
THE BONE MARROW IN PREGNANCY AND THE PUERPERIUM 

by 

Catherina A.A. Bramlage 

Thesis 

Submitted to the Faculty of Graduate Studies 
and Research in partial fulfillment of the 
requirements for the degree of Master of Science. 

( in the Department of Experimental Medicine) 

McGill University, 
Montreal, Canada. 

August, 1955. 



ACKNOWLEDGEMENTS 

l should like to thank Professor J.S.L. Browne, Chairman 
of the Department of Medicine at McGill University and 

. Director of the University Clinic of the Royal Victoria 
Hospital, and Dr. W. de M. Scriver, Physician-in-Chief 
of the Royal Victoria Hospital for my appointment as 
clinical fellow in Hematology. Their counsel and 
encouragement during the course of this Vlork are 
greatly appreciated. 

l am sincerely grateful te Dr. Louis LoweIistein, 
Assistant Professor of Medicine at McGill University 
and Hematologist-in-Charge of the Hematology Service 
of the Department of Medicine of the Royal Victoria 
Hospital, for his indefatigable help in the form of 
suggestions and recommendations, derived from his 
vast experience. His encouragement and guidance 
during my fellowship has made this time both Most 
profitable and pleasant. 

Dr. N.W. Philpott, Obstetrician and Gynecologist-in­
Chief of the Department of Obstetrics and Gynecology 
of the Royal Victoria Hospital, was most cooperative 
in providing facilities necessary for this work; l 
extend to him my thanks and appreciation. 

For her friendliness and cooperation l am greatly 
thankful to Niss Madeleine M. Lalonde, !:3enior 
Technician of the Bessborough Laboratory, who carried 
out the hematologic determinations of the blood and 
assisted me in every other way possible. 

l sincerely appreciate the aid of the members of the 
Technical Staff of the Bessborough Laboratory, especially 
of Miss Freda Karczmar, who also performed Many of the 
hematologic determinations and Miss Therese M.B. Rochette 
who spent many hours in recording the differential counts. 



l wish to express my gratitude to Mr. W.A.Silver, who 
performed thà statistiàal analysis of the data for 
this study. His work has been most valuable. 

Finally l should like to thank Miss Barbara H. Heward, 
who made the graphs and aIso assisted me in recording 
the differential counts, and Miss Barbara G. Bambrick, 
who typed this thesis and its tables. 

The financial support for this work was obtained from 
a Federal-Provincial .rtesearch Grant to Dr. Louis 
Lowenstein for the study of anemias of pregnancy and 
the puerperium, for which l am greatly indebted. 



INTRODUCTION 

!he changes in the bJ.ood of pregnant women bave fascinated 

many obstetricians and hematologists. A high incidence ot anemia 

has been observed in pregnancy tbroughout history. Moreover it 

has been acknowledged tbat the stuctr ot the blood may contribute to 

the establishment ot a proper diagnosis and sat1stactory treatment 

in JDB.ny" disorœrs of pregnancy. 

An increasing awareness of the essential 1mport&nce of 

prenatal care for the pregnant woman lad to the performance of 

routine hema.tologicaJ. etudies along with other examinations necess&ry' 

to detect the earliest deviat10n from normality. It W&8 800n 

realized that the hematologioal determinations of the blood of 

pregnant women yielddifferent resul.ts trOll those of normal. men 

and non pregnant women. 

The present work was part of a project undertalœn by the 

Hematology Service ot the Department ot Medicine ot the Royal 

V1ctoria Hospital and torma one aspect ot a general survey ot blood 

ohanges in physiologieal and pathological pregnaneies. 

The blood of a large mmiber ot pregnant women 18 routinely 

epm1 n ed in the Bessborough Laboratory of the Montreal. Maternity 
- -

Hosp1tal by the Hematology Service. These patients are sent by the 

Matern1tyout-Patient Clinic and come to this laboratory at least 

tvdce anteparta, once at the tilDe ot the tirst ne1t to the OUt­

Patient Department and once at apprOJd.mately the eighth month of 

pregnancy. Another routine bematological. examination is performed 
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on the second dayafter del1very and a final one at approximately 

six weeks postpartum in the Out-Patient Department. 

The routine hematological examination consists of the 

determination or the hematocrit, hemoglobin,sedimentation rate, 

rad celi, reticulocyte,white celi and dit:.ferential éounts. It 

is possible to œtect J'DSJly' earl:,y cases of anemia by these screeDing 

me&S1lres. 

Bona marro" aspiration is performed in the majority of cases 

presanting a borderline anamia. This procedure is olten necessary 

for the dstermination ol the type of anelllia and the institution of 

rational specific therap,y. 

The hematological stu~ of so many of these cases bas 

prompted the exam1 nation of the bone marrow of normal. women during 

pregnancy and the postpa.rtum periode The concensus of opinion in 

the Uterature is that the hemoglobin, hematocrit and red cïli values 

of the peripheraJ. blood. fall dI.1ring normal. pregnancn the reports 

conflict ,however, concerning the changes in the bone marrow of normal. 

pregnancy. In vin of this la.ck of agreement an attempt _s made to 

determ1ne whether the bone marrow during pregnancy and the postpart\DJl 

period differs sign1ficantly from the bone marrow of normal. non pregnant 

womenJ if so the establishment of the physiomorphology and of standard 

values for the dif'ferential counts of bone marrow in pregna.ncy might 

prove uaeiul. 
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CHAPl'ER l. 

HISTORICAL-

Bone Marro" Examination. 

The importance of the bone marrow in the f'ormation of' the 

blood was f'irst demonstrated in 1868 by' Neumann (1), who showed that 

it was the site of' origin of the circula.ting red cells. He also 

observed the f'act that f'atty marrow ma)" he transf'ormed into red 

marrow in the presence of' anemia. 

In 1877 Ehrlich introduced bis staining method of dried 

blood preparations and published his concept ot the development of 

polymorphonuclear leukocyt.es and lymphocytes from bons marr'oW cells 

(2). This publication started the heated discussion about the origin 

or blood cells which bas continued untU the present time. 

At tirst JDOst observations were made on postmortem material, 

but this method was proven to be of limi ted value due to rapid 

morphological changes l'Illich oceur alter death (3) (4) (5). 

In 1905 Pianese (6) f'irst studied the human bone marrow 

in vivo obta1ned by means of a trocar. His report was f'ollowed by 

those of' several other workers, ma.ny of' whom obtained their material 

b,y trephining the upper end of' the tibia as initially proposed by' 

Ghedini in 1908 (7) (8). 
, 

Both methods required qui te a considerable convalescence 

period alter the operation And it was al80 soon shown that active 

marraw i8 not always present in these bones in the adulte 

Ghedini' s method, howswr, bas proven to be very use1'ul 



in intants and young children whose tibial epiphyses still contain 

red marrow. Caronia (9) mod.i.fied this method in 1922 and used it 

in children. 

In 1925, Seyi'arth (lO)introduced the method of trephining 

the sternum. This provides an easily accessible site for biopsy 

and one l'Ihich normally contains aotive marrow. The method consists 

of trephining the outer table of the sternum at the level of the 

third or fourth rib and removing marrow wi th a curette. His method 

launched a new phase in the development of the technique of bone 

marrow biopsy. HOW8"t'8r it requires the services of an able surgeon 

for its pertormance and proves to be an inconvenient operation for 

the patient. 

With Arinkin' s (ll) sternal marrow aspiration devised in 1929, 

a simple method 'became available for inBpecting the n factory of the 
-

blood ". Undar local. anestbesia, he punctured the outer table of the 

manubrium stern! with a lumbar puncture need1e, and films were made 

fram the aspirated mixture of blood and marrow. This method is quite 

rapid, permits repeated examinations, causes onlo" momentary discomf'ort 

to the patient, requires no surgic&! assistance and usually affords 

adequate information as regards the tunctional morphology of the bone 

marrow. For theS8 reasons this method is now employed extensiwly in 

hematological investigation. It should be added that both Arinkin t s 

aspiration method and Seyi'arth 's trephining technique have their 

limitations. These lllDitations will be diacussed later. 
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In 1932 CUster (12) examined the structurè. and function of 

the bone marrow in the various parts of the ske1eton in relation to 

advancing years of lite. At birth, practically all bones were found 

to contain hematologically active red marrow. In early infancy, 

however, fat cells appear in the bones of the extremities and increase 

gradually in number until they replace most of the hematopoietic 

tissue of the long bones. liter the age of twenty years active 

marrow is normally only found in the sternwn, vertebrae, clavicles, 

ribs, scapulae, skull and pel vis. SInall araae of active tissue may 

still be present in the proximal ends of the femora and humeri. 

