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Bre as t cance r is  th e  m os t fre q ue nt cance r diagnos e d
in w om e n w orldw ide .1 Axillary node  s tatus  is  one  of
th e  m ajor prognos tic factors  in e arly-s tage  dis e as e ,
and th is  inform ation is  im portant for tailoring th e
tre atm e nt.2 Im aging te ch niq ue s  lik e  ultras ound (US),
com pute riz e d tom ograph y (CT), m am m ogram  and
m agne tic re s onance  im aging (M RI) h ave  lim ite d
s e ns itivity for nodal m e tas tas is .3 Axillary lym ph  node
dis s e ction (ALND) is  th e  traditional approach  for
nodal s taging w h ich  involve s  dis s e ction and re m oval
of >10 of Be rg le ve l I and II axillary node s .2 H ow e ve r,
incide nce  of axillary nodal m e tas tas is  h as  be e n docu-
m e nte d in 10-30%  patie nts  w ith  T1 le s ions  (2 cm
prim ary tum or s iz e ) w h ich  re ach e s  to 55-70%  w ith
tum or s iz e  >3 cm .4 ALND, h ow e ve r, h as  s ignificant
s h ort and long-te rm  m orbidity, th e  m os t s ignificant
be ing lym ph e de m a. In re ce nt ye ars  w ith  e arlie r de -
te ction of bre as t cance r due  to s cre e ning program s ,
m os t patie nts  do not h ave  nodal m e tas tas e s  at th e
tim e  of diagnos is  and are  cons ide re d for bre as t
cons e rving s urge ry. H ow e ve r, ALND in th e s e  pa-

tie nts  carrie s  gre ate r s urgical m orbidity th an th e
th e rape utic proce dure  of th e  prim ary cance r.
Se ntine l node  biops y (SNB) is  a le s s  invas ive  m e th od
of h arve s ting and ch e ck ing for nodal involve m e nt in
patie nts  w ith  no clinical and radiological e vide nce  of
axillary node s  involve m e nt.5

Historical Background: Th e  te rm  s e ntine l node
w as  firs t coine d by Cabanas  in 19 77 during h is  w ork
upon pe nile  cance rs 6 and cons ide re d re ce iving dire ct
lym ph atic drainage  from  th e  prim ary tum or, and
th e re fore  is  th e  firs t node  or group of node s  to be com e
involve d w h e n a tum or is  m e tas tas iz e d. Th e  s e cond
line d node s  are  calle d e ch e lon node s . In 19 9 2 th is
conce pt w as  re vive d by Morton w h o us e d vital dye s
to de te ct th e  s pre ad of m alignant m e lanom a.7 It w as
Giuliano and colle ague s  w h o adopte d th is  te ch niq ue
for bre as t cance r.8 Th e  conce pt be h ind SLNB is  th at
lym ph atic m e tas tas e s  occur in an orde rly m anne r
and th at th e  s e ntine l node  s tatus  pre dicts  th e
h is tological s tatus  of th e  re gional lym ph  node s . If th e

Nosheen Fatima,1 Maseeh uz Zaman,2 Unaiza Zaman,3 Rabia Tahseen,3 Areeba Zaman3

1 De partm e nt of Nucle ar Me dicine , Dr. Z iauddin H os pital, Karach i, Pak is tan.
2 De partm e nt of Radiology, Aga K h an Unive rs ity H os pital, Karach i, Pak is tan.
3 Stude nts  MBBS, Dow  Me dical Colle ge , DUH S, Karach i, Pak is tan.

PJR January - March 2015; 25(1): 22-28

Involve m e nt of axillary node s  in bre as t cance r is  th e  m ajor prognos tic factor and axillary lym ph  node  dis s e ction
(ALND) is  th e  gold s tandard m e th odology. H ow e ve r, it is  as s ociate d w ith  cons ide rably h igh  m orbidity lik e
lym ph e de m a and im paire d functionality of ips ilate ral arm . To addre s s  th is  is s ue , a le s s  invas ive  s e ntine l node
im aging and biops y te ch niq ue  h as  be e n introduce d and ove r th e  las t tw o de cade s  it h as  be com e  s tandard of
care  in clinical and radiological ne gative  axilla in bre as t cance r. In th is  re vie w  w e  w ill dis cus s  h is torical back ground,
bre as t lym ph atics , te ch niq ue s  to de te ct node s , s trate gie s  bas e d on h is topath ological re s ults  and future  tre nds
for le s s  invas ive  but m ore  pre cis e  axillary nodal s taging.
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tum ors  (T1 and T2); m ultice ntric tum ors ; ductal
carcinom a in- s itu (DCIS) w h e n m as te ctom y or
im m e diate  re cons truction is  planne d; for olde r or
obe s e  patie nts ; in m ale  bre as t cance r; and prior
e xcis ional or diagnos tic biops y.10

