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Variable success rates for identifying axillary (AX) sentinel nodes
in breast cancer patients using preoperative lymphoscintigraphy
have been reported. We evaluated the effects of age, weight,
breast size, method of biopsy, interval after biopsy, and imaging
view on the success of sentinel node identification and on the
kinetics of radiopharmaceutical migration. Methods: Preopera-
tive breast lymphoscintigraphy was performed in consecutive
breast cancer patients from February 1998 to December 1998.
The ipsilateral shoulder was elevated on a foam wedge and the
arm was abducted and elevated overhead. Imaging using this
modified oblique view of the axilla (MOVA) started immediately
after peritumoral injection of Millipore-filtered %°™Tc-sulfur colloid
and continued until AX sentinel nodes were identified. Anterior
views were obtained after MOVA. AX, internal mammary (IM),
and clavicular (CL) basins were monitored in all patients. MOVA
was compared with the anterior view for sentinel node identifica-
tion. Age, weight, breast size, method of biopsy, interval after
biopsy, and primary tumor location were evaluated for their
effects on sentinel node localization and transit times from
injection to arrival at the sentinel nodes. Results: Seventy-six
lymphoscintigrams were obtained for 75 patients. AX sentinel
nodes were revealed in 75 (99%) cases. IM or CL sentinel nodes
were found in 19 (25%) cases and were not related to tumor
location; exclusive IM drainage was present in 1 (1%) case.
Identification of AX sentinel nodes was equivalent with MOVA
and anterior views in 18 (24%) patients, was better with MOVA in
20 (26%) patients, and was accomplished only with MOVA in 38
(50%) patients. Median transit time was 17.5 min (range, 1 min
to 18 h) after injection, and larger breast size was associated
with increased transit time. No effect of age, weight, biopsy
method, interval from biopsy, or tumor location on transit time
was found. Conclusion: Use of MOVA can improve identifica-
tion of AX sentinel nodes. Although AX drainage is the predomi-
nant pattern, a tumor in any portion of the breast can drain to IM
sentinel nodes. Transit time was influenced by breast size.
Overall short arrival times with this technique allow sentinel
lymph node dissection to be performed on the same day as
lymphoscintigraphy.
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Sntinel lymph node dissection (SLND) is a minimally
invasive method for staging patients with breast cancer. The
technique uses an agent, either a vital dye or a radiopharma-
ceutical, that enters the lymphatics of the breast after
peritumoral injection and concentrates firstin 1 or 2 regional
nodes, the sentinel nodes. Because these initial nodes
encountered by lymph draining from a primary breast tumor
are the most likely sites of any regional nodal metastases,
they are excised and examined as an indicator of nodal
status. The sentinel node concept was popularized by
Morton et al. () in melanoma and extended to breast cancer
by Krag et al. ) and Giuliano et al. ,4). Preoperative
lymphoscintigraphy of the breast has frequently accompa-
nied SLND in many centers as an adjunct to intraoperative
localization. It reveals drainage from the primary tumor to
the axillary (AX), internal mammary (IM), or clavicular
(CL) sentinel node(s) and provides a focused approach to
subsequent radioguided surgery using an intraoperative
probe to identify the sentinel node+{12).

Although the techniques used for preoperative lymphos-
cintigraphy are highly variable, successful identification of
sentinel nodes is between 75% and 988461(2. Geometric
and other factors affecting kinetics of radiopharmaceutical
migration and success of sentinel node identification have
not been extensively studied, particularly the effect of
patient position when imaging is undertaken after recent
biopsy. Therefore, we evaluated the effect of a change in
patient position to obtain a modified oblique view of the
axilla (MOVA) and compared this with a standard anterior
view of the supine patient for identification of AX sentinel
nodes. Second, we examined the effects of age, weight,
breast size, method of biopsy, and interval from biopsy to
lymphoscintigraphy on the rate of sentinel node identifica-
tion and the transit time of the radiopharmaceutical. Patterns
of lymphatic drainage were correlated with tumor location.

