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Abstract. Regional isolated perfusion using tumor ne- 
crosis factor (TNF) shows significant promise for treat- 
ment of cancer which is limited to limbs or organs. The 
high toxicity of TNF requires very sensitive real time 
monitoring of leakage in order to avoid serious patient 
complications. Human serum albumin labeled with io- 
dine-131 is used with an externally mounted and colli- 
mated NaI(T1) detector to track the leakage of blood 
from the isolated perfusion blood circuit into the general 
systemic vascular space. Blood activity levels measured 
using the monitor demonstrated a very good correlation 
with blood serum samples taken concurrently with exter- 
nal monitoring. External monitoring can reduce the risks 
of perfusion leakage intraoperatively with the precision 
necessary to safely perform isolated perfusion using 
TNE 

Key words: Perfusion, regional - Tumor necrosis factor 
- Iodine radioisotopes - Intraoperative monitoring 

Eur J Nucl Med (1995) 22:1242-1248 

I n t r o d u c t i o n  

Regional isolated perfusion has been performed in many 
facilities worldwide for the treatment of cancer since 
1958 [1]. There have been three stages in the develop- 
ment of regional isolated perfusion: (a) intra-arterial per- 
fusion with an alkylating agent [2]; (b) isolated perfu- 
sion using a pump oxygenator [1, 3, 4]; (c) isolated per- 
fusion accompanied by hyperthermia [5]. Regional iso- 
lated perfusion allows for the delivery of elevated dose 
levels of toxic chemotherapeutic agents regionally with- 
out the systemic toxicity associated with systemic treat- 
ments. 

Correspondence to: W.C. Barker 

Monitoring of leakage during regional perfusion of 
the isolated circuit into the systemic circulation has gen- 
erally been mandatory due to dose escalation of the che- 
motherapeutics in the perfusate to levels which would be 
extremely morbid or lethal if given systemically. Many 
groups have monitored the systemic levels exclusively 
through the use of blood samples [6-11]. Real time ex- 
ternal monitoring used in conjunction with iodine-131 
labeled human serum albumin (HSA) was performed as 
early as 1961 [12]. In those early perfusions using exter- 
nal monitoring, leaks of the perfusate into the systemic 
circulation ranging from 40% to 80% were not uncom- 
mon. Leaks of this magnitude were considered accept- 
able since the consequences of leakage at dose levels 
used in those early cases generally were not severe. An- 
other group has suggested the use of two hand-held col- 
limated gamma detectors in leakage monitoring [13]. 
One difficulty, however, lies in the requirement that the 
probe positioning be static or consistent throughout the 
perfusion treatment. The number of photons received by 
the probe, and thus the signal generated, is geometrically 
dependent. The resultant leakage measurement could 
have increased variability introduced by the variability 
in probe positioning. Furthermore, dose levels of drugs 
in the perfusion circuit have been escalated such that the 
danger from leakage is more pronounced. Real time 
monitoring of systemic levels of toxin with sensitivity to 
1% perfusate leakage has been increasingly necessary 
due to the greater toxicity of the chemotherapeutic 
agents. 

One application which requires highly sensitive leak- 
age monitoring involves the use of perfusion with tumor 
necrosis factor (TNF) in the regional treatment of mela- 
noma and sarcoma patients [11, 14, 15]. These cases in- 
volve delivery of TNF levels to the tumor that are ap- 
proximately 10 times the maximally tolerated systemic 
levels. If there is significant leakage (over 10%), the re- 
sultant systemic complications could be fatal. With the 
promise of increased antitumor response rate demon- 
strated by the use of TNF through regional isolated per- 
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fusion [14], there exists a need to relate an updated de- 
tailed description of an external real time leak monitor- 
ing system using currently available equipment. 

