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KEY POINTS

• The goal of sentinel node biopsy is to allow 
more accurate staging of the neck through 
a less invasive means than selective neck 
dissection.  The procedure is most useful 
in a population with low risk of lymphatic 
metastases who also do not have major co-
morbidity that precludes staged completion 
neck dissection, and who are particularly 
concerned about the potential morbidity of 
selective neck dissection.

• The sentinel node technique, while more 

accurate at diagnosing lymphatic metastases, 
leaves at risk basins untreated, unless the 
completion neck dissection is performed.  
Selective neck dissection, on the other hand, 
may treat lymphatic metastases that remain 
unrecognized, precluding the possibility of 
closer follow up or adjuvant therapy.  Gamma 
probe guided neck dissection combines the 
benefits of both, but adds complexity to the 
standard selective neck dissection.

• For the sentinel node technique to be most 
effective, proper training and significant 
experience are necessary.  With proper 
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technique and carefully followed procedures, 
false negatives and lymphatic recurrences can 
be reduced.

• Proper, but also rapid, pathologic assessment 
is integral to the sentinel node procedure.  
Step sectioning and immunohistochemistry 
should be completed within a few days to 
allow early re-exploration in the minority of 
patients with positive sentinel nodes.

• Proper training includes instruction on 
the proper injection technique, use of the 
gamma probe, and proper pathologic analysis 
of the sentinel nodes.  Subsequently, the 
surgeon should develop experience through 
the practice of gamma probe guided neck 
dissection.  In this procedure, the surgeon 
simulates sentinel node biopsy in the context 
of a planned selective neck dissection.  This 
technique can lead to more complete surgery 
for the patient, including better pathologic 
identification of micro metastases and 
lymphatic mapping to assess contra lateral 
drainage and include all lymph node groups at 
risk.  It offers the surgeon the ability to develop 
experience in the sentinel node technique.

• Although formal quality of life studies have 
not been done, it is clear that the expected 
and potential morbidities of sentinel node 
biopsy are lower than the well documented 
morbidities of formal neck dissection.

• The concept that injection of a tracer will 
mark first echelon lymph nodes, and that the 
status of these lymph nodes correctly predicts 
that of the completion neck specimen, has 
been shown to apply in oral cancer, just as 
it does for melanoma.  However, practical 
considerations need to be addressed before 
this procedure can be applied in a general 
fashion to oral cancers as the preferred 
approach.  Specifically, technologies are 
currently being developed to obtain immediate 
information regarding the pathologic status of 
the sentinel node, improve patient selection, 
reduce background activity at the primary site, 

and reduce marking of downstream lymph 
nodes.  As these technologies progress, this 
procedure will likely progress from one that 
can be applied to a selected group of patients, 
to one suited for all T1 and T2 oral cancers.  

INTRODUCTION
Sentinel lymph node biopsy (SLNB) is a 

minimally to moderately invasive technique 
which allows the surgeon to excise and 
meticulously examine the primary draining 
lymph nodes in the clinically N0 neck.  Morton, et 
al. reintroduced this concept to surgical practice in 
a landmark publication describing the technique 
and their early prospective clinical experience 
with SLNB using blue dye in patients with 
clinically node negative cutaneous malignant 
melanoma (1,2).  Using injection of blue dye at the 
primary site, 259 sentinel nodes were identified 
in 194 of 237 lymphatic nodal basins, and the 
incidence of false-negative sentinel nodes (i.e., 
the identified sentinel node is found to be disease-
free when metastatic disease is present in the 
regional lymphatic vessels) was less than 1 % 
(2).  Their model of initial sentinel node biopsy 
followed by completion lymphadenectomy and 
detailed pathologic analysis and correlation of 
findings has been used to validate this technique 
at multiple anatomic sites in subsequent trials.  
SLNB has been validated as an accurate means 
of staging the lymphatics relative to formal 
lymphadenectomy in cutaneous melanoma(3).  

Alex and Krag subsequently developed the 
use of radionuclides, nuclear imaging, and a 
handheld gamma probe to identify sentinel 
lymph nodes in the clinically N0 neck(4,5).  Based 
on their work, sentinel node biopsy has more 
recently been performed using peritumoral intra 
dermal injections of unfiltered 99m T sulphur 
colloid, or other radiotracer, and intra operative 
gamma detection probes.  The use of 99mTc 
sulphur colloid and the gamma probe allows 
placement of the biopsy incision directly over 
the radio labeled sentinel node(s), and the probe 
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directs dissection straight to the node without 
disturbance of surrounding tissues.  Sentinel 
node biopsy in melanoma using the gamma probe 
resulted in retrieval of sentinel nodes in 82 % 
to 100 % of cases, with a very low incidence 
of false-negatives confirmed by early follow-
up(6-10).  Additionally, a higher than expected 
incidence of bilateral drainage, "skip" drainage 
to a more distant node in a group than might 
be anticipated from the location of the primary 
melanoma, drainage to multiple lymph node 
groups in the neck, and unorthodox ipsilateral 
patterns of lymphatic drainage have been 
documented(9-11).  

Management of the N0 neck in patients with 
early invasive squamous cell carcinoma of the 
head and neck is controversial.  This controversy 
is particularly well illustrated for early oral 
cancers that can be excised trans orally.  Simple 
close observation of the lymphatic basin has 
traditionally been used in order to avoid the 
morbidity of prophylactic neck dissection or 
irradiation in the majority of patients in whom 
neck metastases will truly never develop(12-15).  On 
the contrary, the weight of opinion in the recent 
literature argues against a generalized “watchful 
waiting” approach(16-18) and favors treatment for 
patients at risk for cervical metastases.  Patients 
at risk have been identified by characteristics 
of the primary lesion, such as thickness greater 
than 4 mm, size greater than 2 cm, anatomic 
location, micro invasion, perineural infiltration, 
etc.(19-24).

