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Complications Related to Femoral Artery
Access for Transcatheter Procedures

Patrick A. Stone, MD' and John E. Campbell, MD'

Abstract

Percutaneous-based procedures continue to increase as endovascular techniques improve and provide a less morbid approach
than the open vascular procedures. The most common complications associated with either cardiac interventions or peripheral
interventions involve the access point of the procedure. The retrograde femoral access has and is currently the most frequently
used arterial access. Vascular surgeons have been responsible for management of complications following femoral-based proce-
dures and now are a significant contributor to catheter-based diagnostic and interventional procedures. This review provides in-
depth review of the literature on specific complications encountered during percutaneous femoral artery puncture. This review
includes access complications related to the method of obtaining access (ie, best pulse fluoroscopic guided), direction of access
either retrograde or antegrade, risk factors and incidence of complications based on best literature sources, and management

strategies for specific complications.
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Anatomy

The femoral artery is grossly located one-half the distance from
the anterior superior iliac spine to the symphisis pubis. Just
medial to the femoral artery lays the femoral vein, with the
femoral nerve found lateral to the femoral artery. At the
inguinal ligament, the femoral artery has branches that arise
both medially and laterally as the inferior epigastric and lateral
circumflex iliac arteries.

In the groin the common femoral artery divides into the
femoral artery ultimately becoming the popliteal artery and the
adductor canal, and the deep femoral artery (profunda femoris)
typically a more lateral branch supplying branches to the thigh
muscles and the collateral circulation to the popliteal artery.
Successful compression of the femoral artery relies on a solid
posterior surface to provide an apposing force to manual pres-
sure. This solid surface is the head of the femur. In >90% of
patients the femoral artery crosses over the femoral head with
99% of the bifurcation occurring below the midfemoral head
(deep and femoral arteries).!

Risk Factors for Complications

Patient-specific factors which have been associated with com-
plications include female gender, extremes in body habitus
(high or low body mass indices [BMIs]), previous access or
bypass procedures, and high bifurcation of femoral artery.
Factors related to surgical or procedural technique include left
versus right groin, method of puncture (landmark vs fluoroscopic

vs ultrasound guided), site of arterial entry, size of sheath intro-
duced, intra-/postprocedural anticoagulation, and use of closure
devices.*™

Thresholds for complications and reporting standards for
complications are difficult to find during a literature search.
The Society of Interventional Radiology in 2003 reported on
Quality improvement Guidelines for Diagnostic Arteriography.
Puncture site complications that qualified as a major adverse
event threshold included the following: hematoma (requiring
transfusion, surgery, or delayed discharge) 0.5%, site occlusion
0.2%, and pseudoaneurysm/arteriovenous fistula(AVF) 0.2%.°
The American college of cardiology benchmark for the inci-
dence of all cardiac catheterization complications is <1% for
diagnostic and 3% for interventional procedures.® A thorough
review could not define acceptable rates of access-related com-
plications. Although they have published multiple guidelines,
the society for vascular surgery has no specific guidelines or
acceptable reporting standards.

The definition of major or minor access complication varies
with nearly all articles published on the topic. Doyle et al
reviewed the Mayo Clinic experience from 1994 to 2005 to
assess the incidence, predictors, and impact on survival among
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patients with major femoral bleeding complications. Their def-
inition included the following: hematoma >4 cm in diameter,
which required blood transfusion, surgery or prolonged hospi-
tal stay, or femoral bleed requiring transfusion within 7 days of
percutaneous coronary intervention (PCI) or retroperitoneal
bleed confirmed with ultrasound or computed tomography.?

