gest that even asymptomatic popliteal aneurysms with good
distal runoff should be repaired electively, although there is
a lack of prospective studies to support an unqualified rec-
ommendation in this regard, especially for aneurysms meas-
uring less than 2.0 cm in diameter. In fact, there is a pub-
lished consensus that small popliteal aneurysms rarely
become symptomatic and that elective surgical intervention
should be considered only for those measuring at least 2.0
cm in diameter (1245,1254,1255). Stiegler et al. have report-
ed a series of 46 patients who had 65 popliteal artery
aneurysms with a mean diameter of 1.9 cm (range 0.8 to 4.0
cm); the aneurysms were occluded at the time of their dis-
covery in only 8 patients (mean diameter 2.4 cm, range 1.4
to 4.0 cm) (1257). Thirty-six patients with 46 aneurysms
were observed over a period of 2.5 years. The total compli-
cation rate was 6.5%, with a higher incidence in patients
whose aneurysms were larger than 2.0 cm in diameter (14%
vs. 3.1%). Complications also appeared to occur more fre-
quently (14% vs. 0%) in the 19 patients who were treated
with platelet-inhibitor drugs than in 16 others who received
coumarin anticoagulation. The mean increase in diameter
during follow-up was 1.5 mm per year for aneurysms larger
than 2.0 cm versus 0.7 mm per year for smaller aneurysms.
In another regional survey of 19 vascular surgeons who con-
tributed data for 200 popliteal aneurysms in 137 patients dur-
ing a 4-year period of study, Varga et al. determined that 31%
of small, untreated aneurysms eventually required surgical
intervention because of the onset of new symptoms or expan-
sion to a diameter that exceeded 2.0 cm while under surveil-
lance (968).
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Table 60. Presentation and Complication Rates for Popliteal Aneurysms

No. of Patients Bilateral Initial Related

8 and/or Popliteal or Previous Symptoms Surgical Complications With Amputation
lirst Author Reference Year Aneurysms Other Aneurysms Before Presentation Treatment Observation Alone Rate
—e

@se series

%Gifford (12438) 1953 69/100 45% bilateral; 65% (34% ischemic; 21% 34% (21% 23%

S (66 men) 25% other 12% ruptured ischemic; 7% (7% early;
2 ruptured) 16% late)
e}

5’ Dawson (1250) 1991 50/71 42% bilateral; NA 65% 54% NA

= 32% other

S

5’ Carpenter (967) 1994 33/54 62% bilateral; 61% (39% ischemic) 83% NA 11%
‘g' 61% other

Q Dawson (1251) 1994 42/42 NA All asymptomatic None 60% 7%

<

& Lowell (1252) 1994 106/161 52% bilateral 42% 31% 22% 7%

= (103 men)

h

g— Schroder (1253) 1996 217/349 61% bilateral 45% 63% 47% NA

c

3 Duffy 1245 1998 24/40 66% bilateral 58% 75% None (smaller None
<

5 (23 men) than 2 cm)

Gollective reviews

% Dawson (1249) 1997 1673/2445 50% bilateral; 67% NA 36% NA

(95% men) 37% other

NA indicates not available.
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Figure 22. Follow-up evaluation of asymptomatic popliteal artery aneurysm (PAAs). Reprinted from Roggo A, Brunner U, Ottinger
LW. The continuing challenge of aneurysms of the popliteal artery. Surg Gynecol Obstet. 1993;177:565-72 (1254).

Thrombosis of popliteal arterial aneurysms accounts for
approximately 10% of acute arterial occlusions in elderly
men. Commonly mistaken for an embolic event, the diagno-
sis is often made intraoperatively at the time of an attempted
embolectomy (518,1258). Severe ischemia usually occurs
because thrombosis occurs suddenly in the absence of collat-
eral enhancement and because the popliteal artery is the sole
axial artery traversing the knee. Given that half of all
popliteal aneurysms are bilateral, the presence of a promi-
nent popliteal pulse in the opposite leg may be a valuable
clue to the underlying etiology of the acute ischemia. Once
suspected, ultrasound imaging is the most rapid means to
confirm the diagnosis. In a series of 33 patients with 54
popliteal artery aneurysms that were followed up over 62
months, thrombosis occurred in 39%, most often in larger
aneurysms (967).

