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Abstract
• To prospectively determine the oncological adequacy of robotic assisted video-

endoscopic inguinal lymphadenectomy (RAVEIL).

• Patients with T1-3N0 penile cancer were enrolled into a prospective phase I trial at a
tertiary care institution from March 2010 to January 2012. All patients underwent an
initial RAVEIL approach.

• Verification of adequacy of dissection was performed by an independent surgeon via a
separate open incision at the conclusion of the RAVEIL procedure.

• Out of 10 patients, if more than two superficial inguinal fields with ≥ 2 nodes or more
than four with ≥ 1 node remained within the superficial dissection field, the study would
not proceed to phase II.

• Of 10 enrolled patients two had inguinal metastases and all positive nodes were detected
by RAVEIL. The remaining eight patients had no metastases, with a mean of nine (range
5–21) left and nine (range 6–17) right nodes removed. One inguinal field RAVEIL was
converted to an open dissection.

• The verifying surgeon confirmed that 18 of 19 inguinal fields (94.7% in nine patients)
had an adequate dissection. Two benign nodes were found just beneath Scarpa’s fascia
above the inguinal dissection field.

• Limitations of the study include an inability to determine decisively what specific wound
complications were related to RAVEIL because of the protocol-specified creation of a
small inguinal incision for verification of adequate dissection.

• RAVEIL allowed adequate staging of disease in the inguinal region among patients with
penile cancer at risk for inguinal metastases.
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INTRODUCTION
Inguinal lymphadenectomy (ILND) is the current standard of care for patients with penile
squamous cell carcinoma and resectable inguinal lymph node metastasis. Because the
presence and extent of inguinal metastasis dictate survival in patients with metastatic penile
cancer [1–5], determining these features at the earliest possible time point maximizes the
possibility of a surgical cure. Recent data suggest a survival advantage for patients who
undergo prophylactic ILND and have positive nodes compared with those treated with
surveillance and delayed dissection for positive nodes [6]. Furthermore, recent guidelines
suggest strategies to select high risk patients most likely to benefit from ILND [7,8].

While prophylactic ILND seems to be preferable, it has disadvantages as well. The
incidence of postoperative complications following ILND has been reported to approach
50% or even up to 75% [9–12]. Patients with comorbidities or locally advanced disease are
at particular risk for postoperative morbidity [13]. Wound dehiscence and skin necrosis
following ILND have also been reported [14–17]. More recently, complication rates among
men with no palpable adenopathy have been reported to be decreasing in comparison with
historical experience, but overall complication rates still range from 10% to 46% [18].

Alternative lymph node staging procedures have been proposed to reduce morbidity and
complication rates. Dynamic sentinel lymph node biopsy with recent modifications has
decreased false-negative findings to approximately 7%, and there is little morbidity
associated with the procedure [19,20].

Another potential technique that could limit morbidity while sampling all the nearby
superficial lymph nodes is endoscopic inguinal lymphadenectomy. The initial endoscopic
inguinal lymphadenectomy technique for penile cancer was described by Bishoff and
associates [21] and further developed by both Tobias-Machado and associates (who called
their method video-endoscopic inguinal lymphadenectomy [VEIL]) and Sotelo et al. [22–
24]. The first published study on the VEIL technique described a single patient with penile
cancer who underwent a successful bilateral ILND [22]. A subsequent study of 10 patients
who underwent bilateral ILND using standard lymphadenectomy on one side and the VEIL
technique on the contralateral side was reported by the same centre [23]. Sotelo and
colleagues reported a similar procedure in eight patients, with no intraoperative or wound-
related complications [24]. A more recent development has been the incorporation of robotic
assistance as an enabling tool for performing endoscopic/laparoscopic ILND; two case
reports of robotic assisted lymph node dissection have been published on the subject [25,26].

We sought to prospectively evaluate the oncological adequacy of robotic assisted VEIL
(RAVEIL) as a staging tool in patients with penile cancer at risk for inguinal metastasis. We
assessed and confirmed that all the superficial first-echelon lymph nodes in the inguinal
region would be successfully removed using RAVEIL.

