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Abstract
Introduction Radioguided exploration (RGS) can be an important tool to direct the cytoreduction of neuroendocrine tumors
(NETs). The selection of the proper radiolabeled isotope, the dose, and the time interval between isotope injection and
exploration are the major factors that lead to the successful use of this technique.
Methods Data on 43 patients who underwent RGS of their NET at our facility (Ochsner Medical Center-Kenner) was collected.
These cases were reviewed to determine the optimal radiopharmaceutical, dose, and interval between injection and exploration.
Results The isotopes used were 99technetium sulfur colloid in three patients, 123I metaiodobenzylguanidine (123I-MIBG) in
six patients, and 111In-pentreotide in 30 abdominal NET patients and in four patients undergoing neck and mediastinum
explorations. In 29 of 30 111In-pentreotide-guided abdominal explorations (five of which were re-explorations, all
successful), the gamma detector was determined to be “helpful”. In the four neck and mediastinum explorations, the gamma
probe was deemed “essential” for completing a quick, safe, and minimally invasive procedure. 123I-MIBG injection, in
contrast, was useful in only one patient. The optimal dose and interval between injection and exploration of 111In-
pentreotide were discovered to be 6 mCi injected 7 days prior to the planned exploration.
Conclusion Radioguided exploration is a useful tool to guide the cytoreduction of NETs. The correct choice of
radiopharmaceutical, its dose, and the interval between injection and exploration are critical for obtaining optimal results.
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Abbreviations
RGS Radioguided surgery
123I-MIBG 123I metaiodobenzylguanidine
111In-pentreotide scan OctreoScan
99Tc sulfur colloid 99Technetium sulfur colloid

Introduction

Radioguided surgery (RGS) is not widely used in patients
with neuroendocrine tumors (NETS) due to the lack of a
standardized radiopharmaceutical, dose, and interval be-
tween isotope injection and surgical exploration.1 In
contrast, the radiopharmaceutical isotope, dose, and injec-
tion–surgery interval for breast cancer and melanoma
patients is standardized; and the use of a handheld gamma
detector for sentinel lymph node biopsies is the standard of
care for early stage treatment of these conditions.2–5

Likewise, the intraoperative use of the gamma-detecting
probe to direct RGS for hyperparathyroidism in patients
with single gland adenoma is a widely utilized technique
for treating these patients.6,7 More recently, radioguided
video-assisted thoracic surgery for small peripheral pulmo-
nary nodules has been described by our group.8

RGS depends on the creation of a favorable tumor-to-
background ratio either by selective binding of a radio-
pharmaceutical to a receptor, such as the somatostatin
receptor subtype 2 (sst2) or alternatively, by preferential
uptake of a radiopharmaceutical in the tumor rather than by
background cells. An example of this selective uptake of a
radiopharmaceutical is seen with 123I metaiodobenzylgua-
nidine (123I-MIBG).

The 111In pentetreotide scan (OctreoScan®, Mallinckrodt
Medical, St. Louis, MO) has been recognized as one of the
most sensitive and reliable diagnostic imaging studies for
NETS. It is commonly used to localize tumors, monitor
treatment, and detect disease progression.9 Most NETS
overexpress the sst2 receptor. Theoretically, intraoperative
gamma detection of a radiopharmaceutical bound to the
sst2 receptor should be an extremely useful tool in
cytoreductive surgery for NET patients. More than 90%
of midgut NET patients overexpress sst2 receptors, and this
can be imaged on a preoperative OctreoScan®. In contrast,
the radiopharmaceutical 123I-MIBG is preferentially taken
up by neuroendocrine cells. In our experience, this radio-
labeled drug is selectively absorbed by approximately 50%
of midgut NETs. Furthermore, the majority of NET patients
have either 111In-pentreotide or 123I-MIBG scans as part of
their preoperative diagnostic evaluation. Utilizing RGS to

direct surgical cytoreduction in NET patients should make
the exploration more accurate and save time intraopera-
tively, thus enhancing its cost-effectiveness. The use of
RGS to direct cytoreductive surgeries for NET patients has
not been wildly accepted simply because previous reports
were small series or case reports, with conflicting and/or
sometimes disappointing results.10–18

