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Background
More than 75 000 aortic valve replacements are performed 
annually worldwide.1 In the last two decades, a growing por-
tion of these procedures have been performed with the tech-
nology of transcatheter aortic valve replacement (TAVR).

Procedures such as TAVR, endovascular aneurysm repair 
(EVAR), and thoracic endovascular aneurysm repair (TEVAR) 
normally require large-bore arterial access and typically use a 
trans-femoral (TF) route.2

For the current available TAVR delivery catheters (14-20F), 
the minimal femoral and iliac diameter should be 5.5 to 6 mm; 
additionally, there should be limited vessel calcifications to 
reduce local damage and possible vascular complications.

In 20% to 30% of patients, the standard TF access is pre-
cluded due to small caliber or diffusely diseased vessels.3 In few 
selected cases, the intra-abdominal iliac artery may be larger 
and easily approached by a small surgical incision over the 
groin to gain access to the retroperitoneal space. As for all the 
transcatheter procedures, the main risks may be local major or 
minor vascular complications.4

Materials and Methods
We have retrospectively analyzed the TAVR institutional 
records from September 2008 to June 2014: we performed 440 
Edwards Sapien S3 and Sapien XT implantations (Edwards 

Lifesciences, Irvine, CA, USA), 329 of these by a TF approach, 
99 trans-apical (TA), and 12 trans-iliac (TI).

The aim of this article is to assess the feasibility, security, 
and medium-term follow-up of the TI approach for the tran-
scatheter valve procedure.

In our series, the implanted prosthesis were Edwards Sapien 
S3 in 11 patients (#23 in 6 cases and #26 in the other 5 cases) 
deployed by Retroflex sheath and Edwards Sapien XT #23 in 
only 1 case, deployed by Novaflex sheath.

We focused our attention on the demographics, operative 
technique, morbidity, and mortality. We also considered at least 
the 3-year follow-up.

The series included 10 women (83.3%) and 2 men (16.7%) 
with a median age of 83.1 years (range 76-89). The characteris-
tics of the population and the risks factors are listed in Table 1.

There were 1 case of porcelain aorta and 2 with previous 
cardiac surgery (coronary artery bypass grafting).

Preoperative assessment

All the patients received a computed tomography (CT) scan to 
detect the aortic annulus size, the coronary arteries’ height, and 
the course and diameter of the aorta until the femoral arteries.

For the artery, the minimum accepted lumen diameter at 
the groin (in the transverse axial images) was normally 7.0 mm 
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for a #23 Sapien S3 valve (22F sheaths) and 8.0 mm for a #26 
Sapien S3 valve (24F sheaths), whereas it was less (6.0 mm) for 
#23 Edwards Sapien XT (16F sheath).

The TA and other vascular routes were excluded because of 
a poor left ventricular function, severe obstructive pulmonary 
disease, or a small vascular diameter in the presence of severe 
atherosclerotic disease, calcifications, and tortuosity.

We chose to directly approach the iliac artery after checking 
the CT (Figure 1) in the following cases:

Less than 1-mm difference between maximal arterial 
diameter and procedural sheath;

A high degree of calcification (especially circumferential) 
at the level of the femoral arteries;

Low grade of iliac tortuosity;

Very high femoral bifurcation;

No previous abdominal surgeries.

Surgical plan

A surgical retroperitoneal TI access was planned in these cases.
All patients received the operation under general anesthesia. 

The common iliac artery was exposed through an oblique inci-
sion 2 cm above the inguinal ligament. After surgical exposure 
of the vessel, it was manually examined to evaluate calcifica-
tion. The purse-string sutures were made to fix the sheath to 
the artery during the procedure (Figure 2).

All wire, dilator, and sheath manipulations were done under 
fluoroscopy. Following systemic anticoagulation with intrave-
nous heparin and elevation of the activating clotting time 
(ACT) to 200-250 seconds, the artery was punctured and a 
wire advanced into the descending thoracic aorta. The appro-
priate sheath was then inserted after the opportune predilata-
tion (Figure 3).

Following the delivery of the transcatheter prosthesis, the 
sheath was pulled down into the distal external iliac artery and 
an abdominal aortogram completed to exclude proximal arte-
rial injury.

