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Abstract

BACKGROUND:The elementary diagnostic method for the de-
tection of lymph circulation abnormalities in extremities is lym-
phoscintigraphy. This method provides information on the mor-
phology and function of the lymphatic system. However, there
are no generally acceptable standards for lymphoscintigraphy,
which makes judgment of its clinical usefulness very difficult.
MATERIALS AND METHODS: In this work, a discussion is pre-
sented on the usefulness of static qualitative scintigraphy of the
lymphatic system of lower extremities as well as of its quantita-
tive interpretation, depending upon: (1) time measurement of
radiopharmaceutical transport in the system, and (2) assess-
ment of its regional uptake in lymph nodes. The effectiveness of
visual assessment combined with each of the quantitative evalu-
ations mentioned is also presented.

RESULTS/CONCLUSIONS: Combination of visual evaluation of stat-
ic scintigraphy with each of the listed quantitative procedures im-
proves the sensitivity of lymphoscintigraphy in the diagnosis of lym-
phatic oedema of lower extremities without affecting the specificity
of visual evaluation. Both combined methods are characterized by
similar indices of diagnostic efficacy. This enables limitation of the
quantitative evaluation of lymphatic scintigraphy to the measure-
ment of the final uptake of RPh in the inguinal lymphatic nodes.
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Introduction

Lymphatic oedema of the lower extremities is a serious social
problem. There are estimates that this disease affects 140-300
million people and its frequency rises with the increase in the num-
ber of surgical operations and also with the increasing number of
oncologic radiotherapeutic procedures [1, 2]. The therapy of the
oedema and its course depend on the accuracy of the diagnosis.
Therefore, increasing attention is being paid to improving the di-
agnostics of the oedema and its characteristics — mainly the dis-
turbed circulation of the lymph. The aim of the present investiga-
tion was the optimization of the performance and interpretation of
results of lymphoscintigraphy, which seems to be one of the prin-
ciple methods for diagnosis of lymphatic oedema of lower extrem-
ities.

Material and methods

The study was conducted on 67 patients with lymphatic oede-
ma of one or both lower extremities. They were in the age brack-
et of 11-87 (mean 58) years. On the basis of clinical examina-
tions and Doppler ultrasound inspection of the venous system,
two subgroups were established. The first control consisted of
37 limbs without oedema, and the second contained 67 extrem-
ities with oedema, which after d-ultrasound examination were
diagnosed as being free of venous insufficiency. The latter group
of limbs was diagnosed as being affected by the lymphatic oede-
ma. The intensity of the oedema was assessed as being of de-
gree:
| —of transient character;

Il— as being constant and affecting less than half of the distal part
of the tibia;

[l — with constant oedema affecting more than half of the distal
part of the tibia;

The oedema of |, Il, and lll degree were found in 25, 14 and 26
limbs respectively. For lymphoscintigraphy, a *mTc labelled human
albumin colloid (Nanocoll) was used. The radiopharmaceutical
(RPh) was subcutaneously injected simultaneously between the
toes of both feet, at activity of 37 MBq for each foot. Immediately
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after administration, a 1 min image was acquired of the regions of
injection, and after 20 minutes one-minute acquisition was collect-
ed again in the inguinal regions. In the course of this acquisition, a
standardized physical exercise was applied to accelerate the lymph
flow; during this test, the patient flexed and straightened his feet at
arate 20 movements per minute over the whole study (20 min). At
2 hours after the injection of the RPh a static scintigram was made
of the whole body in AP projection. In visual evaluation of this im-
age (static), special attention was paid to any abnormalities of lymph
circulation:

— absent visualization of lymph nodes or lymphatic channels;
— the presence of dermal back flow;

— interrupted vascular structures;

— visualization of collateral lymphatic channels.

