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(57) ABSTRACT 

Apparatuses for use in Whole body hypothermia include a 
high-?ow hyperthermia circuit coupled to a loW-?oW dialy 
sis circuit in a manner Which reduces tensioning of mem 
branes in the dialyZer of the dialysis circuit. The arrange 
ment thereby alloWs proper membrane movement to assist in 
mixing a sorbent suspension circulated on the sorbent side of 
the dialyZer. Additional dialysis apparatuses include advan 
tageous disposable packs including the dialyZer, sorbent heat 
exchangers arranged to cooperate With heating elements on 
base units of the apparatuses, and adaptations for very high 
?oW rates useful in the hyperthermic treatment of cancers. 
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APPARATUSES AND PROCESSES FOR 
WHOLE-BODY HYPERTHERMIA 

FIELD OF THE INVENTION 

[0001] The present invention relates to a specialized 
device for Whole-body hyperthermia, including extracorpo 
real blood heating and dialysis. 

BACKGROUND OF THE INVENTION 

[0002] Whole body hyperthermia (WBHT) as a treatment 
for neoplasms has been carefully studied and applied since 
the 1960’s (3,4,27). Prior to that period there Were multiple 
reports of .tumor regression coincident With induced fever. 
Biochemical studies of the effects of hyperthermia have 
indicated that temperatures greater than 41° C. induce necro 
sis of some types of tumor (3,5). In the body, there are 
additional physiologic effects by Which hyperthermia 
induces tumor necrosis. In both normal and tumorous tissue, 
hyperthermia causes an initial vasodilation of blood vessels 
With a resulting increase in blood ?oW. Then, there is a 
decrease in blood ?oW due to autoregulation and vasocon 
striction Tumor tissues have less vascular reactivity to 
autoregulate blood ?oW, and are therefore more prone than 
normal tissues to the effects of high temperature during 
either local hyperthermia or WBHT 

[0003] It is noW generally accepted that hyperthermia is a 
useful therapy in treatment of cancers, and regional hyper 
thermia for accessible tumors is used in every major cancer 
therapy center in the US. Regional hyperthermia is a 
valuable adjunct to radiation and chemotherapy, because it 
carries loW risk, has feW side effects, and often exerts its best 
effects in patients Whose lesions are unresponsive to radia 
tion or chemotherapy In metastatic solid tissue tumors, 
WBHT is used more than regional hyperthermia, since it is 
dif?cult to apply regional therapy to lesions in the abdomen 
or chest. Even in patients Who have failed radiation or 
chemotherapy, there is a partial remission of the tumors in 
about half of the patients, and complete remission in a feW 
patients. These results are similar to those obtained With 
many drugs; hoWever, With drug therapy of cancer, the 
incidence of side-effects is approximately 100%. Though 
there are some side-effects of WBHT, most of them are 
short-lived and not serious. 

[0004] Kaposi’s sarcoma (KS) is the most common neo 
plasm of patients With AIDS, being seen primarily in the 
male homosexual AIDS population Unlike the classical 
KS, the AIDS-related form is often aggressive, presenting 
With multiple, large cutaneous tumors and early visceral 
dissemination. The etiology of KS in these patients is 
uncertain. Cytomegalic viral infections, other sexually trans 
mitted organisms, volatile nitrate inhalation, oncogenes, 
hormones and HLA type have all been suggested as possible 
co-factors. KS is currently reported as the primary diagnosis 
in 13% of hospital admissions of all AIDS patients (9) and 
the dis?guring disease accounts for substantial morbidity. 

[0005] Of all tumors, KS seems to be the most sensitive to 
systemic hyperthermia. In a 1985 survey of 21 patients 
treated With hyperthermia for cancer, the only patient With 
complete remission Was one With KS (10). According to the 
investigators, this patient is the only one of the 21 treated 
Who is still alive; the KS lesions have not recurred. A case 
report in 1990 indicated dramatic resolution of KS lesions 
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during and shortly after a single WBHT treatment (11). 
These lesions had not recurred one year later (12) nor three 
years later. Numerous patients With HIV and Kaposi’s 
sarcoma have been treated by WBHT. Most of the patients 
had remission of Kaposi’s lesions and diminished evidence 
of HIV for 4 months (120 days) after treatment (29). 

[0006] Hyperthermia also helps to resolve many bacterial 
infections. The fever response in mammals evolved speci? 
cally for this reason, and bene?cial effects of fever in 
survival of animals after gram negative blood infection has 
been reported (13). Hyperthermia also has a bene?cial effect 
in resolution of many viral infections. Hornback and co 
Workers have studied infection of mice by Friend virus 
complex, a retrovirus complex similar to HIV Which causes 
a uniformly fatal erythroleukemia in mice, With devastating 
effects on T-cells and natural killer cells similar to those of 
HIV. This disease can be partially controlled by WBHT at 
40° C. (once Weekly for 2 Weeks). Mice receiving WBHT 
after injection With Friend virus lived tWice as long as 
untreated controls, and longer than those treated With 
cyclosporin alone (14,15). Natural killer cell function is also 
increased by the WBHT therapy versus controls (14,15). 

[0007] The HIV virus is someWhat heat sensitive. McDou 
gal, et al. incubated HIV at temperatures ranging from 37° 
to 60° and found the log kill folloWed ?rst order kinetics 
(16). In the natural liquid state, HIV Was 40% inactivated 
after 30 minutes at 42° C., and 100% inactivated at 56° C. 
(17). Importantly, HIV-infected lymphocytes are very effec 
tively killed by 42° C. temperature. Since only a small 
portion of lymphocytes are HIV infected, this means that the 
surviving cells Will be free to perform their usual immuno 
logic functions, unimpeded by HIV. Even if some HIV 
infected lymphocytes do survive, they have a change in 
surface antigens to alloW recognition by the immune system. 

[0008] The bene?cial effects of a single WBHT in treat 
ment of HIV and Kaposi’s sarcoma are no longer a theo 
retical possibility but a demonstrated reality. One study 
indicates that of 31 patients With HIV and Kaposi’s sarcoma 
treated With WBHT, 70% had complete or partial regression 
of Kaposi’s sarcoma lesions and these patients had an 
increase of CD4 counts for an average of 120 days. Aden 
opathy and oral leukoplakia resolved in all patients. The 
treatment Was most effective When the pre-treatment CD4 
count Was over 50/mm3. In no patient Was HIV activity 
stimulated by WBHT, as determined by many antigen mark 
ers (29). 

[0009] An article by Milton B. Yatvin, PhD, indicates that 
“the initial effect of hyperthermia on cells is mediated via the 
heat-induced disorganiZation of membrane lipids” (28). This 
effect Was further de?ned in later studies (18,19). Yatvin also 
described a variety of simple compounds Which have ?uid 
iZing effects on lipid bilayer membranes similar to heat, and 
exert antiviral effects on HIV and other viral infections 
(including ethanol, anesthetics, AL721, adamantane, and a 
common food additive called butylated hydroxytoluene or 
BHT) (18). In later Work, Yatvin suggested that the effects 
of heat on virally-loaded cells Was enhanced by ?uidiZing 
chemical agents (27,18). These articles demonstrate that 
WBHT should have positive effects on HIV infection, and 
that these effects can be improved by addition of some 
simple chemicals during or before WBHT. 

[0010] There are many methods for inducing WBHT 
including paraf?n Wax baths, radiant heat chambers, micro 
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Wave heat chambers, Water blankets, and extracorporeal 
blood heating. These methods have been used mostly in 
treatment of patients With far-advanced metastatic cancer. 
Even in these frail patients, core temperature can be main 
tained at 42° C. for one to tWo hours Without untoWard 
effects on cardiovascular, renal, or liver function, though 
there usually is elevation of serum transaminases, creatinine 
phosphokinase, and lactate dehydrogenase Three 
instances of mild neurologic damage Were noted in Parks’ 
patients in association With hypophosphatemia during treat 
ment, but no signi?cant problems occurred once phosphate 
levels Were maintained (20). Larkin also reported tWo deaths 
in patients receiving WBHT at 41.5 to 42° C. for 11/2 to 2 
hours; hoWever, these patients had massive tumors in the 
liver, and by-products of tumor necrosis contributed to the 
death of these patients (21). In revieW of prior studies 
Yatvin, StoWell and Steinhart found only 6 deaths in 275 
hyperthermic treatments of debilitated patients With carci 
noma, representing a mortality of only 2% (27). 

