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1 | INTRODUCTION

| Sulaymaan Al Majid* | Robert Salaman® | Duncan Gavan?! |
Michael Gill**

Abstract

Background: We describe the technical operative details of the robotic repair of a
type Il endoleak (T2E) following endovascular abdominal aortic aneurysm repair
(EVAR). We demonstrate that indocyanine green (ICG) can be used intra-
operatively to demonstrate perfusion of the colon following ligation of the infe-
rior mesenteric artery (IMA) vessel feeding the aneurysm sac.

Methods: A 74-year old male underwent EVAR for a 5.8 cm infra-renal abdominal
aortic aneurysm using an E-Tegra, Jotec Device (JOTEC Gmb, Lotzenicker 23,D-
72379 Hechingen). Surveillance contrast CT (CTA) over the ensuing 30 months
confirmed progressive sac expansion.

Results: ICG confirmed colonic perfusion via the marginals after IMA ligation. Total
operative time 56 min < 50 mls blood loss and 1-day hospital stay. 3-month follow-
up: CTA and ultrasound demonstrated complete resolution of T2E and adequately
perfused colon.

Conclusion: A total robotic approach can be performed safely with intra-operative

ICG used to demonstrate colonic perfusion as an added safety measure.

KEYWORDS
Da Vinci X, indocyanine green, robotic surgery, vascular endoleak

such as selective embolization via a transarterial, translumbar or

Meta-analysis data® has quoted the pooled prevalence of type Il
endoleak (T2E) at 22%, with a patent inferior mesenteric artery (IMA)
and an increasing number of lumbar vessels being statistically sig-
nificant predictors of risk for this complication. There is conflicting
evidence on how this complication should be managed. Some studies
suggest conservative management as a safe approach.?2 While others

suggest a management strategy involving endovascular techniques

transcaval approach® with the option of minimally invasive surgical
intervention as a more definitive option. Guidelines have advocated
treatment when the sac diameter reaches or exceeds 10 mm.* A
handful or case reports and consecutive patient series have reported
satisfactory surgical management via a laparoscopic approach.”””
While this is safe and feasible, a robotic approach may allow for a
better clarity of dissection especially within the context of anatom-

ically disrupted surgical dissection planes. Morelli et al, have
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demonstrated safe total robotic ligation of the IMA and feeding
lumbar vessels in the management of persistent T2E.2 The use of
Indocyanine green (ICG) in dynamic visualisation of perfusion and
function has been established in a range of surgical specialities.”
Porta et al. demonstrated its usefulness in the laparoscopic treat-
ment of a T2E.> We hereby further demonstrate the feasibility and
safety of a total robotic approach with the added reassurance of ICG
perfusion intra-operatively.

2 | METHODS

A 74 year old male underwent endovascular abdominal aortic
aneurysm repair in 2016 for a 5.8 cm infra-renal abdominal aortic
aneurysm using an E-Tegra, Jotec Device (JOTEC Gmb). Surveillance
CTs over the ensuing 30 months confirmed progressive sac expan-
sion from 5.8 to 7.0 cm. Initial attempts at selective embolization of
the (IMA) were unsuccessful. The graft was then accessed under
ultrasound scan (USS) guidance and injected with 5 ml Ethylene-vinyl
alcohol copolymer (Onyx) with intra-procedural resolution of the
endoleak. 1-month follow-up ultrasound demonstrated a persistent
endoleak arising from the IMA. After multi-disciplinary team (MDT)
discussions involving the colorectal team a decision was made on a
full robotic approach.

All available CTA and USS imaging over the preceding 24 months
were reviewed by the MDT. Failure of previous endovascular tech-
niques was confirmed and persistent T2E secondary to retrograde
IMA filling was identified on contrast enhanced ultrasound (CEUS)
4 weeks prior to surgical intervention. All medical and intra-operative
details were recorded. The Da Vinci X robotic system by Intuitive
Surgical Inc (Sunnyvale) was used to perform the procedure in its
entirety. Patient consent was gained pre-operatively for video
recording and image capture. The patient was positioned in the Lloyd
Davis position with right lateral tilt, 15° tilt in the recumbent position
and ports as per standard left sided colonic or rectal resection. 5 mm
visiport insertion in the left upper quadrant to create pneumo-
peritoneum before converting to 3 x 8 mm robotic ports and one
12 mm robotic port.

