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     Abstract  

  Radioguided surgery involves utilizing a 
 radiation detection device within the operating 
room in a real-time fashion to identify a radio-
isotope that has been administered to a patient 
prior to the time of attempted detection and 
for the sole purpose of guiding the successful 
performance of the surgical procedure. Since 
its fi rst description in the late 1940s, radiogu-
ided surgery has expanded tremendously and 
has become a well-established discipline 
within the practice of surgery. It has been 
investigated and applied to the surgical man-
agement of numerous solid malignancies and 
has most signifi cantly impacted upon the sur-
gical management of breast cancer,  melanoma, 
and parathyroid disease. Radioguided surgery 
provides the surgeon with critical and real-
time information regarding the exact location 
of the disease and the overall extent of disease 
burden, as well as allows the surgeon to mini-
mize the degree of surgical invasiveness asso-
ciated with many commonplace diagnostic 
and therapeutic surgical procedures, while 
still maintaining maximum treatment-directed 
benefi ts to the patient. As we move forward 
through the twenty-fi rst century, we envision 
further growth of the current technological 
platforms of radioguided surgery, with a con-
tinued emphasis upon promoting integration 
of handheld radiation detection devices and 
advanced nuclear medicine molecular  imaging 
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for guiding and optimizing the intraoperative 
detection and resection of conditions affecting 
both cancer and noncancer patients.  

1.1         Overview: Conceptualization 
and Realization 
of Radioguided Surgery 

 Radioguided surgery is simply the general con-
cept of utilizing a radiation detection device 
within the operating room in a real-time fashion 
to identify a radioisotope that has been adminis-
tered to a patient prior to the time of attempted 
detection and for the sole purpose of guiding the 
successful performance of the surgical proce-
dure. Since its fi rst description in the late 1940s, 
the use of radioguided surgery has expanded tre-
mendously and has evolved into a well- 
established discipline within the practice of 
surgery [ 1 ]. Its use has been investigated and 
applied to the surgical management of numerous 
solid malignancies and has most signifi cantly 
revolutionized the surgical management of breast 
cancer, melanoma, and parathyroid disease. 
Radioguided surgery has proven impactful on 
many levels in the surgical management of vari-
ous disease entities and has most signifi cantly 
contributed to providing the surgeon with critical 
and real-time information regarding the exact 
location of the disease and the overall extent of 
disease burden. Furthermore, radioguided sur-
gery allows the surgeon to minimize the degree 
of surgical invasiveness associated with many 
commonplace diagnostic and therapeutic surgical 
procedures, while still maintaining maximum 
treatment-directed benefi ts to the patient.  

1.2     The Early Years: Historical 
Milestones in Radioguided 
Surgery 

 The fi rst reported description in the literature of uti-
lizing a radiation detection device within the oper-
ating room to identify a radioisotope administered 
to a patient dates back to 1949 and comprises the 
work performed by Bertram Selverstone and 

his colleagues from Massachusetts General 
Hospital and Harvard Medical School (Boston, 
Massachusetts, USA) [ 1 – 3 ]. The radiation detec-
tion device utilized in this fi rst reported description 
of radioguided surgery [ 2 ,  3 ] was a Geiger-Müller 
counter, a device that non- discriminately detects 
ionizing radiation, including alpha, beta, and 
gamma radiation, and for which the development 
of this practical electron counting tube (i.e., Geiger-
Müller tube) was fi rst realized in 1928 by Hans 
Geiger and Walther Müller at the University of 
Kiel (Kiel, Germany) [ 4 ]. 

 In their initial published reports, Selverstone 
et al. [ 1 – 3 ] from Massachusetts General Hospital 
and Harvard Medical School (Boston, 
Massachusetts, USA) utilized a portable hand-
held gas-fi lled Geiger-Müller counter device to 
intraoperatively detect ionizing radiation during 
brain tumor surgery emitted from phosphorus-32 
( 32 P), a pure beta-emitting radionuclide with a 
physical half-life of 14.3 days. The characteristic 
constraining feature of beta emissions, such as 
those from  32 P, is their ability to only travel a few 
millimeters within biologic tissues. In their 
cumulative reported experience, Selverstone 
et al. [ 3 ] described a series of 33 patients with 
suspected brain tumors (as determined preopera-
tively by neurologic examination, electroenceph-
alography, and ventriculography) that were 
intravenously injected with 0.95–4.2 millicuries 
(35.2–155.4 megabecquerels) of  32 P in a buffered 
sodium phosphate solution at a time interval of 
1.8–186.8 h prior to the surgical procedure. They 
utilized a prototype sterilizable handheld argon- 
ethyl acetate gas-fi lled Geiger-Müller counter 
device (possessing a 2 or 3 mm diameter cannula- 
like shaft containing the radiation-sensitive por-
tion of the device for more easily penetrating the 
brain tissue) which was connected to either a pre-
amplifi er and a standard binary scaling unit or an 
analog-display counter ratemeter located outside 
of the sterile surgical fi eld. At surgery, after the 
appropriate area of the cerebral cortex was 
exposed by way of a craniotomy, the cannula-like 
shaft of the handheld Geiger-Müller counter 
device was then placed on the surface of the brain 
in the area of the suspected brain tumor and 
advanced at successive 1 cm increments beneath 

