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Table I

Dosages and Results Pelvis Perfusion for Carcinoma

HN2 Primary Follow-up

Gase I 1.0 mg/Kg Cervix quiescent

Case II 0.8 mgm/Kg Rectum quiescent

Case III 0.8 mg/Kg Cervix dead

Case IV 1.0 mg/Kg Cervix dead

Table II.

Recommended Boses of Nitrogen Mustard and of 
Phenylalanine Mustard in Perfusion Therapy 

for an Adult. (Stehlin) _______

Level of 
Perfusion

HN2 
(mgm. )

PAM
(mgm.)

Aortic 30-50 50-75
Axillary 20-30 50-75
Iliac 25-U0 100-150
Femoral 25-UO 100-150
Popliteal 20-30 75-100
External Carotid 20-30 50-75
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Table III. 

Types of Perfusion

Carcinoma u

Osteomyelitis 3

7

Table IV.

Drugs Used in Perfusion of Osteomyelitis

Location Result Dosage

Chloromycetin
no effect

65 mgm/kgm
and toes

3000 u./KgmBacitracin

Penicillin 10 million units
and femur no effect

Erythromycin 6 grams

Penicillin 12 million units
and femur improved

5 gramsTerramycin
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Table V.

RUN

70
60
Uo
Uo
30
20
10

1 2

Case I

3 11 5 6 7 B 9 10 11
Days post op.

1 2 3~T 5' é 7” E 9 10 11 12 T3 ITT l5~l5~17
Days post op.
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Platelets
in
25,OCO

Urine 
Output 
in 
cc 's

Days post op.

Days post op
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I. Introduction

One unexpected and beneficial by-product of World War II is 

a method of chemotherapy of cancer that undoubtedly is here to 

stay, at least for some years. When, early in World War II, it 

became known that the nitrogenous analogues of mustard gas were 

under consideration as possible warfare agent, the Chemical 

Warfare Service set about producing them in quantity and study

ing their effects intensively. It was scon noted that not only 

are the nitrogen mustards [jrnethylbis (B-chloroethyl) amine 

hydrochloride]J strong vesicants, but that their systemic absorp

tion in animals results in toxic actions in tissues, generally 

in proportion to the degree of rapidity of cellular growth in 

those tissues. Particularly subject to damage are the lymphoid 

tissues of the thymus, spleen, and lymph nodes, the bone marrow, 

and the intestinal mucosa. These agents, according to Gilman, 

anpear to exert their effects on cells in a manner unlike that 

of any other chemical agent, but bearing many resemblances to 

the action of x-rays. Accordingly, clinical investigation was 

begun and the first patient was treated late in 19h2 at the 

New Haven Hospital by Lindskog (l).

The limiting factor in the use of these agents is the toxic 

effect on normal tissues, particularly the hemopoietic system 

and the gastrointestinal tract. Thus, administration of doses 

minimally effective against malignant tumors is followed by
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temporary degression of hemopoiesis and transient gastrointestinal 

disturbances, while larger doses are hazardous to life because of 

severe involvement of these two.systems.

Klopp and associates (2) developed technics for the intra

arterial administration of nitrogen mustard in an attempt to 

avoid the systemic toxic effects and at the same time increase 

the dose. At that time they had already begun to use venous 

tourniquets proximal to or ligation of efferent veins from a 

treated area to increase both the circulation time through the 

first capillary bed, and the intracapillary orassure, thus in

creasing both the amount of the drug delivered to the tissues of 

the first capillary bed, and the time during which de-toxifica- 

tion could take place. Anslow and associates (23) suggested use 

of sodium thiocyanate as an antagonist to HN2 and Klopp, et al(2) 

suggested "use of a heart-lung mechanical pump to maintain the 

circulation of an isolated tumor-bearing extremity during the 

period of therapy to prevent action of the drug on the remainder 

of the body". It was also his impression that the patients 

whose treated regions contained the largest tumors had less 

systemic toxic effects from the HN2, thus indicating that the 

presence of a malignant tumor seems to afford some degree of 

protection against large doses of HN2. It was also discovered 

that venous occlusion combined with intra-arterial administration 

of HN2 resulted in less pronounced hematologic changes (3).

mm m
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More recently Klopp has reported the intra-arterial use of 

nitrogen mustard as an adjunct to radiation therapy (li).