Computed tomography, magnetic resonance 
imaging, and ultrasonography, have been used 
to better identify grossly involved, non-palpable 
nodes, and increase the safety of the “watchful 
waiting” approach.  However, significant 
limitations exist in terms of specificity and 
sensitivity because imaging modalities are 
incapable of identifying very small, and even 
microscopic, subclinical metastases.

The controversy surrounding the management 
of the N0 neck in mucosal squamous carcinoma 

of the head and neck is analogous to that of 
elective regional lymphadenectomy in patients 
with invasive, intermediate-risk clinical node-
negative melanoma.  Experience from multiple 
centers has demonstrated that the presence 
or absence of occult melanoma metastases to 
regional nodes can be determined with a high 
degree of accuracy using the less invasive sentinel 
node biopsy technique.  Patients with negative 
sentinel nodes can thereby be spared the expense 
and morbidity of surgery from which they could 
realize no benefit, whereas those with positive 
sentinel nodes proceed to lymphadenectomy for 
compelling therapeutic indications.

As has occurred in clinically node-negative 
melanoma, sentinel node biopsy ultimately offers 
the exciting possibility of identifying those 
patients with clinically node-negative carcinomas 
of the other head and neck sites and histologist 
who harbor occult metastases in the cervical 
lymphatic’s.  It is important that a complete 
understanding of the technique, including an 
established false negative rate, be available for 
each tumor type before incorporating it into 
routine clinical practice.

SENTINEL LYMPH NODE BIOPSY FOR 
HEAD AND NECK SQUAMOUS CELL 
CARCINOMA.

Between 1996 and 2000, multiple sites 
initiated single institutional trials studying 
sentinel node biopsy for oral cancer, the most 
accessible mucosal site(25-32).  More than 60 single 
institution trials, two international conference 
consensus documents, and a meta-analysis have 
since been published regarding this topic(33-35).  
In particular the group in Canniesburn, Scotland 
has been a major advocate for this technique 
in Europe, where a considerable number of 
institutions and groups have published elegant 
validation series, comparing pathologic results 
of sentinel node biopsies to that of immediate 
completion neck dissection; not only looking 
at overall results, but assessing such issues as 
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“learning curves”, proper pathologic analysis, 
and various details of surgical technique.  Ross 
et al.(31) are the first to publish preliminary 
results regarding sentinel node biopsy alone, 
without completion neck dissection, for oral 
cavity cancer.

Several smaller series have extended the 
technique to hypopharyngeal and supraglotic 
sites, in conjunction with endoscopic resection 
(36).  There have also been series describing 
the experience with head and neck cutaneous 
lesions other than melanomas, including selected 
high risk squamous cell carcinomas of the 
skin, merkel cell carcinomas, and other lesion 
(37-40). It has been demonstrated in the literature 
that predictive values of a negative sentinel 
lymph node vary between 90 % and 100 %; 
that significant upstaging of the lymphatic 
basins occurs with this technique relative to 
standard formal lymphadenectomy; and that 
unexpected patterns of lymphatic drainage 
can occur, including unanticipated contra 
lateral drainage, which may be missed with 
standard lymphadenectomies.  In addition, fine 
step sectioning and immunohistochemistry is 
essential in properly evaluating the sentinel 
lymph node, and significantly improves the 
negative predictive value.  

On the contrary, there has been reluctance 
to adopt this procedure, and it is not yet widely 
used for mucosal cancers, particularly in North 
America.  Significant concerns exist regarding 
the possible need for staged surgery in patients 
whose sentinel nodes are detected to be positive 
in a delayed fashion, as well as the risk of false 
negatives in a highly curable setting.  A false 
negative sentinel node biopsy takes on a great 
importance because in a selective neck dissection, 
although it does not always accurately diagnose 
metastases, provides therapy to the lymphatic 
field, while sentinel node biopsy leaves the 
highest risk lymphatic basins untreated.  False 
negatives can occur for technical reasons, such 
as incomplete injection, inadequate radiologic 
imaging, failure to remove all radioactive nodes 

due to background radioactivity or desire to avoid 
more complex anatomic areas, and multiple other 
factors.  However, even if technically perfect, 
there are theoretical limitations to the ability of 
sentinel node biopsy to pick up every lymphatic 
metastases, including the limitations of standard 
histopathology techniques to detect minimal 
disease, the theoretical potential for metastases 
to lodge in distal nodes while being eliminated in 
more proximal ones (termed “skip” metastases), 
and the potential for non-lymphatic gross disease 
that is below the threshold of imaging.  Given 
the fairly moderate morbidity of selective neck 
dissection, these concerns are enough to keep 
many surgeons from offering patients this 
technique for mucosal cancers(41).

Selective neck dissection remains attractive 
as an accurate, minimally invasive technique for 
staging the cervical lymphatics in spite of these 
issues.  It is therefore important that statistically 
significant, quality-controlled data be generated 
before accepting the less invasive sentinel node 
biopsy approach.  Excellent pathologic validation 
data exists, but trials with long term follow-up 
on patients with oral cancer having sentinel 
node biopsy alone is limited.  On the other hand, 
patients occasionally present with lesions that 
clinically appear relatively superficial (i.e.  less 
than 4 mm depth of invasion suspected), and 
these represent a group where the “watchful 
waiting” approach remains the standard of care.  
In this group the sentinel node biopsy approach 
might theoretically represent a more aggressive 
approach for patients that desire an evaluation 
of the lymphatic’s beyond what is currently 
standard.  

