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Colleagues, 
I received a query about hemostasis after inad-

vertent entry into the inferior epigastric artery. A 
percutaneous coronary intervention (PCI) was 
completed without a problem.

Assuming 5000u heparin intravenous (IV) was 
given, does one wait for anticoagulation to wear 
off or reverse heparin and then remove the sheath? 
Do you use manual compression, a vascular closure 
device, or preemptively obtain contralateral femoral 
access and perform balloon internal tamponade, 
or something else?

Your thoughts?

Mort Kern, Long Beach, California: 
I am worried about the intraabdominal 
course of the inferior epigastric artery 
(IEA). Retroperitoneal hemorrhage 
seems likely, as manual compression 
may fail. Depending on the distance 

from the IEA puncture site to the common femoral 
artery, I would favor Angio-Seal (Terumo Interven-
tional Systems). If I was more concerned about the 
inability to seal the puncture or the failure to secure 
hemostasis, I would get access in the common 
femoral and have balloon tamponade ready to sta-
bilize the bleeding, then consider options. I’ve not 
encountered this situation before.   

Philip Mumford, Conroe, Texas: I 
share Mort’s perspective on the use 
of an Angio-Seal for achieving an ef-
fective closure, as manual compression 
may not be reliable, given the height 
of the stick. Additionally, I recommend 

obtaining contralateral access to verify that the 
Angio-Seal has sealed properly. If contralateral 
access is not already available, it will delay timely 
intervention if necessary.

Curtiss Stinis, La Jolla, California: 
Sadly, I have a fair amount of experi-
ence with this scenario. If you train 
fellows long enough, this is something 
that you will likely see at some point. 

The main concern with creating a 
hole in the IE is retroperitoneal bleeding. I have seen 
this with through-and-through sheath insertion, and 
I have also seen it with only 18-gauge needle injury/
laceration of the IE. In my opinion, any “hole” in the 
IE in the setting of anticoagulation (and possibly 
even without anticoagulation) is a potential serious 
situation, and should command respect and atten-
tion. It is not typically compressible with external 
force; thus, bleeding can be very serious. It is critical 
to understand the anatomy and the flow pattens of 
the IE. It originates from the external iliac, tracks 
under the inguinal ligament, and then tracks along 
the anterior abdominal wall and anastomoses with 
the internal mammary artery (IMA) up in the chest 
(Figure 1). When the distal aorta or iliac arteries 
become diseased or occluded, the IE engorges and 
becomes a source of collaterals to the leg. In fact, 
this is where the idea of doing axillo-femoral bypass 
came from: it already exists in nature. The reason 
this is important to understand is that simply per-
forming balloon tamponade across the origin of the 
IE will not stop bleeding because it will back bleed 
from the IMA. This is also why implanting a covered 
stent across the IE is not always effective. In these 
scenarios, the most effective treatment is contra-
lateral access followed by selective engagement of 
the IE, and then coil embolization of the IE distally 
AND proximally to the hole. This prevents any back 
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Figure 1. Connections from the inferior epigastric artery (IEA) IEA to other vascular beds. Collaterals aris-
ing from the internal thoracic artery making end-to-end anastomosis with the inferior mesenteric artery 
is known as the Winslow pathway. 
Anatomical image reprinted with permission from Wooten C, et al. Anatomical significance in aortoiliac occlusive disease. 
Clin Anat. 2014 Nov;27(8):1264-74. doi:10.1002/ca.22444

Figure 2. Perforation of the inferior epigastric 
artery (red arrow) with retroperitoneal (RP) 
bleeding. Note that the bladder (yellow arrow) 
is displaced to the left from massive RP bleed. 
Courtesy of Dr. Curtiss Stinis.
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bleeding. No arterial closure device is designed to 
safely work in a scenario like this.