Utilization of the handheld gamma detector to direct the
cytoreduction of NETs is based on the same technical
principles of sentinel lymph node biopsy for breast cancer
and melanoma, however, the actual procedures are very
different. When conducting sentinel lymph node detection
for breast cancer or melanoma, surgeons know their
operative targets anatomically and geographically, usually
in a well-defined and confined search area (instead of the
entire abdomen from diaphragm to pelvis/groins as in
abdominal cytoreductive surgery for NET patients.) Addi-
tionally, the injection site and the target are far enough apart
that a surgeon can easily avoid the shine through effect from
the injection site. Conversely, surgeons are faced with
different obstacles when conducting the cytoreduction of
NETs inside the abdomen. First, the natural retention of
radioisotopes in the liver and kidneys results in a scattering
effect for any targets in the vicinity of the liver and/or
kidney, even with a favorable tumor/background ratio.
Secondly, even when the same dose of isotope is injected
with the same injection–surgery interval, the target readings
can vary considerably among patients and among different
metastatic sites (such as lymph nodes versus peritoneal
tumor implants). Lastly, the anatomical location of targets in
the abdomen is not as clearly defined as in the extremities or
trunk for breast cancer or melanoma sentinel lymph node
identifications. Nonetheless, the main reason given by
surgeons for not adopting this technology in NET abdominal
explorations/cytoreduction, while consistently using it in
other surgical procedures, is the extremely high natural
retention counts in the liver and kidneys that obscure the
gamma probe detection capability. This is seen when a 6-
mCi dose of 111In-pentreotide is injected, and the patient is
taken for surgical intervention within 48 h. In such a setting,
the handheld gamma probe is overwhelmed by the scattering
radio energy emitted from the liver and kidneys (known as
the shine through effect) which makes the detection of
tumors/targets difficult or impossible, even with a great
differentiation ratio between the tumor and non-tumor-
bearing areas (tumor/background ratio). We hypothesized
that RGS will effectively localize tumors in most NET
patients, specifically in patients undergoing re-exploration
and/or in those patients with tumors in unusual locations, by
using the optimal dose of a radiopharmaceutical and
allowing the retention counts in the liver and kidneys to be
eliminated over time to minimize the shine through effect
(determination of optimal injection to exploration interval).
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Materials and Methods

Between November 2006 and July 2009, 244 patients
underwent cytoreductive surgery at our institution (Ochsner
Medical Center-Kenner) by two experienced NET surgeons.
Fifty-six patients had intraoperative gamma probe-guided
explorations, 13 of which were thrown out due to a lack of
necessary data. Patient charts, operative reports, and data
collection sheets were reviewed retrospectively to investi-
gate if the RGS was successful in localizing the tumor. We
also reviewed these cases to identify the isotope, the dose
utilized and the injection–surgery interval.

For the remaining 43 patients (except in three local
patients), the radiopharmaceutical injection was performed
at outside insitutions. Therefore, the chosen dose and
radiopharmaceutical (either 123I-MIBG or 111In-pentetreo-
tide) were based on the referring institution’s protocol prior
to the patient’s referral to our tertiary NET center.
99Technetium sulfur (99Tc-sulfur) colloid was injected in
three rectal NETs for lymphatic mapping. Two patients
received 1 mCi of 99Tc-sulfur colloid intraoperatively and
one patient received 5.3 mCi of 99Tc-sulfur colloid 8 days
preoperatively. 123I-MIBG was used in six midgut NET
patients (five small intestinal primaries and one pancreatic
primary) who had poor uptake of 111In pentetreotide. The
dose of 123I-MIBG used was 10 mCi in five patients and
0.5 mCi in one patient. The isotope was injected 2 days
preoperatively in four patients, 4 days preoperatively in one
patient, and 8 days preoperatively in one patient.