[0011] Extracorporeal WBH is usually accomplished 
using a relatively simplistic circuit containing only a blood 
pump and a heat exchanger to heat the blood (22). The blood 
?oW rate through the extracorporeal system has been high, 
at 2-3 liters per minute. During this procedure, and other 
WBH techniques, the patient is Warmed to a core tempera 
ture of 41.5° to 42° C. for tWo hours or more. Sedation is 
required and often general anesthesia and intubation is 
performed (22). In the mildly sedated patient, the brain stem 
responds With hyperventilation, to increase. heat loss. Blood 
alkalosis results, leading to decreases in potassium, calcium, 
phosphate, and magnesium (as these substances transfer into 
cells or bone) (23). In a generally anesthetiZed patient on 
mechanical ventilation, normal ventilation can be provided. 
HoWever, the increased body metabolic rate and centraliZa 
tion of blood ?oW leads to acidosis, With increases in 
potassium, calcium, phosphate and magnesium (24). Fre 
quent blood chemistries must be measured during the treat 
ment, so that these changes in blood chemistries can be 
corrected by intravenous infusion of various electrolytes. 
FolloWing WBH, there is often a persisting de?ciency in 
potassium, calcium, and phosphate unless these have been 
aggressively replaced during the treatment. Often, there is 
moderate damage to liver, muscles, and kidneys during the 
treatment, demonstrated by changes in enZyme and toxin 
levels in the blood (23,25,26). 

[0012] Clinically recogniZable complications of hyper 
thermia depend to some degree upon the method of admin 
istration, Whether by direct skin contact, radiant heat, or 
heating of the blood, and on the core temperature obtained 
and length of exposure. Skin burns With hyperthermia gen 
erally occur only When created by skin contact or radiant 
heat. Studies in cancer patients have shoWn a signi?cant 
incidence of fatigue, peripheral neuropathy, vomiting, diar 
rhea, and arrhythmias. HoWever, these occurred mostly in 
severely debilitated patients With Karnofsky Scores less than 
50% (1,2). 

[0013] In treatment of patients With HIV and Kaposi’s 
sarcoma, hyperthermia also is relatively safe. In a study of 
31 patients With HIV and Kaposi’s sarcoma treated by 
extracorporeal WBHT With a relatively loW blood ?oW rate 
of 300-400 ml/min (29), there Was no signi?cant morbidity 
associated With the treatment, though tWo patients had 
intravascular coagulopathy (Without signs of bleeding) and 
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several patients had pressure point skin damage. There Were 
tWo patient deaths Within 120 days of the procedure, one 
from intracerebral bleed due to a pre-existing intracerebral 
Berry aneurysm (a rare condition) and one from pulmonary 
edema and cardiac arrhythmia folloWing overly aggressive 
?uid therapy (in a patient Who had pre-existing pulmonary 
disease). The overall mortality of this study Was only 7%; 
the mortality rate Would have been Zero if patients With 
abnormal pulmonary status had been excluded from the 
study, and if the patient With the very rare cerebral vascular 
condition had not been treated. 

[0014] Among the knoWn protocols for extracorporeal 
heating of blood, various dif?culties persist, including 
elevated serum transaminases and bilirubin, instances of 
neurologic damage associated With serum hypophos 
phatemia, risk due to abnormal pH or to abnormal sodium, 
sodium bicarbonate or potassium levels, and possible death 
from massive tumor necrosis. Previously attempted treat 
ments of human-immunode?ciency virus With hyperthermia 
have included only relatively minor measures to maintain 
normal blood physiology (the sodium bicarbonate addition 
of Davidner et al., for example). A need therefore remains 
for a more reliable, simpler and more comprehensive extra 
corporeal hyperthermia treatment, and an apparatus for 
performing such treatment, in Which unWanted side effects 
are reduced or eliminated altogether. The present invention 
addresses this need. 

SUMMARY OF THE INVENTION 

[0015] One preferred embodiment of the invention pro 
vides a method for performing Whole body hyperthermia on 
a patient. The method includes circulating blood of the 
patient through a high-?oW hyperthermia circuit at a rate of 
at least 1500 ml/min, the hyperthermia circuit including a 
blood access line for draWing blood from a patient, a pump, 
a heat exchanger for heating the blood to a temperature of at 
least 40° C., and a blood return line for returning the blood 
to the patient after heating in the heat exchanger. The method 
also includes diverting a portion of the blood circulating in 
the high-?oW hyperthermia circuit to a loW-?oW dialysis 
circuit, and circulating the blood in the loW-?oW dialysis 
circuit at a rate of 200 to 800 ml/min. The loW-?oW dialysis 
circuit includes: 

[0016] a blood in?oW line having a ?rst end con 
nected to the hyperthermia circuit, for diverting 
blood into the dialysis circuit from the hyperthermia 
circuit; 

[0017] a dialyZer having a blood side and a sorbent 
side separated by dialysis membranes, the mem 
branes being compliantly formed; 

[0018] means for applying alternating negative 
pressure and positive pressure on the sorbent side 
of the dialyZer; 

[0019] a blood inlet to the blood side of the dia 
lyZer, a second end of the blood in?oW line being 
connected to the blood inlet; 

[0020] a blood outlet from the blood side of the 
dialyZer; 

[0021] a blood out?oW line having a ?rst end con 
nected to the blood outlet, and a second end con 
nected to the hyperthermia circuit; 
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[0022] a sorbent circuit for circulating a sorbent 
suspension through the sorbent side of the dia 
lyZer. 

[0023] Further, during operation of the high-?oW hyper 
thermia circuit and the loW-?oW dialysis circuit, the dialyZer 
membranes expand and compress in response to the alter 
nating negative pressure and positive pressure on the sorbent 
side of the dialyZer, so as to circulate and agitate a sorbent 
suspension in the sorbent side Whereby effective mixing of 
the sorbent suspension is maintained. In more preferred 
forms, the method also includes heating the sorbent suspen 
sion in a heat exchanger, so as to decrease the transfer of heat 
from the blood to the sorbent suspension. In addition, the 
blood in?oW line is preferably connected to the high-?oW 
hyperthermia circuit at a location doWnstream of the blood 
out?oW line, for example advantageously occurring on 
opposed sides of the pump of the hyperthermia circuit. 

[0024] In another embodiment, the invention provides an 
apparatus for use in Whole body hyperthermia treatment of 
a patient. The apparatus includes a high-?oW hyperthermia 
circuit equipped to circulate blood therethrough at a rate of 
at least 1500 ml/min, the high-?oW hyperthermia circuit 
including a blood access line for draWing blood from a 
patient, a pump, a heat exchanger for heating the blood to a 
temperature of at least 40° C., and a blood return line for 
returning the blood to the patient after heating in the heat 
exchanger. Also included is a loW-?oW dialysis circuit 
equipped to circulate blood therethrough at a rate of 200 to 
800 ml/min, the loW-?oW dialysis circuit coupled to the 
hyperthermia circuit and effective to divert from the hyper 
thermia circuit a portion of the blood circulating therein. The 
loW-?oW dialysis circuit, in turn, includes: 

[0025] a blood in?oW line having a ?rst end con 
nected to the hyperthermia circuit, for diverting 
blood into the dialysis circuit from the hyperthermia 
circuit; 

[0026] a dialyZer having a blood side and a sorbent 
side separated by dialysis membranes, the mem 
branes being compliantly formed; 

[0027] means for applying alternating negative 
pressure and positive pressure on the sorbent side 
of the dialyZer; 

[0028] a blood inlet to the blood side of the dia 
lyZer, a second end of the blood in?oW line being 
connected to the blood inlet; 

[0029] a blood outlet from the blood side of the 
dialyZer; 

[0030] a blood out?oW line having a ?rst end con 
nected to the blood outlet, and a second end con 
nected to the hyperthermia circuit; 

[0031] a sorbent circuit for circulating a sorbent 
suspension through the sorbent side of the dia 
lyZer. 

[0032] Further, the apparatus of the invention is con?g 
ured such that during operation of the high-?oW hyperther 
mia circuit and the loW-?oW dialysis circuit, the dialyZer 
membranes expand and compress in response to the alter 
nating negative pressure and positive pressure on the sorbent 
side of the dialyZer, so as to circulate and agitate a sorbent 
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suspension in the sorbent side Whereby effective mixing of 
the sorbent suspension is maintained. 

[0033] Another embodiment of the invention provides a 
disposable pack for use With a dialysis instrument. The 
disposable pack includes a pack mount member, and a plate 
dialyZer mounted on the pack-mount member having a 
blood side With a blood inlet and a blood outlet, and a 
sorbent side With a sorbent inlet and a sorbent outlet. Ablood 
in?oW tube communicates With the blood inlet of the plate 
dialyZer, for passing blood from a patient into the blood side 
of the dialyZer. Ablood out?oW tube communicates With the 
blood outlet of the plate dialyZer, for passing blood out of the 
blood side of the dialyZer. Sorbent circulation tubes com 
municate With the sorbent side of the dialyZer via the sorbent 
inlet and sorbent outlet, for circulating sorbent through the 
sorbent side of the dialyZer. A ?oW-through heat exchanger 
communicates With the sorbent circulation tubes, for heating 
sorbent ?oWing through the heat exchanger. The disposable 
pack also preferably includes an accumulator reservoir 
mounted on the pack mount member and communicating 
With the sorbent circulation tubes, the accumulator reservoir 
being operable to alternately accumulate; and expel sorbent 
in response to positive pressure and negative pressure alter 
nately applied to the accumulator reservoir. 

