
University of Nebraska Medical Center University of Nebraska Medical Center 

DigitalCommons@UNMC DigitalCommons@UNMC 

MD Theses Special Collections 

1966 

Polycythemia rubra vera : co-related case reviews Polycythemia rubra vera : co-related case reviews 

Phillip Rodney Reiff 
University of Nebraska Medical Center 

This manuscript is historical in nature and may not reflect current medical research and 

practice. Search PubMed for current research. 

Follow this and additional works at: https://digitalcommons.unmc.edu/mdtheses 

Recommended Citation Recommended Citation 
Reiff, Phillip Rodney, "Polycythemia rubra vera : co-related case reviews" (1966). MD Theses. 2866. 
https://digitalcommons.unmc.edu/mdtheses/2866 

This Thesis is brought to you for free and open access by the Special Collections at DigitalCommons@UNMC. It 
has been accepted for inclusion in MD Theses by an authorized administrator of DigitalCommons@UNMC. For 
more information, please contact digitalcommons@unmc.edu. 

http://www.unmc.edu/
http://www.unmc.edu/
https://digitalcommons.unmc.edu/
https://digitalcommons.unmc.edu/mdtheses
https://digitalcommons.unmc.edu/spec_coll
https://pubmed.ncbi.nlm.nih.gov/
https://digitalcommons.unmc.edu/mdtheses?utm_source=digitalcommons.unmc.edu%2Fmdtheses%2F2866&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.unmc.edu/mdtheses/2866?utm_source=digitalcommons.unmc.edu%2Fmdtheses%2F2866&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digitalcommons@unmc.edu


Polycythemi.a rubra vera 

Corellated Case Reviews 

Fhillip R. Reiff 

Submitted in .Partial Fulfillment for the Degree of 
·Doctor of Medicine 

College of Medicine , University of Nebraska 

February- l, 1966 

Omaha, Nebraska 



TABLE OF CONTENTS 

His~ry 

Definition 

Incidence 

Pathogenetic Concepts 

Blood Picture 

Blood Volumes 

Bone Marrow 

Spleen 

Gas Studies 

Plasma Abnormalities 

Urie Acid 

Leukoc~ Alkaline Phosphatase 

Signs and Symptoms 

Syndronies (As59eiated) 

Length of Survival 

Therapy 

Phleboto1117 

Alkylating .Agents 

Radiophosphorus 

Complications 

Bibliography 

""" ;. . . 
. I ~ ... ~) D · ,1 · I 

l 

1 

2 

2 

4 

·7 

8 

8 

9 

9 

11 

12 

12 

14 

15 

1.6 

16 

17 

18 

18 

20 



The history of polyeythemil rubra vera. dates back to 1892 at 

which time a European pt:).ysioian named Vaquez was treating a patient 

in whom he had diagnosed congenital heart disease . This patient 

was plethoric and cya.notic but wi.thout any ausculatory findings. 

When the patient died a year later, a post-.moJ11ua examination re­

vealed a normal heart . Vaquez l-:ras then the first man to describe 

the disease entity which another pbysician named Osler later de~ 

fined in 1903. This disease was known by the names of its dis­

coverers for many years thereafter. 

Other accepted, eynonomous titles are erythrernia, myelopathic 

pol1-cythe.mia, eryt,hocytosis :megalosplenica, and cytogenic polycy­

themia . 'lhe most common reference name is primary polycyth~a 

which des~:riptiveJ,y differentiates this disease from a second.al')" 

form of golycythemia, or erythtocytosis, irhich refers to an in,.. 

crease in the number of erythrocytes as a resuJ. t of some pri.JnarY 

disease resulting in pulm.c;ma.ry or cardiac emba?Tassment with the 

subsequent need for more o~gen-..carrying tissue . Also to be dif­

ferentiated is relative polycythemia which i5 the result of a 

deficit in pl~sma volume and a misleading elevation of the hamato-­

crit . 

Po]geythemia refers to an increase in the hemqglobin concen. 
r 

tration or an increase in red blood cell mass . Primary polycy-

themia is a chronic disease <?f unknown e.tiology and characterized 
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by hyperplasia of all the cellular elements of the bone marrow. 

