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1 ABSTRACT 7 

Key Wordr: Ulrro~onogrophy. Aneurysm-False, 
Femoral artery larrogenrc Diseases 

Purpose. To evoluofe rhe eficoqi of ultraround-gxided 
compressron repair in porients wifh preudoann~qir,ns due ro 
oirremiry orrery calheterizations. MmmillLF m d  Mdods:  
Over a one-yeor period, fieeon porzenrs with fourreen 
femoral pseudoaneurysms and one brochiol 
pseudoaneurysm, whrch developed ofier cardiac 
carhererirotion$, were eromrned wjrh color Doppler Imaging. 
All of lhe panenrs were reevaluarrd wlrh color Doppler 
zmagtng wilhtn 24 hours of rhe procedure. Rmulrr: In the 
inzliol urrempr. ullrmound-guided compression repair wor 
succerrfil in rhirreen (92%) pnhents. in one ponent wilh 
brachrol pseudoonnrrysm, spontaneous rhrombosis was 
demonsnared 7bk.o recurrences were eneounfered, one and 
three days ofrrr the procedure. Recompresslon war 
peflorn~ed succerrfi~lly wlrhour furlher problems. Adequore 
compression could nor be achieved in an uncooperollve 
patlent. No complicorions were obsemed during or offer the 
procedures. Conclusion: Uinasound-guided compresrron 
repair is a safe and effechve rnelhod for rhe rmarmenr of 

pseudoaneurysms. To ochreve high success rates, good 
cooperanon has lo be obroinedlbm lhe panenr. In patienrs 
wilh onticoogulared and multrloculored pseudoaneurysms 
longer compresston penods or reeompreraton ofier cessofzon 
of anrlcwgulolion may improue rha luecerr rates. 

I I 
INTRODUCTION 

I 

In cases of incomplete healing of the 
intewention site due to inappropriate or 
inadequate compression after angiography, a 
perivascular hematoma called a pseudoaneu~ysm 

A m a ~  Eksrremlre arler kolelerizosyonu ronras~ndo 
geligen psddoonevrirmo olgulonndo, ulrraronografi 
egliginde kompreayon redavrsinin erkrnlrgrnrn 
degerlendinlmesi. M u d  Blr ylllrk denem ~~errs inde. 
kardiyok korelerizosyon sonrosgndo geligen onddrr 
psddoanew~zma olgurundo. Fellmerh rorafindan ton~mlonon 
reknikle ulrra~onogrofi erliginde kompresyon fedavzrr 
uygiiland~. Brokral arrer plddoanevrrzmol~ bir olgudo 
sponton tromboz ghlendr. Tiim olgulor: r~lemden 24 soar 
sonra yeniden renkh Doppler alrraronoprufi ile 
degerlendinldi. Bulgular: Olguiorrn onii~l inde (% 921, 
ulrrc~aonoerafi eslitinde komurmvon redovjsi ile boson - .  . -  . . 
rogkmdr. Bu olgulardan kompresyon s~rosrndo onrikoogiilon 
redovi olan ila fonesrnde Ylemden bir giin ve lip 8rIn sonra I 
rebrrens saprondr. Bu olguloro, ulfrosonogrolj erbgrnde 
kompreryon redovisi fekrorland~. Kooperoryon 
ragianomoyan bir olguda ire i~ lem bagonm old.. i ~ l em 
~lrar lnda ve takiu s!ieshce herhanei brr komrr1,kowon rle - . . 
korrila$zlmod~. so nu^ Ulbu60nogrofi e~bginde kompreryon 
tedavisi, psMoanewrrmolonn ledavisinde erhn te gllvenlr 
bir Nnfemdir i ~ l e m  dncesinde ve sgra~rndo has10 rle ryr 
kooperasyon hh r~ lmoa ,  anr~koogQIon redovi olon ve 
mulnlobe ps6doonewianoh olgulardo komprespn nlresinm 
uzun tuhrlmorn yo do onrikoogdlon ke3ildikren sonra i~ lemin 
rekrarlanmoa. botarz wantnt arrfran filniirlerdzr: 