Materials and Methods 

Patients. Forty-eight patients with melanoma or sarcoma of the 
extremity underwent 53 isolated limb perfusions either with mel- 
phalan alone or with a combination of melphalan, TNF, and inter- 
feron-7. In addition, 13 patients underwent isolated hepatic perfu- 
sion with TNF and interferon- 7. All patients were treated at the 
National Institutes of Health Clinical Center after obtaining ap- 
propriate informed consent according to institutional guidelines. 
Five of the above-mentioned 48 patients underwent perfusion of 
an arm while 43 had perfusion of a leg. The isolated limb perfu- 
sions were performed using standard techniques well described in 
a recent review [15]. Briefly, cannulas were placed in either the 
axillary artery and vein (for the upper extremity) or the external il- 
iac vessels (for the lower extremity) and then connected to the ex- 
tracorporeal circuit. The 13 patients with unresectable metastatic 
disease confined to the liver who had failed all conventional treat- 
ment modalities were treated with isolated hepatic perfusion via 
the hepatic artery after complete vascular isolation of the liver. 
Venous blood from the intestines, kidneys, and lower extremities 
was diverted around the liver by a venovenous bypass shunt lead- 
ing back to the heart via an axillary vein, analogous to that used in 
liver transplants [16]. This shunt was aided by a centrifugal pump 
containing an online reservoir with a volume of 40 ml. 

Equipment. The monitoring system which has been constructed 
(Fig. 1) tracks a fixed fraction of the 364-keV gamma rays emerg- 
ing from 131I-HSA in the cardiac blood pool. A commercially 
available thyroid uptake system (Model 7350, Canberra Indus- 
tries, Inc., Meriden, Conn., USA) was used as the radiation detec- 
tion component of the monitoring system. The uptake system in- 
cludes a collimated 2"x2" NaI(TI) scintillation detector with 
matching photomultiplier base and preamplifier. The thyroid up- 
take system is conveniently optimized in terms of detectability 
and shielding for use with 364-keV 131I gamma rays. High voltage 
is supplied to the photomultiplier tube by a remotely located 2-kV 
Bias Voltage Supply (Model 478, EG&G Ortec, Oak Ridge, 
Tenn., USA). The detector signals generated by the photomultipli- 
er tube are directed to an amplifier (Model 575A, EG&G Ortec) 
and then to a single-channel analyzer (Model 550A, EG&G Or- 
tec). For the present application, the single-channel analyzer is 
used as a discriminator to select only signals which correspond to 
gamma-ray energies greater than 300 keV, thereby effectively iso- 
lating the 364-keV photopeak photons. The logic signals generat- 
ed by the single-channel analyzer are then input to a ratemeter 
(Model 449-2, EG&G Ortec) which drives a strip chart recorder 
(Gilson Model BD 40, Kipp & Zonen, Bohemia, N.Y., USA). The 
ratemeter has a variety of user-selectable rate averaging time con- 
stants which allow for smoothing of an otherwise noisy count rate 
signal. 

The NaI(T1) detector is housed in a flat field collimator (Fig. 
2) mounted on an articulated mobile stand. This stand permits 
easy positioning of the detector in a precordial position over the 
operating room patient table. Sterile conditions are maintained by 
enclosing the arm of the detector mount in a sterile plastic bag. 
The arm is long enough that the remainder of the mobile mount, 
namely the stand with its associated electronics platform, remains 
in an adjacent nonsterile area. The collimator is directed such that 
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Fig. 1. Block diagram illustrating setup of external monitor 
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Fig. 2. Diagram showing collimator and NaI(T1) detector 

the detector field-of-view includes the heart only, thus excluding 
all portions of the perfusate circuit. This orientation allows for 
maximal shielding of the gamma rays which originate from the 
perfusate circuit while permitting a maximal amount of systemi- 
cally originating gamma rays to be detected. 