In spite of increased effectiveness of the mustards when 

administered directly into an artery supplying a tumor, the 

limiting factor of systemic toxicity still precludes the use of 

these agents in amounts large enough to completely irradicate 

malignant neoplasms.

Creech and associates (3,6,7,8,9) in 1957 began use of a 

heart-lung apoaratus in regional perfusions not only to confine 

the agent to the locus of disease but also to produce oxygen 

tensions of 500 to 600 mm of Hg in hope of increasing the effec

tiveness of the mustard compound. The basis of the use of oxygen 

in the radiotherapy of cancer is the two-fold supposition that 

there are cells in neoplasms which are protected from irradia

tion damage by the low oxygen concentration around them, and 

that this protection can be abolished by increasing the partial 

pressure of the oxygen respired. It has been shown that there 

is a general relationship between the sensitivity of living 

cells to damage by ionizing radiations and the oxygen concen

tration around them at the time, and that, in consequence, 

regions of poor oxygenation within neoplasms render some cells 

so insensitive to radiation damage as to survive the usual 

forms of radiotherapy and cause later recurrence of the 

growth (lO,ll).
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The mechanical features of regional perfusion which are 

described in detail elsewhere make it possible therefore to 

isolate a segment of the body and perfuse it with oxygenated 

blood. If the diseased region contains tumor it can thus be 

perfused with cancerocidal agents; if it contains longstanding 

infection it can be perfused with the appropriate antibiotics.

II. Technique

A DeBakey or sigmamotor pump and a small disposable bubble 

oxygenator (Fig. l) with a reservoir capacity of apnroximately 

600 cc. are employed. The major blood vessels are exposed, 

isolated., and taped. The oxygenator is primed with 5>0C cc. of 

heparinized blood and 91% oxygen; 3% CO2, is delivered at the 

rate of U to 5 liters per minute. Heparin is administered 

intravenously in a dose of 3 mg. per kg. of body weight (100 USP 

units per mg.). Fifteen minutes following heparinization, the 

vascular catheters are connected to the pump and perfusion is 

begun. The blood is heated to ICO degrees F. (38 degrees C.) 

with a 2^0 watt infrared lamp. As soon as the tissues appear 

well oxygenated and the flow rate is stabilized, a tourniquet 

is applied proximal to the lesion if possible. The drugs are 

injected into the arterial line to insure delivery at maximum 

concentration. Papaverine (l80 to 300 mg.) may be first intro

duced to produce vasodilatation to be followed by the chemo

therapeutic agent. Nitrogen mustard, if used, is introduced in

i



divided doses of 10 mg. at five minute intervals. If phenylala

nine mustard is to be given, the total amount is introduced as 

one injection.

Relatively low flow rates are utilized for the extremities, 

primarily because of difficulty in obtaining an adequate venous 

return. If the flow rates are higher, more blood is pumped 

into the extremity than can be recovered via the venous catheter. 

Thus, in order to avoid undesirable local complications post- 

operatively, the venous outflow should approximate the arterial 

inflow. Theoretically, low flow rates also permit better mixing 

of the drug with the tumor by allowing the drug to remain in the 

extremity a longer period of time on the first circulation. In 

addition, leakage into the systemic circulation probably is less 

with the lower flow rates.

The duration of perfusion varies according to the type and 

dosage of the agent employed. Perfusion with short acting drugs 

such as nitrogen mustard may be discontinued 20 minutes after 

the last dose has been administered. Perfusion with a longer 

acting drug, such as phenylalanine mustard, is continued, for 60 

to 90 minutes. After its completion, the extremity may be 

washed out with $00 cc. of Dextran, followed by $00 cc. of 

heparinized blood. The blood vessels are closed with silk 

sutures and an antiheparin drug (polybrene ®) is administered 

intravenously. The wound is closed without drainage.

