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To learn indications and clinical rationale for the
sentinel lymph node (SLN) procedure in penile,
prostate, and testicular cancer

To acquire knowledge on the different techniques to
use for lymphatic mapping and SLN visualization
in urological malignancies

To broaden the knowledge about the dissemina-
tion routes in cancer of the male reproductive
system

To understand the techniques used to reduce the
SLN false-negative rates in penile, prostate, and tes-
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e To acquire knowledge about the practical execution
and implications of the SLN procedure in penile,
prostate, and testicular cancer

* To understand the role of preoperative and intraop-
erative imaging in the SLN procedure in penile,
prostate, and testicular cancer

15.1 Introduction

The SLN procedure, including preoperative lymphatic
mapping, has become an essential component of lymph
node staging in penile cancer. The extensive experience
with sentinel lymph node biopsy (SLNB) in this cancer
has led to an increasing application of the procedure for
other urological malignancies. Although both preopera-
tive lymphatic mapping and intraoperative SLN detection
are common parts of the urological applications, injection
techniques for tracer administration and lymphatic drain-
age patterns may differ for the different cancers. In penile
cancer, lymphatic drainage is mainly superficial, the first
draining lymph nodes are usually located in the groin, and
the biopsy is performed by means of open surgery. In con-
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Fig. 15.1 Schematic illustration of tracer injection and areas of SLN
drainage in urological malignancies. For penile cancer (on the left)
radiotracer is superficially injected and drainage is mostly bilateral with
>98% SLNs located in the upper and central inguinal Daseler’s areas,
especially the inner superior quadrant (dark green circle) [28]; this is
illustrated by a superimposed coronal SPEC/CT in the left groin. For
prostate cancer (middle) after deep tracer injection drainage is multidi-
rectional with approximately 60% of the SLNs along the internal iliac
vessels, obturator fossa, and external iliac vessels; in almost 19% there

trast, in prostate cancer radiotracer migration from the
injection site mostly concerns SLNs along the iliac ves-
sels, and other deep-located lymphatic areas, which are
resected by (robot-assisted) laparoscopy. In testicular
cancer the most frequent drainage route is retroperitoneal
along the aorta or vena cava inferior and SLNs are
removed using laparoscopy. Some differences in radio-
tracer administration and lymphatic drainage for penile
cancer, prostate cancer, and testicular cancer are illus-
trated in Fig. 15.1 and further in this chapter the principles
of lymphatic mapping and SLNB for these urological
malignancies are described.

15.1.1 Tracer Development: Hybrid Radio-
and Fluorescence-Guided Approaches

Among other advances in recent years, combined fluores-
cence- and radioguided approaches such as the hybrid tracer
indocyanine green (ICG)-*"Tc-nanocolloid have been
introduced during SLN procedures for penile and prostate
cancer [1] in the Netherlands and other European countries.
This hybrid nanocolloid has both fluorescence and radio-

INTRATESTICULAR _

is direct drainage to lymph nodes above the common iliac bifurcation
and 10% above the aorta bifurcation [52, 53]; this is illustrated by a
superimposed coronal volume-rendered SPECT/CT. In testicular can-
cer (on the right) following injection in the left testicle drainage to ret-
roperitoneal para-aortic SLNs is mostly seen whereas after injection in
the right testicle both paracaval and interaortocaval lymphatic drainage
is expected; less frequently, SLNs are observed along the testicular ves-
sels [71]

logic properties. Adding the fluorescent moieties does not
alter the biological properties of the parental radiocolloid,
and it enables intraoperative near-infrared fluorescence
imaging of the exact same (radioactive) lymph nodes which
are preoperatively identified by lymphoscintigraphy and
SPECT/CT [2]. ICG absorbs light in the near-infrared spec-
trum, mainly between 600 and 900 nm, and emits fluores-
cence between 750 and 950 nm, which can be detected by a
fluorescence camera allowing real-time visual guidance
during surgery [1]. It is prepared by adding pertechnetate to
a vial of nanocolloid (GE Healthcare, Eindhoven, The
Netherlands). ICG (PULSION Medical, Feldkirchen,
Germany) is added and the content of the vial is subtracted
in a syringe after which saline is added to reach a specified
volume [3].

15.2 Penile Cancer

Penile cancer is a relatively rare disease in the Western world,
with an incidence of approximately 1 per 100,000 [4]. Nearly
all penile malignancies are squamous cell carcinomas. The
presence of lymph node involvement is the single most
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important prognostic factor for cancer-specific death and
warrants a poor cancer-specific survival of 80%, 66%, or
37%, respectively, for N1, N2, or N3 disease [5, 6]. Likewise,
distant metastases without lymph node metastases are
extremely rare. Since the introduction of an anatomically
based SLN procedure in penile carcinoma by Cabaiias et al.
in 1977, the procedure has evolved into a reliable dynamic
staging technique, with a low complication rate (7.6-21.4%)
compared to (prophylactic) inguinal lymphadenectomy
(ILND) (24-58%) [7-13].

15.2.1 The Clinical Problem

Penile cancer patients are divided into two subgroups:
patients with (cN+) or without (cNO) palpable inguinal
nodes. Patients that are staged cN+ have nodal metastases in
60-80% of cases [14], while cNO patients have nodal metas-
tases in 13-16% [14]. Initially, for the best chance of cure,
ILND was performed directly in all patients [15]. However,
this leads to an overtreatment in more than 80% of the cNO
patients. Furthermore, the morbidity (such as lymphedema
and infection) of ILND had decreased in the past years but
remains, nevertheless, substantial. As currently available
noninvasive staging techniques lack sufficient accuracy, min-
imally invasive staging remains necessary for the time being.
Initially, the SLN procedure for penile cancer had a high
false-negative rate after its clinical introduction in 1994.
After analysis of false-negative cases, several modifications
were made to the dynamic SLNB procedure, which increased
its sensitivity from 79 to 94% [7, 9, 16, 17]. For these rea-
sons, the EAU and NCCN guidelines of 2018 both recom-
mend the SLN procedure (in expert centers) for cNO patients
[18, 19].

15.2.2 Indications and Contraindications
for SLNB

According to the guidelines patients with >T1G2 tumors
and cNO groins defined by palpation are eligible for SLNB.
However, a preoperative negative ultrasound with fine-
needle cytology of suspicious nodes (US + FNAC) is
strongly advised to reduce false negatives due to, e.g.,
tumor blockage [20]. Studies have also safely included
cN+ patients with a negative US + FNAC or cN+ patients
where the suspicious nodes on ultrasound were also
removed [21, 22]. Repeat SLNB after tumor recurrence is
also a validated procedure [11, 23, 24]. If the SLN is tumor
positive, radical ipsilateral lymphadenectomy is per-
formed. In 80% of patients, no additional metastases are
found at ILND after a positive SLNB [25]. However, cur-
rently no other treatment options are available for this

group. Groins with tumor-free SLNs are managed with
close surveillance, thereby avoiding the morbidity associ-
ated with lymphadenectomy.

