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The purpose of this study was to compare the results of isotope
injection the morning of surgery (1-d protocol) with isotope
injection the day before surgery (2-d protocol) in patients having
sentinel lymph node (SLN) biopsy for breast cancer. Methods:
The 1-d (protocol 1) and 2-d (protocol 2) protocols included 514
and 152 patients, respectively, treated contemporaneously by
surgeons experienced with the SLN biopsy technique. All had
preoperative lymphoscintigraphy (LSG) and SLN biopsy using
both blue dye and #mTc-sulfur colloid. All patients had a single-
site intradermal injection of unfiltered *°™Tc-sulfur colloid in 0.05
mL normal saline: 3.7 MBq (0.1 mCi) on the morning of surgery
for protocol 1 and 18.5 MBq (0.5 mCi) on the afternoon before
surgery for protocol 2. Results: The patients in protocols 1 and
2 were comparable in terms of age, tumor size, tumor location,
histologic type, node positivity, and frequency of a previous
surgical biopsy. Comparing protocols 1 and 2, early (30 min)
LSG images found the SLN equally often (69% vs. 68%). Iso-
tope identified the SLN equally often at surgery (93% vs. 97 %)
as did isotope plus dye (98% vs. 99%). A comparable number
of SLNs was found (2.5 vs. 2.8 per axilla), and the concordance
between isotope and dye in the SLN was also comparable (97 %
vs. 95%). Late LSG images (at 2 h, possible only for protocol 2)
identified the SLN in significantly more patients compared with
early images (86% vs. 68%). Conclusion: With unfiltered %°mTc-
sulfur colloid injected intradermally, the results of SLN biopsy
under the 1-d and 2-d protocols are virtually identical. A 2-d
protocol allows increased efficiency in scheduling, both for nu-
clear medicine physicians and for the operating room, with no
compromise in the effectiveness of SLN mapping.
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5). If the SLN, defined as the first regional node (or nodes)
receiving lymphatic drainage from a cancer, is benign, then
the patient may be spared the morbidity of a conventional
lymph node dissection.

In breast cancer, the SLN have been identified using blue
dye (4), radiocolloid (3), or a combination of both methods
(5). An emerging international consensus, and our own
experience (6,7), supports the use of the combined method.
Radioisotope SLN mapping and the subsequent surgical
excision, as done in the United States, usually involve one
trip to the hospital, with the radiopharmaceutical given
several hours before surgery. Although SLN localization
under this protocol works well, operating room time is often
wasted in waiting for patients to arrive from lymphoscin-
tigraphy (LSG). The consequent frustration of the surgeon
and time pressure on the nuclear medicine physician may
result in the omission of additional images that might reveal
unexpected pathways of lymphatic drainage. These delays
could be eliminated by earlier isotope injection, and Euro-
pean centers (usin™Tc-albumin colloid, not available in
the United States) have had excellent results with injection
of the radiopharmaceutical on the day before surg@9)(

The goal of this study, using the only radiotracer available
in the United States{™Tc—sulfur colloid), was to compare
the results of same-day and day-before isotope injection in
breast cancer patients having SLN biopsy.

MATERIALS AND METHODS

Between February and October 1999, 666 patients had SLN
biopsy procedures at our center performed by surgeons who were
experienced with the technique (earlier, we had performed 959
SLN biopsy procedures, starting in September 1996). Five hundred

he sentinel lymph node (SLN) concept, first propos&@urteen patients had isotope injection the day of surgery (protocol
for the staging and treatment of penile cancg), (has 1)and 152 patients were injected the day before surgery (protocol

proven equally useful for patients with melanon2a &nd,

2). All had a single-site intradermal injection of unfilter¥dTc—

most recently, for those with early-stage breast canger (sulfur colloid (CIS-US, Bedford, MA), given by one of two expe-

Received Apr. 6, 2000; revision accepted Nov. 7, 2000.

For correspondence or reprints contact: Henry W.D. Yeung, MD, Nuclear

Medicine Service, Memorial Sloan-Kettering Cancer Center, 1275 York Ave.,
New York, NY 10021.