S.P. Povoski



5

the surface, to a maximum depth of up to approx-
imately 6 cm, with count data (corrected counts 
per minute) taken at the location. A similar pro-
cess for count data collection was performed on 
an area of presumed normal brain tissue away 
from the location of the suspected brain tumor. In 
selected cases, following successful location of 
the brain tumor, attempts were made to demar-
cate its tumor boundaries using the Geiger-Müller 
counter. Of 33 evaluated patients, 28 brain tumors 
(including 14 glioblastomas, 4 astrocytomas, 3 
unclassifi ed gliomas, 2 metastatic carcinomas, 1 
medulloblastoma, 1 astroblastoma, 1 oligoden-
droglioma, 1 ependymoma, and 1 angiosarcoma) 
were localized using the handheld Geiger-Müller 
counter device, of which 23 brain tumors were 
located beneath the surface of the brain. In 12 
patients, the handheld Geiger-Müller counter 
device was used to attempt to demarcate the 
tumor boundaries in order to facilitate total extir-
pation of tumor. In four patients, tumor was not 
localized by means of the handheld Geiger- 
Müller counter device, including two false- 
negative results that were attributed to the 
inability to correctly place the handheld Geiger- 
Müller counter device in close proximity to the 
tumor, one patient with diffuse infi ltration of the 
entire cerebral hemisphere with tumor that pre-
cluded distinguishing it from normal adjacent tis-
sue, and one patient in which no tumor was 
correctly identifi ed. 

 Shortly thereafter in 1950–1951, Selverstone 
and his colleagues from Massachusetts General 
Hospital and Harvard Medical School (Boston, 
Massachusetts, USA) [ 5 – 7 ] also applied this 
technique of radioguided brain mapping during 
brain tumor surgery not only to  32 P in 114 pre-
sumed brain tumor patients but also to potassium-
 42 ( 42 K) in 36 presumed brain tumor patients. 
The radionuclide  42 K has a physical half-life of 
12.4 h, and its emission profi le was described by 
Selverstone et al. [ 6 ] as including “more ener-
getic beta particles” that could “theoretically be 
detected at distances of up to 1.8 cm through the 
brain,” as well as gamma emissions that were 
relatively ineffi cient in being counted by their 
handheld Geiger-Müller counter device. Sweet 
[ 7 ], who noted that  42 K not only had a propensity 

to accumulate in brain tumors but also avidly 
accumulated in the muscle surrounding the cal-
varium, emphasized that the gamma emission 
capabilities of  42 K “permits external localization 
through the intact skull in many cases.” 