15.2.3 Radiocolloid and Modalities
of Injection

The tracer (*™Tc-nanocolloid in most European coun-
tries) is injected intradermally. In fact, subcutaneous
administration is easier to accomplish, but may not accu-
rately identify the route of drainage from an overlying
cutaneous site. Furthermore, lymphatic drainage from
the dermis is much faster than drainage from subcutane-
ous tissue. Application of a spray containing xylocaine
10% 30 min before tracer administration is recom-
mended. As an alternative, a lidocaine/prilocaine-based
creme can be used. This local anesthesia ensures that the
radiocolloid injections are well tolerated and relatively
easy to perform. A volume of 0.2-0.4 mL containing
50-90 MBq divided into three depots (0.1 mL each) is
subsequently administered intradermally. Each depot is
injected raising a bleb. The radiocolloid is injected prox-
imally from the tumor. For large tumors not restricted to
the glans, the radiocolloid can be injected in the prepuce.
Injection margins within 1 cm from the primary tumor
are recommended. A reproducibility rate of 100% for
penile lymphoscintigraphy has been reported with an
injection distance of 5 mm [26]. In patients with a previ-
ous excision biopsy scar, a secondary SLN procedure
can be performed by administrating injections using
similar margins. Recently, Winter et al. reported the first
application of superparamagnetic iron oxide nanoparti-
cles in a patient using MRI for preoperative SLN map-
ping and a handheld magnetometer for the intraoperative
procedure [27].

15.2.4 Preoperative Imaging of SLNs

Lymphoscintigraphy after radiocolloid injection consists of
two phases: (a) Dynamic scintigraphy, performed during the
first 10 min after radiocolloid injection, preferably in both
the anterior and lateral views: The dynamic study is helpful
to identify lymphatic ducts and the first directly draining
lymph nodes. (b) Static planar imaging at 20—30 min and at
2 h: The early planar images visualize the first draining
lymph nodes in about 77-95% of the cases [8, 21, 22, 28].
On SPECT/CT visualization is seen in 90-97% of groins
[21, 22, 28]. Immediate or delayed (a few weeks later) radio-
colloid reinjection or additional images at 4 h are recom-
mended when no SLNs are visualized [8]. If still no
visualization is seen exploration of the groin is an option and
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in low-risk patients (<pT1G3) close clinical surveillance
with ultrasound can be considered [29]. Generally, the lymph
nodes draining directly from the injection site are classified
as SLNs. The first node appearing in a basin is considered to
be the SLN in case of multiple visible nodes without visible
afferent vessels.

15.2.5 Lymphatic Drainage

The most frequently visualized lymphatic drainage pattern is
bilateral drainage to both groins (80%) (Fig. 15.2). This pat-
tern is, however, asynchronous in two-thirds of cases, and
often visualization of the contralateral lymph nodes is only
possible on delayed imaging [30]. Drainage from the injec-
tion site mostly occurs through one or two visualized afferent
lymphatic ducts leading to one or two SLNs in each groin. In

some cases a cluster of inguinal lymph nodes is observed.
After drainage to both groins, drainage through the node of
Rossemiiller-Cloquet, on the interface of the groin and pelvis,
into the iliacal and obturator nodes is seen. These are almost
always second-echelon nodes. Crossover drainage from the
groin to the contralateral pelvis has never been seen.

15.2.6 Intraoperative Detection of SLNs

It is safe to perform surgery on the day or the day after injec-
tion and nodal imaging [11]. There are indications that the
1-day protocol has higher radioactive count, more nodes, and
more morbidity [11].

As is customary for SLNB in melanoma and breast
cancer, intraoperative SLN detection is guided by a
gamma ray detection probe and blue dye or indocyanine

Fig. 15.2 A 49-year-old patient with penile squamous cell carcinoma
scheduled for partial penectomy and SLNB. (a) Lymphoscintigraphy
2 h after injection of 81 MBq *™Tc-nanocolloid (i) shows drainage to a
SLN in both groins (arrows) and bilateral higher echelon drainage. (b)

3D volume-rendered SPECT/CT image revealing that both SLNs are
located in the central zone of Daseler. (¢, d) Axial fused SPECT/CT
images depicting both radioactive SLNs with the corresponding lymph
nodes on CT (arrows)
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green (ICG). After excision of all preoperatively defined
SLNs, it is important to carefully search for any residual
radioactivity using the probe and if available a portable
gamma camera, to prevent that any remaining/additional
SLNs are left behind [31, 32]. Furthermore, intraopera-
tive palpation of the wound should take place to identify
suspicious lymph nodes that failed to pick up any radio-
colloid [33].

15.2.7 Contribution of SPECT/CT

SPECT/CT images are usually acquired after the 2-h planar
images, and contribute to a better understanding of the

location of the SLNs in penile carcinoma (Figs. 15.2 and
15.3). SPECT/CT enables the anatomical localization of
the SLNs that were previously identified by lymphoscintig-
raphy. For instance, the modality can differentiate inguinal
from iliac (most frequently second-echelon) lymph nodes.
Moreover, SPECT/CT enables visualization of the SLNs in
the so-called Daseler’s superior and central inguinal zones
that are superior to and directly overlying the saphenofem-
oral junction, respectively. SPECT/CT has confirmed that
in the majority of patients SLNs are found in the superior
medial (30-73%), in the superior lateral (9-37%), and in
the central zones (18-32%) [28]. Lymphatic drainage to the
inferior quadrants is rare (inferior medial 1.6%, inferior lat-
eral 0%) [28]. SPECT/CT identifies SLNs in groins which

Fig.15.3 (a) Intradermal injection of 82.92 MBq *Tc-nanocolloid in
a 71-year-old male resulting in visualization of a SLN in both groins
with a second more laterally localized SLN on the right side (arrow) on
delayed planar lymphoscintigraphy. (b) 3D volume-rendered SPECT/
CT images revealing a SLN in the superior medial quadrant on both
sides, and a SLN in the superior lateral quadrant on the right side

(arrow). The image also shows a second-echelon node in the right iliac
area. (¢, d) Axial fused SPECT/CT images depicting both radioactive
SLNs with the corresponding lymph nodes on CT (arrows).
Histopathological examination revealed micrometastases in the left
excised SLN
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would have had non-visualization if only conventional lym-
phoscintigraphy had been used [34, 35]. Finally, SPECT/
CT is able to identify contamination of the skin with the
radiocolloid, an occurrence which can sometimes be erro-
neously interpreted as lymph nodes on planar
lymphoscintigrams.

15.2.8 Intraoperative Imaging

Accurate staging with SLNB can be achieved only if all
nodes on a direct drainage pathway from the tumor are
harvested. If SLNs are left behind, this constitutes one of
the potential causes for false-negative results. The inte-
gration of a portable gamma camera in the intraoperative
procedure may increase the detection sensitivity, as it
provides an intraoperative overview image of the radio-
active SLNs and enables post-excision confirmation of
complete removal of the SLNs in the operating room. For
optical visualization of the SLN, vital blue dyes are tradi-
tionally used to stain 43-56% of nodes [8, 32, 36]. To
increase intraoperative visualization rate, ICG-*"Tc-
nanocolloid can be utilized as mentioned in the second
paragraph [37]. With this combined tracer, 95-97% of the
removed SLNs were fluorescent in vivo [32, 36]. These
developments may help to further refine intraoperative
retrieval of SLNs.

15.2.9 Common and Rare Variants

One of the advantages of lymphatic mapping is its ability to
identify SLNs outside the usual nodal basins. In penile can-
cer, direct drainage to prepubic SLNs has been described
[38]. In particular, dynamic lymphoscintigraphy often shows
one or two lymphatic vessels leading to the SLNs. Such ves-
sels have also been observed to directly lead to deep inguinal
and even to iliac SLN.