Although onJs lif"espan may be grea,tzy- increased Hith treatment , 

the disease is uniformly fatal and \.lithout a single reported case 

of spontaneous reoovery. (1) 

Primary polycythemia is very infrequently found in the non­

white races , however; all patients in this series are Caucasion. 

'lhe incidence is high among Jewish peop;Le . Men are affected 

slightly more frequently than women., the 53.3 per cent mal.e inci­

dence being compatible with a ~orted 1 . J :l ratio of men to women. 

( 2) From: seven to ten per cent of the cases have been reported 

to be familial, and in these cases the disease is seen in children. 

However, in children the disease is atypical by being asymptomatic 

and without a left 13hif't in the neutrophilic series or a granul.o­

cytosis. (.3) Diagn0'sis is usu.ally made during the 'fifth decade 

of life, and symptoms can usually be traced approximately five 

years prior to the time of diagnons . 

Although no one claims to know the etiology of the disease , 

several theoretical concepts have been p1-opeSEtd in an effort to 

explaµi its pathogenesis . 

A very interest~ng qu.estiqn is w}V does plethora, a constant 

finding in this disorder and a pheno~non which inhibits red cell 

formation in ot¥rwise normal men; f~il to check and inhibit its 

own development in polycyi:,hemia vera? Some feel that with the 
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complete answer to this question will come the answer to the path­

ogenesis o! this disease process . (4) 

Gurney and others propose that i£ erythl'opoietin :regµlates 

erythropoielSis , then the status of erythropoietin in poJ,ycythemia 

vera assumes the greatest importance. This proposal considers 

the following mechanisms : With the nonna.l red cell, the organ of 

production makes erythropoietin, This erythropoietin in turn reg­

ulates production of red cells by the marrow. The red cells act 

upon the organ of production, reducing production. With this in 

mind, one may consider !our explanations for polycythemia vera . 

1. An abnormal red cell may be interpreted by the orga.t} of 

production as a decrease in the number o! red cells . 

2. An abnonnal organ of production ·which is insens:itive to 

the plethora resulting from increased erythropoietiii elaboration 

goes unchecked and continues excessive erythropoietin production. 

3. An ectopic production o:f erythropoietin may coexist with 

a normal organ of production. The resulting plethora may- stop 

erythropoietin production in the normal organ ot production but 

not affect the ectopic site . 

4. A.bnormal marrow may produce red cells in the absence of 

erythropoietin. (5) 

According to this scheme, the pl-ethera in _polyc_y:themia: yera 

i.87 either. a consequence of an excess o:f erythropoie-tin as in l.1 
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2, and 3; or is pr_oduced in the absence of erythropoietin as in 4. 

Another concept which is fre~ent)jr mentioned is that of mar­

row hypoxia. This suggests that the arterioles o:f" the bone marrow 

become constricted and thereby- act as a stimulus to ~hropc,iesis . 

Portal thrombosis has been considered as a cause of priman' poly ... 

oythemia:. Yet another th~ory is the antithesis of pernicious 

anemia which embodies the co~cept ~fan excessive gastric hemato­

poietic factor .- (6) 

The peripheral blood smear· in this disease is often highly 

suggestive and has .frequently been the evidence on which an a­

symptomatic case has been referred for further diagnostic proce-

ures . 

The red blood cell count is usual]y between seven and ten 

million per cubic millimeter-. The cells may show slight aniso­

cytosis, but they frequently appear normal. Miale states that 

polyeythemic levels certain).y exist if the red cell count is great­

er than 5. 7 million in women or 6.4 million in men. (2) In this 

series, the presenting red cell values at the time of diagnosis 

ranged from 6.1 million to 10.78 million. 

An elevated packed cell volume is alwa.y,s present in the un­

treated patient during the erythremic phase . It is this abnonnal­

ity that is primarily responsible for the increased viscosity 

which may be two times nonnal. The nighest berna.tocrit ever re-
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corded was 92 per cent with a red cell count of 10. 37 million. ( 2) 

In our series , hematocrit values ranged from fifty to seventy­

seven per cent . Because of variations in plasma volume, the 

~eked cell volume does not alway:;3 or exactly follow the red cell 

count. A corellation certain:cy- does exist, however . 

