Online May 12, 2022

Journal of Neuroendovascular Therapy 2022; 16: 467473 DOI: 10.5797/jnet.cr.2022-0010

51 Inferior Epigastric Artery Injury due
to Femoral Venipuncture for
Neuroendovascular Intervention:
Two Cases Requiring Transcatheter
Arterial Embolization

Toshio Fujiwara,” Hiroyuki Ikeda,” Akira Kuriyama,? Takafumi Ono,® Kensuke Takada,’ Akira Handa,’
Minami Uezato,” Masanori Kinosada,’ Yoshitaka Kurosaki,’ and Masaki Chin’

Case

Report

Obijective: Injury to the inferior epigastric artery (IEA) caused by femoral puncture may lead to retroperitoneal hematoma.
We report on two cases of IEA injury due to femoral venipuncture for neuroendovascular intervention that resulted in
hemorrhagic shock and required transcatheter arterial embolization.

Case Presentations: A 67-year-old woman and a 71-year-old man receiving dual antiplatelet therapy sustained injury to
a branch of the IEA in the process of right femoral venipuncture for neuroendovascular intervention. In both cases, stent
placement in the intracranial artery was accomplished as intended with systemic heparinization throughout the procedure;
however, the patients became hypotensive during the procedure, and contrast-enhanced CT scans taken after the
stenting revealed extravasation of contrast from the IEAand retroperitoneal hematoma. Transcatheter arterial embolization
of the bleeding branch of the IEA was performed with the left femoral approach, and subsequent angiography confirmed
the disappearance of the extravasation of contrast.

Conclusion: Femoral venipuncture for neuroendovascular intervention in patients receiving antithrombotic agents may
cause IEA injury requiring transcatheter arterial embolization. The risk of IEA injury may be reduced by using the femoral
head as a reference, performing ultrasound-guided puncture, and confirming the course of the IEA by femoral angiography
before venipuncture.

Keywords

| Introduction

Although most vascular access site complications of neu-
roendovascular intervention do not cause any neurological
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femoral vein puncture, inferior epigastric artery, retroperitoneal hematoma, complication

deficits, retroperitoneal hematoma is an infrequent but seri-
ous complication that can be life-threatening without
prompt diagnosis or treatment."? The transradial approach
avoids the risk of retroperitoneal hematoma and causes less
vascular access site complications than the transfemoral
approach.® Although the transradial approach is becoming
preferred, the transfemoral approach is still more fre-
quently chosen because it allows access to more arteries
and the use of devices with larger diameters.? Efforts to
reduce femoral access site complications have been made,
particularly in cardiovascular interventions. However, the
possibility of injury to relatively small arteries in the pro-
cess of femoral venipuncture that can cause retroperitoneal
hematoma has been overlooked.

In this report, we present two cases of injury to a branch
of the inferior epigastric artery (IEA) in the process of fem-
oral venipuncture as part of neuroendovascular interven-
tion and retroperitoneal hematoma that required hemostasis
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Fig. 1 Images of Case 1. (A) DSA of the femoral access site taken
from 45° right anterior oblique projection after the venipuncture and
placement of a 4-Fr sheath in the right femoral artery showing the
arteriotomy site (black arrow) located below the nadir of the IEA
(white arrow). (B and C) Coronal view of CTA MPR (B) and 3D-VR
image (C) taken after the neuroendovascular procedure revealing
extravasation of contrast (white arrowheads) medially to the femoral
artery. The white arrows indicate the orifice of the right IEA. (D) DSA

by transarterial embolization. Measures to reduce the risk
of IEA injury due to femoral venipuncture are to be
discussed.