Theory. Isolated limb perfusion utilizing TNF at a dose of 3-6 mg 
for extremities is limited to a 10% total leak from the perfusion 
circuit into the systemic circuit during the total treatment intervals 
as specified by the clinical protocol, which are 60 min for mel- 
phalan alone and 90 rain for melphalan, TNF, and interferon-)<. To 
monitor the amount of leakage, two 13~I-HSA doses are prepared. 
First, after surgical isolation of the extremity is accomplished, 20 
btCi 13~I-HSA is injected into the systemic vascular circuit in order 
to establish a baseline count level, corrected for room background. 
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Once the systemic activity distributes throughout the vascular cir- 
culation and the activity concentration stabilizes to a constant val- 
ue (usually within 5-10 min), a 200 gCi 131I-HSA dose is injected 
into the isolated perfusion circuit. Any leakage from the perfusion 
circuit into the systemic circulation will manifest itself by an in- 
crease in the activity level of the systemic circulation. Quantita- 
tively, a doubling of the activity level in the systemic circulation 
corrected for room background would indicate a 10% loss of ac- 
tivity from the perfusion circuit. Namely, the systemic circulation 
would have 40 gCi while the perfusion circuit would be left with 
180 gCi. The presumption is that the 10% leakage of 131I-HSA 
would parallel a 10% leakage of TNF into the systemic circula- 
tion. 

Stehlin [12] has described a more generalized leakage factor 
(LF): 

LF (cpmsystemic - cpmbaseline ) Vs Ds 
- x ~ -  x - b - - x  lOO%, (1) 

cpmbaseline t p 

where cpmsystemic=systemic count rate observed during treatment, 
cpmbasdine=Systemic count rate at the beginning of treatment, 
Vs=blood volume of the systemic circulation (body-limb), Vt=to- 
tal blood volume (perfusion circuit+systemic circuit), Ds=dose in- 
jected into systemic circuit, and Dp=dose injected into perfusion 
circuit. 

This equation was intended to take into account the effect of 
mixing of radiotracer between the two blood circuits. It assumes 
that mixing of leakage between the perfused region and the rest of 
the body involves a complete mixing of the systemic and perfu- 
sion circuit volumes. Perhaps this assumption was related to the 
very high leaks which were observed in those early procedures 
(40%-80% leaks were common). 

It has been our observation that including the volumes in the 
leakage factor equation for current perfusions, which have a com- 
paratively much smaller leak (less than 10%), is not necessary. Al- 
ternatively, we have obtained good results using a modification of 
Stehlin's equation, namely: 

Ds LF = (CpmsystemiCcpmbaseline- cpmbaseline) X - ~ p  X 100%. (2) 

To compare the leak estimates obtained from the two formulas, 
consider a case where 20 btCi of radiotracer is injected systemical- 
ly and 200 gCi is injected into the perfusion circuit. Further, as- 
sume that Vs is 4.5 1 and that V t is 6.0 1 (typical values when using 
a pump prime volume of 1.0 1 and a limb intravascular volume of 
0.5 1). If all of the tracer in the perfusion circuit were to be trans- 
ferred into the systemic circuit while maintaining the same sys- 
temic blood volume (which is, of course, physically impossible 
but demonstrates the worst-case concentration of tracer), the total 
activity would be 220 gCi systemically. Stehlin's equation would 
indicate a leak of 75%. But we know that 100% of the tracer is 
now present in the systemic circuit. Equation 2, on the other hand, 
gives the correct value of 100% leak. Therefore, Eq. 2 has been 
used exclusively in the present study. 

To measure the changes in systemic activity concentration, a 
collimated and shielded external NaI(T1) radiation detector is 
placed over the heart in the region of the left ventricle to intercept 
a fraction, geometrically determined by the collimator, of the 
gamma rays emitted by the cardiac blood pool. This monitoring 
method assumes that the cardiac blood pool volume remains rela- 
tively constant when averaged over sliding 10-s time intervals (a 
typical count rate averaging time). All other factors remaining 
constant, the systemic count rate as determined by the external 
monitor provides a quantitative measure of leakage from the per- 
fusion circuit into the systemic circuit. 

Setup and operation. During the surgical isolation of the limb, the 
monitor is prepared for use. High voltage is applied to the detec- 
tor, all settings on the signal processing components are verified 
and the monitor arm is wrapped in a sterile plastic bag. If desired, 
verification of the 364-keV 131I energy window can be done using 
the patient doses prior to injection. The ratemeter of the monitor- 
ing system is initially set for a 3-s rate averaging time constant in 
order to observe the rate peak demonstrating the first pass of the 
bolus injection through the heart chambers. The recording rate of 
the strip chart recorder is set to 0.2 mm/min. 