[0034] In another embodiment, the invention provides a 
process for preparing a sorbent suspension, Which includes 
combining an aqueous solution having dissolved calcium 
ions With an aqueous solution having dissolved phosphate 
ions, Wherein the combining is in the presence of a poW 
dered surface adsorptive agent so as to form precipitated 
calcium phosphate both on the adsorptive agent and freely in 
the suspension. This process is advantageously carried out 
by: 

[0035] (a) combining Water, activated charcoal poW 
der and a ?oW-inducing agent; 

[0036] (b) adding separate solutions containing, 
respectively, dissolved calcium chloride and dis 
solved disodium phosphate, to the product of step 
(a); 

[0037] (c) agitating the product of step (b); 

[0038] (d) adding a sodium, calcium, magnesium and 
potassium-loaded cation exchange resin to the prod 
uct of step (c); 

[0039] (e) agitating the product of step (d); 

[0040] adding sodium bicarbonate poWder to the 
product of step (e); and 

[0041] (g) agitating the product of step 

[0042] Still another preferred embodiment of the inven 
tion provides a dialysis system Which has a base unit 
equipped With a source of positive pressure and negative 
pressure, a heating element, and receiving means for receiv 
ing a heat exchanger in heat exchange relationship With the 
heating element. The system also includes a disposable pack 
for use With the base unit, including a pack mount member, 
a plate dialyZer mounted to the pack mount member, the 
dialyZer having a blood side With a blood inlet and a blood 
outlet, and a sorbent side With a sorbent inlet and a sorbent 
outlet, a blood in?oW tube communicating With the blood 
inlet of the plate dialyZer, for passing blood from a patient 
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into the blood side of is the dialyZer, a blood out?ow tube 
communicating With the blood outlet of the plate dialyZer, 
for passing blood out of the blood side of the dialyZer, 
sorbent circulation tubes communicating With the sorbent 
side of the dialyZer via the sorbent inlet and sorbent outlet, 
for circulating sorbent through the sorbent side of the 
dialyZer, an accumulator reservoir mounted to the pack 
mount member, the accumulator reservoir communicating 
With the sorbent circulation tubes, the accumulator reservoir 
being operable to alternately accumulate and expel sorbent 
suspension in response to positive pressure and negative 
pressure alternately applied to the accumulator reservoir, the 
accumulator reservoir being connected to the source of 
positive pressure and negative pressure of the base unit, and 
a ?oW-through heat exchanger communicating With the 
sorbent circulation tubes, for heating sorbent ?oWing 
through the heat exchanger, the heat exchanger cooperating 
With the receiving means of the base unit to removably 
position the heat exchanger in heat exchange relationship 
With the heating element of the base unit. 

[0043] It is an object of the invention to provide an 
apparatus Which can effectively be used in Whole body 
hyperthermia to control patient blood chemistries during the 
treatments. 

[0044] Other objects of the invention are to provide a 
sorbent suspension composition Which is highly effective for 
use in sorbent-based hemodialysis to control patient blood 
calcium and phosphate levels in addition to other blood 
chemistries, and to provide processes for effectively prepar 
ing. such compositions. 

[0045] Another object of the invention is to provide appa 
ratuses for use in supplying hemodialysis during Whole body 
hyperthermia, Which apparatuses includes compliant mem 
branes Which promote mixing of sorbent suspensions and 
Which are not overly tensioned by high rates of blood flow 
used in hyperthermia circuits during the treatments. 

[0046] Additional objects of the invention relate to the 
provision of dialysis systems including convenient dispos 
able packs and advantageous arrangements for circulating 
and heating sorbent suspensions utiliZed in the systems. 

[0047] Additional embodiments,. features and advantages 
of the present invention Will be apparent from the folloWing 
description. 

BRIEF DESCRIPTION OF THE FIGURES 

[0048] FIG. 1 is a schematic diagram illustrating a pre 
ferred apparatus for conducting Whole body hyperthermia. 

[0049] FIG. 2 is a schematic diagram of the hydraulics of 
a preferred hemodialysis instrument used in the conduct of 
Whole body hyperthermia. 

[0050] FIG. 3 illustrates a disposable pack including 
disposable elements of a hemodialysis instrument of the 
invention. 

[0051] FIG. 4 provides a front. perspective vieW of a 
dialysis base unit of a preferred hemodialysis system, Which 
can be used in conjunction With the disposable pack illus 
trated in FIG. 3. 

[0052] FIG. 5 provides a left-end vieW of the base unit 
illustrated in FIG. 4, With a door opened to shoW compo 
nents Within. 
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[0053] FIG. 6 provides an enlarged vieW of the upper 
surface of the base unit shoWn in FIG. 4, to more clearly 
illustrate components mounted thereon. 

[0054] FIG. 7 provides a perspective vieW of a hyperther 
mia base unit of a preferred system, Which can be used in 
providing a high-?oW hyperthermia circuit. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0055] For the purpose of promoting an understanding of 
the principles of the invention, reference Will noW be made 
to certain embodiments thereof and speci?c language Will be 
used to describe the same. It Will be understood, hoWever, 
that no limitation of the scope of the invention is thereby 
intended, such alterations, further modi?cations and appli 
cations of the principles of the invention being contemplated 
as Would normally occur to one skilled in the art to Which the 
invention pertains. 

[0056] The present invention enables the application of 
sorbent-based hemodialysis to hyperthermia treatments in a 
highly effective fashion. This hemodialysis technology 
involves the use of a specialiZed sorbent suspension as the 
hemodialysing solution. The dialysis procedure during 
hyperthermia alloWs many important electrolytes to be regu 
lated and kept at appropriate levels in the blood. In addition, 
many toxins, for example those incident to death of virally 
infected cells and/or Kaposi’s sarcoma cells, are removed. 

[0057] FIG. 1 illustrates a preferred apparatus for achiev 
ing Whole body hyperthermia according to the present 
invention. The patient 110 is positioned for treatment, and 
optionally covered With a solar blanket or similar heat 
retaining (and optionally heat-producing) device. A blood 
out?oW catheter 112 connects the patient to extracorporeal 
blood hyperthermia circuit line 114. The line 114 passes 
through blood in?oW bubble detector 116 and blood in?oW 
occluder 118. Line 114 then transports blood to a pump 120 
(roller pump), and then on to and through a blood side of 
heat exchanger 122. After exiting heat exchanger 122, line 
114 passes through blood out?oW occluder 124 and blood 
out?oW bubble detector 126. A blood return catheter 128 
returns the blood to the patient 110. Pressure sensors 130A 
and 130B are connected to line 114 to measure the pressure 
of the blood flow in line 114 exiting and re-entering patient 
110, respectively. Rinse line 133 is seated in rinse occluder 
132, Which can be opened to facilitate the conduct of rinse 
operations. Heat Exchanger 122 includes a heat-transfer 
?uid side 134 through Which heat transfer ?uid, for example 
Water, is passed to heat the blood passing through the blood 
side of heat exchanger 122. 

[0058] Dialysis circuit in?oW line 136 connects the blood 
side of a dialysis circuit to the hyperthermia circuit line 114 
at a location folloWing pump 120 in the hyperthermia circuit, 
and dialysis circuit out?oW line 138 connects the blood side 
of the dialysis circuit to the hyperthermia circuit line 114 at 
a point after pump 120 in the hyperthermia circuit. Thus, 
blood is draWn into the dialysis circuit from the hyperther 
mia circuit via line 136, and is returned to the hyperthermia 
circuit via line 138. In this fashion, a relatively higher flow 
rate (for example about 1000-4000 ml/min) can be main 
tained in the hyperthermia circuit and a relatively lower flow 
rate can be maintained in the dialysis circuit (typically about 
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200-600 ml/min), While avoiding tensioning of the dialysis 
membranes employed, as discussed further below. 