Custer expressed the opinion that this involution may be due to 

temperaÜllre differences between extremities and torso. Transition 

of fatty marrow to red marrow was observed by him under experimental 

conditions. 

The puncture of the upper end of the tibia will therefore 

yield active marrow in young children. Caronia performad tibial 

punctures in chUdren below the age of 15 years, but it seem.s likely 

that ether sites would have been preferable i.n- many cases. TOday, 

tibial puncture is rarely perfermad after the age of 4 - 5 years. 

Van den Berghe and Blitstein (13) first successful1y 

aspirated the iliac crest. Shnrt1y thereafter Rubinestein (14), on 

this continent, reported excellent results with this method in a 

large series of cases. 

Recently, satisfactory aspirations have been obtained from the 

spinous processes of the vertebrae by Loge (15), B1cke1 and Della 

Santa (16). 
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Bone Marrow Findings in Pregnancy: Reviey.[ of Literature. 

~t the sarne time that Arinkin presented the new method of 

obtaining bone marrow, he published the results of the differential 

counts he had performed on Marrow smears on a group of normal patients. 

These ranges varied widely, probably for reasons which are now better 

understood. The marked variation and the obvious need for normal 

standards stimulated other investigators to perform the sarne type of 

work. It was soon realized, due to factors which wiJ.l be discussed 

later, that it was quite difficult to come to an agreement as to 

what was the actual cellular distribution of normal bone marrow. 

Because of this disagreement or the wide range of variation, 

many workers in clinical hematology have rejected the performance of 

differential counts, on the basis that they are very time consuming 

and often give no more valuable information than careful observation 

of the bone marrow smears. 

Many research workers consider the differential count a 

necessity, and under these circumstances the standard evaluation of 

normal bone marrow is of basic importance. The disagreement in this 

matter caused many investigators to make up their own series of normal, 

as a prerequis1te to any study in the pathological field. From the 
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work of these authors there is now available numerous data on the normal 

bone marrow differential. count. It still seems essential to perfonn a 

number of punctures on normal persons under identically controlled 

conditions in any series of precise comparative bone marrow differentials. 

The proper control of preparation and interpretation of marrow samples 

will be discussed later. 



The prob~em of anemia so often seen in pregnancy bas fascinated 

many workers. In the last century the various morphologica~ changes seen 

in blood during pregnancy aroused interest, and it was soon realized that 

the anemia of pregnancy was tar trom a nosological enti ty. 

In 1936, a Russian obstetrician,Daniachy (17), became interested 

in the bone marrow ot pregnant women wi th various disorders ( especially 

eclampsia ) which were accompanied by a proto'Wld anemia. From this work 

he suspected that the bone marrow ot normal pregnancy may divert trom 

the non pregnant norma~. From ditterential.s pertormed on bone marrow 

smears ot fUty normal pregnant women he came to the conclusion that 

these marrows sho?i8d cbaracteristic quantitative and morphologie changes 

in both the white and red cell series in early pregnancy. The 

metamyelocytes ,particularly ,showed a relative increase as compared with 

the non pregnant normal. ( twice the normal value in the tlrlrd month, 

three times in the sixth month and six times in the last trimester ). 

Evidence ot turther shitt to the 1eft of granulocytes appeared 

in the fourth to the sixth month ot pregnancy, al though the percentage 

or myelocytes and promyelocytes did not exceed the normal physiological 

vaJ.ues as gi ven by Arinkin. He also noted an 1ncrease in eosinophilic 

cells. Anisocytosis, vacuolization and asynchronism in the white ceU 

series are strildng changes according to Daniachy. Frequent occurrence 

of mitotic figures in both the erythropoietic and gr811ulopoietic series 

were evidence ot increased marrow activity. A1thougb the red ceU 

precursors rose to a relatively ~esser extent, he felt that they could 

still be considered rdthin the upper llmit of normal. Daniachy found 

that the outstanding morphologic feature in the red celi series,ho1'lever, 
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was the appearance of megaloblasts in a frequency of 0.2 to 1 %. 

They increased in aumber with increase in length of pregnancy. It 

is impossible to derine Daniachyls criteria of magaloblasts tram 

his article. The peripheral blood remained normocyt1c. Ail of 

thase qualitative changes were more evident in primigravidae. 

Untortunately the conclusions he drew frOlll the quantitative 

changes mentioned above were erroneous. Daniaohy compared bis results 

with Arinldn's values for normal men and wamen. He probably woul.d 

have reached ,different results had he used the standard values of 

another author, or his own. 

m 1959 Pitts and Packham (18) of Vancouver , reported a 

study of the bone marrow in pregnancy. This work was started because 

they had been faced Yd th the problem of interpretating the mano" 

picture of a 24 year old woman who developed acute lead poisoning 

in the fourtli month of pregnancy. They felt that there was a lack 

of knowledge about precise data. concerning the bone marrow in pregnancy 

and decided to proTide the llterature with the normal. standard figures 

obta1ned f'rom 40 healthy pregnant subjects. For control they used 

ditf'erentials from marra. aspirations which they performed on 24 

healthy non pregnant females. They concluded that theré was a slight 

generalized hyperplasia in normaJ. pregnancy which, however, &tfects 

aU types of' cells about equally. Morphologic ceil changes during 

pregnancy ware apparently not observed by these workers. 

In 1959 Markoff (lo9) in 6witzerland reported hie findings. 

He pointed out that the results which had baen published thus far, 

bad not yet solved the problem of whether or not there was such an 
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entity as a ft bone marro" of pregnancy". This statement was based 
.. . 

on bis comparison between the myelograms pUblished by Daniachy and 

Hansen and the myelogram gi ven by Rohr for normal men and women. 

The wic1e range of the latter seemed to overlap completely the Mean 

w.J.ues calcul.ated from the results of the ditferent1al counts 

perfonned by Daniachy and Hansen. Markoff concluded that the 

method of differentiat10n probably was inadequate and approached 

the problem fram a purely morphological viewpoint. 

He came to the following conclusions: in the second month 

of pregnancya few large early basophilie normoblasts start to appear 

and the promyelocytes begin to show a strildng anisocytosis. In the 

third month the plasma cells increase and the early basophilic 

normoblastsare present in clusters. By the fourth month the marrON 

1s very cellular. ' Both the erythroblastic and granuloblastic series 

are hyperplastic and show a large number of mitot1c figures. From 

the suth month onwards, he noted marrow eosinophUia. and found the 

reaction of the whole marrow to be at its peak of activity. The 

anisocy'tosis of the promyelocytes, the clusters of polychromat1c 

normoblasts and large basophilie normoblasts and the inerease of 

plasma celle were especially characteristic. No further changes 

mre observed during the last month of pregnancy. The marrow in the 

puerperium was again normal. but no cOJ!Bnent i5 made concerning the 

tilDe at whieh these samples were taken. 

In 1939, Forsell (20)of Finland reported an extensive 

investigation eoneerning the morphologie changes of the blood and 

bone marrow in anemia caused by acute blood loss. A bone marrow 
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puncture was performed in eight no~ pregnant women as material 

for comparison with a group of fifty patients with anema fol10wing 

abortion. This group of eight normal pregnant cases consisted of 

wamen who were in their fourth month of pregnancy or less, except 

one who was eight months pregnant. 

On the OOsis of comparison the bone marrows of 20 heal thy 

men and non pregnant women and of these eight pregnant women, Forsell 

cla:iJned that no signii'icant changes, either quantitative or morphological, 

occur during pregnancy. 

In 1945 Wolff and Limarzi (21) (U.S.A.) examined the bone 

marrows of 105 pregnant women. Of these, thirty had serial punctures 

throughout pregna.ncy, puerperium and at 6 weeks postpartum. Ail 

these women were healthy, haà a normal peripheral blood smear and 

showed no evidence of iron deficiency. 