MATERIALS AND METHODS

Patients

Candidates for this study were all consecutive female patients
with a cytologic or tissue diagnosis of invasive breast carcinoma,
who underwent breast lymphoscintigraphy before SLND from
February 1998 to December 1998.
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Lymphoscintigraphy Data Analysis
Preoperative breast lymphoscintigraphy was performed afterThe 2 primary outcome measures were AX sentinel node
preparing the skin with alcohol and using 2 mL 1% xylocaine fadentification rate by lymphoscintigraphy using the 2 imaging
local anesthesia. A total of 12-16 MB¥™Tc-sulfur colloid views and transit time of the radiopharmaceutical to the sentinel
(CisUsS, Bedford, MA), passed through a 200-nm Millipore filtenode after injection. The secondary outcome measures were the
(Millipore Corp., Bedford, MA) in a total volume of 3-8 mL, was location of the sentinel nodes in the AX, IM, or CL drainage basins.
injected around the tumor or in the wall of the biopsy cavity. Th&he 2 primary outcome measures were assessed with respect to 6
volume injected varied with the size of the breast. Injections wefactors: age, weight, breast size, injection quadrant, interval from
not performed into biopsy cavities or seromas. biopsy to lymphoscintigraphy, and method of biopsy. Breast size
Planar images of the breast, axilla, supraclavicular, and infraclaas determined subjectively by the same 2 technologists for each
vicular regions were acquired using a scintillation camera wittase and was designated as small, medium, or large.
acquisition times that allowed adequate visualization of the lym-
phatic drainage basin. Usual acquisition times varied from 1 to3atistical Analysis
min. MOVA images were obtained after elevating the ipsilateral The outcomes for comparing sentinel node identification from
shoulder to 45° on a triangular foam wedge and raising the aithe 2 images were classified as MOVA equivalent to the anterior
overhead. Imaging began immediately after injection and contiiew, MOVA superior to the anterior view, or seen only with
ued sequentially until sentinel nodes were identified. After the AMIOVA. Logistic regression was used to assess the effect of each of
sentinel nodes were identified, a handhglgirobe was used to the 6 factors on sentinel node identification using MOVA and the
confirm the location of the nodes. The skin was marked on the bag[gerior view. A nonparametric permutation test on the linear model
of confirmation of image localization by the handhelgrobe. If was performed to determine the effect of the 6 factors on
sentinel nodes were not identified by 4-6 h, the patient was brougiagiopharmaceutical transit time. A normality test showed that
back for imaging the next day. Transit times from injection téransit time was not distributed normally. Fisher’s exact test was
sentinel node identification were recorded. AX, IM, and CL basiri¢sed to analyze the association between injection gquadrant and
were monitored in all patients to determine primary and second&&gntinel node location. APs were 2-tailed, and an level of 0.05
drainage. Once the AX sentinel nodes were localized and mark&gs considered significant.
on the skin, the patient was moved to the supine position and
imaged in the anterior projection using the same acquisition timggesyLTS
Anterior supine and MOVA images were compared for success in

identification of sentinel nodes. Of the 75 patients (median age, 59 y; age range, 29-81 )

identified in the study period, 1 had synchronous bilateral
breast cancer and underwent staged bilateral lymphoscintig-
All patients underwent AX SLND either the same day or 1 raphy and SLND. Thus, 76 localization studies were ana-

after breast lymphoscintigraphy. No patient underwent IM or Cyzed' MC_JSt patients had I_nvaSIVe dUCtaI_ Ca.rCInoma (Table
SLND. SLND was performed using vital dye or a handhefitobe  1)- All patients underwent fine-needle aspiration, needle core
(or both). The specific technique was chosen at the discretion of @PSY, or excisional biopsy for diagnosis a median of 14 d

attending surgeon. For the studies performed with vital dye, 3t@&fore lymphoscintigraphy. Patient weight ranged from 45

mL isosulfan blue (Lymphazurin 1%, U.S. Surgical Corp., Norto 107 kg, with a median of 63 kg. Breast size was small in

walk, CT) were injected into the breast parenchyma adjacent to A& patients, medium in 32 patients, and large in 22 patients.
primary tumor or into the wall of the biopsy cavity if a previousThere were 38 (50%) lesions in the inner quadrants and 37
excision had been made. Through a separate axillary incision(ng%) in the outer quadrants; 1 patient (1%) had a tumor in
blue lymphatic was dissected and traced to blue sentinel nodﬁﬁg subareolar area.