5.
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When repeat perfusion through the same vessels is indicated 

management of the vein is more difficult.

Popliteal Perfusion: This procedure is employed for 

lesions below the knee. The leg is flexed If? degrees in order 

to expose the popliteal vessels and a short longitudinal inci

sion is made along the medial aspect of the lower thigh. Cathe

ters (Nos. 10 and 12) are inserted into the artery and vein, 

the larger being used for the vein to enhance venous return. A 

tourniquet is applied around the middle of the thigh and the 

flow rate is adjusted to about U00 cc. ner minute.

Femoral Perfusion: (Fig. 2 and 3) To prevent dissection 

in or near viable tumor tissue located in the femoral triangle, 

lymph node- dissection of this area should be considered before 

perfusion for neoplastic disease. Thereafter, catheters (Nos. 10 

and 12) are inserted into the common femoral vessels; when 

possible, the femoral vein is catheterized via the saphenous 

vein.

Iliac Perfusion: (Fig. 3-0.) The iliac vessels are exposed 

through a low oblique abdominal incision; the rectus muscle is 

divided, and the peritoneum and its contents are displaced 

medially. Through this incision the external iliac and obtura

tor groups of nodes can be excised from the bifurcation of the 

aorta and vena cava to the inguinal ligament. In addition, the 

deep circumflex iliac, inferior epigastric, and obturator
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vessels are ligated in order to reduce leakage into the systemic 

circulation. Catheters (Nos. 10 and 12) are then inserted 

through the external iliac artery and vein until the tips reach 

the uppermost portion of the femoral triangle.

In view of the impressive changes observed in some cases 

following perfusion for melanoma, as well as exneriences with 

radical groin (iliofemoral) dissection for this disease, the 

Houston (16) group (Dr. John Stehlin, et al) has altered their 

method of treating patients with lesions of the lower extremi

ties which tend to metastasize through the lymph vessels. If 

the lymph nodes in the femoral triangle are net clinically 

enlarged an iliac and obturator node dissection is performed 

and immediately thereafter the extremity is perfused through 

the external iliac vessels. In this circumstance femoral node 

dissection and perfusion are omitted. If the femoral nodes 

are clinically positive, however, and the primary lesion is not 

in close proximity to the groin, iliac and obturator node dis

section is performed and, after an interval of two to four 

weeks, a femoral node dissection is also carried out. Each 

operation is followed immediately by perfusion. It is their 

impression that the lymph nodes within the femoral triangle 

ofter serve, at least temporarily, as effective barriers to 

the proximal spread of the disease via the lymphatics. The 

majority of patients upon whom they have performed groin
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dissection in two stages have had metastasis in the nodes within 

the femoral triangle, while the more proximal iliac and obturator 

groups remained clear. For this reason, in the presence of clin

ically enlarged femoral nodes, the two-stage lymphadenectomy 

and perfusion are carried out.

Axillary Perfusion: For lesions of the upper extremity 

without clinically positive nodes in the axilla perfusion is 

accomplished through a short infraclavicular muscle-splitting 

incision. The proximal portions of the axillary artery and vein 

are exposed and catheters (Nos. 10 and 12) are inserted. A tour

niquet is applied proximally and lymph node dissection is omitted. 

If, however, the axillary lymph nodes are clinically positive, 

the arm and axilla are both perfused and this is followed imme

diately by radical lymph node dissection.

Pelvis : (-Fig. it) Since isolation of the pelvis from the 

remainder of the circulation is very difficult an attempt is 

made to confine most of the agent to this region. Pneumatic 

tourniquets are placed on the upper portion of both thighs and 

the abdominal aorta and inferior vena, cava are cannulated near 

their bifurcation. This may be done directly through an abdomi

nal incision or indirectly by passing catheters through the 

common femoral artery and vein. The latter method utilizes 

balloon tipped catheters and proximal occlusion of vessels is 

attained by blowing up this balloon. This method is preferable
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since many of the patients have metastases to the periaortic 

nodes, making exposure of these vessels difficult. Exploration 

of the abdomen to determine the presence and extent of recur

rent disease is important irrespective of the site of cannula- 

tion for pelvic perfusion. If transabdominal approach is used, 

proximal occlusion of the aorta and vena cava below the renal 

branches is accomplished externally by occluding clamps. Iso

lated pelvic perfusion with normal vascular anatomy results in 

a leakage factor of 1.5 per cent per minute (17).