The sheath was then removed and the puncture site 
directly examined for localized access damage. The kind of 
artery repair was based on the amount of damage present and 
the judgment of the surgeon. When minimal damage was 
present, a primary transverse closure of the artery was under-
taken with polypropylene suture. In situations where arterial 
damage was more extensive, the artery was opened longitu-
dinally and the artery debrided and repaired with a pros-
thetic patch and polypropylene suture. When localized 

Table 1. Baseline characteristics of the population.

WhOLE POPuLATIOn n = 12

Mean age (years) 83.1 (range 76-89)

Female sex n = 10 (83.3%)

Mean BSA 1.57 (range 1.37-1.76)

hypertension n = 9

Diabetes n = 2

Peripheral vascular disease n = 4

COPD n = 1

Porcelain aorta n = 1

Previous cardiac surgery n = 2

Abbreviations: BSA, body surface area; COPD, chronic obstructive 
pulmonary disease.

Figure 1. Preoperative computed tomography (CT). We chose to go for the trans-iliac route whenever the femoral arteries are too small, high, or calcified 

and there is moderate tortuosity of the iliac axes in the absence of circumferential calcifications. (A) Large iliac diameters allowing a safe procedure. (B) 

Three-dimensional reconstruction of a suitable retroperitoneal access (in this case the femoral arteries were too small compared with sheath diameter).
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arterial damage was extensive, the artery was replaced with 
an appropriately sized Dacron graft. All repairs or replace-
ments were undertaken through the initial skin incision. A 
surgical result was considered acceptable when there was the 
presence of a normal pulse distal to the site of repair or 
replacement, and there was no visible stenosis at the site of 
repair or replacement and no palpable thrill.5

Normally, a small drainage tube is positioned and removed 
within 24 hours. The abdominal wall near the incision is also 
irrigated with local anesthetic to reduce postoperative pain.

Results
The whole population presented with a New York Heart 
Association (NYHA) dyspnea class III/IV and had a high 

mean logistic euroSCORE I (21.33). The echocardiographic 
characteristics of the population are summarized in Table 2.

Procedural feasibility

The retroperitoneal TI approach was successful in all the 12 
patients. All valves were correctly positioned. No technical 
problems were encountered.

Procedural safety

All the safety endpoints were analyzed according to VARC-2. 
One patient died in the perioperative period because of the rapid 
onset of hypotension with hemodynamic deterioration due to 
massive incoercible right hemothorax. Two patients developed 
transient cerebral ischemic attacks (with negative cerebral CT 
scan). Only 1 patient had undergone iliac-femoral bypass graft-
ing by means of a vascular prosthesis because of the laceration of 
a very fragile vessel at the removal of the sheath (Table 3).

Follow-up

We followed up all the 11 patients survived at least for 3 years. 
At discharge, all patients were on NYHA class I/II. The mean 
ventriculo-aortic gradient ranged between 6 and 20. Four 
patients had a mild perivalvular leakage.

The mean follow-up period was 60 months (Table 4). All 
patients followed up were on NYHA class I/II. The mean ven-
triculo-aortic gradient ranged between 7 and 23 (mean 10) and 
we encountered 6 mild to moderate perivalvular leaks. No patient 
had local vascular problems at the procedural access site.

Discussion
It is common practice, as recommended by the international 
guidelines, that the patient selection and access site choice for 
TAVR should be based on a preoperative multidisciplinary 
team approach (the so-called Heart Team) and that this proce-
dure should be executed in a hybrid operative room by an expe-
rienced and specialized TAVR team.

TF TAVR is the more frequent access route for transcathe-
ter purposes and is classically less invasive than the TA implant 
because it can also be performed under local anesthesia, with a 
small groin incision or total percutaneous approach and it does 
not require chest incision and drainage.

With the evolution of the knowledge and improvements in 
the delivery systems, the precision of TF TAVR is nowadays 
equal to that of TA TAVR and the risk of local vascular com-
plications is mitigated by newer and smaller catheter sheaths 
leading to a widespread use of the TF route. The TF route is 
bordered by a moderate incidence of local vascular complica-
tions, normally reported between 1.9% and 17.3% in the litera-
ture. Major damage (dissection, laceration, rupture) requiring 
percutaneous or direct surgical intervention has been reported 
in 2.0% to 7.4% of the TF-TAVR population.6

Figure 2. Schematic drawing showing the site of the purse-string stitch 

on the common iliac artery (green circle).