When isolation of the limb is complete, the monitor is moved 
into the precordial position over the heart. The baseline room 
background level is then measured on the strip chart recorder (typ- 
ically about 3 counts per second). After the baseline is estab- 
lished, the systemic dose of 20 gCi ~31I-HSA is injected intrave- 
nously through a central line, making sure that all the dose is 
completely flushed into the systemic vascular circulation. Within 
seconds of the injection, the strip chart recorder indicates the pas- 
sage of the bolus through its first pass in the heart chambers. The 
bolus peak typically reaches about 250 counts per second. After 
the first pass of the bolus, the count rate usually stabilizes within 
5-10 min to approximately 80 counts per second. Afterward, the 
averaging time constant is changed to 30 s in order to reduce the 
noise level in the count rate plot on the strip chart recorder, thus 
facilitating more accurate estimation of the count rate level. 

Once stabilization of the count rate level of the systemic circu- 
lation has occurred, the 200 gCi 131I-HSA dose is administered to 
the isolated perfusion circuit via a port in the perfusion circuit. 
Immediate changes (within 1 rain of injection of the 200 gCi 
dose) reflect either a misalignment of the collimator such that it 
views a portion of the perfusion circuit, or the fact that shielding 
is not adequate. Generally, shielding is not a problem, and colli- 
mator alignment is relatively easy to insure. Sustained increases in 
the systemic count rate (after 2 rain following the injection of the 
200 gCi dose) indicate leakage from the perfusion circuit into the 
systemic circulation. 

The systemic count rate is monitored carefully for 10 min to 
verify the degree of isolation of the limb's vascular system. Any 
leak in excess of 1% over the 10 min period indicates a need for 
intervention to identify the source and prevent further leakage. A 
maximum sustained leak rate of 1% per t0 min is tolerated in or- 
der to maintain the requirement of no more than a total leak of 
10% over the duration of the 90-rain perfusion. The 10% total 
leak threshold refers to the time of actual treatment only. Any 
leakage prior to the beginning of treatment is noted primarily in 
order to decide whether to attempt improvement of the isolation, 
If a significant leak (>10%) occurs prior to the beginning of treat- 
ment, appropriate adjustment will have to be made to the interpre- 
tation of the strip chart readings. The 10% total leak threshold is 
determined from the relative activity levels between the systemic 
and perfusate circuits at the beginning of the treatment period 
(which occurs with injection of the TNF into the perfusion cir- 
cuit). Adjustment due to pretreatment leaks can be made by know- 
ing the initial amount of change in the strip chart reading per gCi 
of administered systemic dose, and then accounting for the 
amount of remaining perfusate activity. If the leaks are accompa- 
nied by large changes in volumes of distribution which would re- 
sult in dilution of the systemic activity, then allowances for dilu- 
tion of the tracer should be carried out as well. 

Once adequate isolation of the limb's vascular system (the per- 
fusion circuit) has been achieved as demonstrated by a stable sys- 
temic count rate, delivery of the desired pharmaceuticals is per- 
formed and the 90-min treatment period begins. During the treat- 
ment interval, monitoring of the systemic activity level is contin- 
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ued to verify that the isolation of the limb remains intact. Any sus- 
tained increases indicate a need for intervention to improve isola- 
tion either by adjusting perfusate flow rates to alter perfusion 
pressure relative to systemic pressure, or by further surgical dis- 
section. If the 10% leak threshold is reached prior to the comple- 
tion of the treatment period, treatment is terminated by a rapid 
flushing of the perfusate from the limb and restoration of systemic 
blood flow to the limb. A complete flush of the perfusion circuit 
can be completed within 3-7 min. Monitoring of the systemic ac- 
tivity level is continued until the perfusion circuit has been com- 
pletely flushed in order to check for leakage caused by the flush 
process. 

