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ABSTRACT
Background: Angioscopy has been widely used in the diagnosis and management of vascular disorders and in particular in
coronary artery disease. However, few applications have been developed in the diagnosis or management of venous disease.

Methods: Endovenous angioscopy was performed to explore applications of this modality in phlebology. Procedures were
performed in a sterile setting. Access was obtained by ultrasound guidance and a 9F introducer sheath. An 8.5F videoscope
was used to visualize target veins. Continuous saline irrigation was used to displace blood and to clear the visual field.

Results: Fifteen procedures were performed. We describe diagnostic or interventional applications of endovenous
angioscopy that include diagnosis and characterization of chronic venous occlusion, deployment of venous stents,
angioscopy-guided thrombectomy, foam sclerotherapy, and endovenous laser ablation. Chronic venous occlusion was
observed to be fibrotic rather than thrombotic.

Conclusions: Endoscopic imaging of the venous system has great potential to improve access and to guide endovenous
interventions. Chronic venous occlusion in post-thrombotic syndrome is a fibrotic process, and chronic venous fibrosis is a
better description of the type of occlusion and should replace chronic venous thrombosis. (J Vasc Surg: Venous and Lym
Dis 2019;7:870-81.)
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Diagnostic investigation of the venous system is
restricted to imaging modalities that do not directly visu-
alize the tissue. Currently, the main imaging modalities
of the venous system are duplex ultrasound (DUS),
venography in combination with computed tomography
or magnetic resonance imaging, and intravascular ultra-
sound (IVUS).

Endoscopic imaging is a widely used modality in
different fields of medicine, including arthroscopy, lapa-
roscopy. gastrointestinal tract endoscopy, wireless video
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camera endoscopy, coronary angioscopy, and laryngos-
copy. Direct visualization provides more information on
luminal morphologic and pathologic features than other
imaging modalities that require image interpretation.
The major advantage of endoscopic imaging is its diag-
nostic real-time direct view of target tissue and, if neces-
sary, its ability to facilitate intervention in real time. The
use of endoscopic imaging in endovascular surgery has
been limited by the difficulty of displacing blood in
target vessels.! A transparent fluid such as saline, heparin-
ized saline, dextran, or Ringer solution is used to displace
blood and to obtain a clear field of vision. When this is
the only maneuver employed to displace blood, the
technique is called nonobstructive angioscopy. The
deployment of balloons in addition to the fluid irrigation
to achieve a clear field of vision is called obstructive
angioscopy.”

Given the technical complexities, vascular applications
of endoscopic imaging have been limited. Japanese re-
searchers have the greatest experience, having described
multiple applications in coronary artery disease®” and
aortic disease.? We could identify only a handful of
reports®' in the English literature from Western coun-
tries published in the late 1980s and early 1990s
describing the use of angioscopy in a venous setting.
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Here, we present our 4-year experience in applying this
modality to a range of venous conditions. We also pre-
sent our technique to improve and to simplify endo-
scopic imaging in the hope of reviving its use in
endovascular surgery.

METHODS

Ethics. The project was approved by St. Vincent's Human
Research Ethics Committee, and informed written consent
was obtained from all patients on all occasions. Patients un-
dergoing endovenous laser ablation (EVLA) and ultrasound-
guided foam sclerotherapy were consented for intra-
operative visualization of the effects of laser and foam on the
vessel wall and the potential requirement of multiple pro-
cedures in case of failure of the initial treatment.

Materials. The angioscope used was Flex-XC (Karl Storz,
Tuttlingen, Germany), a 70-cm-long, 8.5F flexible video-
scope providing a 1920 x 1080p high-definition image.
Image and data capture was managed by an interface
system (AIDA Compact Neo v3.2; Karl Storz). Fluoroscopy
was performed using Veradius Unity mobile C-arm (Phi-
lips, Amsterdam, The Netherlands). Ultrasound imaging
was provided by Aplio 500 Platinum Series and 18-7 MHz
linear transducer (Canon, Tokyo, Japan). Other materials
included an introducer set (Prelude SNAP; Merit Medical
Systems, Malvern, Pa), 1500-nm endovenous laser system
(INTERmedic, Barcelona, Spain), tumescent infusion
pump (Klein Infiltration Pump; HK Surgical, San Clem-
ente, Calif), and sodium tetradecyl sulfate (STS; Fibrovein;
STD Pharmaceuticals Ltd, Hereford, United Kingdom).