Contraindications of Sentinel Node Biopsy: Am e -
rican Socie ty of Clinical Oncology (ASCO) 200510

guide line s  do not re com m e nd SNB for large  (T and
T4), locally advance d invas ive  bre as t (LABC),
inflam m atory bre as t cance r (IBC), ductal carcinom a
in- s itu (DCIS) w h e n bre as t-cons e rving s urge ry is  to
be  done , prior non-oncologic bre as t or axillary
s urge ry, pre s e nce  of s us picious  palpable  axillary
and pre gnancy. H ow e ve r Europe an As s ociation of
Nucle ar Me dicine  (EANM) re com m e nds  th e  us e  of
SNB in pre gnant w om e n due  to pote ntially low  fe tal
e xpos ure  to radiation. Oth e r h ave  s ugge s te d to us e
about 18 MBq  (0.5 m Ci) of radiocolloid and s urge ry
on s am e  day.3

Methods to Identify Sentinel Node(s): Th e re  are
tw o w ays  to ide ntify s e ntine l node (s ) us ing e ith e r
blue  dye  or radiocolloid or both .

s e ntine l node (s ) doe s  not contain m e tas tas e s , th e
draining nodal bas in is  h igh ly unlik e ly to h arbor
m e tas tas e s  and com ple tion axillary lym ph  nodal
dis s e ction (cALND) is  not re q uire d.W h ile  patie nts
w ith  m e tas tas is  to a s e ntine l node  w ould unde rgo
e ith e r im m e diate  or de laye d com ple tion cALND.

Lymphatic Drainage of Breast: Lym ph  from  bre as t
lobule s  flow s  into a s ub-are olar ple xus  (Sappe y’s
ple xus ) from  w h ich  lym ph atic drainage  tak e s  place
th rough  th re e  m ain route s :9

Axillary or late ral path w ay: fe d by Sappe y’s
Ple xus , as  w e ll as  by ducts  s ate llite  lym ph atics
and by m os t of pare nch ym al lym ph atics  and drain
into pe ctoral group of axillary node s .
Inte rnal m am m ary path w ay: s tarts  from  late ral
and m e dial h alve s  of th e  bre as t and pas s e s
th rough  th e  pe ctoralis  m ajor; conne ctions  m ay
le ad acros s  th e  m e dian plane  and h e nce  to th e
contralate ral bre as t.
Re trom am m ary path w ay: drains  th e  pos te rior
portion of th e  bre as t.

1.

2.

3.

Furth e rm ore , lym ph atics  m ay als o re ach  s h e ath  of
th e  re ctus  abdom inis , s ubpe ritone al and s ubh e patic
lym ph atic ple xus e s . Us ually axillary lym ph  node s
re ce ive  m ore  th an 75%  of th e  lym ph  draine d from
th e  bre as t9  (Fig. 1)

Figure 1: Sk e tch  diagram  s h ow ing lym ph atic drainage  of bre as t.

Indications of Sentinel Node Biopsy: On th e  bas is
of large  body of data, SNB is  indicate d for s m alle r

Blue Dye Injection: Curre ntly, th e  com m only
us e d dye s  are  pate nt blue  V (in Europe ), is os ulfan
blue  (in USA), and m e th yle ne  blue . Th e s e  dye s
bind w e ak ly to inte rs titial prote ins , m os tly album in
re s ulting in blue  dis coloration as  th e y pas s  s low ly
th rough  th e  s e ntine l node . Blue  dye  is  inje cte d
intrade rm ally ove r th e  prim ary tum or or s ub-
cutane ous ly in pe riare olar are a, 10-20 m in prior
to s urge ry in a volum e  of 2-5 m l follow e d by
ge ntle  m as s age  to e nh ance  m ove m e nt th rough
lym ph atics .11 Care  s h ould be  e xe rcis e d to avoid
inje ction into th e  de ad s pace  of a s e rom a. Th e
inje ction s h ould be  pe rform e d afte r th e  patie nt
is  anae s th e tiz e d (ge ne ral or local ane s th e s ia)
and w as h out s tarts  afte r approxim ate ly 45 m in.
Th e  advantage  of blue  dye  te ch niq ue  is  e arly
vis ualiz ation of “blue ” lym ph atic ch anne ls  and
node s  but h as  lim itation of no inform ation about
drainage  to inte rnal m am m ary ch ain. Th e re  are
re porte d incide nce s  of alle rgic re action in about