5.4.2.2 Femoral Artery Aneurysms

Femoral artery aneurysms may be discovered incidentally as
a pulsatile mass in the thigh, or they may present with distal
ischemia, and even more rarely, with rupture and bleeding. In
a series of 13 aneurysms of the superficial femoral artery
reported by Jarrett et al., 11 (85%) occurred in men, 9 (69%)
were associated with aortic or iliac aneurysms, and 7 (54%)
were contiguous with common femoral or popliteal
aneurysms (1259). Six patients (46%) presented with distal
ischemia and 4 (31%) with a thigh mass, whereas the remain-
ing 3 (23%) were discovered during investigations for other
vascular conditions. None of these aneurysms had ruptured.
Aneurysms of the deep femoral artery usually are found in
conjunction with an adjacent aneurysm of the common
femoral artery, but isolated aneurysms of the deep femoral
artery account for just 0.5% of peripheral aneurysms and for
only 1% to 2.6% of femoral aneurysms (1260,1261). Twenty
percent of patients with deep femoral aneurysms in 1 series
had 3 or more peripheral aneurysms. The rate of rupture of

deep femoral aneurysms appears to be higher than that of
other lower extremity aneurysms, occurring in one third of
the cases reported by Cutler and Darling (1260). Other com-
plications are related to expansion, such as femoral nerve
compression, venous occlusion with phlegmasia cerulea
dolens, and acute leg ischemia secondary to thrombosis or
embolization (1260-1264).

5.4.3. Management
RECOMMENDATIONS

Class I

1. Patients with a palpable popliteal mass should under-
go an ultrasound examination to exclude popliteal
aneurysm. (Level of Evidence: B)

2. Patients with popliteal aneurysms 2.0 cm in diameter
or larger should undergo repair to reduce the risk of
thromboembolic complications and limb loss. (Level
of Evidence: B)

3. Patients with anastomotic pseudoaneurysms or symp-
tomatic femoral artery aneurysms should undergo
repair. (Level of Evidence: A)

Class Ila

1. Surveillance by annual ultrasound imaging is suggest-
ed for patients with asymptomatic femoral artery true
aneurysms smaller than 3.0 cm in diameter. (Level of
Evidence: C)

2. In patients with acute ischemia and popliteal artery
aneurysms and absent runoff, catheter-directed
thrombolysis or mechanical thrombectomy (or both)
is suggested to restore distal runoff and resolve
emboli. (Level of Evidence: B)

3. In patients with asymptomatic enlargement of the
popliteal arteries twice the normal diameter for age
and gender, annual ultrasound monitoring is reason-
able. (Level of Evidence: C)
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Figure 23. Long-term graft patency, limb salvage, and patient
survival after popliteal aneurysm repair. —— indicates long-term
graft patency; -« , limb salvage; and - - - - - , patient survival.
From Dawson RB, Sie RB, van Bockel JH. Atherosclerotic
popliteal aneurysm. Br J Surg. 1997;84:293-9. ©John Wiley &

el45

Sons Limited. Reproduced with permission (1249).

4. In patients with femoral or popliteal artery
aneurysms, administration of antiplatelet medication
may be beneficial. (Level of Evidence: C)

5.4.3.1. Popliteal Aneurysms

A popliteal mass should be studied by duplex ultrasonogra-
phy to distinguish an aneurysm from other soft-tissue
lesions, such as a synovial (Baker’s) cyst, especially if the
patient has a history of other arterial aneurysms involving the
contralateral lower extremity or the abdominal aorta.
Nonoperative observation with periodic noninvasive surveil-
lance may be appropriate if the aneurysm measures less than
2.0 cm in diameter or contains no thrombus or if the patient
is at high surgical risk or has limited longevity because of
medical comorbidities. If symptoms develop or the aneurysm
enlarges on follow-up duplex scans, the risk of thromboem-
bolic complications and limb loss then must be weighed
against whatever factors originally may have influenced the
decision to postpone surgical treatment. Farina et al. were
unable to identify any controlled trials regarding clinical
management in their review of 29 studies comprising 1673
patients with 2445 popliteal arterial aneurysms (1265).