Blockage of the lymph flow by tumor metastasis in the
lymph node may cause non-visualization and lymph rerout-
ing with occasionally retrograde or contralateral flow of the
%mTc-nanocolloid. This occurrence has been visualized by
SPECT/CT imaging [33].

15.2.10 Technical Pitfalls

The most frequent pitfall is skin contamination. The high
pressure of the intradermal bleb can result in leakage during
injection or after removal of the needle. The use of (surgical)
lights to adequately visualize the site of injection and of a

fenestrated drape to cover the area may help to avoid skin
contamination. Furthermore, voiding of radioactive urine
between the early and delayed scintigraphy may also cause
skin contamination. The hot spots due to skin contamination
may be confused with SLNs, thus leading to an unnecessary
intraoperative pursuit. In these cases skin decontamination is
mandatory. Complementary SPECT/CT may also be helpful
in detecting these artifacts. Another possible pitfall is acci-
dental injection into the corpus cavernosum, an occurrence
that will cause no visualization of lymphatic flow.
Furthermore, in some cases the injection site (penis) may
obscure visualization of the more inferiorly located SLNs on
anterior planar imaging.

15.2.11 Accuracy of Radioguided SLNB

Initially, the most significant drawback of SLNB for penile
cancer was a relatively high false-negative rate (22%) [39].
After analysis of the false-negative cases, several modifica-
tions were made to decrease the false-negative rate [9].
Histopathologic analysis was expanded with serial sectioning
of the SLNs. Furthermore, preoperative ultrasonography of
cNO groins with fine-needle aspiration cytology (FNAC) of
suspicious lymph nodes was added, as well as exploration of
groins in case of non-visualization during scintigraphy and
intraoperative palpation of the wound to identify suspicious
lymph nodes that failed to pick up any radiocolloid. Thanks to
these modifications, the procedure has evolved into a reliable
minimally invasive staging technique with an associated sen-
sitivity of 93—-95% with low morbidity in experienced centers
[9,40]. At the same time the SLN procedure has also increased
survival of penile cancer patients significantly [6, 41].
However, a recent multicenter meta-analysis reported pooled
sensitivity rates of 88% [17, 42]. One explanation for such
lower sensitivity may be represented by differences in proto-
cols (that is, screening with ultrasound and FNAC to detect
lymph node metastases that fail to pick up radioactivity), low-
volume centers, and/or possibly different phases of the learn-
ing curve.

Key Learning Objectives Penile Cancer

e The SLN procedure in penile cancer has helped
increase survival and prevents unnecessary
lymphadenectomy in patients with a tumor-
negative SLN.

e The SLN procedure in penile cancer can be per-
formed in a 1- or 2-day protocol.
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* SLNB after primary tumor excision is also possible
and can be performed in a similar fashion.

* Repeat SLNB for penile cancer recurrence is safe.

* SPECT/CT provides anatomical information giving
specific landmarks for SLN localization during the
surgical act.

15.3 Prostate Cancer

In prostate cancer, lymph node staging is important for both
prognosis and therapeutic management. The presence of
lymph node metastases may lead to adjuvant treatment in
case of prostatectomy, such as hormonal therapy with or
without radiotherapy, or extension of the radiotherapeutic
field [43]. To date, none of the available noninvasive diag-
nostic imaging modalities provide a reliable assessment of
lymph node (micro)metastases. Positron-emission tomogra-
phy (PET) with prostate-specific membrane antigen (PSMA)
labeled with %Ga or '*F is an emerging imaging modality;
however, the sensitivity for detection of lymph node metasta-
ses is still limited to 64% in the case of %*Ga-PSMA PET/
CT. Moreover, %Ga-PSMA PET/CT has been found not to
detect lymph node metastases smaller than 2 mm [44, 45].
Therefore, surgical staging by extended pelvic lymph node
dissection (ePLND) is still the current standard of care.
However, SLNB is emerging as an alternative staging
method, with a lower incidence of complications and with
the potential to identify relevant lymph nodes outside the
standard ePLND field [46, 47].

15.3.1 The Clinical Problem

Current international guidelines recommend that a pelvic
lymph node dissection (PLND) should be performed at the
time of a radical prostatectomy (RP) in all men with interme-
diate- or high-risk prostate cancer, if the estimated risk of
lymph node metastases exceeds 5% in the current EAU
guidelines or 2% with NCCN guideline nomograms (grade
recommendation: “B”). Despite this, 25-35% of the PC
patients who are treated with curative intent with RP and
extended PLND will develop clinically significant biochemi-
cal recurrence with local and/or distant disease. An extended
dissection (ePLND) s preferred over limited PLND. However,
even with an extended dissection template including external
iliac, hypogastric, and obturator nodes, 35% of lymph nodes
potentially containing PC will not be removed at surgery,

either being located out of the standard surgical field or being
missed within.

The advantages of SLN dissection are the possibility to
identify tumor draining lymph nodes outside the field of an
ePLND and lower the incidence of complications compared
to ePLND [46]. However, accurate localization of SLNs in
the pelvis can be challenging, especially when SLNs are
located near the prostatic injection site (because of the high
radioactive background signal), or in case of aberrantly
located SLNSs (e.g., para-aortic) [48].

15.3.2 Indications and Contraindications
for SLNB

The probability of having lymph node metastasis from pros-
tate cancer increases with the serum level of prostate-specific
antigen (PSA), biopsy grade (Gleason score), and clinical T
stage. Like the indications for an ePLND, SLNB could be
performed in all men with intermediate- and high-risk pros-
tate cancer, if the estimated risk of lymph node metastases
exceeds 5% with EAU guidelines or 2% with NCCN guide-
line nomograms and PSMA PET/CT or any other conven-
tional imaging modality showed no evidence of lymph node
metastases. However, according to the guidelines, due to
lack of reliable evidence regarding oncological effective-
ness, SLNB is still an experimental nodal staging procedure.
A tumor-bearing SLN may influence the boundaries of the
radiotherapy field and duration of hormonal (androgen depri-
vation) therapy. Another possible indication is to select
patients who are eligible for salvage treatment of the pros-
tate, as the usual parameters to stratify patients in risk groups
do not apply to patients with intraprostatic recurrence [49].
Since salvage treatment of the prostate may result in serious
complications, it is considered when the prostate is actually
the only tumor-bearing site.

15.3.3 Radiocolloid and Modalities
of Injection

Most of the experience in the SLN procedure for prostate
cancer has been acquired in European countries and the most
frequently used radiopharmaceutical has been *™Tc-nano-
colloid. Transrectal intraprostatic injection is guided by
(transrectal) ultrasound, injecting the radiocolloid under
continuous monitoring using a needle of 0.5 x 150 mm
(Fig. 15.4). Prostate cancer may be multifocal; therefore
injections are performed in both lobes. An activity of about
240 MBq in 0.4 mL is recommended. The lymph node visu-
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Fig. 15.4 Preoperative SLN mapping in a 65-year-old patient with
intermediate-risk prostate cancer. (a) Tracer administration guided by
transrectal ultrasound guidance using a long needle and a three-way
system. (b) The radioactive dose is divided into 2—4 injections. The
procedure is monitored using a portable gamma camera to verify ade-
quate tracer retention within the prostate. (¢) Early planar lymphoscin-
tigram showing two SLNs with direct drainage from the prostate

alization rate tends to be less optimal when lower activities
are used. The particle concentration also appears to be
important, and the use of a reduced labeling dilution volume
(0.4 mL *™Tc per 0.2 mg nanocolloid) yields more visual-
ized SLNs with higher radioactivity count rates [50]. The
radiocolloid is divided into 2—4 injections depending on the
prostate volume. A three-way system is recommended, and
after each depot saline is used for flushing the residual radio-
activity in the needle. When using ICG-**"Tc-nanocolloid a
similar injection scheme is applied with a volume of 2.0 mL
and an activity of 300 MBq (Fig. 15.5).