Setup. All procedures were performed in a hybrid the-
ater, an operating room equipped with advanced medi-
cal imaging including a fixed C-arm enabling minimally
invasive surgery. All patients received mild sedation and
were discharged on the same day of the procedure.

Patients were initially positioned supine on the operating
table to gain access. For imaging of the great saphenous
vein (GSV), the lower limbs were elevated to 15 to 30 de-
grees to assist with narrowing of the lumen to clear the
intravascular blood, hence improving the visual field.

For visualizing the suprainguinal and abdominal veins,
the legs were lowered to 15 to 30 degrees below the level
of the pelvis. The trunk was also lowered to 15 to 30 de-
grees below the pelvic level, and the operating table
was tilted to the left by 15 degrees to facilitate venous
drainage into the heart (Fig 1).

Access. The lower extremity was prepared and draped
with a sterile technique. Access was selected according
to the target structure. When the target was the deep
veins of the pelvis, the common femoral vein (CFV) was
accessed at the inguinal crease; but when the target
was the GSV, this vein was accessed at the knee level us-
ing a 9F Seldinger introducer under ultrasound
guidance.
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ARTICLE HIGHLIGHTS

- Type of Research: Single-center, retrospective study
with review of the literature

- Key Findings: Endovenous angioscopy performed
on 15 patients demonstrated potential applications
in phlebology, including diagnosis and characteriza-
tion of chronic venous occlusion, deployment of
venous stents, angioscopy-guided thrombectomy,
foam sclerotherapy, and endovenous laser ablation.

- Take Home Message: Endoscopic imaging of the
venous system has great potential to improve access
and to guide endovenous interventions.

Irrigation. The angioscope had two ports. The first port
was closed with an endoscopic seal and reserved for
instrumentation. The second port was connected to an
intravenous giving set with 250 mL of normal saline
(NS) running on free flow. The fluid bag was elevated to
2 m, which generated a constant pressure gradient to
maintain the irrigation and hence did not require the
use of a pressure cuff around the bag. NS was delivered
through the coaxial irrigation channel to prime the
scope. The fluid was then clamped and remained
clamped until the scope entered the vein.

Whereas we relied on the flow to be generated by
gravity, the flow rate could be further reduced manu-
ally by using the giving set’s roller clamp. At the outset,
we trialed the use of an irrigation pump to deliver the
fluid, but this was counterproductive in clearing the vi-
sual field because of high pressures and the subse-
quent turbulence generated by the pump. We also
trialed manually compressing the bag to increase the
pressure, but this also created turbulence in the visual
field.

Angioscopic technique. The angioscope was inserted
into the introducer and the NS was unclamped. Free
flow of NS displaced intravenous blood, clearing the vi-
sual field. The saline flow rate was controlled at an abso-
lute minimum that would achieve the desired effect of
clearing the visual field. The rate of the infusion was not
kept at a constant rate and was adjusted as needed.
On average, the saline flow rate was 10 mL/min to a
maximum of 750 mL of saline for a 60-minute proced-
ure. Care was taken to avoid the entry of bubbles into the
target vessel.

The angioscope was then advanced to the region of in-
terest. Its location in the leg could be traced by the trans-
cutaneously visible light source but not when it entered
the pelvis. The scope could be steered by a single-lever
control handle that achieves up to 270-degree dual
deflection. Careful handling of the scope was important
to maintain a clear visual field as rapid movements
steered blood and obstructed the view.
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Fig 1. Schematic diagram of patient positioning (Parsi-Kang position). This position was designed to enhance
venous drainage and hence to improve angioscopic visualization of abdominal and pelvic veins. A, Transverse

view from the foot of the bed. B, Lateral view.

Imaging was obtained through the AIDA system and
displayed on the monitors. Intervention could be admin-
istered at this point, with the first port providing a 3.6F
working channel for the passage of guidewires, laser
fibers, embolic agents, or suction catheters if required.