Anohtor Keltneler: Ulmsonografi. Anewirma-Psbdo. 
Femoral Arrec lomjenrk Harroltklar 

which connects to the anerial lumen via a tract or 
neck, can be formed (1). This lesion is also called 
a pulsatile hematoma since it does not contain a 
fibrous aneurysm wall (2). The rate of 
pseudoanewysm formation after femoral artery 



catl~eterization is between 0.05% and 0.55% (3). 
However, reports in recent years have shown that 
pseudoanelmym development is becoming   no re 
freqnent with increasing nutnbea of treatment- 
oriented catheterizations, and the rates are 
reaching high values, i.e. O.Gd% (3). The use of 
wide-scale catheters during treattentaiented 
procedures, the application of anticoagulant 
treatments during and after the procedore and 
catheterization of the femoral artery and vein 
together during the same procedure are the 
factors causing increased psendoa~~eursym 
development (1-3). Pain, infection developtnent, 
progressive growth of the lesion, compression 
~~eoropathy, venous stasis and mpture are among 
the potential sequelae of pseudoaneuqsms. 

In most cases, pseudoaneurysms cannot be 
distinguished fmm simple hematomas by 
physical examination. 011 gray-scale 
dtrasonography, a pseudoaneurysm appears as an 
anechoic mass that expands during the systolic 
phase, and that has a neck connecting it to the 
artery from which it origit~ates. On duplex 
Doppler examination, the blood flow in the 
collection appears similar to arterial flow (4). The 
best method for diagnosing pseudoaneuqsms is 
color Doppler ultrasonognpl~y (4-7) (Fig. 1). 
Dnring the systole, antegrade flow into the 
psendoaneurysm is seen, and during the diastole 
there is a retrograde flow since t l~e  pressure in the 
psendoaneurysm is lugher than tlmt in the feeding 
artcry. In essence, color Doppler typically shows 
vortex-like, revolving flow in the 

pseudoaneutysm throughout each cardiac cycle. 
Spectral Doppler examination shows the 
characteristic back and forth wave form ("to and 
fro flow") (Fig. 2). 

Fig. I: A pseudoaneurys,,, ,..,...,...6 ..,.. the deep f m o n l  
nrtery is seen in the color Doppler examination. 

, and fro flow') is 
dmmonsuzded in the pseudoanelllysm neck it, the spectral 
Doppler examination. 

The classic treatment for pseudoaneuqstn is 
surgical repair. However, some of these lesions 
(particularly small ones) can spo~~taneously 
tluo~nbose and options such as close follow-up 
and serial monitoring have been advocated for 
appropriate cases (8). In 1991, Felltr~eth and 
coworkers introduced ultrasound-guided 
compressioti repair (UGCR) as a safe and 
effective method for Ueating pseudoaneurysms 
(9). After that, the results of this method in wide 
series were reported by several workgroups (3,9- 
I I). 

The aim of this research is to determine the 
eficacy of UGCR in the treatment of 
pseudoaneurysms and to identify cotnplications 
associated with this pmcedw. 

MATERIALS AND METEODS 

The patients were 15 individuals who 
developed a pseudoaneurysm after undergoing 
diagnostic or treatment-oriented angiograpl1y in 
the angiogmphy unit cardiology departtnent. 
Eight of the patients were women and 7 were 
men, and the age range was 23-78 years (mean 
59.2 years). Each lesion was detected on color 
Doppler imaging after the patient developed pain 
or swelling at the intewention site during follow- 



up. All the color Doppler ultrasonography 
examinations were performed using an ATL HDI 
5000 system and transducers with broadband 
technology, which allowed examination at 
frequencies of 4-7 mHz and 5-12 mHz. 
Pseudoaneulysm was diagnosed through the 
detection of the characteristic back and folth 
wave form on the spectral Doppler and vortex- 
like flow on the color Doppler examination (4-7). 