These authors found a decrease in the values of hemoglobin, 

red cells and hematocrit of the peripheral blood, beginning at the 

5rd and 4th month of pregnancy, with values falling considerably at 

the 6th and 7th month and persisting until alter deli very. Since the 

peripheral blood had a normal morphology these 10'11 values were considered 

to be due to the rela ti va increase in plasma volume during pregnancy, 

causing the n physiological anemia of pregnancy Il. The Mean corpuscular 

hemoglobin concentration remained at the lower limit of normal in aIl 

cases. A moderate leukocytosis was usually present, together with an 

increased sedimentation rate, which rapidly returned to normal after 

delivery. No increased reticulocytosis was found however, as was 

previously reported by others. 
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The bone marrow d1.f'ferentiaJ. counts of these wœnen showed no 

morphologicaJ. changes which dittered trom the non pregnant normal. It 

was noted, however, that erythropoiesis and granulopoiesis increased 

in early pregnancy and became more pronounced during the last stages 

of pregnancy as ms evidenced by the increased myeloid - erythroid 

ratio of the hematocrit ( normal approximately 6.8 %; in pregnancy 

14 % average wi th occasional values as high as 45 % ) and an 1ncrease 

of the total nucleated count of the bone marrow ( normally 300.000/cmm; 

during pregnancy 600.000/ cmm. with a maximum of one million/ cmm. ) • 

Granulopoiesis remained morphologically normal throughout 

pregnancy, but an insignii'icant myelo1d :lJmnaturity was observed a 

short tille bafore delivery. 

The megakaryocytes showed an evident hyperplasia in the 

last months of pregnancy and during the early puerperiaJ. days. A 

definite increase in bone marrow platelets was also noted. 

The peripheral blood was found to be normal again at the 

sirlh week postpart'Wll, but the myeloid and megakaryocyt1c hyperplasia 

did not disappear for some three menths postpartum. 

In 1946, Callender (22) published her studies made in Br1tain. 

She pertormed differential counts on the bone marrows of 19 healthy 

pregnant and puerperal women and 10 healthy non pregnant volunteers. 

Because reports of several authors seem to indicate that there might 

he an erytbroblastic reaction of the bone marrow in pregnancy, especially 

during the later monthe, she compared the percentages of aU the red cell 

precursors fOlmd in the following groups 1 
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1. 10 non pregnant and 15 pregna.nt women. 

2. 10 non pregnant and 4 puerperal wcmen. 

3. 10 non pregnant and 9 pregnant women in the 

last eight weeks of pregnancy. 

4. 4 pregnant women in the second trimester and 

the same during the last eight weeks of pregnancy. 

statisticaJ. anaJ.ysis showed that a doubtful significant 

dif'ference in erythropoietic acti vi ty could only be shown. between the 

marrows of non pregnant women and those in the last eight weeks of 

pt"egnancy. She reported a P- value which lay bett.een 0.05 and 0.02, 

but noted that because there were Many uneontrollable factors in the 

preparation of the marrow smears and performance of the clifferential. 

counts, it wculd be sa!er to accept only P-values of 0.01 or 1mder, 

as signi1'icant. In this case no significance could be attributad to 

the found difference. She also tasted the evidance of a shift to the 

1eft of the erythroblastic ceU series during pregnancy as suggested 

by Markoff, but was not able to show a significant statistical. ditference. 

From morphological examination of sections of bone marrow 

particles, she concluded that ther8 appears to be a tandency to slight 

hyperplasie. of the red oell precursors during the last weeks of pregnancy 

and in the early days of the pu.erperium. 

Another series of 12 bone marrows from healthy pregnant women 

was reported by Leitner (5) in Smtzer1and in 1949. Three of these 

women were in the first tr:ilnester, six .re in the second, and three 

-nere in the third trim.ester (bone marrow punct-ure was performeci twice 

on one patient). 
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No definite conclusions were drawn from the results except 

that there seemed to be a slight hyperplasia of the erythroblastic 

anq/or the granuloblastic cell series in some of these 12 cases. 

For normal non pregnant standards Leitner used his results obtained 

in 22 healthy men and women. In not one instance were me@aloblasts 

seen, in contrast to the previous report by Daniachy; Leitner 

observed large cells similar to giant meutrophils in those marrows 

in which there was hyperplasia of granuloblasts. 

Two more studies concerning this subject have been 

• published by Hansen ( 23 ) and Pignoli ( 24 ). Callend.er states 

that Il Hansen compared his results with the normal ranges of 

Segerdahl and Nordenson and deduced that there Mts a shift to 

the left of the granulocytic series. He aIso thought that increased 

erythroblastic activity was indicated by the ocdurrence of clusters 

of macro-normoblasts, but he found no megaloblasts". It is 

Callend.er's opinion that Hansen might have come to different 

conclusions, if he had applied Ar1nldn' s standard values for normal 

men and women. These latter values were used by Daniachi for his 

stud;y as earlier mentioned. It i8 to he emphasized that both 

studies of Arinkin and Nordenson were performed on the bone marrows 

of men and women, hospitalized for various diseases, but in which 

no evidence was found of hematological abnormalities. It should 

No further eemarks can be made regarding Hansen' s and Pignoli 1 s work. 

We have seriously attempted to obtain the original articles of both 

these authors, but without succeSB. 
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also he noted that Arinkin's figures for the normal range differ 

considerably !rom those of Nordenson and Segerdahl. 

Lei tner states that Pignoli performed a study Ooncerning 

the bone marrow in normal pregnancy in 1942, but does not comment 

regarding it. 
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CHAPl'ER II 

METRODS AND TECHNIQUES. 

Technique~ of' Bone Marrow Aspiration. 

No essential changes have been made in Arinldn' s original method 

of' obtaining marro" trom the sternum. A series ot special bone marrow 

needles have been de signe d, most of which consist of a short, strong 

needle, f'1tted with a stylet, to prevent blockage. Arjef'f (25) devised 

the tirst bone marrow neadla with a guard, as a protection against 

accidents. Various modifications of the latter needle are now in 

ens1iance. Henning and Korth (26) usad a non-guarded needle" which 

is gauged in mnl:llneters to gi-ve an estimation of the depth of the 

needle in the outer table of the sternal. cortex. This needl.e bas no 

stylet, bût there 1s an opening near the tip to tacilitate irrigation 

with sodium-citrate or heparinized plasma in case no marraw can be 

obtained otherwise. 

Most authors direct the needle vertically ihto the sternum; 

others lind 1 t preterable to direct the needle cephalad at an angle 

of 450 to diminiah the sense of pressure experienced. by the patient. 

Arinldn aspirated his marrow samples- !"rom the manubrium s'terni, 

but as it was later tOlUld that transformation of red marrow into fatty 

marro" ooOurs earlier in the manubrium tban in the gladiolus and that 

its spongiosa is olten very thin in the middle, the mesosternum was 

elected as the better site. Soma authors have chosen the distal part 

of the sternum; however, it has been fOlUld to have a central f'ora.men 

in 2{}% ol a.J.l cases, due to incomplete fusion of the two sternal plates. 



Rarel)" the osseous union hetween the plates is absent over the entire 

length of the sternum (27). 

Thus the site of choiee of DlOst authors is the proximal part 

of the corpus from the second to the fourth intercostal spaces. The 

puncture should not he performed at the level of the costochondral 

insertions, as ca:-tilaginous attachments are apt to occur at these 

areas (27). 

Young and Osgood select the sternomanubrial junction 

purpose~ because of the soft cartilaginous structure at this site. 

For cases in which malignant metastases are suspected, other sites 

of the skeleton may he more preferable (15) (14). 
-

A few authors (29) (50) (51) feel that local anesthesia is 

unnecessary; Vogel and bis associates (52) stated that anesthesia 

aeame more indieated in cases !rom which large quantities of marro" 

are withdrawn. On the other hand the sensation of pain due to the 

suct10n, 1s not affected by local anesthesia and thus cannot be 

avoided. Whitby and Britton (55) &lao adm1n1ster a sedative to their 

patients. 