whi_ch were excised. After SLND, the primary tumor was rem_oved Overall, the 76 lymphoscintigrams revealed 75 (99%) AX

during total mastectomy or lumpectomy. A complete aXI|Iar¥1rainage ,basins, 15 (20%) IM drainage basins, and 4 (5%)

lymph node dissection was performed only in patients whos - . . - .
sentinel nodes were positive for metastases. gL drainage basins (Fig. 1). Individual drainage patterns are

For the studies performed using radioguided surgery with aSummarized in Table 2. In 59 cases, the lymphoscintigrams
probe, an incision was placed over the hot spot in the axilla, arllentified a single primary drainage basin (58 AX and 1 IM).
using the probe as a guide, radioactive sentinel nodes wéfe2 cases, lymph drained equally to separate primary nodal
removed until counting rates dropped to background level. Sorhasins (AX+ IM and AX + IM + CL). In 15 cases, lymph
studies were performed using a combination of the 2 techniquefained unequally to primary and secondary basins (8AX
Because not all dissections were performed using both techniqugg, 4 IM > AX, 2 AX > CL, and 1 CL> AX). Primary AX
we did not correlate blue sentinel nodes with radioactive senting} |\ sentinel node location was not dependent on the
nodes. _ _ rimary tumor location; sentinel nodes were located in AX
pesoninl nodes were ilved s submited for o2 Yodes n 525 and n M nodes in 9 f nner quacant
permanent section using hematoxylin and eosin staining. Senti%ee ions compared with 92% AX and 8% IM sentinel nodes of

nodes were submitted in separate cassettes for paraffin embed . quadrant lesion®(= 1.0). . .
If metastases were not identified using hematoxylin and eosin, When results of MOVA and anterior views were com-

immunohistochemistry was performed using anticytokeratin anfared, the dete(_:tion _Of AX Sen_tine| nodes was eqUiYa|ent in
bodies (MAK-6; Ciba-Corning, Alameda, CA). Six to 8 sectiond.8 cases, superior with MOVAin 20 cases, and possible only
were examined from each sentinel node. with MOVA in 38 cases. Therefore, MOVA identified 100%

SLND
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TABLE 1
Patient Demographics and Tumor Characteristics
Parameter n*
Age (y)
Median 59 v
Range 29-81
Primary tumor size (cm)
Median 15
Range 0.4-7.1

Primary tumor type IM

Invasive 71 (93) 0,
Infiltrating ductal 63 20 A)
Infiltrating lobular 6
Other 2

Noninvasive 5(7)

Ductal carcinoma in situ 5

Location

Outer quadrants 37 (49)
Upper 27
Lower 10

Inner quadrants 38 (50)
Upper 25
Lower 13

Subareolar 1(1)

Method of biopsy FIGURE 1. Frequency of AX, IM, and CL sentinel nodes found
Fine-needle aspiration 21 (28) on preoperative lymphoscintigraphy in all cases. No correlation
Core needle 19 (25) was found between inner versus outer quadrant primary tumors
Excision 36 (47) and location of sentinel node.

DISCUSSION

Lymphoscintigraphy localized a sentinel node in all cases.
Imaging with MOVA frequently identified AX sentinel
. L . nodes not imaged with the anterior projection. Positioning
of AX sentinel nodes, whereas the anterior view identifiefle hatient in the supine position with the arm abducted and
only 50% @ < 0.001). AX sentinel nodes depicted ingjeyated overhead separates the radioactive injection site
MOVA but not seen in the anterior view in the same patieffom the less radioactive sentinel node, facilitating identifi-
are illustrated in Figure 2. The injection quadrant, wheth@btion of the sentinel node (Fig. 3). MOVA is equally
inner or outer, had no effect on whether AX sentinel nodgfective for tumors in inner and outer quadrants. This is in
were detected exclusively or more effectively with MOVAggreement with the results of De Cicco et &), (which
compared with AX sentinel nodes that were detected equafigcumented the necessity of oblique views for determining
by MOVA and the anterior viewR = 0.45). the skin projection of the AX sentinel node. However, the
After injection, transit time of the radiopharmaceutical t@interior view is still required to image the IM nodes (Fig. 4).
the sentinel node ranged from 1 to 1080 min, with a mediarhe usefulness of MOVA is related to geometric factors. In
of 17.5 min. Median transit times were 92 min for largeOVA the sentinel node is closer to the scintillation camera,
breasts, 26 min for medium breasts, and 23 min for smahich improves sensitivity (Fig. 3), and activity from the
breasts. No effect of age, weight, biopsy method, or biop#yjection site is less likely to overlap the sentinel node. As
interval on transit time was identified (Table 3).