a.



24PJR January - March 2015; 25(1)PAK ISTAN JOURNAL OF RADIOLOGY

1%  of cas e s  and its  us e  is  contraindicate d in
pre gnancy.3

Radiocolloid Injection: Radiolabe le d colloids
com m only us e d in SNB are  Tc-9 9 m  Sulph ur
colloid (in USA), Tc-9 9 m  Nannocolloid (in Europe )
and Tc-9 9 m  Antim ony colloids  (in Aus tralia). Th e
re com m e nde d s pe cifications  for th e s e  radio-
colloids  are  (1) particle  s iz e : 100-200 nm  as
large r particle s  w ould fail to e nte r into lym ph atic
and s m alle r m ay q uick ly pas s  SN and e nte r in
to s e cond e ch e lon node s ; (2) h igh  s pe cific activity
as  s cave nge r capacity of m acroph age s  in SN is
lim ite d.12 Th e s e  colloids  particle s  e nte r th e
lym ph atic s ys te m  and are  trappe d by m ono-
nucle ar ce lls  of SN and allow  vis ualiz ation of th e
s e ntine l node  w ith  a gam m a cam e ra prior to
s urge ry and h and h e ld gam m a probe  as s is te d
intraope rative  de te ction and h arve s ting of th e s e
h ot node s . Mos t of th e  inje cte d radiocolloid re m ain
at th e  inje ction s ite  and about 1%  of locally
inje cte d activity is  tak e n up th e  s e ntine l node .3

About 1 m Ci (37 MBq ) of radiocolloids  are  inje cte d
e ith e r pe ritum oral, intratum oral, pe riare olar or
s ubare olar s ite s  (Fig. 2). Pe ritum oral and intra-
tum oral inje ction are  m ore  painful w ith  de laye d
vis ualiz ation of s e ntine l node  but be tte r ch ance
of s h ow ing e xtra axillary drainage  (i.e . inte rnal
m am m ary node s ). Vis ualiz ation of inte rnal
m am m ary node  is  re porte d in 20%  cas e s  w ith
pos itive  biops y in 17% 3 (Fig. 3) It is  als o im portant
to k now  th at in patie nts  w ith  a ne gative  axilla,
pos itive  inte rnal m am m ary biops y is  s e e n in
7.8% , w h e re as  in patie nts  w ith  pos itive  axilla,
inte rnal m am m ary biops y is  als o pos itive  in 41%
cas e s .3

b.

Dual (Blue Dye plus Radiocolloid) Mapping

Technique: O ve r th e  las t 20 ye ars , various
groups  h ave  publis h e d th e ir e xpe rie nce  re ve aling
a be tte r ide ntification rate  for s e ntine l node  w ith
blue  dye  or radiocolloid.  H ow e ve r, m os t of th e
ce nte rs  do favor dual m apping te ch niq ue  due  to
prove n h igh e r ide ntification rate  and low e r fals e
ne gative  rate .13 H ow e ve r, it is  re com m e nde d not
to us e  s am e  inje ction s ite  for th e  radiocolloid and
blue  dye  to furth e r e nh ance  th e  com ple m e ntary
inform ation obtaine d by com bining tw o m apping
te ch niq ue s .13 (Fig. 4)

c.

Figure 2B
Figure 2: (A) Le ft axillary s e ntine l node  m apping s h ow s  tw o

s e ntine l node s  w ith  lym ph atic ch anne l in le ft axilla. (B) A s olitary
s e ntine l node  s e e n in righ t axilla (large  black  s pot is  s ite  of

pe riare olar radiocolloid inje ction).

