Intermittent endoleak via an aneurysm—iliac venous
fistula after endovascular aneurysm repair
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ABSTRACT

We have reported the rare case of an intermittent endoleak via an aneurysm—venous fistula (AVF). An 89-year-old woman
had experienced postoperative sac expansion 6 years after she had undergone endovascular aneurysm repair. During
aneurysmorrhaphy, we detected a small AVF, which was the source of the endoleak responsible for the aneurysmal sac
expansion. This AVF had a check valve-like mechanism that allowed the inflow of blood from the iliac vein to the sac
when the venous pressure exceeded the endotension. Our case has demonstrated the occurrence of an AVF after
endovascular aneurysm repair that had resulted in an endoleak that was invisible on imaging studies and the presence of

endotension. (J Vasc Surg Cases Innov Tech 2022;8:421-4.)
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An endoleak (EL) after endovascular aneurysm repair
(EVAR) has been considered one of the main mecha-
nisms responsible for the increase in the pressure inside
the aneurysm.! Depending on wall compliance, the
aneurysmal sac can expand to equilibrate with the retro-
peritoneal pressure. Current research has focused on
arterial ELs, including type Il ELs.> However, few studies
have reported the occurrence of an EL from a venous
source as a cause of postoperative sac expansion. A few
studies have reported the creation of a sac—caval fistula
that mitigated the increase in sac pressure and postoper-
ative expansion® In the present report, we have
described a rare type of intermittent EL via an
aneurysm-—right common iliac venous fistula, which
could not be detected by any preoperative imaging mo-
dalities. The patient provided written informed consent
for the report of her case details and imaging studies.

CASE REPORT

An 83-year-old woman had presented with a 50-mm solitary
aneurysm of the right commmon iliac artery. Despite her relatively
advanced age at the index procedure, her preoperative evalua-
tion revealed that she was otherwise healthy. The patient
preferred endovascular treatment over an open procedure for
the aneurysm and underwent EVAR using the Endurant Il stent
graft system (Medtronic Endovascular, Santa Rosa, CA). The right
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hypogastric artery was embolized to obtain a sufficient distal
sealing zone in the right external iliac artery. Neither an EL nor
aneurysm-—venous fistula (AVF) was detected during pre- and
periprocedural angiography. Postoperative sac expansion was
observed, although contrast-enhanced computed tomography
(CT) in the early and delayed phases (Fig 1) and duplex ultra-
sound imaging after EVAR could not detect the EL. Six years
after the EVAR, when the maximal diameter of the sac had
exceeded 80 mm, aneurysmorrhaphy was indicated to prevent
subsequent rupture. Before open treatment, arterial angiog-
raphy was performed; however, no form of EL could be
identified.

With the patient under general anesthesia, aneurysmorrhaphy
was performed using a midline approach. The sac was filled
with fresh thrombus and unclotted blood. Exploration revealed
a dime-size wall defect in the right inferoposterior aspect of the
aneurysm. The anterior wall of the right common iliac vein (CIV)
was partially visualized. Venous blood upwelled under the
mound around the ulcer-like lesion, where a small AVF was
observed. Blood egress was observed during the inspiratory
phase (Fig 2). The low pressure on the mound over the AVF
was sufficient for control. Because adhesion of the aneurysm
wall was too severe for complete exposure of the right CIV, the
fistula was closed with 4-O Prolene suture from inside the aneu-
rysm. The endograft was completely enfolded using the
remnant sac and the peritoneum to prevent direct contact
with the intestine. The postoperative course was uneventful.
Two-phase contrast-enhanced CT on the fifth postoperative
day did not detect any EL. At 3 months after aneurysmorrhaphy,
noncontrast-enhanced CT did not detect postoperative sac re-
expansion. Duplex ultrasound could not detect an EL during
any respiratory phases (Fig 3).

DISCUSSION

EL is a risk factor for postoperative sac expansion.’
Several studies have reported type Il ELs from the inferior
mesenteric and lumbar arteries.” In the present patient,
no arterial ELs were detected before or during the pro-
cedure. A rare form of EL via an AVF, with a check
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Fig 1. Delayed phase of contrast-enhanced computed tomography (CT). White line indicates maximal small
diameter at 1 week (A) and 3 years (B) after endovascular aneurysm repair (EVAR). No endoleak (EL) was

found.
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Fig 2. Difference in temporal profiles of blood upwelling speed between inspiratory and expiratory phases. A,
Blood was stored inside the dime-size defect in the inspiratory phase. B, The amount of accumulated blood was
quantified and expressed as the change in the average gray scale in the observed area compared with that at
the beginning of the recording. The region of interest was set at the adventitial defect of the aneurysmal sac.
The ordinate indicates the average gray scale change in the region of interest, and the abscissa, the time after
the video recording. The decrease in the averaged gray scale indicates the increase in the amount of bleeding.

Open-source software (Image J; National Institutes of Health, Bethesda, MD) was used for the analysis.

valve-like mechanism, had served as a source of blood
accumulation within the aneurysmal sac.