111In-pentetreotide was injected preoperatively into 30
patients with midgut carcinoids who subsequently under-
went intra-abdominal cytoreductive surgery, five of which
were undergoing a re-exploration from a previous proce-
dure. An additional four patients were injected preopera-
tively with 111In-pentetreotide for lower neck and upper
mediastinal lymphadenectomy. The doses of 111In-penteter-
eotide injected varied from 1 to 7.46 mCi. The wide range
of radiopharmaceutical doses reflects the varying imaging
protocols at the different referring medical centers through-
out the country. The average dose injected was 5.5 mCi and
the injection to exploration interval varied from 1 to 8 days
before surgery. This interval varied based on the timing of
the patient’s referral and our operating room schedule.

A Neoprobe® handheld gamma detector (model 2024,
Neoprobe Corporation, Dublin, Ohio) was used to conduct the
radioguided explorations. Pre-exploration background counts
were obtained on the patients’ upper thigh and natural
retention counts were obtained from the liver and kidneys.
Following routine surgical exploration, the gamma-detecting
probe was used to explore the abdomen in a systematic
fashion. In vivo counts of each tumor were obtained after hot
spots were identified, and ex vivo counts were obtained after
the tumors were resected. Successful completion of target

removal was confirmed by normalization of in vivo counts
compared to the background count (tumor/background ratio)
using local non-tumor-bearing tissue background counts and
counts obtained on the upper thigh as the comparators.

Results

Forty-three patients had handheld gamma detector-guided
explorations. Two patients underwent trans-anal intraluminal
99mTc sulfur colloid injections for intraoperative lymphatic
mapping in an effort to define the proximal bowel resection
margins and to define the area for radical lymph node
dissection. Both cases were successful. Due to the limited
number of patients, further evaluation was not possible.

We defined RGS to be helpful for our cytoreductive
surgery when it (a) assisted the surgeons in localizing tumor
in areas that are difficult to visualize or palpate, (b) reduced
operating time and cost by avoiding the intraoperative need
for frozen sections, (c) helped to differentiate tumor from
desmoplastic reactive tissue or surgical scar tissue from a
previous surgery, and/or (d) prevented unnecessary blood loss
by allowing the surgeon to focus the area of dissection. We
defined RGS as essential when (a) the gamma probe guided
the surgeon throughout the entire surgery including where to
make the incision, which direction to dissect, locating and
identifying the tumor/target, and finally, confirming the
removal of the tumor by tumor bed counts, and/or (b) if
RGS technology detected tumor in areas that would otherwise
never have been identified or removed for example, tumor in
the scar tissue of diaphragmatic curs muscle, tumor in the
spermatic cord, or tumor behind the renal vein.

Thirty patients with midgut carcinoid were injected with
111In-pentetreotide. In 29 out of 30 (97%) of the cases
where 111In-pentetreotide was used to guide abdominal
explorations, the handheld gamma detector was deemed
helpful. These patients were injected between 1 and 8 days
before planned surgery, with an average dose of 5.5 mCi of
111In-pentetreotide. A 3- to 7-day surgery–injection interval
with the injection of 4–7 mCi of 111In-pentetreotide
appeared to be optimal. The greatest tumor-to-background
ratios were seen with a 5-day injection–surgery interval and
an injection of 6 mCi of 111In-pentetreotide. While the best
tumor-to-background ratios were obtained on day 5, the
natural retention counts in the liver and kidneys are usually
still high enough to cause shine through effect, thus making
RGS somewhat more difficult. Therefore, in our experi-
ence, the best interval for radioguided exploration is on
day 7 when the tumor and background ratio is high enough
for the gamma probe detection of tumor and yet the
scattering effect from the natural retention within the liver
and kidney has dropped to the minimum. One patient in the
111In-pentetreotide group had an unsuccessful RGS proce-
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dure. This patient was injected 8 days prior to their planned
procedure with 5.5 mCi of 111In-pentetreotide. This failure
was due to the lack of discernible retained radioactivity
within the tumor targets (Figs. 1 and 2).