Most authors preler to push the need1e into the marrow cavity 

manually J using a steady, rotatory movement. A few others drive the 

need1e throUgh the outer table by means of gentle taps f'rom a small 

hammer. This latter method has the disactvantage that the operator 

does not feel the sudden diminution of the rasistence as the needle 

enters the marrow cavitYj this method also causes the patient more 

discamfort than the manual method. 
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Methods of Preparing Aspirated MateriaJ. for Study. 

Opinions differ widely regarding technical aspects such as 

the amount of marrow to be withdravm and the preparations of smears. 

These aspects are reported in Chapter V. The common a:Un of all 

methods is to reduce to a minimum the variable of dilution with 

periphera1 blood. 

Sorne authors add exalate, citrate or heparin to the marrow 

aspirates te prevent rapid clotting; concentration techniques require 

the addition of anticoagulants (lB) (28) (34) (32) (35). Many others 

reject the use of anticoagulants on the basis that they alter cellular 

morphology. 

The choice of sta1n1ng techniques is often personaJ., depending 

upon the workers emperience wi th a gi ven staining method. Wright 1 s 

stain or one of the variations of Pappenheim1 s staining technique are 

most common1y used. 

Methods of study of the Àspirated l'.1&ter1al. 

Manyauthors report the total number of nucleated cells per 

cmm of bone marrow fluid, as an estimation of its cellularity. 

All of these counts show a marked individual variation which 

i5 even · larger if the data of the various authors are compared. 

Segerdahl (36) found a normal range of 10.600 to 258.200 total 

nucleated cells per cmm and there was no significant d:i1'ference in the 

total nuclea te d count of her three groups of young men and young women 

and of elderly men and women combined. GDrmson (37) found 18.000 -

216.000 per cmm. Both workers aspirated small amounts ( 0.1 - 0.2 ml) 

of marrow. 
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The comparative values are lower in the data given by those 

authors, who preferred to aspirate larger quantities, due to a greater 

degree of admixture wi th peripberal blood, but the ranges are still 

considerable: eg. Napier and Gupta (58) found 32.000 - 116.000 

( 20 ml asp1rated ) whereas Pitts and Packham (18) reported 7.550 -

46.000 (10 ml aspirated. ) 

In addition to the1r data on the marrow a.pirates of 24 non 

pregnant woman, Pitts and Packham reported the J'e'8\tl.ts of total 

nucleated comts, performed on marrow samples fram 40 pregnant women. 

They found a range of 14.400 to 125.000 per CIIDD with an average that 

was slightl1" higber tban that found in the non pregnant group. 

The information obtained by the perf'ormance of' a total 

nucleated count, is probably more important in pathologie&! cases 

with counts of' over 300.000 (34). In the present series total 

nucleated comte were made in approximately two-thirds of' the cases, 

but it soon became evident that the range of variation 198.s great 

enough to question the signiticance of these 'V8.lues. Consequently 

1t was decided to omit the total nucleated ce11 counts in the 

interpretation of' t..he resu:Lts of this stu<tr. 

TECHNIQlJm USED IN THIS STUDY. 

BoneMarrowAsp1ration. 

The patient's sldn over the mid-sternaJ. region iswasbed with 

iadine and alcohol and draped wi th sterile towels, leaving a sma.ll area 

aroÙDd the site of' aspiration uncovered. AU sternal punctures wera 

performed at the second or third :t.lltercostal ragion, in the midline, 

lmder sterile conè:1tions. No sedative or other premedication was given. 



A small amount of two percent novocain solution was ihjected 

intracutaneous~y with an intradermal needle at the chosen sital> 

f'ollow.i.ng this a small amolmt was deposited under the periostel1Jl1 

ftith a 20 gauge needle. 

For the aspiration a 4 - 6 cm long sternal marrow needle 

of simple design ( 16 gauge ) fitted witb a stylet was used. The 

anesthesized skin was penetrated in the midl1ne of the sternum 

above the level of the attachment of' the 10west rib of the interspaee 

chosen for the puncture. The needle \'fa., then directed vertically or 

at an angle of 450 cephalad and &fter reaehing the anesthesized 

periost9um the outer table of the sternum was penetrated by means 

of a to and fro rotary motion of' the needle using moderate manual 

pressure. Often, the \1 suddsn give ", as described by almost all 

authors, was not feIt, but was replaced by a sensation of gradual. 

dimjnishing resist&nce during perforation of the outer table of the 

cortex. 

Markoff noted that the sternum during pregnancy seems to be 

Iess sol1dJ this also is our impression as Iess pressure is needed 

for penetration into the marrow carl ty, particuJ.arly in the latter 

monthe or pregnancy. In the se cases also the feeling of the tt sudden 

give ft was usually absent. 

-when the needle seemed to be in the correct place the stylet 

fiaS withch-awn and a l ml (Old Tuberculin) syringe N.S att@.ched. The 

plunger and inner barrel of the syringe vvere coatéd with vaseline. 

1'1 
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The removal of the stylet is usually a good indication that 

the marrow cavity has been reaeheà, because the patient experiences 

this as a slight pain. Also if the needl.e tip is in the marrow cavity 

usually the end of the stylet will he coated with blood upon its 

withdrawal. 

With the application of forcible suct10n the subject 

invariably experienced a sharp short pain and 0.1 - 0.2 ml. ot ma.rrow 

fluid ms taken. The needle was then withcb:'a1'fl'l and a 8D1&l.l bandage was 

applied to the puncture wound. 

Occasionally the needle had to he advanced a tew mi J l1meters 

to obtain marrow and only in a ver.1 few cases was a second attempt 

necessary after a firat failure. The irrigation technique of Henning 

and Ke1lhack l'las never used. When necessary, the second marrow 

puncture was performed one intercostal space below or above the tir st 

one, in order to avoid possible hemorrhagic or disruptive influences 

fram the first punct'Ure. 

Quite otten the patients were somewhat apprehansive bafore 

the precedure and there l'las considerable difficulty in attaining 

volunteer subjects. liter the puncture was performed most of the 

subjects admitted that they had only surfered a moment of discomf'ort 

at the t1me that the periosteum fiaS anesthesized or as the marrow 

sample was w:l. thdrawn. 

Preparation of the Aspirated Material for stu<V. 

Immediately after obtaining the bone marro" aspirate the 

needle was detached · trom the syringe and the content of the syringe 

ms expelled 1nto a paraffin bl.ock vdth concave surface. Anticoagulants 



were not used. 

Cover glass preparations _re made wi'th the &id ot a pipette. 

Some of the aspirate was placed on slides which were tilted until the 

marrow particles adhered to the surface of the slida; surplus blood 

was drained off and blotted with gauze pledgets and the particles 

were smeared betMen two slides. Both slides and cover glasses were 

allowed to dry at room temperature and were then tixed and stained 

with Jenner - Giemsa, according to the follomng technique: 

1. Jenner stain : 6 - 8 drops for 5 minutes. 

2. Buf'tered m'ter (pH 6.6): S - 6 drops for 6 minutes. 

5. Mter thorough removaJ. of the stain by washing the 

stain ott with buffered water, add: 

4. Giemsa stain ( 10 drops diluted wi th 10 drops ot 

buftered water ) for 15 minutes. 

S. Wash well wi th running tap water and then 'Id th 

buffered. water. 

Differential Counting Techniq~. 

Marrow partioles "ere seleoted under low po~r- magnif'ication 

for the ditterential oounts, whioh were performed under oil immersion 

at 1390 x magnitioation. 

The oover glass smears are usually superior to the slide smears 

in that they are thinner and allow better observation of the details of 

nufleus and cytoplasm. For the differential counts o~ cover glass 

smears ftere used. The slide preparations were useful, however, :in 

stud;ying marrow arohiteoture, cellularity and mega.karyocyte distribution, 

but oellular details ooul.d not aJ.ways be different!ated. 
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Those areas in the covar glass smears, containing marrow uni ts 

were selected in order to reduce the errors due to dilution w1 th 

peripheral blood to a minimum. 
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The neutrophilic and eos1noph111c stab cells and polymorphonuclear 

granulocytes were not counted for the same reason. All basophilic 

granulocytes were omitted, since they represent only such a small 

percentage of all nucleat8d ceils. Megakaryocytes were included, but 

the se a180 are too few in number to be accurately cOlmted by this method. 