 It was then not until 1956, when C. Craig 
Harris and his colleagues at the Oak Ridge 
National Laboratory and Oak Ridge Institute of 
Nuclear Studies Medical Hospital (Oak Ridge, 
Tennessee, USA) reported the fi rst description in 
the literature of radioguided surgery utilizing a 
gamma scintillation detection device, and, most 
specifi cally, a portable handheld gamma detec-
tion probe system, with the specifi c application 
of the identifi cation of thyroid tissue [ 1 ,  8 ]. This 
system described by Harris et al. [ 8 ] consisted of 
a handheld gamma detection probe, utilizing a 
thallium-activated cesium iodide (CsI(TI)) scin-
tillation crystal. There were two separate nickel 
probe head confi gurations which were designed 
with platinum collimation, including one probe 
head measuring 1/4 in. in diameter and 3 5/8 in. 
in length and containing a CsI(TI) scintillation 
crystal of 0.22 in. in diameter and 3/8 in. in length 
and another probe head measuring 1/8 in. in 
diameter and 3 1/2 in. in length and containing a 
CsI(TI) scintillation crystal of 0.10 in. in diame-
ter and 1/4 in. in length. These two probe head 
designs were mounted to a handheld 
photomultiplier- preamplifi er and connected by a 
coaxial cable to a metal box unit containing the 
power supply, an analog-display counter rateme-
ter, and speaker/volume control to elicit an audi-
ble signal (i.e., “howler”). In their published 
report, Harris et al. [ 8 ] described the evaluation 
of a patient with a history of thyroid cancer who 
had previously undergone a total thyroidectomy 
some 3 years earlier and who had persistent 
iodine uptake in the neck region. The patient was 
intravenously injected with 0.25 millicuries (9.25 
megabecquerels) of iodine-131 ( 131 I), a radionu-
clide gamma emitter with a physical half-life of 
8.04 days, which has a minority of gamma emis-
sions (representing approximately 10 % of its 
energy, with 81 % of gamma emissions being at 
364 keV) and which has a majority of beta emis-
sions (representing approximately 90 % of its 
energy, which travel only up to 2 mm in biologic 
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tissue, and are  responsible for its tissue damage 
effect as a form of radiotherapy). At surgery, 
using this handheld gamma detection probe, they 
were able to localize a discrete solitary area of 
signifi cant radioactivity situated along the left 
side of the trachea, and this allowed for the suc-
cessful identifi cation and successful excision of a 
5 × 5 × 2 mm nodule near the entrance of the left 
recurrent laryngeal nerve that was subsequently 
histologically proven to represent an area of 
residual thyroid tissue. 

 Then, in the late 1950s, the principles of 
radioguided surgery using gamma detection 
devices were fi rst applied in the development of 
techniques for continuous monitoring of sys-
temic leakage during performance of regional 
isolated perfusion for locally advanced and unre-
sectable malignancies [ 1 ,  9 – 12 ]. Early on in the 
development of regional isolated perfusion tech-
nologies, John Stehlin and his colleagues at the 
University of Texas M.D. Anderson Hospital and 
Tumor Institute (Houston, Texas, USA) recog-
nized two important considerations in achieving 
the highest possible dose of chemotherapeutic 
agent for attaining maximum clinical effi cacy 
from regional isolated perfusion [ 9 – 12 ]. These 
considerations were (1) “local tissue tolerance” 
(i.e., the maximum amount of chemotherapy 
agent which normal tissues can tolerate without 
being permanently damaged) and (2) the “leak-
age factor” (i.e., the extent of “cross-circulation” 
between the isolated circuit of the perfused region 
and the systemic circulation). John Stehlin and 
his colleagues believed that the “leakage factor” 
represented the most serious limitation to achiev-
ing a successful regional isolated perfusion pro-
cedure, and were the fi rst to recognize the 
potential benefi cial utility of radioguided tech-
nologies for monitoring of systemic leakage dur-
ing regional isolated perfusion, and investigated 
radioguided monitoring techniques during 
regional isolated perfusion for locally advanced 
and unresectable malignancies, such as malig-
nant melanoma, sarcoma, squamous cell carci-
noma, basal cell carcinoma, and adenocarcinoma, 
which were confi ned to the extremities, as well as 
a small number of cases which were confi ned to 
the pelvic region and head region. Stehlin et al. 

[ 10 ,  11 ] injected 2–10 microcuries (0.074–0.370 
megabecquerels) of  131 I-labeled human serum 
albumin intravenously into the patient for deter-
mination of a calibration count baseline and 
injected approximately tenfold more  131 I-labeled 
human serum albumin, consisting of 20–100 
microcuries (0.74–3.70 megabecquerels) of 
 131 I-labeled human serum albumin into the arte-
rial line leading from the perfusion pump to the 
isolated perfusate circuit for eventual calculation 
of the percentage systemic leakage factor. For 
monitoring of the systemic leakage during the 
regional isolated perfusion procedure, they uti-
lized a single, small fi eld-of-view scintillation 
crystal detector probe unit with a built-in photo-
multiplier tube and preamplifi er and with 1.25 in. 
thickness of lead side shielding for detection of 
gamma emissions. The single, small fi eld-of- 
view scintillation detector unit was mounted 
overhead on a wheel-based pole tower apparatus 
for easy mobility and positioning during the 
regional isolated perfusion procedure and was 
positioned over the heart for lower extremity 
cases or positioned over the groin for upper 
extremity cases. The single, small fi eld-of-view 
scintillation detector unit was connected by way 
of a 30 ft coaxial cable to an analog-display 
counter ratemeter and a rectilinear pen recorder 
for quantifying and recording the results of the 
systemic leakage of  131 I-labeled human serum 
albumin from the isolated perfusate circuit. 