Understanding predictors of access-related complications is
important in prevention by identifying high-risk populations.
Angiographic predictors of femoral access complications
include the “high-stick” penalty associated with retroperito-
neal hemorrhage. Arteriotomy location above the most inferior
border of the inferior epigastric artery in patients undergoing
PCI was associated with 100% of all retroperitoneal bleeds.’
The location of femoral artery access and correlation of vascu-
lar complications as described by Pitta et al* demonstrated a
significant increase in the number of access complications, that
is 18% versus 4% of those not within the confines of the infer-
ior border of the inferior epigastric artery and the femoral
bifurcation.®

Puncture Technique

Three techniques of femoral artery access are reported, with
limited studies comparing the different methods including best
pulse, fluoroscopy-guided access, and ultrasound directed. Fitts
et al in a study of more than 2000 patients recommended
fluoroscopy-guided femoral artery access instead of the land-
mark best pulse technique to reduce local complications, that
is 1.9% versus 0.7%.” In contrast to the results of this large non-
randomized study, 3 randomized trials failed to show a statisti-
cal significant reduction in the number of access-related
complications by using fluoroscopy to assist the puncture of
femoral artery compared to puncture of the femoral artery by
best pulse technique.®'°

Two prospective randomized studies have reported on
access complications comparing to either “best pulse” or
fluoroscopy-guided access to ultrasound-guided access by
Duduck'! and Seto,'? respectively. The first study was a small
randomized trial of 112 patients, which found no statistical
difference in access complications but did show a statistically
significant increase in time to access in ultrasound-assisted
patients with a “good pulse” of 226 versus 161 seconds. The
FAUST study enrolled (1004) patients who were randomized to
either fluoroscopy-guided femoral access or ultrasound-guided
access demonstrated the following statistically significant bene-
fits of ultrasound-guided femoral artery access compared to a
fluoroscopy-guided technique.

e more frequent common femoral artery punctures when the
common femoral bifurcation occurred over the femoral
head;

increased first pass success;

reduced mean time to access;

reduced number of venipunctures; and

reduced number of access complications.

Limitations to the study included exclusion of patients with
nonpalpable pulses. This group may provide the largest benefit
to ultrasound-guided puncture. Additionally, the statistical sig-
nificant difference in access complications was only secondary
to the number of hematomas exceeding 5 cm. There were no
differences in dissections, AVF, or pseudoaneurysm formation
noted between the 2 groups.

Some physicians prefer to initially access with a micro
puncture needle instead of a 19-gauge arterial needle. The the-
oretical benefit of the micropuncture needle include a smaller
diameter puncture if accidental venipuncture occurs or if the
needle has to be removed if there is an unsuccessful attempt
to pass the wire. However, in cases of successful access a larger
sheath is inserted and complication rates will occur with the
final sheath size. However, no prospective or randomized stud-
ies are available to provide data for comparison. It is our
group’s preference to currently use fluoroscopic guidance in
patients with normal BMI, and either Doppler needle or ultra-
sound for patients with large BMI or distorted landmarks
based on body habitus. Limited information has been specif-
ically written about the use of Doppler needles to obtain
femoral artery access. In 1 small series however the number
of large hematomas was reduced by using a “smart needle.” '

Puncture Direction (Retrograde Versus
Antegrade)