No importance therefore can ba attached to the percentage of these cells, 

listed in the Tables. A total of 500 nucleated cells was differentiated, 

using at least two different smears and the results were expressed as 

percentages of the comb1ned red and white cell series. 

GrllDulocyt8s and erythrocyt1c cells showing mi totic figures 

were included in the 500 ce11s but a note wu made separateJ.y regarding 

the frequency of the mitoses observed in both series. 

'l'he differential counts of all bone marrow preparations were 

performed by the author. As a control of the accuracy of these counts, 

separate counts were performed upon approximately hal..f of the total 

number of the preparations, by Dr. Louis Lcmenatein, Hematologist-in-
- -

Charge. The results were only considered acceptable if the counte 

per.1'ormed by' the two separate observers were in satisfactory agreement. 

During the sarly phases of this work the dual dii'ferential comts ware 

performed more !requently than during the later phases, as it became 

apparent that the ditferential counts of the two observers wera 

consistantly in satisfactory agreement. 



Examination of the Peripheral Blood. 

The peripheraJ. blood in an cases was examined by the same 

two tachnicians. A determination was made of the hemoglobin 

concentration (Hgb) hematocrit (PCV) and red blood cell count (RBC) , 

fram which values the mean corpuscUlar volUme (MCV), mean corpuscular 

hemoglobin (MCH) and mean corpuscular hemoglobin concentration (HCHC) 

wera calculated. Also a reticulocyte count, white blood cell count 

(WBC) and differential "as obtained in each case. 

The hematologic detarminations ware performed wi th National 

Bureau of Standard pipettes and caref'ully standardized equipment; 

often duplicata determinations were done. The hemoglobin 

concentration was determined with the Evelyn photoelectric co1orimater, 

15.6 gm. percent being equivalent to 100 percent. The hematocrit was 

performed by the method of Wintrobe and the reticulocytes were counted 

by Dameshek' s method. Leukocyte dif'ferential smears were made by the 

cover glass method and were stained with Jenner - Giel1lSa. 

The work of' the two abow technicia.ns wa.s directed and 

supervised and results which varied queationab1y or definite1y trom 

the normal were personally checked by the Author and/or Dr. Lo\'tén8tein. 
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CHAPTER In. 

SELECTION OF SUBJECTS. 

Pregnancy and Postpartum Series. 

This group consisted of women attending the obstetricaJ. 

outpatients 1 department of the Montreal Maternity Hospital. They' 

were divided into the first, second and third trimesters of pregnancy. 

Each tr1mester group consisted of 50 women. Ten bone marrow punctures 

were performed on each of the firet eight poatpartum days, a total of 

80 marrow aspirations. 0nJ.y a few women ba.d more than one puncture. 

Theae bone marrows, taken during the puerperium, were 

subclassified into t'WO groupez poetpartum days l - IV and V - VIII, 

80 that each group represented 40 bone marrow examinations. 

Bone marrow aspiration was performed on another 50 women 

6 weeks postpartum at the t1me of their routine check-up in the 

Out - Patient Clinic. 

Normal Series: 

For comparison wi th the pregnancy and postpartum groups a 

series of bone marrow punctures was done on 50 non pregnant woman, 

aJ.l in the childbearing~. Of these, 14 vere out-patients attenc1ing 

various clinics, 16 were woman belonging to the technical and 

administrative staff' of the Royal Vietoria Hospital and 2 were women 

interna from l'Hospital st. Justine. 



In summa.ry the material. consisted of the following: 

50 bone marrows: firet trimester 

50 bone marrows: second tr±alester of pregnancy 

50 bone marrows: third trimester 

40 bone ~ows · first to fourth postpartum day · 
40 bone marrows • fUth to eighth postpart\Dll day · 
30 bons marro,",s • six weeks postpartum · 
50 bons marrows • non pregnant norma.1 women of • 

childbea.r1ng age. 

Criteria or Health. 

The pregnant woman, as stated, .ra all controlled at 

ragul.ar intervals by the obstetrical. cllnic. !.!ter bav1ng been 

thoroughly exam1 ned, they were referred to the Hematological. 

Service mere a careful history was taJœn regarding past illnesses 

and pregnancies, social. statua, dietary habits, menstirual periods 

and the current pregnan.cy. The average age of the women belonging 
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to this group was 27 years; there were 12 pr:i:mi~avid,ae in the first 

trimester group, 6 in the second "trimester and 5 in the third trimester. 

If the patient was entirely heaJ.thy, both to medica1 and 

obstetricaJ. examinat1on, bone marrow aspiration biopsy and blood 

examination were performed. 

The following criteria ware followed in the hematology 

screening: 

The patient's blood must show an"ent1rely normal. morphology. 

Previous work, pertormed by the members of the Hematologioal Service 



of the Royal. Victoria Hoapi~ (39) and others, showed that as a 
- _. 

result of a variable hydremia, the hemoglobin, red calls and to a 

lesser extent, the hematocrit values f~uctuate l'Iidely during 

physio~ogic and pathologic pregnancy. Consequently the degrae of 

hydremia must be lmown in order to properly interpret these values. 

The performance of' blood volume studies pro'Videa guidance in this 

problem, if' undertaken in each individual case. This represents a 

practical impossibility in the routine hematological screening 

process. Tysoe and Lowenstein therefore concluded f'rom their work, 

that the tollow.l.Dg hematologic&l. criteria in pregnancy should he 

f'ollowed. the cell size, shape, corpuscular hemoglobin content 

and concentration should he normal.. If abnormalities are discovered, 

then furtber studies should be undertalœn. 

The sama hematological. criteria were f'ollowed in thé series 

or puerperal women, ail of whom remained hospital1zed for eigbt days 

ai'ter deli~ry. The average age of these groups was 26 ,sars; there 

were li primiprae in the group of the bt to 4th day and II in the 

group of the 5th to 8th day. 

The above mentioned authors f'ound that the normal non pregnant 

blood volume was attained by ODe week postpartum, or e'VeIl earl1er. Thus 

the determinations of' hemoglobin, hematocrit and red cell values will 

va:ry 10di vidually.. c1epending upon the hydremia present antepartum and 

the speed w.l th which i t decreases postpartum. 

Another variable f'actor JOJ1y be the amount ot blood 1088 ai'ter 

delivery and during the puerperal days. Lowenstein et al pertormed 

sarial hematologic and blood volume determinations and showed that the 
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actual blood 1088,as measured by the T 1824 d;ye method greatly 

exceeded the visually est:ima.ted and the directly measured blood 

loss (40). 

AU other necessary information, as to whether these patients 

could he considered normal, ms available in the h08pital. chart and 

was verified by a history and examination. The temperature curve 

of the patient ms scrutinized to exclude the presence of an 

int'lammatory process, reaJ.izing that the determination of a white 

celi count and di.tferential is often of no decisive value in the 

discovery of a minor infection during pregnancy or the postpartum 

periode 

The 30 women, aU approximately sb: weeks postpartum, had 

a routine check-up at the postnatal clinic, and were found to he 

healtlly. They 1lllderwent a second medical and hematological screen1ng 

before a bone marrow puncture ms 1llldertaken. The average age of 

this group was 26 years. li women were prlmiparae. 

Several authors reported that the hemoglobin, hematocrit and 

red cell va1ues have reached the normal non pregnant ranges by 6 

weeks postpartum. The hematologicaJ. standards, applied for -these 

Tfoman were therefore the same as those used in the non pregnant series. 