GAMMA PROBE GUIDED SELECTIVE 
NECK DISSECTION

The introduction of sentinel node biopsy for 
sites such as breast and oral cavity, where there 
is an established pattern of lymphatic drainage 
and a generally accepted procedure for selective 
lymphadenectomy with acceptable morbidity, 
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has lead to the concept of “gamma probe guided 
selective neck dissection”, in which patients 
who are advised to consider lymphadenectomy 
are offered concurrent sentinel node mapping 
and biopsy along with the formal dissection.  
This procedure allows the performance of 
validation studies, but is also offered in order 
to obtain the benefit of more accurate mapping 
and staging through fine sectioning and 
immunohistochemistry of the sentinel node.  
Many patients, who would have been staged as 
N0, are upstaged to N1 based on this technique.  
This allows for closer follow up evaluation, 
consideration of radiologic imaging, and possible 
adjuvant radiation.  In review of the literature for 
oral cancer, this could be anticipated to occur in 
10 % to 20 % of cases(27,28,31,42,43).  The technique 
also allows for the identification of unusual 
patterns of lymphatic drainage and allows for 
better selective neck dissection by ensuring that 
all lymph nodes at risk are removed.  For example, 
with oral cavity cancer, one might detect contra 
lateral nodes, perifacial nodes, and very posterior 
nodes in the jugular region bordering on level V, 
that might have been left out of a selective neck 
dissection, but proved to represent important 
direct drainage patterns from the primary tumor.  
There is sufficient data on the use of this technique 
currently available, and the potential benefits are 
sufficiently documented, that an argument can be 
made that the use of this approach as an adjunct 
to formal lymphadenectomy is justifiable, could 
potentially benefit the patient, and is of low risk.  
The addition of a preoperative tumor injection and 
prolongation of the surgery, by less than an hour 
in most cases, are unlikely to harm the patient, and 
are outweighed by the benefits of more accurate 
staging and knowledge of drainage patterns as a 
guide to a better lymphadenectomy.  Generally 
this is the approach used to gain experience 
with sentinel node technology by surgeons 
experienced in selective neck dissection.  

THE UNIVERSITY OF MIAMI EXPERIENCE

The University of Miami experience in 106 
sentinel lymph node biopsies in the head and 
neck region has been previously published(42).  
The procedure was extremely safe, and re-
exploration could also be safely accomplished 
in experienced hands without any untoward 
events.  No shoulder symptoms, lip asymmetry, 
contour changes, or other unexpected side effects 
occurred.  Precautions at the initial surgery, such 
as tagging of important nerves, and accelerated 
pathological analysis of sentinel nodes coupled 
with early re-exploration, helped to make 
secondary surgeries safer.  Among the 43 patients 
with oral cancer, primary site locations included 
28 tongues, 2 floor of mouth, 1 alveolar ridge, 
6 buccal mucosa, 5 retromolar trigone.  Stages 
included 11 T1 lesions, 27 T2 lesions, and 5 T3 
lesions.  Because the sentinel node evaluation 
for oral cancer was considered fewer standards 
than for melanoma, neck dissection specimens 
were initially examined in routine fashion, with 
representative sampling of between 20 and 30 
randomly selected lymph nodes in the neck, and 
pathology reports generated.

Frozen section was performed in the initial 18 
cases and only resulted in the identification of 
6 of 10 positives.  Fine sectioning at 2 mm and 
immunohistochemistry of the banked sentinel 
node blocks were performed separately at a 
later date by protocol.  Twenty patients were 
positive on final pathology (46.5 %).  In nine 
cases the sentinel node was the only positive 
node identified.  I n seven of these (16 % of 
total) there were micro metastases not seen on 
initial H&E that were detected on extended 
sectioning and/or immunohistochemistry within 
the sentinel node.  These seven patients (16 %) 
were upstaged from N0 to N1 by virtue of more 
detailed pathologic analysis of the sentinel node 
(95 % CI: 6.8-30.7).

The procedure was 100 % accurate for T1 
lesions in our single institution series, with 
three true positives, eight true negatives, and 
no false negatives.  Two false negative sentinel 
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node biopsies occurred among the 43 oral cancer 
patients, all of whom had pathologic correlation 
with levels I-IV neck dissection.  In patients 
with negative

Sentinel nodes, the presence of cancer in any 
non-radioactive lymph nodes was considered 
definitive evidence of missed disease by the 
sentinel node procedure.  There were 20 (46.5 %) 
of 43 patients with metastases among 43 oral 
cancers, 18 of which were identified on SLNB, 
giving a false negative rate of 10 %  (95 % 
CI: 1.2 %-31.7 %) and a negative predictive 
value of 92 % (95 % CI: 74 % - 99 %).  Both 
false negative cases were similar in that they 
represented grossly abnormal nodes replacing 
the lymph node architecture and in juxtaposition 
to the sentinel node.  The strict definition of a 
sentinel node may produce an overestimate of 
the risk of missing cancer in such cases, as the 
gamma probe led the surgeon to the palpable 
node that was identified on the narrow exposure 
sentinel node procedure.  In both cases positive 
nodes were identified and excised during the 
sentinel node exploration, prior to initiating 
completion neck dissection.  Two additional 
cases displayed microscopically positive levels 
III and IV sentinel nodes along with gross disease 
in level II that was not radioactive.  These latter 
two cases, though not false negatives, were 
notable for the fact that the sentinel nodes had 
microscopic disease, while grossly involved 
nodes did not take up radioactivity.  Especially 
interesting is the contrast in patterns of tumor 
progression in the lymphatic’s of squamous 
cell carcinoma versus melanoma.  Positive 
melanoma and Merkel cell carcinoma cases often 
involved multiple micro metastases in nodes 
that maintained their radioactivity, and were 
therefore apparently functional.  However in 4 
of 43 oral cancer patients grossly positive non-
radioactive nodes were present, while sentinel 
nodes were negative or contained microscopic 
disease.  Sentinel nodes were adjacent to these 
grossly involved nodes in three cases, and 
located at a more distant distal location in one 

case.  We postulated that tumor destruction of the 
lymph node led to lymphatic obstruction and the 
development of new lymphatic pathways.  Two 
of the four patients in question had T3 lesions, 
and two had T2 lesions, despite the fact that the 
group as a whole consisted primarily of T1 and 
T2 lesions.  Our inclusion of a small number of 
T3 lesions that naturally are at greater risk for 
subclinical gross disease may have made this 
phenomenon more notable.  Our impression is 
that, particularly for squamous cell carcinoma, 
efforts must be made via imaging to rule out 
subclinical gross disease which can lead to false 
negatives and redirection of lymphatic flow.  
Others have reported similar findings(43-53).  For 
oral cancer it appears that the sentinel node 
procedure is an excellent test for microscopic 
disease, but is not as good a test for subclinical 
gross disease which must be sought by radiologic 
studies and intra operative palpation.