The most common direction of puncture in most practices is the
retrograde femoral artery approach. For infrainguinal interven-
tions, especially tibial artery interventions, there are some advan-
tages of using an ipsilateral antegrade technique. This approach
can allow improved pushability of devices and shorten the work-
ing length dramatically. Antegrade puncture is no doubt more
technically challenging by landmark techniques compared to ret-
rograde femoral access. Other instances that make retrograde and
up and over catheterizations more technically challenging or
unfeasible include previous aortofemoral bypass, previous mod-
ular stent grafts not positioned on the aortic bifurcation, previous
iliac stents with raised aortic bifurcation, and so on. It has been
proposed that 60 cases are the learning curve threshold for this
approach, with local complications declining substantially after
this volume of cases has been achieved.'* Local complications
have been reported to occur more frequently with antegrade punc-
tures. Wheatley et al reviewed 745 antegrade femoral aartery
punctures compared to over 5000 retrograde access procedures
and found nearly double the number of access site complications
(5.9%) verus (3.2%) with an antegrade approach. Also, there was
a statistically significant incidence of hematomas requiring trans-
fusion in the patients who had an antegrade approach.'> Poten-
tially ultrasound-guided antegrade femoral access could reduce
the frequency of complications with this particular access
approach. One study evaluated ultrasound-guided access with
sheath insertion in either the common femoral or the superficial
femoral artery (SFA) to compare the local complication rates.
A statistical significant benefit was seen favoring puncture of the
SFA with respect to speed of achieving access, the radiation
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exposure, and hematoma incidence, however the frequency of
pseudoaneurysms was statistically higher with access of the
superficial femoral artery.'® Potentially the use of vascular
closure devices could reduce local access complications since
complications appear more frequent than with retrograde femoral
access. Duda et al reported the results of suture-mediated closure
of antegrade access in 80 patients with either the Techstar and
Prostar Plus devices (Perclose, Menlo Park, California), with
96% achieving successful stand alone hemostasis despite full
anticoagulation. Crossover to manual compression was required
in 2 patients with only one major complications of retroperito-
neal bleeding. Five minor local complications occurred
without the need of further intervention.'” Angioseal hemo-
static closure device (St Jude Medical, St Paul, Minnesota)
has been evaluated in several retrospective reviews with the
largest in the literature by Lupattelli et al. In their cohort of
1889 patients hemostasis success was the same as that of
278 cases performed via a retrograde fashion at 97%. In this
diabetic patient series the overall complication rate after
antegrade puncture closure was not statistically different
from that with retrograde closure or manual compression.'®

In a smaller series evaluating the angioseal for antegrade
use, factors that contributed to device failure were analyzed
including coagulation parameters, body habitus, and vessel
calcification. Only larger BMI was associated with failure of
the angioseal device.'”

Complications

The reported incidence of access site complications varies sig-
nificantly in the literature. Most large series have significant
limitations that are typical of retrospective reviews. Addition-
ally the routine use of ultrasound following percutaneous
procedures provides a more accurate assessment of the inci-
dence access-related complications. The 5 most common com-
plications include groin hematoma, pseudoaneursyms, AVF,
retroperitoneal hemorrhage, vessel occlusion, and branch
injury. Hirano et al evaluated 557 consecutive patients with
ultrasonography to determine the incidence of AVF and
pseudoaneurysms. The frequency of occurrence was 2.2% and
2.9%, respectively, with approximately one-half patients
suspected of having a complication.*®

In a more recent series of 319 patients, the incidence of
pseudoaneurysms was 5.3%, AVF 0.6%, and femoral artery
dissection of 1.6%. Patients with complications were more
likely to have had an intervention rather than a diagnostic pro-
cedure and concomitant administration of antiplatelet and
anticoagulation medications compared to those without com-
plications. Also statistically more frequently patients with
access complications had hemodynamic disturbances during
manual compression.?'

An additional confounding rate on access complications
concerns the use of either standard compression or vascular
closure devices. Dangas et al reported a significant difference
in complications seen with closure devices compared to manual
compression. This included a review of over 5000 patients with

approximately 500 closure devices deployed. No difference
was reported with the incidence of pseudoaneurysms or
AVF, but there was statistical increase in major hematomas
(hematocrit drop of 15%) and twice as many surgical access
repairs.?