420

rienced nuclear medicine physicians, directly over the tumor or

just cephalad to the scar of the previous surgical biopsy. The

isotope was prepared in-house under strict guidelines to ensure
quality control and consistent particle siZED}. Patients received

3.7 MBq (0.1 mCi) under protocol 1 and 18.5 MBqg (0.5 mCi)
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TABLE 1
Comparison of Patients in Two Protocols
Parameter 1-d protocol 2-d protocol
No. of cases 514 152
Mean age* (y) 57.3 (22-88) 55.2 (31-87)
Size of primaryt
(mean = SD) 1.4 =09 1.6 £ 1.1
Histology
Ductal 387 (75.3%) 117 (77.0%)
Lobular 44 (8.6%) 10 (6.6%)
Othert 83 (16.0%) 89 (16.4%)
Positive SLN (%) 30 37
Prior excisional biopsy 235 (45.7%) 89 (58.6%)
Site
Upper outer quadrant 270 (52.5%) 91 (59.9%)
Upper inner quadrant 87 (16.9%) 12 (7.9%)
Lower outer quadrant 49 (9.5%) 25 (16.4%)
: SRR 2 : Lower inner quadrant 31 (6.0%) 6 (3.9%)
FIGURE 1. Anterior (A and C) and left lateral (B and D) trans- Central 63 (12.3%) 13 (8.6%)
mission images show injection site in left breast and focal Unknown or no cancer
uptake in sentinel node in left axilla, seen only on 2-h delayed found 14 (2.7%) 5(3.3%)
images. (A and B) Early images at 30 min. (C and D) Delayed
images at 2 h.

*Range in parentheses.
finvasive component only. Patients with unknown size or diag-
nosis of ductal carcinoma in situ (no invasive component) or pa-

under protocol 2 (to allow for radioactive decay overnight). Thients with no cancer found at time of resection were not included.
volume injected was 0.05 mL for both protocols. LSG consisting *Includes 11 cases with no cancer found in 1-d protocol and 3
of anterior and lateral images of the chest and axilla was obtain@?$es With no cancer found in 2-d protocols.
at 30 min, and protocol 2 patients also had a delayed image at 2 h.
A cobalt flood source was used to silhouette the patient during

image acquisition, allowing superb localization of the SLN (Fig. o .
1). Surgery was usually performed about 2 h after injection (pr(Sjye and 21 (10%) were found only by isotope. One hundred

tocol 1) or early the following morning (protocol 2). glghty-three patlen.ts had'conventlonal lymph npde d.ISSEC-
Our operative protocol for SLN biopsy has been described PN The other patients either refused further dissection or
detail (6,7). Intraparenchymal injection of 4 mL blue dye (Lymhad positive nodes only by immunohistochemistry, the clin-
phazurin; Zenith Parenterals, Rosemont, IL) was given 5-10 migal significance of which is still not known.
before axillary dissection. Successful dye localization required The success of LSG in imaging the SLN on the early
finding a blue SLN or a blue lymphatic leading directly to a lymplimages was comparable between the two groups (Table 2).
node. Successful isotope localization required that the ex viygowever, the success of LSG in protocol 2 patients in-
counts of the SLN (using a handhejdprobe) exceed the postex-creased significantly on the delayed images (from 68% to
cision axillary background by at least 4-5 times. 86%; P < 0.0001). Figure 1 illustrates a case in which the
Patients were not randomly assigned to either protocol t.)u.t.weg ntinel node was seen only on the delayed images.
allocated on the basis of their own preference or the feasibility 0 . .
scheduling the procedures (or both). The success rates of early bsotop.e localization of the SLN Succeedeq In a compara-
late LSG were compared using McNemar's test. All cases wePe® fraction of protqcol 1 and protocol 2 patients (93% vs.
scored prospectively as dye, isotope, or combined (i.e., dye, iS0(%0;P = 0.21) as did the combined method (98% vs. 99%;
tope, or both) success. These success rates were compared uk@ge 3). The ratio of the success rate in the 2-d protocol to
Fisher's exact test, and a confidence interval for the ratio of tvibe 1-d protocol is 1.019. An exact confidence interval for
proportions was also computed. Zelen’s test for homogeneity thfe ratio is (0.9761, 1.053). Because this is a narrow interval
the odds ratio (11) examined the effect of surgeon on localizatigitound 1, we conclude that the overall success rate of the

success rates. We used exact statistical analysis methods thap gp protocol is comparable with that of the 1-d protocol.
not require similar numbers in treatment groups.

RESULTS TABLE 2

Although patients were not randomized, the patients in ~ Successful Localization on Lymphoscintigram
protocol 1 and protocol 2 were quite comparable in terms of

age, tumor size, histologic type, and tumor location (Table Image 1-d protocol 2-d protocol
1). A comparable proportion of patients had positive SLNs Early (30 min) 352 (69%) 104 (68%)
(30% vs. 37%;P = 0.13). Of the 205 patients with histo- ~ Late @ h) Not done 130 (86%)