In the setting of acute ischemia related to popliteal artery
aneurysm thrombosis or thromboembolism, catheter-direct-
ed thrombolytic therapy is useful to re-establish patency of
the popliteal and tibial trunks to allow for more effective
definitive aneurysm treatment and limb salvage. Largely on
the basis of previous and often unrecognized emboli, one of
the obstacles to a successful surgical outcome is the absence
of adequate arterial outflow in the calf and foot. Because
limb salvage rates can be correlated directly with the number
of available runoff vessels, as much thrombus as possible
must be cleared from the tibioperoneal and plantar arteries in

conjunction with bypass grafting to exclude the popliteal
aneurysm from the circulation. In the past, this has been done
strictly with thromboembolectomy balloon catheters in the
operating room, often after preoperative arteriograms or
MRA scans have failed to determine whether a target vessel
for revascularization even is present. Some series now have
been reported, however, in which preoperative intra-arterial
thrombolytic therapy has been a valuable adjunct for restor-
ing runoff in the presence of recent thromboembolic events
(881,882,1251,1252). Failure to attain runoff with catheter-
directed thrombolysis suggests that atheroemboli are
involved and/or that a fasciotomy should be considered
because of high muscular compartment pressures that may
be contributing to the occlusion of otherwise normal outflow
vessels.

The data illustrated in Figure 23 document the 10-year
graft patency, limb salvage, and patient survival rates for a
series of popliteal aneurysm repairs described by Dawson et
al. (1249). The survival rate was lower than that for the gen-
eral population because of the medical comorbidities in such
patients. Nevertheless, these data indicate that it is possible
to achieve limb salvage rates exceeding 90% at 10 years
when the operation is done for asymptomatic aneurysms,
with graft patency rates that are as high as 80% after opera-
tions for symptomatic aneurysms. According to information
collected from 14 other reports (1249), the choice of the
bypass conduit may influence late results (Table 61).
Saphenous vein grafts were associated with superior long-
term patency and limb salvage rates compared with either
polyester filament or PTFE grafts in 6 of these reports, and
in several others, PTFE grafts were approximately twice as
likely as polyester filament grafts to remain patent.
Furthermore, in the absence of adequate runoff, surgical
repair of popliteal artery aneurysms is more likely to be suc-
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Figure 24. Diagnostic and treatment algorithm for popliteal mass. CT indicates computed tomography.

cessful if saphenous vein is used as the conduit and fascioto-
my is performed.

The algorithm presented in Figure 24 summarizes the man-
agement options for either symptomatic or asymptomatic
popliteal aneurysms. In the presence of mural thrombus, the
diameter of a popliteal aneurysm will appear to be smaller on
an arteriogram than its true diameter on duplex or computed
tomographic imaging, but the value of an arteriogram is to
determine the adequacy of tibioperoneal outflow and
whether the use of catheter-directed thrombolytic therapy
should be considered to restore runoff. The decision to pro-
ceed with elective surgical treatment in the absence of limb-
threatening ischemia is not predicated on aneurysm size
alone. It must also take into account the overall clinical situ-
ation, the severity of symptoms in the leg, and the surgical or
endovascular facilities that are available.