We also concluded that T3 oral lesions were 
less well suited to the SLNB procedure because of 
the higher incidence of gross nodal involvement, 
and because the wider bed of radionuclide results 
in an impractically high number of sentinel 
nodes.  The procedure was 100 % accurate in 11 
significantly invasive T1 oral lesions, in which 
there were 3 true positives.

THE ACOSOG PATHOLOGIC VALIDATION 
TRIAL 

Early data from the University of Miami 
series(42) as well as a series from the University 
of Missouri(32) was presented to the American 
College of Surgeons in 2001, and ultimately 
led to the development of a multi-institutional 
validation trial of sentinel node biopsy for early 
invasive oral cancer, which recently completed 
accrual(44).  This trial involved 25 institutions 
and 34 certified surgeons and involved a formal 
training program.  The group contained a mix 
of relatively experienced and inexperienced 
surgeons.  Strict imaging criteria, based on 
computerized tomography or magnetic resonance 
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imaging, were used to rule out non-palpable 
gross disease.  Patients underwent injection of 
the lesion with unfiltered T99 sulfur colloid, 
nuclear imaging, narrow exposure sentinel 
lymphadenectomy, subsequent immediate 
selective neck dissection of levels 1 through 4, 
and routine pathological analysis of the sentinel 
lymph nodes and non-sentinel lymph nodes.  Blue 
dye was not injected due to concerns regarding 
the effect of blue coloration of the primary site 
on the resection of the primary tumor, where 
margins are generally not as wide as in the skin 
or breast.  It was felt that the ability to visualize 
the tissue around the primary tumor must not be 
compromised.  

Lymphatic tissues, both sentinel and non-
sentinel lymph nodes were submitted centrally 
for step sectioning at 2 mm to 3 mm intervals 
and immunohistochemistry for cytokeratin.  Data 
was collected for routine pathologic assessment 
at the sites, comparing the sentinel node with 
the completion neck dissection specimen.  C 
entral tissue acquisition, and step sectioning 
and immunohistochemistry are still in progress.  
The major endpoint for the trial is the negative 
predictive value (NPV) of SLNB which is defined 
as the proportion of patients with negative 
sentinel nodes who also have no positive non-
sentinel nodes on pathologic evaluation of the 
neck dissection specimen.  This endpoint was 
assessed by both routine pathology, with limited 
sections through each node and hematoxylin & 
eosin stain, and will also be accessed via central 
step sectioning and immunohistochemistry.

The data from the ACOSOG trial are 
summarized in Tables 11-1 through 11-3.  A total 
of 161 patients enrolled in the study, of which 
140 were evaluated (Box 11-1).  There was one 
failure to map the lymphatic’s, representing a 
99.3 % technical success rate.  There were 52 T1 
lesions (56.2 %) and 58 T2 (42.3%).  The median 
number of sentinel nodes removed per patient was 
3.  There were 26 floor of mouth lesions (18.6 %) 
and 95 tongue lesions (67.9%).  On final analysis, 

including macro metastases, micro metastases, 
and single tumor cells definitively felt to represent 
viable tumor, there were 36 patients (26 %) who 
had cancer in the cervical nodes.  The negative 
predictive value of a negative sentinel node, 
based only on routine pathology and H&E stain, 
was 93 % (95% CI 0.865, 0.972).  With central 
step sectioning and immunohistochemistry 
this number improved to 96 %.  Of note the 
NPV was 100 % for T1 lesions, where there 
were thirteen positives out of 52 patients.  The 
number of sentinel nodes removed did correlate 
with stage (P=0.014).  The negative predictive 
value is the closest equivalent to the clinical 
situation in a patient with low to moderate risk 
of harboring cervical metastases, and represents 
true negatives as a fraction of total negatives.  It 
answers the following question: If the sentinel 
node is negative what is the percentage risk that 
there is occult cancer in the neck?(44).

While negative predictive values were 
similar, false negative rates (false negatives as a 
fraction of total positives) were worse for floor 
of mouth.  Although the number of positives in 
this smaller group was small relative to tongue 
(one false negative and three false positives), 
the false negative rate of 25 % vs.  8.1 % for the 
other oral sites indicates a need for caution in 
this group.  Presumably this is due to technical 
issues related to the proximity of the primary 
site to the lymphatic basin(44).  At this point we 
can say that if we presume that a sentinel node 
biopsy in the context of a planned completion 
neck dissection is analogous to an isolated 
sentinel node biopsy compared to an isolated 
neck dissection, then there is only a 4 % chance 
of missing cancer in the lymph nodes based on 
meticulous pathology including step sections at 
2 mm to 3 mm and immunohistochemistry for 
cytokeratin.  However very little observational 
data of sentinel node biopsy alone in oral cancer 
is available, and this needs to be generated, 
preferably in a prospective fashion, before we 
can consider that the procedure has truly been 
tested.  At this point it must be added that further 
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technical progress is needed before we can 
consider this procedure reasonable for lesions 
of the floor of mouth, in order to manage the 
issues related to “shine through” radioactivity 
from the primary site.  It is unclear whether the 
use of blue dye, or other new techniques, such 
as long term staining with carbon dye, SPECT 
imaging, ultrasound detectable inject able agents, 
or other developing techniques, might someday 
allow us to more accurately identify sentinel 
nodes in this group of patients.  