*Values in parentheses are percentages.

SLND was performed in 37 cases on the same day and in TABLE 2
39 cases on the day after lymphoscintigraphy. AX sentinel Primary and Secondary Drainage Patterns in 76 Breast
nodes were identified during surgery in all patients. Metasta- Lymphoscintigrams

ses were present in 28 (37%) patients (Table 4). Twenty

(71%) of the patients with sentinel node metastases had " Primary drainage Secondary drainage
micrometastases{2 mm); in 8 patients, these micrometas- 58 AX None
tases were limited to occasional scattered cells detectable 8 AX IM

only by immunohistochemistry. In 2 patients who had i ﬁiHM ﬁtne
dominant IM drainage and secondary AX drainage, metasta- ; AX + IM + CL None

ses were present in the AX sentinel node. In the 1 patient 1 IM None

who had dominant CL drainage and secondary AX drainage, ‘11 'C'\f_ 2;

metastases were present in the AX sentinel node.
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FIGURE 2. Lymphoscintigrams from pa-
tient with upper outer quadrant tumor in left
breast 30 min after injection at primary
tumor site. MOVA shows distinct AX senti-
nel nodes (A) that are not seen on anterior
view (B). MOVA revealed AX sentinel nodes
in all patients, whereas anterior view missed
50% of AX sentinel nodes.

the shoulder is elevated, gravitational translation of thasualized during SLND. In many cases, the 2 methods for
breast away from the axilla provides better separation of tigentifying the sentinel node are complementary, and the dye
intense activity in the injection site from the less-intenser radiopharmaceutical will aid in sentinel node detection
activity in the sentinel node. An added advantage is that thigven the other method fail8£11).
position approximates most accurately the position of the Many investigators do not obtain lymphoscintigrams after
patient’s arm during surgery, which facilitates sentinel nodejection and rely solely on intraoperative localization with a
identification and removal. handheldy probe (3—15. After injection of the radiophar-
The radiopharmaceutical transit time to the sentinel nodeaceutical, the patient is taken to the operating room; then,
was slower in women with large breasts than in women witlsually with the patient under general anesthesia, hot spots
smaller breasts. However, the transit time even in patierage marked on the skin using theprobe. The time spent
with larger breasts remains reasonable, so that lymphoscsearching for hot spots with the probe is likely equal to that
tigraphy performed early in the morning can be followed bgf lymphoscintigraphy. However, lymphoscintigraphy also
SLND in the afternoon. Thus, axillary staging can bdocuments drainage to all lymph node areas and more easily
consolidated into a single day. identifies failed radiopharmaceutical migration. If hot spots
All but 1 patient had lymphoscintigraphy showing somare not identified with the probe, then reasons other than
AX drainage. Only 7 of 76 studies revealed dominant INhigration failure, such as probe malfunction, may be
drainage. These migration patterns are consistent with otmesponsible for failed sentinel node detection; this can be
reports of lymphoscintigraphy before SLND (Table 5)difficult to appreciate without a preoperative lymphoscinti-
Migration to non-AX sites was not predictable by theram. Similarly, a hot spot found with the probe may
guadrant of the breast injected. Other studies have showniginate from radiopharmaceutical that has leaked onto the
that IM drainage can occur with both inner and outeskin; this would be obvious on lymphoscintigraphy but more
guadrant lesions7(12. IM drainage is usually accompanieddifficult to deduce with a probe. This may be 1 reason why
by AX drainage. The 1 patient with exclusive IM drainagsentinel nodes were not always detected beneath the skin hot
on lymphoscintigraphy had a blue-stained AX sentinel nodpots in the multicenter trial reported by Krag et 4B)( In
the same trial, all false-negative findings occurred with
TABLE 3 primary lesions that were in close proximity to the axilla.
Effect of 6 Factors on Radiopharmaceutical Transit Time
Determined by Logistic Regression