| Case Presentations

Case 1

A 67-year-old woman with hypertension and Sjogren’s
syndrome underwent placement of a flow-diverting stent
for the right vertebral aneurysm. The patient received aspi-
rin 100 mg daily and clopidogrel 75 mg daily for 14 days
before the procedure. The results of light transmission
aggregometry were class 1 for both adenosine diphosphate
(ADP) and collagen, suggesting that the patient responded
well to both antiplatelets. The procedure was performed
under general anesthesia. A right femoral venipuncture was
attempted with an 18-gauge needle in preparation for
vertebral artery flow reversal® but failed. Manual
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of the right IEA before embolization demonstrating extravasation of
contrast from a branch of the IEA travelling in a medial caudal direc-
tion (black arrowhead). (E) DSA taken through a microcatheter
placed in the bleeding branch of the IEA showing the laceration site
(black arrowhead). (F) DSA of the IEA after coil embolization show-
ing neither the injured branch nor extravasation of contrast. |EA:
inferior epigastric artery; MPR: multiplanar reformatted; VR: volume
rendering

compression on the puncture site was performed while a
sheath was alternatively placed in the left femoral vein. An
initial femoral angiography that was taken after a 4-Fr
sheath was inserted into the right femoral artery showed no
extravasation of contrast (Fig. 1A). The arteriotomy site
was confirmed to be at the same level on the craniocaudal
axis as the center of the femoral head. The sheath in the
right femoral artery was then replaced with a 6-Fr Fubuki
Dilator Kit (Asahi Intecc, Aichi, Japan). A flow-diverting
stent was placed while maintaining activated clotting time
over 250 seconds with intravenous heparin. At the end of
the procedure, a 6-Fr Angio-Seal (Terumo, Tokyo, Japan)
was applied to close the right femoral arteriotomy site.
Hemostasis for bleeding in the left femoral vein was
achieved by manual compression after the removal of the
4-Fr sheath. There was a subcutaneous hematoma around
the right femoral puncture site, for which manual compres-
sion was performed for 15 minutes. No antagonist of
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Fig. 2 Images of Case 2. (A) DSA of the femoral access site taken
from 45° right anterior oblique projection immediately after placement
of a 4-Fr sheath in the right femoral artery showing the arteriotomy
site (black arrow) located below the nadir of the IEA (white arrow).
(B and C) Coronal view of CTA MPR (B) and 3D-VR image (C) taken
after the neuroendovascular procedure revealing extravasation of
contrast (white arrowheads) medially to the femoral artery. The white
arrows indicate the orifice of the right IEA. The central venous cathe-
ter passes through the extravasation site. (D) DSA of the right exter-
nal iliac artery before embolization showing the IEA (white arrow).
Extravasation of contrast was not evident. (E) Angiography taken

heparin was administered. No neurological deficits were
observed after the procedure. The blood pressure dropped
at the end of the procedure, so that continuous noradrena-
line administration was required even after the anesthesia
wore off. In addition, swelling and tenderness of the lower
right quadrant of the abdomen were noted. A contrast-
enhanced CT scan of the abdomen revealed extravasation
of contrast from the IEA (Fig. 1B and 1C) and hematoma
in the retroperitoneum, anterior peritoneal cavity, and peri-
toneal wall. While blood transfusion was administered
urgently; embolization of the right IEA was performed. A
4-Fr cobra-shaped catheter (Angiomaster; Terumo) was
inserted through the 4-Fr sheath in the left femoral artery
and placed in the main trunk of the right IEA. A right IEA
angiography demonstrated extravasation of contrast from
one of its branches (Fig. 1D). A microcatheter was placed
in the branch, and subsequent angiography confirmed that
the bleeding site was at the distal end of the branch
(Fig. 1E). Coil embolization in the bleeding branch was
performed. Angiography taken from the right IEA showed
the occlusion of the targeted branch and no extravasation

through a microcatheter placed in the IEA showing extravasation of
contrast from its branch. The point of the extravasation (black arrow-
head) is as high as the nadir of the IEA and overlaps with the central
venous catheter. (F) DSA showing a mixture of N-butyl 2-cyanoacry-
late (50%) and ethiodized oil (50%) injected into the bleeding branch
of the IEA. (G) DSA of the IEA after embolization demonstrating no
extravasation of contrast. (H) DSA of the IEA confirming no extrava-
sation of contrast after removal of the central venous catheter. IEA:
inferior epigastric artery; MPR: multiplanar reformatted; VR: volume
rendering

of contrast (Fig. 1F). As no other adverse events occurred,
the patient was discharged home 11 days after the stent
placement.

