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   Abstract  

  Isolated perfusion is a treatment option when 
metastases are located on a limb and they are too 
numerous or when they recur too  frequently for 

excision, even in the presence of distant metasta-
ses. Isolated limb perfusion enables treatment of 
an entire extremity with drugs without exposing 
the rest of the body to the medication. In the iso-
lated limb, drug concentrations of up to 20 times 
the level that would be tolerated in the rest of the 
body may be reached. Perfusion provides the 
opportunity to treat not only the lesions that are 
evident but also occult lesions that could become 
evident later. Continuous monitoring can detect 
systemic leakage at an early stage. This is needed 
in situations when systemic leakage is known to 
occur and when tumor necrosis factor is admin-
istered. The detection of systemic leakage was 
classically performed by measurement of radio-
tracer concentrations in blood samples from the 
perfusate and systemic circulation. Radioguided 
monitoring of potential systemic leakage has 
been accomplished by using a precordial scintil-
lation detector, a handheld gamma ray probe, or 
a mobile small fi eld-of-view gamma camera in 
the operating room.  

23.1         Introduction 

 The biology of melanoma has particular features 
that are not found in other types of cancer. Satellite 
and in-transit dissemination are typical of this dis-
ease and occur in a small percentage of the 
patients. These metastases originate from tumor 
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cells that are caught in lymph vessels in the skin 
or in the subcutaneous tissues. Such metastases 
are typically excised, but they often recur in larger 
numbers (Fig.  23.1 ). Isolated perfusion is a well-
established treatment option when such metasta-
ses are located on a limb and they are too numerous 
or when they recur too frequently for excision, 
even in the presence of distant metastases. A 
range of other options is available for inoperable 
in-transit disease, like intralesional injection with 
BCG, Rose Bengal, or T-VEC. Options for cuta-
neous lesions are topical application of dinitro-
chlorobenzene, diphencyprone, or monobenzone 
and imiquimod. Other options are diathermy, 
cryotherapy, carbon dioxide laser ablation, elec-
trochemotherapy, and radiotherapy. New effective 
systemic drugs may provide another option. With 
all these alternatives available, amputation is 
rarely performed these days in patients with 
locally or regionally advanced melanoma [ 1 ,  2 ].

23.2        Defi nitions and Prognosis 

 The nomenclature used for recurrences in mela-
noma can be confusing because terms such as 
locoregional recurrence, satellitosis, and in- transit 
disease have all been used with varying defi nitions 

and intentions. Local recurrence is preferably 
defi ned as the regrowth of the primary melanoma 
in the excision scar or graft [ 3 ,  4 ]. 

 The most recent American Joint Committee on 
Cancer (AJCC) and Union International Contre le 
Cancer (UICC) staging system for melanoma 
defi ne in-transit metastases as any skin or subcu-
taneous metastases that are more than 2 cm from 
the primary lesion but are not beyond the regional 
nodal basin. Satellite metastases are defi ned as 
cutaneous or subcutaneous metastases occurring 
within 2 cm of the primary melanoma. The stag-
ing classifi cation does not differentiate between 
in-transit lesions and satellitosis in the assignment 
of stage, both being designated as N2 disease, or 
N3 if regional nodes are also involved [ 5 ,  6 ]. 

 Satellites and in-transit metastases are associ-
ated with a 5-year survival rate of 69 % and a 
10-year survival rate of 52 %. These numbers are 
somewhat better than the 59 % 5-year and 43 % 
10-year survival for stage IIIB patients overall [ 7 ].  

23.3     Isolated Limb Perfusion 

 Isolated limb perfusion enables treatment of an 
entire extremity with systemic drugs without 
exposing the rest of the body to the medication. 

  Fig. 23.1    Multiple in-transit cutaneous metastases in a left lower limb of a patient who had a primary melanoma 
located on left heel       
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Isolating the limb from the main circulation and 
creating a separate blood circuit accomplish this 
goal. The rationale is that melanoma is sensitive 
to chemotherapy, but requires a higher dose than 
is customary in other types of cancer. In the iso-
lated limb, drug concentrations of up to 20 times 
the level that would be tolerated in the rest of the 
body may be reached. Perfusion provides the 
opportunity to treat not only the lesions that are 
evident but also occult lesions that could become 
evident later. 