 Although some 30 years later, the same prin-
ciples of radioguided monitoring of systemic 
leakage during regional isolated perfusion, which 
were fi rst established by John Stehlin [ 10 – 12 ] 
using an overhead-mounted small fi eld-of-view 
scintillation detector unit, were later adapted to 
the use of a handheld semiconductor gamma 
detection system [ 1 ,  13 ]. This system, described 
in 1989 by Sardi et al. [ 13 ] at the Ohio State 
University (Columbus, Ohio, USA), consisted of 
two commercially available handheld gamma 
probes, each consisting of a Neoprobe® 1000 
gamma detection probe (formerly Neoprobe 
Corporation, Dublin, Ohio, USA), which each 
employed a cadmium zinc telluride (CdZnTe) 
semiconductor crystal of 11 mm in diameter and 
15 mm in length. One of the handheld gamma 
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probes was positioned over the precordial area, 
and the other handheld gamma probe was 
 positioned over the distal aspect of the thigh. 
Patients received 0.8 millicuries (29.6 megabec-
querels) of technetium-99 m ( 99m Tc) pentetate 
through the isolated perfusate circulation.  99m Tc 
is a radionuclide gamma emitter with a physical 
half-life of 6.04 h, which has a predominant 
gamma emission at 140 keV. The percentage of 
 99m Tc pentetate leakage was calculated by a 
simultaneous reading of the two gamma detec-
tion probes at 1 min intervals, as well as deter-
mined by the standard method of intermittent 
simultaneous blood sampling from the isolated 
perfusate and systemic circulations at 15 min 
intervals using a gamma well counter. An essen-
tially identical percentage of systemic leakage 
was detected by the minute-by-minute monitor-
ing of the two handheld gamma probe system as 
compared to that determined by the intermittent 
(every 15 min) blood sampling method from the 
isolated perfusate and systemic circulations. 
Nevertheless, the minute-by-minute monitoring 
of the two handheld gamma probe system pro-
vided the surgeon with a more instantaneous and 
real-time indication of any fl uctuations in the per-
centage of systemic leakage than did the inter-
mittent (every 15 min) blood sampling method 
from the isolated perfusate and systemic circula-
tions, thus allowing the surgeon to make more 
immediate intraoperative decision-making dur-
ing regional isolated perfusion procedure.  

1.3     Innovative Clinical 
Applications of Radioguided 
Surgery in the 1980s 

 During most of the 1960s and 1970s, the applica-
tion of radiation detection devices for guiding 
surgical procedures within the operating room 
fell into some level of dormancy. However, start-
ing in the early 1980s, successful clinical appli-
cation of innovative radioguided surgery 
techniques began to develop at a more acceler-
ated rate. This included the development of clini-
cal applications of radioguided surgery directed 
toward the biopsy and resection of suspicious 

bone lesions, the identifi cation of parathyroid tis-
sue, and the  development of antigen-directed 
intraoperative radioimmunodetection for the 
radioguided localization and resection of tumors 
(i.e., radioimmunoguided surgery) [ 1 ]. 