[0059] With reference noW to FIG. 2, the preferred dialy 
sis circuit Will be discussed in greater detail. Blood passes 
from the hyperthermia blood circuit (FIG. 1) into the 
dialysis circuit via in?oW line 136. Line 136 passes through 
blood in?oW occluder 140, bubble detector 142, blood ?oW 
rate start sensor 144, blood ?oW occluder 146, and blood 
?oW rate stop sensor 148. Line 136 then leads into blood 
inlet 150 of the blood side of plate dialyZer 152. Plate 
dialyZer 152 has blood outlet 154 to Which blood outlet line 
138 is attached. Blood outlet line 138 then passes through 
blood ?lter/bubble trap 156, blood out?oW occluder 158, 
and bubble detector 160, after Which it is connected to 
tubing 114 of hyperthermia circuit (FIG. 1). 

[0060] Prime/rinse line 162 is connected to tubing 136 at 
a location intermediate bubble detector 142 and blood ?oW 
rate sensor 144, for input of priming and rinsing solutions 
(eg from bags of solution hung on a pole scale, as illus 
trated) during priming and rinsing operations of the system. 
Line 162 includes prime/rinse bubble detector 164 and 
prime/rinse occluder 166. 

[0061] Infusate line 168 is connected to tubing 138 at a 
location intermediate dialyZer blood outlet 154 and blood 
?lter/bubble trap 156, for infusion of solutions (eg 100 ml 
Ca/K infusate solution) to the patient. An infusion pump 170 
and a drip chamber/drop counter combination 172 are also 
provided for these purposes. 

[0062] On the sorbent side of the dialysis system of FIG. 
2, provided is a sorbent bag 174 including a sorbent sus 
pension 176. Sorbent in?oW line 178 has an opening resid 
ing in the sorbent suspension 176 for WithdraWing suspen 
sion 176 from the bag 174. Sorbent in?oW line 178 is seated 
in sorbent in?oW occluder 180, and then passes to sorbent 
inlet 182 of the sorbent side of dialyZer 152. 

[0063] Sorbent in?oW line 178 is also connected to sorbent 
?ll line 178A, providing a line for ?uid connection to bags 
of saline (e.g. hanging on a pole scale) or the like, to ?ll the 
sorbent bag With saline prior to commencing treatment. Fill 
line 178A can then be disconnected. 

[0064] Sorbent return line 184 has an opening residing in 
sorbent bag 174, for return of sorbent suspension 176 to 
sorbent bag 174. Positioned in sorbent return line 184 is 
sorbent heat eXchanger 186, for heating the sorbent suspen 
sion to prevent the sorbent system from acting as a heat sink 
Which draWs substantial heat from the blood in the hypoth 
ermia circuit. Sorbent heater 186 has associated thereWith 
temperature sensor 188 for monitoring the temperature of 
the sorbent. 

[0065] Also positioned in sorbent return line 184 is blood 
leak detection module 190, Which draWs a ?ltrate from the 
sorbent suspension and assays the ?ltrate for the presence of 
blood (hemoglobin). Module 190 is connected via line 192 
to a vacuum/pressure source Which enables the module to 
obtain the ?ltrate. Positioned Within line 192 is ?ltrate 
occluder 194, Which is automatically opened and closed 
periodically to draW the ?ltrate for processing in the blood 
leak detection module 190. 

[0066] Sorbent return line 184 is also seated in sorbent out 
occluder 196, Which is also opened and closed at controlled 
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intervals to facilitate the sorbent circulation cycle through 
dialyZer 152. Sorbent return line 184 is connected to dialyZer 
152 at sorbent outlet 198 of the sorbent side of dialyZer 152. 

[0067] Temperature sensors 200 and 202 are connected to 
sorbent bag 174, and serve to monitor the temperature of the 
sorbent suspension 176 Within the sorbent bag 174. In 
addition, sorbant bag 174 is hung on sorbent scale 204, 
Which is used to monitor the Weight of the sorbent suspen 
sion. 

[0068] Circulation of sorbent suspension 176 in the sor 
bent system of blood on the blood side of dialyZer 152 is 
poWered via the action of accumulator reservoir 206. Accu 
mulator reservoir 206 has an internal diaphragm 208 Which 
reciprocates upWardly and doWnWardly Within reservoir 206 
in response to alternating negative pressure (vacuum) and 
positive pressure applied to reservoir 206 via vacuum/ 
pressure line 210. Vacuum/pressure line 210 includes dis 
posable biohaZard ?lter 212 and disposable coupling 214, 
such that these disposable elements may be removed and 
disposed of after treatments. Vacuum/pressure line 210 also 
includes an internal biohaZard ?lter 216. 

[0069] Vacuum/pressure line 210 is connected to vacuum 
pump 218 With associated muf?er 220 via vacuum line 222. 
Vacuum line 222 includes in?oW air valve 224, Which is 
automatically opened and closed at controlled intervals to 
participate in the provision of alternating vacuum and pres 
sure to accumulator reservoir 206. Also associated With 
vacuum pump 218 and vacuum line 222 are a vacuum 

regulator 226 and vacuum transducer 228, as illustrated. 

[0070] Vacuum/pressure line 210 is connected to pressure 
pump 230 With associated muf?er 232 via pressure line 234. 
Pressure line 234 has located therein out?oW air valve 236, 
Which is automatically opened and closed at controlled 
intervals (alternate 176 in the dialysate side. FloW of the 
suspension is generally counter-current With respect to blood 
?oW, and is in one aspect both bidirectional betWeen the 
accumulator 206 and dialyZer 152, and circular betWeen the 
dialyZer 152 and sorbent bag 174. 

[0071] To accomplish this, during the ?rst part of blood 
in?oW, occluder 180 on the sorbent in?oW line 178 auto 
matically opens, and occluder 196 automatically closes, and 
vacuum is applied via accumulator reservoir 206, alloWing 
sorbent suspension 176 to How from the sorbent bag 174 
through the dialyZer 152, ?lling the accumulator reservoir 
206. Occluder 180 then closes and remains closed during the 
remainder of blood in?oW and all of out?oW, When pressure 
applied by the accumulator reservoir 206 returns some 
suspension to the dialyZer 152 and passes some through 
sorbent return line 184 (With occluder 196 noW automati 
cally opened) to return to the sorbent bag 174. This, along 
With the expansion and contraction of the dialyZer mem 
branes, keeps the sorbent suspension Well miXed at the 
dialyZer-membrane surface. 

[0072] In the preferred system, the priming ?uid for the 
blood side of the dialysis system is 5% deXtrose in Water 
(DSW). This solution ?oWs into blood in?oW line 136 via 
line 162, poWered by the eXpansion and contraction of the 
membranes of plate dialyZer 152 in response to the alter 
nating positive and negative pressure applied via accumu 
lator reservoir 206. During priming or rinse operations, 
priming/rinse occluder 166 automatically opens and blood 
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in?ow occluder 140 automatically closes, and occluders 146 
and 158 alternately open and close to cause unidirectional 
?oW of ?uid through dialyZer 152 poWered by the expansion 
and contraction of the dialysis membranes of dialyZer 152 in 
resonse to the alternating negative and positive pressure 
applied to the sorbent side by accumulator reservoir 206. 
Priming or rinsing ?uid is thus pulled into the system rather 
than blood, and circulated through dialyZer 152. Priming 
operations may be automated, and serve to remove air from 
lines and the dialyZer 152 on both the blood and dialysate 
sides Rinse operations may also be automated, and pro 
grammed to occur both periodically during treatment (eg to 
periodically return ?uids (e.g. saline)) to the patient, and/or 
upon completion of the treatment. 

[0073] During blood in?oW cycles, prime/rinse occluder 
166 automatically closes and blood in?oW occluder 140 
automatically opens. Blood is thus pulled into the system 
from the hyperthermia circuit, via blood in?oW line 136 and 
circulated from the hyperthermia circuit through dialyZer 
152 through the action of the dialysis membranes and 
alternate opening and closing of occluders 146 and 158, in 
similar fashion to the prime/rinse ?uids described above. 

[0074] In the dialysis circuit, blood ?oW rates of about 
200-800 ml/minute Will be typical, With ?oW rates in the 
range of about 200-600 ml/minute being preferred. 

[0075] In the hyperthermia circiut, blood ?oW rates of up 
to about 4000 ml/min are preferred, typically in the range of 
about 1500 ml/min to about 2000 ml/min. These high ?oW 
rates can be achieved by alteration of the headgear of the 
roller pump 120 (FIG. 1) to provide for higher revolutions 
per minute. Such extremely high ?oW rates are important for 
use of the apparatus in the treatment of certain cancer 
patients, for example patients having metastatic solid tissue 
tumors such as metastatic non-small cell lung cancer tumors, 
and alloW for quick heating of patients. This enables the 
optimiZation of treatment time prior to upregulation of heat 
shock proteins in the patients. 