Percentage values for ret-iculo.cytes are not S$.gnil'icantly 

increased in primary polycythemia unless one is hemotthaging, in 

rhich case there -w-pu.ld be a resemblence to a hypoehromic, micro­

cytic anenri.a . Absolute reticu1ooyte counts are always elevated. 

!he hemoglobin content of the red cell varies, and an in­

crease in the number of red cells does not ~ways mean a propor­

tionate increase in grams per cent because of decreased mean cor­

puscular volume and mean corpuscular hemoglobin. In this series , 

the hemoglobin values fell within the gen~rally reported range 

of eighteen to twent7~tour. grams per cent, except in the presence 

of severe hemorrhage or termina1 stages of Iey"elofibrosis or leu­

Rem::ta. 

The mean corpuscular hemoglobin is usu.al.ly normal. but may be 

low foµowing veneseation. The mean corpuseu.1al" volume and :mean 

corpuscular hemoglobin concentration niay be eiths3r no~ or low 

depending upon the treatment being utilized and the s~atus of the 

disease . Very high red eell counts are 'tsually accopipanied by a 

low mean corpuscular volwne . 



A very &n'ini te coreil.lation exists bez-ween the eleva:ti-on of 

the hematocri t , with its subsequ-ent increase in viscosity, and 

the circulation time . Our reported_ circulation times , using the 

arm to tongue method, were bett1een eighttien and twenty ... two seconds . 

Sedimentation rates are chara~te~stical.ly delayed. 

The usual ptimary polycythemie le~ocyte count is between 

ten and l'i-fty thousand per cubic millimeter . A peripheral smear 

typical.J.y den1Qnstrates a left shift, and one may find met~lo­

cytes and ntv-elbcyt&s . (.3} As expected m. th ~et-p,#Ulia of 

the marrow, lenldScytosis varies proportionally with e~ocytosis . 

And, because this is a DW'eloprolife-rative disease , the leukoeyto-­

sis and left shift are a function of the marrow produced granul.o­

cytj.c series . In this series, white cell courits range<;i 'from nine 

to twenty ... two thousand ?er cubic millimeter . In untreated patients 

the white count ~'as usually found to be greater than fifteen 

tho~d, and the left shift was variable . Promyelocytes were 
' . . 

seen in the peripheral smears of a few patients, juvenile neu.tro­

philes in numbers greater than one per cent were obeerved in 

several patients, and band forms greater than ~enty- per cent 

were frequently present. 

Wintrobe report.a that twenty per cent of p~tients presenting 

with primary polycythemia will have normal platelet counts (6) ; 

hm-1ever, our series reveals only ten per cent ·with normal plate-
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let counts at the time of diagnosis . The lowest observed plate­

let count was 442,000 per cubic milltmeter . Conversely, the high­

est count was 1.96 million per cubic millimeter at the time of 

diagnosis . 

Eighty per cent o:t the calculated plasma volumes in this 

series were 11ell •within the normal limits . Interestingly, tl--"O 

patients had increcJ,sed plasma volwnes . One was eight and the 

other thirteen cubic centbeters above the upper limits of normal. 

Both of these , however, were accof!lpanied by marke.dly increased 

tota:1 blood and red cell volumes . 

One hundred per cent of the red cell volumes ,:ere inc~sed. 

These ranged from three to eighty- one cubic cent.meters per kilo­

gram ,above the upper limit of normal m. th an average increase of 

twenty- seven cubic ~ent&meters per kilogram above the normal limit . 

As one would expect, one-,hundred per cent of the total blood 

vol1.lllle calculations were elevated. These ranged from :two to 

ninty- four cubic centemeters per kilogram above normal with an 
. 

average increase of thirty cubic centemeters per kilogram above 

the upper limit of normal . 