The standard approach at this point for 
management of the N0 neck in a patient at 
significant risk, is the selective neck dissection.  
Given the growing body of data regarding the 
reasonable predictive value of sentinel node 
biopsy, this could be offered for those cases 
where watchful observation of the lymphatic 
basin would represent a reasonable traditional 
option.  However it is important that patients 
fully understand that the moderate morbidity 
that selective neck dissection entails must be 
balanced against the small risk of a false negative 
sentinel node biopsy.  Given the existence of 
many supportive pathologic validation trials, 
including the ACOSOG cooperative group 
trial which involved rigorous independent over 
site, the most appropriate next step would be to 
acquire rigorous data on the results of sentinel 
node biopsy alone, without completion neck 
dissection, for this group of patients.  The ideal 
study would involve a randomized comparison 
between selective neck dissections versus initial 
sentinel node biopsy with neck dissection for 
proven positives.  However too appropriately 
power such a study would require thousands 
of patients.  Thus a more practical approach 
would be the generation of prospective, quality-
controlled normative data of the results of the 
sentinel node technique, including long term 
follow up and quality of life assessment.  Without 
such data we cannot be certain that the number 
of micro metastases picked up by both sentinel 
node technique and selective neck dissection, 
is actually much less than the true presence of 

cancer in the neck.  In other words, could we 
be treating many more undetected cancers with 
our selective neck dissection than we think? 
While this data is being collected we should still 
view this as a cutting edge technique, not fully 
proven, but appropriate for patients unwilling 
to accept the moderate morbidity of selective 
neck dissection.  

C O N T R O V E R S I E S  R E G A R D I N G 
SURGICAL TECHNIQUE

The importance of understanding the true 
predictive value of a negative sentinel node 
biopsy is complicated by the variations in 
surgical technique in practice, which could in 
theory alter the accuracy of the results obtained.  
Some groups use either exclusively radiotracers 
transported by lymph fluid(36,45,46) or combined 
with Blue dye®(43,47-49).  In this context Ross 
et al.(43) mentioned that the false-negative 
rate is not significantly reduced by additional 
colour lymphography.  He affirmed that in 
fact the radioactive marking of the sentinel 
nodes (SN) represented the basis of sentinel 
lymphadenectomy in the head and neck.

In addition, application of Blue dye® does 
entail some risk of complications.  Accidental 
injury of the lymphatics leads to extravasations of 
the dye with resulting staining of adjacent tissue 
and reduction in intra operative visualization.  
Especially in the area of the cervical soft tissues 
and the oral primary site, with their numerous 
neural and vascular structures, assessing tissue 
colour and texture is of great importance in 
oncologic surgery.  Furthermore, in 1985 
Longnecker et al.(50) reported a 2 % incidence 
of anaphylaxis after subcutaneous injection of 
Blue dye®.  

Intra operative(36,45,46) or preoperative(48-52) 
tracer injection and intra operative lymphatic 
mapping detecting several “hot” nodes within 
the lymphatic draining basin during elective 
neck dissection are performed by some groups.  
Intra operative lymphatic mapping is performed 
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after elevation of the cutaneous flaps, following 
mobilization and dissection of the neck dissection 
specimen.  This latter approach to gamma 
probe guided neck dissection does not have the 
disadvantage of not developing the surgeon’s 
ability to perform the minimally invasive sentinel 
node biopsy, nor can it be considered adequate for 
comparative study of the two techniques(52-54).

SURGICAL TECHNIQUE CONTRAST 
BETWEEN ORAL AND CUTANEOUS 
LESIONS

There are multiple steps involved in the 
sentinel node biopsy technique for mucosal 
lesions.  

STEP 1 PATIENT SELECTION
An appropriate patient is one with a significant 

risk of lymphatic micro metastases, who is also 
unlikely to have distant metastases, with a small, 
inject able lesion.  Since early oral cavity cancer 
has less risk of distant metastases than melanoma, 
the manner in which these patients need to be 
approached is a bit different from the way we 
approach melanoma patients.  It is very important 
not to miss potentially curable micro metastases, 
and reasonable to consider using the technique 
for lesions that are larger and more invasive 
than what would be considered appropriate for 
a melanoma.  Nonetheless, multiple series have 
confirmed that the technique is not appropriate for 
T3 and T4 primary tumours due to the significant 
volume of tissue that would need to be injected, 
the excessively large number of radioactive nodes 
generated, the greater risk that grossly positive 
nodes exist, the potential for false negatives due 
to incomplete injection, and the technical futility 
of removing a large number of nodes in piecemeal 
fashion.  On the contrary the technique is best 
applied to T1 and smaller T2 lesions.  If a lesion 
is less than 4 cm in maximal diameter but has 
significant tongue fixation or other manifestation 
of deep invasion, then this is truly a T4 lesion 
and the results with sentinel node biopsy are 

unlikely to prove accurate and useful.  
If the primary tumour meets criteria, the next 

issue is whether the neck is grossly involved.  
While the sentinel node technique is an excellent 
technique for detecting micro metastases, it is 
less useful for detecting non-palpable but grossly 
involved, lymph nodes.  T his appears to be 
particularly true with squamous cell carcinoma.  
It is postulated that when a large percentage of 
the lymph node is replaced by cancer, physiologic 
obstruction occurs, and alternative patterns 
of lymphatic drainage develop.  Extra nodal 
squamous cell carcinoma in the neck tissues, by 
definition, cannot be detected by sentinel node 
biopsy.  It is important to detect the presence 
of such gross disease on preoperative imaging 
and avoid applying this technique to that group 
of patients, in order to avoid false positives.  
Generally, contrast enhanced computerized 
tomography or magnetic resonance imaging 
(if iodine allergic) are the imaging modalities 
used.  These should be strictly interpreted.  The 
role of positron emission tomography remains 
to be delineated, but this may ultimately also 
prove useful in ruling out such gross disease.  
It should be kept in mind that the sentinel node 
technology represents an excellent technique for 
detection of micro metastases in patients felt to 
have a reasonably low risk of metastases, but 
is not as accurate at detecting grossly involved, 
non-functional nodes.