[0076] Other features in the device and its use also assist 
in achieving these high ?oW rates While avoiding excessive 
pressure in blood in?oW and out?oW lines. For these pur 
poses, blood access is “veno-venous” , With the blood in?oW 
catheter 112 (FIG. 1) positioned in the superior vena cava 
via the internal jugular and the blood out?oW catheter 128 
positioned in the femoral vein. The venous catheters utiliZed 
are preferably thin-Walled, Wire supported catheters, ranging 
in siZe from 10-18 French, placed percutaneously. As Well, 
in the preferred, high-?oW device, the blood return circuit 
from heat exchanger 134 to blood return catheter 128 can 
optionally be devoid of blood ?lters such as bubble ?lter 126 
Which cause substantial pressure drop at the preferred blood 
?oW rates employed. Heat exchanger 134 can also be 
equipped With a conical-shaped top (a feature of commer 
cially-available heat exchangers such as the Electromedics 
D1079E heat exchanger), to gather any bubbles present 
serve as the ?nal bubble trap before returning to the patient. 
The conical-shaped top, in turn, can be equipped With a Luer 
connection or similar device for sterile removal of any 
trapped air (eg by syringe). 

[0077] For Whole body hyperthermic treatment of meta 
static solid tissue tumors such as metastatic non-small cell 
lung cancer tumors (e.g. metastasis to the contralateral lung), 
about a tWo-hour treatment at a patient core temperature of 
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425° C. is performed. For such treatments, the Water 
temperature in the heat exchanger 134 is preferably set to a 
maximum of about 52° C., several degrees higher than that 
typically used for therapies for HIV infection. 

[0078] Referring noW to FIGS. 3-6, illustrated are a dis 
posable pack and a base unit Which can be used together to 
provide the features of the dialysis circuit shoWn in FIG. 2. 
In particular, shoWn in FIG. 3 is disposable pack 300, 
containing various elements of the dialysis system Which 
may be disposed of after treatment. Pack 300 includes pack 
mount member 302, to Which various components of the 
pack 300 are attached. Pack mount member 302, in a 
preferred form includes structures such as depressions, 
openings, and the like, to hold the various mounted elements 
in convenient locations. Pack 300 generally includes dia 
lyZer 152, blood in?oW and out?oW lines 136 and 138 
connected to blood inlet 150 and blood outlet 154 of dialyZer 
152, respectively, blood ?lter/bubble trap 156, sorbent 
in?oW and return lines 178 and 184 connected to sorbent 
inlet 182 and sorbent outlet 198 of dialyZer 152, respec 
tively, and heat exchanger 186 for heating the sorbent 
suspension 176. Filtrate generator 190A (a component of 
blood leak detection module 190) is located in sorbent return 
line 184, and is connected to ?ltrate tube 192 Which in turn 
connects to vacuum/pressure line 210 to provide means for 
forming the ?ltrate sample for assay. Pack 300 also includes 
sterile solution input line 162 (for prime/rinse operations), 
and infusate line 168 With drip chamber 172A. Pack 300 
further includes accumulator reservoir 206 connected to and 
poWered via vacuum/pressure line 210. 

[0079] ShoWn in FIGS. 4-6 are various components of a 
dialysis base unit 400 for use With disposable pack 300. With 
reference to FIG. 4, shoWn is an overall perspective vieW of 
base unit 400. Base unit 400 includes a service door 402, a 
pneumatics draWer 404 (containing vacuum/pressure com 
ponents as described above), a sorbent chamber door 406, 
components of blood leak detection module 190 (discussed 
beloW), a drop counter 172B for infusate line 168, a remov 
able I.V. pole With pole scale 408, and a vacuum/pressure 
port 410 leading to the vacuum/pressure feed system 
described in FIG. 2. Base unit 400 also includes a control 
panel 412 and an upper surface generally denoted at 414 
Which contains a number of components of the system, as 
described further beloW in conjunction With FIG. 6. 

[0080] Referring noW also to FIG. 5, shoWn is a left-side 
vieW of the base unit 400 illustrated in FIG. 4, With hinged 
sorbent chamber door 406 open to reveal components 
Within. In particular, shoWn are a heating plate 416 having 
a surface correspondingly con?gured to a surface of heat 
exchanger 186 (eg both generally ?at), to optimiZe heat 
exchange therebetWeen. Heating plate 416 includes slot 418 
near the bottom thereof to receive the bottom edge of heat 
exchanger 186. Also provided is a latch 420 Which can be 
rotated to secure or release the heat exchanger 186 to or from 
the heating plate 416, and plug 422 for receiving the leads 
424 (phantom) from temperature sensors 200 and 202 on 
sorbent bag 174. In addition, provided are hooks 424 for 
hanging sorbent bag 174 (shoWn in phantom). 

[0081] FIG. 5 also illustrates that pneumatics draWer 404 
protrudes outWardly in relation to service door 402, creating 
a ledge upon Which is provided slot 428 for receiving the 
bottom edge of disposable pack 300 When mounted on the 
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front of base unit 400. Also, shown in phantom are sorbent 
removal tube 178A and sorbent return tube 184A Which 
form a part of sorbent line 178 and sorbent line 184 of the 
dialysis system, respectively (see FIG. 2). 

[0082] Referring noW to FIG. 6, shoWn is an enlarged 
vieW of upper surface 414 of base unit 400. Mounted on 
surface 414 are blood in?oW occluders 140 and 146, bubble 
detectors 142 and 160, blood out?oW occluder 158, and 
blood ?oW rate sensors 144 and 148. Also mounted on 
surface 414 are prime/rinse bubble detector 164, prime/rinse 
occluder 166, sorbent in?oW occluder 180, and sorbent 
out?oW occluder 196. In addition, surface 414 also has 
mounted thereon hemoglobin indicator cassette 190B Which 
together With ?ltrate generator 190A provides blood leak 
detection module 190 (see FIG. 2). Filtrate occluder 194 is 
also mounted on surface 414. 

[0083] For setup of the dialysis system shoWn in FIGS. 
3-6, saline bags can be hung on pole scale 408 of base unit 
400. Sorbent bag 174 can then be hung on hooks 426, and 
the bottom edge of the disposable pack, assembled as shoWn 
in FIG. 3, can be placed into groove 428 on the front of base 
unit 400. The upper part of pack 300, Which is con?gured 
With openings to avoid covering up components, rests gen 
erally on the front half of upper surface 414. Heat exchanger 
186 can be mounted and secured to heating plate 416, and 
vacuum/pressure tube 210 connected to vacuum/pressure 
port 410. Sorbent ?ll tubing 178A can be connected to 
sorbent out?oW line 178, and used to drain the saline bags 
into the sorbent bag 174 (and the bag agitated), after’Which 
the sorbent out?oW line 178 occuring on sorbent bag 174 can 
be connected to a corresponding segment of sorbent out?oW 
line 178 connected to the sorbent inlet 182 of dialyZer 152. 
Blood in?oW line 136 can be seated in blood in?oW occluder 
140, bubble detector 142, blood ?oW rate start sensor 144, 
blood in?oW occluder 146, and blood ?oW rate stop sensor 
148. Blood out?oW line 138 can be seated in blood out?oW 
occluder 158 and bubble detector 160. Sorbent in?oW line 
can be seated in sorbent in?oW occluder 180, and sorbent 
out?oW line can be seated in sorbent out?oW occluder 196. 
Prime/rinse line 162 can be seated in prime/rinse bubble 
detector 164 and prime/rinse occluder 166. Filtrate generator 
190A can then be installed into the hemoglobin indicator 
cassette 190B of blood leak detection module 190, and line 
192 seated into ?ltrate occluder 194. Infusate line 168 can be 
installed into infusate pump 170. 

[0084] An infusate bag connected to infusate line 168 via 
drip chamber 172A can be ?lled With a calcium/potassium 
infusate solution. The bag can be spiked and the drip 
chamber 172A primed. Drip chamber 172A is installed in 
drop counter 172B. Prime and rinse solutions can be con 
nected to prime/rinse line 162. During a prime cycle, the 
rinse solutions can be manually clamped off to enable feed 
of only the prime solution to the system. Thereafter, the 
manual clamps can be removed to alloW How of rinse 
solutions into the system during rinse cycles. 

