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Abstract

The aim of this study was to compare two radioisotopic
methods used to quantify systemic leakage during an
isolated limb perfusion (ILP). A patient with recurrent
lower limb melanoma was procedure submitted to high-
dose cytostatic therapy during ILP. Leakage was monitored
after administration of 1-131 human serum-albumin (1-131
HSA), using a conventional scintillation probe over the
heart. The same procedure was simultaneously performed
using Tc-99m red blood cells (Tc-99m RBC) and a hand-
held probe. Systemic leakage was quantified based on
precordial count-rate variation. Both techniques showed
similar curve patterns, with a slightly higher leakage value
calculated with the hand-held probe than with the
conventional probe (mean ratio=1.36). No systemic
toxicity was observed and regression of the lesion was
noted after one week. Leakage monitoringisa critical step
for the implementation of ILP in the management of
melanoma patients, and it can be easily performed using
radioisotopictechniques.
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Introduction

Treatment of malignant melanoma usually consists of
lesion removal with a safety border. However,
complementary treatment modalitiesmay berequired when
there is local dissemination of melanoma. Isolated limb
perfusion (ILP) allowstheinfusion of high concentration of
cytostatic drugsin thelimb. The most common used drugis
mel phalan, with complete response rates greater than 50%,
although TNF-alpha has also been increasingly
recommended (1).

Systemic leakage of thedrugsused during IL Pmay occur as
a consequence of communication between the systemic
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vasculature and the isolated limb. Toxicity is directly
related toleakagerates, thus emphasi zing theimportance of
leakage monitoring (1, 2, 3). Inthis case report we describe
the use of two different quantitative radioisotopic
techniques for |eakage monitoring, comparing a hand-held
probewiththat of conventional gammaprobe.

A CaseReport

An 85 year-old female patient was submitted to isolated
l[imb perfusion therapy for recurrent melanoma on the left
leg. Isolation of the limb was achieved by clamping the
femoral artery and vein and by applying atourniquet in the
groin. Femoral vessels were cannulated, and an
extracorporeal bypass circuit containing a pump
oxygenator and a heat exchanger was used to provide
circulationtotheisolated limb.

Isolated limb perfusion was performed for 70 minutes, but
no cytostatic drugs were added to the circuitry during the
first 30 minutes, while the temperature (40.5°C) and flow
rates (200ml/min) were being stabilized. Thelimb wasthen
selectively perfused for a period of 40 minutes under
hyperthermic conditions, with asolution containing 75 mg
of melphalan. Systemicleakagefromtheperfused limbwas
monitored by thetwo techniques described bel ow.

1. LeakageM onitoring by theConventional Probeusing
[-131HSA astracer
After the limb circuit was established, the patient was

administered intravenously with 0.6MBq (16iCi) of

lodine-131 labeled Human Serum-Albumin (1-131 HSA).
A scintillation probe (model ZX, AlfaNuclear, Buenos
Aires) with a 2-inches thick Nal (TI) detector was set to a
20% window over 364 keV and placed lateraly to the
thorax, at 20 cm from the patient. Initial count rate was
measured and registered three minutes after the systemic
injection, followed by theinjection of atenfold higher dose
of [-131 HSA intothe perfusion circuit.

Thoracic count rate was monitored during the entire ILP
procedure, with readings at every 5-minuteinterval or after
changes in extracorporeal flow rates. An increase in count
rate, indicating a leak from the perfusion circuit into the
systemic circulation was calculated by the following
equation:
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Lcp=(Ct/CO)xIR
Where:

Lcp = Leakage percentage detected with the conventional
probe

Ct = thoraciccountrateat timet

CO= initial thoracic count rate

IR= Ratio betweeninjected activity inthe patient andin the
circuit.

(Equation 1)

2. Leakage Monitoring using aHand-Held Probeusing
Tc-99m RBC astracer

This technique was performed simultaneously with the |-
131 HSA measurements. A hand-held probe with a
cadmium-zinc-telluride crystal, model Neo2000
(Neoprobe Corp., Dublin-Ohio) was placed at 5 cm above
the heart. Patient was intravenously administered with
185MBq (5 mCi) of technetium-99m labeled red-blood-
cells (Tc-99m RBC) (UltraTag-Mallinckrodt), followed by
the administration of atenfold higher dose of Tc-99m RBC
in the perfusion circuit. Injections of Tc-99m RBC were
performed almost simultaneously withthose of 1-131 HSA.
Count rate over the heart was monitored during the entire
ILP procedure, with 5-minute interval readings. Dueto the
shorter half-life of technetium-99m, count rateswere decay
corrected, before |eakage was calculated by the following
equation:

Lhp=(Ct/CO)xIR
Where:

Lhp = Leakage percentage detected with the hand-held
probe.