EVLA was performed as previously described.”'® The
laser tip was maintained at about 5 to 10 mm beyond
the head of the scope to avoid damage to the lens. Sa-
line irrigation was maintained. Foam was prepared using
a modified Tessari method."”

At the end of the procedure, the scope was retracted
and the introducer was removed. The wound site was
closed with sterile strips not requiring sutures.

RESULTS

Fifteen diagnostic or interventional angioscopic
procedures were performed and followed up in a 4-year
period (2014-2018). Clear field of view was ultimately

obtained in all procedures. Our technique evolved over
time, and longer duration of clear field of vision was ob-
tained in the later procedures. There were no complica-
tions other than minor bruising at the entry point.
Angioscopy was employed in the following applications.

General diagnostic applications. Angioscopy was used
as an adjunct to other diagnostic modalities, including
DUS and venography, when morphologic or anatomic
identification (eg, existence and size of venous valves) was
required. We found angioscopy useful in assisting with
identification of normal anatomy (Video 1, online only).

Chronic CFV occlusion. An 83-year-old woman pre-
sented with left-sided “varicose veins” affecting her left
upper thigh and extending to the lower abdomen (Fig 2,
A). On examination, she had transpubic dilated pro-
truding veins that extended to the left inguinal crease
and left side of the abdomen. May-Thurner syndrome
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was suspected. DUS demonstrated wall thickening and
thrombosis extending proximally from the CFV (Fig 2, B).
Venography demonstrated chronic occlusion of the left
CFV with collateral filling of the right iliac venous system
and inferior vena cava (Fig 2, C). The tortuous superficial
veins were identified to be abdominal collaterals
bypassing the occlusion. Angioscopy was performed to
confirm outflow obstruction and further identify and
define the nature of the occlusion. Access was obtained
at the femoral vein in the thigh. There was no evidence of
an acute, fresh soft thrombus. Chronic fibrosis of the CFV
(chronic venous fibrosis) was observed on angioscopy
(Fig 2, D: Video 2, online only).

May-Thurner syndrome and venous stent. A 66-year-
old man was under our care with a left-sided recurrent
ulceration of the medial ankle (Fig 3, A). His medical
history was relevant for post-thrombotic syndrome, pre-
senting with deep vein incompetence and occlusion on
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a background of heterozygous factor V Leiden mutation.
He was anticoagulated with rivaroxaban. DUS demon-
strated chronic partial occlusion of the left femoral vein
(Fig 3, B). May-Thurner syndrome was suspected and
confirmed on venography. Narrowing of the iliofemoral
segment was identified. We referred him to a colleague,
and a venous stent was deployed. Postoperative angio-
scopy (Fig 3, C Video 3, online only) demonstrated
patency of the segment but ongoing narrowing despite
the deployment of the stent. The ulcer has reduced in
size but is yet to heal at the time of this submission.

Identification of valves in truncular venous malforma-
tion. A 2l-year-old man presented with deep and
superficial vein incompetence of lower limb veins sec-
ondary to a congenital truncular venous malformation.
His main complaint was ankle swelling. On examination,
the affected leg was shorter by 1 cm compared with the
contralateral limb. There was a prominent left
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Fig 2. Chronic common femoral vein (CFV) occlusion. A, Transpubic collateral veins. B, Duplex ultrasound (DUS)
image demonstrating left CFV wall thickening and chronic occlusion as indicated by the arrow. C, Venography of
the left common femoral system. D, Angioscopy image visualizing chronic occlusion due to chronic venous

fibrosis.
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Fig 3. May-Thurner syndrome and venous stent. A, Recalcitrant ulceration of the left medial ankle area. B, Duplex
ultrasound (DUS) image demonstrating chronic partial occlusion of the left femoral vein, as indicated by the
arrow. C, Angioscopic visualization of stent patency in the left iliofemoral sesgment. A Narrowed but patent lumen;

B, stent.