Overall 352 (69%) 130 (86%)

logically positive SNLs, 7 (3.4%) were found only by blue
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TABLE 3 TABLE 5
Success Rate of Sentinel Node Localization Distribution of Procedures Performed by Surgeons
Localization 1-d protocol 2-d protocol No. of prior No. of 1-d No. of 2-d
- lymphatic protocols protocols
SLN by isotope (%) 476 (92.8) 147 (97.4) Surgeon mappings (% of total) (% of total)
SLN by blue dye (%) 414 (80.7) 138 (91.4)
SLN by either isotope A 346 131 (25.5) 71 (46.7)
or blue dye (%) 500* (97.5) 1507 (99.3) B 239 95 (18.5) 18 (11.8)
C 16 16 (3.1) 1(0.7)
— D 4 108 (21.0) 14 (9.2)
*Thirteen failures, one patient missing all data. E 167 31 (6.0) 1(0.7)
TOne failure, one patient missing all data. F 38 61 (11.9) 16 (10.5)
H 100 59 (11.5) 28 (18.4)
| 49 13 (2.5) 3 (2.0
Total 959 514 (100) 152 (100)

Comparable numbers of SLNs were obtained in protocol
1 and protocol 2 cases (2.5 vs. 2.8 per axilla). Although Suraeon G did not do anv Sentinel node manping during the
do not have exact data on the dissection time between glgl?dy ﬁeriod_ Y PPing 9
two protocols, the consensus among our surgeons is that
there is no appreciable time difference despite the slightly
higher yield of SNLs in the 2-d protocol.

In those patients in whom both dye and isotope were Since we began to perform SLN biopsy for breast cancer
found in the axilla, there was concordance (i.e., at least oje September 1996 (6), we have continued to refine our
sentinel node contained both dye and isotope) in 95% of ttechnique of isotope mapping. In a comparison of 220-nm
2-d group and in 97% of the 1-d group (Table 4). filtered and unfiltered*Tc—sulfur colloid (10), we found

To test for learning curve artifacts, we examined thghe SLN more often with the unfiltered preparation, we
distribution of SLN procedures by surgeon (Table 5). Mogixperienced more instances of failure associated with a
surgeons were highly experienced with SLN biopsy beforiffusely hot axilla with the filtered isotope, and we found
starting this study. Of note, surgeon A performed the largessnsiderable heterogeneity of particle size in the standard
proportion of prior, protocol 1, and protocol 2 proceduresnfiltered preparation. On the basis of these results, we
(36%, 26%, and 47%, respectively). Despite this dispropdsegan to do isotope preparation in-house to ensure consis-
tion, a comparison of surgeon A with the combined resultent particle size and have adopted unfiltered isotope as our
of surgeons B-I showed that the success rate of SLN locstandard preparation.
ization did not differ significantly® = 1.00; Zelen’s exact Intrigued by reports of successful SLN localization with

test for homogeneity of the odds ratios). intradermal (12) and subdermal injectic) (as opposed to
the technique of intraparenchymal injection advocated by
DISCUSSION Krag (13,14)), we compared intradermal and intraparenchy-

SLN biopsy is rapidly emerging as a new standard of cafeal injection of isotope in 200 consecutive patients who
for the patient with early-stage breast cancer, and radioid§iderwent surgery by a single surgedd) All patients had
tope mapping of the SLN is a major component of thiitraparenchymal injection of blue dye. We discovered that
procedure. Using the combination of blue dye and isotop@€ SLNs were found by isotope far more often with intra-
about 10% of SLNs and 10% of positive SLNs are found byermal injection than with intraparenchymal injection (97%

dye or isotope alone (7) and might be missed by reliance ¥ 78%) and that for a similar proportion of each group
a single method of localization. (95% and 97%) the same SLN was both blue and hot (i.e.,

the dermal and parenchymal lymphatics of the breast
drained to the same SLN). On the basis of these data, we

TABLE 4 have made intradermal isotope injection our standard
Number of Sentinel Nodes Found method.
As our volume of SLN biopsy procedures (all with same-
Sentinel nodes found 1-d protocol  2-d protocol gy jsotope injection) grew, we became increasingly trou-
By isotope (% of total) 1084 (85.1) 367 (88.4) bled with the difficulty of coordinating the schedules of the
By blue dye (% of total) 881 (69.2) 291 (70.1) nuclear medicine department and the operating room. The
Total 1274 415 nuclear medicine physicians felt increasingly pressured to
Average no. of nodes/axilla 2.5 2.8 complete the LSG quickly (omitting delayed films that
Isotope/dye concordance* 97% 95%

might have proven useful), and the surgical teams were
- increasingly frustrated by delays waiting for patients to
~ "Atleast one lymph node with both isotope and dye, in patients  grrive in the operating room from nuclear medicine. This
in whom both isotope and dye were found in axilla. study, inspired by the success of other centers with LSG
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done the day before surger§,9), grew out of that frustra- SLN more successfully with the day-before injection. The
tion. scheduling of SLN biopsy procedures can be flexible and

Here we show the striking similarity of results betweewithin a 24-h period need not take the time of isotope
same-day and day-before isotope injection in two compamjection into account.
rable, contemporaneous cohorts of patients, all having SLN
biopsy for breast cancer using a mature technique in tREFERENCES
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