Retroperitoneal Bleed

Hemorrhage into the retroperitoneal space (RPH) is the most
life-threatening complication seen with femoral-based access.
Large volumes of blood can be contained within the retroperi-
toneal space prior to the development of hypotension. The
occurrence of this complication varies upon the study sample
size, but in larger series it was 0.1% to 0.7%.*"*> These series
samples ranged from 26 to 163 cases. The largest series
reported three-fourth of patients received blood transfusions
and 10% mortality. Predictors of development of a retroperito-
neal bleed included low body weight, Angioseal device use,
sheath placement above the inferior epigastric artery, women,
use of IIb/IIIa inhibitors, and presentation of acute myocardial
infarction®® Other factors that have been reported as increased
risk of RPH include left femoral puncture and larger sheath
size. A large series of over 100 000 patients reported bivaliru-
din use associated with a lower risk of RPH.?’ Signs and symp-
toms include suprainguinal tenderness and fullness, severe
back and lower quadrant pain, and femoral neuropathy in up
to one-third of patients. Typical presentation is within 3 hours
of the catheterization procedure but may occur after 3 hours in
up to one-fourth of cases® 2> Imaging to access RPH should be
performed with computed tomography, with and without con-
trast, which can identify active extravasation in patients to
assess persistent hemorrhage. Kent et al reported 16% of
patients requiring operative repair with a mean of 4 units of
blood transfused.* The development of RPH is also associated
with a higher frequency of postprocedure myocardial infarc-
tion, infection, and heart failure with in-hospital mortality of
6.6%.%" Intervention should be performed on patients with
refractory hypotension or on patients with an active “blush”
on computed tomography. Either surgical repair or endovascu-
lar exclusion with a covered stent can be performed. Secondary
to this highly morbid complication, routine femoral arteriogra-
phy should be performed. Some authors suggest evaluation of
sheath location prior to intervention to limit access defect and
aborting planned procedure. Our group routinely evaluates
access at the cessation of the procedure to evaluate for potential
vascular closure device use and to assess location of sheath
prior to removal. High sticks can then be assessed for potential
endovascular techniques by either off-label use of percutaneous
suture devices and close observation or contralateral access and
sheath removal with balloon occlusion and subsequent covered
stent placement.”® Operative repair is classically described as
retroperitoneal incision for proximal control but may be per-
formed by groin incision and controlled by dividing or retract-
ing the inguinal ligament and direct arterial repair by
experienced surgeons.
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Branch Perforation: Inferior Epigastric
Artery Injury/Circumflex lliac Artery

Few case reports are found in the literature involving injury to the
inferior epigastric artery specifically; however, this is a known
cause of retroperitoneal hemorrhage. This can occur when
attempting to puncture the femoral artery either by laceration of
the branch or by guide wire perforation during cannulation. Sev-
eral techniques have been described to manage extravasations
from these branches. Silva et al described a balloon tamponade
technique with simultaneous injection and selective catheteriza-
tion into the inferior epigastric artery.”” Our group previously
described an ipsilateral technique for embolization of the inferior
epigastric artery. This involves placement of a 7Fr sheath into the
ipsilateral common femoral artery and a safety 0.035" wire retro-
grade into the abdominal aorta, then placing a diagnostic catheter
into the origin of the inferior epigastric artery so that embolization
can be performed. The safety wire allows the sheath to be rein-
serted into the artery if sheath access is lost.*°

Occlusion/Dissections

Femoral artery occlusion is nearly nonexistent without the use of
femoral artery closure devices. In 100 consecutive patients under-
going percutaneous suture-mediated closure, no major complica-
tions occurred in a manual compression cohort but 3 major
complications occurred with the suture-mediated device includ-
ing 2 dissections and 1 common femoral occlusion of which all
occurred in women undergoing uterine artery embolization.>'

Pseudoaneurysms

latrogenic femoral pseudoaneurysms (FPAs) occur in approxi-
mately 2% of cases following percutaneous-based procedures.
The incidence has been reported as high as 8% in a series
prospectively evaluating 273 patientspostcatherization. Pulsa-
tile groin mass on physical examination had both a 100%
positive and negative predictive value for the detection of
pseudoaneurysm.>?

Pseudoaneurysms result from insufficient sealing of the
arterial puncture site, resulting in bleeding into the groin,
resulting in the formation of hematoma and a pseudo wall.
Arterial punctures below the femoral bifurcation are more
prone to false aneurysms secondary to the lack of posterior
compression by the femur as opposed to a common femoral
puncture. Risk factors for the development include larger BMI,
>28 kg/m?, larger number of cases performed per day in a par-
ticular room, larger sheath sizes, and preprocedural platelet
count <200 x 10° L.*?