anterolateral vein of the thigh. DUS showed reflux in the
superficial and deep venous systems. Servelle-Martorell
syndrome was diagnosed. Given the congenital nature
of the condition, we wanted to exclude valvular agenesis
or hypoplasia. On ultrasound examination, valves could
not be discerned. We proceeded with angioscopy to look
for valves and to assess the size and number of valves in
the target vessel to exclude valvular agenesis or hypo-
plasia. Angioscopy demonstrated bicuspid hypoplastic
valves with transparent walls (Fig 4; Video 4, online only)
that compared with normal valves appeared smaller,
and although the two leaflets came together, they were
unable to completely approximate on a Valsalva ma-
neuver. We used angioscopy to visualize venous valves
not observed on B-mode ultrasound and believe this is
the role of the angioscopic technique in this setting.
Angioscopy cannot reliably assess for competence, given
the patient’s supine position and its qualitative nature.
DUS remains the “gold standard” for assessment of reflux.

Angioscopy-guided EVLA. A 35-year-old man pre-
sented with massively gross and dilated lower limb
varicose veins (Fig 5, A). The right GSV measured 8.8 mm
in diameter in the upper thigh; the left GSV measured
10.7 mm (Fig 5, B). We treated the right leg first. He
consented to angioscopy-guided EVLA using a 1500-nm
laser. The procedure was performed with a constant flow
of NS irrigation. The laser functioned well despite the
lack of blood in the target vessel. Visualization demon-
strated formation of smoke and bubbles after activation
of the laser (Fig 5, C Video 5, A and B, online only).
Charring and substantial edema of the inner wall of the
target vein were observed. After completion of the pro-
cedure, the lasered segment was revisualized, and sub-
stantial wall carbonization secondary to the heat
damage was observed (Fig 5, C; Video 5, C, online only).
The recovery was uneventful. On 1-week follow-up

examination, despite the large size of the veins, the GSV
trunk and most calf tributaries were fibrotically occluded
on ultrasound evaluation as evident from the echogenic
appearance of the occlusion. He required one more
session of EVLA to treat the small saphenous vein and
two sessions of ultrasound-guided foam sclerotherapy to
treat smaller tributaries. We repeated the same protocol
to treat this patient’s left leg. This treatment protocol was
repeated for eight other patients who also underwent
angioscopy-guided EVLA. Similar observations were
made in every case, with nearly complete fibrosclerosis of
the treated veins on follow-up ultrasound examination.
The treated veins were completely occluded at 1-week, 6-
week, and 12-month follow-up (Fig 5, D).

Intravascular behavior of foam. The intravascular
behavior of sclerosant foam was observed using angio-
scopy; 3 mL of STS 1.5% foam was injected through the
working channel of the scope, and foam behavior was
observed. Saline irrigation was maintained through the
second port of the scope during the procedure. Micro-
bubbles coalesced and rose to the top wall of the target
vein (Fig 6, A; Video 6, A online only). Larger bubbles were
formed in time (Fig 6, B; Video 6, A online only). Lone
bubbles adhered to the vein wall (Fig 6, C Video 6, B,
online only), and groups of bubbles adhered to the outer
surface of sclerothrombus (Fig 6, D-F;, Video 6, A, online
only). In time, we observed the thrombus losing its red
cell component and changing from a fresh red color to a
pale white (Fig 6, G and H. Video 6, A, online only). After
about 10 minutes of observation, the endothelium of the
vessel wall appeared to be peeling off (Fig 6, I; Video 6, A,
online only).

Anatomic and hemodynamic observations. The
saphenous vein appeared to have a fluffy cotton-like
intimal surface along its trunk (Fig 7, A, Video 7, A
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Fig 4. Identification of bicuspid valves in truncular venous malformation. Angioscopic visualization of hypoplastic

valves.

online only). By contrast, the deep veins appeared to
have a more robust architecture with a less cotton-like
intima (Fig 7, B; Video 7, B, online only).

The vasa vasorum was observed on the luminal surface
of deep veins (Fig 7, C, Video 7, B, online only) but not on
the intimal layer of the GSV trunk. As expected, venous
valves were bicuspid. Cusps had a central transparent
surface but appeared denser closer to the attachment
to the wall. The valve leaflets completely approximated
and parachuted against blood flow on Valsalva maneu-
ver (Fig 7, D and E; Video 7, C, online only).