Lungs: Two extracorporeal circuits are used in by-passing 

the lungs (Fig. 5). In the pulmonary circuit blood from the 

left atrium is routed through a pump oxygenator and returned to 

the pulmonary artery by gravity. In the systemic circuit heart- 

lung by-pass is employed between the venae cavae and the femoral 

artery. Slight mixing may occur here through the bronchial 

arterial circulation (5)•

Breast: The subclavian artexy and vein are isolated in the 

supraclavicular area although the innominate vessels may be used.

Carotid Perfusion (19): Perfusion through the external 

carotid arteries has been employed for tumors of the oral, nasal, 

and pharyngeal cavities. A tracheostomy is performed routinely. 

The vessels on each side of the neck are then exposed through a 

gently curved incision extending from one mastoid process to 

the other, crossing the midline of the neck at the level of the
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thyroid notch. In view of the extensive cross anastomosis 

between the external carotid arteries, both vessels should be 

included in the perfusion circuit to reduce leakage into the 

general circulation. A No. 10 catheter and a 13 gauge needle 

especially adapted to the procedure are employed. Only those 

branches of the external carotid artery supplying the tumor 

area, either directly or indirectly, are left open. The' 

superficial temporal, superior thyroid, occipital, and, if 

feasible, the posterior auricular arteries are temporarily 

occluded or ligated. Thus, occlusion of the branches of the 

external carotid artery varies according to the area to be per

fused. All superficial veins, including the external and anter

ior jugular veins, are also ligated. The common facial vein on 

each side of the neck is employed for the return flow; if this 

vein is absent or too small for cannulation, the internal 

jugular vein is used. The four vessels are catheterized through 

a Y-connection inserted into the arterial line and another into 

the venous line. The flow rate is stabilized and at the close 

of the procedure, all major vessels are reopened or repaired.

The entire head, including the brain, is oerfused via the 

common carotid artery and internal jugular vein on both sides. 

This is accomplished through a low collar incision. The first 

portion of each subclavian artery is exposed and the thyrocer

vical trunks and vertebral vessels are isolated. Number 10
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catheters are inserted into the common carotid arteries and in

ternal jugular veins. The thyrocervical trunks and the vertebral 

arteries and veins are temporarily occluded, and perfusion is 

begun. At the end of the perfusion, the subclavian branches and 

vertebral veins are reopened and the major vessels are repaired. 

Lesions of the head which have been perfused include : squamous 

carcinoma of the gingiva with invasion of the floor of the 

mouth; metastatic melanoma of the mandible ; melanoma of the 

nose; carcinoma involving the tcngue and lateral pharyngeal 

wall; and souamous carcinoma of the ant, rum with extension into 

the base of the skull (19)•

Total Body: Bone marrow transplantation is used to avoid 

serious depression of hemopoiesis for patients whose disease is 

not regionally confined. Marrow is obtained from the sternum 

and iliac crests prior to operation placed in ACD solution and 

stored at refrigerator temperatures for re-infusion after oper

ation. Catheters are inserted into the distal aortic arch and 

the inferior vena cava through the femoral artery and vein.

III. Materials (Drugs)

A brief review of the drugs used in perfusion for carcinoma 

and other neoplasms follows (*ig. 6 and Tables I and II).

Nitrogen Mustard: (HN2) ̂ methylbis (B-chloroethyl) amine 

hydrochlorideQ This alkylating agent exerts nucleotoxic effects



12.

and has been alluded to earlier. The usual dose when adminis

tered systemically is O.U mgm. per Kgm. given as a single or 

in four divided doses. It is thought that the duration of 

action of HN2 is up to 30 minutes and for this reason it is 

the drug most often used in perfusion where leakage from the 

regional into the systemic circuit is significant.