 It was in 1981 that the application of radiogu-
ided surgery was fi rst applied to the biopsy and 
resection of suspicious bone lesions [ 1 ,  14 ,  15 ]. 
At that time, Harvey et al. [ 14 ] at the Presbyterian 
Hospital of Dallas (Dallas, Texas, USA) fi rst 
reported the application of a sterilizable proto-
type handheld scintillation gamma detection 
probe for intraoperative radioguided biopsy of 
benign and metastatic bone lesions in four 
patients using an intravenous injection of 2–20 
millicuries (74–740 megabecquerels) of  99m Tc- 
methylene diphosphonate in three cases and 5 
millicuries (185 megabecquerels) of gallium-67 
( 67 Ga) citrate in one case.  67 Ga is a radionuclide 
gamma emitter with a physical half-life of 78.3 h, 
which has predominant gamma emissions at 
93 keV (37.8 % abundance), 184 keV (20.1 % 
abundance), and 300 keV (16.8 % abundance). 
This system consisted of a prototype handheld 
gamma detection probe containing a 0.64 × 
2.54 cm thallium-activated sodium iodide 
(NaI(TI)) scintillation crystal housed in a stain-
less steel housing (16.5 cm in length × 1.5 cm 
diameter) with 2 mm of lead side shielding for 
collimation (formerly Harshaw Chemical 
Company, Solon, Ohio) and which was coupled 
to a 38 mm bialkali (antimony reacted with potas-
sium and cesium) photomultiplier tube 
(Hamamatsu Photonic K.K., Hamamatsu City, 
Shizuoka Prefecture, Japan), via a fl exible fi ber- 
optic cable which was attached to an audible 
count-rate indicator. Additionally, in 1981, 
Ghelman et al. [ 15 ] at the Hospital for Special 
Surgery (New York, New York, USA) also 
reported the application of another prototype 
handheld scintillation gamma detection probe for 
intraoperative radioguided resection of a single 
patient with a benign bone tumor (i.e., osteoid 
osteoma) using an intravenous injection of 15 
millicuries (555 megabecquerels) of  99m Tc- 
methylene diphosphonate. This system consisted 
of a prototype handheld gamma detection probe 
containing a nonspecifi ed thallium-activated 
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sodium iodide (NaI(TI)) scintillation crystal 
housed in a stainless steel housing (18.2 cm in 
length × 1.6 cm diameter) and enveloped in a 
cylindrical lead shield for collimation measuring 
20.5 cm in length and with an 8 mm distal end 
aperture (formerly Harshaw Chemical Company, 
Solon, Ohio, USA) and which was attached to a 
digital-/analog-display scaler/counter ratemeter 
(Lundlum Measurements, Inc., Sweetwater, 
Texas, USA) for count recording. 

 It was in 1984 that the application of radiogu-
ided surgery was fi rst applied to the identifi cation 
of parathyroid tissue [ 1 ,  16 ]. At that time, Ubhi 
et al. [ 16 ] at Queen’s Medical Centre/University 
Hospital (Nottingham, England, UK) reported the 
application of a sterilizable handheld gamma 
semiconductor gamma detection probe for identi-
fi cation and radioguided resection of an ectopic 
mediastinal parathyroid adenoma within a patient 
undergoing neck exploration with the fi nding of 
two normal left neck parathyroid glands and only 
one normal right neck parathyroid gland after a 
1.6 millicuries (60 megabecquerels) intravenous 
injection using of thallium-201 ( 201 Tl) thallous 
chloride. This system consisted of a handheld 
gamma detection probe containing a cadmium 
telluride (CdTe) semiconductor crystal connected 
to a digital-display counter ratemeter for count 
recording.  201 Tl has a physical half-life of 73.0 h, 
and decays predominantly by electron capture, 
emitting Hg X-rays (in the 70–80 keV range), and 
has gamma photon emission at 167 keV of 10 % 
abundance and at 135 keV of 3 % abundance. 

 However, it was not for another decade until 
further refi nements in radioguided surgical tech-
niques for the identifi cation of parathyroid tissue 
were reported in the literature and thus subse-
quently leading to the adoption of this technol-
ogy for the surgical management of primary 
hyperparathyroidism [ 1 ,  17 ,  18 ]. Specifi cally, in 
1995, Martinez et al. at [ 17 ] the Ohio State 
University (Columbus, Ohio, USA) fi rst reported 
the use of  99m Tc-methoxyisobutylisonitrile 
(MIBI) for the radioguided surgical detection of 
parathyroid gland pathology in three patients. 
The patients were intravenously injected with 
0.4–2.0 millicuries (14.8–74 megabecquerels) of 
 99m Tc- MIBI. Then, approximately 2–6 h after 
 99m Tc-MIBI administration, patients  underwent 

intraoperative radioguided localization of abnor-
mal parathyroid glands using the commercially 
available handheld Neoprobe® 1000 gamma 
detection probe (formerly Neoprobe Corporation, 
Dublin, Ohio). Then, in 1997, Norman and 
Chheda [ 18 ] at the University of South Florida 
(Tampa, Florida, USA) reported on their fi rst 
series of 15 patients undergoing minimally inva-
sive radioguided surgery using  99m Tc-MIBI for 
the surgical management of primary hyperpara-
thyroidism. This report by Norman and Chheda 
[ 18 ] was followed by many other publications by 
the Norman group, and led to the popularization 
and widespread application of minimally inva-
sive radioguided parathyroidectomy using  99m Tc- 
MIBI for the surgical management of primary 
hyperparathyroidism, and which today remains 
an important mainstay in parathyroid surgery. 