Some of the patients had contraindications 
for UGCR, such as serious ischemia of the 
extremities, skin ischemia, widespread 
hematomas, infection, or lesions of the proximal 
inguinal ligament. After these issues were 
eliminated, the radiologist and the cardiologist 
considered all 15 of the patients as good 
candidates for UGCR. One patient had a 
pseudoaneluysm of the brachial artely, and this 
lesion thrombosed spontaneously. The exact 
location, dimensions, number of lobes, and neck 
diameter of each pseudoaneulysm were 
determined before the operation (Table 1). In 
addition, all patients and their families were 
informed about the steps involved in the 
procedure, the expected compression time, the 
possibility of pain in the inguinal region 
afterward, and possible complications 
(thrombosis or distal embolization, in particular). 

Before the procedure, six patients received 
intravenous sedation and three received local 
anesthesia. Compression was canied out using 
the technique described by Fellmeth and 
coworkers (9) (Fig. 3). After establishing the best 
transducer position for observing the 
pseudoaneulysm neck, the lesion was 
Table-1: Clinical summary. 

su 
The p u p e c  of e a U r ~ t i r m  h a g .  FTCA h a g .  FTCA FTCA 
Anend OwnhTetm 7F 7F 7F 8F 8F 
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compressed in the transverse plane, keeping the 
neck in the center of the monitor display. The 
pressure applied was gradually increased until the 
flow through the neck was completely stopped. 
Care was taken to avoid affecting the flow in the 
nearby aaeries (Fig. 4-6). The dorsalis pedis and 
tibialis posterior pulses were checked every 5 
minutes. The pressure was held steady for 10 
minutes, and was then decreased slowly and 
stopped for a short period. Thrombosis 
development was evaluated during this break. If 
no thrombus was detected, the transducer was 
repositioned and another l0-minute session of 
compression was completed. These steps were 
repeated until the pseudoaneluysm was totally 
thrombosed or the patient was unable to tolerate 
further compression due to pain at the site of 
application. If the attending radiologist became 
fatigued during compression, an accompanying 
radiologist took over. 

After UGCR was complete, a strong bandage 
was applied to the groin and the patient was told 
to rest for 24 hours. Then a repeat color Doppler 
examination was carried out. Patients without 
recurrence underwent clinical follow-up. During 
follow-up, UGCR-related complications, 
pseudoaneluysm recurrence, and pain related to 
the procedure were noted. 

For each case, we recorded the reason for the 
catheterization procedure that led to 
pseudoaneluysm development, the diameter of 
arterial cover, the lesion characteristics listed 
above, administration of anticoagulant or 
antiaggregant, and the interval from angiography 
to UGCR. 

6 7 8 9 10 I1 I2 I3  11 15 
58 55 58 71 69 64 56 52 60 78 
M F M  F F M M M F M  
St- Dl%. FTCA FTCA Diag h a g .  h a g .  h a g .  h a g .  h a g .  
8F 7F 8F 8F 7F 6F 7F 7F 7F 6F 

3 8 2  2 0 1  2 5  6 3 3  
MFA DFA SFA SFA SFA OFA DFA SPA MFA 0.4 
4x2 2 d 5  3x2 4x2 35422x1 3x2 25xl Zx2 2 5 4  
I I MulYIDbcM.IYIDbs I I I 1 Mdl.bbc I 
2 2 3  4 2 2 3 2 2 2  

I 
F: Female M: Male PTCA: Percutaneous Transluminnl Coronary Angioplasly MFA: Main Femoral Artery 
W g :  Diagnostic SFA: Superficial Femord Artery DFA: Deep Femoral Artery BA: Brachial Artery ST: Spontaneous 
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Fig. 3: The demonstration with schema of the matmcnt of a pseudoaneurysm (P) originating fmm the main femoral mery (MFA) 
by UGCR(a.b) Vortex-like flow i-, seen the inside a pseudoaneurysm originating from the MFA anterior with a n m w  ncok (N) in 
the loneitidunal and transverse olanes. SPA: Suoefioisl femoral artm. DFA: D c c ~  femoral ar(av. 
(c.J) Ihe neck of L c  pacud>aneu~yn~ is ~vongl) somprused udlh a Vanrducn to prr\cnl flaw tousds  the peudoaneuqsm 
Meaouhtle.the flou m the lcmornl s n>mWned lhe pmcsns IS c n d d  when the neck ofthe p*cudoancarysm is tlaomboscd 

Fig. 4: A pseudoaneurysm orighating Go~n the superlicinl Fig. 5: During the compression, flow in the supefioial and 
femoral anery is seen in the color Doppler examinnlion. deep femoral a r i e s  is protected while the pseudoaoeurysm 

is ooeluded. 