Phenylalanine Mustard (PAM) £p-Di(2-chloroethyl) amino-L- 

phenylalaninej, (sarcolysin) (12,13) consists of HN2 attached 

to phenylalanine resulting in a combination having a prolonged 

period of action. The usual dose systemically is 2 mgm. per 

Kgm. by moqth.

5-Fluorouracil (5-FU) (22) is an anti-metabolite. This 

pyrimidine analog may be administered intravenously or orally 

in a dose of 15 mgm. per Kgm. daily for five days with subse

quent doses at three day intervals until toxic symptoms are 

manifest.

Trie thylene thri opho s pho ramide (TSPA) is a nuclear toxin 

chemically related to the nitrogen mustards. The usual systemic 

dose intravenously is 0.8 mgm. per Kgm. in divided doses.

Actincmycin-D (A?t.-D) has a site of action principally on 

the cytoplasm. It was isolated from cultures of streptomyces 

parvallus. The usual dose is 25 to 75 meg. per Kg. given in 

divided doses intravenously over a two week period.
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AB-100 (Avinar) (20) is recommended in dosages of approxi

mately 1 mgm. per pound of body weight which may be increased 

to a total dose of 200 mgm. in adults not giving history of 

hemopoietic abnormality.

PA-ll4.lt (Pfizer) is finding favor in treatment of testicu

lar tumors and Dihydro E-73 (21) is being investigated in 

various malignant lesions which do not apnear to respond to 

older cancerocidal agents.

The antibiotics used in perfusion of osteomyelitis are 

listed in Table IV.

IV. Complications

Depression of the bone marrow continues to be the most 

important complication of this type cf therapy as a result of 

leakage of the drug into the systemic circulation. Treatment 

then includes antibiotics, cortisone, and transfusions of fresh 

whole blood and platelet-rich plasma.

Not infrequently, anemia appears within I46 to 72 hours 

after perfusion, principally as a result of the injurious 

effects of the compound upon the red blood corpuscles. Hemo

lysis can be demonstrated postoperatively by the presence of 

free hemoglobin in the urine, accompanied by a drop in serum 

hemoglobin concentration. This complication can be minimized 

by more effective isolation and by washing out the perfused
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region with Dextran and. whole blood.

Systemic toxic reactions of varying degrees have followed 

acute necrosis of the tumor following perfusion. Malaise and 

anorexia are most common but prolonged nausea and vomiting, 

fever, and tachycardia have also been encountered. Hemorrhagic 

necrosis of the lesions following perfusion has been implicated 

as causing hyootension and other systemic reactions as a result 

of rapid destruction of the tumor and consequent absorption of 

toxic by-products.

Blistering and gangrene are some of the serious local com

plications following perfusion. Caution must be exercised in 

perfusing extremities of patients with advanced peripheral vas

cular disease. Blistering of the skin of these patients may 

follow even small doses of the chemotherapeutic agent. Vascular 

insufficiency following perfusion is a very real complication 

and results not only from, the technical management of the vessel 

anastomosis but also from the vasospastic effect of the drug.

The former iatrogenic factors can be minimized by careful tech

nique. The use of interrupted 5-0 cardiovascular silk in 

repair of the artery and vein as well as thorough flushing of 

proximal aid distal ends of vessels enhancing removal of clots.

The latter vasospastic component although more hypothetical is 

in many cases a cause of vascular complications. The interactions 

of various drugs used may well be a source of toxic products, the



malevolent propensities of which are yet unknown. It remains 

for future studies to further delineate these ramifying com

plexities.

With respect to the local tissue tolerance, dosages of 

nitrogen mustard and phenylalanine mustard have been fairly 

well standardized but the ability of the local tissues of 

different patients to withstand chemotherapy varies materially. 

Changes in the affected normal tissues are usually of no clin

ical consequence. These may consist of blistering, petechiae, 

erythema, mild edema, and tanning of the skin.