[0085] With reference noW to FIGS. 1 and 7, shoWn in 
FIG. 7 is a hyperthermia base unit 500 Which can be used 
in the provision of the high-?oW hyperthermia circuit shoWn 
in FIG. 1. Hyperthermia base unit 500 generally includes a 
Wheeled cart having mounted thereon components of the 
high-?oW circuit or Which cooperate With such circuit. 
Included on base unit 500 are pump 120, blood in?oW and 
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out?oW and rinse occluders 118, 124 and 132, and bubble 
detectors 116 and 126. Also included are a bracket 502 for 
holding heat exchanger 122, Water line connectors 504 for 
the Water inlet and Water outlet of heat exchanger 122, and 
a blood temperature monitor 506 for measuring the tem 
perature of blood in the circuit. The hyperthermia base 500 
also includes input plugs 508 for the various patient tem 
perature monitors employed, and input plug 510 for the 
cardiac output bioimpedance monitor employed. A ?oppy 
disk drive 510 is also located on the front of unit 500, to 
provide the ability to store data relative to treatments on the 
disk. A blood pump speed control knob 514 alloWs users to 
control the speed of pump 120. Pressure monitor transducer 
ports 516 are provided to cooperate With monitors 130A and 
130B. In addition, a user interface 518, for example a 
computer touch-screen, is provided on base unit 500 to alloW 
users to interface With a system computer. 

[0086] As Will be appreciated, dialysis base unit 400 and 
hyperthermia base unit 500 can be together be used to 
conveniently provide a Whole body hyperthermia system as 
illustrated in FIGS. 1 and 2, by connecting blood in?oW and 
out?oW tubes 136 and 138 of the dialysis circuit ’(located on 
dialysis base 400) to appropriate connectors of the high-?oW 
hyperthermia circuit (located on hyperthermia base unit 
500). In addition, a communication link can be established 
betWeen computers on the tWo base units using a standard 
cable. 

[0087] As shoWn in FIG. 1, for Whole body hyperthermia, 
the blood side of the dialysis apparatus is coupled to a 
hyperthermia circuit in Which relatively high blood ?oW 
rates are maintained With a roller pump. Such high blood 
?oW rates can cause increased tensioning of the dialyZer 
membranes on the blood side if the dialysis circuit is not 
properly connected to the hyperthermia circuit. Such 
increased tensioning results in restricted movement of the 
membranes, thus reducing sorbent mixing otherWise pro 
vided by the expansion and compression of the compliant 
membranes. The coupling of the dialysis circuit as shoWn in 
FIG. 2, With a blood in?oW line 136 connected generally 
doWnstream of the blood out?oW line 138 and preferably 
located on opposed sides of roller pump 120 in the system, 
deleterious increased membrane tensioning is minimiZed or 
avoided. Prevention of localiZed concentrations or dilutions 
of components in the sorbent suspension is thus achieved, 
improving ’the ef?cacy of treatment. 

[0088] The membranes used for sorbent-based dialysis 
preferably alloW passage of soluble chemicals under about 
5,000 molecular Weight. The ?rst function of hemodialysis 
With sorbent suspensions is to correct abnormalities in 
cationic blood electrolytes including sodium, potassium, 
calcium, magnesium and hydrogen ions (blood pH). This is 
achieved by loading the cation exchanger in the sorbent With 
suf?cient cation amounts to be at equilibrium With the 
desired (normal) blood to levels. If the blood concentration 
of a particular cation is loWer than the equilibrium level, the 
cation Will be released from the cation exchanger. If the 
blood concentration is above normal, the cation Will be 
absorbed by the cation exchanger. 

[0089] There are many dialyZer membranes Which are 
knoWn for use in dialysing body ?uids such as blood, and 
these membranes may be used With the sorbent suspension 
as though the sorbent suspension Were a simple dialysis 
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solution. One suitable membrane of this type is a cellulosic 
membrane composed of regenerated cuproammonium cel 
lulose (Cuprophan). 

[0090] In a preferred dialysis circuit, the dialyZer can be a 
1.6 m2 COBE parallel screen-plate dialyZer having dialysis 
membranes composed of regenerated cuproammonium cel 
lulose (Cuprophan) and having a functional molecular 
Weight cut-off of about 3000 daltons, ie only molecules of 
about 3000 daltons or less Will pass through the membrane. 

[0091] The sorbent suspension used in the invention 
Works generally as folloWs. When blood opposes the sorbent 
suspension, separated only by the dialysis membrane, dif 
fusion causes many chemicals to pass from the blood into 
the sorbent suspension on the other side of the membrane. 
Depending upon the binding characteristics of the sorbents, 
some chemicals remain at loW concentration in the sorbent 
suspensions (and are therefore ef?ciently removed from the 
blood) and others reach concentrations similar to the blood 
(and are therefore not removed from the blood). Inclusion of 
certain chemicals in the sorbent suspension composition can 
partially saturate sorbent binding sites, and cause return of 
those chemicals to the blood during treatment. Thus, the 
sorbent suspension may be tailored to remove very speci?c 
compounds from the blood, Without removing others. 

[0092] The sorbent suspensions used in the invention 
generally include poWdered surface adsorptive agents, IS 
physiologic electrolytes and macromolecular ?oW inducing 
agents. In general, these components are present in effective 
amounts to achieve the desired removal of substances from 
the electrolyte balance in the blood of the patient While 
maintaining the stability and ?uidity of the sorbent suspen 
sion. The poWdered surface adsorptive agent is usually 
activated charcoal, preferably With an average particle diam 
eter not exceeding about 100 microns. Even more prefer 
ably, the average particle diameter does not exceed 50 
microns. Macromolecular ?oW inducing agents such as 
glycol derivatives help to maintain the flow properties and 
stability of the particle suspensions. 

[0093] The electrolytes in the sorbent suspension typically 
include one or more selected from sodium, chloride, bicar 
bonate, potassium, calcium, magnesium, or any other elec 
trolytes to be regulated in the patient. 

[0094] The sorbent suspensions also may include ion 
exchange substances to bind ions, such as ammonia, Which 
may appear in the patient’s blood. Many suitable ion 
exchangers including polymeric ion exchangers, e.g. poly 
styrene sulfonate, and Zeolites, are knoWn in the art and can 
be used in the present invention. When included, the ion 
exchanger is preferably a cation-exchange resin, Which is 
desirably loaded With one or more cations representing 
electrolytes occurring in blood. For example, to date, 
sodium polystyrene sulfonate has been a preferred cation 
exchange resin. For use in conjunction With Whole body 
hyperthermia, the cation exchangers are preferably heavily 
loaded With Ca, K and Mg ions at the start of hyperthermia 
in an amount to be substantially in equilibrium With the 
normal blood concentration of these cations. 

[0095] The surface adsorptive agent, electrolytes, How Is 
inducing agents and any other additives Will usually com 
prise about 5% to 30% by Weight of the sorbent suspension 
formulation as a Whole, With the remainder being Water. 
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Typically, solid sorbents Will comprise about 2% to 25% by 
Weight of the suspension formulation, and electrolytes Will 
comprise about 1% to 5% by Weight of the suspension 
formulation. Within these parameters, more preferred sor 
bent suspension formulations comprise about 2% to 20% by 
Weight poWdered surface adsorptive agent, up to about 10% 
by Weight ion-exchanger, and up to about 1% by weight flow 
or surface active agent such as a polyol and/or polyvinylpyr 
rolidone (PVP). 

[0096] In accordance With one aspect of the invention, the 
sorbent suspension also includes solid or precipitated cal 
cium phosphate, Which is used to assist in the control of 
calcium and phosphate levels in the blood of the patient. 
Controlling plasma phosphate concentration is someWhat 
more complicated than controlling other blood components. 
In the body, calcium and phosphate concentration are deter 
mined by their mathematical product. When the concentra 
tion of calcium in blood plasma increases, calcium phos 
phate precipitates on bone and the plasma phosphate level 
falls. Conversely, When plasma calcium concentration 
decreases, calcium phosphate is solubiliZed and plasma 
phosphate levels increase. In the present invention, the 
calcium phosphate precipitate in the sorbent suspension 
effectively mimics the body’s calcium phosphate system, 
achieving control of calcium and phosphate levels. Thus, 
When the blood phosphate level decreases, calcium phos 
phate in the sorbent suspension dissolves and phosphate is 
released into the blood. Conversely, if the blood phosphate 
level increases, phosphate can be removed from the blood by 
precipitation of calcium phosphate in the sorbent suspen 
sion. The calcium-loaded cation exchanger moderates cal 
cium concentration during these phosphate concentration 
changes. Accordingly, the sorbent suspension can be opti 
miZed to deliver more or less phosphate to a patient during 
treatment by adding, respectively, less or more calcium in 
the calcium-phosphate precipitation step in the preparation 
of the sorbent suspension. Because changes in blood con 
centrations of calcium and phosphate are not likely to be 
quantitatively the same during hyperthermia, 10% calcium 
chloride solution can also be kept available for infusion 
separately into blood returning to the patient, as needed. 