TABLE 4
Factor P Pathology of Sentinel Nodes
Inner quadrants vs. outer quadrants* 0.91 Axillary SLND n*
Interval from biopsy to lymphoscintigraphy (d) 0.77
Method of biopsy (FNA vs. core vs. excision) 0.45 Total procedures 76
Age (y, continuous variable) 0.45 Sentinel node identified 76 (100)
Weight (kg, continuous variable) 0.31 Metastases absent 48 (63)
Breast size Metastases present 28 (37)
Small vs. medium 0.93 >2mm 8 (29)
Large vs. small 0.01 <2 mm, H&E 12 (43)
Large vs. medium 0.03 <2 mm, IHC only 8 (29)
*1 subareolar case excluded. *Values in parentheses are percentages.
FNA = fine-needle aspiration. H&E = hematoxylin and eosin; IHC = immunohistochemistry.
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FIGURE 3. (A) Patient positioned on foam
wedge with arm extended and abducted CAMERA
overhead to obtain MOVA image. (B) Sche-
matic representation of craniocaudal view
of breast at time of lymphoscintigraphy for
outer quadrant tumor. (Left) In anterior view,
distance projected onto scintillation camera
(y) from injection site to AX sentinel node
(SN) is short. (Right) Using MOVA, patient
positioning on 45° wedge allows breast and

injection site to shift medially from AX senti- | lateral ‘SN
nel node, increasing distance y, and brings
sentinel node closer to gamma camera (x),

thereby improving AX sentinel node identifi- ANTERIOR MOVA

cation.

{

lateral

Injection
Site

medial

Lymphoscintigraphy using MOVA can aid in identifyingtinel nodes, whereas dynamic lymphoscintigraphy easily
nodes that are close to the injection site, a difficult distinggermits this distinction. Therefore, preoperative lymphoscin-
tion when the probe alone is used—patrticularly if the patietigraphy will usually reveal the sentinel node before radio-
is kept supine during probe localization, as in the multicentguided surgery, making it unnecessary to remap drainage
trial. Finally, it is uncommon for they probe alone to sites intraoperatively with the probe. SLND can proceed
identify a radioactive sentinel node that was not localized lguickly with the incision over the skin marking.
lymphoscintigraphy®,9). When multiple nodes are hot, the Different techniques have been proposed for each step in
probe alone cannot reliably distinguish sentinel from nonsebreast lymphoscintigraphy. Some investigators claim that a

FIGURE 4. Lymphoscintigrams from pa-
tient with upper outer quadrant tumor in left
breast 15 min after injection at primary
tumor site. MOVA reveals AX sentinel nodes
(A), whereas anterior view shows distinct IM
sentinel node, but AX sentinel nodes are not
visualized (B). Both MOVA and anterior
images must be obtained to evaluate all
regional drainage sites.
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TABLE 5
Summary of Techniques and Drainage Patterns in SLND Series Using Breast Lymphoscintigraphy

Early/late
scan Overall
Total timing sentinel AX M
injection after node drainage' (%) drainage' (%)
Total volume* injection detection
Study n Agent MBq (mL) (h) Views (%) Total Exclusive Total Exclusive
Urenetal. (12) 34 ASC 50-70 0.2-0.4 0/2.5 AL O 91 94 58 39 6
Roumen et al. (10) 83 CA 60 2 4/18 AL 80 97 86 11 3
De Cicco et al. (9) 250 CAorASC 7 0.40r05% 0.25-05/3 A AO 98 98 98 2 2
Borgstein et al. (7) 130 CA 40 4 2/18 AL 91 98 81 18 2
O'Heaetal. (8) 56 SC 11 4 0.8-18 AL 75 100 86 14 0
van der Ent et al. (11) 70 NC 370 4 168 A, AL NR 97 NR 34 NR
Current series 76 SC 12-16 3-8 o/t A, MOVA 100 99 79 20 1

*All injections were peritumoral except for series from De Cicco (9).