15.3.4 Preoperative Imaging of SLNs

In the pelvis, lymphatic ducts are seldom visualized and the
relatively slower deep lymphatic drainage renders dynamic

(arrows). (d) The delayed lymphoscintigram enables differentiation of
the SLNs and a higher echelon lymph node (arrow). (e) 3D volume-
rendered SPECT/CT image displaying the location of the SLNs in more
detail. (f) Axial fused SPECT/CT image showing the SLN on the right
side along the external iliac veins and the SLN on the left side (g) in the
obturator fossa

lymphoscintigraphy less useful. Early planar images of
lymphoscintigraphy acquired 15 min after radiocolloid
administration can visualize the first draining lymph nodes
in almost 88% of the cases [51]. Delayed imaging may be
performed 2—4 h after injection. On delayed imaging the
lymph node visualization rate increases to more than 95%.
Comparing the early and delayed images enables to differ-
entiate second-echelon lymph nodes from the first draining
nodes. This discrimination is based on the anatomical
lymph node basins of the pelvis. As a rule, late-appearing
lymph nodes located higher in the same basin are consid-
ered as second-echelon lymph nodes. Late-appearing
lymph nodes in distal or more ventral and dorsal basins
suggest direct draining from the prostate. These lymph
nodes may also be considered as SLNs. If no SPECT/CT is
available, lateral planar images can differentiate between
dorsal and more ventral located SLNs.
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Fig. 15.5 (a) Early lymphoscintigraphy after transrectal intraprostatic
injection of *™Tc-nanocolloid (170 MBq) in a 70-year-old male sched-
uled for SLNB resulted in visualization of bilateral lymphatic drainage
with an early-appearing SLN along the great abdominal vessels (arrow).
(b) Axial SPECT/CT image showing the exact location of this SLN
next to the common iliac artery. (¢) The 3D volume-rendered SPECT/
CT image providing an overview of all SLNs: the upper SLN next to the
common iliac artery (upper arrow), two along the external iliac vessels
on the left side, one along the external iliac artery on the right side, but

15.3.5 Lymphatic Drainage

The lymphatic drainage pathways of the prostate are highly
variable in individual patients. Lymph node mapping stud-
ies [52, 53] using SPECT/CT, lymphoscintigraphy, SLN
procedures, and lymph node dissections improved our
understanding of lymphatic drainage. Main drainage path-
ways include the internal iliac nodes, obturator nodes, and
external iliac nodes (Fig. 15.1). These regions are included
in the extended pelvic lymph node dissection (ePLND). The
borders of the internal iliac nodes are the bifurcation of the
internal and external iliac arteries, pelvic floor, bladder wall,
and medial to obturator nerve. The obturator region is found
lateral to obturator nerve and medial to external iliac artery.
The external iliac nodes are found cranial to inguinal liga-
ment, medial to genitofemoral nerve, medial to psoas mus-
cle, and caudal to ureter and bifurcation of internal and
external iliac arteries. Less frequently, metastasis is found in

also an additional SLN located more mediocaudally (lower arrow). (d)
The axial image shows that this SLN is located paravesically. (e) All
SLNs were harvested laparoscopically aided by a portable gamma cam-
era (arrow) and a laparoscopic gamma probe. (f) Intraoperative visual-
ization of a SLN (arrow) using a portable gamma camera allowing
post-excision confirmation that the SLN has been removed completely.
After excision (right on screen), no significant remaining activity is
seen

the distal or proximal (divided by the ureteric crossing)
common iliac artery nodes with the following borders:
bifurcation of the aorta (cranial), bifurcation of the internal
and external iliac nodes (caudal), internal iliac artery
(medial), and genitofemoral nerve and psoas muscle (lat-
eral). The borders of the presacral regions are the common
iliac arteries (cranial/lateral), bifurcation of the internal and
external iliac arteries (caudal), and promontorium and prox-
imal sacrum (dorsal). These regions are included in the
“super-extended PLND.” Other rare variants are discussed
below.

15.3.6 Intraoperative Detection of SLNs

Initial validation of SLNB in prostate cancer is based on
open surgery and use of a gamma ray detection probe to
guide detection of the radioactive SLNs. Performing SLNB
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Fig. 15.6 Following administration of the hybrid tracer ICG-*"Tc-
nanocolloid, volume-rendered SPECT/CT (a) is able to anatomically
localize the SLNs in the pelvis. Based on this information, urological
surgeons can remove the nodes by means of robot-assisted laparoscopy
(b, ¢). Thanks to the fluorescence signature of the tracer the SLNs are
localized (d) and subsequently removed and measured with a rigid

in a robot-assisted laparoscopic setting can be challenging
because of the limited maneuverability of gamma ray
detection probes. Especially SLNs that lie in close proxim-
ity to the injection site are easily missed, because the rela-
tively high background signal from the injection site
hinders the localization of the low-intensity signal from the
SLN. The introduction of several new technologies has
made the incorporation of SLNB in robot-assisted surgery
possible [54, 55]. The hybrid tracer ICG-*"Tc-nanocolloid
aids in the intraoperative detection of SLNs. However,
14.3-19.6% of SLNs cannot be visualized due to the lim-
ited tissue penetration of the ICG fluorescent signal [55].
Those SLNs missed using fluorescence imaging can be
localized using preoperatively obtained lymphoscintigra-
phy and SPECT/CT images and per-operatively with the
use of a gamma ray detection probe [54]. Additionally, flu-
orescence imaging has been incorporated in robotic assisted
surgery using a da Vinci Si system with an integrated Firefly
fluorescence laparoscope [55]. During the procedure, the
urologist can switch between white light imaging and fluo-
rescence imaging using the controllers of the console
(Fig. 15.6).

laparoscopy gamma probe (e). Due to the dual signature of the tracer
both fluorescence (top) and radioactivity (circle bottom) can succes-
sively be measured (f). The replacement of the standard rigid probe by
a flexible drop-in gamma probe (g) will optimize the procedure in the
future

In open surgery, the use of a portable gamma probe aids
the detection of SLNs. Current portable gamma cameras are
capable of detecting two different signals: the signal of
9mTc-nanocolloid for SKLN visualization, plus the signal
of a 'I seed pointer placed on the tip of the laparoscopic
gamma ray detection probe [56]. During surgery the signal
of ®"TC, which indicates the location of the SLN, and the
signal of I seed pointer are both displayed on a screen.
The signal of the I seed pointer is depicted as a yellow
circle, guiding the surgeon spatially to the signal of the
SLN. The 'I seed additionally aids in quantifying the
amount of radioactivity in the nodes, thus allowing more
reliable discrimination between SLNs and second-echelon
nodes. After removal of all SLNSs, the portable gamma cam-
era can show whether there are any remaining SLNs that
have to be removed or a second-echelon node that can con-
fidently be left in place (see Fig. 15.6). This approach pro-
vides certainty about completeness of the surgical procedure.
The excised lymph nodes are checked for radioactivity with
the gamma probe ex vivo.