 The year 1984 also marked the inauguration 
of the radioguided surgical concept of radioim-
munoguided surgery [ 1 ]. The idea of utilizing 
antibodies directed against cancer-specifi c anti-
gens for intraoperative radioimmunodetection, 
localization, and resection of tumors was pio-
neered at the Ohio State University (Columbus, 
Ohio, USA) by a surgical oncologist, Dr. Edward 
W. Martin, Jr., and a professor emeritus of electri-
cal engineering, Dr. Marlin O. Thurston [ 1 ]. 
Their initial experimental animal model testing 
and human application of intraoperative radioim-
munodetection were fi rst reported in 1984 by 
Aitken et al. [ 1 ,  19 ,  20 ]. In their initial experi-
mental animal model testing, they grow subcuta-
neous tumor implants of CEA-producing human 
colonic adenocarcinoma cells (CX-1) on the 
fl ank in Swiss nude mice and demonstrated the 
feasibility of handheld gamma probe detection of 
 131 I-labeled baboon anti-CEA polyclonal anti-
body within these subcutaneous tumor implants, 
with greater sensitivity of the handheld gamma 
detection probe as compared to gamma camera 
imaging for small tumor implants [ 1 ,  19 ,  20 ]. In 
their fi rst clinical application of intraoperative 
radioimmunodetection, they intravenously 
injected a single patient with rectal carcinoma 
with 1.9 millicuries (70.3 megabecquerels) of 
 131 I-labeled baboon anti-CEA polyclonal 
 antibody at a time of 3 days prior to the planned 
surgical procedure and intraoperatively utilized a 
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prototype handheld gamma detection probe sys-
tem (consisting of a single CdTe semiconductor 
crystal housed within a 16 mm diameter lead col-
limator with a 4 mm aperture, and connected to a 
preamplifi er, and an amplifi er with a digital- 
display counter) for radioactive count recording 
[ 1 ,  20 ]. The prototype handheld gamma detection 
probe intraoperatively detected an increased level 
of the  131 I-labeled baboon anti-CEA polyclonal 
antibody in the rectal tumor as compared to nor-
mal sigmoid colon, ileum, abdominal wall, and 
anal verge. Shortly thereafter in 1985, Martin 
et al. [ 1 ,  21 ] reported the results of the fi rst radio-
immunoguided surgery clinical series involving 
28 patients with primary ( n  = 12) and recurrent 
( n  = 16) colorectal cancer and using the same pro-
totype handheld gamma detection probe system. 
Each patient was intravenously injected with 2.2 
millicuries (81.4 megabecquerels) of  131 I baboon 
anti-CEA polyclonal antibody at approximately 
48–72 h prior to the planned surgical procedure. 
Preoperative whole-body scintillation imaging 
correctly localized tumor in only 33 % of the 
patients with primary colorectal cancer and only 
64 % of patients with recurrent colorectal cancer. 
In contrast, intraoperative radioimmunodetection 
with the prototype handheld gamma detection 
probe was successful in all 28 patients, with a 
mean tumor-to-background ratio of 3.97:1 in pri-
mary lesions and 4.18:1 in recurrent lesions. 
Thereafter, nearly all subsequent radioimmu-
noguided surgery clinical trials conducted at the 
Ohio State University (Columbus, Ohio, USA) 
used various monoclonal antibodies targeted 
against tumor-associated glycoprotein-72 (TAG- 
72), a mucin-like, extracellular antigen overex-
pressed by many adenocarcinomas, which were 
radiolabeled with iodine-125 ( 125 I) [ 1 ].  

1.4     Innovative Clinical 
Applications of Radioguided 
Surgery in the 1990s 

 Beginning in the early 1990s, there was a further 
acceleration in the development of successful 
clinical applications for radioguided surgery. 
This included the development of radioguided 
sentinel lymph node biopsy for melanoma and 

breast  cancer, as well as radioguided lesion local-
ization for the surgical excision of non-palpable 
breast lesions seen on breast imaging [ 1 ]. 