The side of access can also affect the risk of pseudoaneur-
ysm. Popovic et al found a left groin puncture to be associated
with an increased risk of FPA.**

Physical examination findings often include groin hema-
toma and associated pain at the puncture site, occasionally a
bruit can be detected with auscultation. Ultrasound is the main-
stay in making the diagnosis of this postcatheterization

complication. Typical findings include an echolucent mass
with flow detected by Doppler with a classic “to and fro” flow.
Details of ultrasound include the maximum sac size, the
amount of flow within the sac, number of sacs, the length and
diameter of neck, and the origin of pseudoaneurysm that is
profunda, common femoral.

Treatment should be considered in larger pseudoaneurysm
that is those >3 cm or in those who have poor compliance with
serial duplex examinations. Complications related to FPA
include rupture, local pain secondary to compression symp-
toms, and rarely distal embolization. Our experience as well
as most other series includes a benign course with observation
of small FPA. Toursarkissian in 1997 reported the outcomes of
196 pseudoaneurysms which were selectively treated including
a size threshold of 3 cm. During follow-up at a mean of 23 days,
89% had spontaneous thromboses.>

Historically, ultrasound-guided compression was the initial
treatment modality. Ultrasound-guided compression is now
rarely used secondary low success rates in treatment of large
pseudoaneuyrysms, which are the cases that most need treat-
ment. Also, the procedure takes a long time for successful
thrombosis of pseudoaneurysm and the procedure is very pain-
ful for the patient. Only 2 small prospective randomized trials
have been performed to date comparing different treatments for
postcatheterization pseudoaneurysms. Compression versus
ultrasound-guided compression was compared with >98% suc-
cess in both arms. Unfortunately this study did not report aneur-
ysm sac size. Such a high success rate makes one speculate
these were small aneurysms that were easily treated or required
no treatment. This trial enrolled 84 patients in each arm.*®

The only prospective randomized trial comparing
ultrasound-guided compression with duplex-guided thrombin
injection exists to date. This series had a meager 15 patients
in each arm. With 100% success with thrombin injection and
an unsatisfactory 40% success in the ultrasound-guided com-
pression arm with several patients requiring multiple compres-
sion settings to achieve this low success rate. This is in stark
contrast to the compression trial listed above with >98% suc-
cess with ultrasound or manual compression.>’ Other studies
reportedly performed in a prospective manner includes Schnei-
der et al which appears to be the largest series published with
274 patients and a 97% primary success rate and unaffected
by the use of postprocedural anticoagulation medications.*®
Olson et al demonstrated in his prospective series similar initial
success rates in 33 treated FPA with a 6% recurrence rate; in
addition, one-half of the patients were treated on an outpatient
basis.*

We currently use as most other centers ultrasound-guided
thrombin injection with our reported success exceeding 97%.
We previously reported on a cost-effective management algo-
rithm including a “point of service” with follow-up examina-
tions based on clinical symptoms and postprocedural imaging
in symptomatic patients only.*°

Endovascular treatment options are feasible but essentially
make no sense to suggest there widespread use. Reports have
included either covered stents or coil embolization.
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Operative repair is now reserved for patients with failure of
a second thrombin injection or in cases where surgery is
required that is large hematoma requiring surgical evacuation
or suspected infected pseudoaneurysm which is rare. The most
recent report by Garcia et al in 79 patients exemplified why
surgical repair is discouraged unless absolutely necessary.
There series reported 71% of patients experienced at least one
postoperative complication, with a 19% infection rate and 12%
surgical site dehiscence.*'

Arteriovenous Fistula

Arteriovenous fistula occurs in less than 1% of cases fol-
lowing percutaneous arterial puncture. Risk factors for the
development of AVF include a “low stick” below the com-
mon femoral artery bifurcation (with most originating from
the deep or superficial femoral arteries), female sex, 2-fold
increase with left groin puncture, Coumadin therapy, and
higher intraoperative heparin doses.*?