The use of a drop-in gamma probe in robot-assisted
surgery has recently been investigated to overcome the
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limited maneuverability of laparoscopic gamma ray
detection probes (Fig. 15.6). The drop-in probe is inserted
via a trocar and can be maneuvered with laparoscopic
surgical tools [57]. This allows placing the drop-in
gamma probe in between low-intensity objects (e.g., SN)
and high-background objectives like the injection site
(e.g., prostate), therewith being able to distinguish sig-
nals from low-intensity objects from high-background
objectives with a relative intensity ratio of 1:100 [57].
The drop-in probe can remain in the abdominal cavity
during the nodal resection and is picked up for placement
with the ProGrasp® forceps whenever necessary. A feasi-
bility study showed that the wide scanning range of the
drop-in probe allowed the surgeon to remove 35 SLNs in
10 prostate cancer patients. In total, 45% of the SLNs
identified with the drop-in probe were considered diffi-
cult to trace using the traditional laparoscopic gamma
probe [58].

15.3.7 Contribution of SPECT/CT

Hybrid imaging with SPECT/CT enables anatomical local-
ization of SLNs. A 98-99% SLN visualization rate has
been reported for SPECT/CT (versus 91% for planar imag-
ing) [52, 53, 59]. Moreover, in 56% of the cases SLNs are
localized inside the area of ePLND [52, 53]; there is a con-
siderable number of SLN’s in regions not routinely excised
when performing an ePLND (see below: accuracy of
radioguided SLNB) [47]. SPECT/CT is mostly performed
after the delayed planar imaging, and must be interpreted
in combination with lymphoscintigraphy. Sequential pla-
nar images are able to identify the lymph nodes draining
directly from the tumor site, but give only limited informa-
tion about their anatomical location. With SPECT/CT it is
possible to better localize SLNs both inside and outside
the pelvis. In many cases early-appearing lymph nodes
seen as a single hot spot on planar imaging are displayed
as separate lymph nodes in different basins by SPECT/CT,
and all of them must be considered as SLNs. In other cases,
intense lymph node uptake seen on fused images may cor-
respond to a cluster of SLNs as depicted on the CT compo-
nent of the SPECT/CT acquisition. As such, SPECT/CT
provides valuable information for the urologist, which
may lead to a significant shortening of the operation time,
as less extensive exploration might be required.
Furthermore, SPECT/CT may also provide important
information for planning radiotherapy, concerning espe-
cially treatment volume and optimization of irradiation
fields in the pelvis.

15.3.8 Common and Rare Variants

In prostate cancer, lymphoscintigraphy and SPECT/CT may
identify SLNs outside the ePLND in 16-44% of the cases
[51-53]. These aberrantly located SLNs can be located in the
following regions: common iliac (19%), para-aortic (10%),
presacral (7%), aortic bifurcation (4%), pararectal (3%),
paravesical (<1%), mesenteric fat (<1%), and inguinal (<1%)
[52, 53].

15.3.9 Technical Pitfalls

The relatively complicated radiocolloid injection procedure
for prostate cancer is probably the most frequent cause of
pitfalls. One must be careful to avoid tracer leakage during
injection, possibly resulting in subsequent contamination of
the floor or of the ultrasound probe. It is therefore recom-
mended to check for contamination of the room after injec-
tion using a Geiger counter.

During injection, incorrect needle placement may result
in passage of the radiocolloid directly to the bladder or
bloodstream, which in turn may cause non-visualization dur-
ing scintigraphy. By monitoring the injection procedure with
a portable gamma camera, one can ensure adequate radiocol-
loid retention in the prostate. As the injection is performed
transrectally, a possible pitfall is visualization of lymphatic
drainage from the rectum, leading to, e.g., visualization of
inguinal lymph nodes on SPECT/CT imaging (Fig. 15.7).
Furthermore, accidental funicular administration can also
occur, possibly leading to retrograde drainage toward the
scrotum (Fig. 15.8).

15.3.10 Accuracy of Radioguided SLNB

Original validation of SLNB for prostate cancer was based
on open surgery and on the use of a gamma probe to guide
detection of the radioactive SLNs. Out of more than 2000
patients evaluated, only 11 false-negative cases (5.5%) were
reported [60]. More recently, SLNB has been validated using
a laparoscopic gamma probe during minimally invasive sur-
gery [61].

The combined diagnostic accuracy of open, laparoscopic,
and robot-assisted SLNB with ePLND as reference standard
has been described in a recent systematic review including
2509 patients and showed a 95.2% (81.8—-100%) sensitivity,
100% (95.0-100%) specificity, 100% (IQR 87.0-100%)
positive predictive value, and 98% (94.3-100%) negative
predictive value. In 4.8% (0-18.2%) of cases a metastasis
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Fig. 15.7 (a) Planar lymphoscintigraphy after intraprostatic injection  directed toward the right testicle (arrow). (¢, d) Axial images showing
of 180 MBq *™Tc-nanocolloid in a 60-year-old patient showing bilat-  elongated drainage along the funiculus (arrow). The drainage toward
eral drainage with a single hot spot on both sides, but also with drainage  the testicle thus reflects retrograde drainage after accidental funicular
on the right side in caudal direction (arrow). (b) 3D volume-rendered ~ administration, one of the possible pitfalls of this procedure
SPECT/CT image showing that the caudal drainage on the right side is

was found in the SLN outside the ePLND template without

metastasis inside the ePLND template (false positive), sug- »  With the (new) hybrid tracer ICG-*"Tc-nanocolloid
gesting diagnostic advantage and a higher yield of tumor- it is possible to perform preoperative imaging with
positive nodes when combining the procedures [47]. lymphoscintigraphy and SPECT/CT as well as

intraoperative imaging with a fluorescence camera
and a gamma ray detection probe.

e SLN mapping enables the identification of
lymph node metastasis outside the template of
extended pelvic lymph node dissection.

* The introduction of drop-in gamma probes may help
to overcome the limited maneuverability of rigid
laparoscopic gamma probes with advantages espe-
cially for robot-assisted SLNB during laparoscopy.