TValues represent drainage patterns after scan failures were excluded.

0.4 mL for subdermal injection (175 patients) and 0.5 mL for peritumoral injection (75 patients).

80nly 1 scan obtained at these times.

Timages obtained continuously until sentinel node visualized, unless no uptake after 4 h.

A = anterior; L = lateral; O = oblique; CA = colloidal albumin; AO = antero-oblique; SC = sulfur colloid; NC = nanocolloid; AL =
anterolateral; NR = not recorded.

radiocolloid containing small particles, such 8¥Tc- revealed by peritumoral injections in the same patients.
antimony sulfide colloid ¥"Tc-ASC; 3-12 nm), allows Therefore, although most breast cancers drain to the axilla,
better migration of tracer and improved detection of sentinperitumoral injections seem to show somewhat different
nodes {2), whereas others prefer the larger particles afrainage patterns than subdermal injections.
99mTc-colloidal albumin (200-1000 nm) because fewer non- Injection volume is another variable that is not standard-
sentinel nodes are labele®) (Often, the agent chosen is thazed. Successful sentinel node localization has been achieved
only agent available to the investigator. Currently, nasing volumes as low as 0.4 mL and as high as 8 mL. Some
radiopharmaceuticals have been approved for lymphoscintagithors are opposed to larger volumes, believing that such
raphy in the United State®™Tc-sulfur chloride is approved nonphysiologic perturbation may cause erroneous labeling
for intravenous injection and reticuloendothelial imagingf a lymph node as the sentinel nod&), However, there is
but is also widely used for lymphoscintigraphy, both witmo evidence that large injectates will enter lymphatics
and without prefiltration16). °*™Tc-human serum albumin, leading to nonsentinel nodes; rather, greater volumes of
in noncolloidal form, is also approved in the United Statasjection increase interstitial pressure, which increases lym-
for blood-pool imaging, and it has also been widely used aphatic flow (9). The theoretic merits of a small-volume
lymphoscintigraphic agent, although, currently, it is nanjection, though conceptually more elegant, have not been
commercially available. We use sulfur colloid that has beqroven. Success rates using larger volume®dfc-sulfur
passed through a 0.2-um filter to select smaller particles; aioride are high, the technique is safe, and validation
results compare favorably with those of investigators usirggudies with complete axillary dissection have yielded few
other agentsq,9,10,12. false-negative sentinel nodes.

Although we use a peritumoral injection, others such as
Veronesi et al.§) advocate a subdermal injection. In a stud{rONCLUSION
comparing subdermal and peritumoral injection techniques,Breast lymphoscintigraphy with peritumoral injection of
the former reached the sentinel nodes more quickly but P%Tc-sulfur colloid can be performed successfully and is
difference was found in the overall sentinel node identificarseful before SLND. Sentinel node localization is completed
tion rate @). Interestingly, most patients received subdermalxpeditiously and allows demonstration of all regional nodal
injections, and overall IM drainage was 2% in this studyrainage basins. Most sentinel nodes are located in the
much lower than the 11%-39% reported in other seriesilla, and MOVA, which can be achieved easily with proper
(Table 5). An interesting comparison can be made frompatient positioning, enhances detection of AX sentinel nodes
study of cutaneous lymphoscintigraphy patterns obtained fduring lymphoscintigraphy by obviating overlap of the
melanoma of the breast skin and anterior trunk on 68jection site with the sentinel node. Drainage to IM sentinel
patients using®™c-ASC: No IM drainage was recordednodes cannot be predicted by primary tumor location and
(17). Furthermore, Alazraki et al1g) found that subdermal requires the anterior view for localization. Larger breast size
injections failed to identify IM sentinel nodes that had beewas associated with longer times for sentinel node localiza-
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tion, but radiopharmaceutical transit time is usuay30

7.

min, which is advantageous for outpatient SLND. We
advocate lymphoscintigraphy using anterior and MOVAs.
imaging as an adjunct to the intraoperativprobe and vital
dye for identification of all sentinel nodes in patients withy
breast cancer.

10.