The quantitative evaluation of lymphoscintigraphy was based
on two procedures. The first consisted of measurement of the time
over which the colloid reached the inguinal nodes (TT — transit
time). The second method provided the activity ratio for inguinal
nodes: total body uptake at 2 hours after injection of the RPh. To
obtain this information, the activity was measured in injection sites
immediately after administration and calculating the percentage
of the total present in the left and right foot. In the whole body scin-
tigram (2 hours after injection), a count ratio was measured in the
whole body and in the inguinal nodes on both sides (right and left).
The indices of the regional RPh uptake (Ul) in the inguinal nodes
were calculated using the following equations:

Zwl
IL=————x 100%
Zce x Wpl
or.
ZwR
R=——x100%
Zcc x WpR
where:

UIL and UIR — uptake indices in the nodes of left inguinal re-
gion and right inguinal region, respectively; ZwL and ZwR — count
rate in the nodes of the left inguinal region and right inguinal re-
gion, respectively; Zcc — count rate over the total body; WpL and
WpR — percentage of the colloid administered into the left foot
and right foot, respectively.

For each of the methods, the indices of diagnostic efficacy were
calculated. Diagnostic thresholds for the detection of lymph flow
disturbances for both quantitative methods were estimated on the
basis of ROC curves. When the results of lymphoscintigraphy were
assessed on the basis of two methods (visual and quantitative),
lymphatic dysfunction was diagnosed when at least one result was
abnormal. Statistical analysis of the results utilized non-parametric
methods (distribution of the analysed data was significantly differ-
ent from the Gaussian distribution).

The test of Mann-Whitney was used for the evaluation of the
agreement of transit time and uptake indices of RPh in the inguinal
lymph nodes.

A x? test was used for evaluation of the differences in propor-
tions (indices of diagnostic efficacy).

The coefficient of rang correlation (Spearman) was used for
assessment of the relations between the variables.
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Table 1. The basic indices of the diagnostic efficacy of all applied
procedures

Sensitivity  Specificity

Quantitative evaluation of the dynamic study 52 86
(met 1)
Visual evaluation of static scintigrams 46 100
(met 2)
Quantitative evaluation of the static scintigrams 51 89
(met 3)
Combined method (2 + 1) 69* 86
Combined method (2 + 3) 67* 89

*As a result of combining visual qualitative and quantitative assessments the indices
of diagnostic sensitivity were significantly increased (p = 0.04)

Statistical conclusions on the significance in relations were
based on p < 0.05, and the latter was obtained by application of
Statistica 6.0 software.

Results

In static images, the evidence of disturbed lymph circulation
was seen in 31 out of 67 extremities with oedema (46%). In the
oedema grades |, Il, and lll, the same frequencies were 33, 43
and 62 percent, respectively. The mean time of RPh transit from
the foot to the inguinal space was 14min (SD = 19 min); it was
significantly greater (p < 0.0001) in extremities with oedema than
in controls, in which the mean TT was 7 (SD = 4 min). In the same
images, the uptake of colloid in the inguinal lymph nodes was
10.1 (SD = 8.3%) and 19.6 % (SD = 10.9) in the oedematous
and control extremities, respectively. The difference was highly
significant (p < 0.0001). There was also a linear relationship be-
tween the RPh transit time and its uptake in the inguinal nodes.
The uptake was higher at shorter transit times (r = -0.42; p <
0.0001).The basic indices of the diagnostic efficacy of all applied
procedures are presented in Table 1. For both combined meth-
ods (2 + 1) and (2 + 3) optimal values of diagnostic effective-
ness were obtained for transit time = 9 minutes and for uptake
index = 8%, respectively.

Discussion

Lymphatic oedemais a disease with a complex pathogenesis.
It may be due to congenital abnormalities, obstruction or damage
of lymphatic channels, or functional derangement of the lymphatic
system [3-5]. The diagnosis of pathological impairment of the cir-
culation is quite often made by exclusion of the other potential caus-
es leading to oedema. Lymphoscintigraphy seems to be a basic
method which provides information regarding the morphology and
function of the lymphatic system [6]. Data provided by this meth-
od may be interpreted visually, qualitatively and quantitatively. The
visual qualitative evaluation is characterized by a high specificity of
diagnosing a dysfunction of the lymphatic system, reaching 97—
100% [7, 8]. However, its sensitivity varies widely, depending on
individual features of the affected system, from 61 to 97% [9, 10].
In this study the specificity reached 100% but sensitivity was very
low, of the order of 40-50% percent. This low sensitivity probably
resulted from the fact that in the studied group of patients there
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Figure 1. Whole body scintigram 2 hours after injection of Nanocoll in
both feet. A — injection sites; B — lymphatic channels; C — inguinal
lymphatic nodes with marked regions of interest.

was a substantial frequency of mild oedema of the lower extremi-
ties. In the subgroup of oedema of the third degree, the impaired
circulation of the lymph was diagnosed twice as often as in the
group with transient oedema.