An attempt, was made to obtain as ma.ny bone marrows as possible 

from heal th)'" non pregnant woman of the same 80Cial sta tus as the 

pregnant women. Thus we were able to find 14 women, attending the 

various out - door departments for minor complaints, who passed 

the screening process and were considered entirely heaJ.thy. Considerable 
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etfort was required to find " patients Il who coul.d meet satisfactory 

criteria of health ; it vas finally dedided to recruit hospital 

employees in order to obtain the clesired number of 30 subjects. The 

remainj ng 16 woman were all technicians or clerks in the various 

depar~nts of the Royal Victoria Hospi ta.l. and 2 were women interns 

of l'Hospital st. Justine. The seme medical screening process was 

'Ulldertaken before the selection was made. These women can be considered 

healthy non pregnant individuals and were of childbearing age, average 

28 years. Ali had a normaJ. history as regards menstrual periode; 18 

of them had never been pregnant; the others had been pregnant one or 

more times and had a normal obstetrical record. No attempt was 

made to perform a bone marrow biopsy on a certain day of the menstrual 

cycle. Segerdahl showed tbat the bone marrows of women, obtained 

at the 4th and l8th daya!ter the onset of a manstrual. period, showed 

no signifieant differences in erythropoiesis, but that a probable 

significantly lower percentage of myelocytes was presentduring 

menstruation. lier differences wera too small to 1n!luence the individual 

case. No definite difference could he found in the leukocyte vilues of 

the peripheral blood. (36) 

All women studied were white. A large number of them ware 

immigrants who had lived at least several years in Canada and the 

remainder were native born Canadians. 



CHAPl'ER IV 

BONE MARROW MORPHOLOGY AND TERMINOLOGY. 

Anyone trying to describe the morphology of the normal 

constituants of a bone marrow smear 1s met by an important obstacle: 

the classification of cells. 
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Humerous criteria have been given by' many authors; the fact, 

however, that a certain ce11, as seen in a fixed smear, represents only 

a temporary picture in a series of minute changes with time, has lad 

to a ba!fling discrepency and often to contradictory opinions. 

The use of various methods of staining have increased this 

discrepency considerably and one is still laft w1 th a problem which 

may be decided onl.y by subjective criteria. These criteria are 

often inherited tram the particular school in which the individual 

recéi ved his morphologital training. 

It is not our purpose to discuss the speculative theories of 

the origin of the blood cells. It suffices to state that they have 

led to such a varietyof nomenclatures that in 1948 a special comm1ttee 

_s tormed for cl.arification of the nomenclature ot cells and diseases 

of the blood and of the blood forming organs (41). A nomenclature 

was propose d, which was base d, suppose dly,on the n simplest, clearest 

and most descriptive terminology U. The new nomenclature of the rad 

cell series seems revolutionary, but any change in tradition will 

need time to gain general accept&nce. In making its recommendations 

regarding terminology it was not the intention of this cClllldttee to 

imply that the origins of the various cells have been settled. It 
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wa.s recommended. tentati vely that the blast cells should be classified 

according to their association with the more mature bone marrow cells. 

In order to cl.arify the nomenclature used in this paper, a 

description of cella will be given for the Pappenheim method of staining. 

In succeeding paragraphs the cellular constituants of the normal bone 

marrow will be described; some abnormal bone marrows were found during 

the screening process and pathologic cella found in these marrows w.Ul 

be described briefly. 

Description of Cells. 

Marrow Reticulum Cells: 

This term is used in conformity with Rohr (42), Markoff (45) 
. . 

and others to designate the primi ti va unditferentiated mesenchpml 

celle 

In 1935, Ferrata described an und1.tferentiated cell, which he 
-

believed to be a connective tissue cell wi th mol tipotent properties 

capable of forming both connecti va tissue and blood cells (44). This 

concept caused much disagreement and the actual. existance of this celi 

was qu.estioned. 

Naegeli (45) considered this cell to be an artefact, whereas 

others think it bas the appearance of a cruehed myelocyte or a damaged 

fixedreticulum cel1 (20) (30) (34) (36) (46) (47) (48). 

Rohr (42) further subdi vided these cells: 

1. the phagocytic reticulum cella. 

2. the large and sma1l lymphoid reticulum cells. 

5. the plasma cells. 



Leitner (49) denied the lymphoid character of the se cells but 

otherwise agreed with Rohr. His primitive retiC1Ù.um cell is probably 

identicaJ. to Rohr 1 s large l~hoid reticulum celle He also added two 

more varieties of this cell: fat storage cells and endothelial cells. 

Recentl,. Heclmer (SO) shed MW light on this subject. He 

clearly dsmonstrated two forms of reticul1lDl cells by using Gomori 1 s 

silver impregnation technique. He had noticed that several of these 

primitive cells showed a faint indication of reticulum fibres in 

their stroma wi th the Pappenheim s'tain, which could be demonstrated 

properl,. with silver impregnation. On the basis of this work he was 

able to state that there are oIlly two ldnds of reticulum cells which 

conform to Robr's description of his pr:1Jnitive reticulum cell and 

bis small lymphoid reticulum cell. The first one seems te be a 

bone marrow stroma cell, whereas the latter belongs to the sinusoidal 

cells. Any other element such as plasma cell, mast cell, fibrocyte, 

osteoclast or endotherlial cell, once or still believed te belong to 

the reticulum cells J should be exclud.ed :trom this group on the 'basis 

that no reticuJ.um fibres were demonstrated.. Hecknezr. is not able to 

give an explanation for the fact tbat plasma cella are so often 

observed in the areas of the se two kinds of reticulum cells. He also 

concludes :trom his stud;y that both kinds of reticulum cells have strong 

phagocytic tend.encies and therefore considers it not essential te 

subdi vide them inte phagocytic and non-phagocytic. No data are gi ven 

about the number of these cells present in the bone marrow. They are 

observed with the help of this staining technique more fraquently 

than was originally thought. 
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Our reticulum cell as visualized vdth the Pappenheim staining 

technique represents Most likely Rohr' s and Lei tner' s primi ti ve 

reticulum celle It is characterized by a l.arge size ( 15 - 30 micra 

in diameter ) usually has abundant cytoplasm, which is very fragile 

and stains pale-blue to greyish. It may contain a feft azurophil 

granulaIS, but is often non-granulated. The nucleus is large, o-val 

or round, central or eccentric, wi th a spongy vesicuJ.ar, pale-

staining nucleus. The strands of chromat1n may be fine or a little 

more coarse olten causing an irregular and wide parachromatin pattern. 

There are usually one or tl'o nucleoli, although the number may vary 

from zero to six. These cella were subd1 vided by us into phagocytic 

and non-phagocytic because it l'as lVOndsred whether phagocytosis 

might more ,frequently be observed during pregnancy and the puerperium 

than in the non pregnant astate. 

Hemocytoblast: 

Failure of agreement as regards terminology and pathwayas of 

differentiation of the primitive bone marrow cells bas resulted in a 

&tata of confusion in the literature. Thus, Ferrata (44) regards his 
.. . 

hemocytoblast as multipotential and feels that it corresponds to the 

myeloblast of Naegoli and the lymphoidocyte of Pappenbeim. Downey' s 

(51) mul.tipotentiaJ. myeleblast seems sOlllewhat more primitive 

morphologically than Ferrata' s hemocytobl.ast. Dameshek and Valentine 

(52) regard the erytbrogone as the earliest dif'ferentiated red cell 

precursor but describe three stages of maturation in these cells : 

they relate their earliest maturation stage to the hemohistioblast; 



their nut maturation le~1 of erythrogones corresponds to the so­

called hemocytoblast or proerythroblast and they found the third 

~evel indistinguishab~e from the promegaloblast or the macroblast. 

Others fee1 the hemocytoblast is a somewhat later fom of primitive 

reticulum celle 

From the above i t is apparent that there is much overlapping 
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of terminology and mc.ch difference of opUdon as regards the level of 

maturation at which differantiation to the red cell series occurs. Not 

infrequentIy different authors use the same term to describe different 

cella. 

Consequently, it would seem desirable for each author to 

cIearIy define bis terminology and to accurately de scribe the morphology 

of each primi ti ft bone marrow ·cell. 

The term hemocytobla.st as used in this study is a large ·ce11 

( 15 - 50 micra ) 1'Iith more basophilic and uniform and Iess fragile 

cytoplasm than is sean in the earliest primitive reticu1um ceUs; the 

nucleus may pa indistingi1 ahable !rom that of the primi ti va reticulum 

call or may show beginning condensation ot chromatin resUlting in a 

fine regaJ.ar stippled appearance. 

It 1s our impression that this ceU probably belongs to the 

reticul.um celi series. These cella wara not found with sulficient 

f'requency in the marroMl: ·.,eported- in this study ta permit statistical 

conclusions and consequently they Viere included in the non phagocyt1c 

raticulum celi series. 