Figure 2 shows an injury to the IE that occurred 
due to 18-gauge needle laceration, which led to 
serious retroperitoneal bleeding (note yellow ar-
row of bladder displaced to the left from massive 
retroperitoneal bleed) that was only noted after the 
patient gradually became hypotensive during the 
case. Figure 3 shows an example of through-and-
through sheath insertion of the IE that occurred 
during venous access that was properly managed 
with coils that extend distal and proximal to the hole. 
Of course, it goes without saying that proper access 
technique with a combination of fluoroscopy AND 
ultrasound could have prevented these incidents 
in the first place.

Options for Bleeding Control
Steve Ramee, New Orleans, Louisi-
ana: Great question and great answers. 
Unfortunately, I’ve seen most of 
these scenarios. I can’t blame the 
fellows, either. The practice of con-
trol angiography at the beginning of 

a femoral access case has dramatically reduced, 
if not eliminated, retroperitoneal bleeding, which 
used to be the most common serious complication 
of femoral access.  

If I have complicated femoral access where vessel 
closure is not feasible or hemorrhage has resulted, 
including inferior epigastric access or failed closure 
device, I always obtain contralateral (or radial or 
superficial femoral artery) access so that I can use 
angiography to direct the use of manual compres-
sion, balloons, covered stents, or coils to confirm 
cessation of bleeding and vessel closure. Not to do 
so is ill-advised, because retroperitoneal bleeding 
is usually occult until it is serious, and even small 
needle puncture bleeds like our colleagues have 
shown can cause major blood loss over time.

Ken Rosenfield, Boston, Massachu-
setts: We really need to see the angio 
to establish what is the anatomical 
configuration and where exactly is the 
puncture. Does it go through the IEA 
and then into the iliac artery? Or is it 

at the junction of the two (which often happens)? 
Very important to obtain at least a couple of very 
angulated orthogonal views in these cases, to truly 
understand the anatomy. Often there is the appear-
ance in one angle that you are involving the IEA 
with the arteriotomy, but it turns out not to be the 
case when viewed in another angle.  

In terms of closure, while acknowledging my 
conflict as member of the scientific advisory board 
for Vasorum, I favor CELT closure in these and 
other cases where you want truly reliable closure. 
The CELT device works like a rivet, with definitive 
closure from both sides of the vessel wall. Whereas 
Angio-Seal relies upon collagen on the external sur-
face, and often can “leak” or not seal in such cases. 

“Any ‘hole’ in the inferior epigastric artery in the setting of 
anticoagulation (and possibly even without anticoagulation) is 
a potential serious situation, and should command respect and 
attention. It is not typically compressible with external force; 
thus, bleeding can be very serious.”		  — Curtiss Stinis, MD

Figure 3. (Left) A through-and-through sheath insertion (blue arrow) in the inferior epigastric artery that 
was properly managed (right side) with coils, extending distal and proximal to the hole.  
Courtesy of Dr. Curtiss Stinis.

Figure 4. A cartoon of a vascular closure device inserted along 2 tissue tracks. Note that the intravascular 
plug or collagen can be approximated to the intraarterial anchor when there is little tissue in-between 
the two. However, a high stick has a long tissue track, and there is the potential for fascia and muscle to 
prevent the plug or collagen from reaching the surface of the artery, leaving a gap to the anchor inside the 
vessel, resulting in closure failure.  
Reprinted with permission from Turi Z. Overview of vascular closure. Endovascular Today. February 2008. https://evtoday.
com/articles/2008-feb/EVT0208_02-php. Accessed November 14, 2024. ©2008 Bryn Mawr Communications II, LLC. All 
rights reserved.
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When it is a deep vessel (eg, if one hits the external 
iliac artery high [cranial]), the reliability of the clo-
sure device is critical [and potentially problematic, 
see Dr. Turi’s comment below]. Moreover, having 
contralateral access is always helpful, especially 
when one knows the arteriotomy is cephalad and 
“control” of the puncture site is precarious.