For validation of the external monitoring method, blood sam- 
ples were obtained from the systemic and perfusion circuits. Sam- 
ples were acquired at the start of the treatment period (0 rain) as 
well as at the 15-, 30-, 60-, and 90-min time points of the treat- 
ment period. Systemic samples were obtained from a venous line, 
while perfusate samples were drawn from the perfusion pump res- 
ervoir. If desired, systemic monitoring can continue during resto- 
ration of the limb to systemic blood flow for the purpose of 
checking for residual activity in the limb. In the patients treated in 
this study, no measurable increase in systemic activity was ob- 
served due to residual activity in the limb. Blood samples taken 
after flushing of the perfusion circuit further confirmed this find- 
ing. 

Isolated hepatic perfusion. Cases of cancer localized to particular 
organs can also be treated using essentially the same technique as 
used in limb perfusion. The equipment setup is identical but with 
a few procedural modifications. For example, in treatment of 
metastatic disease restricted to the liver, two perfusion circuits are 
established. The first is set up to perfuse the liver alone, while the 
second maintains systemic venous return around the interruption 
in circulation through the retrohepatic vena cava and portal vein. 
This second circuit contains a centrifugal perfusion pump which 
has a small in-line reservoir of approximately 40 ml at the site of 
the pump. Since monitoring the blood in the chambers of the heart 
would likely be compromised by scatter from the nearby liver per- 
fusion circuit, the external monitor is instead positioned over this 
reservoir of the perfusion pump for the venovenous bypass. 

Another procedural change involved in liver perfusion moni- 
toring relates to the amount of radioisotope delivered. Since a 
smaller volume of blood is monitored compared to the intracardi- 
ac volume, a larger amount of isotope is used to offset the loss in 
counts observed by the monitor. Instead of the 20- and 200-pCi 
13II doses used in limb perfusion, 40- and 400-pCi doses are used 
for liver perfusion. However, the additional activity only partially 
offsets the loss in count rate due to the lower blood volume in- 
volved in monitoring. Nevertheless, the resultant count rate is suf- 
ficient to discern reliably a leak from the isolated circuit to the 
systemic circuit of approximately 1%-2%, well within the maxi- 
mal leak of 10%. Sensitivity could be increased by using a differ- 
ent detector housing which would allow the detector to be posi- 
tioned much closer to the pump reservoir. That was not done in 
the present study due to equipment limitations. 

Results 

In the present  study, 54 l imb and 13 l iver  perfus ions  
have been  mon i to red  us ing the desc r ibed  technique.  A 
graph with the moni to r  read ings  at 5 -min  intervals  f rom 
a select  group of  pat ients  is shown in Fig.  3 with the re- 
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sultant leak estimates in Fig. 4. Of the limb perfusion 
patients monitored, all but one had total systemic leak of 
no more than 8% during the treatment period. This one 
patient, randomized to receive melphalan alone, had a 
calculated leak of 14% (curve number 1 in the figures). 
Because  the toxic i t ies  o f  me lpha lan  are much less seve re  
and more  ma na ge a b l e  i f  re leased  into the sys temic  circu-  
lat ion and the 10% leakage  rule for T N F  was not  ob- 
served,  t rea tment  was a l lowed to continue.  

A m o n g  the other  53 perfus ions ,  11 had net leaks  of  
4 % - 8 %  (s imi lar  to curves 2, 3, and 4 in the f igures),  17 
had net leaks o f  1 % - 3 % ,  and 25 had ei ther  no leak at all 
or negat ive  net leaks  (s imi lar  to curves 5, 6 and 7 in the 
figures).  Pat ients  wi th  leaks  greater  than 1% had h igher  
sys temic  levels o f  T N F  dur ing and after perfusion.  Also ,  
it was observed  c l in ica l ly  that those pat ients  wi th  l eak  
greater  than 1% requi red  vasopressor  suppor t  for hypo-  
tension,  whi le  those with leak  less than 1% did  not  [15]. 
On ly  one pat ient  wi thout  a d iscern ib le  leak  (by moni to r  
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Fig. 3. Typical readings obtained from the external monitor during 
regional isolated perfusion of a limb 
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Fig. 4. Leak estimates for monitor readings shown in Fig. 3 
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Fig. 5. Correlation between leak estimates from monitor readings 
and leak estimates from systemic blood serum counts for the 54 
limb perfusions. The solid line is the line of unity 