 An 80 % response rate is accomplished with 
perfusion with a complete response rate of 
54 % [ 8 ]. Approximately half of the patients 
with a complete response recur in the perfused 
limb after a median interval of 6 months. In 
70 % of these patients, such recurrences can be 
managed by simple local treatment modalities 
like excision, or laser ablation, or radiotherapy. 
The 10-year survival rate in patients with a 
complete response is 49 % [ 9 ]. Repeat perfu-
sion can be considered for patients who recur 
following an initial response and is often effec-
tive [ 10 ]. Long- term survivors have a better 
quality of life than comparable control individ-
uals [ 11 ,  12 ]. 

 Melphalan is the standard drug for isolated 
limb perfusion. The addition of tumor necrosis 
factor (TNF)-α to the perfusate results in tumor 
vasculature destruction, increased cytotoxicity, 
and modulation of the immune response. TNF-α 
augments the response rate, but can cause seri-
ous morbidity when substantial leakage occurs 
[ 13 – 15 ]. 

 Systemic toxicity can be avoided by adequate 
isolation of the limb. For this purpose, a tourni-
quet around the base of the limb is used and is 
combined with ligation of collateral vessels. 
Systemic leakage can be limited by avoiding a 
high fl ow rate of perfusion and limiting the 
venous pressure. Continuous monitoring can 
detect systemic leakage at an early stage. This 
is needed in situations when systemic leakage is 
known to occur and when high dose TNF-α is 
administered. 

 The aim of this chapter is to describe the 
current options for intraoperative radioguided 
monitoring of systemic leakage during isolated 
limb perfusion.  

23.4     Description of Perfusion 
Technique 

 Isolated limb perfusion requires a multidisci-
plinary effort by the surgeon, the perfusionist, 
the nuclear medicine physician, and the oper-
ating room team. A detailed description of the 
technique can be found elsewhere [ 16 ]. There 
is variation in the perfusion technique between 
institutions. A summary of our protocol at 
Hospital Clinic of Barcelona is described 
here. 

 General anesthesia is used. Perfusion can be 
performed in the lower limb at the level of the 
external iliac vessels, at the femoral level, or 
the popliteal level and in the upper limb at the 
 axillary or brachial level. A tourniquet, for sub-
sequent compression, is placed at the base of the 
limb under sterile conditions. After disinfection 
of the entire limb, an arterial line is inserted in 
the dorsal pedal (or radial) artery to assess the 
mean arterial pressure, refl ecting the perfusion 
pressure. Subsequently, the main artery and vein 
are dissected at the base of the limb. Collateral 
vessels are ligated to prevent leakage to and from 
the systemic circulation. Arteriotomy and venot-
omy are performed and cannulae are inserted 
and connected to the perfusion circuit lines 
(Fig.  23.2 ). The blood draining from the venous 
cannula is propelled by a pump through an oxy-
genator and a heat exchanger and reintroduced 
via the arterial cannula, with a pressure lower 
than the mean systemic arterial pressure. 

  Fig. 23.2    Both common femoral vessels are cannulated 
and connected to perfusion pump       
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Isolation of the limb is fi nalized by wrapping a 
rubber bandage or infl atable tourniquet around 
its root to compress the smaller vessels in the 
muscles and subcutaneous tissue. Thermal 
probes are inserted into the subcutaneous tissue 
and a muscle compartment to monitor the 
temperature.

   For leakage monitoring, a small dose of a 
radiopharmaceutical like  99m Tc‐labeled serum 
human albumin (i.e., Vasculocis  ® ) is added to 
the perfusion circuit. Leakage of this tracer into 
the systemic circulation is continuously moni-
tored by a gamma ray detector (gamma camera) 
placed over the heart. After establishing the 
absence of venous blood leakage to the main cir-
culation, the perfusion of cytostatic drugs (mel-
phalan 1.50 mg/kg – TNF-alpha 3 mg for the arm 
and 4 mg/kg for the leg) is initiated. At the end of 
the perfusion, the limb is washed out with 1 l 
(arm) to 4 l (iliac perfusion) of physiological 
saline solution, the tourniquet is released, and all 
the blood from the venous line is drained. 
Subsequently, all vascular cannulae are removed 
and the arteriotomy and venotomy are closed 
with vascular suture material.  