With respect to the leakage factor or percentage of cross

circulation, clinical studies with radioactive iodinated serum 

albumin (RISA) have been valuable in determining the effective

ness of isolation of the perfused region (19). The actual 

amount which escapes depends upon its rate cf hydrolysis and 

fixation in the local tissues as well as upon anatomical and 

technical considerations. In perfusion at the popliteal level, 

leakage is negligible. Perfusion at the femoral or iliac 

level is usually associated with a leakage factor of 10 to 20 

per cent at the end of one hour, though the amount varies 

according to the size of the extremity, the abundance of the 

collateral circulation, and the effectiveness of the tourni

quet (16). Studies of the leakage factor using RISA is help

ful in determining the dosages of the cancerocidal agents,
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especially the longer acting compounds. These can be done imme

diately before injection of the drug during perfusion.

Regardless of the drug employed, in perfusion of the distal 

extremities, local tissue tolerance presents the only question 

as to dosage. At all other levels, including the aortic and 

carotid, the leakage factor and local tissue tolerance are of 

practically equal importance with the use of nitrogen mustard.

If a second perfusion is to be performed in which a signif

icant amount of leakage is anticipated, and if the previous 

nerfusion was associated with depression of the bone marrow, 

the dose of the drug is reduced. The bone marrow does not toler

ate the toxic effects of the drug nearly so well on the second 

occasion, and a more rapid and profound drop in the peripheral 

blood counts will ensue.

V. Results

There have been seven patients treated by this technique 

which form the basis for this report (Tables I and IV). Of 

these, four have been perfused, for carcinoma and three for 

osteomyelitis (Table III). We are following the criteria of 

Creech (?) for assessing results. Each patient perfused for 

neoplastic disease has been classified as follows: l) dead;

2) alive, with disease that is recurrent, quiescent, or control

led. Those showing no response to treatment are considered
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recurrent, as are those whose lesions have temporarily regressed 

and recurred, and patients who have been treated toe recently 

for response to be evident. Cancers apparently eradicated are 

considered controlled.

Using this classification none of our perfusions for cancer 

can be considered as controlling the disease since we began this 

experiment less than four months ago and follow-up is not suffi

ciently long.

There have been three cases perfused for carcinoma of the 

cervix of which two have died; one five days and one six days 

post-perfusion. The third case is alive and veil three months 

after perfusion. In this case, a technical error in anastomosis 

of the common iliac artery at perfusion necessitated re-explora

tion eight weeks after perfusion and at this time the pelvic 

mass was noted to be stationary. No extension of the malignant 

process was encountered.

Table V illustrates the response of Case I as manifest by 

changes in Blood Urea Nitrogen, white blood cells, platelets 

and urine output. There appears to be a sequestration of 

fluid and electrolytes in the perfused area for a period of 

36 to 72 hours followed by a period of diuresis not unlike 

that of any major surgical procedure. During this time the 

BUN rises and the urine volume is decreased.
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Case IV who died six days post-perfusion demonstrated an 

elevation of BUN from 19 to 68 mg»%•

All cases perfused with cancerocidal agents demonstrated 

an anemia and were treated with whole fresh blood as indicated.

The remaining case perfused, for malignancy was a 7U year 

old man with carcinoma of the rectum who has subsequently had 

a pelvic exenteration with ileal bladder substitution.

VI. Discussion

Perfusion possesses several advantages as an adjuvant to 

surgical excision, First, it is conceivable that solid tumors 

may be destroyed completely by the procedure, although at 

present the prospect of success in this regard is remote. 

Malignant cells within solid tumors may be damaged, however, 

thus reducing the likelihood of subsequent difficulty from 

their dissemination or implantation during conventional surgi

cal excision. Second, more conservative excisions or amputa

tions, especially for tumors of the extremities, may be possible 

following regional perfusion. Third, it is possible that 

certain tumors which are technically inoperable, such as those 

in the pelvis, may be rendered operable. Fourth, perfusion 

may be advantageous in reducing the incidence of latent metas- 

tases by destroying loose tumor cells within regional lymphatics. 

Fifth, prophylactic perfusion of isolated organs commonly the
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sites of métastasés may be feasible. In addition to its adjuvant 

uses it appears that in certain cases the procedure alone may 

prove valuable as a palliative measure.