In a series reported by Wintrobe, primary polycythenic patients 

usually had a red cell volume between 38. 8 and 93.9 cubic centt­

meters per kilogram. These are T:ell over his stated normal of 

29.9 cubic cent,fimeters per kilogram and compare favoraqi,- with 
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our series . (6) 

The classic bone marrow of polycythemia vera demonstrates 

hyperplasia of all cell'Ular elements . All marrow, including 

that of the e:x:trem;ita-.es, becomes hyperplastic with the result 

that little ratty marrow remains . The percentile values for 

the different cell types are not st~kingly different from norm­

al because they are: ftrtial.ly preserved by pan-hyperplasia. (2,6) 

The normal myeloid:erythroid ratio is in a range from six:one to 

two:one . Any ratio smaller than two:one may be considered in­

dicative of erythroc;ytic hyperplasia. (7) 

In primary poly-cythemia the usual rr.arrow demonstrates moder­

ate to marked hypercellularity with a markeQ. decrease in the roy-e­

loidJerythroid ratio . In our series no ratio was greater than 

five:one , most were below two:one , and the smallest: was one :three . 

Erythropoiesis is usually markedly increased, normi>blastic, and 

iron deficient. Iron stores are decrea.sed. The megakaryocyt,es 

are moderately to markedly increased. Gra.nul.opoiesis is increased 

but to a lesser degree than is ez:7thropoiesis . Plasma cells an? 

reticuloendothella.l. elements are normal. 

Although the spleen is usuall,y enla.rge.d., it is not the site 

of blood fornation in uncomplicated polycythemia· vera . Although 

eryt,hropoiesis is usual, megakaryocytosis may frequently be a 

strildng .feature. Marrow smears or sections from primary poly-
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cythemic patients are reiJortedly fr&quentlY difficult to dis­

tinguieh from those of chronic granulocytio leukemia and es­

sential thro:mbocytosis . This difficulty may be overcone occasion­

ally by considering them as three variants o:r the nzy-eloprolifer ... 

ati ve syndrome . ( 8) 

Ventilation and oxygenation as well as pulmonary diffusing 

capacity have always been assumed to be normal in po~ythemia 

vera . Recently, however , an increased pu.lmona.r,y diffusing capac­

ity has been reported with the claim that, p-u].nx)nary capillary 

blood volume is reduced as the possible consequence of ~'i.despread 

thromsis in small pulmonary arteries . From this comes the inter­

esting speculation that some patients may have impaired gas ex­

change Hhich could lead to a degree of secondary polycythemia 

superimposed upon the primary disease . (9) Arterial o:xygen sat­

urations in this series were 1d thin normal 1irni ts with values 

from ninty .. two to ninty-nine per cent . Although this disease is 

not associated ·with significant reductions in a:rterial oxygen 

saturation, the arterial oxygen tension, which is stated to be 

a more sensitive inde:x; of hyPoxia, has been found to be below 

normal in some patients. (10) 

The causes responsible for the bleed:i,ng tend~ncy in poly­

eythemia vera are not agreed upon by the authorities in the field 

o;f coagulation, yet it is stated that a reasonable conclusion is 
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the qualitative platelet defects and relative fibrinogenopenia•-~ 

the result of a decreased amount of plasma. per voluxn.e of 'blood-­

are the most common c~uses for the ~emorrhagic diathesis . (11) 

Reinhard reporls a coagulation de.feet in the abnormality of throm­

boplastin regeneration and reduced activity o£ platelet factor 3 

in pr:i.mary polyeythemic patients with thromboc~rtos~::; . (3) PQor 

clot retraction is Hell known, and fibr:i.nolysis has been reported. 

The two accelerator fa.cto:ts , factor V (proaccel~l"i-n) and £actor 
' 

VII (proconvertin) , have been described as reduced in this disease . 

'lhese factors are prima.rily concerned • •i th the ·conversion of pro­

thrombin to thrombin in the second stage of clotting. Variable 

bleeding times are associated Wit~ deficiencies of the accelerator 

factors , yet bleeding and ~agulatiQ"n times are usual.J,y normal in 

po~h-emia. vera. Prothrombin., faotor II, deficiencies have 

been repoI't!ed., and this is supported by our series . Factor I, 

the Stuart-Prower factor which is involved in the first s1.age o:f 

el0.tting, has like,,ise been described as deficient in this disease . 