There are in the literature several reports on different quantita-
tive interpretations of the scintigraphic methods; however, their
clinical usefulness is not straightforward [11-15]. The reported sen-
sitivity of individual methods varies from 55 to 100%, depending
on specific features and performance of the investigator. [16-17].
Moreover, there have been no commonly accepted norms reflect-
ing the variability of the lymph circulation, which in turn depends
upon various factors. The variability of results depends on the ra-
diopharmaceutical applied, its volume, pH, electrical charge, and
hydrophilicity [2]. There are authors who use and recommend *mTc
HIG (human immunoglobulin), but better images of the lymph
nodes were reported after administration of Nanocoll. A faster pas-
sage of RPh has been seen after intracutaneous injection, when
compared with subcutaneous administration. The passage is ac-
celerated by mechanical stimulation (massage, physical stress)
as well as increased hydrostatic pressure of the interstitial fluid
due to oedema or upright position [2, 19]. There are very few com-
parisons regarding the efficacy of using nuclear medicine meth-
ods in the discussed area of clinical investigation. Proby et al. [20]
studied the rate of flow of RPh from the injection site and com-
pared it with the uptake of colloid in the inguinal lymph nodes. The
authors came to the conclusion that studies on the ratio of outflow
are technically difficult and time consuming and did not contribute
additional valuable information when compared with the method
of assessing regional uptake of RPh in the inguinal lymph nodes.
They recommended performing the lymphoscintigraphy at 2 hours
post injection of the RPh. Larcos et al. [9] recommended acquisi-
tion of additional scintigrams after 24 hours with the expectation
that this modification might enhance diagnostic sensitivity of the
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Figure 2. ROC curve for combined methods — visual qualitative assess-
ment of static scintigram and quantitative measurement of the accumu-
lation of the colloid in inguinal lymphatic nodes. Optimal value of uptake
index (Ul = 8%, is printed in bold.

method. In the present study, the reference data for evaluation of
quantitative results of lymphoscintigraphy were obtained from a
parallel study of oedema free, healthy limbs of the same patients.
This way of normalizing the data was derived from earlier studies
in which no differences were found in the Ul indices measured in
extremities free from oedema and the legs not affected by the
oedema in patients with one leg affected, and healthy volunteers
[20]. In our study the results obtained from investigation of swol-
len and unaffected limbs in patients with oedema were statistical-
ly significantly different (p < 0.0001). It was also found that faster
RPh passage is accompanied by higher accumulation of the col-
loid in lymph nodes. However, the values of diagnostic indices
(specificity 86-89%) were accompanied by a low sensitivity (51—
—52%). Similarly to other studies [18, 21] on patients with dys-
function of the lymphatic system, there was frequently in our in-
vestigation a normal or even accelerated flow of the Nanocolloid.
Due to these observations and the observed variability of TT and
Ul, we believe that establishing decision thresholds to provide high
diagnostic effectiveness based solely on quantitative measure-
ments is probably impossible. This conclusion led us to the idea
that a combination of quantitative and qualitative data could im-
prove the diagnostic efficacy of lymphoscintigraphy. Basing the
diagnosis both on visual inspection of scintigraphy at 2 hours post
administration of RPh and either TT or uptake index (Ul) has led to
an improvement in sensitivity of lymphoscintigraphy in diagnos-
ing lymphatic oedema in lower extremities from 52% to 69% and
51% to 67%, respectively. Both ways could be used with equal
validity. However, measurement of the uptake of RPh in inguinal
nodes 2 hours post injection is less time consuming and easier
than establishing the transit time (TT). Nevertheless, using the lat-
ter quantity might be recommended for patients in whom the in-
guinal lymph nodes were removed surgically.

Conclusions

1. Combining qualitative visual inspection of static scintigrams with
one of the quantitative measurements, either TT or Ul, improves
the sensitivity of lymphoscintigraphy in diagnosing lymphatic
oedema in lower extremities.
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Both combinations of the methods have similar diagnostic effi-
cacy, and therefore it is possible to limit the scintigraphy to
visual inspection at 2 hours post injection, and measurement
of the uptake index (Ul).
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