RESULTS a~~ticoagulant treatment, time between 
intervention and compression, compression time, 

n e  purpose of catheterizatio~ arterial cover the rates of recurrence and success, and the 
diameter, the application of antiaggregant or 

90 



Fig. 6: Mer the UGCR it can be seen that the 
pseudoaneutysm is completely thratnbosed in the 
longitudinal cross-senion. 

location and lobe numbers of the 
pseudoaneurysm are shown in Table I .  The 
pseudoaneurysm developed after diagnostic 
angiography in 9 cases (60%) and after 
treatment-oriented intervention (percutaneous 
transluminal coronary angioplasty or stent 
placement) in 6 cases (40%). Arterial cover with 
6-7F was used in diagnostic procedures, and 7-8F 
in treatment-oriented interventions. 
Anticoagulant treatment was administered in all 
six of the treatment-oriented intewentions. In 
addition. all patients received antiaggregant 
treatment during both angiography and UGCR. 

The time from angiography to UGCR ranged 
from I to 20 days (mean, 8 days). The 
pseudoaneurysm originated from tlie main 
femoral artely in 2 cases (13.3%). tlie snperficial 
femoral artery in 8 cases (53.3%), the deep 
femoral artery in 4 cases (26.7%). atid the 
brachial artely in 1 case (6.6%). The stnallest 
lesion measured 2 x 1  c m  the largest measured 
5x3 cm, and the mean dimensions were 3 .1~1 .8  
cm. Eleven (73.3%) of the pseudoaneurysms had 
only one lobe and 4 (26.7%) were multi-lobed. 
The neck diameters ranged from 1 to 4 mm 
(mean, 2.2 mm). 

In all cases, blood flow in the ne&y arteries 
was presewed and the pseudoaneurysm was 
totally obliterated. In 13 patients, including two 
who were still recejving anticoagulant treatment 
at that time, the UGCR procedure lasted 15-40 
minutes. In one patient who had a multi-lobed 

pseodoaneurysm and who was not on 
anticoagulant therapy at the time of UGCR, 
control color Doppler ultrasonography at 24 
hours showed recurrence of the lesion. After 
another  55 minntes of compression, the 
pseudoaneurysm was successfully thmmbosed. 
This case had the longest compression lime, 95 
minutes intotal over the 2 days of treatment. In 
one of the patients receiving anticoagulant 
treatment, recurknce was found in the control 
color Doppler examination 3 days after the 
compression and UGCR was applied again 24 
hours after continuing the anticoagulant 
treatment. The pseudoaneurysm was tluombosed 
again after 35 minutes of compression T h s  
patient showed no further recurrence during 
follow-up. 

One patient had Alzheimer's disease in 
addition to coronary artery disease. In this case, 
we attempted two 30-minute UGCR sessions on 
two consecutive days. However, despite 
intnvenoi~s s eda t i o~  the patient continued to 
lnove and so it was impossible to achieve the 
necessary compression The patient could not 
cooperate in spite of IV sedation and moved 
continuously, and so effective and continuous 
compression could not be accomplished. UGCR 
was unsuccessful in this case. 

All patients defined the level of pain that 
they could tolerate. None of the patients exhibited 
altered distal extremity pulses during UGCR or 
follow-up. The control color Doppler examations 
at 24 hours and the repeated color Doppler 
examations during follow-up revealed no 
procedure-related complications. 

DISCUSSION 

Pseudoaneurysm is a rare complication 
developing in e m ~ n i t y  artery catheterizations. 
An i n c ~ a s e  in its prevalence has been obsewed 
in recent years. This is thought to be d a t e d  to the 
increase in the number of treatment-oriented 
catheterizations. Most pseudoaneurysms are seen 
after cardiac catheterizations. Fellmeth and 
coworkers reported that 32 (82%) of their 39 
patients with pseudoaneurysm or arteriovenous 
fistula on the intervention site had undergone 
cardiac catheterizations (9). In a series including 
10,589 intewentions, t h e  intervention site 
co~nplication rate was 0.55% after cardiac 
catheterizations and 0.17% after peripheral or 



neuroangiography (12). All the pseudoaneurysrns 
included in our study were obsewed after cardiac 
catheterizations. 