5.4.3.2. Femoral Aneurysms

The cause of femoral artery aneurysms may be arterial
degeneration (i.e., true aneurysms) or false aneurysms relat-

ed to previous vascular reconstructions or arterial injury.
Femoral artery pseudoaneurysm represents a pulsatile mass
that is contained by incomplete elements of the arterial wall
and surrounding subcutaneous/fibrous tissue and may result
from disruption of a previous femoral suture line, femoral
artery access for a catheter-based procedure, or injury result-
ing from puncture due to self-administered drug abuse.
Regardless of the cause, a pulsatile groin mass should be
evaluated by duplex ultrasound and/or contrast-enhanced
computed tomographic scan. The clinical presentation of true
femoral artery aneurysms is summarized in Table 62 (1272).
Most reports encourage a policy of elective surgical treat-
ment for symptomatic patients if their operative risk is low
and if the patient has a reasonable life expectancy. In 2 series,
however, nonoperative observation has been used twice as
often as elective intervention for asymptomatic femoral
aneurysms and appears to be associated with a relatively low
risk for complications during follow-up periods of 28 to 52
months (1115,1156). Therefore, the stable femoral artery
aneurysm presents a therapeutic dilemma, because its com-
plication rate appears to be substantially lower than that for
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Table 61. Graft Patency and Limb Salvage Rates for Popliteal Aneurysms

Patency (%)

Limb Salvage (%)

Follow-Up No. of Symptoms Graft Material Symptoms Graft Material
First Author Reference ) Patients Total Asymptomatic Symptomatic SV Others* Total Asymptomatic Symptomatic N\% Others
Anton (1266) 5 123 - 82 57 94 43 83 93 82 98 75
10 56 82 48 94 27 83 93 79 98 66
Carpenter (967) 5 54 71 - - - - 90 - - - _
Cole (1267) 3 59 88 94 81 - - - - - - -
Dawson (1250) 5 46 75 — - - — _ — — _ _
10 64 — — 84 41 95 - - 100 88
Duffy (1245) 3 30 84 - — — — 96 - — - 0
Farina (1265) 5 50 62 80 65 100 60 A 94 - - - -
10 62 - — — - — — - - _
Inahara (1268) 10 40 76 - - - - — - - - —
Lilly (1268a) 5 48 74 91 54 - - -
Reilly (1269) 5 167 - - - 71 30
Roggo (1254) 5 252 69 85 61 81 40 B 94 98 92 97 88
10 — — — 87 96 81 94 74
Schellack (1270) 5 95 75 93 66 92 55 94 100 91 - -
Schroder (1253) 4 221 - 89 - - - - 100 - - 0
Szilagyi (1255) 5 50 60 — — — - — - — —
10 28 - — — - - - — — _
Towne (1271) 5 115 53 - - — - - - - — —
*A indicates 34% polyester fiber and 74 % polytetrafluorethylene (PTFE); B, 33% polyester fiber and 64% PTFE.
SV indicates saphenous vein.
Reprinted from Dawson I, Sie RB, van Bockel JH. Atherosclerotic popliteal aneurysm. Br J Surg 1997;84:293-9 (1249). © John Wiley & Sons Limited. Reproduced with permission.
oy
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Table 62. Clinical Presentation of Femoral Aneurysms

AAA/PAA Presentingii Complications at
girst Author Reference No. of Patients Aneurysms (n) Males:Females Bilateral (%) Associated (%) Asymptomatic (%) Symptoms Presentation
gutler (1260) 45 63 40:5 47 51727 29 Local: 29% Acute thrombosis: 16%;
8 chronic thrombosis: 16%;
% rupture: 14%

o
3
Q
e}
=
2
@diseshiah (1273) 16 27 15:1 62 25/31 70 Embolization: 4%
=] .
g thrombosis: 7%;
Q. rupture: 15%
Baird (1274) 30 36 30:0 20 40/17 27 Local: 23%; Acute thrombosis/emboliza-
‘g ischemic: 50% tion: 13%;
< rupture: 0%
S
graham (1235) 100 172 100:0 72 85/44 40 Local pain: 11%; Embolization: 8%;
= mass: 16%; acute thrombosis: 1%;
2 venous: 8%; chronic thrombosis: 1%;
i ischemic: 42% rupture: 2%
o