 The generalized concept of a so-called “senti-
nel node” in our modern medical literature was 
fi rst coined by Ernest A. Gould and his colleagues 
from the Washington Hospital Center 
(Washington, DC, USA) in 1960 in their descrip-
tion of a lymph node that was routinely “noted at 
the junction of the anterior and posterior facial 
vein” at the time of surgery for parotid gland can-
cer [ 1 ,  22 ]. In their landmark report, Gould et al. 
[ 22 ] stated “The lymph node that is now used 
routinely for frozen section assay is easily found. 
After the skin incision has been made and the 
fl aps refl ected, the inferior posterior surface of 
the parotid is separated from the anterior margin 
of the sternomastoid muscle. The anterior facial 
vein curves downward and posteriorly at the 
lower edge of the gland to meet the posterior 
facial vein to form the common facial truck. It is 
in the area of the angle formed by the junction of 
these 2 veins that this “sentinel node” is always 
found. It may be removed easily, and the parotid 
dissection may progress during the pathologist’s 
study of the node”. They concluded by remarking 
that “routine excision of this angular node be 
done for frozen section study.” However, it was 
not until almost two decades later in 1977 that the 
“sentinel node” concept reappeared in the mod-
ern medical literature and was more notably 
attributed to the work of Ramón M. Cabañas at 
the National University of Asunción (Asunción, 
Paraguay) in the area of penile squamous cell 
carcinoma [ 1 ,  23 ]. This reappearance of the “sen-
tinel node” concept was based upon the careful 
work and meticulous description of lymphade-
nography of the dorsal lymphatics of the penis 
which was previously published by Manuel 
Riveros, Ramiro Garcia, and Ramón M. Cabañas 
at the same university in 1967 [ 1 ,  24 ]. In his land-
mark report, Cabañas [ 23 ] stated “A 5-cm inci-
sion is made parallel to the inguinal ligament, 
two fi nger-breadths (4.5 cm) lateral and two fi n-
ger-breadths (4.5 cm) distal to the pubic tuber-
cle….. This lies over the greater sapheno-femoral 
junction. By inserting the fi nger under the upper 
fl ap towards the pubic tubercle, the SLN is 
encountered….. The SLN corresponds to the 
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lymph nodes associated with the superfi cial epi-
gastric vein….. The position of the SLN in rela-
tionship to the superfi cial epigastric vein may 
vary but never by a distance greater than 1 cm.” 
Cabañas concluded by remarking that 
“Anatomically, clinically, and pathologically it 
was found that the SLN is the fi rst site of metas-
tasis and may be the only lymph node involved….. 
If SLN biopsies are negative for metastases, no 
further surgical therapy is immediately indi-
cated.” In their landmark reports, the strict defi ni-
tion of the “sentinel node” by both Gould in 1960 
[ 1 ,  22 ] and Cabañas in 1977 [ 1 ,  23 ] was based 
solely upon its proximity to a static, predefi ned 
anatomical landmark (i.e., the angle of the con-
fl uence of the anterior and posterior facial veins, 
as described by Gould, and the superfi cial epigas-
tric vein, as described by Cabañas), and this defi -
nition of the “sentinel node” was not based upon 
actual variations in the pattern of lymphatic 
drainage observed within patients undergoing 
any sort of individualized, real-time, intraopera-
tive lymphatic mapping procedure at the time of 
surgery. 

 The actual concept of intraoperative lymphatic 
mapping for selective identifi cation and removal 
of sentinel lymph nodes at the time of surgery was 
fi rst introduced into the modern medical literature 
in 1992 for melanoma by Donald L. Morton and 
his colleagues at the John Wayne Institute for 
Cancer Treatment and Research (Santa Monica, 
California, USA) using intradermally injected 
vital blue dyes alone in a total of 223 melanoma 
patients [ 25 ]. Sentinel lymph nodes were success-
fully identifi ed in 194 of the 237 lymph node 
basins evaluated. However, it was not until 1 year 
later in 1993 that David N. Krag, James C. Alex, 
and colleagues at the University of Vermont 
(Burlington, Vermont, USA) published the fi rst 
reports of intraoperative radioguided identifi ca-
tion of sentinel lymph nodes in both melanoma 
and breast cancer patients using  99m Tc-sulfur col-
loid and a handheld gamma detection probe [ 26 , 
 27 ]. Alex et al. [ 26 ] reported on ten melanoma 
patients who were intradermally injected with 0.4 
millicuries (14.8 megabecquerels)  99m Tc-sulfur 
colloid in 0.5 milliliters of normal saline, under-
went preoperative lymphoscintigraphy between 