Ct = pre-cordial count rateontimet (decay corrected)

CO= initial count rateover theheart

IR= Ratio between injected activity in the patient and in the
circuit.

(Equation 2)
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A sudden increase at systemic leakage was clearly
associated with an attempt to increase the perfusion flow-
rateby 10%, at the beginning of Melphalaninfusion (Figure
1). Although a similar curve pattern was observed by both
methods, the percent of leakage calculated with the hand-
held probe (L hp) wasdlightly greater than the one estimated
with the conventional scintillation probe (Lcp). Mean ratio
between Lhp and Lcp after the first 30 minutes of isolated
limb perfusion was 1.36 (standard deviation = 0.07),
reaching a maximum Lcp of 4.1% and Lhp of 2.8% at the
end of theperfusion.

After a period of 70-minute perfusion, the extremity was
washed out and flow was reestablished. No systemic
toxicity was observed during or after the procedure. Patient
had significant regression of the lesion in the first week
after theprocedure.

Discussion

Isolated limb perfusion alows the infusion of high
concentrations of cytostatic drugs during hyperthermic
perfusion of thelimb, and it is used for the complementary
treatment of advanced or recurrent melanomaconfinedto a
limb. Radioi sotopic |eakage monitoring isrecommended to
assure the safety of the procedure, but there is no clear
standardization of thisprocedureinliterature.

Monitoring can be performed by repeated venous blood
sampling after injection of radiolabeled albumin or red-
blood-cells in the perfusion system. Although |eakage can
be quantified by in vitro methods, quantifying procedures
may be technically difficult to perform. Another limitation
isthat awell-counter must be available close to the patient
inthesurgical center.

A more practical way of detecting systemic leakage is a
continuous precordial monitoring with a probe. Due to its
increasing availability in most surgical centers, theuse of a

50 70 min

Figure 1 Systemic leakage quantified during ILP with Tc-99m RBC using a hand-held
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Figure 2 Technetium-99m and lodine-131 energy spectrum acquired with 37 MBq (1 mCi ) point-sources
placed at 5 cm from the probe. Down-scatter from iodine-131 accounts for approximately 15% of the total

counts in the Tc-99m energy window.

hand-held probe would be an excellent aternative.
However, hand-held probes are designed for identification
of small foci of uptake, and are particularly vulnerable to
geometric errors that could lead to uncertainties in the
determination of leakage. These concernswere minored by
the observation of a high correlation between a portable
probe count-rate and simultaneous in vitro measures
performed during ILP (4). Unfortunately, the equations
described cannot be reproduced in other institutions, since
any change in probe sensitivity or positioning woul affect
theresults.

The use of ahand-held probe to evaluate systemic leakage
was compared in this patient with a technique aready
established in literature, using 1-131 HSA and a
conventional scintillation probe (5). Both techniques are
based upon the administration of the radiopharmaceutical
into the systemic circulation and approximately tenfold
higher dose of the same isotope into the isolated limb.
Then, initial systemic activity isused as acorrection factor
that allows subsequent increasesin count ratesto bedirectly
related to the percentage of blood arriving fromtheisolated
limb.

The hand-held probe's lower sensitivity made it necessary
to increase the activity administered to the patient and also
the activity injected into the circuit. Instead of using a
higher activity of 1-131 HSA, we chose to use in vitro
labeled Tc-99m RBC. If identical activities of both
radiopharmaceuticals were used, the iodine-131 down-
scatter contribution in the 140keV window would be about
15% (Figure 2). Considering that a 300-times smaller
activity of 1-131 HSA wasinjected, the influence of iodine-
131 on Tc-99m RBC readings can be assumed to be
minimal (0.05%).

Curve patterns using either the hand-held probe or the
scintillation detector were similar in this patient.

Differences in quantifications may be more related to the
radi opharmaceutical used than to the detection device. The
choice of radiopharmaceuticals was based on their
retention in the vascular compartment, although aslow and
progressive decrease in intravascular activity may be
observed when using albumin, dueto extra-vascul ar leak of
the protein. Since the stability in the vascular compartment
is essential for a successful procedure, we recommend in
vitro labeled RBC as the radiopharmaceutical of choice.
The use of hand-held probes can facilitate monitoring of
isolated limb perfusion, as it is available in most surgical
centers.
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