pienza (1275) 22 31 21:1 41 50/— 64 Local: 5%;
Ny ischemic: 35%

AAA indicates abdominal aortic aneurysm; FAA, femoral artery aneurysm; PAA, popliteal artery aneurysm.
Reprinted from Vascular Surgery (5th ed), Graham L, Femoral and popliteal aneurysms, 1345-56, copyright 2000, with permission from Elsevier (1272).
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popliteal aneurysms of similar size. A wide range of normal
dimensions (see Figure 20) makes it difficult to determine an
arbitrary size at which true femoral aneurysms should be
repaired. By convention, femoral aneurysms measuring 3.0
cm or larger appear most likely to cause compressive symp-
toms and therefore also are most likely to be treated surgi-
cally. Although the presence of mural thrombus conceivably
could represent a risk for distal emboli unless elective repair
is performed, the actual magnitude of this risk is unknown.
Anastomotic pseudoaneurysms occur with an incidence of
2% to 5%, are encountered most commonly as a late compli-
cation of synthetic aortofemoral bypass grafting, inevitably
continue to enlarge if left untreated, and may require arteri-
ography before repair. Infected femoral pseudoaneurysms
may occur as the result of arterial puncture during drug abuse
and must be treated by extensive operative debridement,
often in conjunction with either autogenous in situ recon-
struction or extra-anatomic bypass grafts to avoid CLI. Skin
erosion or expanding rupture into adjacent soft tissue obvi-
ously is an unstable situation for which urgent surgical repair
is necessary regardless of the cause of the femoral artery
aneurysm or pseudoaneurysm.

5.4.3.3. Catheter-Related Femoral Artery
Pseudoaneurysms

RECOMMENDATIONS

Class I

1. Patients with suspected femoral pseudoaneurysms
should be evaluated by duplex ultrasonography.
(Level of Evidence: B)

2. Initial treatment with ultrasound-guided compression
or thrombin injection is recommended in patients
with large and/or symptomatic femoral artery
pseudoaneurysms. (Level of Evidence: B)

Table 63. Spontaneous Thrombosis of Femoral Pseudoaneurysms

Hirsch et al. 2005
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Class Ila

1. Surgical repair is reasonable in patients with femoral
artery pseudoaneurysms 2.0 cm in diameter or larger
that persist or recur after ultrasound-guided com-
pression or thrombin injection. (Level of Evidence: B)

2. Re-evaluation by ultrasound 1 month after the origi-
nal injury can be useful in patients with asymptomatic
femoral artery pseudoaneurysms smaller than 2.0 cm
in diameter. (Level of Evidence: B)

A pseudoaneurysm is a pulsatile hematoma that communi-
cates with an artery through a defect in the arterial wall.
Femoral pseudoaneurysms are well-recognized complica-
tions of arterial catheterization, occurring after 0.1% to 0.2%
of diagnostic angiograms and after 3.5% to 5.5% of inter-
ventional procedures. Puncture-site pseudoaneurysms are
most commonly associated with longer procedures, the use
of larger-diameter delivery-sheath sizes catheters, systemic
anticoagulation, and difficult arterial access. Some studies
have suggested that more than 60% of catheter-related
femoral pseudoaneurysms are overlooked on the basis of the
physical examination alone. Therefore, although a pulsatile
mass is an obvious indication that a pseudoaneurysm may be
present, a diagnostic duplex scan should be obtained when-
ever the diagnosis is even suspected.

