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Volumes injected for lymphoscintigraphic investigations are
highly variable, and the quantity of labeled colloids injected is usu-
ally not reported. The aim of the present study was to evaluate
whether and how volume and quantity quantitatively affect lym-
phoscintigraphic results. Methods: Each of 9 healthy volunteers
(4 menand 5 women; mean age, 21y; range, 19-26y) participated
in 4 lymphoscintigraphic investigations using the same protocol,
in which the volume injected was 0.2 or 1.0 mL and the quantity
injected was 0.02 or 0.2 mg. Subcutaneous injections of ®°™MTc-
labeled human serum albumin nanosized colloids were placed in
thefirst interdigital space of each foot. Activity at the injection sites
and in the inguinoiliac nodes after a standardized sequence of
rest, exercise, and normal-activity periods was measured and an-
alyzed as a function of volume and quantity. Results: The highest
extraction rate was observed for a quantity of 0.2 mg and a volume
of 0.2 mL. This extraction rate was significantly higher than the
rates obtained for a quantity of 0.2 mg and a volume of 1.0 mL
or for a quantity of 0.02 mg and a volume of 0.2 mL, neither of
which differed from the extraction rate for a quantity of 0.02 mg
and a volume of 1.0 mL. Activity in inguinoiliac nodes was signifi-
cantly higher for a quantity of 0.2 mg than for a quantity of 0.02 mg,
irrespective of volume. With quantity remaining constant, volume
did not influence the activity in inguinoiliac nodes. Conclusion:
Both volume and quantity influence the results of lymphoscinti-
graphic investigations with regard to the quantities extracted
frominjection sites and the accumulations in nodal regions. There-
fore, volume and quantity should be standardized when quantita-
tive parameters are used for diagnostic purposes.
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Lymphoscintigraphy using *°™Tc-labeled colloids is a
simple and nontraumatic method for studying diseases of the
lymphatic system. The technique has been used to evaluate
lymph nodes in various types of cancer (/,2). It is now used
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merely to demonstrate so-called sentinel lymph nodes (3,4)
and is also applied in assessing limb edemas (5-12). In
publications devoted to these oncologic and nononcologic
lymphoscintigraphic investigations, highly variable volumes
have been injected, and the quantity of injected colloids has
rarely been mentioned. Nonetheless, each of these parame-
ters can influence the results of investigations, both qualita-
tively (nodal visibility) and quantitatively (nodal activity
levels or extraction of tracer from injected sites). The present
study was undertaken to determine the influence of volume
and quantity on quantitative parameters of lymphoscintigra-

phy.

MATERIALS AND METHODS

Nine healthy volunteers (4 men and 5 women; mean age, 21 y;
range, 19-26 y) participated. The subjects had no history of upper-
limb osteoarticular or lymphatic lesions. Subjects who were likely
to have lesions of the lymphatic system (with diseases such as
psoriasis or diabetes or who regularly played sports such as soccer,
basketball, or volleyball) were also excluded from the study.

Each volunteer underwent an identical protocol of 4 lympho-
scintigraphic investigations with a minimum of 2 d between each.

The study protocol was approved by the institutional ethics
commission, and all volunteers provided written informed consent
to participate.

99mTc_] abeled human serum albumin nanosized colloids (Nano-
coll; Amersham) (vials from the same kit were used for each subject)
were injected subcutaneously into the first interdigital space of the
right and left feet, with the subjects having been lying at rest for at
least 5 min. The mean radioactivity per injection was 17 MBq. Each
injection was made by the same experienced physician using a
tuberculin syringe in a way that avoided an intravenous injection.

Volume and quantity were modified for each of the 4 procedures
according to the following schedule: for the first procedure, volume
was 0.2 mL and quantity was 0.2 mg; for the second, volume was 0.2
mL and quantity was 0.02 mg; for the third, volume was 1.0 mL and
quantity was 0.2 mg; and for the fourth, volume was 1.0 mL and
quantity was 0.02 mg. Activity was recorded (anterior views) using
a single-head, single-photon y-camera (SophyCam; Sopha) equipped
with a parallel-hole, all-purpose, low-energy collimator, using the
same geometry in each case with respect to the y-camera field: at
the injection site immediately after injections and at the end of the
protocol (dynamic acquisition, 10-frame matrix of 64 x 64 x 16 or
word mode, 2 s each), and in the inguinoiliac region at the end of the
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protocol (static acquisition, frame matrix of 128 x 128 x 8 or byte
mode, 60 s each).

The protocol was standardized: After injections, the volunteers
(still lying on the examination table) did not move their limbs,
feet, or toes for the first 30 min, after which they performed a tip-
toeing exercise in unison for 5 min. Finally, they stood up and
walked for 30 min.

We analyzed the extraction at the injection sites. Radioactivity
at the end of the examination protocol was corrected for physical
decay of **™Tc¢ and divided by radioactivity immediately after
injection and was expressed as a percentage of radioactivity after
injection. We also analyzed the nodal radioactivity. Radioactivity
of the inguinoiliac node region was corrected for physical decay
of %*™Tc and background radiation, normalized for acquisition
parameters, and expressed as a percentage of radioactivity after injec-
tion. We compared the results for the 18 limbs using the Student
paired ¢ test at a significance level of 0.05.

RESULTS

Data on the extraction of labeled colloids as a function of
injected volume or quantity are summarized in Table 1. For
a volume of 1.0 mL, the extraction rate for a quantity of
0.2 mg did not differ significantly from that for a quantity
of 0.02 mg, although it was slightly higher. For a volume of
0.2 mL, the extraction rate was significantly greater for a
quantity of 0.2 mg than for a quantity of 0.02 mg. For a
quantity of 0.2 mg, the extraction rate was significantly
greater for a volume of 0.2 mL than for a volume of 1.0
mL. For a quantity of 0.02 mg, the extraction rate did not
significantly differ for different volumes.