[0097] Preferred sorbent suspensions including precipi 
tated calcium phosphate are carefully prepared to assure that 
the calcium phosphate precipitate has maximal surface area 
for release or adsorption of calcium phosphate; forming the 
precipitate on the surface of the charcoal or other surface 
adsorptive agent achieves this goal. Apreferred process for 
preparing a sorbent suspension includes adding sterile Water 
for irrigation to a vessel (eg a sorbent bag as described 
above) Which contains activated charcoal poWder and 110W 
inducing agents. Calcium chloride and sodium chloride 
electrolyte solutions, and a disodium phosphate solution, are 
then added to the vessel. The mixture is then agitated, eg 
by shaking the sorbent bag, and the cation-exchange resin 
added (pre-loaded With sodium, calcium, magnesium, and 
potassium). The contents are agitated again, and then 
sodium bicarbonate poWder is added, folloWed by further 
agitation. This process effectively prepares a sorbent sus 
pension containing precipitated calcium phosphate, and 
Which is essentially free from limestone. 

[0098] In such a sorbent system, the surface adsorptive 
agent provides surface area on Which substantial amounts of 
calcium phosphate can be supported, and thus in the overall 
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sorbent suspension calcium phosphate Will be present sup 
ported by the surface adsorptive agent as Well as generally 
in the mixture. 

[0099] In the present invention, the cation exchanger of 
the preferred sorbent suspension also has some buffering 
effect, to assist in maintaining normal blood pH. 

[0100] An exemplary sorbent suspension contains: 140 
grams poWdered activated charcoal; 22.1 grams 
NaHPO4*7H2O and 3.0 grams CaCl*2H2O (added together 
to the charcoal suspension); 200 grams Amberlite IRP-69 
cation exchange resin loaded With blood equilibrium levels 
of Na, Ca, Mg and K ions; 13.0 grams NaCl; 15.1 grams 
NaHCO3; and 1.5 grams of each a glycol derivative and PVP 
to enhance stability and How properties of the sorbent 
suspension. This is an example only, and is not intended to 
be limiting. 
[0101] During hyperthermia, there may be other toxins 
Which evolve, due to diminished kidney or liver function. 
The surface adsorptive agent (e.g. charcoal) and cation 
exchangers in the sorbent suspension Will remove many of 
these toxins, including: creatinine; aromatic amino acids; 
gamma-amino butyric acid; phenols; mercaptans; ammo 
nium ion; nitric oxides; and various vasodilating hormones. 
Naturally, the sorbent suspension is not intended to remove 
proteins, intercellular messengers or cells, although to the 
degree that albumin-bound toxins can dissociate from albu 
min, these can also transfer across the membranes and be 
bound by the sorbents in the suspension. 

[0102] In addition, during hyperthermia, additional cal 
cium chloride may be infused to the patient (eg through a 
blood return line of the apparatus) as necessary to maintain 
normal blood calcium concentration. Also, plasma phos 
phate levels may be analyZed during hyperthermia and 
disodium phosphate added to the sorbent suspension When 
ever patient plasma phosphate levels fall beloW normal. This 
addition may be made using a solution of disodium phos 
phate and sodium bicarbonate, for example. 
[0103] Most preferably, the sorbent suspension is main 
tained at moderate temperatures so that the blood tubing, 
dialyZer and sorbent suspension containers contact blood 
only at modestly elevated temperatures. Temperatures of 42° 
C. are suitable for these purposes, although higher tempera 
tures, for example up to 48° C. or more, may also be used. 
The heat exchanger and the tubing returning blood to the 
patient Will contact blood at temperatures of about 47-48° C. 
in preferred processes. These same components are used in 
open heart surgery to Warm patients and safety of contact 
With blood at these temperatures has been thoroughly docu 
mented. Prior to hyperthermia treatment in accordance With 
the invention, patients are screened for underlying heart 
disease; underlying lung disease (including pulmonary 
Kaposi’s Sarcoma if one or more lesions is greater than a 
certain siZe); pregnancy; a Karnofsky score of less than 
60%; a non-correctable hematocrit of less than 30 ml.; 
hemoglobin less than 10%; active opportunistic infection; 
bleeding disorders; or Diabetes Mellitus. Any of the fore 
going Warrants careful consideration of the risks versus the 
bene?ts of hyperthermia treatment, since an important con 
sideration in the practice of the present technique is Whether 
the patient can tolerate it. The prehyperthermia evaluation 
requires a routine history and physical examination, routine 
laboratory studies, chest x-rays, urinalysis, electrocardio 
gram and pulmonary function ’studies. Special studies 
include P-24 antigen level assay; reverse transcriptase assay; 
human immunode?ciency virus cultures; lymphocyte quan 
titative analysis and thyroid pro?le. 
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[0104] Hyperthermia protocols can be conducted using 
conscious sedation, analgesics, or anesthetics (and intuba 
tion). The use of sedative amounts—as distinct from anes 
thetic amounts—of thiopental sodium can thus be used. An 
exemplary analgesic is commercially available as SublimaZe 
(fentanyl citrate, or N-(1-phenethyl-4-piperidyl) propiona 
nilide citrate), a synthetic narcotic analgesic. An exemplary 
conscious sedation-inducing drug is Propofol, Which is a 
sedative (or hypnotic agent) Widely used in outpatient appli 
cations. The chemical formula for Propofol is 2,6-diisopro 
pylphenol; the commercial name is Diprivan’injection. 
These drugs are exemplary only, and the invention is not to 
be considered as limited to these illustrative medications. 
(HoWever, Versed (midaZolam hydrochloride, or 8-chloro 
6-(2-?uorophenyl)-1-methyl-4H-imidaZol [1,5-a][1,4] ben 
ZodiaZepine hydrochloride), a short-acting benZodiaZepine 
central nervous system depressant, should not be used, and 
other benZodiaZepine derivatives are likeWise contraindi 
cated. MidaZolam hydrochloride and benZodiaZepine 
derivatives in general are biologically incompatible With 
hyperthermia: While Versed demonstrates typical pharma 
cologic activity (including reversibility) during the present 
procedure, the combination of the hyperthermia With the 
body biochemistry incident to hyperthermia causes disas 
trous central nervous system trauma (and possible death) six 
hours after the procedure is complete.) With the patient 
sedated, but not unresponsive, central nervous system activ 
ity can readily be monitored during hyperthermia treatment. 
When the sorbent-based hemodialysis is used, the sorbents 
clear approximately 50% of the sedative from the blood 
stream. Therefore, administration of approximately tWice 
the dosage of sedative Will give the same sedative effect as 
When no dialysis is used. 

[0105] Modi?cation of the sorbent suspension may also be 
used to control other blood chemistries. For example, the 
sorbent suspension may be loaded With a sedative such as 
thiopental sodium to be in equilibrium With a level causing 
sedation. The patient blood level Would then quickly rise to 
this level during hyperthermia treatments of the invention. 
Further sedation could be achieved by administering an 
injection of thiopental sodium to the blood; the pre-loaded 
sorbent suspension Would then not remove signi?cant 
amounts of the drug during treatment. Other agents for 
augmenting the hyperthermia treatment could also be loaded 
into the sorbent suspension and delivered during treatment, 
to maintain a reasonably constant blood concentration of the 
agents. 

[0106] Because of the patient’s natural depletion of car 
bohydrate and fat stores, these substances should be admin 
istered during and/or after treatment to assure that these 
precursors are adequately available to marginally competent 
metabolic pathWays. Hemodialysis maintains levels of phos 
phate and calcium during treatment—Which levels Would 
otherWise fall as a result of the hyperthermia—especially 
When acid/bicarbonated Water is used as the dialyZing solu 
tion. Maintenance of arterial oxygen tensions as high as 
possible during hyperthermia by use of 100% oxygen for 
ventilation should satisfy the need to maintain greater than 
normal blood and tissue oxygen tensions necessitated by 
hyperthermia-increased oxygen consumption. 