Matin et al. Page 2

BJU Int. Author manuscript; available in PMC 2014 June 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



PATIENTS AND METHODS
SETTING AND PATIENTS

This prospective study was approved by the Institutional Review Board of the University of
Texas MD Anderson Cancer Center. The RAVEIL procedures were performed between
March 2010 and January 2012 at this single tertiary care institution. Patients with high risk
penile cancer, including those classified as T1 with vascular invasion or poor differentiation
(i.e. T1b) or as ≥T2, were eligible for the study. Patients with prior chemotherapy for penile
cancer, prior radiation therapy to the inguinal region or inguinal adenopathy clinically
suggestive of metastasis were excluded. All patients gave written consent for participation.
Two surgeons performed all of the procedures together: one (SFM) is a surgeon skilled in
both laparoscopic and robotic surgery and the other (CAP) has extensive experience with
penile cancer and robotic surgery. In each case, one surgeon dissected the left side and the
other dissected the right side, alternating sides between patients.

SURGICAL TECHNIQUE
Patients were prepared and draped for the standard ILND surgical procedure; they were
placed in the supine position with leg abduction using Allen stirrups. All procedures were
performed with robotic assistance (da Vinci Surgical System, Intuitive Surgical Corp.,
Sunnyvale, CA, USA) using a four-port technique (three robotic, one assistant). The space
was initially developed by making a 1.5-cm incision 2–3 cm inferior to the apex of the
femoral triangle (Fig. 1). The subcutaneous fat was separated and Scarpa’s fascia was
incised. Using a mosquito clamp the plane below Scarpa’s fascia was developed enough to
introduce a balloon dilator (PDB1000, Covidien, Princeton, NJ, USA). This was introduced
carefully to maintain the correct plane and inserted until the entire balloon was below
Scarpa’s. The balloon was then inflated to 800 mL, deflated, and repositioned and reinflated
as necessary until the entire required field was developed. A self-retaining 12-mm balloon
port (Applied Medical, Rancho Santa Margarita, CA, USA) was then placed and the
inguinal space was insufflated to 15 mmHg with carbon dioxide. A 10-mm, 0° camera was
used, and two 8-mm robotic cannulae were placed under direct visualization in a
triangulated fashion about 2–3 cm away from the borders of the triangle (Fig. 1). An
additional 12-mm trocar was placed for the assistant between two robotic port sites.

Next, the patient-side cart was positioned from the opposite side of the inguinal field at
about a 45° angle (Fig. 2). When moving to the other side, we initially tried to perform
docking without repositioning the surgical cart, but that configuration caused the arms to
frequently clash into one another. The patient-side cart was thus brought over the hip of the
contralateral leg for the second side of the dissection without any difficulty (Fig. 2).

The surgical technique for the RAVEIL superficial nodal dissection utilized the same
anatomical landmarks as a standard open ILND. The borders of dissection were as follows:
superior, 2–3 cm above the inguinal ligament (exposing the ipsilateral spermatic cord);
lateral, the midpoint of the sartorius muscle; and medial, the adductor longus muscle
extending to the apex of the femoral triangle. It was important that we dissected lymph node
tissue superficial to the inguinal field (i.e. below Scarpa’s fascia) as specified above. We
preserved the saphenous vein when possible while removing nodal tissue above the fascia
lata of the thigh. We removed the superficial nodal packets over the femoral vessels but did
not skeletonize the vessels within the femoral sheath. Dissection was performed using
monopolar scissors in the dominant hand and bipolar Maryland forceps in the non-dominant
hand. Lymphatic and vascular structures were controlled prior to transection using either
bipolar cautery or extensive use of surgical clips. All lymphatic tissue was removed and sent
to the pathology laboratory for frozen section evaluation in accordance with the protocol.
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Once the ipsilateral dissection was completed, we made an inguinal incision long enough to
allow proper inspection of the surgical field (3–4 cm) by a urological oncologist not
associated with the case. The verifying surgeon’s role was to inspect the surgical field and,
with additional dissection if necessary, ensure that no additional superficial inguinal lymph
nodes (e.g. above the fascia lata of the thigh) remained within the operative field. If
additional tissue was removed, it was sent to the pathology laboratory and assessed to define
whether it was nodal in origin and whether it contained metastasis.

If all removed ipsilateral nodes were negative for cancer, we then placed a closed suction
drain and closed the wound (Fig. 3). Patients with metastasis detected in the ipsilateral
lymph nodes underwent an open completion inguinal dissection with skeletonization of the
vessels and an ipsilateral deep pelvic lymph node dissection. Tissue removed during the
open portion of the procedure was sent to the pathology laboratory as a separate specimen.
Pathological data pertaining to the total number of lymph nodes removed using RAVEIL
and the presence of lymph nodes in the additional tissue collected during the verification
procedure were documented.

