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Open repair of abdominal aortic aneurysms in patients

with vascular Ehlers-Danlos syndrome
James M. Dittman, MD,a Nallely Saldana-Ruiz, MD, MPH,a Karina Newhall, MD,b Peter H. Byers, MD,c

Benjamin W. Starnes, MD, FACS,a and Sherene Shalhub, MD, MPH, FACS DFSVS,a,d Seattle, WA; Rochester, NY;

and Portland, OR
ABSTRACT
Vascular Ehlers-Danlos syndrome (VEDS) is rare, affecting an estimated 1 per 50,000 individuals, and is associated with
abdominal aortic aneurysms (AAAs), among other arteriopathies. We present three patients with genetically confirmed
VEDS who underwent successful open AAA surgical repair and demonstrate that elective open AAA repair with careful
tissue manipulation is safe and feasible for patients with VEDS. These cases also demonstrate that the VEDS genotype is
associated with the aortic tissue quality (genotypeesurgical phenotype correlation), with the most friable tissue
encountered in the patient with a large amino acid substitution and the least friable tissue in the patient with a null
(haploinsufficiency) variant. (J Vasc Surg Cases Innov Tech 2023;9:1-6.)
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syndrome
Vascular Ehlers-Danlos syndrome (VEDS) is a rare con-
nective tissue disorder due to pathogenic variants in
COL3A1, leading to defective or reduced type III collagen
production.1-6 Abdominal aortic aneurysms (AAAs) occur
in 12% to 29% of patients with VEDS.7-9 Surgical repair is
associated with a high degree of morbidity andmortality
in this population due to the decreased arterial wall ten-
sile strength and inability to control hemorrhage.2,7,10

Some have advocated avoiding elective repairs and
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operating only in the setting of life-threatening hemor-
rhage.2,7,11 Contemporary data have demonstrated AAA
repair can be performed safely.8,9,12 We present elective
open surgical repair for infrarenal AAA of three patients
with genetically confirmed VEDS between 2020 and
2022 and describe our surgical technique and outcomes
(Figs 1-3). The case series is approved by the University of
Washington institutional review board and as part of the
VEDS collaborative research study.13

OPERATIVE TECHNIQUE AND OUTCOMES
Preoperative medical optimization included 1 to 2 g of

vitamin C daily and a beta-blocker and/or losartan.14

We routinely instruct our patients with VEDS to take
vitamin C because of anecdotal evidence of reduced
bruising when vitamin C is taken. All three patients un-
derwent general anesthesia, invasive blood pressure
monitoring via a radial arterial line, and placement of a
Foley catheter and received prophylactic antibiotics.
The most experienced anesthesiologist available was
engaged to obtain arterial and venous access during
these cases. The operative blood pressure goals were to
maintain a systolic blood pressure between 90 and
120 mm Hg and to avoid hypertension during aortic
clamping. Cell saver and blood products were available.
Admission to the intensive care unit (ICU) postoperatively
was planned.
The abdominal aorta was exposed via a midline lapa-

rotomy from the xiphoid to the pubis. An Omni retractor
was used to provide exposure, with deliberate and care-
ful application of gentle pressure and padding of the
retraction blades with laparotomy pads used as a
cushion between each blade and the tissues. The trans-
verse colon and small bowel were carefully mobilized
(given anecdotal reports of iatrogenic finger perforation
of the intestines with mobilization). The subcutaneous
1
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Fig 1. A 64-year-old woman with vascular Ehlers-Danlos syndrome (VEDS; COL3A1 C.2200 C>A, p.Leu734Ile,
functionally null variant). A, Three-dimensional postprocessing images of a computed tomography angiography
examination demonstrating the infrarenal abdominal aortic aneurysm (AAA) and bilateral common iliac artery
aneurysms with corresponding axial imaging sections. B, Intraoperative photograph demonstrating exposure of
the AAA and right common iliac artery aneurysms. C, Coronal computed tomography image demonstrating
dilated loops of small intestine. D, Three-dimensional postprocessing image of a computed tomography
angiography examination demonstrating the aorto-bi-iliac bifurcated Dacron graft repair.