[0107] While the invention has been described in detail in 
the foregoing passages, the same is to be considered illus 
trative and not restrictive in character, it being understood 
that only the preferred embodiments have been shoWn and 
described and that all changes and modi?cations that come 
Within the spirit of the invention are desired to be protected. 
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What is claimed is: 
1. A method for performing Whole body hyperthermia on 

a patient, comprising: 

circulating blood of said patient through a high-?oW 
hyperthermia circuit at a rate of at least 1500 ml/min, 
said hyperthermia circuit including a blood access line 
for draWing blood from a patient, a pump, a heat 
exchanger for heating said blood to a temperature of at 
least 40° C., and a blood return line for returning said 
blood to said patient after heating in said heat 
exchanger; 

diverting a portion of said blood circulating in said 
high-?oW hyperthermia circuit to a loW-?oW dialysis 
circuit, and circulating said blood in said loW?oW 
dialysis circuit at a rate of 200 to 800 ml/min, said 
loW-?oW dialysis circuit including: 

a blood in?oW line having a ?rst end connected to said 
hyperthermia circuit, for diverting blood into said 
dialysis circuit from said hyperthermia circuit; 

a dialyZer having a blood side and a sorbent side 
separated by dialysis membranes, said membranes 
being compliantly formed; 

means for applying alternating negative pressure and 
positive pressure on said sorbent side of said dia 
lyZer; 

a blood inlet to said blood side of said dialyZer, a 
second end of said blood in?oW line being connected 
to said blood inlet; 

a blood outlet from said blood side of said dialyZer; 

a blood out?oW line having a ?rst end connected to said 
blood outlet, and a second end connected to said 
hyperthermia circuit; 

a sorbent circuit for circulating a sorbent suspension 
through said sorbent side of said dialyZer; and 

Wherein during operation of said high-?oW hyperthermia 
circuit and said loW-?oW dialysis circuit, said dialyZer 
membranes expand and compress in response to said 
alternating negative pressure and positive pressure on 
said sorbent side of said dialyZer, so as to circulate and 
agitate a sorbent suspension in said sorbent side 
Whereby effective mixing of said sorbent suspension is 
maintained. 
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2. The method of claim 1, Which also includes: 

heating said sorbent suspension in a heat exchanger so as 
to decrease the transfer of heat from the blood to the 
sorbent suspension. 

3. The method of claim 2, Which includes circulating 
blood in said high-?oW hyperthermia circuit at a rate of 1500 
ml/min to 4000 ml/min. 

4. The method of claim 1, Wherein said blood in?oW line 
is connected to said high-?oW hyperthermia circuit at a 
location doWnstream of said blood out?oW line. 

5. The method of claim 4, Wherein said blood in?oW line 
and said out?oW line are connected to said hyperthermia 
circuit on opposed sides of said pump. 

6. The method of claim 4, Wherein said sorbent suspen 
sion includes precipitated calcium phosphate, Water, and a 
particulate surface adsorptive agent. 

7. The method of claim 6, Wherein said surface adsorptive 
agent is carbon. 

8. The method of claim 7, Wherein said expansion and 
contraction of said membranes causes circulation of the 
blood in said loW-?oW dialysis circuit. 

9. An apparatus for use in Whole body hyperthermia 
treatment of a patient, comprising: 

a high-?oW hyperthermia circuit equipped to circulate 
blood therethrough at a rate of at least 1500 ml/min, 
said high-?oW hyperthermia circuit including a blood 
access line for draWing blood from a patient, a pump, 
a heat exchanger for heating the blood to a temperature 
of at least 40° C., and a blood return line for returning 
the blood to the patient after heating in the heat 
exchanger; 

a loW-?oW dialysis circuit equipped to circulate blood 
therethrough at a rate of 200 to 800 ml/min, said 
loW-?oW dialysis circuit being coupled to the hyper 
thermia circuit and effective to divert from said hyper 
thermia circuit a portion of the blood circulating 
therein, said loW-?oW dialysis circuit including: 

a blood in?oW line having a ?rst end connected to the 
hyperthermia circuit, for diverting blood into said 
dialysis circuit from said hyperthermia circuit; 

a dialyZer having a blood side and a sorbent side 
separated by dialysis membranes, said membranes 
being compliantly formed; 

means for applying alternating negative pressure and 
positive pressure on said sorbent side of said dia 
lyZer; 

a blood inlet to said blood side of said dialyZer, a 
second end of said blood in?oW line being connected 
to said blood inlet; 

a blood outlet from said blood side of said dialyZer; 

a blood out?oW line having a ?rst end connected to said 
blood outlet, and a second end connected to said 
hyperthermia circuit; 

a sorbent circuit for circulating a sorbent suspension 
through said sorbent side of said dialyZer; and 

Wherein said apparatus is con?gured such that during 
operation of said high-?oW hyperthermia circuit and 
said loW-?oW dialysis circuit, said dialyZer membranes 
expand and compress in response to said alternating 
negative pressure and positive pressure on said sorbent 
side of said dialyZer, so as to circulate and agitate a 
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sorbent suspension in said sorbent side whereby effec 
tive mixing of said sorbent suspension is maintained. 

10. The apparatus of claim 9, Which also includes: 

a heat exchanger in the dialysis circuit, for heating heating 
the sorbent suspension. 

11. The apparatus of claim 10, Wherein the blood in?oW 
line is connected to the high-?oW hyperthermia circuit at a 
location doWnstream of the blood out?oW line. 

12. The apparatus of claim 11, Wherein the blood in?oW 
line and the out?oW line are connected to the hyperthermia 
circuit on opposed sides of the pump. 

13. The apparatus of claim 11, Wherein the sorbent 
suspension includes precipitated calcium phosphate, Water, 
and a particulate surface adsorptive agent. 

14. The apparatus of claim 13, Wherein said surface 
adsorptive agent is carbon. 

15. The apparatus of claim 14, Wherein said expansion 
and contraction of said membranes causes circulation of said 
blood in said loW-?oW dialysis circuit. 

16. A disposable pack for use With a dialysis instrument, 
comprising: 

a pack mount member; and 

a plurality of components attached to the pack mount 
member, including: 
a plate dialyZer having a blood side With a blood inlet 

and a blood outlet, and a sorbent side With a sorbent 
inlet and a sorbent outlet; 

a blood in?oW tube communicating With the blood inlet 
of the plate dialyZer, for passing blood from a patient 
into the blood side of the dialyZer; 

a blood out?oW tube communicating With the blood 
outlet of the plate dialyZer, for passing blood out of 
the blood side of the dialyZer; 

sorbent circulation tubes communicating With the sor 
bent side of the dialyZer via the sorbent inlet and 
sorbent outlet, for circulating sorbent through the 
sorbent side of the dialyZer; 

?oW-through heat exchanger communicating With 
said sorbent circulation tubes, for heating sorbent 
flowing through the heat exchanger. 

17. The disposable pack of claim 16, also comprising, 
attached to said pack mount member: 

an accumulator reservoir communicating With said sor 
bent circulation tubes, said accumulator reservoir being 
operable to alternately accumulate and expel sorbent in 
response to positive pressure and negative pressure 
alternately applied to the accumulator reservoir. 

18. A process for preparing a sorbent suspension, com 
prising: 

combining an aqueous solution having dissolved calcium 
ions With an aqueous solution having dissolved phos 
phate ions, Wherein said combining is in the presence 
of a poWdered surface adsorptive agent so as to form 
precipitated calcium phosphate both on the adsorptive 
agent and freely in the suspension. 
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19. The process of claim 18, comprising: 

(a) combining Water, activated charcoal poWder and a 
?oW-inducing agent; 

(b) adding separate solutions containing, respectively, 
dissolved calcium chloride and dissolved disodium 
phosphate, to the product of step (a); 

(c) agitating the product of step (b); 

(d) adding a sodium, calcium, magnesium and potassium 
loaded cation exchange resin to the product of step (c); 

(e) agitating the product of step (d); 
(f) adding sodium bicarbonate poWder to the product of 

step (e); and 

(g) agitating the product of step 20. A dialysis system, comprising: a base unit equipped 
With: 

a source of positive pressure and negative pressure; 

a heating element; and 

receiving means for receiving a heat exchanger in heat 
exchange relationship With the heating element; and 

a disposable pack for use With said base unit, including: 

pack mount member; 

a plate dialyZer mounted to said pack mount member, said 
dialyZer having a blood side With a blood inlet and a 
blood outlet, and a sorbent side With a sorbent inlet and 
a sorbent outlet; 

a blood in?oW tube communicating With the blood inlet of 
the plate dialyZer, for passing blood from a patient into 
the blood side of the dialyZer; 

a blood out?oW tube communicating With the blood outlet 
of the plate dialyZer, for passing blood out of the blood 
side of the dialyZer; 

sorbent circulation tubes communicating With the sorbent 
side of the dialyZer via the sorbent inlet and sorbent 
outlet, for circulating sorbent through the sorbent side 
of the dialyZer; 

an accumulator reservoir mounted to said pack mount 
member, said accumulator reservoir communicating 
With said sorbent circulation tubes, said accumulator 
reservoir being operable to alternately accumulate and 
expel sorbent suspension in response to positive pres 
sure and negative pressure alternately applied to the 
accumulator reservoir, the accumulator reservoir being 
connected to said source of positive pressure and 
negative pressure of said base unit; 

a ?oW-through heat exchanger communicating With said 
sorbent circulation tubes, for heating sorbent flowing 
through the heat exchanger; said heat exchanger coop 
erating With said receiving means of said base unit to 
removably position the heat exchanger in heat 
exchange relationship With the heating element of said 
base unit. 


