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False-Positive Findings on Myocardial Perfusion
SPECT

TO THE EDITOR: Recently, there have been 3 articles (1–3)
published in The Journal of Nuclear Medicine attempting to define
various artifactual sources that contribute to the unacceptably high
rate of myocardial perfusion SPECT (MPS) studies with false-
positive findings. Each article suggests a different protocol mod-
ification intended to reduce the incidence of false-positive MPS
findings. The first paper (2) suggests a 15-min wait before initia-
tion of poststress thallium SPECT. The second paper (3) concludes
that 360° SPECT acquisition is superior to 180° acquisition,
thereby doubling the acquisition time. The most recent paper (1)
proposes that additional poststress prone images, commenced
20–40 min after reclining the patient for supine imaging, result in
MPS interpretations that correlate more accurately with the clinical
outcome.

We suggest an alternative and consistent explanation for the
diagnostic improvements described in these studies. All 3 papers
present protocol modifications that coincidentally result in an
additional “equilibration” period during which the patient is su-
pine. Thus, the diagnostic improvements demonstrated in all 3 of
these papers could alternatively be concluded to be the result of the
additional delay or prolongation that is inadvertently introduced by
each of these protocols.

More thorough development of the methodologies described in
all 3 papers could have redirected the authors to very different
conclusions from those presented. We suggested alternative ap-
proaches in previous letters to the editor about the 2 earlier papers
(2,3). In the case of the most recent paper (1), Hayes et al. could
have conclusively demonstrated the validity of prone imaging if
they had simply chosen to randomize the order in which the prone
and supine imaging sequences were performed. Unfortunately, this
work as presented indicates that none of their patients underwent
prone imaging before supine imaging. Because the authors chose
not to alternate the order of their poststress supine and prone
acquisitions, we are left with the possibility that it was actually the
20-min delay before the onset of prone imaging, not the prone
versus supine position of the patient, that gave rise to the benefits
shown by their data. In a guest editorial that appears immediately
following (1), Lee et al. (4) weakly support the work of Hayes et
al. by indicating that they “might use additional prone imaging”
until attenuation correction achieves “robust results.” Attenuation-
induced artifacts are often described to be the nemesis of rotational
SPECT, but neither attenuation correction nor prone imaging is
widely used in practice because prolongation of the acquisition is
not a welcome encumbrance in most busy clinical imaging labo-
ratories. Furthermore, we submit that when the patient is repro-
ducibly positioned and 99mTc agents are used for both stress and
rest images, and time is allowed after reclination for volumetric
equilibration to be complete, there should be little if any artifactual
stress/rest difference in MPS images due to attenuation. This leads
us to wonder why additional resting prone images have not also
been proposed as beneficial.

It also remains true that even the application of “robust” atten-
uation correction using sequential CT/SPECT transmission/emis-

sion myocardial perfusion tomography has not been shown to
consistently eliminate the elusive “diaphragmatic attenuation” ar-
tifacts. All of this further supports our contention that another
phenomenon is the dominant factor in generating false-positive
MPS findings, namely, ventricular volume changes that occur
during image acquisition when begun too soon after reclination of
the patient. Positional changes (upright to supine) and poststress
dynamic changes in the volume of the human left ventricle are well
documented in the cardiac physiology literature.

In our previous work (5), we have graphically and statistically
described the changes in left ventricular volume that occur during
the 20 min following graded treadmill exercise and reclination of
the patient for imaging. On the basis of these measurements, we
propose that it is primarily these dynamic, positionally dependent
ventricular volume changes that are the dominant factor generating
artifacts when sequential, rotational SPECT images are recon-
structed using standard, commercially available software. Until we
fully comprehend the complexity of the myocardial perfusion
imaging problem and design nonrotational SPECT systems (6) that
accommodate its most demanding aspects, it will be difficult to
advance the state of the art in nuclear cardiology to any higher
level of clinical utility than is currently achieved by rotational
SPECT systems.
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Periareolar Injections and Hot Sentinel Nodes