Granulocytic Series. 

Myeloblast: 

The term myeloblast applies to the earliest recognizable 

precursor of the granulocytic series. 

It is a moderately large cell ( 10 - 18 micra ) wi'th a large 

round or aval light lavender staining primitive nucleus. The nucleus 

usual.ly contains nooleoli; the chromatin pattern i8 extremall" delicate 

and reticular; clumping such as is exhibited by the pronormoblast is 

not seen. The rim of cytoplasm is usually narrow and stains pale to 

deepll" basophilie. No specifie granules are present; occasionally a 

few purple azurophillc granules are sean in the cytoplasm. 

Progranulocytes: 

This is the nen stage in maturation. The ceU mal" be larger 
. . 

than its precursor ( 14 - 21 micra ) but difi'ers .trom it ma1n1y in 

that it has fewer or no nucleoli, which, if present, are lesa prominent. 

The chromatin strands are 60arser and consequentll" the pattern mal" appear 

a little more irregul.ar. Azurophilic granules may be present, but at 

Ws stage dark staining granules begin to appear. TheBe are the future 

specifie granules. No granules are present in soma cells but are 

represented by deereased basophilia in the region of the centriolar 

apparatus men stained by Pappenheim t s method. The cytoplasm has 

inereased in relation to the nucleus and has lost soma of its basophilia. 

Early Myelocytes: 

This ceil also shows a wide range in size ( 12 - 18 micra ) and 

normally nucleoli are no longer present. The ehromatin strands are more 
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condensed and coarser. Azurophilic granules may or may not be 

present, but the specifie granules have increased in number. The 

cytoplasm is still abundantly visible and usua.lly stains a pale blue. 

In a amall number of these cells large, coarse, purpllsh to purplish 

red granules are present, which later develop into eosinophilic 

gramùeS. These cella were grouped with the mature eosinophilic 

myelocytes in the differential counts. 

Lata Myelocytes: 

The overall size has decreased, but varies donsiderably 

( l.0 - 16 micra l and occasional17 this celi rœ.y be larger than 
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its precursors. Specifie granules are abundant and ean be d:i.fferentiated 

as neutrophille, basophilie or eosinophilic. 

The neutrophUic granules stain pink, the eosinophilie granules 

orange red and the basophilic granules cearse, dense and dark purple. 

The eytoplasm may still he abundant and its color is more greyish. · The 

chromatin of the nucleus ia now of a eondensed pattern; its strands are 

often eoarse and ot a deep purple eolor. The shape of the nucleus ia 

st1ll round or oval, but may show a beginning indentation. Basophilie 

cells were not cO'lmted in these ditterentials. 

Metamyelocytes: 

At this stage the nucleus shows obvious indentation, mich 

creates a renii'orm shape. The chromatin forma a coarae network, stajnjng 

deep purple. The cytoplasm is abundant and the specifie granules have 

increaseà in number. The size may he equal to that ot the la te myelocyte 

or a li ttle smaller. 



Band Cells and Segmented Granulocytes: 

These mature forma occur normalJ.y in the per1pheraJ. blood 

and are not included in our series. Their identity 1s not in dispute. 

There may he a ditf'erence of opinion about the definit10n of 

a me'tamJ'elocyte and that of a etab celle The cells in which the 

nuclei had the form of a rod or ribbon but showed no fillamentous 

segmentation, were considered to be band cells. The chromatin 

network 18 olten coarser than in the metamyelocytes but JJJA7 be ol 

similiar appearance. 

Lymphocyte Series: 

Much disagreement exista concerning the relationship or 
" 

the lymphocyte to the other blood cells. For our purpose it is 

suff'icient to state that this celi 1s thought to be deri~d from the 

lymphoblaste Barly lymphoblaste may be difficult to distinguish !rom 

early myeloblasts and earq monoblasts. This is well knovm in the 

&Cute leukemias. It is Wintrobe's opinion that ' it i8 ottén impossible, 

ewn with the present staining methods, ta make an accurate cytological. 

diagnosis ( 53) • 

Mast publications on normal bone marrow differentiation include 

only the mature l,mphocy'tes. Initially, whUe doing the counts for this ' 

work, the lymphocytes were subdivided into three groups, according to 

size. These were further classified into young and mature lymphocytes. 

It bas not been prown that these forma represent a maturation cycle, as 

has been sugg8sted, or that they arise trom a ditferent site of origine 

Sinee so iew definite facts are known which justify this subdivision, it 
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was decided to present them together in one single group. It will not 

be necessary to describe these cells. The opinion of various investigators 

as to Whether their presence in the normal bone marrow is due to admixture 

with peripheral blood has been mentioned previously. 

Plasma Cells: 

Leitner (49) gives a thorough description of the plasma cell 

and its maturation stages, but does not list these stages separately 

in his table representing the differentials of normal bone marrOW8. The 

matter 8eems to be more important in the presence of bone marrow pathology. 

In the present series of normal non pregnant and normal postpartum bone 

marrows it was observed that there was a striking variation in the size 

of these C~lls, caused mostly b.Y variations of the cytoplasm - nuclear 

ratio. Occasionally thé nucleus showed soma differences in wbat could 

be considered the d.egree of maturity - i.e. coarsness of chromatin 

network, thickness of the nuclear membrane or size of the nucleus. 

Nucleoli were not observed. Usually the cytoplasm had the characteristic 

dark purplish bIne color, but seemed sameWhat lighter in the larger cells. 

Plasma. cella were not subdivided further in our studies as it :did not 

seam essential for our purpose and would have caused an unilecessarily 

complicated vocabulary. Other studies of normal bone marrow have 

presented plasma. cells as a single group and it is to he remembered 

that they constitute a small percentage of the total nucleated cells. 

The following criteria were followed for identification: 

The cell is spherical or elliptoid and its cell size varies 

from that of a large reticulum cell to that of any smaller bone marrow cell 



normaJ.ly present. The color of the cytoplasm ls a dark purple blue 

and olten there is a large, pale sta1n:1ng perinuclear area. The 

cytoplasm 18 abmldant and frequentll" contains vacuoles. 

Usually the nucleus ls eccentric, coarse and bas a thick 

and often irregul.ar chromatin network. The wheel spoke arrangement 

is rarell" seen with this staining technique. An occasiobal bl­

nucleated ceU was observed. The latest stages showed a pyknotlc 

nucleus and were only ldentifiable by their type of cytoplasm. 

Monocytic~Series: 

The monobl.ast, which was believed " Sabin and her aasociates 

(54) to be the stem celi ol the mature JIlOnocyte" is again a subject of 

dispute. Its existence in non-pathologie&! bone marrows bas often 

been questioned. Inasmuch as it was not observed in these studies 

ita morphology need not be dascribed. The monoblast of so-called 

monoblastic l.eulœmia is diff'icult to di:tferentiate trom the myeloblast. 

Usually lt 18 easy to identify the mature monocyte, aJ.though it mal" 

be conf'used wi th the late myelocyte or the me~locyte and the large 

lymphocyte. The ceU size is comparable to that of the myelocyte and 

me~locyte. The large nucleus is usually reniform or horse-shoe 

shaped .. but mal" be round or polylobular and ls olten eccentric. TM) 

characteristlcs are useful :ln distingulshi ng this ceU trom the 

J}):y81ocyte or metamyelocyte. The nucleus bas a finer more open structure 

wi th greater amounts of' paracbromatin and numeroUB extremely fine 

azurophilic granules are olten present ( " .A.zurophil Dust Il ). The 

cytoplasm ia grey blue often with a violaceou3 tL~ge and dOGS not 

contain spedific granulc3. 
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Red Ceil Series. 

Erythrogone: 

The erythrogone of Dameshek and Valentine (52) closely 

corresponds to Ferrata' s hemocytoblast (44) and i5 belleved by the 

former authors to be the most immature ce11, belonging to the 

erythroblastic series. They observed this cell in normal marrow and 

in those of pernicious anemia in relapse. They regard this ceil as the 

stem ceU of both the normoblastic and megaloblastic series. 