In a vein filled with saline, blood preferentially traveled
at the center of the lumen. Laminar flow was observed
turning into a spiral flow pattern (Fig 7, Fand G; Video 7,
D, online only). This was still true when there was a large
volume of blood, with blood taking a central position
and saline flowing peripherally (Fig 7, H: Video 7, D, online
only).

Flow of blood from tributaries of the GSV into the
saphenous trunk appeared to have a phasic pattern
(Fig 7, I Video 7, E, online only).

DISCUSSION

In this study, we used angioscopy to confirm the diag-
nosis and management of two patients with a deep
vein disease, one with CFV occlusion and one with May-
Thurner syndrome. We found this tool to be extremely
useful, given that in the first patient, we established com-
plete obstruction of the femoral segment; and in the sec-
ond patient, we could visually confirm the positioning of
the venous stent. Endovenous angioscopy not only
confirmed the findings of standard venous imaging
techniques but provided the additional benefit of delin-
eating real-time intraluminal details while providing
access for interventions. Angioscopy enabled us to
demonstrate that the chronic venous obstruction of the

femoral vein was a fibrotic occlusion rather than a throm-
botic one. Histologic and ultrasound reports by
Comerota et al,'® Labropoulos et al'® and others have
previously suggested that chronic venous thrombosis is
indeed an endovenous fibrotic process rather than a
thrombotic occlusion. In case two, DUS identified the
presence of occlusion through demonstration of wall
thickening. Angioscopy was performed to further delin-
eate the nature of the occlusion as either a thrombotic
occlusion or a fibrotic occlusion. In addition, angioscopy
demonstrated complete occlusion and absence of a
lumen that could potentially allow stent placement or
an intervention to achieve recanalization.

We used postoperative angioscopy to confirm the posi-
tion of a venous stent placed by another physician.
Currently, stent placement requires preimaging with
venography or IVUS and then subsequent fluoroscopy-
guided stent placement, followed by further fluoroscopy
to confirm the position and patency of the stent.?®
Angioscopy allows the visualization of stent placement
and intraluminal patency. This does not preclude the
use of venography during stent placement but may be
used as a better alternative to IVUS. Venography is essen-
tial in ensuring the most appropriate positioning of the
stent to avoid kinking, fractures, and other complications,
such as stent thrombosis. The immediate post-stent
venogram demonstrated patency of the stent. This was
in contrast to our angioscopic observation, which
showed the lumen to be patent but narrowed, most
likely because of compression by the inguinal ligament
and the initial positioning of the stent.

Our patients treated with angioscopic EVLA had a pain-
less recovery period. On follow-up, the results appeared
impressive in terms of the nature of occlusion after the
procedure, with the occlusion appearing fibrotic (echo-
genic on ultrasound) as against thrombotic (anechoic
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Fig 5. Angioscopy-guided endovenous laser ablation (EVLA). A, Before treatment: massively dilated lower limb
calf varicosities in a 35-year old man. B, Venous mapping of lower limb superficial veins; red denotes incompe-
tence, whereas blue means competent antegrade flow. The numbers indicate diameters. C, Angioscopic visual-
ization of EVLA. Left, Bubble formation on laser activation. Middle, Smoke generation on laser activation. Right,
Wall carbonization and edema on revisualization after completion of the procedure. D, After treatment: complete

resolution of lower limb varicose veins.

on ultrasound). Our first patient, who had extremely large
veins, required only two procedures to ablate the great
and small saphenous systems. We believe this impressive
result was due to the displacement of blood by saline
used for irrigation. This improved outcome is possibly
due to two processes.”’ % First, the lack of blood would
ensure a honthrombotic occlusion, resulting in a more
direct fibrotic process. In addition, and in the case of
foam sclerosants, displacement of blood by intravascular
saline significantly enhances the effectiveness of foam
sclerosants. This is due to the prevention of deactivation

of foam sclerosants by blood components, in particular
erythrocyte membranes and albumin.??* Our current
findings support our previous in vitro and in vivo observa-
tions that the luminal content plays an important role in
achieving optimal closure, supporting the concept of
empty vein technique as the ideal approach.