The risk of psendoaneurysm developmnent is 
higher after intewentions in arteries other than 
the main femoral artery (12.13). Only 13.3% of 
the cases in onr series originated from the main 
femoral artery. n u s  is related to certain factors. 
Fintly, the main femoral artery is tightly wrapped 
by neumvascular cover. Secondly, the head femur 
provides a strong support during the manual 
compression. Neither factor applies in superficial 
or deep femoral arleries (14). 

The traditional approach is surgical 
restoration in a short time due to the possible 
complications wain, increase in dimensions, 
lupture etc). Surgical restoration is an effective 
and safemethod but it is expensive and lengthens 
hospitalization. In addition, it nlay cause injury, 
infection, pain or scar tissue, which may cause 
difficulties during further intewentions. 

It is known that many lesions can be 
thrombosed spontaneously. Panlson et al. 
observed 24 cases in order to determine which 
had a greater possibility of spontaneous 
thrombosis (8). Fourteen were spontaneously 
thrombosed in a day. Ten were not thrombosed 
and surgical treatment was used. In the first 
examination. flow volumes in the cases 
spontaneously thrombosed (mean 1.8 ml) are 
significantly lower than those in cases operated 
on (mean 4.4 ml). Meanwhile, the other color 
Doppler sonography findings (pseudoaneurysm 
volume, flow percentage in the pseudoaneulysm 
= flow volnme in the total lumen / total division 
of the pseudoaneurysm x 100% the rate of back 
and forth flow speeds in the pseudoaneurysm 
neck, time of the diastolic flow and neck length) 
are found to be of no aid in forecasting the 
possibility of spontaneous thrombosis. In one 
case in which bracial artery catheterization had 
been applied, a pseudoaneulysm with a neck 2 
mm in diameter was observed to be 
spontaneously thrombosed. 

UGCR is an effective and safe treatment 
method for pseudoaneurysms developing due to 
femoral artery intewentions. By stopping the 
blood flow in the neck with compressioq the 
blood in the lesion is thrombosed after a time and 
the psendoaneurysm turns into a simple 

hematoma. Even though this method takes 
longer, considering the general anesthesia risk 
due to cardiac problems in most cases, it nlust be 
preferred to surgical treatment. In addition the 
possible complications of snrgical treaunent do 
not exist in UGCR, and there i s  always a chance 
of surgical restoration in cases in which UGCR 
cannot succeed 

Reported success rates of UGCR are between 
57% and 100% (15,16). Coley and coworkers 
reported a 93% success rate in 117 cases. The 
success rate of our series is 92%. showing 
parallelism to other series. The most important 
factor negatively affecting the success of 
compression treatment is the existence of 
anticoagulant treatment. Reported success rates 
are between 29% and 100% (15,16). The success 
rate for these cases is 62% in Coley's series. In 
these cases, it is proposed to inc%%e the LO 
minute compression time to 20 minutes, and the 
total compression time to 2 hours (10). However. 
applying cotnpression for such a long time does 
not seem possible in practice since it tires both 
the patient and the person applying it. A longer 
compression time also increases the risk of 
femoral artery thrombosis. For cases in which the 
only problem is the tiredness of the person 
applying it, mechanic clamp or compression 
devices can be used for compression (17,18). In 
Coley's series, in cases in which UGCR could not 
succeed due to anticoagulant usage, 
anticoagulant treatment was continued for a 
period in some patients with appropriate clinical 
situations and thrombosis was provided in 75% 
after repeating UGCR. 