Figure 3: Le ft axillary s e ntine l node  m apping s h ow ing an inte rnal
m am m ary node  outline d at 1 h our im age  and le ft axillary s e ntine l

node  on 2 h our im age  (large  black  s pot is  pe riare olar s ite  of
radiocolloid inje ction).

Figure 4: Sk e tch  diagram  s h ow ing s e q ue nce  of dual m apping
te ch niq ue  us ing radiocolloid and blue  dye  inje ction m e th ods  and

e xcis ion during s urge ry.Figure 2A
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Sentinel Node Imaging: SN im aging is  pe rform e d
pre -ope rative ly us ing e ith e r a s ingle  h e ad or dual
h e ad gam m a cam e ra fitte d w ith  low  e ne rgy h igh
re s olution collim ator (LEH R). Im aging is  re com -
m e nde d be fore  s urge ry as  it allow s  th e  vis ualiz ation
of e xtraaxillary drainage . Planar s tatic im age s  (le s s
com m only dynam ic im age s ) are  acq uire d at 10-15
m in, 1 h our, 2-4 or 18-24 h ours  in ante rior, late ral
(w ith  e xte nde d ips ilate ral arm ) and LAO  45 vie w
(patie nt rotate d not cam e ra w ith  ips ilate ral arm  ove r
th e  h e ad) SPECT/CT is  not com m only u s e d in
s e ntine l im aging as  it is  tim e  cons um ing, de live r
m ore  e xpos ure  due  to additional CT e xpos ure  and
e xpe ns ive . H ow e ve r, bas e d on publis h e d re ports ,
curre nt indications  for SPECT/CT include  non-
vis ualiz ation of SLN, obe s e  patie nts  or in patie nts
w ith  an unus ual drainage  patte rn s e e n on planar
im aging14 (Fig. 5) Th e re  are  tw o e s tablis h e d protocols
of SN s cintigraph y:

Figure 5: SPECT/CT s h ow ing be tte r localiz ation of s olitary SN
in le ft axilla afte r le ft pe riare olar inje ction of radiocolloid (CT im age

is  us e d for anatom ical m apping).

1-day protocol (s am e -day im aging and s urge ry) and
a 2-day protocol (inje ction on day 1 and s urge ry on
day 2), w ith  no diffe re nce  in clinical outcom e .3

Harvesting Sentinel Node(s): At th e  e nd of SN
im aging, te ch nologis t m ark s  s k in ove r th e  h ot node (s )
us ing a h ot m ark e r unde r gam m a cam e ra guidance .
In th e  th e ate r afte r th e  ane s th e s ia, blue  due  is  inje cte d
s upe rficially follow e d by ge ntle  m as s age  to im provis e
th e  m igration of dye . Axilla is  s canne d w ith  a h and
h e ld gam m a probe  and incis ion is  m ade  ove r th e
s ite  of m axim al auditory s ignals . Gam m a probe  is
ins e rte d th rough  th e  s m all incis ion into axilla to follow
th e  dire ction of m axim al auditory s ignal com ing from

th e  h ot node  s e e n on im aging. Th e  crite ria for a
s e ntine l node  are  a blue  node  w ith  lym ph atic tract
and a h ot node  w ith  5-10 tim e s  th e  back ground
radioactivity or m ore  th an 10%  of th e  activity of th e
h otte s t node  (Fig. 6).  Afte r tak ing out s e ntine l node ,
axilla is  s e arch e d w ith  gam m a probe  for any re s idual
h ot node  and w ith  palpation to find an involve d but
cold and non-blue  node . It is  im portant to unde rs tand
th at diffe re ntiation be tw e e n a s e ntine l node  and
s e condary e ch e lon node  is  difficult and a tum or m ay
drain to >1 s e ntine l node .3 Th e re fore , re m oval of
only h otte s t blue  node  is  lik e ly to re s ult in h igh e r
fals e  ne gative  rate  (FNR, to be  dis cus s e d be low ).
Bas e d on th e s e  facts  it is  re com m e nde d to h arve s t
all h ot and blue  node s  or cold, non-blue  palpable
node  as  data h ave  s h ow n a FNR of 10%  and 1%
w h e n 01 and 05 node (s ) w e re  re m ove d re s pe c-
tive ly.15,16

Figure 6: A blue  s e ntine l node  dis s e cte d in le ft axilla.