Curtiss, I completely agree with your comments 
for the situations you describe, where there is a 
“through and through” puncture of the IEA. Coiling 
from the contralateral approach is the way to go, 
hands down.

Zoltan Turi, Hackensack, New Jersey: If dye ex-
travasation and/or other signs of hemorrhage (eg, 
hypotension due to blood loss, bladder compression) 
are already present, you will usually want to reverse 
anticoagulation. While IEA perforation can be lethal 
even if the patient is not anticoagulated, this is rela-
tively uncommon. Anticoagulation is present during 
attempted closure in almost all major retroperitoneal 
hemorrhage. Letting anticoagulation wear off and do-
ing manual compression may or may not be effective 
for reasons already mentioned. If anticoagulation had 
not been given, I would have deferred PCI for another 
day, if possible. The delay is easier to explain to the 
patient’s family than a retroperitoneal hemorrhage.  

A closure device alone is frequently ineffective in 
this setting, Angio-Seal in particular, in my opinion.  
Passive closure devices have little to no place in 
this scenario. I believe this sort of case is the rea-
son vascular closure devices with anticoagulation 
on board have been associated with an increased 
odds ratio of retroperitoneal hemorrhage after PCI 
(odds ratio 1.57:1, Gurm et al, Ann Int Med 2013; 
odds ratio 2.8:1, Ellis et al, Catheter Cardiovasc In-
terv 2006 [Angio-Seal])1,2; granted, the studies are 
only partially applicable to current imaging, access 
methods, technology).  

In the through-and-through IEA perforation 
scenario, you are most frequently dealing with a 
high stick, and although the Angio-Seal anchor will 
deploy inside the artery, it is frequently the case that 
the plug will not travel down the steep and longer 
pathway past the inguinal ligament through the 
soft tissue to the top of the artery (Figure 4). This 
is also the case with multiple other devices (even 
Perclose [Abbott] where the knot is relatively low 
profile). Autopsy evidence of a gap between plug/
clip/knot and the anterior wall of the external iliac 
artery in this scenario has shown that the trans-
versus abdominus muscle or other tissue prevents 
the passage of the plug down to the anterior wall 
of the artery. Moreover, even if it does plug the 
entrance site in the external iliac, it will most often 
not prevent blood flowing into the IEA and out 
through the perforation. So, while you may not see 
external bleeding through the tissue track, you can 
simultaneously exsanguinate into the near-infinite 
volume of the retroperitoneal space. 

If a wire (typically micropuncture wire) entered the 
IEA followed by a dilator and/or sheath and caused 

Figure 5. Fluoroscopic frames of the access needle and the micropuncture wire in the inferior epigas-
tric artery (left with enlarged view on right). Visualization of the wire course should prevent inadvertent 
sheath placement and the potential for retroperitoneal hematoma.   
Courtesy of Dr. Zoltan Turi. 

Figure 6. The bladder sign, showing the indentation of the contrast-filled bladder (red arrows).     
Reprinted with permission from Freilich MI, et al. The “bladder sign”--an important early marker of retroperitoneal hemor-
rhage. Catheter Cardiovasc Interv. 2012 Jan 1; 79(1): 158-165. doi:10.1002/ccd.23141 

“As many have said, this complication is one of the 
remaining complications of femoral arterial access in 2024 
where someone can bleed to death, and should be treated with 
aggressive resuscitative measures in addition to dealing with 
the artery.” 						      — Duane Pinto, MD
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the perforation, there is very little chance a closure 
device will do the job. As others have nicely pointed 
out this is a job for coiling the IEA, and usually, but 
not always, going contralaterally. 