The literature shows that dimensions and 
nrmnmber of lobes do not affect the success rate but 
only increase the compression time needed (3). 
There were 2 multi-lobed pseudoaneurysms in 
our patients and they were also receiving 
anticoagulant treatment. Mean compression time 
was 42.5 minutes in these, while it was 56.5 
minutes in two patients with multi-lobed 
pseudoaneurysms who ' were not3 using 
anticoagulant. All patients with multi-lobed 
pseudoanel~~ysms and using anticoagulant were 
treated successfully by increasing the 
compression time. 

It was thought that longer time intervals 
between intewention and compression make it 
more difficult to apply compression because of 



epithelizations of the tract and fibrous 
characteristics developed by the capsule (9,19). 
However, in Coley's series, in cases older than 21 
days and newer than 5 days. success rates were 
88% and 89%, respectively (3). In the only 
unsuccessful outcome in our study the patient had 
waited for 3 days and the mean time from 
intennention to UGCR was 8 days. 

The time necessary for snccessful 
compression varies among series and cases. The 
shortest time is 8 minutes, and in cases exceeding 
60 minutes success possibility seems to decrease 
and ending the process is proposed (10). Coley et 
al, reported that in 18% of successful cases 
compression was applied for longer than 60 
minutes. In most of these cases, mechanic 
compression devices were used. We assume that 
the reason for achieving thrombosis in 1540  
minutes in all successful cases in our series was 
the high rate of patients (87%) not using 
anticoagulant. Meanwhile. we tlunk tlut the 
increase in the resolution of the color Doppler 
ultrasonography systems, giving a better 
demonstration of the flow in the pseodoaneurysm 
neck, aids in continuing the compression in the 
right position 

We think that one of the most important 
factors affecting the success of compression is the 
cooperation of the patient before and during the 
procedure. Before UGCR, the patient must be 
informed about the procedure. Intravenous 
sedation and, if necessilly, local anesthesia, must 
be employed. However, the sedation level should 
not impair the patient's cooperation. Our failure 
in one case was due to Alzheimer's disease. The 
success in patients receiving anticoagulant 
treatment shows the importance of patient 
cooperation. 

UGCR should not he applied in patients 
who experience extreme pain during the 
compression, or who have infection at the 
intervention site, a vel)- large hematoma or  
critical extremity ischemia. it is also 
contraindicated in pseudoaneurysms over the 
inguinal ligament level because of the possibility 
of uncontrollable hemorrhage that can be 
retroperitoneal as a result of rupture (9). 

The possibility of complications other than 
pain is very small. Coley reported hypotension 
disappearing after proper positioning and giving 

intravenous liquid in two cases and distal 
embolization in one case (3). In other series, 
pseudoaneurysm rupture during the procedure in 
one case and 1.5 days after the procedure in 
another has been reported; femoral vein 
tlvombosis in one case and saphenous vein 
thrombosis in another have also been found 
(10,20,21). Alleries near the pseudoaneurysm 
should not be occluded in order to avoid 
tluo~nbosis and distal embolization. This rule was 
strictly followed in our cases and no 
complications, except pain, developed. Even 
though the complication risk is low, the 
possibility of urgent surgery should be considered 
and there should be constant communication with 
vascular surgeons. 

Recently, direct percutaneous embolization 
using different types of agents such as tluombin 
and glue [n-butyl cyanoacrylate (NBCA)] 
accompanied by ultrasonography was defmed as 
a new treatment method and an alternative to 
UGCR (21-25). Paulson achieved a success rate 
of 96% with thmmbin injection while the success 
rate in patients who underwent UGCR was 74% 
in the same series. The most important advantage 
of this method is the sufficiency of 3-20 seconds 
duration in cases that needed one injection while 
2-5 minutes is necessary in cases requiring more 
tlun one injection. It can also be applied to 
lesions over the inguinal ligament level (22). The 
only possible risk of the method is the antibody 
against cattle factor V originating from the cattle 
thrombin used in the procedure and its cross- 
reaction with human factor V, causing 
coagulapathy (26,27). In spite of this theoretic 
risk, Paulson reported no coagulapathic or 
thrombotic complications in any of the cases in 
their series. NBCA, which is a liquid embolic 
agent, can be polymerized and solidified when in 
contact with free radicals. NBCA has been rarely 
used in the treatment of pseudoaneurysms 
because of the risk of distal embolization when il 
enters the vascular lumen unless it is not 
con~pletely polymerized. However, it has been 
reported that US-guided glue injection in the 
treatment of femoral artery pseudoaneurysm 
requires a short duration, and is an effective and 
easy method (23). 