Fig 2. A 45-year-old man with vascular Ehlers-Danlos syndrome (VEDS; COL3A1 C.1347þ1delG, exon skip). A,
Three-dimensional postprocessing images of a computed tomography angiography examination demon-
strating the infrarenal abdominal aortic aneurysm (AAA) and bilateral common iliac artery aneurysms with
corresponding axial imaging sections. B, Intraoperative photograph demonstrating exposure of the AAA and
right common iliac artery aneurysms. C, Intraoperative photograph demonstrating interposition bifurcated
aorto-bi-iliac 16 � 8-mmDacron graft with a felt-reinforced anastomosis to the right common iliac artery using a
flipped 16-mm limb from a second 16 � 8-mm Dacron graft to accommodate the right common iliac artery
bifurcation. D, Three-dimensional postprocessing image of a computed tomography angiography examination
demonstrating the aorto-bi-iliac bifurcated Dacron graft repair with the flared limb to the right common iliac
artery.
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adipose tissue and retroperitoneal fat and lymphatics
were excessively fragile and bled easily. These tissues
were dissected carefully and gently ligated as needed.
The proximal neck of the infrarenal aorta was circumfer-
entially dissected so that it could be wrapped
circumferentially with a felt wrap when performing the
proximal anastomosis. After the dissection, the proximal
neck was circumferentially encircled with 0.25-in. Pen-
rose drain (Fig 4) rather than umbilical tape or a vessel
loop. A Penrose drain was chosen for two reasons: (1) to



Fig 3. A 38-year-old woman with vascular Ehlers-Danlos syndrome (VEDS: COL3A1 c.718 G>C, p.Gly240Arg,
missense variant). A, Three-dimensional postprocessing image of a computed tomography angiography ex-
amination demonstrating the abdominal aorta with an infrarenal abdominal aortic aneurysm (AAA), 3.7-cm
right common iliac and external iliac artery aneurysms, and celiac, hepatic, superior mesenteric, and bilateral
renal artery aneurysms. B, Intraoperative photograph demonstrating exposure of the AAA and right common
iliac artery aneurysm. C, Dacron graft after repair. D, Three-dimensional postprocessing image of a computed
tomography angiography examination demonstrating the aorticeright common femoral artery and left com-
mon iliac artery bifurcated Dacron graft and ligation of the right internal iliac artery origin.

Fig 4. Intraoperative images demonstrating technical considerations during open abdominal aortic aneurysm
(AAA) repair in patients with vascular Ehlers-Danlos syndrome (VEDS). A, Placement of a 0.25-in. Penrose drain
around the proximal neck of the aorta to serve as a broad-based handle and padding for aortic clamp place-
ment. B, Transected aortic neck (arrow) and felt strip. C, Completed proximal anastomosis with a circumfer-
ential felt strip. D, Completed distal left common iliac artery anastomosis with a circumferential felt strip.
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distribute the force over a broader surface area, given re-
ports of iatrogenic arterial transection with vessel loops;
and (2) to provide padding at the site of aortic clamp
placement. The common iliac arteries were also exposed,
dissected circumferentially, and encircled with 0.25-in.
Penrose drains.
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Before clamping, systemic heparin was administered for
a goal activated clotting time of >200 IU/kg (typically, 50-
70 IU/kg). After aortic cross-clamping, the aneurysm sac
was opened, and back bleeding lumbar arteries were
ligated with 2-0 silk sutures, with gentle landing of the
knots to avoid tearing the back wall. The proximal anasto-
mosis was performed end to end, with felt wrapping of
the transected aneurysm neck using 3-0 Prolene suture.12