STATISTICAL CONSIDERATIONS
The statistical criteria and stopping rules for this phase I study were prospectively
established between the study statistician (XH) and clinical investigators. It was defined that
for 10 patients undergoing bilateral RAVEIL procedures, if more than two superficial
inguinal fields with ≥ 2 lymph nodes remained or more than four with ≥ 1 node remained
within the superficial dissection field, as determined by the verifying surgeon, we would not
proceed to a phase II study. If, however, the RAVEIL procedure results met these criteria we
would then proceed with a larger phase II study to formally assess the incidence of
complications.

RESULTS
Ten patients were enrolled, and all 10 underwent a bilateral RAVEIL procedure. Patient
demographics are listed in Table 1. Three patients had T1b disease, four had T2 disease and
three had T3 disease. The median patient age was 62 years (range 28–84), and median body
mass index was 31.1 kg/m2 (range 21.5–40.7), with four of the 10 patients considered
morbidly obese (i.e. body mass index > 35 kg/m2). The median estimated blood loss was
100 mL (range 10–200). Although we did not specifically track procedure time during this
portion of the study, each side of the dissection took between 90 and 120 min to complete.

Among the 10 patients, two had inguinal lymph node metastases and subsequently
underwent open completion ILND in the same setting (Table 1). For patient 1, the
completed RAVEIL superficial dissection removed all three metastatic nodes. The deep
inguinal and pelvic lymph nodes removed with completion dissection were negative for
metastasis. For patient 2, seven of eight disease-positive nodes were removed with the
RAVEIL technique. The only remaining disease-positive node was from the deep dissection
removed during open portion.

The other eight patients underwent an attempted bilateral RAVEIL procedure and had no
lymph node metastasis (pN0). However, in one patient, subsequent to dilatation of the
working space on the right, a plane beneath the sartorius muscle was entered. Because of the
subsequent loss of landmarks and an inability to progress endoscopically, we converted to
an open technique and completed the procedure. No structural injuries were related to this
event, and the left-side dissection was completed using the RAVEIL technique without
difficulty.
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Among the eight patients with pN0 disease, the mean numbers of nodes removed were nine
(range 5–21) on the left side and nine (range 6–17) on the right side. The number of lymph
nodes removed was consistent in each patient despite the fact that the two study surgeons
alternated sides for the RAVEIL dissections. Fifteen independent sides among the eight pN0
patients were evaluated by a verifying surgeon. In one of these inguinal fields, two residual
lymph nodes were dissected from below Scarpa’s fascia along the superficial aspect of the
inguinal field near the spermatic cord. No metastases were detected in these additional
nodes. Among all patients undergoing RAVEIL, 18 of 19 fields (94.7%) were adequately
dissected.

There were no intraoperative vascular or neurological injuries. Among the eight patients
who underwent a RAVEIL procedure alone, two (patients 2 and 6 in Table 1) were re-
admitted to the hospital within 60 days for treatment of cellulitis, with one patient requiring
incision and drainage of an abscess. Two additional patients (patients 4 and 9 in Table 1)
were treated as outpatients, one for an area of wound breakdown (over the verification
incision site) and the other for an area of skin necrosis (overlying the dissected field).

DISCUSSION
Minimally invasive ILND is a potential strategy for decreasing some of the adverse effects
associated with more traditional open strategies, such as wound necrosis and dehiscence,
whilst at the same time maintaining oncological adequacy [27,28]. We showed in this study
that the RAVEIL technique adequately removes the superficial inguinal nodes when
performed by surgeons with experience in the treatment of penile cancer and minimally
invasive surgery.

Daseler et al. [29] performed anatomical inguinal dissections in 450 lower extremities of
cadavers and found that the number of nodes in the superficial field ranged from 4 to 25,
with an average of 8.25 per extremity. This is consistent with our average of 9 nodes
removed per extremity using the RAVEIL technique. In a review of the initial experience
from two South American centres, Sotelo et al. [24] noted that the average number of lymph
nodes removed from the series of patients studied by Tobias-Machado and colleagues was
10.8 (range 7–16) and it was 9 (range 4–15) in their own series. Thus, it is likely that a
carefully performed minimally invasive procedure accomplishes the oncological goal of
removing all of the first-echelon lymph nodes.