Figure 3. Intraoperative image showing the surgical retroperitoneal 

trans-iliac access with the implanted sheath for the valve delivery.
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Failed closure or excessive bleeding with ProStar or Perclose 
ProGlide systems (Abbott Vascular, Abbott Park, IL, USA) 
requiring transcatheter intervention or surgery has been 
reported in 4.4% to 8.7%.7,8

When the TF access is not feasible because of the severity of 
the atherosclerotic disease, tortuosity, and/or heavy calcifica-
tion or small diameter, other routes must be considered to 
reduce perioperative morbidity.

Actually, the TA TAVR approach could be an alternative 
to TF TAVR for patients with poor peripheral vasculature, 
even though it may carry additional risks. The TA approach 
may be reasonable in patients with good left ventricular func-
tion and no severe pulmonary disease. Classically, it requires a 
5F femoral arterial sheath for angiography and a 5F or 6F 
femoral venous sheath. The procedure requires a left mini-
thoracotomy at the fifth or sixth intercostal space carrying a 
relative risk of closure-related complications, but it offers a 
very quick and direct route for prosthesis delivery.9

The retroperitoneal TI approach is still less investigated, but 
in some specific situation could give another route of access for 
TAVR purposes. It requires a small oblique incision 2 to 3 cm 
above the inguinal ligament and normally allows for a safe and 
direct management of the intra-abdominal vessel. We chose 
this particular access site whenever the femoral arteries are not 
suitable for the procedure, either in case of small caliber and/or 
in case of heavy focal calcification. Thus, if the more proximal 
arterial tree presents good spots and caliber, it should be taken 
into account by an experienced team.

The outcomes of our series show that the TI approach is 
feasible in selected patients with poor classical vascular accesses 
and considered to be of high risk for the TA approach.

Our early procedural mortality rate by the TI approach was 
low, with a 30-day survival rate of 92%. We report only 1 vas-
cular-access-related complication, requiring an iliac-femoral 
vascular grafting, well functioning at follow-up.

The results of our work, by virtue of the low morbidity and 
mortality rates, confirm that retroperitoneal TI may be an 
alternative access route to the delivery of valvular prosthesis. 
We report a low vascular access route complication rate even 
with the use of older large sheaths.

We believe that nowadays, with the progressive reduction of 
the sheath diameter and the possible use of more atraumatic 
sheathless devices, the option of TI route could be applicable in 
a particular subset of patients in whom the arterial distal arterial 
access is advisable but the femoral route is not achievable or safe.

Study limitations

The main limitation of this discussion is the single-center 
experience. No randomization has been made. The small sam-
ple size is a strong limiting factor and also only 1 type of TAVR 
prosthesis was used. The experience discussed, and the relative 
follow-up, concerns the use of larger and older vascular sheaths.

Conclusions
A direct retroperitoneal TI approach for the TAVR procedure 
seems to be a feasible and safe access in a selected population in 

Table 2. Preoperative features.

WhOLE POPuLATIOn n = 12

nYhA class III/IV n = 12

Mean logistic euroSCORE I 21.33 (range 10.74-33)

Mean ejection fraction 53.7% (range 33-64)

Mean aortic annulus 20.8 mm (range 19-23.5)

Mean maximum gradient 85.5 mm hg (range 52-125)

Mean gradient 52.8 mm hg (range 29-83)

Mean indexed valvular area 0.45 cm2/m2 (range 0.30-0.80)

Abbreviation: nYhA, new York heart Association.

Table 3. Operative complications.

WhOLE POPuLATIOn n = 12

30-day survival n = 11

TIA n = 2

Ictus cerebri n = 0

Permanent pacemaker n = 1

Vascular/access complications n = 1

Abbreviation: TIA, transient ischemic attack.

Table 4. Follow-up.