3 | RESULTS

The IMA was identified with minimal adhesions or scarring from
previous endovascular therapy and isolated at its origin. Indocyanine
green was then used to ensure there were no other collateral vessels
adjacent to its root. The left ureter was seen and protected. Baseline
perfusion of the left colon was checked with ICG before applying a
bulldog clip (Figure 1B) and then re-checked with a further dose of
2.5 mg ICG (Figure 2E). 45 mm Smartfire robotic stapler was used to
divide the IMA then further dose of ICG was used post procedure to
ensure continued colonic perfusion (Figure 2F). In total 7.5 mg or the
equivalent of 3 ml (2.5 mg in every ml) ICG was given for the entire

procedure. ICG given pre and post IMA ligation demonstrated
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adequate left colonic perfusion via the marginal vessels. Total oper-
ative time 56 min with <50 mls blood loss and 1-day hospital stay.
CEUS 4 weeks post operatively demonstrated complete resolution of
the T2E (Figure 3J). This was again confirmed on the follow-up CTA
at 3 months (Figure 3H).

4 | DISCUSSION and CONCLUSION

The main aim of this report was to describe the use of ICG in
demonstrating acceptable endoleak stabilisation and colonic perfu-
sion after IMA ligation. This technique of IMA ligation has

been previously described by Lin et al,*°

who did not employ the use
of ICG and used a different robotic platform to the one described
here.

Robotic surgical systems have afforded the surgeon unique
three-dimensional views and clarity of the surgical field, allowing
for more precise dissection especially in anatomically disrupted
fields. The use of multiple articulating operative arms allows for
complex multitask dissection by a single operator. This innovation
can be safely employed across surgical disciplines, with the bene-
fits of reduced length of hospital stay (in our case 24 h) and
equivalent operating times to other modalities (such as laparos-
copy) with the added benefit of more precise dissection and
minimal blood loss.

Guidelines suggest intervention for T2E when the sac diameter
exceeds 10 mm due to sustained pressurisation of the sac with
increased risk of rupture, although there is ongoing debate on the

precise threshold for intervention.*

Best practice guidelines
suggest a management algorithm beginning with endovascular
techniques involving trans-arterial approaches followed by opera-
tive management.!? Multiple series have quoted high failure
rates with embolization raising the question of whether definitive
surgical management should be considered as first line in
selected patients. Our experience confirms inclusion of gen-
eral surgical input within the vascular MDT may assist in the
decision-making process, provided that such expertise are locally
available.

Laparoscopic IMA ligation has been previously described for T2E.
While feasible and safe, this approach relies on highly skilled lapa-
roscopic surgeons due to a surgical approach that may be limited by
inadequate two-dimensional views and reduced versatility of func-
tion in previously disrupted surgical planes. The fully robotic
approach ameliorates these technical issues. We have demonstrated
this with the Da Vinci X system introduced by Intuitive Surgical in
2017. In this particular case the main technical challenge was gaining
access to the IMA in an anatomical field distorted due to the aneu-
rysm sac (clearly visible in Figure 1D). This would have been
challenging to achieve laparoscopically due to and inability to artic-
ulate operating instruments at acute angles to allow for safe and
precise dissection.

The use of ICG in the dynamic visualisation of organ perfusion

has been well established.® Preoperative MDT discussions with
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FIGURE 1 (A) dissection of inferior mesenteric artery (IMA). (B)Application of bulldog clip to check perfusion. (C) Selective ligation of IMA
using Smartfire stapling device. (D) Post-ligation of IMA, aneurysm sac visible in the bottom of image

FIGURE 2 (E) Indocyanine green (ICG) perfusion after bulldog clip applied. (F) perfusion of left colon
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FIGURE 3
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(G) Preoperative CTA with persistent T2E. (H) Postoperative CTA with type Il endoleak (T2E) resolved. (I) Preoperative CEUS

with inferior mesenteric artery (IMA) filling of sac. (J) Postoperative CEUS with resolved IMA filling

the vascular and colorectal teams involved planning for an anterior
resection in the event of poor or unsustained perfusion of the colon.
The patient was pre-operatively consented for this eventuality. We
have demonstrated that ICG can be used as an intra-operative
adjunct for added reassurance where colonic vascular anatomy may
be varied. We suggest that patients with T2E who meet the criteria
for surgical intervention, early MDT discussions with the colorectal
team may be warranted. If the appropriate expertise and robotic
platform is available, this presents a safe and effective option.
Considering the high failure rates of endovascular options, there may
be an argument to consider surgical intervention as a first line
management strategy.

In this case report we have demonstrated that a total robotic
approach for the management of T2E can be performed safely with
intra-operative ICG used to demonstrate colonic perfusion as an
added safety measure.
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