Five of thirty (5/30) abdominal cytoreductions were
conducted in patients who had previous open laparatomies.
The handheld gamma detector was determined to be helpful in
all explorations and essential in three out of five re-
explorations which would have failed without the aid of the
probe. One patient underwent a previous left hepatic lobecto-
my and subsequently presented with a metastatic lesion hidden
behind the left diaphramic crus muscle. Another patient had
distant recurrent disease behind the left renal vein, following a
previous aortocaval lymph node dissection (Fig. 3). The final
patient had a spermatic cord “drop metastasis” via an open
vaginalis process that was symptomatic (Fig. 4).

In all four of the neck and mediastinum explorations, the
use of the handheld gamma probe was deemed essential
because the usage of the probe was critical for the
successful localization of the tumor. In these four patients,
RGS allowed us to perform a quick, safe, and minimal
invasive procedure. Without the use of RGS, the exact
tumor location and precise dissection could not have been
achieved in such difficult anatomic locations.

In contrast to the highly effective use of 111In Pentetreo-
tide in the neck, mediastinum, and abdomen, the use of
123I-MIBG for gamma probe-directed cytoreduction was
only helpful in one patient. We attribute these failures to an
excessive amount of isotope injected (10 mCi) and/or too
short of an interval between injection and exploration
(2 days). The ideal dose and the optimal injection to surgery
interval for 123I-MIBG-directed RGS remain to be defined.

Discussion

Neuroendocrine tumors of the midgut are rare with a
reported incidence of 1–7/100,000 patients. The presenting

signs and symptoms of these tumors are often vague and
nonspecific. Based on their rarity and the lack of a unique
symptom complex, their diagnosis is often delayed for
years. Many of the gut-based symptoms associated with
metastatic midgut NETs are misdiagnosed as irritable bowel
syndrome and flushing is confused with a variety of
dermatologic maladies, including roseacea. This in turn,
results in most NETs presenting in an advanced stage.
Often the primary tumor is small and the regional
metastasis, especially those in the mesenteric lymph nodes,
will be intertwined with a dense desmoplastic reaction.
These tumors can spread widely throughout the body to the
neck, mediastinum, bone, brain, lung, and most commonly,
to the liver. One of the most effective ways to treat NET
patients is to surgically reduce their tumor burden. Multiple
studies have shown that maximum cytoreduction improves
quality of life and increases life expectancy, even in patients
with significant distant disease.19–23

Many of the regional or distant metastasis seen on 111In
pentetreotide or radiographic scans are not easily seen or felt
by surgeons intraoperatively, especially in re-operative cases.
The dense desmoplastic reaction that can accompany
extensive mesenteric lymph node metastasis often leads to
the development of alternative lymphatic drainage patterns.
The lymphatic obstruction that occurs in these scar-like
mesenteries often leads to even more unusual and aberrant
sites of metastasis.24 Metastatic mesenteric lymph nodes and
their desmoplastic reactions often cause encasement of the
mesenteric vessels which can require a tedious dissection to
adequately cytoreduce the tumor while maintaining the blood
supply to the bowel. The intense desomplastic mesenteric
soft tissue reaction is almost impossible to differentiate from
the neoplastic tissue extension. This is even more challeng-
ing in patients who have had previous explorations or
resections. The ability to distinguish between metastatic
nodes, desmoplastic reactions, and infiltrating extra-nodal
tumor is critical for a successful cytoreduction. The gamma
probe can routinely distinguish between a “hot” mass of

Fig. 1 Scatterplot depicting the
dose of 111In-pentetreotide ver-
sus tumor/background ratio for
all 34 patients injected with
111In-pentetreotide
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matted tumor-containing nodes, a “cold” mass of desom-
plastic tissue, or a “hot area” of diffusely infiltrating tumor.
Following the complete cytoreduction of an area, the lack of
residual “hot spots” or a normalization of counts in the
diffuse areas of tumor admixed with desmoplasmic reaction
assures the surgeon that their attempts to effectively
cytoreduce these areas is complete.