Key Learning Points: Prostate Cancer

e Indications for SLN procedure of the prostate are to
determine lymph node metastasis in patients with
intermediate- and high-risk prostate cancer eligible
for radiotherapy with hormonal therapy or patients
with prostate cancer eligible for salvage treatment
of the prostate.
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Fig.15.8 A similar situation arose after transrectal intraprostatic injec-
tion (211 MBq) of hybrid radioactive and fluorescent ICG-*"Tc-
nanocolloid in a 59-year-old male with intermediate-risk prostate
cancer. (a) Delayed planar lymphoscintigram showing retrograde drain-
age toward the scrotum on the right side due to partial funicular tracer
administration as well as drainage to SLNs on both sides (obturator
fossa); and a SLN located more caudally on the left side (arrow). (b, ¢)
The 3D volume-rendered and axial SPECT/CT images reveal that the

15.4 Testicular Cancer

Testicular germ cell tumor (TGCT) is the most frequent solid
malignancy in young men and affects up to 10 in 10,000 men
[62, 63]. Depending on the histologic subtype (seminoma or
nonseminomatous germ cell tumor), the peak incidence is
between 25 and 35 years old [62]. Incidence rates are rising and
increases as high as 4.9% per year have been reported [64]. The
prognosis is favorable and cancer-specific survival rates up to
100% have been reported [65-67]. The majority of patients
have clinical stage I disease at first presentation [68]. The opti-
mal management of these patients remains controversial. A
surveillance policy requires intensive, frequent follow-up visits
with costly examinations and defers detection and treatment of
lymph node metastases to a later stage. Up to 30% of patients
with clinical stage I disease will relapse under surveillance and

most caudal SLN on the left side reflects aberrant drainage ventrally
against the abdominal wall (arrow). The SLNs were harvested during
robot-assisted laparoscopy guided by a laparoscopic gamma probe and
fluorescence endoscope. (d) Fluorescence endoscope image showing
the SLN against the abdominal wall along the umbilical ligament
(green). This SLN (and an iliac SLN on the right side) contained metas-
tases at histopathology

have to be treated with multiple cycles of toxic chemotherapy.
Therefore, there is a need for diagnostic techniques that enable
the identification and treatment of patients with occult lymph
node metastasis at an earlier stage. In this respect, the SLN
procedure is of potential high value [69-71].

15.4.1 The Clinical Problem

Approximately two-thirds of patients present with clinical stage [
[68]. The predominant management strategy for these patients is
inguinal orchiectomy followed by active surveillance for 5 years
[72]. However, 20-30% of patients with clinical stage I will
relapse under surveillance [73, 74]. These patients had occult
metastatic disease in their lymph nodes at the time of first presen-
tation, undetectable by current imaging protocols or biomarkers.
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Patients who suffer from relapse are treated with multiple
cycles of platinum-based chemotherapy. These regimens
cause serious short- and long-term side effects [75]. For
example, the risk of cardiovascular disease or a second
malignancy is ~2 times higher after chemotherapy [76]. As a
consequence, the relative survival of these patients continues
to decline even beyond 30 years of follow-up [77]. For inter-
mediate/poor-risk patients, the treatment-related mortality is
even higher than the disease-related mortality.

To overcome the high relapse rate, several risk-adapted
strategies have been introduced [78-80]. Risk stratification is
based on the outcome of the orchiectomy specimen and high-
risk patients receive one cycle of chemotherapy. Approximately
52-68.5% of high-risk patients, however, do not relapse if fol-
lowed with active surveillance [78, 79, 81]. Thus, treating all
high-risk patients with chemotherapy would lead to serious
overtreatment. Conversely, 12-14% of low-risk patients will
relapse [78, 79, 81]. These patients would have benefitted
from adjuvant treatment, but did not receive it.

Thus, the high relapse rate in clinical stage I testicular
cancer, the high rate of over- and undertreatment, and the
serious morbidity associated with the toxic treatment of
relapsed patients urge for a better and earlier identification
of patients with occult metastatic disease. The SLN proce-
dure could lead to less intensive follow-up protocols for
node-negative patients and reduction of systemic treatment.
In one study with a median follow-up of more than 5 years,
none of the patients with a negative SLN suffered from
relapse [69].

15.4.2 Indications and Contraindications
for SLNB

SLN visualization is feasible in patients with clinical stage I
disease [69, 70, 82, 83]. Clinical stage I is defined by the
absence of enlarged (>1 cm) lymph nodes on abdomino-tho-
racic computed tomography (CT) scan plus normal or nor-
malizing serum values of alpha-fetoprotein (AFP), human
chorionic gonadotropin (HCG), and lactate dehydrogenase
(LDH).

15.4.3 Radiocolloid and Modalities
of Injection

The route of administration of *™Tc-nanocolloid has been
evaluated in multiple feasibility studies. While funicular
administration showed only lymph node uptake in the ingui-
nal region (which does not reflect the actual testicular tumor
drainage pattern), intratesticular administration resulted in
visualization of retroperitoneal SLNs, in accordance with
known drainage patterns. No side effects were observed using
the latter method, which proved to be easy to perform and

was well tolerated under local anesthesia (funicular block
with lidocaine 2%). Generally, a single aliquot of radioactiv-
ity (approximately 100 MBq) in a volume of 0.1-0.2 mL is
injected with a fine needle into the testicular parenchyma.

15.4.4 Preoperative Imaging of SLNs

The fast lymphatic drainage from the testicle requires dynamic
gamma camera acquisition to facilitate differentiation between
first- and second-echelon lymph nodes in the retroperitoneum.
Immediately following radiocolloid injection, anterior and lat-
eral dynamic images are obtained with a dual-head gamma
camera to visualize the lymphatic flow and early-draining
lymph nodes. Static planar images are obtained immediately
after the dynamic study. Two hours after tracer injection, addi-
tional static images are obtained to identify slower draining
SLNs and unexpected drainage patterns.

15.4.5 Lymphatic Drainage

Left-sided testicular tumors primarily drain to the para-aortic
retroperitoneal region [84]. Right-sided tumors show a less
uniform pattern of dissemination and drain to the paracaval,
precaval, and interaortocaval region [84, 85].

15.4.6 Intraoperative Detection of SLNs

SLNB in testicular cancer was introduced in a laparoscopic
setting, and can also be performed robot assisted.
Intraoperative SLN localization is guided by a laparoscopic
gamma probe or a portable gamma camera [69, 71].

15.4.7 Contribution of SPECT/CT

In the initial feasibility study, preoperative lymphatic mapping
was performed using planar lymphoscintigraphy only [70].
However, this technique can provide two-dimensional infor-
mation only, and exact preoperative anatomical SLN localiza-
tion is not possible. SPECT/CT provides not only useful
anatomic information about the location of SLNs but its
improved sensitivity and the added third dimension may also
lead to the detection of additional SLNs (Fig. 15.8). Sequential
planar imaging will remain important for the preoperative
identification of early-appearing lymph nodes as SLNs.

15.4.8 Intraoperative Imaging

Since the lymphatic drainage of the testes is directed to ret-
roperitoneal areas deeply within the abdomen that can often
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Fig. 15.9 A 42-year-old male with a seminoma in the right testicle was
injected with *™Tc-nanocolloid (87.32 MBq) followed by SLN map-
ping. (a) Early planar anterior image showing drainage to two abdomi-
nal SLNs (arrows) and radioactivity along the lymphatic channel,
which decreased in time, indicating lymphatic tract visualization. (b)
Sagittal SPECT/CT image fusion showing the injection site and both

be complex, preoperative anatomical information about the
location of the SLNs is important for planning the surgical
procedure. For this reason, the SPECT/CT images should be
displayed in the operating room. Urological surgery has
shifted from the open approach toward minimally invasive
laparoscopic and robot-assisted techniques. During laparo-
scopic surgery, the urologist localizes a SLN under guidance
by the sound pitch from the laparoscopic gamma probe.
However, intraoperative spatial orientation using this device
can be difficult, as a laparoscopic probe does not provide
visual information. The use of a portable gamma camera
helps to intraoperatively guide laparoscopic SLN localiza-
tion as described above (see section Intraoperative detection
of SLNs: prostate cancer). This approach provides certainty
about completeness of the surgical procedure and comple-
ments the laparoscopic probe. Currently, intraoperative navi-
gation approaches that are based on the preoperative (SPECT/
CT) images are being developed [86].