10 min and 150 min after injection, and subse-
quently underwent a sentinel lymph node biopsy 
procedure approximately 2.5–5.0 h after injection 
utilizing a handheld gamma detection probe. The 
handheld gamma detection probe contained a NaI 
scintillation crystal coupled to a photomultiplier 
tube, and both contained within a tungsten-alloyed 
housing and connected to a preamplifi er and a sig-
nal processor with a digital and analog readout for 
radioactive count recording (C-Trak, Care Wise 
Medical Products, Morgan Hill, California, USA). 
Sentinel lymph nodes were successfully identifi ed 
in all ten patients. Krag et al. [ 27 ] reported on 22 
breast cancer patients who were injected with 0.4 
millicuries (14.8  megabecquerels)  99m Tc-sulfur 
colloid in 0.5 milliliters of normal saline into the 
normal breast tissue adjacent to the lesion or the 
biopsy site and subsequently underwent a sentinel 
lymph node biopsy procedure approximately 
1–9 h after injection utilizing the same previously 
described handheld gamma detection probe sys-
tem. Sentinel lymph nodes were successfully 
identifi ed in 18 of the 22 patients injected. It is 
realistic to assert that the introduction of radiogu-
ided sentinel lymph node biopsy to the surgical 
management of melanoma and breast cancer by 
Krag and Alex [ 26 ,  27 ] represents the single most 
impactful advancement that radioguided surgery 
has had on reshaping the surgical management of 
any given disease entity. 

 The concept of radioguided localization of 
non-palpable breast lesions was fi rst introduced 
into the literature in 1996 by Charles E. Cox and 
colleagues from the H. Lee Moffi tt Cancer Center 
and Research Institute (Tampa, Florida, USA) 
[ 28 ]. In their initial case report, Cox et al. [ 28 ] 
described a breast cancer patient intravenously 
injected 1 h prior to surgery with 18 millicuries 
(692 megabecquerels) of  99m Tc-MIBI and subse-
quently performed radioguided excision of the 
breast cancer using a handheld gamma detection 
probe. This initial report laid the groundwork for 
the subsequent development of two variations in 
the technique of radioguided localization and 
excision of non-palpable breast lesions utilizing 
mammographic or ultrasound-guided placement 
of a radionuclides into the region of the non- 
palpable breast lesion. Starting in 1998, Alberto 
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Luini and Umberto Veronesi from the European 
Institute of Oncology (Milan, Italy) reported the 
fi rst series of papers on the radioguided occult 
lesion localization (ROLL) technique, which 
involved an intratumoral injection (using prior- 
day mammographic or ultrasound guidance) of 
0.1 millicuries (3.7 megabecquerels) of  99m Tc- 
colloidal human serum albumin in 0.2–0.3 milli-
liters of normal saline, followed by next day 
radioguided excisional breast biopsy using vari-
ous handheld gamma detection probes [ 29 – 31 ]. 
Their reported cumulative success rate was 
99.5 % among 647 patients [ 31 ]. Similarly, start-
ing in 1999, Emilia L. Dauway, Charles E. Cox, 
and Richard J. Gray from the H. Lee Moffi tt 
Cancer Center and Research Institute (Tampa, 
Florida, USA) reported the fi rst series of papers 
on the radioguided seed localization (RSL) 
 technique, which involved placement of a 0.29 
millicuries (10.7 megabecquerels)  125 I-labeled 
titanium seed (4.5 mm × 0.8 mm in dimension) 
up to 5 days prior to surgery, followed by radiogu-
ided excisional breast biopsy using a handheld 
gamma detection probe [ 32 – 34 ]. Their reported 
cumulative success rate was 100 % among 51 
patients [ 34 ].  

1.5     Concluding Remarks 

 It is very evident that radioguided surgery has a 
long and rich history dating back to the late 
1940s, with signifi cant groundbreaking contri-
butions from many individuals and with far too 
many contributions of signifi cance to even begin 
to be discussed within this introductory chapter 
alone. Therefore, the collective expectations of 
this current textbook are to show exactly how the 
many current applications and future innovative 
directions of radioguided surgery can impact 
upon all discipline within the clinical practice of 
surgery. As we move forward through the 
twenty- fi rst century, we envision further growth 
of the current technological platforms of 
radioguided surgery, with a continued emphasis 
upon promoting integration of handheld radia-
tion detection devices and advanced nuclear 
medicine molecular imaging for guiding and 

optimizing the intraoperative detection and 
resection of conditions affecting both cancer and 
noncancer patients.     
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