This pilot study allowed us to understand the applica-
tions of this potentially useful technology in endovenous
interventions. Although our experience is limited, our
initial observations have allowed us to make modifica-
tions to procedures that we routinely perform, such as



Journal of Vascular Surgery: Venous and Lymphatic Disorders Kang etal 877
Volume 7, Number 6

J
ol

’“{‘Pg X XX
\A):(!:L‘ﬁ:b
vk)vk,k Al
AAXAA N

foam liquid blood

Fig 6. Intravascular behavior of foam. A, Angioscopic visualization of microbubbles at top wall. B, Angioscopic
visualization of large bubble formation. C, Angioscopic visualization of lone bubble on the vein wall. D-F, Angioscopic
visualization of foam bubbles adhering to sclerothrombus. G and H, Angioscopic visualization of sclerothrombus
losingits red cell component to change from a fresh red color to a pale white over time. I, Angioscopic visualization of
peeling endothelium. 3, Three layers form when foam is injected into the target vessel. Foam ascends to the top wall
and forms the top layer, liquid sclerosant forms the second layer, and blood forms the bottom layer.
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Fig 7. Anatomic and hemodynamic observations. A, Angioscopic visualization of great saphenous vein (GSV)
cotton-like intima. B, Angioscopic visualization of saphenofemoral junction demonstrating a more rigid archi-
tecture compared with the GSV (A). C, Angioscopic visualization of vasa vasorum (arrow). D, Angioscopic visual-
ization of bicuspid valve open. E, Angioscopic visualization of bicuspid valve closed. F and G, Angioscopic
visualization of laminar spiral flow. H, Angioscopic visualization of central blood and peripheral saline flow.
I, Angioscopic visualization of phasic side tributary flow.

the utility of saline flush in EVLA and ultrasound-guided
sclerotherapy, which improved the outcome and, in our
limited experience with angioscopy, expedited the pro-
cess. Future studies are required to validate these
observations.

We observed other interesting phenomena while per-
forming angioscopy-guided procedures. During the
EVLA procedure, some patients reported a burning smell
and a metallic taste in the mouth within seconds of the
commencement of the laser procedure. It has previously
been concluded that heat from the laser causes

carbonization of blood and surrounding tissue.?* We
observed smoke generated after commencement of
the laser procedure (Video 5, B, online only) and believe
the exhalation of this smoke is responsible for the un-
pleasant taste and smell. We were also able to confirm
the carbonization process by directly visualizing the in-
ner aspect of the treated veins (Video 5, C, online only).
We used a 1500-nm laser, and this wavelength,
compared with the 810 nm and 980 nm, is meant to
generate less carbonization. In addition, bubbles were
observed on angioscopy (Video 5, A, online only). These
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bubbles generate the ring-down artifact observed during
concurrent ultrasound.

We made another intriguing observation that we could
advance back to the saphenofemoral junction after
completion of the laser procedure, visualizing the
damaged wall and charring of the inner lumen of the
saphenous vein. The fact that the scope was effortlessly
passed back up the vein with a patent lumen implies
that it did not interfere with occlusion of the vein, and in
fact the patient had an outstanding outcome. Our ability
to pass the scope up the saphenous vein may have been
facilitated by the constant irrigation with NS. This observa-
tion implies that despite popular belief, although trans-
mural damage is obtained immediately with the
activation of the laser, long-term occlusion possibly occurs
during the ensuing days and is not an immediate process.

The use of angioscopy allowed us to monitor the
intravascular behavior of the sclerosant foam. As previ-
ously reported by this group, foam ascends to the top
wall of the target vessel and three layers are formed—
foam bubbles at the top wall, a middle layer of liquid
sclerosant, and a lower layer of blood®® (Fig 6, J). The
differentiation is due to differences in fluid density, with
foam being the lightest and blood the heaviest.”®