ACKNOWLEDGMENTS

Ben B. and Joyce E. Eisenberg Foundation, Los Angeles,

This research was supported in part by funding from the

California, and the Fashion Footwear Association of New

York. 12.
13.

REFERENCES

1. Morton DL, Wen DR, Wong JH, et al. Technical details of intraoperativel4.

2.

1688

lymphatic mapping for early stage melanorAeach Surg 1992;127:392—-399.

Krag DN, Weaver DL, Alex JC, Fairbank JT. Surgical resection and radiolocaliza5.

tion of the sentinel lymph node in breast cancer using a gamma BabgOncol

1993;2:335-339.

. Giuliano AE, Kirgan DM, Guenther JM, Morton DL. Lymphatic mapping and
sentinel lymphadenectomy for breast canéem Surg 1994;220:391-401.

. Giuliano AE, Jones RC, Brennan M, Statman R. Sentinel lymphadenectomy1id.
breast canced Clin Oncol 1997;15:2345-2350.

. Veronesi U, Paganelli G, Galimberti V, et al. Sentinel-node biopsy to avoiti8.
axillary dissection in breast cancer with clinically negative lymph-nodascet
1997;349:1864-1867.

. Pijpers R, Meijer S, Hoekstra OS, et al. Impact of lymphoscintigraphy on sentink9.
node identification with technetium-99m-colloidal albumin in breast canker.
Nucl Med 1997,38:366—368.

16.

Borgstein PJ, Pijpers R, Comans EF, van Diest PJ, Boom RP, Meijer S. Sentinel
lymph node biopsy in breast cancer: guidelines and pitfalls of lymphoscintigraphy
and gamma probe detectiGhAm Coll Surg1998;186:275-283.

O’Hea BJ, Hill ADK, EI-Shirbiny AM, et al. Sentinel lymph node biopsy in breast
cancer: initial experience at Memorial Sloan-Kettering Cancer Cehtem Coll

Surg 1998;186:423-427.

De Cicco C, Cremonesi M, Luini A, et al. Lymphoscintigraphy and radioguided
biopsy of the sentinel axillary node in breast candeducl Med 1998;12:2080—
2084.

Roumen RMH, Valkenburg JGM, Geuskens LM. Lymphoscintigraphy and
feasibility of sentinel node biopsy in 83 patients with primary breast caicer

Surg Oncol 1997;23:495-502.

van der Ent FWC, Kengen RAM, van der Pol HAG, Hoofwijk AJM. Sentinel node
biopsy in 70 unselected patients with breast cancer: increased feasibility by using
10mCi radiocolloid in combination with a blue dye tracBur J Surg Oncal
1999;25:24-29.

Uren RF, Howman-Giles RB, Thompson JF, et al. Mammary lymphoscintigraphy
in breast canced Nucl Med 1995;36:1775-1780.

Krag D, Weaver D, Ashikaga T, et al. The sentinel node in breast cah&ergl J

Med 1998;339:941-946.

Crossin JA, Johnson AC, Stewart PB, Turner WW. Gamma-probe-guided
resection of the sentinel lymph node in breast carfoerSurg 1998;64:666—669.
Offodile R, Hoh C, Barsky SH, et al. Minimally invasive breast carcinoma staging
using lymphatic mapping with radiolabeled dextr@ancer 1998;82:1704-1708.
Alazraki NP, Eshima D, Eshima LA, et al. Lymphoscintigraphy, the sentinel node
concept, and the intraoperative gamma probe in melanoma, breast cancer, and
other potential cancerSemin Nucl Med1997;27:55-67.

Uren RF, Thompson JF, Howman-Giles RB. Sentinel-lymph node biopsy in breast
cancerLancet 1998;352:1471-1473.

Alazraki N, Styblo T, Grant S, et al. Breast cancer sentinel lymph node
lymphoscintigraphy: comparison of subdermal and peritumoral injections [ab-
stract].J Nucl Med 1999;40(suppl):59P.

Swartz MA, Berk DA, Jain RK. Transport in lymphatic capillaries. I. Macroscopic
measurements using residence time distribution thearyJ Physial 1996;270:
H324-H329.

THE JoUuRNAL OF NUCLEAR MEDICINE ¢ Vol. 41 « No. 10 ¢ October 2000