Management Strategies Based on Results:

Practice  of SN biops y at a ce nte r is  validate d by its
ide ntification rate  and fals e  ne gative  rate  (FNR).
Ide ntification rate  is  de fine d as  th e  proportion of
patie nts  in w h om  at le as t 1 s e ntine l node  is  found at
ope ration. W h ile  fals e -ne gative  rate  is  th e  proportion
of ALND pos itive  cas e s  w ith  a ne gative  s e ntine l node
at biops y. According to ASCO  2005 guide line s , in
orde r to abandon ALND, th e  m ultidis ciplinary te am
m us t aim  to ach ie ve  an ide ntification rate  of >85%
and FNR <5% .10 FNR is  cons ide re d as  th e  s afe ty
param e te r and of SNB proce dure  and once  te ch niq ue
is  validate d and adopte d it b e com e s  no m ore
m e as ure able . Fals e  ne gative  re s ults  m ay be  caus e d
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by m as s ive  infiltration of s e ntine l node  by tum or ce ll
le ading th e  dive rs ion of flow  to s e cond e ch e lon node .
Anoth e r im portant caus e  of FNR is  faulty pre paration
of radiocolloid re s ulting in s m all particle s  s iz e  w ith
q uick  m igration from  firs t re lay node  to s e cond
e ch e lon node s .
Patie nts  w h om  SN biops y is  pos itive  for m e tas tas is
are  s ubje cte d to ALND w h ile  th os e  w ith  a ne gative
SN biops y (on pe rm ane nt s e ction) do not re q uire
ALND.
Non-vis ualiz ation of a s e ntine l node  on im aging or
afte r blue  dye  inje ction is  dis appointing on th e  part
of s urge ons  and w arrants  s urgical inte rve ntion
(Fig. 7). Th is  could be  due  to faulty te ch niq ue  or m ay
be  due  to s ignificant involve m e nt of axillary node s

re s ulte d in ups taging in 10%  patie nts  w ith  bre as t
cance rs .3 Re s ults  of s om e  re tros pe ctive  trials  re ve ale d
dis e as e  fre e  s urvival in patie nts  w ith  m icrom e tas tas is
is  not diffe re nt th an th os e  w ith  s e ntine l node  ne gative
patie nts . W h ile  oth e r re tros pe ctive  s tudie s  do favor
a s h orte r s urvival in patie nts  w ith  m icrom e tas tas is .
H ow e ve r, th e  ACOSOG Z 0010 (Am e rican Colle ge
of Surge ons  O ncology Group trial Z 0010)19  and
NSABP-32 (National Surgical Adjuvant Bre as t and
Bow e l Proje ct trial B-32)20 trials  faile d to de m ons trate
any re duction in ove rall s urvival in patie nts  found to
be  SLN pos itive  on im m unoh is toch e m is try (IH C) but
not on h e m atoxylin and e os in (H & E) at five - and
e igh t-ye ar follow -up, re s pe ctive ly.

Future Trends in Sentinel Biopsy in Breast
Cancer:

Axillary Reverse Mapping (ARM): Various  re -
s e arch e rs  h ave  s h ow n th e  pre s e nce  of dis tinct
and non-ove rlapping lym ph  node s  in axilla
draining arm  and bre as t. Bas e d on th is  conce pt
it w as  cons ide re d th at s e le ctive  re m oval of node s
draining th e  bre as t w ould m inim iz e  th e  ris k  of
arm  lym ph e de m a. In Axillary Re ve rs e  Mapping
(ARM) blue  due  is  inje cte d in th e  inte rm us cular
groove  ove r inne r as pe ct of uppe r arm  to ide ntify
blue  node s  draining th e  arm  and radiotrace r is
inje cte d ove r bre as t to ide ntifying h ot axillary
node s  draining bre as t (Fig. 8). Surge on during
axillary cle arance  e xcis e s  only node s  draining
th e  bre as t and s paring th e  arm  draining blue
node s . Initial re port h ave  s h ow n s ignificant de cline

1.