The circumferential felt wrap was used to reinforce
against the arterial fragility. The iliac anastomosis was
also performed end to end with circumferential felt rein-
forcement using 4-0 Prolene suture. The rest of the oper-
ation was conducted in the typical fashion. The abdomen
was then closed with running 0-looped polyglyconate
(Maxon; Medtronic) sutures and the skin with staples.
For patient 3, three variations during the repair were

encountered and/or performed. First, this patient’s
COL3A1 variant was a large amino acid substitution,
and we predicted that we would encounter excessive tis-
sue fragility based on her personal history and known
literature suggestive of a more severe phenotype of
VEDS with large amino acid substitutions.15 Thus, the
operation was started with exposure of the right com-
mon femoral artery (CFA) to evaluate the tissue integrity,
and once deemed satisfactory, the procedure ensued.
CFA exposure was needed for the repair because she
had a 3.7-cm right external iliac artery requiring repair.
If the CFA tissue had appeared too fragile for repair, the
plan was to cancel the operation. This was based on his-
torical fears that the tissue could not “hold” suture.7 Sec-
ond, the right internal iliac artery origin was transected
and ligated with interrupted 5-0 Prolene sutures over
pledgets after being clamped using a Wylie hypogastric
clamp over a 0.25-in. Penrose drain. Also, the iliac limb
on that side was tunneled anatomically deep to the right
inguinal ligament overlaying the distal external iliac ar-
tery to perform an end-to-end anastomosis to the CFA
with circumferential felt reinforcement using 5-0 Prolene
suture. The ureter was identified, mobilized, and pro-
tected to prevent injury. Third, adhesions were present
between the left common iliac artery and vein, leading
to an w2-cm longitudinal tear in the vein requiring initial
control with digital pressure, proximal and distal pres-
sure with cherry sponge sticks, and primary repair with
interrupted pledgeted 4-0 Prolene sutures. This contrib-
uted to a significant portion of the 6000-mL estimated
blood loss. Although our approach to avoid injury to
the iliac veins involves careful dissection of the iliac artery
off the vein, these dense distal adhesions did not
become apparent until the iliac artery had been further
mobilized during clamping.
The patients were admitted to the ICU. Patients 1 and 2

were extubated in the operating room, and patient 3 was
extubated after transfer to the ICU on the evening of the
operation. Intravenous fluid resuscitation was tailored to
0.5 mL/kg/h to avoid over-resuscitation. Systolic blood
pressure was maintained between 90 and 120 mm Hg.
Intravenous vitamin C was administered (1 g twice daily).
Postoperative follow-up ranged from 7 to 26 months

(Table). Patient 1 returned at 1 month after discharge
with a small bowel obstruction. This was resolved with
nonoperative management of bowel rest and nasogas-
tric tube decompression. None of the patients developed
incisional hernias, anastomotic pseudoaneurysms, or
new arterial aneurysms or dissections for the duration
of follow-up.
DISCUSSION
Open repair is the preferred approach for patients with

connective tissues disorders, including VEDS. We have
described specific operative technique modifications
for open surgical repair of infrarenal AAAs in patients
with VEDS. These cases highlight several points. First,
AAA elective repair can be performed safely in patients
with VEDS.8,9 Elective surgery is anticipated to have su-
perior outcomes than waiting for rupture to occur before
offering repair. It is well established that elective AAA
repair has superior outcomes to repair of ruptured
AAAs for all patients, and those with VEDS should not
be the exception.16