23.5     Systemic Leakage Monitoring 

 Originally, the detection of systemic leakage was 
performed by measurement of radiotracer con-
centrations in blood samples from the perfusate 
and systemic circulation with intervals of several 
minutes. The different volumes involved in the 
procedure of extracorporeal perfusion are total 
blood volume (Vt) as the sum of systemic blood 
volume (Vs) and the blood volume of the per-
fused extremity (Ve). 

 For extracorporeal circulation (Vc), the over-
all volume consists of Ve plus the volume of the 
pump oxygenator with the connecting tubes (Vo). 

 Usually, the value for Vo is known. Vt can be 
extracted from medical tables and Ve values are 
estimated to be 5 % of the Vt for the upper limbs 
and 10 % for the lower limbs. For a more exact 
determination of Vt, Ve, or Vc, it is important to 
do a dilution analysis. Thus, a known quantity of 
a blood pool tracer in a known volume must be 
injected into an unknown volume. After a mixing 

period, a blood sample is drawn from the unknown 
volume and the concentration is measured. 

 Human serum albumin (HSA) tagged with a 
radioactive tracer is one of the radiopharmaceuti-
cals that can be administered to measure this 
potential leakage. HSA labeled with  125 I or  131 I 
(half-life 60 and 8 days, respectively) was used 
for this purpose in the past. Thyroid uptake of the 
radioiodine released after HSA catabolism should 
be prevented with potassium iodide or sodium 
perchlorate given 1 or 2 days before the proce-
dure, and these should be continued for 1 or 
2 weeks. HSA is also available for labeling with 
 99m Tc-pertechnetate and this isotope is currently 
used. The labeling effi ciency should be greater 
than 90 %. 

 When radioactive blood pool indicators are 
used, their presence is expressed in counts per 
minute (cpm). The count rate is proportional to 
the concentration of the indicator. Thus, systemic 
leakage is calculated as the quotient of the differ-
ence between tracer concentration in the systemic 
circulation at the beginning and at the end of one 
perfusion time frame and the total amount of 
tracer in the perfusion circulation at the begin-
ning of that interval.  

23.6     Radioguided Monitoring 

 Intraoperative radioguided monitoring of sys-
temic leakage during isolated limb perfusion sur-
gery is well described in the literature [ 17 – 28 ], 
and can be performed using a precordial scintilla-
tion detector, a handheld gamma ray probe, or a 
mobile small fi eld-of-view gamma camera in the 
operating room. During perfusion, this device is 
positioned in the precordial region to acquire the 
background count rate from the blood pool within 
the heart. A small amount of radiopharmaceutical 
is injected into systemic circulation to calibrate 
the system before monitoring. Subsequently, a 
larger dose (usually ten times greater) of the same 
tracer is added to the perfusion circuit. The back-
ground count rate over the heart is nearly propor-
tional to the activity in the systemic circulation, 
and the latter can thus be monitored continuously. 
A rapid calculation of leakage is possible at any 
time. 
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 The basic principles of this radioguided tech-
nique were described by Stehlin et al. using a 
single, large, overhead-mounted scintillation 
detector that displayed continuous tracing 
results in cpm, on a rectilinear recorder for 
detecting  131 I-HSA [ 17 ]. This same principle 
using a more modern handheld gamma detec-
tion probe system was later described by Sardi 
et al. [ 18 ]. The system described by Sardi et al. 
[ 18 ] consisted of two handheld gamma ray 
detectors, one positioned over the precordial 
area and one positioned over the distal aspect of 
the thigh. Each patient received nearly 30 MBq 
of  99m Tc- pentetate through the volume of perfu-
sion pump. The percentage of leakage was cal-
culated by a simultaneous reading of the two 
gamma ray detection probes at 1-min intervals. 
Identical percentages of leakage were detected 
when this approach was compared to a method 
of intermittent simultaneous blood sampling 
from the perfusate and systemic circulations at 
intervals of several minutes. In contrast to the 
intermittent (i.e., every 15 min) blood sampling 
from the perfusate and systemic circulations, 
the minute-by-minute monitoring of the two 
handheld gamma probe system allowed for a 
real-time indication of any fl uctuations in the 
percentage of leakage. 