Case 2

A 71-year-old man with hypertension and dyslipidemia had
an intracranial stenosis of the left vertebral artery. Because
the stenosis did not respond to medication, elective stenting
was planned. He took aspirin 100 mg daily and clopidogrel
75 mg daily for one month before the procedure. The results
of light transmission aggregometry were class 1 for ADP
and class 2 for collagen, suggesting that the antiplatelets
satisfactorily suppressed thrombotic function of platelets.
The procedure was performed under local anesthesia. A 4-Fr
sheath was placed in the right femoral artery. A femoral
angiography showed no extravasation of contrast (Fig. 2A)
and the arteriotomy site lining up horizontally with the cen-
ter of the femoral head on the craniocaudal axis. Subse-
quently, right femoral venipuncture was performed with
ultrasound guidance in preparation for vertebral artery flow
reversal,” and a 4-Fr sheath was placed. During the
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venipuncture, the operator did not recognize the IEA, and
the ultrasound scan did not show any vascular structure
between the puncture site on the skin and the entry point
into the femoral vein. The 4-Fr sheath in the right femoral
artery was exchanged with a 6-Fr Fubuki Dilator Kit.
During the rest of the procedure, activated clotting time was
maintained over 250 seconds with intravenous heparin. An
intracranial stent was placed for the left vertebral artery ste-
nosis that was dilatated by preceding angioplasty. The
patient became hypotensive at the end of the procedure,
so that he depended on continuous noradrenaline infusion.
The arteriotomy site in the right femoral artery was closed
with a 6-Fr Angio-Seal. The sheath in the right femoral vein
was replaced with a central venous catheter due to the pro-
longed low blood pressure. No antagonist of heparin was
administered. In search of the cause of hypotension, a
contrast-enhanced CT scan disclosed extravasation of con-
trast from the right IEA where the central venous catheter
passed through (Fig. 2B and 2C), and the preperitoneal
and retroperitoneal hematoma. Emergency blood transfu-
sion was administered, and endovascular embolization of
the right IEA was performed. A 4-Fr cobra-shaped catheter
(Angiomaster) was inserted into the right external iliac
artery via the sheath in the left femoral artery. Angiography
from the right external iliac artery did not show extravasa-
tion of contrast (Fig. 2D). A microcatheter was placed in a
branch of the right IEA. Angiography from the microcathe-
ter revealed extravasation of contrast from a further distal
branching artery (Fig. 2E). Because there was a collateral
blood supply to the bleeding branch, the lesion was emboli-
zed with a mixture of N-butyl 2-cyanoacrylate (50%) and
ethiodized oil (50%) (Fig. 2F). A right IEA angiography
confirmed successful embolization of the targeted branch
with no extravasation of contrast (Fig. 2G). After the cen-
tral venous catheter was removed from the right femoral
vein, another right IEA angiography confirmed the absence
of active bleeding sites in the IEA (Fig. 2H). Without any
other perioperative complications, the patient was dis-
charged home eight days after the procedure.

| Discussion

In both cases described above, branches of the IEA were
thought to be injured in the process of femoral venipunc-
ture. In Case 1, the injury to the IEA was attributed to the
medially deviated venipuncture caused by not using ultra-
sound guidance, while the lacerated site of the IEA was as
high as the center of the femoral head (Fig. 3). In Case 2,
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Fig. 3 Schematic representation of the IEA and key anatomic struc-
tures in the right inguinal area. Arteries, vein, and the inguinal ligament
are colored in red, blue, and gray, respectively. The laceration of a
branch of the IEA was attributed to the puncture site deviating medially
from the desired puncture site in Case 1 (solid arrow), whereas supe-
riorly in Case 2 (dashed arrow). IEA: inferior epigastric artery