TO THE EDITOR: The article by Pelosi et al. (1) supports our
previously published results (2) and those of others concerning the
superiority of areolar type injections over subdermal/intradermal
injections, as well as perilesional injections, in delivering activity
to the sentinel node. A few additional points warrant mention.
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Having dynamically monitored the results of 3 different injec-
tion methods performed sequentially on the same patient in a
single imaging session, we noted that the efficiency of delivering
activity to the sentinel node, that is, the percentage of the injected
dose that appears to end up in the sentinel node, is much higher
(�3–6 times higher) for areolar-cutaneous “junction” injections
than for intradermal injections above the tumor (2,3). This supe-
riority is even more dramatic when compared with perilesional
injections: The activity delivered to the sentinel node is up to
50–100 times higher by areolar-cutaneous “junction” injections
than by perilesional injections in select patients (2,3).

Most of the literature comparing areolar injections with dermal
or perilesional injections is unclear on the exact details of areolar
injection methods. Terms such as subareolar, periareolar, circum-
areolar, or just areolar are used. Exact location, depth of injection,
and other factors are not sufficiently detailed in many articles,
making comparisons or exact reproduction difficult. Questions
about injecting into lactiferous ducts are not raised. Furthermore,
the investigators do not generally quantify the efficiency of the
various injection techniques, as we did (2). Upon review, most of
these articles do not demonstrate either in figures or in numeric
data an effect as dramatic as that of the areolar-cutaneous “junc-
tion” injection technique in delivering activity to the sentinel node,
or the higher efficiency given the higher injection doses generally
used. A similarly high efficiency is suggested in Figure 2 of Pelosi
et al. (1) and probably reflects the similarity of their technique to
our areolar-cutaneous “junction” injections as depicted in Figure 1.

Hybrid injection techniques, defined as combinations of perile-
sional and dermal or areolar injections, provide an option for
centers wishing to visualize internal mammary and other extraax-
illary nodes. The deep perilesional injection component of these
hybrid injection techniques allows visualization of internal mam-
mary and other extraaxillary nodes, whereas the areolar-cutaneous
junction injection component provides the ability to generate ex-
tremely hot sentinel nodes, with their associated benefits (2–5).

When performing areolar injections, one should not overlook
the unique image patterns that are produced. One occasionally sees
patterns of lymphatic dilation that appear as focal concentrations
of activity, or “pseudosentinel nodes,” which can persist for some
time after injection. If not properly identified as pseudosentinel
nodes by lymphoscintigraphy before the start of surgery, these
could potentially mislead the surgeon, unnecessarily prolonging
surgery and causing fruitless searching (2,3,6).

Another pattern, the “reverse echelon node,” has rarely been
noted. Its presence requires that at least 2 hot nodes be removed to
avoid potentially missing the true sentinel node (2,3,7). The re-
verse echelon node is along the lymphatic channel tributary sup-
plied by the areolar injection—upstream of the point at which that
tributary joins the main channel draining the perilesional injection
site to the sentinel node. The reverse echelon node, because it is on
its own tributary, is closer to and only drained to by the areolar
injection. In contrast, the perilesional injection is initially on a
different tributary before all tributaries merge to a common chan-
nel to the sentinel node. Nevertheless, the sentinel node visualized
by the perilesional injection, downstream in a sense, was also
always a node draining the areolar injection in our series (2).
Theoretically, both nodes should be removed for maximal sensi-
tivity.

Such pattern analysis is possible only if real-time monitoring of
the serial imaging results of sequential, dissimilar injection meth-
ods is performed in a single imaging session (2,3). Unfortunately,

this type of pattern analysis, along with attempts to quantify the
results of the different injection methods, is nearly completely
lacking in the literature.