In the absence of antithrombotic therapy, several studies
have indicated that catheter-related pseudoaneurysms that
are less than 2.0 cm in diameter tend to heal spontaneously
and usually require no treatment. Collectively, 61% of the
small pseudoaneurysms in the 9 series that are summarized
in Table 63 resolved within 7 to 52 days of observation, and
only 11% ultimately required surgical intervention. Figure 25
illustrates the spontaneous closure rate of selected pseudoa-
neurysms that were not repaired immediately, 90% of which
resolved within 2 months. Accordingly, small asymptomatic
pseudoaneurysms probably can be managed conservatively

No. of Spontaneous

First Author Reference Patients Closure (n) Surgery (n) Comments
Feld (1276) 17 3 2
Fellmeth (1277) 35 4 —
Johns (1278) 6 5 2 7 to 42 days to close
Kazmers (1279) 53 4 3
Kresowik (1280) 7 7 — Less than 28 days to close
Samuels (1281) 11 11 —
Schaub (1282) 54 50 — Approximately 52 days to close
Toursarkissian (1283) 147 86% 14% Approximately 23 days to close
Weatherford (1284) 27 7 10 Median 40 days to close

Total 357 217 38

Fractional percentage 61% 11%
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Figure 25. Spontaneous closure rates of selected pseudoa-
neurysms. AVF indicates arteriovenous fistula; PSA, pseudoa-
neurysm. Reprinted from J Vasc Surg, 25, Toursarkissian B,
Allen BT, Petinec D, et al. Spontaneous closure of selected
iatrogenic pseudoaneurysms and arteriovenous fistulae, 803-8,
Copyright 1997, with permission from Elsevier (1283).

unless they are still present on a follow-up duplex scan 2
months later.

At the opposite extreme, large pseudoaneurysms can rup-
ture into the retroperitoneal space or the upper thigh or cause
venous thrombosis or painful neuropathy by compressing the
adjacent femoral vein or the femoral nerve. Urgent surgical
repair clearly is necessary if any of these serious complica-

Table 64. Ultrasound-Guided Compression of Femoral Pseudoaneurysms
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tions occur, and until recently, it was the mainstay of treat-
ment for most catheter-related femoral artery injuries. Many
reports now have demonstrated, however, that the majority
of uncomplicated pseudoaneurysms can be managed nonop-
eratively with either ultrasound-guided compression therapy
or the injection of miniscule amounts of thrombin directly
into the pseudoaneurysm cavity. Problems with ultrasound-
guided compression therapy include pain at the site of com-
pression, long compression times, and incomplete closure,
each of which is more problematic with large pseudoa-
neurysms. Table 64 contains information from 17 series of
patients who underwent ultrasound-guided compression
therapy with a primary success rate of 86% and surgical
treatment in only 4.9%. Recurrences usually responded to
further compression and most frequently were associated
with pseudoaneurysms that exceeded 4.0 cm in size in
patients who had required larger-diameter delivery sheaths or
periprocedural anticoagulation.

Pseudoaneurysms ranging in size from 1.5 to more than 7.5
cm may be successfully obliterated by the injection of
thrombin, 100 to 3000 international units, under ultrasound
guidance. Table 65 contains data from 7 institutional series in
which thrombin injection was performed for catheter-related
femoral pseudoaneurysms. In aggregate, the success rate was
93%, and only 4.1% of the patients needed operations.
Thrombin injection can be complicated by distal arterial
thromboembolism in less than 2% of cases and rarely by pul-

First Author Reference Patients (n) Closure (n) Surgery (n) Comments

Chatterjee (1285) 38 37 1 FemoStop used

Coghlan (1286) 10 9 1

Cox (1287) 100 94 2 10 recurrences, 1 to 35 days

Dean (1288) 77 56 14 Size less than 4 cm; twice as
successful at closure

Feld (1276) 15 10 2

Fellmeth (1277) 29 27 —

Hajarizadeh (1289) 57 54 2 2 recurrences 2 to 10 days

Hertz (1290) 41 36 3 Large catheter sheath size problematic

Kazmers (1279) 33 25 3 2 pseudoaneurysm ruptures

Kumins (1291) 60 52 — 7 recurrences

Langella (1292) 36 27 — 3 recurrences

Paulson (1293) 48 37 —

Perkins (1294) 13 10 —

Schaub (1282) 124 104 5

Sorrell (1295) 11 10 1

Steinkamp (1296) 98 96 2

Weatherford (1284) 11 8 3
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Table 65. Thrombin Injection Closure of Femoral Pseudoaneurysms
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First Author Reference Patients (n) Thrombin Dose (U) Closure (n) Surgery (n) Comments