Figure 8: Sk e tch  diagram  s h ow ing s e ntine l node  (h ot) in axilla
w ith  pe riare olar inje ction of radiocolloid (ye llow  color) and ARM
node  (blue ) in axilla afte r blue  dye  inje ction along m e dial as pe ct

of uppe r arm .

by cance r.17 Publis h e d data h ave  s h ow n a h igh e r
incide nce  of pos itive  axillary node s  in patie nts  w ith
non-vis ualiz ation of node  on im aging th an patie nts
w ith  vis ualiz e d node s .18 A s e cond inje ction in cas e
of ne gative  im aging is  not re com m e nde d due  to
re porte d h igh  incide nce  of fals e  ne gative  rate s .3 In
cas e  of non-vis ualiz ation of a SN (faile d m apping),
ASCO re com m e nds  ALND.10

Bas e d h is topath ology re s ults  (clas s ical s taining or
im m unoh is toch e m is try) m e tas tas e s  in a SN are
divide d into m acrom e tas tas is  (> 2 m m ), m icro-
m e tas tas is  < 2 m m ) and is olate d tum or clus te rs
(< 200 ce lls ). Th e re  h ave  be e n controve rs ie s  re gar-
ding th e  prognos tic im portance  of m icrom e tas tas is
and is olate d tum or clus te r found in s e ntine l node s
biops ie s . Practice  bas e d on cons ide ring m icrom e -
tas tas is  and is olate d clus te r prognos tically s ignificant

Figure 7: Non-vis ualiz ation of s e ntine l node  in righ t axilla or
inte rnal m am m ary re gion till 4 h our afte r radiocolloid inje ction
((large  black  s pot is  s ite  of pe riare olar radiocolloid inje ction).
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in lym ph e de m a incide nce  in patie nts  w ith  com -
ple tion axillary cle arance . H ow e ve r, s om e  s tudie s
h ave  s h ow n 10-20%  incide nce  of m e tas tas is  in
ARM node s .21

Radioguided Occult Lesion Localization

(ROLL): Th is  te ch niq ue  is  us e d in patie nts  w ith
non-palpable  bre as t le s ion w h e re  unde r ultra-
s ound guidance  radiotrace r is  inje cte d into tum or
follow e d by gam m a probe d guide d e xcis ion of
non-palpable  le s ion w ith  fre e  m argin.

Sentinel Node and Occult Lesion Localization

(SNOLL): Th is  is  s im ilar to ROLL but in addition
to e xcis ion of non-palpable  tum or, s am e  radio-
trace r inje ction is  us e d for e xcis ion of s e ntine l
node  as  w e ll.

MRI Using Ultrasmall Paramagnetic Iron Oxide

(-MRI-USPIO): In th is  ne w  te ch niq ue  USPO I
(Ultra Sm all Param agne tic Iron Oxide  ) is  inje cte d
in pe riare olar re gion and on MRI th e  are a of
node  not containing  m e tas tas is  w ould e nh ance
due  to pre s e nce  of iron oxide . Are a of node
h arboring m e tas tatic focus  w ould not uptak e  iron
oxide  and w ould fail to e nh ance . Th is  nonh om o-
ge nous  e nh ance m e nt of s e ntine l and e ch e lon
node s  on MRI provide s  e vide nce  of pre s e nce
and burde n of nodal m e tas tas is .22

18FDG PET/CT Imaging: PET/CT is  not re com -
m e nde d in e arly s tage  bre as t cance r patie nts  as
its  s e ns itivity for de te cting s m all nodal m e tas tas is
is  low  due  to lim ite d s patial re s olution of PET
s canne r. So it cannot re place  SNB.23

2.

3.

4.

5.

In las t tw o de cade s  lym ph atic s ys te m  of bre as t h as
be e n e xte ns ive ly s tudie d and conce pt of s e ntine l
node  in bre ats  cance r h as  be e n validate d. Bas e d on
th e s e  facts , s e ntine l node  biops y h as  be com e  a
s tandard of care  in patie nts w ith  e arly s tage  dis e as e
w ith  clinical and radiological ne gative  axilla. SNB
h as  s ignificantly re duce d th e  unjus tifie d axillary node
dis s e ction and its  as s ociate d com plication lik e
lym ph e de m a of uppe r arm . Th e  m ajor draw back  of
SNB is  unde rs taging due  to fals e  ne gative  rate .
H ow e ve r, w ith  influx of m ore  data and continuous
re s e arch  us ing ne w e r te ch niq ue s  w ould furth e r s tre ng
th e n its  role  in pre cis e  nodal s taging of bre as t cance r.
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