Rarely is this complication symptomatic, with symptoms of
heart failure, lower extremity edema, or arterial insufficiency.
The diagnosis can be suspected by palpation, auscultation of
a bruit, and confirmed with Doppler ultrasound. Kelm et al**
prospectively evaluated over 10 000 patients to determine the
incidence of postcatheterization AVF. Duplex criteria included
the following: an AVF was diagnosed if all of the following cri-
teria are observed: (1) a colorful “speckled” mass at the level
of the fistula with turbulent flow in the AV connection; (2)
increased venous flow more to the proximal than to the contral-
ateral side of the fistula, with a lack of respiratory variation and
a pulsatile arterial component in the affected vein; and (3)
decreased arterial flow distal to the suspected fistula. Only
one-third of their patients had spontaneous closure during 1
year of follow-up. Estimated flow rates within the fistulas was
<510 mL/min, which is lower than most hemodialysis fistulas
that rarely require intervention related to excess flow. This is in
contrast to Toursarkissian et al reported one of the largest
series of observations of AVFs in 81 patients. During the
observation period (up to 3 months) for both AVF and small
iatrogenic false aneurysms, 81% of the AVF closed without
further intervention.>> Compression is an option for man-
agement of symptomatic patients but success is variable sec-
ondary to short fistula track or large fistula size. Other
management options in symptomatic patients include surgi-
cal ligation of the communicating tract or endovascular
exclusion. These endovascular interventions include stent
graft exclusion or coil embolization. Both of which should
be used with caution since the majority of patients are
asymptomatic. In a series of 10 patients treated by Onal
et al covered polytetrafluoroethylene (PTFE) stents were
deployed in the deep femoral artery. No adverse events
were noted in the 18 month mean follow-up. However, this
approach should be used with caution secondary to the
potential risks associated with this management strategy
including side branch occlusion, thrombosis, and so on.*?

Hematomas

The incidence of hematoma formation following femoral artery
catheterization varies greatly in the literature. Major series have
used many different size thresholds for defining a minor compli-
cation and major complication. In addition to the size, the accu-
racy of measurement is poorly reported. Operative evacuation of
hematoma is rarely required but prolonged hospitalization is not
nearly as infrequent. Access site hematoma requiring transfusion
has been associated with multiple risk factors: older age, lower
BMI, female sex, concomitant renal, cerebrovascular, pulmon-
ary, or peripheral vascular disease. Procedural-related factors
include glycoprotein IIb/Illa inhibitors, thrombolytic therapy,
and postprocedure heparin. In-hospital mortality was 9 higher
compared to those not requiring transfusions.**

The incidence of major bleeding complications has drama-
tically reduced over the past two decades. In a review of the
Mayo clinic experience with major femoral bleeding after per-
cutaneous coronary interventions, the incidence of femoral
hematoma’s exceeding 4 cm, the frequency of blood transfu-
sions, and femoral bleeding requiring surgery reduced substan-
tially from 7% in the mid-1990s to 2.8% in early 2000s. Doyle
et al speculated that the reduction in complications over a 10-
year experience is likely secondary to smaller sheath sizes,
careful titration of intraprocedural anticoagulation, and
decreasing the use of postoperative heparin products. This
decrease has occurred despite the infrequent use of vascular
closure devices in 5% of their population. This series also
demonstrated statistically significant increased risk of 30-day
mortality in those requiring transfusions, with increasing trans-
fusion requirements independently associated with greater risk
of mortality during the perioperative period.>

Groin hematomas should be evacuated surgically if the
hematoma expands despite adequate compression therapy, if
the skin is compromised with the potential for necrosis, and
if the groin is explored for other pathology.

Conclusion

Femoral-based access continues to be the most common access
site by vascular surgeons. Understanding risk factors and com-
plications related to access are imperative. Continued refinement
in techniques will hopefully reduce access complications in
future management.
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