(12, 13) 

Slight increases may be found in serum- bilirubin, urine uro­

bilinogen and stool urobilin, however, values recorded in this 

series were mormal. Plasma from polyeythemic patj.ents has been 

sho,;m to be hemolytic to normal red cells . ( 6) 

Several p).asma abnormalities have been :reported in associ-
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ation with pp]yeytheinia vera . Serum acid be~a-!glycerophosphatase 

and beta-1~ and ganmia-glo'bulins may occasionalq be elevated, but 

other serum enzymes and plasma amino acids are normal • . The elevated 

blood histamine levels are felt to be the result of increased 

numbers of circulating basophiJ.s . ~sll)<i vitamin ~2 levels , char­

ae.teristically elevated in chronic grahuloeytic leukemia, are also 

high in some cases of polycythemia. vera. (lb.) 

Hyperu.ricemia, leading to secondacy fom of gout, is 

found in seven to ten per cent of patients accordi.ng to m:;,st 

series reported. By accepting as elevated all values over six 

milligrams per cent, this series claims a twenty per cent inci­

dence . The highest value was 11 • .5 milligrams per cent in a man 

admitted for ureteral colic and who died two months later :from 

uremia secondary to malign.a.tit 111Pertension. 

The disturbance of uric aeid metabolism in gout is attri­

butable to increased metabolism of nucleic acids in the hemato­

poietic tissues with elaboration of intermediate products of 

purine metabolism. This form of secondary gout '!n:f3' be differ­

entiated from primary gout hr observing the rapid peak of iso­

tope incorporation into uric adid in prilnary gout . (6, 15) 

Chromosome studies represent a relatively new and unex­

plored diagnostic technique in the field of myeloproliferative 

diseases . In chronic granulocytic leukemia, one usually can 
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demonstrate a low leukocyte alkaline pµosphatase and the presence 

of the Ph:Lladelpro,a chromosome. 'Iha converse is usualJ.y true of 

primary polycytuemia . However, these enzyme levels may be nonnal 

in both diseases . Chromesome studies have not had suffid.ent 

trials to verify their use . (16) 

Keeping in mind the facts and concepts presented in the pre­

Vi.ous pages, one can more readily understand the signs and symptoms 

attendant in this still unexplained disease . 

The class:i,cal diagnostic triad is a relatively constant find­

ing . Rubor of' the .face, hands and feet is almost uniformly present, 

but it is seldom the patient 1 s chief complaint; . Spleno~galy is 

generally considered to be present in seventy-five per cent of 

the cases . Over eighty per cent of this series had splenomegaly, 

and twenty per cent 9omplained of left upper quadrant pain. The 

third and a.llrays present findi.ng is an elevation of the red cell 

mass . 

Patients su.:f:fering from this disease d~velop most of their 

symptoms as a result of the increase in blood viscosity. The 

variety of complaints with which these patients present may be so 

great that often a psychoneurotic disorder is thought to be their 

main problem. (17) Headache is the most common neurological 

complaint; but also common are dizziness, paresthesias, and vis-ual 

disturbances . Generalized or lo·wer extremity weakness and leg 
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pain are very frequent chief complaints . Less common presenting 

symptoms include tinnitis , syncope, siezures , renal colic, hema­

turia, hemorrhage, m d dyspnea. One author reports a ten per cent 

incidence of pru:ri.tis and describes it as one of the most intol ... 

erable and refractory symptoms, and a twen-ti per cent incidencl 

of skin. lesions due to small eapi~ thromboses . (l) 

The physical findings generally. parallel the duration of the 

disease and the status of the bone marrow and peripheral blood. 

Another factor is the response to'treatment, if initia'ted. The 

abnormal bone marrows were almost always compatible with the diag­

nosis 0£ polycythemia vera. Hepe.tomegaly ,ms slightly more comm.on 

in this series than in a larger series which reported a fifty per 

cent incidence . The incidence of hyper~nsion in our series was 

fortyi-"five per cent . All except two of the hypertensive pa'tients 

had both systolic and dia:itolic pressures in excess of 140 over 

9.0 millimeters of mercury, respectively. 'Ihl.s same incidence was 

observed in the J,.arger group (.3) and a group observed by Wintrobe . 