There is a potential risk, however, for leaving behind lymph nodes within the field,
particularly if some lymph node(s) are erroneously elevated at the start of blunt dissection of
the potential space and therefore may remain undetected superficial to the inguinal field. In
our study, the initial blunt dissection was also the cause of the one conversion to open
surgery. Thus, we would caution that all surgeons engage in a similar initial quality-control
study upon adoption of the RAVEIL technique because important subtle differences exist
between endoscopic and open approaches for ILND, most notably for the initial blunt
dissection of the correct plane of dissection.

The RAVEIL procedure detected all cases of superficial metastatic disease in our patients.
The enhanced visualization and dexterity provided by RAVEIL would readily allow a deep
dissection to be performed robotically. In the future, we plan to complete a deep inguinal
dissection using RAVEIL for patients with microscopic metastases in superficial nodes (Fig.
4). Similarly, if a pelvic dissection is indicated, it also could be performed with robotic
assistance at the same time.

The long-term results of endoscopic inguinal lymphadenectomy in the setting of limited
metastatic disease are sparse, and conclusions about oncological efficacy await further
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follow-up and larger series. Tobias-Machado and associates [28] reported four inguinal
fields with microscopic metastases, with no recurrences at 30 months. In other reported
series, the follow-up period has been short. Thus, information on the long-term results of
endoscopic ILND for limited metastatic disease is sparse, and conclusions about its efficacy
await further follow-up and larger numbers of patients.

Whether RAVEIL will be shown to reduce the incidence of overall or specific complications
in a prospective manner is uncertain at this time. In retrospect, we determined that in two of
our cases with skin complications the dissection of nodes along the roof of the inguinal canal
traversed Scarpa’s fascia, devascularizing the overlying skin. Both of these patients were
relatively thin with relatively little subcutaneous fat, which may have been an influential
factor in these dermal complications.

The results of two previous series suggested that endoscopic ILND could result in less
morbidity than the standard open procedure. Tobias-Machado et al. [28] saw a 50% absolute
reduction in the incidence of complications. Delman et al. [27] reported a series of 45 video-
endoscopic ILNDs in 32 patients with a variety of malignancies. The overall complication
rate was 25%, which was more favourable than their historical experience of 43%.

CONCLUSIONS
We have shown in this phase I pilot study that RAVEIL can adequately stage disease in the
superficial inguinal region among patients with penile cancer at risk for inguinal metastases.
We are encouraged to proceed with the next phase to formally determine the incidence and
types of complications as well as longer-term oncological efficacy of RAVEIL in this high
risk, clinically node-negative population. In the meantime, open ILND continues to be the
standard of care for patients presenting with penile cancer and clinically evident metastases.
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What’s known on the subject? and What does the study add?

Several lymph node staging strategies have been proposed as a response to the high
morbidity seen after standard inguinal lymphadenectomy for penile cancer. A video-
endoscopic (laparoscopic and robotic) approach has been proposed as a less morbid
procedure in several retrospective studies. To date, none has evaluated the oncological
adequacy with regard to whether all relevant nodes have been removed.

To the authors’ knowledge this is the first prospective study of a robotic or laparoscopic
inguinal lymphadenectomy that evaluates the oncological adequacy of this approach for
penile cancer. The study shows that robotic inguinal lymphadenectomy allowed adequate
staging of disease in the inguinal region by removing all relevant lymph nodes as
assessed by an independent evaluating urological oncologist.
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FIG. 1.
Robotic port placement in the left groin of a patient with penile cancer after penectomy. The
ports are placed 2–3 cm away from the femoral triangle. Monopolar scissors were used in
the dominant hand and bipolar Maryland forceps in the non-dominant hand. A 12-mm
assistant port (not shown) is placed between the cameral port and one of the robotic ports.
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FIG. 2.
Docking alignment for the RAVEIL procedure. The machine is docked at about a 45° angle
from the opposite side of the leg being operated on.
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FIG. 3.
Final appearance of a successfully performed RAVEIL on the left side with an inguinal
incision used for verification.
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FIG. 4.
Photographs from a non-protocol open dissection showing differences between a superficial
and a deep dissection. Left panel: Superficial dissection. The fascia lata covers the adductor
and sartorius muscles. The lymph nodes are removed above the femoral vessels without
opening the femoral sheath to expose the artery. Right panel: Deep dissection. Completed
superficial and deep dissection removing the fascia lata from the muscles, including the
femoral sheath fascia, completely exposing the vessels with removal of the saphenous vein.
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