 Since then, variations of the radioguided 
systemic leakage monitoring technique have 
been described [ 19 – 28 ]. For example, Manner 
et al. described the use of a two-probe system 
(precordial region and thigh) with 18.5 MBq of 
 111 In-labeled red blood cells added to the per-
fusate [ 19 ]. Sprenger et al. used a three-probe 
system (precordial, thigh, and perfusate circuit) 
with low dose (0.15 MBq) of  111 In-labeled red 
blood cells injected into the systemic circula-
tion to establish a minimum baseline reference 
activity within the systemic circulation. A sub-
sequent high dose (12 MBq) of  111 In-labeled red 
blood cells was injected into the perfusate [ 20 ]. 
Barker et al. used a one-probe precordial sys-
tem with a low dose (0.74 MBq) of  131 I-labeled 
human serum albumin injected into the sys-
temic circulation and a subsequent tenfold 
higher dose (7.4 MBq) of  131 I-HSA injected into 
the perfusate circulation [ 21 ]. Van Ginkel et al. 

described the use of a precordial one-probe sys-
tem and a combination of two radionuclides. 
They administered a low dose (0.5 MBq) of 
 131 I-HSA and 10 MBq of  99m Tc- HSA into the 
systemic circulation and a subsequent tenfold 
higher dose (5 MBq) of  131 I-HSA injected into 
the perfusion circuit [ 22 ]. 

 All these classic real-time leakage determina-
tion methods displayed continuous tracing 
results on a rectilinear recorder. The percentage 
of leakage was manually calculated every min-
ute, making this procedure tedious and increas-
ing the possibility of mistakes. Also, the 
intraoperative equipment (detector + recorder) 
used to perform this procedure was bulky 
(Fig.  23.3 ). In order to overcome some draw-
backs associated with the properties of  131 I, a 
procedure based on HSA labeled with  99m Tc in 
combination with a  handheld gamma ray detec-
tion probe was developed. Sandrock et al. used a 
portable gamma probe with digital display and 
investigated the physical properties in a phantom 
study simulating blood pool activity at different 
angles of the probe to the surface and at different 
distances. In twenty patients, the limb circula-
tion was surgically separated from the systemic 
blood circulation, and the limb was then selec-
tively perfused for 1 h. Initially, 15 MBq  99m Tc-
labeled autologous red blood cells were injected 
into the limb circulation, and an equal amount 
was kept as a standard. Every 10 min, blood 
samples were drawn from the body circulation 
and count rates were simultaneously measured 
using the probe system in the precordial area. All 
blood samples were counted for calculation of 
leakage in terms of percent of the injected dose, 
and the results were compared with the intraop-
erative count rates of the probe system. They 
found a high correlation between the two tech-
niques ( r  = 0.92) [ 23 ].

   Lately, Casara et al. advocated a precordial 
one-probe system following well-defi ned steps. 
Firstly, 48–72 h before perfusion, a  99m Tc-HSA 
dose corresponding to 10 % of the dose calculated 
for perfusion (i.e., 0.05 MBq/kg body weight) was 
administered to the patient. The maximum count-
rate zone detected on the precordial area was 
marked on patient’s skin. During the perfusion 
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procedure, a  99m Tc-HSA dose of 0.5 MBq/kg body 
weight was injected into the perfusion circuit 
before TNF-α administration. A handheld gamma 
probe, usually employed in sentinel lymph node 
procedure, was placed over the precordial area in 
the zone premarked during the simulation test. A 
60-min time-activity curve corresponding to the 
circulating  99m Tc-HSA radioactivity effective 
decay was calculated to compensate for the leak-
age systemic counting observed during perfusion. 

 A good correlation was found ( R  2  = 0.965, 
 P  < 0.01) when the results of handheld gamma 
probe monitoring were compared with the results 
of patient blood and perfusion circuit samples 
taken simultaneously every 5 min. So, this 
approach appeared to be technically simple and 
accurate enough for the real-time monitoring of 
perfusion leakage [ 24 ,  25 ]. 