Hughes (1303) 9 1000 to 2000 8 0 1 recurrence at 4 days

Kang (1304) 21 500 to 1000 20 1

La Perna (1299) 70 1000 66 2 94% overall success rate

Success maintained in patients
using antithrombotic medications

Liau (1305) 5 1000 5 0

Mohler (1300) 91 500 to 1000 87 0 98% overall success rate
Second injection required

for 3 patients

Reeder (1306) 26 50 to 450 25 0 1 recurrence at 4 days

Sacket (1307) 30 100 to 2000 27 3

Taylor (1308) 29 600 27 1

monary embolism. The recurrence rate is approximately 5%
after an initial injection, but recurrent pseudoaneurysms can
be safely reinjected with a high rate of success (1297-1299).
According to a multicenter registry of patients who have
been treated with this technique, thrombin injection ulti-

mately has provided successful treatment for 98% of
pseudoaneurysms and appears to represent an improvement
over ultrasound-guided compression therapy (1300,1301).
One study has been reported in which thrombin injection was
compared concurrently with ultrasound-guided compression
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Figure 26. Diagnostic and treatment algorithm for femoral pseudoaneurysm. AV indicates arteriovenous.
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therapy (1302). Thrombin injection took less time and was
associated with lower vascular laboratory costs, but the over-
all hospital costs were equivalent in both groups of patients.

The algorithm illustrated in Figure 26 presents an approach
to the management of catheter-related femoral artery
pseudoaneurysms that is consistent with the current literature
on this topic.
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APPENDIX 3. ABBREVIATIONS
ABI = ankle-brachial index

ACC = American College of Cardiology

ACE = angiotensin-converting enzyme

AHA = American Heart Association

ARIC = Atherosclerosis Risk in
Communities study

bFGF = basic fibroblast growth factor

CI = confidence interval

CLI = critical limb ischemia

COPD = chronic obstructive pulmonary
disease

CTA = computed tomographic angiography

DNA = deoxyribonucleic acid

DRASTIC = Dutch Renal Artery Stenosis
Intervention Cooperative

EDTA = ethylenediaminetetraacetic acid

ESRD = end-stage renal disease

EUROSTAR = EUROpean collaborators on Stent-
graft Techniques for abdominal aortic
Aneurysm Repair

FDA = Food and Drug Administration

FMD = fibromuscular dysplasia

HDL = high-density lipoprotein

HMG = hydroxymethyl glutaryl

ICAVL = Intersocietal Commission for
Accreditation of Vascular
Laboratories

INR = international normalized ratio

LDL = low-density lipoprotein

MI = myocardial infarction

MMP = matrix metalloproteinases

MRA = magnetic resonance angiography

NHDS

OR

p

PAD
PARTNERS

PGE-1
phVEGF165

PTA

PTFE

PVR

RAS

RRI

ROS
SVS/ISCVS

TASC

TBI

3D

UK

UsS
USPSTF

VA
VEGF
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= National Hospital Discharge Survey

= odds ratio

= statistical significance

= peripheral arterial disease
= PAD Awareness, Risk and Treatment:

New Resources for Survival (study)

= prostaglandin E1

= vascular endothelial growth factor

plasma DNA

= percutaneous transluminal

angioplasty

= polytetrafluoroethylene

= pulse volume recording

= renal artery stenosis

= resistive index

= review of symptoms

= Society for Vascular Surgery/

International Society for Cardiac

Vascular Surgery

= TransAtlantic Inter-Society

Consensus Working Group

= toe-brachial index

= 3-dimensional

= United Kingdom

= United States

= United States Preventive Services

Task Force

= Veterans Affairs

= vascular endothelial growth factor
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