STEP 2 INJECTION OF THE PRIMARY 
TUMOUR

The injection is performed prior to the 
surgical procedure, generally on the morning 
of surgery, in the radiologic suite.  Injection is 
also sometimes performed late on the day before.  
Use 500 mill curies on the morning of surgery, 
or a slightly higher dose the night before.  While 
awake injection and imaging in radiology is the 
most commonly used technique, as we extend 
this procedure to endoscopically accessible 
oropharyngeal, supraglottic and hypopharyngeal 
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lesions, it is likely that cooperative efforts with 
the nuclear radiologist and the use of portable 
cameras will allow for intra operative endoscopic 
injection, with or without radiologic imaging, 
and gamma probe guided sentinel node biopsy 
without the need for uncomfortable injections 
on an awake patient.  Theoretical advantages 
of injecting under general anaesthesia include 
better exposure of the primary and avoidance of 
motion of the patient related to discomfort.  This 
may eventually further increase the reliability 
of this method.  Taking into account that the 
radio localization of the detected hot spots 
does not represent the drainage of the primary, 
but the drainage of the tracer deposits, which 
are supposed to mimic the lymphatic drainage 
of the primary, the impact of a thorough and 
representative tracer injection becomes evident.  
Due to density and direction of the head and neck 
lymphatic’s the primary may drain into several 
alternative lymphatic pathways, all representing 
the first echelon of draining “sentinel” lymph 
nodes.  

Nevertheless, due to regulatory issues related 
to the injection of radioactive substances, and 
the lack of widely available portable nuclear 
imaging, awake injection remains the most 
commonly used technique at present.  It is 
important to ensure that the patient is comfortable 
so that an adequate preoperative injection is 
obtained.  We use topical anaesthetic, mild oral 
sedation, and lingual, inferior alveolar, and/or 
sphenopalatine nerve blocks to ensure patient 
comfort during manipulation and injection of the 
primary tumour.  Direct injection of the tumour 
with local anaesthetic should not be performed 
as it may affect uptake of the radionuclide and 
reportedly may even cause it to precipitate in the 
tissues.  The injection technique involves narrow 
injection with a 25 gauge needle circumferentially 
encompassing the leading edge of the lesion and 
an additional injection in the centre of the lesion.  
Five tuberculin syringes with 1 millilitre aliquots 
of Technetium 99 sulphur colloid, with a total 
radioactivity of 400 mill curies, would represent 

a standard dose for the morning of surgery.  A 
slightly higher dose would be used the night 
before.  These dosages are extrapolated from the 
practice for melanoma, and have worked well 
for oral cavity cancer, but formal comparative 
evaluation of dosages and volumes for use in the 
oral cavity has yet to be performed.

In order to extend this technique to supraglottic 
and hypopharyngeal sites, arrangements must 
be made to handle radionuclide in the operating 
suite, generally involving participation of a 
nuclear medicine technician, and endoscopic 
injection of the primary tumour must be 
performed.  Subsequently adequate time must 
be allowed for migration of radionuclide to the 
lymphatic basin, and the gamma probe can be 
used to confirm this.  

For cutaneous lesions it is well documented 
that a scar from a previous escisional biopsy can 
be injected to allow accurate sentinel node biopsy.  
Whether a previously excised oral lesion could 
undergo sentinel node excision by injection of 
an intraoral scar has yet to be determined.  It is 
important to inject narrowly, and not to inject the 
deep tissues.  The radionuclide will extravasate 
more widely in the oral cavity around the site of 
injection than occurs in the skin, and will usually 
go to the neck more quickly.  There is no benefit 
to trying to inject a margin around the tumour, 
as this will lead to an unmanageable excess of 
radioactive nodes.  However injection must be 
just peripheral to the tumour in normal appearing 
tissue and not within the gross cancer, in order to 
allow migration into normal lymphatic channels.  
We prefer to use unfiltered technetium99 sulphur 
colloid.  The presence of larger particles allows 
for retention of radioactivity in the proximal 
lymphatics.  Retained particles at the site of 
primary injection are not a major issue as we 
recommend removal of the primary tumour first.  
However it is also possible to obtain good results 
using filtered technetium sulphur colloid and if 
there is a strong preference for addressing the 
lymphatic’s first, then this may be preferable 
as there is a better clearance of background 
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radioactivity from the primary site.  The more 
rapid migration of the filtered agent may also 
make it advantageous if injections of radionuclide 
are performed on the operating room table at the 
start of the procedure rather than prior to the 
surgical procedure.  

As discussed above, the use of blue dye 
concurrently with technetium sulphur colloid 
has become popular in sentinel node biopsy for 
melanoma.  This is a reasonable technique for 
skin, and certainly can help during the learning 
phase of the procedure, as the subtle blue dyed 
lymphatic vessels can be traced towards the 
sentinel node.  Furthermore, reinjection of the 
blue dye is performed in the operating room under 
anaesthesia, and can provide a measure of security 
against inadequacy of preoperative injection 
due to patient discomfort.  The most common 
approach, however, for the reasons previously 
mentioned, is to use the radionuclide alone for 
mucosal lesions.  We prefer to remove the primary 
tumour first, to eliminate radioactive background 
at the primary site.  When the technique is 
performed in this sequence, the blue dye has 
usually run through to the distal lymphatic by the 
time the oral resection is completed and margins 
are sent, making the dye less useful.  The concept 
of injecting a second agent within the operating 
room for better accuracy is reasonable however, 
and there is currently a contrast agent undergoing 
clinical trials, Sonazoid (GE Healthcare, Oslo, 
Norway), that does not colour the tissues, but 
can be identified by intraoperative ultrasound(54).  
Sonazoid is a lipid-stabilized suspension of 2.4 to 
3.5 micron perfluorobutane micro bubbles.  This 
may someday provide an alternative to blue dye 
for those who desire a second tracer injection for 
increased accuracy.

STEP 3  NUCLEAR LYMPHATIC 
MAPPING

After injection, nuclear imaging of the 
lymphatic is obtained.  Single Photon Emission 
Computed Tomography (SPECT) technology, 
though not absolutely necessary, may eventually 

provide even better three dimensional localization 
of the sentinel node.  The availability of both AP 
and lateral imaging will generally be adequate, 
however, to guide the surgeon.  A dynamic phase 
should be acquired with serial images for one 
hour following injection.  These images should 
be acquired for one minute each.  Transmission 
images should be acquired for 1-2 minutes in 
each new movement of the camera.  While it is 
possible to perform sentinel node biopsy with the 
intra operative gamma probe alone, the radiologic 
image can be useful in providing a rough guide to 
the location of the sentinel node.  It may provide 
for a more complete informed consent process 
by predicting unexpected drainage to the contra 
lateral neck or other areas that were not expected 
to be involved.