Ninety percent of NET patients present with a positive
OctreoScan® and about 50% of midgut NET patients are
MIBG scan positive. Since most midgut NET patients have a
positive preoperative OctreoScan, the intraoperative utiliza-
tion of the handheld gamma-detecting probe to localize
tumor is logical and we believe that it is a cost-effective way
to direct cytoreductive surgery in these NET patients due to
the fact that one isotope injection does double duty,
providing a preoperative scan as well as intraoperative
gamma probe-guided tumor localization and detection.

We believe that the routine use of RGS in NET
cytoreductive surgery will lead to shorter operating time,
less unnecessary dissection, minimize tissue trauma and
blood loss, and optimize the cytoreduction of these tumors.
Intraoperative gamma probe-directed surgery provides

surgeons with real-time differentiation between tumor and
abnormal, but nonneoplastic tissue, without the need for
multiple frozen sections. This technology is exceptionally
helpful in distinguishing between the desmoplastic reaction
seen in the mesentery of a patient with a midgut NET and
viable nodal or extra-nodal tumors. In the liver, this
technology can determine if a tumor is viable or represents
an area of tumor that has been devitalized previously by
chemoembolization or radioembolization. This is especially
important for surgeons who are operating on patients that
have had prior surgical exploration/resection or cytodes-
tructive treatments to their liver metastasis.

Generally, for detection of metastasis in the lymph nodes or
peritoneal implants a positive tumor/background ratio be-
tween 5 and 150 is confirmatory. Such a huge variation in the
ratio is secondary to a number of factors including: the
differences in tumor receptor density among patients and
different metastatic sites in the same patient, dosage of isotope
injected, as well as the interval between isotope injection and
surgical exploration. The greatest tumor/background ratios
were seen with a 5-day injection–surgery interval and an
injection of 6 mCi of 111In-pentetreotide. However, the

Fig. 2 Scatterplot depicting the
injection–surgery interval versus
tumor/background ratio for all
34 patients injected with
111In-pentetreotide

Fig. 4 Photograph of spermatic cord metastasisFig. 3 Photograph of removal of right renal vein lymph node
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optimal interval for RGS is a 7-day injection–surgery
interval. At this point, the tumor/background ratio is still
high enough for the gamma probe detection of tumor and yet
the scattering effect from the natural retention within the
liver and kidney has dropped to a minimum. Identifying and
differentiating normal tissue from tumor in the liver and
pancreas are by far the most difficult gamma probe direction
techniques to master due to the natural isotope retention in the
liver and kidney. These require systematic patient scanning,
and it can be difficult to recognize a subtle difference in
ratios (10–50%) between the intrahepatic tumors and the
natural isotope retention within the normal surrounding liver
parenchyma. The operators’ previous experience with this
technique, the dose of isotope injected, and the time elapsed
between injection and exploration play a much more
important role than in places like the neck where the natural
isotope retention in the liver and kidneys is not a factor.

Conclusion

If one chooses the proper radiopharmaceutical, the proper
isotope dose, and the proper injection to exploration interval,
radioguided exploration is a useful, powerful, and cost-
effective adjunct in the cytoreductive surgery for NET
patients. It is especially useful for those patients who have
had previous surgery or who have tumor located in unusual
locations or in the neck/mediastinum. Our data demonstrate
that RGS facilitates the cytoreduction of NETs when 6 mCi of
111In-pentetreotide is injected, and the patient is taken for
surgical exploration 5 to 7 days after injection (best at day 7),
instead of the previously accepted 1- to 2-day interval.
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