the venipuncture located superior to the desired puncture
site resulted in the IEA injury because the puncture site was
as high as the most inferior point of the IEA (Fig. 3). It has
been reported that in most cases requiring radiological
intervention, iatrogenic IEA injuries occurred in the state
of coagulopathy including prophylactic anticoagulant
therapy.® Another study showed that vascular access site
complications of neuroendovascular intervention are signifi-
cantly more common among patients undergoing antiplate-
let therapy.” In both cases, small arteries branched from the
IEA showed extravasation of contrast, and patients received
dual antiplatelet therapy and systemic heparinization. In
Case 1, the initial angiography of the ipsilateral external
iliac artery after femoral venipuncture showed no extrava-
sation of contrast from the IEA. The intraoperative use of
anticoagulants and perioperative dual antiplatelet therapy
potentially contributed to the need of mechanical emboliza-
tion to stop bleeding despite small artery injury caused by
the puncture needle.

The incidence of vascular access site complications of
neuroendovascular intervention is reported to be 0.93% to
13.59% with an average of 5.13% in randomized clinical
trials and 0.10% to 8.30% with an average of 2.78% in
observational studies.? Retroperitoneal hematoma occurs



when the hematoma around the femoral artery cannot be
controlled or when femoral puncture happens to be supe-
rior to the inguinal ligament. While it occurs no more than
0.57%, it cannot be overlooked because it can be life-
threatening if not promptly diagnosed or properly treated.?
Only a few cases of retroperitoneal hematoma caused by
IEA injury in the process of femoral puncture have been
reported,’'? and cases of IEA injury due to femoral veni-
puncture are even fewer."!>1?)

Except for such anomalies as those originating from the
femoral artery or those forming the common trunk with the
obturator artery,'>'¥ the IEA originates from the external
iliac artery and runs medially, and 69% of the IEAs initially
run caudally, make a U-shaped turn, and travel upward. A
study allocated patients undergoing coronary angiography
or cardiac catheterization with the femoral approach by
location of arteriotomy.'> The incidence of retroperitoneal
hematoma was higher in the group with the arteriotomy site
located between the IEA origin and the most inferior point
(nadir) of the U-shaped IEA than in the group with the arte-
riotomy site located between the nadir of the IEA and the
distal end of the common femoral artery. Yaganti et al.'®
focused on the positional relations between the nadir of the
IEA and the femoral head in the examination of the location
of femoral artery puncture. In their study, 75 of 631 cases
undergoing angiography with femoral artery puncture had
the nadir of the IEA below the center of the femoral head.
Cases with the lower nadir of the [EA tended to have higher
body mass index and the pubic tubercle below the caudal
end of the femoral head. The femoral angiogram and CT
angiogram (FACT) study'” reviewed contrast-enhanced
CT scans to investigate the positional relations between the
proximal end of the common femoral artery, which was
speculated to be the point at which the common femoral
artery intersects the inguinal ligament, the femoral head,
and the IEA. The distance to the proximal end of the com-
mon femoral artery was shorter from the cranial 1/3 of the
femoral head and the nadir of the IEA than from the cranial
end of the femoral head and the orifice of the IEA. The
height of the proximal end of the common femoral artery
correlated more with the nadir of the IEA, which was
located at 2.9 mm (+6.7 mm) cranially to the proximal end
of the femoral artery, than the cranial 1/3 of the femoral
head. Hence, the nadir of the IEA was used as a landmark
of the proximal end of the common femoral artery in the
review of femoral angiograms in the FACT.

Two studies, the femoral arterial access with ultrasound
trial (FAUST)'® and the FACT,'” reviewed 989 and 500
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femoral angiograms, respectively, to see where the IEA
travelled in accordance with the femoral head from its cra-
nial end by the craniocaudal direction. In 36.2% of the
FAUST cases and 50.8% of the FACT cases, the IEA passed
through the middle 1/3 of the femoral head, whereas in only
0.8% of the FAUST cases and 2.6% of the FACT cases, the
IEA passed through the caudal 1/3 of the femoral head. The
FACT also showed that the midpoint of the common femo-
ral artery approximately coincides with the 3/4 point of the
femoral head from its cranial end by the craniocaudal direc-
tion, indicating that arteriotomy is to be most successfully
placed in the common femoral artery targeting this point.
This fluoroscopic landmark could be applied as the ideal
femoral venipuncture area that is located inferior to the
inguinal ligament and avoid IEA injury.