The capacity of the body to absorb, destroy, and excrete the 

neoplastic tissues affected by the drugs administered in this 

manner is still unknown. Investigations in methods of tissue 

culture and tests for sensitivity are being done. Further, 

clinical experiments with infusions of autologous bone marrow 

to permit an Increase in dosage of the antitumor drag are being 

conducted in several laboratories. Studies of the effects of 

combined radiation therapy and oerfusion under high arterial 

oxygen tension are also being observed. The pH of the blood in 

the perfusion circuit undergoes a considerable rise and this 

may have some effect yet unknown on the end result of the per

fusion (18,19).

An analysis of response to perfusion indicates that carcinoma 

responds to conventional cancerocidal agents rather poorly and 

finds its chief usefulness in palliation (?). Reports (5,8,lU), 

however, indicate that this is not uniformly true and some car

cinomas can be made to regress sufficiently after perfusion to 

again become resectable. The results in rectal carcinoma are 

discouraging. Perfusion of breast lesions appears from early 

reports to control the malignancy for a period of time and some 

of these are subsequently rendered operable. Endometrial and
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ovarian carcinoma appear to be controlled for a time but follow

up is too short to adequately evaluate results.

Melanoma response to perfusion is perhaps the most impres

sive of all neoplasms (l$,l6). One group (l6) no longer advo

cates initial wide excision of the primary lesion and groin 

dissection but rather elective perfusion in lower extremity 

melanoma. Phenylalanine mustard is the agent used for perfxision 

of melanomas most frequently and with the best results. In a 

number of patients with recurrent melanoma perfusion has been 

carried out two and three times, each time with regression (7).

Sarcoma treated by regional perfusion indicates a somewhat 

unpredictable response. HN2, PAM, Actinomycin-D and 5-fluor- 

ouracil have been used here with encouraging results (8).

Kaposi's Sarcoma has been treated with encouraging results 

in two instances (17) using nitrogen mustard and the authors 

suggest combination of radiomimetic drugs with radiation therapy 

to better control this entity.

Pain in terminal or uncontrolled carcinoma is often a grave 

symptom which the physician is confronted with. It has been the 

experience of some (18,19) that one of the very desirable results 

of regional perfusion with cancerocidal agents is that the in

tractable pain of terminal cancer is eliminated even though the 

tumor itself does not regress, be have observed this phenomenon

in our own cases
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Thus far limited experience with regional chemotherapy 

indicates that phenylalanine mustard alone or combined with 

nitrogen mustard has been more effective than nitrogen mustard 

alone (7,lit). Melanomas appear to be the most sensitive, and 

the squamous cell carcinomas the least sensitive.

VII. Osteomyelitis

The causative organisms in chronic osteomyelitis are fre

quently resistant to the commonly used antibiotics. If the 

bacteria are sensitive only to antibiotics which produce sys

temic toxicity (2I4.-27), this toxicity can be avoided or mini

mized by the use of the isolation-perfusion technic (28).

This has been demonstrated repeatedly in the treatment of 

malignancies with chemotherapeutic agents.

In our series of three cases of perfusion for osteomyelitis 

the results have been somewhat unimpressive. A summation can be 

obtained from Table IV.

The first case for perfusion was a 20 year old boy with 

bifid spine and neurotropic feet and legs. In spite of perfu

sion and subsequent debridement of the affected toe and meta

tarsal bone, the drainage persists four months after the surgery.

The second case of osteomyelitis involving the entire left 

femur was perfused with penicillin and erythromycin with, no 

demonstrable improvement. The bony involvement was diffuse and
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involved the entire length of bene. He is still draining from 

multiple fistulae three months after perfusion.

The third case with osteomyelitis of the right femur was 

perfused with penicillin and terramycin. An unfortunate anas

tomosis of the common iliac artery has subsequently deliniated 

a line of gangrene midway between the ankle and the knee. The 

choice of antibiotics in this instance may have been a factor 

in the development of the ischemic necrosis. The osteomyelitis 

appears to be improved but the time is insufficiently long to 

properly evaluate results.
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