In conclusio~ UGCR is still a safe and 
effective alternative to surgery in 
pseudoaneuqsm treatment. The contradictions of 



the procedure (infection at the intewention site, 
wide hematoma, critical extremity ischemia, 
lesions over the inguinal ligament level) and its 
complicqtions (distal embolus, thrombosis, 
mpture) should be known in detail. All cases 
must be evaluated by the clinician and there must 
be necessary preparations for surgery in spite of 
the low risk. In addition, patients must be well 
informed and their cooperation should be 
obtained. 

Correspondence to: Hasan YERLi, MD 
Bqkent  Oniversi tesiT~~ Fakfiltesi 
Radyoloji Anabilim Dvll 

Phone: 312 - 223 21 26 
Fax: 3 12 - 223 73 33 
E-mail: haqanyerli(3 yahoo.com 

REFERENCES 

I .  Paulson EK. Kliewer M A  Hrrlrberg RS. [YMalley CM. 
Washinglon R. Carroll RA. Color Doppler sonography of 
groin i.omplicnlions following l'emural anery 
cathelrriralion. .AIR 1995: 165: 439-444. 

2. hlcCann RL. Schwarlr I .  Pieper KS. V.ucular 
complicaiuns of cardiac cnlheterization. J Vllsc Surg 
1991: 14: 375-381. 

7 Cole? RD. Rohrrls AC. Fellmeth ED. h l j i  K. Book-ttein 
JJ. Hye RI.  Post~ngiographic femoral artery 
pseudooneuryrms: runher experience with US-guided 
eomprrssion repair Radnology 1995: 194: 307-311. 

4. Ahu-Youref MM. Wiese IA. Shammn AR. The "to and 
fro" sign: duplex Doppler evidence of femoml artery 
pseudoaneurysm. AIR 1988: 150: 632-634. 

5 hlitchell DG. Needleman L. Bezzi M. Goldherg BB. 
Kartz AR. Pennell RG, Ritkin hlD, Vilaro M. 
Bnlturawich OH. Femoral .utery pseudoaneurysm: 
diitgnorir with conventional duplex .and color Doppler 
US. Radioloey 1987. 165: 687.690, -. 

6. Sheikh KH. d m s  DB, McCann R. Lyerly HK, Sabistan 
DC. Kirsla I. lltilily af  Doppler color flow imaging for 
identification of femoral artem comnlications of cardiac 
catlteteriz1zlion. Am HezW J 1989: 117: 623-628. 

7. Igidbashim VN. Mitchell DU. Middlelun WD, S c h w m  
RA. Goldhere RB Iatrogenic ternoral mteriovenous . . 
fistula: diagnosis with color Dupplsr im.nging. Radiology 
1989. 170: 749-752. 

8. Paulson EK, Hertzbcrp. BS, Piline SS. C m o l l  BA. . 
Femoral artery pseudoaneulysms: value af~.olor  Doppler 
sonography in predicting which ones will Uvombose 
withodtreatment. AJR 1992: 159: 1077-1081. 

9. Felhneth BD, Roberts AC, Bookstein JJ, Freischlag J A  
Fonythe JR, Buckner NK, Hye RJ. Poslangiographic 
fpmonl llrtery injuries: nonsurgical repairwith US-guided 
compression. Radiology 1991; 178: 671-675. 

10. Paulson EK, Kliewer MA, Hemberg BS, Tcheng IE, 
McCann RL, Bowie ID. Ultrasonographically guided 
manual compression of femoral artery injuries. J 
lllbasound Med 1995; 14: 653-659. 

11. Cox GS. Young J R  Gray B R  Grubb MW, H a e r  NR. 
llllrasound guided compression repair of 
pustcatheteriralion pseudoaneurysms: results oftreatment 
in one hundred cases. J Vmc Surg 1994: 19: 683. 