Aneurysms can erode the walls of the contacting tis-
sues and organs, resulting in enteric or caval fistulas.®
Depending on the amount of shunt flow, caval fistulas
can be recognized as symptomatic right heart failure,
complicated bleeding during open surgery, or early
phase caval or iliac venous contrast filling on aortography
during EVAR.° The AVF in our patient was not observed
during the initial EVAR. Before the secondary procedure,
a postoperative ultrasound study was performed to

identify the common arterial sources of ELs but not to
investigate posture-dependent ELs.”

The AVF demonstrated a check valve-like mechanism
directing the venous blood into the sac. The peak CIV
pressure occurred during the inspiratory phase of me-
chanical ventilation.® Because bleeding was observed in
the inspiratory phase, the valve threshold (ie, the differ-
ence between the intrasaccular pressure and the pres-
sure of the inferior vena cava [IVC]) was lower than the
difference between the peak pressure of the IVC and
the barometric pressure. Under mechanical ventilation,
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Fig 3. A, Delayed phase of contrast-enhanced computed tomography (CT) on fifth postoperative day.
Noncontrast-enhanced CT (B) and duplex ultrasound imaging (C) were performed 3 months after aneur-
ysmorrhaphy. No endoleak (EL) was detected in any respiratory phase. The aneurysm showed no evidence of re-

expansion. R-CIA, Right common iliac artery.

assuming that the IVC pressure has been equilibrated to
the peritoneal pressure, the peak pressure of the IVC will
be approximately equal to the peak peritoneal pressure
of ~10 mm Hg.” Given that the sac was open to baro-
metric pressure, the pressure threshold of the valve
would have been <10 mm Hg. If the AVF had been
open continuously, it might have resulted in the forma-
tion of thromboembolism after dislodgment of the
aneurysmal sac debris. No evidence of pulmonary embo-
lism was identified in our patient. This finding also sug-
gested the existence of a check valve-like mechanism.

Our patient’s EL had caused sac expansion. The average
sac pressure in the absence of an arterial EL will be 20 to
30 mm Hg,'° greater than the CIV pressure in the recum-
bent position."" Under these circumstances, this rare form
of EL could not have been detected because the valve
was closed. However, in a standing position, the hydro-
static CIV pressure will increase to ~31 mm Hg.'” The
CIV pressure might further increase due to certain phys-
iologic behavior. The Valsalva maneuver can increase the
CIV pressure to ~74 mm Hg."" A previous study showed
that the sac pressure without an EL present will correlate
positively with the systemic pressure.® At normal sys-
temic pressure (100-150 mm Hg), the sac pressure will
be 20 to 30 mm Hg; thus, the pressure conduction in
the sac will not be >20% of the systemic pressure. If
the Valsalva maneuver increases the systemic pressure
=200 mm Hg, the sac pressure can be approximately
less than 40 mm Hg. Therefore, the pressure difference
between the CIV and the sac must have transiently
exceeded this threshold. An acute increase in CIV pres-
sure resulted in an EL from the vein and increased intra-
saccular pressure. After valve closure, the sac expanded
until the pressure had reached equilibrium with its sur-
roundings (Fig 4). As explained, an AVF might serve, not
only as a depressor, but also as a pressor.”

Even retrospectively, the EL of our patient was difficult
to visualize. First, the delicate pressure balance between
the aneurysm and CIV must be reproduced. In addition,
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Fig 4. Scheme of intermittent endoleak (EL). A, Increased
common iliac vein (CIV) pressure opened the valve, lead-
ing to an increase in intrasaccular pressure. B, When the
aneurysm—venous fistula (AVF) closed, the sac expanded
until the intrasaccular pressure was in equilibrium
with that in its surroundings. P-Aneurysm, Pressure of
aneurysm; P-ClV, pressure of commmon iliac vein.

the imaging modality must be able to detect the small
volume of blood inflow from the CIV to the aneurysm.
Contrast-enhanced duplex ultrasound or cavography
might be a reasonable option for visualization. Ultra-
sound has the advantage of modulating the pressure
balance; however, a small amount of EL might be chal-
lenging to detect, even with contrast material. Cavogra-
phy has the advantage of detecting a small EL if the
contrast agent has been injected from inside the CIV
and close to the AVF. However, difficulties can be
encountered when reproducing the pressure balance
owing to positional limitations. If the EL could be
detected preoperatively, liquid embolization of the
aneurysm, using n-butyl cyanoacrylate (Histoacryl; B.
Braun, AG, Melsungen, Germany) or an ethylene—vinyl
alcohol copolymer liguid embolic system (Onyx; Covi-
dien, Irvine, CA) might be able to close the valve perma-
nently. The deployment of a covered stent inside the CIV
could be another endovascular option. However, liquid
embolization requires invasive and complicated
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procedures. In addition, the iliac—venous deployment of
stent grafts appears to have a non-negligible risk of
obstruction and migration.

CONCLUSIONS

We have described a post-EVAR AVF that served as an
intermittent EL. Such an AVF can increase the endoten-
sion via a check valve-like mechanism. In addition, an
intermittent posture-dependent EL can cause postoper-
ative sac expansion. Although difficult to detect using
preoperative imaging studies, postoperative AVF forma-
tion can serve as a source of occult EL and endotension.
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