Data on nodal radioactivity levels as a function of
volume or quantity are summarized in Table 2. Volume
did not influence nodal radioactivity levels when quantity
remained constant. In other words, 5-fold dilutions of
labeled tracer did not significantly modify colloidal activity
in the nodes. When volume was constant, however, nodal
radioactivity levels were significantly higher for a quantity
of 0.2 mg than for a quantity of 0.02 mg.

DISCUSSION

The 2 main conclusions of our work are that, regarding
extraction and the effect of injected concentration of colloids,

TABLE 1
Extraction of Labeled Human Serum Albumin Nanosized
Colloids as Function of Volume and Quantity of
Protein Injected

Quantity
Volume 0.2 mg 0.02 mg
0.2 mL 18.9 = 1.7 2P = 0.01 149 £ 15
2P = 0.002 2P > 0.05
1.0 mL 14.0 = 1.1 2P > 0.05 10.8 £ 1.9

2P = 2-tailed P value.
Results (mean = SD) are percentage of activity injected at time of
injection.
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TABLE 2
Nodal Activity as Function of Volume and Quantity
of Protein Injected

Quantity
Volume 0.2 mg 0.02 mg
0.2 mL 152 £ 1.3 2P < 0.001 7.8 +1.2
2P > 0.05 2P > 0.05
1.0 mL 135 1.9 2P = 0.01 8.6 = 1.7

2P = 2-tailed P value.
Results (mean = SD) are percentage of activity injected.

1.0 mg/mL is significantly better than either 0.2 mg/mL or 0.1
mg/mL, both of which are better but not significantly better
than 0.02 mg/mL, and, regarding lymph node radioactivity,
increasing the volume of an injection does not affect the rate
of accumulation in the lymph nodes. On the other hand, if
volume is held constant, activity in lymph nodes is directly
related to the number of molecules injected.

Our results have ramifications for clinical practice. Indeed,
the results are important for all lymphatic system examina-
tions whose conclusions are based on functional parameters
and, therefore, principally for all examinations that investi-
gate edemas of the limbs. In this field, few authors rely purely
on morphologic data (9,10). The sensitivity of morphologic
criteria (7,9,10, 12) often appears to be inferior (70%—80%) to
that of isolated functional parameters (90% or more) (5,8). In
practice, most protocols for examining edemas of the limbs
take into account both morphologic data and different func-
tional parameters (6-8,11,12). In fact, our study showed that
lymphatic extraction of tracer from the injection site (8,12),
or its subsequent nodal accumulation (8), can vary signifi-
cantly from one examination to the next according to vari-
ations in the quantity of tracer injected. All lymphatic system
studies that use any of those functional parameters as diag-
nostic criteria must clearly specify and standardize the
injected volumes, colloid radioactivity levels, and quantities
of labeled tracer. In fact, although the injected volumes are
usually mentioned and are constant in the various referenced
papers, the quantities of labeled tracer in the injections are
rarely reported as having been standardized.

The issue of the volume injected in lymphoscintigraphic
investigations has become especially relevant with the
development of sentinel lymph node techniques in breast
cancer by intramammary and peritumoral injections of radio-
labeled colloids. Indeed, the proposed volumes for this tech-
nique are highly variable and range from 0.2 to 16.0 mL
(3,13-23). Some authors are opposed to large volumes,
advocating that such nonphysiologic perturbation (disper-
sion of the labeled colloids over a volume larger than the
tumor-containing volume) may cause erroneous identifica-
tion of a lymph node as the sentinel node (24). Other authors
argue against that hypothesis (25) and favor larger volumes
because they increase interstitial pressure, which in turn
increases lymphatic flow (26). Regarding the question of
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volume, Krag et al. (27) have taken it into account as a factor
that could influence the result of lymphoscintigraphic inves-
tigations, and they concluded that volumes greater than
8.0 mL are associated with higher rates (100%) of technical
success (in the detection of the sentinel lymph node) than are
smaller volumes (78.8% for 2.9 mL < volume < 8.0 mL and
55.8% for volume < 3.0 mL). However, in addition to
volume, other factors (activity injected, investigation after
excisional biopsy, delay before operation, tracer used) were
varied in that study and were associated with technical
success. Therefore, the data do not allow one to ascertain
or assess the true effect of volume. On the other hand, Berman
et al. (28) compared 2.0 mL and 6.0 mL and reported good
detection rates with both. Regarding lymph node radioactiv-
ity, our results, although obtained with volumes lower than
those of Krag et al. and Berman et al., suggest that increasing
the injection volume does not affect the resulting accumula-
tion rates in the lymph nodes. Furthermore, our results favor
injections containing the greatest possible quantity of labeled
molecules, a factor that was not considered (or specified) in
any of the previously mentioned studies.

CONCLUSION

With regard to reporting qualitative or quantitative results
of lymphoscintigraphy, our data stress the importance of
specifying not only the injection volumes and radioactivity
levels used but also the quantity of labeled tracer in the
injections and their standardization. In terms of extraction rate
and, thereby, the rate at which tracer is transported to the
lymph nodes, our results favor the use of low-volume injec-
tions containing the greatest possible quantity of tracer (as
permitted by radiopharmaceutical preparation methods). In
other words, one should use the highest concentration of tracer
possible. Regarding lymph node radioactivity, our results
favor injections containing the greatest possible quantity of
labeled molecules. Finally, our results suggest that increasing
the volume does not affect accumulation rates in lymph nodes.
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