Second, the aortic tissue quality is dependent on the
underlying COL3A1 variant type, thus demonstrating a
genotypeesurgical phenotype correlation. The most
friable aorta was encountered in the patient with the
large amino acid substitution and the least friable aorta
in the patient with the null (haploinsufficiency) variant.
This finding is consistent with the natural history of
VEDS in which clear variations exist in the phenotype
and survival according to the underlying variant type,
with null COL3A1 variants associated with the mildest
clinical phenotype.4,8 On a practical level, understanding
the type of COL3A1 variant can help with preoperative
surgical planning and anticipating the quality of the tis-
sue to be encountered.
To address the lack of tissue tensile strength, we recom-

mend circumferentially reinforcing the proximal and
distal anastomoses with felt strips during the repair to
support the integrity of the anastomoses or pledgeted
repairs should single suture repairs be needed.12 Addi-
tional repair techniques include gentle tissue retraction,
avoiding excessive tissue manipulation, using atraumatic
or padded clamps or, as we demonstrated, using Pen-
rose drains as padding during clamping commitment
with clamp placement and avoiding repeated clamp ap-
plications, avoiding the use of vessel loops and/or umbil-
ical tape, and not using intraoperative hypertension.12

The availability of cell saver and blood products with
the anticipation of the possible need for a massive trans-
fusion is imperative because transfusions are required in
38% of open AAA repair in the general population and
patients with VEDS are at increased risk of bleeding.17-19



Table. Clinical patient characteristics and operative details

Pt.
No. Sex

Age at
AAA
repair;

AAA diag-
nosis; and

VEDS
diagnosis,

years COL3A1
Family
history Other arteriopathy

Indication for
repair Repair configuration

EBL,
mL

Length
of stay,
days

Follow-
up,

months

1 Female 64; 58; 58 c.2200 C>A;
p.Leu734*
(null variant)

Yes Left common iliac
artery dissection

Symptomatic
infrarenal 40-
mm saccular
AAA with
dissection
(Fig 1, A)

Aorto-bi-iliac 16 �
8-mm bifurcated
Dacron graft (Fig 1,
B and D)

1800 7 26

2 Male 45; 38; 38 c.1347þ1delG
(exon skip)

No Bilateral CIA
aneurysms (25 mm);
left renal artery
aneurysm (12 mm)

Infrarenal
53 mm AAA
with
dissection
(Fig 2, A)

Aorto-bi-iliac 16 �
8-mm bifurcated
Dacron graft with
16-mm limb to
right CIA (Fig 2, B-
D)

1000 7 15

3 Female 38; 26; 15 c.718 G>C;
p.Gly240Arg
(missense,
glycine
substitution)

Yes Carotid cavernous
fistula, spontaneous
hemoperitoneum
with cardiac arrest,
visceral aneurysms,
right CIA aneurysm
with dissection
(37 mm), right
external iliac artery
aneurysm (37 mm)

37-mm
External iliac
artery
aneurysm;
AAA (35 mm;
Fig 3, A)

Aorticeright CFA
and left CIA 16 � 8-
mm bifurcated
Dacron graft;
ligation of right
internal iliac artery
origin (Fig 3, B-D)

6000 15 7

AAA, Abdominal aortic aneurysm; CFA, common femoral artery; CIA, common iliac artery; EBL, estimated blood loss.
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Finally, a multidisciplinary team approach to periopera-
tive care is essential for successful repair. This includes
perioperative education regarding VEDS presentations
with the care teams, careful invasive catheter placement,
judicious postoperative fluid resuscitation, avoidance of
postoperative hypertension, and monitoring for VEDS-
related complications, including postoperative bleeding,
intestinal perforation, and pneumothorax.6,17

Knowledge of the VEDS diagnosis allows for the team
approach in care and is thought to contribute to
improved outcomes.6,8 Although we focused on the
technical aspects of AAA repair, data from the longitudi-
nal VEDS natural history study (VEDS collaborative
research study) on the outcomes of AAA repair in a larger
cohort are forthcoming.13
CONCLUSIONS
Open AAA repair for patients with VEDS is feasible in

the setting of a known diagnosis, knowledge of the
COL3A1 variant, modification of the surgical technique
to support the lack of aortic and arterial tissue tensile
strength, and use of multidisciplinary perioperative
team approach. These cases demonstrate a
genotypeesurgical phenotype correlation in VEDS and
add to our growing understanding of surgical repair op-
tions for this population.
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