We observed coalescence of the foam bubbles and
formation of larger bubbles, confirming our in vitro
studies.?®?” In addition, we observed the affinity of
bubbles for the vein wall and surface of fresh thrombus.
These observations were better appreciated on real-time
imaging reproducible in videos demonstrating bubble
coalescence, endothelial peeling, and attachment of
the sclerosants to the thrombus (Video 6, A online
only). The affinity of sclerosant foam for the venous in-
tima is not surprising, but the affinity of sclerosant
foam for the thrombus was a novel observation. In this
study, we used STS, which is an anionic detergent.
Studies by Exner et al’® suggested that fibrin polymers
may carry a more positive charge than the precursor
fibrinogen. This may explain our observation of affinity
of anionic STS foam for the surface of the thrombus. In
addition, this observation may be explained by the pro-
tective or stabilizing effect of the fibrin polymers on bub-
bles in general. A fibrin network provides a lattice for
disbursement of bubbles. This property was used to
manufacture fibrin foams, developed in 1949 as a topical
hemostatic agent.?° Comparative studies using polidoca-
nol, a nonionic detergent, are required to further
elucidate the possible role of the molecular charge and
the role of the fibrin polymer in explaining these observa-
tions. We observed the sclerothrombus to undergo a
color change from red to pale pink in a number of
minutes, most likely due to the sclerosant’s effect of
lysing the red blood cells within the sclerothrombus.

Anatomy of the venous system is currently visualized
with imaging modalities that produce a picture
requiring qualitative interpretation rather than by direct
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images of the vessels. Angioscopy allowed direct visuali-
zation and interrogation of venous disease. We were able
to identify hypoplastic valves as the pathophysiologic
cause for deep vein insufficiency in our patient. Given
the small size and thin tissue of valve cusps, visualization
with ultrasound may be difficult and will heavily depend
on the ultrasound presets, frequency of the probe, angle
of insonation, compounding, and dynamic settings used.
In addition, the sonographers need to be skillful in being
able to visualize the venous valves and to assess the
normality of size, shape, and function of each valve.
Angioscopy allows direct visualization of the valve cusps
and does not require any specific setting applied for the
imaging. We compared the intimal surface of the GSV in
midthigh with the saphenofemoral junction and
observed its lumen to appear morphologically less solid;
we described this surface as fluffy, whereas the sapheno-
femoral lumen appeared more robust. These observa-
tions were morphologic but repeatable, and the same
pattern was observed in all saphenous veins examined.
Currently, if information additional to that provided by
DUS is required, venography or IVUS is the next step.
Venography is used to detect obstruction or thrombosis
of occluded deep veins, such as the iliofemoral vein.
Alternatively, computed tomography venography and
magnetic resonance venography produce images of
the designated area, depicting the veins and surround-
ing structures. However, neither of these can conclusively
demonstrate obstruction of the affected vein and the
nature of the obstruction. In addition, venography
cannot delineate the detailed vein wall or intraluminal
changes, such as webs, trabeculae, or other signs of
recanalization impairing vein function.>® An increasingly
popular imaging modality is IVUS, which is able to
show findings that are not visible on venographic results,
including intraluminal detail such as webs, axial collat-
eral formation, and external compression of venous
lumen.®' However, IVUS has multiple limitations, such
as initial setup cost, cost of the disposable catheters,
lack of availability, service and support in certain coun-
tries, lack of reimbursement from health funds in most
countries, and requirement of extensive training of end
users. In comparing IVUS with angioscopy, IVUS effec-
tively generates computer-processed reconstituted
graphics requiring interpretation, whereas angioscopy
provides real-time, high-resolution images of the actual
target tissues. Although other modalities provide indirect
imaging that requires interpretation, direct imaging pro-
vides superior understanding of the surgical field and al-
lows live visualization of the endovenous procedure,
which provides confirmation of having achieved the
end point of the procedure. In addition, the angioscope
is sterilizable and reusable, and the initial setup cost is
nowhere close to that of IVUS. There are no disposable
items, and the operative time is comparable to that of
IVUS. Angioscopy is, however, limited by its inability to
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visualize external structures or transmural disease.”
Remuneration and insurance rebates vary from country
to country. There is currently no Medicare rebate for
use of IVUS in Australia, whereas angioscopy is covered
by Medicare and insurance companies, which allows
compensation of the additional operative times and
operating room staff.