STEP 4 REMOVAL OF THE PRIMARY 
TUMOUR

As mentioned above, we prefer to resect the 
primary tumor transorally first.  If the injection 
field was sufficiently narrow, this usually 
eliminates or greatly reduces background 
radioactivity at the primary site, or “shine 
through,” that can confound the sentinel node 
identification.  The usual, appropriate surgical 
margins with frozen section control should be 
obtained.  In some situations it may be necessary 
to perform the nodal biopsy prior to primary 
resection.  Removal of the primary tumor first 
is less important when the lymphatic basin is 
distant from the primary tumor, and is often, 
less of an issue for skin lesions (i.e.  auricular 
scalp or nasal lesions).  However, this can be 
important for lesions of the neck or pre auricular 
skin where the lymphatic are immediately deep 
to the primary tumor.  It is especially important 
for floor of mouth tumors due to the immediate 
proximity of the submandibular lymphatic’s.  

STEP 5 GAMMA PROBE GUIDED 
SENTINEL NODE BIOPSY

 The hand-held gamma probe is now used 
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to confirm the location of the SLN(s), which 
previously identified during lymphoscintigraphy.  
The skin is again marked with the location of 
the nodes.  If the patient is to undergo sentinel 
node biopsy alone, with neck dissection planned 
only for positive findings intra operatively or on 
permanent histopathology, the incision can be 
drawn narrowly over the node.  However, the 
incision must be consistent with the possibility 
of subsequent neck dissection, and the planned 
incision for the formal lymphadenectomy should 
be considered.  Alternatively, the incision can 
be drawn in the line of that to be used for neck 
dissection, although shorter in length, and flaps 
can be elevated.  This latter approach is that 
used when immediate gamma probe guided neck 
dissection is the plan.  After the incision is made, 
subplatysmal flaps are elevated sufficiently to 
provide access to the hot area.  The neck should 
first be carefully palpated, in order to identify 
palpable gross lymphatic disease that may 
not be physiologically functional, and hence 
may not take up radioactivity.  The finding of 
gross cancer involvement would, of course, 
contraindicate sentinel node biopsy and mandate 
formal lymphadenectomy.  

If no gross disease is identified the surgeon 
will now localize the sentinel node(s).  Use of 
the probe to locate the nodes is not intuitive 
and it is best learned through instruction by 
a surgeon with experience in the technique.  
Initial readings are taken of the precordium 
and back table in order to assess the level of 
hematogenous radioactivity.  Readings are also 
obtained from the resected tumor specimen and 
the bed of resection, in order to assess the level 
of anticipated background activity.  The probe 
is slowly passed over the neck at a steady rate 
assessing the auditory input for radioactivity 
generated by the gamma probe.  Care is taken 
to aim away from the primary resection bed.  
Since the probe measures radioactivity over time, 
rapid or unsteady movement will lead to higher 
readings and louder auditory input, and should 
be avoided.  Using the steady constant motion, 

the probe is moved radials across each hot spot 
allowing the surgeon to determine the direction 
in which to proceed, in three dimensions, in order 
to locate the sentinel node.  Using a fine hemostat 
or McCabe nerve dissector, the surgeon bluntly 
dissects towards the sentinel node.  Bipolar 
cautery can be used to divide the tissues to 
provide wider exposure.  Use of paralytics and 
monopolar cautery should be avoided.  

After the dissection cavity is opened the 
gamma probe is introduced into this space along 
the plane of dissection and angled in various 
directions in order to guide the surgeon to the 
sentinel node.  The sentinel node is bluntly 
excised.  Probe readings (counts per minute) are 
recorded for initial readings taken while the node 
is in the patient, as well as for “ex vivo” readings 
of the extracted node, away from the patient.  
Repeat readings are taken of the resection bed to 
ensure that there are no adjacent hot nodes that 
also need to be removed.  Any LN exhibiting 
10 % or more of the radioactivity of the most 
radioactive node in the same anatomic area will 
be considered an additional SLN and will be 
harvested separately.  If there are a large number 
of very radioactive nodes (i.e.  more than 6) this 
essentially represents a failure of the technique 
and piecemeal removal of a large number of nodes 
is not recommended.  The surgeon should proceed 
to selective neck dissection if indicated.  In the 
case where there is a very hot sentinel node in a 
specific area, there may be a relatively hot node 
in a completely separate anatomic region, (i.e.  
sub mental region versus level II jugular region) 
that does not reach 10 % of the radioactivity of 
the hottest node.  If this second node is truly 
in a separate area and is significantly greater 
than background (2 or more times background 
readings), it should still be harvested as a sentinel 
node, as it may represent a separate drainage 
pattern from a different portion of the tumor.  

Review of the lymphoscintigraphic imaging 
and knowledge of basic anatomic principles 
will allow the surgeon to judge whether such 
additional areas of borderline radioactivity need 
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to be excised.  When the SLN dissections are 
performed prior to resection of the OCSCCA, 
or if significant radioactivity persists in the bed 
of resection, intraoral lead shields can be used 
to block background activity at the primary site.  
The presence of a collimator on the gamma probe 
is also recommended, and most modern probes 
have fine tips with collimators.  With tongue 
tumors background activity can be avoided by 
using a transoral suture on the tongue to pull the 
primary bed away from the lymphatic’s.

The issue of dealing with background activity 
at the primary site is most marked for the level 
one node with floor of mouth tumors.  In this 
situation the surgeon may need to perform some 
initial dissection, below the level of the marginal 
mandible nerve, transecting the tissues down 
to the level of the mylohyoid muscle.  In this 
manner the lymph nodes are mobilized away 
from the oral cavity, allowing for more accurate 
identification of the SLN(s) by placing the gamma 
probe into the tunnel thus created and directing 
the probe inferiorly away from the background 
radioactivity at the floor of mouth injection site.  
Each SLN is labeled, measured, described and 
recorded separately as to location and total ex 
vivo counts per second.  