However, the criteria for the latter group consisted onJ,y of a 

systolic pressure greater than 140 millimeters of mercury. 

Cardiomegaly, most commonly present as left ventricular hy­

pertrophy, nearly approached a fi.fty per cent incidence in this 

series . Previous myocardial infarction was di~,gnoaed in ten per 

cent ., and one case of pulmonary infarction ,,·as reported in this 
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series . Radiographic evidence of increased p,ul.-a.onary vasculature 

was collllnO'nly- reported in our patiiints . Aloo common were v.a.r:i.ces, 

eapecially in the lower extremities, with an incidence certainly 

greater than in a randOllt population. Cerebrali thrombosis and even 

superior vena ,caval obstru.cion occurred within this series . Un­

derstandably, thrombosis is the most cormoon and serious complica­

tion, especially a vascular lesion in the brain. Miale · reports 

his peroenta~s as follow : Thro111bophlebitis (leg or arm), thirteen 

per cent; Cerebral thrombosis, ten ,per c~t; . Coronary thrombosis, 

four per cent; ~, Other, four per cent • .,-

The incidence of duodenal ulcers in our series was ten per 

cent, and this corellated with Wintrobe I s eight to sixteen per 

cent . 

Two syndromes have been associated 1>1"i th primary PQlycythem:ia. 

Gaisboch 1s syndrome is the occurance of polycytliemi.a Vera and 

hypertension in the absence of splenomegaly. The other, Mosse •s 

syndrome, implies the presence of polycythemia vera in coajunction 

with hepatic cirrhosis . Most authorities today feel that when 

these combinations of .findil}gs are obsel"Ved, they m~rely represent 

a transient form of the d,isease and nll eventually demonstrate 

the other characteristics typical. o,f· primary polycythemia. 

Cirrhosis of the liver and ocelusion of the hepatic veins , 

the Budd-Chiari syndrome, :reportedly occurs very infrequently as 



part of polycyijlemia vera. ( 3) The frequency With which poly­

cythenda. vera terminates in nzy-elofibrosis . and the _speculation 

that ·DiOuglielmo•s disease can be considered a malignant fonn 

of polycythe~a vera, have led to their inclusion within the con­

fines of this syndrome. (18) 

Since no cure exists, the aim of treatment in polycythemia 

ver~ is to attain and main:t,ain, as nearly as possible, a normal 

blood volume, viscosity and thrombo~yte level. 

The earlier treatment is instituted, the longer the survival 

time. As previously stated, dugnosis is ~y made during the 

fifth decade of life; and symptoms can usually be traced approxi­

mately five years prior to the time of diagnosjJ:5. In the group 

of patients from our series 1r1ho are known to be dead, the life­

span :toUowing diagnosis ranged from five to twenty years with 

an average survival time of 11.2 years. If one assumes that 

each patient had developed his disease five years prior to diag­

nosis, then the maximum average survival time would be 16.2 years. 

in this treated group. A more realistic survival time would be one 

betweeh 11.2 and 16.2 years, the average being 13.7 years. If, 

however, symptoms can more often than not be traced to five years 

prior to diagnosi&, the average survival. ti.me would be somewhat 

in excess of 13.7 years. The significance of this value will be 

explained later. 
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According to life expectancy tables published by the Uational 

Office of Vital Statistics in 1957, lif'e expectancy at age forty 

is JJ .4 years and at age fifty it is 24.8 years . Therefore , the 

typical prim.ar;y polycythemic patient 1-rho- presents ~ng the :fifth 

decade and has a survival time of 13.7 years will be victim o.f 

death which is premature by ll. l to 19.7 years . 

Therapy of polycythemia vera consists of judicious use of 

phlebotonJy, chem.otherapy, and/or radiophosphorus . 

Du.ring the onset phase ·when the patient is asymptomatic, 

treatment should be conservative and preventive to avoid damage 

to the reticulo-endothelial system. No blood should be withdrawn 

at this stage because it is the most potent stimulus for eryttiro­

poies.is . The patient should be instructed to consume an iron 

poor diet and return for follow-up every six months in an effort 

to detect early the er,rth:,;-emic phase . 