or by serum TNF levels) required vasopressor support. 
The etiology of this outcome was not determined. Nega- 
tive leaks may correspond to reverse leakage from the 
systemic circulation into the perfusion circuit as mani- 
fested by increases in reservoir volumes, dilutional ef- 
fects from volume replacement into the systemic vascu- 
lature during the perfusion, leakage of HSA out of the 
vascular space, limb or liver uptake of HSA, or in vivo 
deiodination. 

Leak estimates obtained from the monitor readings 
were correlated with those obtained from systemic blood 
samples which were taken at the 0-, 15-, 30-, 60~, and 
90 - • in  time points, placed on ice and then centrifuged 
to obtain serum. Leakage was estimated by using the 
counts obtained by a gamma counter from aliquots of se- 
ra. The total net leak estimates as obtained by the moni- 
tor are plotted against the serum estimates in Fig. 5. It 
can be seen from this graph that there is very good cor- 
relation between the two methods for leak estimation. It 
should be pointed out that the level of noise in this graph 
is predominantly due to variations in our sera sample 
volumes. In fact, 13 of the 270 time points from 54 limb 
datasets were excluded due to faulty samples. Other 
variations are likely in the remaining samples but sys- 
tematic accounting of these errors was not possible. One 
likely factor introducing variability into blood sampling 
is the possibility of incomplete mixing within the blood 
circuit. Blood samples are drawn from a relatively small 
volume compared to the total circuit volume. The exter- 
nal monitor, on the other hand, tests a much larger blood 
volume since it averages over the blood flowing through 
the heart in a 30-s time period. The monitor readings had 
a variability of about + 1 out of 25, introducing an error 
of about _+0.1% in the leak estimates. However, even 
with the level of variation in the blood sampling, the cor- 
relation graph would appear to indicate that the monitor 
leak estimates are within +_3.0% of the serum samples. 

The limb perfusion correlations were also evaluated 
for patient sex (male versus female), weight, and limb 
perfused (arm versus leg) to look for any possible distin- 
guishing trends. No significant differences were identi- 
fied. 

In addition to the limb perfusion patients, 13 hepatic 
perfusion patients treated with TNF were monitored. All 
cases except one had no leak at all or net negative leaks. 
The one case with leak had a net leak of 2%. As in the 
limb perfusions, the patient with leak greater than 1% re- 
quired vasopressor support for hypotension, while those 
with leak less than 1% did not. Systemic blood samples 
were taken at the 0-, 15-, 30-, and 60-min time points in 
the 6 0 - • i n  treatment period. Again, leakage was esti- 
mated using the blood serum counts as well as the moni- 
tor data, and correlations were calculated between the 
leak estimates. The limited number of patients prevented 
any definite conclusions about the correlations, but the 
general trend was similar to the limb data shown in Fig. 
5. The variability in the monitor data introduced approx- 
imately +0.2% variation in the leak estimates. 

Discussion 

In the present study, leaks which were observed to be 
greater than 2% demonstrated excellent correlation to 
the measured systemic blood sample data. Also, the ob- 
served occasional incidence of leaks approaching the 
10% maximum threshold for TNF demonstrated the 
need for continued use of external monitoring in these 
cases. One group performing regional isolation perfu- 
sion, although not with TNF, concluded that leakage 
monitoring was not necessary since they never observed 
leaks greater than 1.5% [17]. Our experience demon- 
strates that at least in the use of TNF it would be unwise 
to refrain from the use of leakage monitoring. Indeed, 
one perfusion case in this study (Fig. 6) demonstrated 
the need to continue monitoring until the limb/organ has 
been completely flushed. Throughout the treatment peri- 
od, isolation was excellent and no leak was observed. 
However, when the perfusionist began to flush the limb, 
a dramatic increase in systemic activity was observed. 
The limb flush was immediately terminated until it was 
found that inadequate venous outflow from the limb led 
to venous hypertension. Once venous outflow was cor- 
rected, the flush was resumed and no further leak was 
seen. 