Whether the injections have to be performed at the areolar-
cutaneous junction site closest to the tumor or can be performed
equally well at any other site around the areola is not clear. We
choose to inject at the junction site closest to the tumor from a
pragmatic standpoint, as probably did Pelosi et al. (1). Using
deeper, higher-volume subareolar injections, Kern at times noted
multiple pathways simultaneously exiting the areolar area, but
most seemed to converge (8). In another, more recent, article,
Maza et al. noted a 0% false-negative sentinel node rate as evi-
denced by follow-up axillary lymph node dissection in patients
with disease proven by lumpectomy or core-needle breast biopsy
who received subareolar injections at 8 or more sites around the
areolar margin during lymphoscintigraphy (9). Drainage from the
different areolar injection methods probably leads to the same
sentinel nodes. However, their efficiency in doing so is different.

By far the main goal of sentinel lymph node biopsy, as com-
pared with traditional axillary dissection, is to reduce morbidity
while maintaining sensitivity. The hotter sentinel node provided by
the areolar-cutaneous “junction” injections (and similar injections
described by Pelosi et al. (1)) assists in morbidity reduction for
several reasons. It allows easier detection with the handheld probe
at the skin surface, which should assist with the targeted approach
by allowing a more direct path to the sentinel node target. This
should reduce morbidity through a reduction in the extent of
dissection. With a hot node, triangulated skin marking is facili-
tated, which can also guide the surgeon in determining where to
make the initial incision, especially important in obese patients. In
obese patients, a hot node offsets the negative effects of attenua-
tion. In patients scheduled for surgery the day after lymphoscin-
tigraphy, the negative effects of decay can be offset with a hotter
node from the start.

Nevertheless, given the prominent lymphatic tracks that can
arise with the areolar injection techniques we have noted here, we
suggest dynamic monitoring and multiple views, including the
standing/sitting position, to best map out what is really happening
in the patient. In our opinion, not striving for a hotter node and not
performing lymphoscintigraphy with triangulated skin markings,
but simply depending on intraoperative probe detection alone, as
practiced by some centers, goes against the very goal of morbidity
reduction that sentinel lymph node biopsy promises.
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1. Pelosi E, Bellò M, Giors M, et al. Sentinel lymph node detection in patients with
early-stage breast cancer: comparison of periareolar and subdermal/peritumoral
injection techniques. J Nucl Med. 2004;45:220–225.

2. Krynyckyi BR, Kim CK, Mosci K, et al. Areolar-cutaneous “junction” injections
to augment sentinel node count activity. Clin Nucl Med. 2003;28:97–107.

3. Krynyckyi BR, Kim CK, Goyenechea MR, et al. Clinical breast lymphoscintig-
raphy: optimal techniques for performing studies, image atlas and analysis of
images. Radiographics. 2004;24:121–145.

4. Krynyckyi BR, Firestone M, Eskandar Y, et al. Dual method injection technique
for breast lymphoscintigraphy to maximize visualization of sentinel nodes [ab-
stract]. J Nuc Med. 2000;41(suppl):281P.

5. Krynyckyi BR, Chun H, Kim HH, Eskandar Y, Kim CK, Machac J. Factors
affecting visualization rates of internal mammary sentinel nodes during lympho-
scintigraphy. J Nucl Med. 2003;44:1387–1393.

6. Uren RF, Thompson JF, Howman-Giles R. Sentinel nodes: interval nodes, lymphatic
lakes, and accurate sentinel node identification. Clin Nucl Med. 2000;25:234–236.

7. Roumen RM, Geuskens LM, Valkenburg JG. In search of the true sentinel node by
different injection techniques in breast cancer patients. Eur J Surg Oncol. 1999;
25:347–351.

1598 THE JOURNAL OF NUCLEAR MEDICINE • Vol. 45 • No. 9 • September 2004



8. Kern KA. Lymphoscintigraphic anatomy of sentinel lymphatic channels after
subareolar injection of technetium 99m sulfur colloid. J Am Coll Surg. 2001;193:
601–608.

9. Maza S, Thomas A, Winzer KJ, et al. Subareolar injection of technetium-99m
nanocolloid yields reliable data on the axillary lymph node tumour status in breast
cancer patients with previous manipulations on the primary tumour: a prospective
study of 117 patients. Eur J Nucl Med Mol Imaging. 2004;31:671–675.