Although bleeding is the treatment of choice duti.ng the ery­

thremic phase, it results in several um1anted side effects . In 

addition to stimulating red cell formation, it causes hypopro­

teinemia, hypochromic polyeythemia, increased thrombocytopoiesis 

with subseouent thrombosis, circulatoey collapse in older people 

,,i th rigid vessels , and thrombosis in arm veins . (1) Certainly 

the plethora should be relieved in all instance$ . A theoretical 

account of the danger o.f plethora is app~cia'ted from the depend"'.' 
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ence of blood viscosity on herriatocrit. (19) Bl-0od is with-

drawn when the hema.tocrit reaches tif'ty-five per cent. Addunctive 

Jl\Yelosuppressi.ve t~rapy, is used men, to keep the hematocrit 

below fi.ft-y .. .five per cent, it is necessary to withdraw blood 

so fre~tly that iron deficiency a:riemia results; and if plate­

lets rise si¢ficantly above normal . The amount of blood with­

drawn varies with each patient and requires the use of serial 

hematocrits to ascertain the resulting status . Several patients 

,rl. th hematocri ts between seventy and seventy- five per cent re ... 

quired the 1:rithdra.i:,rl of between two ·tnd £our thousand milliliters 

of blood, at a rate not exceeding one pint per day, to obtain a 

satisf act9ry hematocri. t in the fifties . 11aintenence use of phle­

botomy is then reduced to a usu.al rate of one pint over a nwnber 

of weeks , varying with the refractiveness of the disease and in 

conjunction ~ ri th the chem.othera~utic agent used., until a ciesired 

remission is obtained. 

The nitrogen mustards and reuated alkylating agente. are 

highly reactive and tone drugs . They have also been referred 

to as nuoleotoxi.c and radiomimet1c agents. It is believed that 

they combine ptimarily rd. th the phosphate groups in deoJ!Ytibo­

nucleic acid to inhibit rapi,ly grow:j.ng cells . Their effect 

on nucleic acids is ~ugges~ed by their abilit~ to induce mutations 

and to cause the .f'o-rm.ation of tumors in mice' . The newer alkylating 
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agents such as tri~thylenemelamine ( TEM) have the advantq.g.e of 

being better tolerated orally than is nitrogen mustard . However , 

all alkylating agents can produce severe bone maITow depression 

with thrombocytopeW.a as a frequent complic~tion. (20) The 

therapeutic dose of TEM must be determined individuallf' for each 

patient . Either 2.5 or five milligra:m tablets are administered 

every one to three days to a total qpse of usually fifteen to 

forty milligrams . Rend.ssions lasting many menths were frequently 

observed. In other patients, small maintenance doses were re­

quired every few weeks and usually in conjunction ,, ith phlebotomy. 

Radiopho-spho:rous , introduced in 1940, has been considered 

an ihe~sive, safe, and, when combined with phleboton\}T, highly 

ef-ective treatment . It nearly doubled the life span after diag­

nosis in comparison to the duration of the illness pri~ to the 

use of phosphorous . Unfortunately, the occurrence of ll\Yelofibrosis 

and l8Wcemia as late compl,1-cations in the course of polycythem1a 

vera is being recognized with increasing frequency. This terminal 

leukemia is usuallY' of the myeloid type and follows an acute or 

,chronic course . Varying reports on the terminal stage of poly­

cy.themia vera being leukemia leave .nuch. doubtt as to whether the 

cause cou14 be ra~ophosphorus therapy;. Several reporters have 

seen a terminal leukend.a in p.2.tients treated ~; .th phlebotorv- alone . 

'.·ia.J:V feel it is merely the result ~f allowing patients to live 
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long enough to develop the disease . Furthermore, even before 

radiophcssphorus is administered, some invest-igators find it 

possible to segregate a high- risk leukemia group on the basis 

of higher -white counts, greater incidence of splenomegaly, and 

u.eater fre·queney immature .white cells in the peripheral blood. 