15.4.9 Common and Rare Variants

Although drainage from the testes is usually directed to
paracaval, interaortocaval, and para-aortic SLNs, in some

SLNs along the great abdominal vessels. (¢, d) The coronal SPECT/CT
image fusion and 3D volume-rendered image reveal that both SLNs are
located interaortocavally (arrows). (e, f) Axial SPECT/CT images pro-
viding additional anatomical information about the location of both
SLNs (dotted circles). Both SLNs were harvested laparoscopically and
were tumor free at histopathology

patients SLNs may also be seen along the testicular vessels
(Fig. 15.9) [71].

15.4.10 Technical Pitfalls

The route of administration of ®™Tc-nanocolloid may cause pit-
falls. For instance, funicular administration may result in lymph
node uptake in the inguinal region, which does not reflect tes-
ticular tumor drainage. Intratesticular administration in the
parenchyma results in retroperitoneal SLN visualization, in
accordance with known drainage patterns (Fig. 15.10).

15.4.11 Accuracy of Radioguided SLNB

To date, no studies have been published other than the
aforementioned feasibility studies limited by small size of
the study populations (~25 patients per study). Although
refinement of the SLN procedure may enable better selec-
tion of patients who would benefit from adjuvant treatment
after orchidectomy, further studies are required to substan-
tiate the clinical value of the SLNs procedure in this
disease.
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Key Learning Points: Testicular Cancer

e Occult metastatic disease is common in clinical
stage I testicular cancer and has serious implica-
tions for these relatively young patients.

* Lymphatic mapping using lymphoscintigraphy and
SPECT/CT is essential to localize SLNs, by provid-
ing specific anatomical landmarks for subsequent
surgical resection.

Fig. 15.10 Intratesticular injection of hybrid ICG-*"Tc-nanocolloid
(67.7 MBq) in a 52-year-old male with a seminoma in his left testicle
followed by lymphoscintigraphy and SPECT/CT. (a) Early planar ante-
rior image showing drainage from the left testicle toward an abdominal
SLN (arrow). (b) The delayed lymphoscintigram reveals an additional
SLN just below the SLN which was visualized on the early image
(upper arrows), a second-echelon node to the right, and an additional
hot spot located more caudally (lower arrow) which was therefore also
defined as SLN. (¢) Fused SPECT/CT image displayed with 3D volume

* The SLN procedure could lead to less intensive
follow-up protocols and reduction of systemic
treatment.

e Larger, prospective studies are necessary to evalu-
ate the role of the SLN procedure in testicular
cancer.

rendering showing the cranial two SLNs alongside the aorta, the inter-
aortocaval second-echelon node, and the more caudal SLN (arrow) next
to the funiculus. (d) Axial fused SPECT/CT image depicting the caudal
SLN along the external iliac vessels next to the funiculus. All SLNs
were excised during laparoscopy guided by a laparoscopic gamma
probe and fluorescence endoscope. (e) Ex vivo fluorescence image of a
para-aortal SLN revealing the location of the node within the excised
tissue specimen
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Clinical Cases

Case 15.1: SLN Mapping in Penile Cancer with Bilateral
Drainage to Both Groins

Renato A. Valdés Olmos, Henk G. van der Poel, and
Oscar R. Brouwer

Background Clinical Case

A 78-year-old man with penile carcinoma was referred for
SLNB. During staging of both groins no lymph node abnor-
malities had been detected on physical examination and ultra-
sonography (clinical stage T1NO).

Planar Lymphoscintigraphy and SPECT/CT Imaging

In the afternoon before surgery a total of 110 MBq
ICG-"*"Tc-nanocolloid was administered in three intrader-
mal injections proximal to the primary tumor into the
glans. Immediately after tracer administration, a dynamic
study was acquired during 10 min with the patient in
supine position using a dual-head gamma camera (Symbia
T, Siemens, Erlangen, Germany) equipped with low-
energy high-resolution collimators. Subsequently, 5-min
planar static images were acquired at 15 min and 2 h
postinjection. In addition, SPECT/CT imaging was
acquired after the 2-h delayed planar imaging using the
same gamma camera.

Fig.15.11 Anterior early (on the left) and delayed (on the right) planar
images, displayed in superposition to anatomical models, showing
bilateral drainage to both groins. Inguinal SLNs in the left groin become
clear only on delayed images. On SPECT/CT (bottom) radioactive

SLNs in both groins are located above the saphenofemoral junction cor-
responding on low-dose CT to normal-size lymph nodes in the so-called
upper inguinal zones of Daseler (circles)
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Case 15.2: SLN Mapping in Recurrent Penile
Carcinoma with Drainage to Iliac and Inguinal Lymph
Nodes

Renato A. Valdés Olmos, Henk G. van der Poel, and
Oscar R. Brouwer

Background Clinical Case

A 57-year-old man with a squamous-cell penile carci-
noma recurrence was referred for SLNB. The patient had
undergone partial penis amputation 13 years earlier because
of a primary penile carcinoma (cT2NO) with subsequent
lymph node dissection of the right groin due to SLN metas-
tases (pT2N1). The SLN of the left groin at that time was
free of tumor and no further surgical intervention had been
performed. Following confirmation of the recurrence, no

Fig. 15.12 Anterior static planar images displayed in superposition to
anatomical models (upper row). Bilateral tracer migration to lymph
nodes is only seen on delayed image (on the right) with a radioactive
left lymph node near the penile injection site and a higher located node

lymph node abnormalities had been detected on palpation
and ultrasonography.

Planar Lymphoscintigraphy and SPECT/CT Imaging

In the afternoon before surgery a total of 100 MBq
ICG-"*"Tc-nanocolloid was administered in three intrader-
mal injections around the tumor recurrence following
preparation with xylocaine 10% spray for local anesthesia.
Immediately after tracer administration, a dynamic study
was acquired during 10 min with the patient in supine
position using a dual-head gamma camera (Symbia T,
Siemens, Erlangen, Germany) equipped with low-energy
high-resolution collimators. Subsequently, 5-min planar
static images were acquired at 15 min and 2 h postinjec-
tion. In addition, SPECT/CT imaging was acquired after
acquiring the delayed planar images using the same gamma
camera.

- -

with a visible lymphatic duct in the right side. Note on SPECT/CT
imaging (lower row) that the SLN in the right side is located in the
vicinity of the external iliac artery (circles), whereas the SLN in the left
side is located in the groin
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Case 15.3: SLN Mapping in Prostate Carcinoma with
Bilateral Drainage to Pelvic Lymph Nodes

Renato A. Valdés Olmos, Henk G. van der Poel, and
Oscar R. Brouwer

Background Clinical Case

A 70-year-old man with confirmed carcinoma in the
right lobe of the prostate on histopathology and Gleason
7 was referred for a SLN procedure with robot-assisted
surgery. No lymph node abnormalities had been
detected on radiological examination (clinical stage
T2NO).
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Fig. 15.13 Static planar images (upper row) are displayed in superpo-
sition to anatomical models. On early anterior (first frame) and right
lateral (second frame) views bilateral lymph node uptake is seen princi-
pally on the left side of the pelvis. Volume-rendering and cross-sectional

Planar Lymphoscintigraphy and SPECT/CT Imaging

The patient was planned for a 1-day SLN procedure. Early in
the morning a total of 125 MBq ICG-*"Tc-nanocolloid was
administered in both lobes of the prostate by means of four injec-
tions guided by transrectal ultrasonography. Immediately after
tracer administration, the patient was transferred to the depart-
ment of nuclear medicine and a static image was acquired during
5 min with the patient in supine position using a dual-head gamma
camera (Symbia T, Siemens, Erlangen, Germany) equipped with
low-energy high-resolution collimators. Subsequently, delayed
static images were acquired at 2 h postinjection. In addition,
SPECT/CT imaging was acquired after acquiring the delayed pla-
nar images using the same gamma camera.