 Orero et al. developed a method using a 
 portable gamma camera (Sentinella S102 
(ONCOVISION, Valencia, Spain)), specially 
designed for intraoperative use [ 26 ]. This device 
is a compact scintillation camera with a CsI (Na) 
crystal optically coupled to a fl at panel-type 

position- sensitive photomultiplier tube [ 27 ]. A 
USB port connects the camera to a computer. The 
gamma camera is mounted on a lightweight sup-
port to facilitate transport to the operating theater 
(Fig.  23.4 ). A parallel multi-hole collimator was 
developed because monitoring of tracer activity 
requires a higher sensitivity than can be provided 
by a pinhole collimator (Fig.  23.5 ). Software to 
acquire the data needed to detect leakage from 
the perfusion limb to the systemic circulation was 
designed. This program measures activity data in 
the precordial region at 30-s intervals throughout 
the procedure. The basal activity in this region is 
measured after the radiotracer measurements in 
both circuits have reached a steady state and 
before the drug is administered. Knowing the 
injected activity in the body  A  b , in the isolated 
extremity  A  e , and the measured basal counts  B , a 
detection increase Δ corresponds to a certain 
leakage  L . An approximate value for the leakage, 
 L   a  , can be obtained by using the formula:

    
L

A

A Ba
b

e

%( ) = ⋅ ⋅100
Δ

   

  Fig. 23.3    Bulky external 
detectors used for systemic 
leakage monitoring during 
perfusion       
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  Fig. 23.4    First device used for radioguided monitoring 
of systemic leakage in our center. The portable gamma 
camera mounted on an articulated arm connected to a lap-

top ( a ). The gamma camera is placed over precordial area 
of patient for continuously radiotracer activity reading ( b )       

  Fig. 23.5    Current device used for ILP. The supporting arm belongs to the new design of portable gamma camera 
(Sentinella S102). The collimator used is a self-built parallel multi-hole collimator       
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Orero et al. [ 27 ] concluded from their pilot work 
that the monitoring system could give reliable 
values for the leakage. Using this approach, the 
percentage of blood leakage to the systemic vas-
cular territory is calculated and displayed on the 
computer screen for the duration of the procedure 
(Figs.  23.6 ,  23.7 , and  23.8 ). The initial experi-
ence was obtained in sixteen melanoma patients 
in whom the percentage of leakage ranged from 
0.5 to 8 % (mean = 3.1 %).

     Our group has performed 45 perfusions with 
this radioguided system. The median leakage 
percentage demonstrated was 3.5 % (range 
0–10 %). During the immediate postoperative 
period (1–7 days after the operation), there 
were two vascular complications. Fourteen 
patients presented bone marrow toxicity (eight 
leukopenia and six thrombocytopenia) that was 
successfully managed using colony-stimulating 

factor. Complete regional response was achieved 
in 50 % of cases, with a nearly 30 % of the 
remaining patients showing partial response 
(unpublished data, Ramon Rull, 2014).  

23.7     Concluding Remarks 

 Despite a plethora of innovative therapeutic 
options, isolated limb perfusion remains a rea-
sonable option for patients with extensive or 
bulky disease in a limb. The complete response 
rate is 54 % and the response is durable in half of 
them. Given the nature and dose of the drugs that 
are used in the perfusion circuit, monitoring of 
systemic leakage is of utmost importance. 
Throughout the years, different approaches have 
been used for this purpose. The current standard 
technique involves radiotracers and continuous 

  Fig. 23.6    Example of software developed for monitoring 
systemic leakage. The  upper row  shows tracer activity (in 
counts). The  lower row  depicts the percentage of systemic 
activity variation from the baseline readings as histo-

grams. This example is of a patient with a stable count rate 
during radiotracer injection (TNF-alpha administration 
and melphalan perfusion)       
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  Fig. 23.7    Same patient as in Fig.  23.6  with a more prolonged monitoring (after 30 min of melphalan perfusion). 
Systemic leakage was maintained below 5 % with minimal peaks of systemic leakage higher than this value       

  Fig. 23.8    Example of a progressive and maintained sys-
temic leakage (<10 %) during the entire perfusion proce-
dure. The surgical team did not terminate the perfusion 

prematurely. No serious systemic complications were 
noted. A partial response of her regional illness was sub-
sequently achieved       
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monitoring. The new detection devices used in 
other fi elds of radioguided surgery (e.g., sentinel 
lymph node localization) have replaced traditional 
approaches based on blood samples or bulky 
detectors. Within this framework, several technical 
variations all appear to have good results.     
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