In addition, ultrasound-guided puncture should be con-
sidered because it requires fewer attempts to achieve suc-
cessful catheter insertion into the femoral vein than
puncture using anatomical landmarks alone.'??? The ingui-
nal ligament travels from the anterior superior iliac spine to
the pubic tubercle in an inferior medial direction, and
branches of the IEA run downward. As in Case 1, punc-
tures medial to a femoral vein are more likely to be supe-
rior to the inguinal ligament and therefore increase the risk
of injury to a branch of the IEA. Performing puncture
while viewing the femoral vein with ultrasound may pre-
vent the puncture needle from deviating medially to the
vein. In Case 2, a branch of the IEA was lacerated due to
the invisibility of the artery on the real-time ultrasound
image during the venipuncture. Determining the cranio-
caudal position of the venipuncture site in advance by
using another modality is useful because branches of the
IEA may not be recognized by using ultrasound guidance.

In cases in which both femoral vein and artery punctures
are performed, the risk of IEA laceration including injury
to IEA branches may be reduced by performing femoral
angiography before venipuncture to confirm the course of
the IEA. The importance of femoral angiography taken
immediately after placement of the first sheath in the fem-
oral artery to confirm the absence of IEA injury before con-
tinuing the coronary intervention has been reported.” In
Case 1, however, no extravasation of contrast from the IEA
was observed in the initial femoral angiography, and in
Case 2, extravasation of contrast in the external iliac arte-
riography was not apparent before embolization of the
injured branch of the IEA. Hence, when changes in vital
signs and physical findings suggest hemorrhagic complica-
tions in the vascular access site, injury to a branch of the

Journal of Neuroendovascular Therapy Vol. 16, No. 9 (2022) ‘ 471 ‘



Fujiwara T, et al.

IEA cannot be ruled out even if a femoral angiography
showed no extravasation of contrast before the procedure.

While there is no consensus on the indications for tran-
scatheter embolization for iatrogenic IEA injury, the proce-
dure is considered when a contrast-enhanced CT scan
reveals extravasation of contrast suggesting active bleeding
from the IEA, when rapidly progressive anemia makes
hemodynamic stabilization difficult or when shock is appar-
ent with tachycardia and hypotension.®?!?? In addition to
micro-coils and N-butyl 2-cyanoacrylate, embolic materials
such as polyvinyl alcohol and absorbable gelatin powder
are used alone or in combination.®?'?¥ Embolic materials
are selected on the basis of the distance between the lesion
and the tip of the catheter for delivering embolic materials,
the diameters of the artery distal and proximal to the bleed-
ing site, the form of anastomosis of the arteries distal to the
bleeding site, and the state of coagulopathy. Our hospital, as
with many other hospitals, does not have a specific protocol
to decide embolic materials, and decisions are largely left to
the discretion of individual operators.®?!> Whereas the
IEA has no branches that would cause severe organ damage
in the event of a cessation of the blood supply, there are a
possibility that transcatheter embolization fails to stop
bleeding due to the collateral blood flow® and a risk that
embolic materials migrate to other arteries that form anasto-
mosis, resulting in ischemic damage to vital organs. Since
there are many anatomical variations in the IEA,'» accurate
anatomical information should be obtained before the pro-
cedure. Although embolization of the IEA has much in
common with neuroendovascular therapy in technical
aspects, consulting interventional radiologists about the
procedure is recommended from the perspective of their
extensive anatomical knowledge and experience.

| Conclusion

Femoral venipuncture for neuroendovascular intervention
in patients receiving antithrombotic agents may cause I[EA
injury requiring blood transfusion and transcatheter arterial
embolization. The risk of IEA injury may be reduced by using
the femoral head as a reference, performing ultrasound-
guided puncture, and confirming the course of the IEA by
femoral angiography before venipuncture.
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