Of course, the way to help avoid the IEA is ultra-
sound and fluoro during access. Ultrasound imaging 
is better at preventing low puncture, fluoro helps to 
avoid high puncture. Because micropuncture needles 
use small straight wires, it is easy to inadvertently 
engage the IEA during access or on the lateral side 
of the external iliac, the lateral circumflex of the hip. 
It is best to fluoro after the wire advance but before 
advancing a dilator; the pattern of the wire in the 
branch vessel instead of external iliac engagement 
is usually easy to recognize (Figure 5). Then, before 
anticoagulation, I would always do a sheath angio-
gram to look at puncture location and also for dye 
extravasation either from a branch vessel like the 
IEA, or from inadvertent puncture of the external 
iliac higher up. Even if the sheath entrance was 
below the inguinal ligament, a perforation may have 
occurred, caused by a dilator tip or wire perforating 
a tortuous external iliac artery. Doing the sheath 
angiogram at the beginning of the case allows you 
to stop before anticoagulation. If at the end of the 
case you suspect retroperitoneal hemorrhage, you 
can take advantage of the incidental cystogram that 
is already there (if you have given any meaningful 
amount of dye and the case lasted long enough) 
and look for compression (the “bladder sign”3), 
(Figure 6).

Duane Pinto, Boston, Massachusetts: 
I agree with what Kenny, Steve, and 
Curtiss have said. This is a deceptive-
ly dangerous situation. Reinforcing 
that this can be a perforation of the 
vessel with the micropuncture wire or 

laceration/transection of the vessel by any needle. 
None of these will be dealt with by closing the 
common femoral artery entry site. The bleeding 
presents in a multitude of ways, but as Curtiss said, 
it accumulates in the anterior abdomen and tracks 
along the inguinal ligament to the retroperitoneum. 
The person bleeds actually at a pretty fast pace, but 
it is a long time before anyone notices; the delay is 
exacerbated by the quick turnover in the holding 
areas and lack of familiarity for femoral access 
complications.  

One must be knowledgeable about the Winslow 
pathway (Figure 1) that connects the IMA and IEA 
as a source of blood, even if the vessel is closed on 
one side of the injury. Part of the assignment is to 
diagnose the problem, fix it — which requires some 
sort of intervention in most if not all injuries, con-
firm that it is fixed, and then tell everyone what to 
worry about in case the fix wasn’t durable. As many 
have said, this complication is one of the remaining 
complications of femoral arterial access in 2024 
where someone can bleed to death, and should be 
treated with aggressive resuscitative measures in 
addition to dealing with the artery.

The Bottom Line
Inadvertent punctures of the IEA are rare and 

mostly preventable by using good femoral access 
technique that employs ultrasound imaging guid-
ance, visualization of the micropuncture wire, and 
femoral angiography before proceeding to PCI. If 
a sheath was placed in the IEA, then take all mea-
sures to minimize the chances of a retroperitoneal 
hemorrhage by holding anticoagulation, considering 
coiling, and coming back another day for PCI. I 
learned a lot from this conversation and hope our 
fellows did, too. n
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Technical Success and  
Long-Term Experience 
of a Novel Radial  
Guide-Catheter Shape:  
The JCLRAD 

Waqas Qureshi, MD, MS, Summer Aldrugh, MD, 
Jeffrey Rade, MD, et al

ABSTRACT: Percutane-
ous coronary intervention 
(PCI) via the transradial 
route has been widely ad-
opted over the transfemoral 
route, but guide catheter 
selection remains limited. 
We present our experience with a novel guide 
catheter design, the Judkins Curve Left-Radial 
(JCLRAD, Medtronic), which is optimized for 
transradial PCI to the left coronary system.   
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Transvenous, Extraction, 
Leadless: Opportunities 
in the New Era of Leadless 
Pacemakers 

Samira Teeri, MD; Nebu Alexander, MD;  
Cyrus Hadadi, MD

Lead malfunction is a 
common complication 
of traditional trans-
venous pacemakers. 
Here, we describe a 
patient with a du-
al-chamber transvenous permanent pacemak-
er originally implanted due to complete heart 
block who experienced lead fracture and noise, 
prior unsuccessful lead extraction attempt, and 
recurrent syncope.   
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