12. Rapoport S, S n i d e n n m  KW. Monc SS. Proto MH. Ross 
OR Pseudoaneurysm: a complication of faulty technique 
in femoral alerial punchrre. Radiology 1985; 154: 529- 
i?n 

13. Lilly MP, Reichman W, Saruen  AA, Carney WI Jr 
Anatomic and clinical factors associaled wilh 
complications of transfemoral arteriogaphy Am Vasc 
Surg 1990; 4: 264-269. 

14. Dorfman CS. Cronao JJ. Postcatheterbation Femoral 
artery injuries: is there a mle for nonsurgical treatment? 
Radiology 1991; 178: 629-630. 

IS. Feld R ~ a t t o n  OM, Carahasi RG Alexander A Merton 
D, Needleman L. Treatment of i w g m i c  femoral &ry 
injuries wilh u l a o u n d  guided compression. J Vasc Surg 
1992; 16: 832. 

16. Agrawal SK, Plnheira L. Roubin GS. H e m  J A  Canon 
.AD. Macander PI. Ramrr R. Dean LS. Nan& NC. 
Nonrurgical closure of femoral mery  prmdoaneunyms 
complicating fardmc calheterizalian and percut;meous 
t r m l u m h a l  c o r o n q  mgioplmly J Am Coll Cardiol 
1992, 20: 610. 

17. Frllmelh BD, B u c h e r  NK, Ferreira J4.  Rookcr KT. 
Pnnons DM, Brown PR. Postcathclrriz.ztiu femoral 
nrtery injuries: repair with color flow US guidance and c- 
clamp .lssislulce. Rdiology 1992; 182: 570-572. 

I 8  Trerotola SO. Savvder SJ, Prescott C A  Osterman FA. 
US-guided pseudoaneurysm repair with a compression 
device. Radiology 1993; 189: 285. 

19. DiPrete DA, Cmnm JJ. Compression ultrasonography: 
treatment for acute femoral artery pseudoaneursyms in 
selected cases. J Ultrasound Med 1992; 11: 489-492. 

20. Dol JA, Reekers JA, Kromhout JG. Rupture of 
pseudoaneurysm during attempted US-guided 
compression repair Radiology 1992. 185: 284. 

21. Hilborn M, Downey D. Deep venous thrombosis 
complicating sonographically guided compression repair 
of 8 oseuduaneurvsm of the common femoral N t e r v  AIR 
1993; 161: 1334-1335. 

22. P.~ulson EK, Sheafor DH, Kliewer M A  Nelson RC, 
Eisenberg LEI, Sebas1i.m MW, Sketch MH J r  Trentment 
of iatrogenic femoral artery pseudoaneurysms: 
camparision of US-guided thrombin injection wilh 
compression repilir Radiology 2000. 215: 403-408. 

23. Apekin C, Fra t  A Giiltekin El. Boyvat F, Tqdelen A. 
11s-Guided glue injection in the treatment of femoral 
pseudoaneurysms. Tani Girisim Radyal2003; 9: 257-259. 

24. K~uger  K, Zahringer M. Sohngen FD, Gossmann A, 
Schulte 0 ,  Feldmann C, Strohe D. Laicher K. Femoral 
pseudoaneurysms: management with percutaneous 
lhrombin injections-success rates and effects on 
systemic coagulation. Radiology 2003; 226: 452-458. 



25. Lonn L. Olmvrker A Gercnld K. Klingo>rtiernr H. Drlle 
4 .  Chip L. Risberg B. Ifrarmcnt of fmmural 
pseudomeorysms. Percutaneous 11s-gaidcd thrombin 
injection versus [IS-guided compression. Hch? Radiology 
2002: 47: 396-400. 

26. Frush Dl'. Pnulson EK. O'Laughlio LIP. Successful 
aonographicnlly guided thrombin injecliun in an inf;ia 
with a fernord .Inrry pseodoanmrysm. AIR 2000. 175: 
485-487. 

27. Spotnitz WD. Fibrin sealant in the United States: clinical 
use at the 1hivsrsily of Virginia. l l~romh Haemust 1995: 
74: 482-485. 