In this study, we performed foam sclerotherapy and
EVLA under direct angioscopic guidance. We are
planning to perform angioscopy to visualize other endo-
venous interventions, including radiofrequency ablation,
glue ablation, and coil embolization. Other than applica-
tions described here, angioscopy has been used in
management of venous thrombosis, assisting with
thrombectomies and repair of deep venous valves.
Angioscopy has been used for identification and
management of acute thrombosis and has been
reported to be superior to ultrasound-guided or
venography-guided methods by which thrombus is
only indirectly visualized."” In addition, it was pioneered
by Gloviczki et al*? in femoral vein valve repair under
direct vision without venotomy.

Serious complications are rare but may include throm-
bosis secondary to intimal damage; extensive bruising af-
ter the procedure, especially if heparinized saline is used;
potential for vessel wall puncture; infections; volume
overload; and heart failure. Our patients did not experi-
ence any complications, recovered immediately, and
had no evidence of bruising or clotting.

We followed the nonobstructive angioscopic principle of
using the infusion of irrigation fluid to clear the visual field.
Others have employed various methods'" to obstruct the
flow and to improve the visualization of the vessel lumen.
Uchida' used a guiding catheter with a balloon at the tip
through which the angioscope would protrude and the
balloon would obstruct the flow distally, resulting in good
outcomes. German researchers' used balloon catheters
to occlude the vessel proximal to the tip of the angioscope.
However, even after obstruction proximal and distal to the
angioscopic tip, flow from tributaries draining into the
visualized segment can still interfere with the field of
view. This phasic tributary flow was observed in Video 7, E
(online only).

Different types of irrigation fluids have been used in
angioscopy to clear the field of vision, including
dextran,>®” heparinized saline," NS2'° 5% dextrose,
and Ringer solution.!®"™ We used NS and could achieve
reasonable results. The fluid was administered at a rate
of 10 mL/min to a maximum of 750 mL in a 60-minute
treatment session. Others have reported similar values.
The group from Germany administered 350 to 500 mL
of Ringer solution on average but also indicated that
they occasionally used volumes >1000 mL when visual-
izing veins from time to time.” Warm saline is preferen-
tial to cold saline as cold saline has been reported to
cause frost formation and to obscure the visual field as
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it comes in contact with warm blood (Video 6, A, online
only). We were wary of using dextran, given the possibility
of anaphylaxis or allergic reactions as well as the possibil-
ity of acute kidney injury.

The current angioscopic systems have multiple limita-
tions. The requirement to clear the field of vision provides
an extra step that other endoscopic procedures do not
need. It can be a frustrating experience and only
improves with time and technique, requiring a learning
curve. The endovenous assessment with angioscopy is
both qualitative and subjective. The interpretation of
the visualized pathologic changes depends on the
operator's experience, but given the real-time visualiza-
tion of anatomic structures, the learning curve is not
too steep and should be achievable for most endovascu-
lar specialists. The morphologic observations reported in
this study need to be corroborated with histologic
evaluation and other imaging modalities. Another limita-
tion of angioscopy is the requirement for adjunctive
modalities to determine the physical location of the
angioscopic tip. Although the transilluminated tip can
be visualized transcutaneously in the limbs, its visualiza-
tion is greatly limited within the trunk. Our study was a
pilot study to establish the application of this technique.
Future studies should address the comparability of
various venous imaging modalities, such as DUS, venog-
raphy, and IVUS. We acknowledge that angioscopy
potentially increases the cost of the procedure by adding
an extra element. In our experience, this was helpful for
the surgeon or interventionalist by providing direct real-
time visualization of disease. Future studies should aim
to quantitatively measure the difference in treatment
outcome, occurrence of unnecessary intervention
attempts, and complication rates with the use of
angioscopy guidance.

CONCLUSIONS

Angioscopy offers many advantages over current
imaging modalities in phlebology. It is a useful adjunct
to the current armamentarium of investigative tools
that phlebologists use. The technique and the instru-
ments need improvement to facilitate a seamless and
more straightforward procedure.

We acknowledge our nurses, Sabrina Melon and Anto-
nia Graham, for useful suggestions to improve the saline
irrigation; Dr Joseph Grace, for suggestions regarding pa-
tient positioning; Dr Martin Necas, for advice regarding
hemodynamic observations; and Professor Lourens Bes-
ter and Dr Luke Baker, for assistance with interpretation
of venographic images.
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