It is particularly important to tag the tissue 
adjacent to any identified marginal mandible or 
spinal accessory nerve branches with permanent 
suture in order to facilitate identification during 
a subsequent procedure if the sentinel node is 
positive.  

STEP 6 HISTOPATHOLOGY ASSESSMENT 
OF THE SENTINEL NODE

Sentinel node biopsy is gaining wide acceptance 
for cutaneous lesions, particularly for melanoma, 
where formal elective lymphadenectomy is not 
standard.  As mentioned previously, minimally 
invasive T1 oral lesions represent an emerging 
group where the option of sentinel node biopsy 
might be considered.  However, in any situation 
where sentinel node biopsy alone is performed, 

exhaustive histopathology evaluation of the 
sentinel node with fine sectioning and sampling 
at thin intervals (some have advocated as 
thin as 150 micron intervals), and concurrent 
immunohistochemistry should be performed to 
rule out microscopic foci of cancer and allow 
for therapeutic neck dissection or radiation.  
If such an evaluation remains negative, close 
follow up and consideration of serial radiologic 
imaging (CT, MRI, or serial ultrasound) should 
be considered.

RISKS OF SLNB
The theoretical risk of injury to the facial 

nerve and spinal accessory nerve during blunt 
dissection through narrow exposure is one 
concern with SLNB in the head and neck region.  
The relatively few publications addressing 
this issue to date have reported incidences 
of complications that are less than 1 %(42,55).  
Theoretically in the hands of an inexperienced 
operator, the risk of injury to the facial or spinal 
accessory nerves may be greater with SLNB 
than with formal parotidectomy and selective 
neck dissection.  Since the presence of sentinel 
node micro metastases may be recognized 
postoperatively, the potential risk of nerve injury 
related to re-exploration of an inflamed, recently 
operated wound needs to be considered.  For 
this reason important structures are tagged and 
pathologic analysis is done promptly in order to 
allow for early re-exploration.  

CONCLUSIONS
SLNB can be used safely and with technical 

success for accessible head and neck squamous 
cell carcinomas.  It offers the potential for more 
anatomically accurate surgery based on each 
patient’s unique lymphatic drainage pattern.  
However, selective neck dissection remains 
the standard approach for the majority of oral 
cancers, particularly for larger T2, T3 and T4 
lesions.  SLNB can be advocated as a reasonable 
alternative to selective neck dissection for very 
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early oral cancers.  Unlike melanoma, where 
the presence of lymphatic metastasis portends 
an extremely poor prognosis, squamous cell 
carcinoma with early lymphatic metastases 
remains curable.  Thus, there is much more to 
lose by under staging patients or missing involved 
lymph nodes.  

The sentinel node concept is discarded by 
some based on the misconception that selective 
neck dissection has no significant morbidity.  
Coming from a tradition of more radical neck 
procedures, the selective neck dissection is 
generally viewed as an intervention with 
negligible morbidity by many head and neck 
surgeons.  In fact, although the morbidity 
of selective neck dissection is significantly 
less than that of modified radical and radical 
dissections, there is measurable morbidity in a 
variable percentage of patients, including issues 
with shoulder function secondary to temporary 
trapezium weakness followed by adhesive 
capsulitis of the shoulder, pain syndromes, 
contour changes, and lower lip mobility.  This 
has been demonstrated in numerous quality of 
life studies and at least two objective functional 
assessments(56-58).  This moderate morbidity has 
lead some to suggest watchful waiting as an 
alternative for patients of lower risk.  SLNB has 
developed as an intermediate option in response 
to this controversy.  All of these complications 
are observed much less frequently with SLNB, 
although formal quality of life assessments have 
not yet been performed.

The sentinel node procedure would be more 
widely applicable if we developed the ability to 
immediately diagnose positive sentinel nodes.  
Frozen section, even with multiple sections, is not 
sufficiently accurate and may destroy valuable 
specimen material(28).  Thus for the patient with 
the micro metastasis in the sentinel node, we are 
potentially dealing with issues of re-exploration 
and dissection of functionally important nerves 
in a recently operated wound.  Ultimately rapid 

reverse transcriptase polymerase chain reaction 
assessment of nodes may ultimately provide 
immediate information regarding the status 
of the sentinel node(59).  As future studies are 
designed to safely evaluate the sentinel node 
biopsy technique, the opportunity should be taken 
to plan correlative studies to validate the role of 
these new technologies in tumor assessment.

SLNB ultimately may have a role in the 
management of oral cancer, given that there 
are lesions and situations where the ‘‘wait and 
see’’ approach continues to be advocated.  It 
may provide an intermediate approach for small 
but invasive T1 or smaller T2 lesions for which 
watchful waiting is the major alternative.  It 
appears unlikely that this technique will ever 
replace selective neck dissection for larger T2 
and T3N0 lesions.

Equally important is the evaluation for 
the significant unpredictability of lymphatic 
pathways observed for both cutaneous and 
oral lesions.  In fact for lesions not involving 
the midline but within a few centimeters of it, 
lymphoscintigraphy (LS) and gamma probe 
guided surgery may ultimately provide the 
solution in these patients, for whom we often 
struggle with the decision regarding contra lateral 
neck management.  Increased accuracy in the 
identification of micro metastases will ultimately 
lead to more accurate staging.  

The sentinel node technique is likely to have 
an increasing role in the management of head 
and neck cancer in the future.  Surgeons can 
gain experience in the use of this technique for 
cutaneous malignancies, superficial oral cancers, 
and with gamma probe guided neck dissection 
for invasive cancers, preferably in the context 
of a clinical trial.  Pilot data on the use of this 
technique in the pharynx and larynx will continue 
to emerge.  It is hoped that this chapter will 
provide a guide to surgeons as they consider 
the developing role of lymphoscintigraphy and 
sentinel node biopsy in detecting microscopic 
lymphatic metastases.
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