Variability in the leak estimates for leaks of 2% or 
less may be the result of many factors. Incomplete mix- 
ing of isotope throughout the perfusion circuit, which is 
mechanically driven, may give slightly variable concen- 
trations over the entire volume of distribution (approxi- 
mately l 1). Also, there may be some extraction process- 
es (perhaps related to the hyperthermic warming of the 
limb, or a breaking down of the isotope labeling) which 
decrease the amount of circulating HSA over the dura- 
tion of the treatment period. Dilution of the perfusion 
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Fig. 6. Leak estimates observed for a case in which major leakage 
into the systemic circulation occurred during flush 

circuit may also occur due to reverse leakage from the 
systemic circulation into the perfusion circuit. Overall, 
reverse leakage has not been a major problem since it 
typically manifests itself by an increase in the volume of 
the perfusate in a reservoir in the circuit. Reverse leak- 
age from the systemic circulation into the perfusion cir- 
cuit can be countered by modifying the perfusion pump 
pressure, and thus the leakage can be minimized. 

To make a conservative accounting of effects due to 
extraction of HSA from the systemic circulation, thus in- 
creasing the apparent leakage into the systemic circula- 
tion, a linear estimate of extraction could be applied to 
the monitor data. For example, many of the patients in 
the current study demonstrated an apparent extraction 
rate of approximately 1.5% leak equivalent per hour. If it 
was postulated that all patients by some mechanism ex- 
tracted at this rate, then the observed leak could be in- 
creased at this rate to account for the extraction. Even 
with this conservative estimate, only one additional pa- 
tient involved in this study would have approached the 
10% maximum threshold. If reverse leakage remains 
problematic, it could be monitored separately by using 
13q-HSA for the perfusion circuit and technetium-99m 
HSA for the systemic circulation, generating two separa- 
ble signals for simultaneous monitoring. 

An alternative to the use of ~3q-HSA with its related 
waste disposal radiation safety issues may be found in 
the use of 99Tc-labeled red blood cells (RBCs), or in the 
use of 99mTc-HNA. The short half-life of 99mTc (6 h) and 
the low energy of the emission photons (140 keV) com- 
bine to give radiation safety advantages. On the other 
hand, the short half-life introduces the requirement to 
actively correct the monitor data for decay throughout 
the 60- to 90-rain treatment period. Also, the low-energy 
photons are more subject to attenuation by the patient, 
thus reducing the counting efficiency and further press- 
ing the need for more activity to obtain adequate signal 
offset. 
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Consideration was given in the present study to the 
use of 99mTc-HSA but there remained unanswered ques- 
tions about the relative stability of isotope labeling over 
the duration of the treatment period. On the other hand, 
99mTc-HSA has been considered useful for external 
monitoring by other groups [18]. The use of 99mTc-la- 
beled RBCs continues to be evaluated [10]. 

In order to perform simultaneous multi-isotope moni- 
toring (e.g., in using a second isotope to track reverse 
leakage) an alternative equipment setup would require 
either two distinct amplifier/single-channel analyzer cir- 
cuits, or a single amplifier coupled with a multichannel 
analyzer. Also, the data acquired by any of the systems 
described could be routed to computer rather than or in 
conjunction with analog strip-chart output by using the 
appropriate multichannel buffer units or computer-driven 
multichannel analyzer systems. 

In conclusion, it has been demonstrated that continu- 
ous monitoring of leakage during isolated regional per- 
fusion using TNF can be adequately performed to allow 
a 10% maximum leakage to be observed and avoided. 
Leaks of 1% or less demonstrate variable sensitivity to 
monitoring while leaks of a more significant level (3% 
and higher) can be detected very reliably. The method is 
amenable to modification to allow multi-isotope moni- 
toring as well as the use of alternative tracers, such as 
99mTc-labeled RBCs or 99mTc-HSA. 
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