WhOLE POPuLATIOn, n = 11

PATIEnT FOLLOW-uP 
(YEARS)

AORTIC 
REGuRGITATIOn

MEAn 
GRADIEnT 
(MM hG)

LVEF 
(%)

#1 1.5 + (central) 10 56

#2 1 + (perivalvular) 7 52

#3 5 + (perivalvular) 12 61

#4 3 + (perivalvular) 8 47

#5 1 + (central) 23 68

#6 1 ++ (perivalvular) 9 62

#7 1 0 10 55

#8 1 + (central) 7 65

#9 2 + (central) 9 58

#10 1 + (perivalvular) 10 26

#11 1 + (perivalvular) 12 54

Abbreviation: LVEF, left ventricular ejection fraction.
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whom the other classical vascular routes are impracticable or at 
high risk. Nevertheless, despite the continuous evolution and 
improvements in the delivery sheaths and vascular closure 
devices, it is important to search for alternative approaches to 
classical TF access.10

A large, prospective study using multiple different valves 
and newer, smaller sheaths is desirable to gain broad consensus 
on this approach.

Obviously, all the clinical decisions within the Heart Team 
must always be guided case by case.

Acknowledgements
The authors would like to thank all the personnel involved in 
the clinical management of the TAVR patients.

Author Contributions
MG writing, PT supervision, MP data collection and supervi-
sion, GP supervision, LS clinical management, MA supervision. 

Ethical Approval
Because of the retrospective nature of this work, our in-hospital 
Board of Review did not find any need for ethical approval, 
provided the full anonymous collection of the data.

Informed Consent
We state that the patients gave their consent to anonymous 
collection of the data.

ORCID iD
Marco Gennari  https://orcid.org/0000-0001-9079-3275

REfEREnCEs
 1. www.theheart.org.
 2. Steinberger JD, McWilliams JP, Moriarty JM. Alternative aortic access: trans-

lumbar, transapical, subclavian, conduit, and transvenous access to the aorta. 
Tech Vasc Interv Radiol. 2015;18:93–99. doi:10.1053/j.tvir.2015.04.007.

 3. Bax JJ, Delgado V, Bapat V, et al. Open issues in transcatheter aortic valve 
implantation. Part 2: procedural issues and outcomes after transcatheter aortic 
valve implantation. Eur Heart J. 2014;35:2639–2654.

 4. Toggweiler S, Leipsic J, Binder RK, et al. Management of vascular access in 
transcatheter aortic valve replacement: part 1: basic anatomy, imaging, sheaths, 
wires, and access routes. JACC Cardiovasc Interv. 2013;6:643–653. doi:10.1016/j.
jcin.2013.04.003.

 5. Greason KL, Suri RM, Huebner M, et al. Vascular access site injury after trans-
femoral transcatheter aortic valve insertion. J Card Surg. 2013;28:348–352. 
doi:10.1111/jocs.12140.

 6. Toggweiler S, Leipsic J, Binder RK, et al. Management of vascular access in 
transcatheter aortic valve replacement: part 2: vascular complications. JACC Car-
diovasc Interv. 2013;6:767–776. doi:10.1016/j.jcin.2013.05.004.

 7. Hayashida K, Lefevre T, Chevalier B, et al. Transfemoral aortic valve implanta-
tion new criteria to predict vascular complications. JACC Cardiovasc Interv. 
2011;4:851–858. doi:10.1016/j.jcin.2011.03.019.

 8. Sharp AS, Michev I, Maisano F, et al. A new technique for vascular access man-
agement in transcatheter aortic valve implantation. Catheter Cardiovasc Interv. 
2010;75:784–793. doi:10.1002/ccd.22238.

 9. Dewey TM, Bowers B, Thourani VH, et al. Transapical aortic valve replacement 
for severe aortic stenosis: results from the nonrandomized continued access 
cohort of the PARTNER trial. Ann Thorac Surg. 2013;96:2083–2089.

 10. Genereux P, Webb JG, Svennson LG, et al. Vascular complications after  
transcatheter aortic valve replacement: insights from the PARTNER  
(Placement of AoRTic TraNscathetER Valve) Trial. J Am Coll Cardiol. 2012;60: 
1043–1052.

https://orcid.org/0000-0001-9079-3275
www.theheart.org