(21) 

In a series recently reViewed by Mod.an, acute leukemia ap­

}lea,red as the terminal disease following po~ythemi.a vera in 

elevetl per cent of patients treated with radioactivephosphorus, 

8.9 per ceht o:t those receiv:tng x-ray therapy, and less than one 

per cent of the non .. radiated. Furthermore, he stated that the 

risk of developing acute leukemia is dose dE!pendent. following 

radiation, and an increased risk does not follow a proi<>nged sur­

vival. He cited two other series. One by Perkins consisted of 

127 polycythemia vera patients treated ·without radiation. 1Jo 

case of leukemia was observed, and the median leng~ of survival 

was 13.6 years . The other, by Lawrence, utilized radioactive­

phosphorus for treatment . no statement of leukemia incidence was 

made , but the median length of surVival was lJ . 2 ;years. (22) 

In our series and the fferies reViewed by Perkins, both of 

which utilized chemotherapy primarily, aurnval times were dlight-

33' gr~ater, 13-. 7 and 1)..6 year.s reapecti.TelY, than in the series 

by Lawrence which utilized r~!)phosphorus and claimed a survival 
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time of 13. 2 yea.rs . 

Treatment in the terminal ph~e is p~ supportive 

with some variation in therapeutic agent depending on the term­

inal outcome of the disease . Erythropoietic deficiencies occur 

and lead to aplasia or f'ibposis • .Ieukopo;Le~ deficiencies .may 

result in leul:emia or )iiyeloid me~plasia. Thrombocytopoietic 

deficiency- causes thrombocytopenia or megakary-oeytie leukemia. 

Pl~smaq_;rtopoieti,c deficiencies may result in multiple my.el.om.a . 

In these situations the supportive treatment consists of trans­

fusions, corticosteroids and vitamins . (1) 

An interesting paradox is that late in the course of poly:.. 

~yth-emia vera, when extensive ieyelofibrosis has taken place, it 

is often necessary to treat 'With blood transfusions . Spl enic 

irradiation may be utilized if this organ becomes m1comfortab­

ly large . Ho-v:rever, splenecto_irq is contra.indicated because it 

results in an increase in p1atelet coti.nt and subsequent fatal 

thrombosis . 

SUMMA.RY 

1. In all series, the incidence of pr:Una.ry polycythemia 

is gN'atest in ·wlrl. te , non-j~w'"ish males in the fifth decade of 

life . 

2. Although many theoretical concepts have been proposed,, 

the etiology and na thogenesis still remain unkndtm. 
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3. The peripheral blood pie~ always reveals an elevated 

packed eell Volume and usually demonstrates a left shift in the 

presence of leukocytosis . 

4. Plasma volumes are ;frequent]i decreaaed; however, this 

occurred less :trequent)y in our series than in others reported. 

Red cell volwnes and total blood volumes were consistently ele­

vated. 

$. A bone marrow compatibl-e with the diagnosis of polycy­

themia vera is almost always demonstrable at the time of diagnosis . 

6 . Although the spleen is not the site of blood formation 

in uncompli;c~ted polycythemia vera, it is usually enlarged. 

7. Arterial oxygen satlll"ations were consistently normal. 

Arterial o:xygen tensions , however, have been reported as decreas­

ed. 

8. Nwnerous plasma abnormalities have been reported, but 

the causes responsible for the bleedinc tendency in this disease 

remain unidentified nth certainty. 

9 . Uricemia was seen twi ce as frequently in our series than 

in others reported. 

10. Leukocyte alkaline phosphatase is usually increase~ in 

primary polycythemi.a . , 

ll . The numerous symptoms of this disorder are wima.rily 

related to the increased blood viscosity. 
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12 . Classical signs of p~ polycythemia are rubor, 

spleno~aly and an increased r.ed cell mass . Hepat6inega:ly uas 

more frequent'.ly observed in our group of patients than in others . 

13 . Of graa.test interest is the increased length of survival 

time observed in this series of patients as compared to other 

series . This is contribut.ed to the judicious use of phlebotoIJV 

and tnethylenemelamilie in conjunction with close observation by 

a :most competent phySician. 

14. The occurrence of leukemia as a terminal complication 

of polycyt:,bemia vera is markedly decreased when radiation ther­

apy is not utilized. 

Ackno»ledgement: I wish to thank Dr . Peyton Pratt for :making 
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