Chun K. Kim, MD
Borys R. Krynyckyi, MD

Josef Machac, MD
Mount Sinai Medical Center

New York, New York

REPLY: Our study (1) validated the periareolar (PA) injection
technique and underlined some of its reported advantages over the
subdermal/peritumoral technique. In particular, we found the fol-
lowing: the sentinel lymph node (SLN) identification rate was
significantly higher for PA injection of tracers (labeled nanocolloid
or blue dye) than for subdermal/peritumoral injection; at lympho-
scintigraphy, the number of late images necessary to visualize the
SLN was significantly reduced (20% for PA injections vs. 39.5%
for subdermal/peritumoral injections); and with the PA injection
technique, the need for image-guided injection was bypassed for
patients with nonpalpable tumors.

The PA injection technique is easy to perform and simpler than
the other mentioned techniques. In a volume of 0.5 mL, we inject,
as a single aliquot, 20–40 MBq of 99mTc-labeled Nanocoll (Ny-
comed Amersham Sorin S.r.l.). As shown in Figure 1 of our paper
(1), the nanocolloid is injected subdermally at the PA site (1–2 mm
from the areolar-cutaneous “junction” (2)), at the level correspond-
ing to the tumor. Then, to aid clearance of radiocolloids, a gentle
massage is performed.

The injection of such a low volume (0.5 mL) of labeled nano-
colloid (instead of sulfur colloid) allows the procedure to be
completed in a few minutes, without using anesthetic or causing
discomfort to the patient.

In their letter, Kim et al. suggest, first, a new injection technique
at the areolar-cutaneous junction to increase the efficiency of
delivering activity to the sentinel node (2,3) and, second, lym-
phoscintigraphic “dynamic monitoring and multiple views . . . to

best map out what is really happening in the patient” after tracer
injection. Their goal is to minimize morbidity from SLN biopsy in
patients with early breast cancer.

We thank Kim et al. for their letter and agree with them that,
theoretically, their suggested solutions would improve the accu-
racy of SLN biopsy. However, as reported for different studies in
which axillary lymph node dissection was performed after SLN
biopsy, the false-negative rate of SLN biopsy in patients with early
breast cancer is rather low, ranging from 5% to 10% (4–6). Kim
et al. did not report an improved false-negative rate from using the
multiple-injection technique and dynamic monitoring of radio-
tracer distribution. In addition, the increased number and volume
of injections, and the use of a multiple-view dynamic acquisition
for lymphatic mapping, increases patient discomfort and lengthens
the procedure. Therefore, we believe that further studies on larger
patient populations are mandatory to quantify the real improve-
ment achievable with the technique suggested by Kim et al.

To visualize the axillary SLN in patients with early breast
cancer, PA injection of 20–40 MBq of labeled nanocolloid in a
low, 0.5-mL, volume, is suggested.
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1. Pelosi E, Bellò M, Giors M, et al. Sentinel lymph node detection in patients with
early-stage breast cancer: comparison of periareolar and subdermal/peritumoral
injection techniques. J Nucl Med. 2004;45:220–225.

2. Krynyckyi BR, Kim CK, Mosci K, et al. Areolar-cutaneous “junction” injections
to augment sentinel node count activity. Clin Nucl Med. 2003;28:97–107.

3. Krynyckyi BR, Kim CK, Goyenechea MR, et al. Clinical breast lymphoscintig-
raphy: optimal techniques for performing studies, image atlas and analysis of
images. Radiographics. 2004;24:121–145.

4. Giuliano AE, Kingram DM, Guenther JM, Morton DL. Lymphatic mapping and
sentinel lymphadenectomy for breast cancer. Ann Surg. 1994;220:391–401.

5. Krag D, Weaver D, Ashikaga T, et al. The sentinel node in breast cancer: a
multicenter validation study. N Engl J Med. 1998;339:941–946.

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

Ettore Pelosi, MD
Gianni Bisi, PhD

Università di Torino
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