SPECT/CT images (lower row) show four SLNs along the left internal
and common iliac arteries, whereas on the right side of the pelvis the
SLN is located medially from the right common iliac vessels
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Case 15.4: SLN Mapping in Prostate Carcinoma
with Unilateral Drainage to a Pelvic
Lymph Node

Renato A. Valdés Olmos, Henk G. van der Poel, and
Oscar R. Brouwer

Background Clinical Case

A 70-year-old man with confirmed carcinoma in both
lobes of the prostate on histopathology was referred for a
SLN procedure with robot-assisted surgery. No lymph node
abnormalities had been detected on radiological examination
(clinical stage T2NO).
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Fig. 15.14 Both early and delayed planar images (upper row), dis-
played in superposition to anatomical models, show migration of the
tracer to the right side of the pelvis. Volume-rendering and cross-

Planar Lymphoscintigraphy and SPECT/CT Imaging

Since a 1-day SLN procedure had been planned, the
patient received in the morning a total of 115 MBq ICG-
9mTc-nanocolloid by means of four injections in both lobes
of the prostate guided by transrectal ultrasonography.
Immediately after tracer administration, the patient was
moved to the department of nuclear medicine and static
5-min images were acquired at 15 min and 2 h postinjection
with the patient in supine position using a dual-head gamma
camera (Symbia T, Siemens, Erlangen, Germany) equipped
with low-energy high-resolution collimators. Subsequently
to delayed static images, SPECT/CT imaging was acquired
using the same gamma camera.

sectional SPECT/CT images (lower row) show one single SLN located
laterally from the right common iliac vessels. The corresponding lymph
node on low-dose CT (circle) is not enlarged
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Case 15.5: SLN Mapping in Prostate
Carcinoma with Drainage to Presacral and
Mesorectal Lymph Nodes

Renato A. Valdés Olmos, Henk G. van der Poel, and
Oscar R. Brouwer

Background Clinical Case

A 67-year-old man with carcinoma in both lobes of the
prostate was referred for SLN procedure with robot-assisted
surgery. No lymph node abnormalities had been detected on
radiological examination (clinical stage T2NO).

r_

Fig. 15.15 Both early and delayed planar images (first two images in
upper row), displayed in superposition to anatomical models, show
delayed migration of the tracer to both sides of the pelvis. On volume-
rendering SPECT/CT (last frame in upper row) the drainage becomes

Planar Lymphoscintigraphy and SPECT/CT Imaging

The procedure was based on a 1-day SLN procedure. Early
in the morning the patient received a total of 120 MBq ICG-
#mTc-nanocolloid by means of four injections in both lobes of
the prostate guided by transrectal ultrasonography. Immediately
after tracer administration, the patient was moved to the depart-
ment of nuclear medicine and static 5-min images were acquired
at 15 min and 2 h postinjection with the patient in supine posi-
tion using a dual-head gamma camera (Symbia T, Siemens,
Erlangen, Germany) equipped with low-energy high-resolution
collimators. Subsequently to delayed static imaging, SPECT/
CT imaging was acquired using the same gamma camera.

clearer, with visualization of three SLNs. Cross-sectional SPECT/CT
images (lower row) show presacral and mesorectal SLNs. These radio-
active nodes correspond to normal-size lymph nodes on low-dose CT
(circles)
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Case 15.6: SLN Mapping in Left Testicular Cancer with
Unilateral Drainage to Para-aortic, Funicular, Iliac, and
Inguinal Lymph Nodes

Renato A. Valdés Olmos, Henk G. van der Poel, and
Oscar R. Brouwer

Background Clinical Case

A 35-year-old man with left testicle cancer was
referred for SLN procedure. No lymph node abnormali-
ties had been detected on radiological examination (clini-
cal stage I).
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Fig. 15.16 Anterior planar images (first two images in upper row) are
displayed in superposition to anatomical figures. Early static image (on
the left) shows migration of the tracer from the left testicle through a
long lymphatic vessel whereas delayed lymph node uptake is observed
(second image) at various levels of pelvis and abdomen. On volume-

Planar Lymphoscintigraphy and SPECT/CT Imaging

The day before surgery the patient received a total of
100 MBq ICG-*"Tc-nanocolloid by means of a single injec-
tion in the left testicle in the proximity of the primary tumor
following funicular block with 2% lidocaine. Immediately
after tracer administration, a dynamic study was started during
10 min. Subsequently, static 5-min images were acquired at
15 min and 2 h postinjection with the patient in supine position
using a dual-head gamma camera (Symbia T, Siemens,
Erlangen, Germany) equipped with low-energy high-resolution
collimators. Subsequently to delayed static images, SPECT/
CT imaging was acquired using the same gamma camera.

rendering SPECT/CT (lower row) superficial (left image) and deep
(second image) are displayed. Cross-sectional SPECT/CT images
(right column) show inguinal and external iliac (top) as well as obtura-
tor and funicular SLNs (middle images) whereas the most cranial
located lymph node is para-aortic (bottom)
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Case 15.7: SLN Mapping in Right Testicular Cancer
with Unilateral Drainage to Lymph Nodes Along the
Vena Cava Inferior

Renato A. Valdés Olmos, Henk G. van der Poel, and
Oscar R. Brouwer

Background Clinical Case

A 46-year-old man with right testicular cancer was referred
for SLN procedure. No lymph node abnormalities had been
detected on radiological examination (clinical stage I).

¥y

Fig. 15.17 Anterior planar images (upper row) are displayed in superposi-
tion to anatomical models. Early static image (on the left) shows migration
of the tracer from the right testicle through a long lymphatic vessel with
uptake in two lymph nodes. Delayed planar image (on the right) shows

Planar Lymphoscintigraphy and SPECT/CT Imaging

The day before surgery the patient received a total of
90 MBq *™Tc-nanocolloid by means of a single injection in
the right testicle in the vicinity of the primary tumor following
funicular block with 2% lidocaine. Immediately after tracer
administration a dynamic study was started during 10 min.
Subsequently, static 5-min images were acquired at 15 min
and 2 h postinjection with the patient in supine position using
a dual-head gamma camera (Symbia T, Siemens, Erlangen,
Germany) equipped with low-energy high-resolution collima-
tors. Subsequently to delayed static images, SPECT/CT imag-
ing was acquired using the same gamma camera.

increasing uptake in the first draining lymph nodes and in a second echelon
more medially located. On SPECT/CT imaging (lower row) both SLNs are
seen laterally from the vena cava inferior
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