Downey (55) describes these erythrogones as deeply basophilie 

cells dari ved from the reticulum cells wi th a type of nucleus and 

nucleoli suggesting that it is more primitive than pronormoblasts or 

promegaloblasta. He rarely encountered them in normal bone marrow, 

but observed tbem more frequently in normoblastic hyperplasia showing 

a shift to the left. He agrees with Dameshek and Valsntine · bhat these 

cells are most numerous in pernicious anemia in relapse, and wonders 

whether this ceil represents the " megaloblast " of Sabin and her 

school ( see megaloblastic morphology ). The nucleus shows a very 

uniform distribution of the chroma tin granules, giving it an extremely 

delicate stippled appearance. He couJ.d not d.ecide on the pasis of the 

structure of this cell Whether it belongs to the megaloblastic or 

normoblastic series. 

In this study the tarm erythrogone is reserved for a cell 

which corresponds to the erythrogone of Downey and of Dameshek and 

Valentine. This nucleated cell may be present in both normoblastic 

and megaloblastic marrows. Although primitive, it may be differentiated 
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from the hemocytoblast and the ord1nary pronormoblast and yet clearly 

halongs to the red ceIl series. Morpho1ogically th1s 15 the earl1est 

c1ear1y dif'ferentiated erythrocyte precursor, and, on the basis of 

morphologica.l grounds aJ.one with present1y availab1e staining methods, 

it cannet ha determined whether this ceil will mature to megalob1ast 

or to nor.moblast. We have arbitrarily called this cell the erythrogone 

( macropronormoblast (19) (56) proerythroblast (44) and possible 

promegaloblast (17) ot other authors). 

It is a large celi ( circa 20 micra ). The nuclear cytoplasm 

ratio varies considerably. The cytoplasm is deeply basophilic and 

contains no granules. 'l'he nucleus is V8sicular, fairly large and 

round, and contains one or more nucleoli. It was tlecided to group 

the erythrogones and pronormoblasts together in tlù.s study. 

Erythrogones are found too infrequently to permit statistical 

conclusions. 

Pronormoblast: 

Ferrata (44) cal1ed the earliest recognizable red celi the 

proerythrob1ast, believed that it is derived !rom the hemocytoblast 

and that it develops tbrough erythroblast stages to the erythrocyte. 

This classification is contusing, ainee it does not c1early 

separate the normoblaatic red. cella from the pathologicaJ. megaloblastic 

series. Ferrata's erythroblastic series corresponds to the normoblastic 

series of most authors. 

The pronormoblast -18 a moœrately large ceU, circa 10 - 15 

micra in diameter, with deep lIlue, non granulated cytoplasm, which is 

present as a relat1 vely narrow riro. &round the nucleus. There 1s no 
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evidence of hemoglobin formation. The nucleus is round or oval, 

light lavender staining, mostly centric and shows a stl!&Ildlike 

pattern of chromatin. Nucleol1 are present, but May be only faint. 

The nucleus of the narmoblast is coarser witb more clumping of 

chromatin than the nucleus of the myeloblast. The parachrOll1B.tin is 

distinct from the chromatin and is present in small amounts. The 

~ppearance of the nucleus i8 the most important criterion in 

distingu1shing this cell !rom the myeloblast. Compared to the 

erythrogone it is a smaller eell and the cytoplasm is darker but 

less abundant. The ehromatin pattern of the nucleus is more condensed 

and the nucleoli are less distinct. 

Basophilie Normoblast: 

In its earlier stages this cell is often quite .1miliar 

to its precursor, the pronormoblast. The main ditference is that 

the nucleoli are absent. The cytoplasm is still very basophilie, but 

may show the earliest detectable hemoglobinization. The ehromatin ot 

the nucleus tends to be a little more elumped or granular. The 

parachromatin haB no" become more irreguJ.ar and indistinct. 

POlyehromatic Normoblast; .. : 

This is the predominant nucleated red cell in normal bone marrow. 

It consists of a rela ti valy small cell ( 8 - 12 micra depandent on i ts 

age). The chromatin is now very coarse, ot a dotted appearance, and 

may be arranged in a wheel spoke fashion. Parachromatin is present in 

small amounts, quite 1rregular in pattern. The cytoplamn contains 
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depelÏding upon the amount of hemoglobin formecl. 

orthochromat1c Normoblast: 

Le1tner (5), Wintrobe (55), de Waerdt (57), Dacie and lfbite (5S) 
. - . 

and others emphasize the point that a fully hemoglobinized normoblast 

(. ortb.ochromatic ) 1s rarely sean in the bone marrow. Dacie therefore 

divides the normoblasts in early and late polychromatic normoblasts 

and pylmotic normoblasts thus trying to avoid soma confusion in this 

way. According to him, the pylmotic normoblast 15 rare~ fully 

orthochromatic, although 1t is considered to he the moat mat'Ure 

nucleated red caU • 

The subdivision of these latter .two stages is arbitrary and 

Epends upon whether the nuclear or cytoplasmic characteristics are 

used as cri tara for classification. otten the degr&es ot maturation 

of nucleus and cytoplasm are not parallel. This asynchronism is 

otten more e'Vident in abnormal erythropoiesis. 

Dacie found the follotd.ng propOrtion ot nucl.eated red cells 

in normal marrow: 2 % pronormoblasts; 5 % basophil.1c normoblastsJ 
. . . 

5J. % earJ.y and late pol.ychromatic normoblasts and 42 % pyknotic 

normoblasts. Wintrobe repmots that the polychromatic normobJ.asts 

constitute 65 - 80 % of aJ.J. nucleated red cells normally present in the 

marrow. 

In the present study an attempt was made to subdivide these 

two stages according to both the maturation of nucleus and cytoplasm. 

In view of the asynchronism normaJ.l.y present it is realized that th:is 

classification 1s at'ten arbitréU"y. 
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}legakaryocYtes: 

These cells ..are included in our dif'ferentials but no 

quantitative conclusion can be drawn from the percentages found, as 

they are extremely large and their distribution is uneven. For 

more accurate information a special counting technique ehould be 

followed such as d.escribed by Dameshek and Miller (59), Pizzolato (60) 

and Barman et al (61). For the sake of completeness they will be 

described bere. 

The various maturation forms show a wide range in size; 

the mature megakaryocytes are the largest cella normally found in 

the bone marro. smaar. 

The earliest rorm, the megakaryoblasts, have a diameter of 

approximately f 15 micra and may be indistinguishable from the -
hemohistioblasts and hemocytoblasts of the ltalian school. 

The promegakaryocyte differs from this celi in that the 

shape of the nucleus becomes irregular or polylobular J usually 

eccentric in the now abundant cytoplasm. The chromatin pattern has 

become coarser and may show clumping. The eytoplasm is still 

basophilie, but is often paler, and granu.lation 1'irst beeomes evident 

as a pinkiah area 01' hyaloplasm in the region of thé centriolar 

apparatus. The mature megakaryocyte shows a combination of these 

. changes and fu.:uy the cytoplasm ia purpl1ah pink and is packed 

with violaceous granules. Pseudopodial processes of the cytoplasm 

and granules are common and probably are the source of the circu1.ating 

platelets. 
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In view of the fact that the small percentage of these cells 

found in the differential counts is not significant it was decided to 

omit an attempt to classify the megakar,yocytes according to the stages 

of maturation. 

--------------------~----------------~---------~-~-----------.--------A short morphological description of certain cells, which are 

considered to be pathological when found in bone marrow, is given below. 

This description falls within the scope of this study for two reasons: 

Firstly, because several of these cells have been observed by various 

authors (5) (17) (19) who reported a study of bone marraw in normal 

pregnancy; secondly, because a very occasional abnormal cell was 

encountered in three patients during the performance of the bone 

marraw differential counts of our series. It must be emphasized 

hawever, that these three were not included in the normal pregnant 

and puerperal series, but will be discussed separately. 

Megaloblastic Series. 

Megaloblastic Erythropoiesis: 

The ter.m "megaloblast" was used by Ehrlich (2) to describe 

the type or nucleated red cell found in the bone marrows of patients, 

vith pernicious anamia in relapse. Since tbat time the ter.m has been 

widely used, but much confusion vas caused by the fact that this ter.m 

has been applied to cells which differ morphologically. 

Ehrlich believed that megaloblastosis is a reversion to the 

embryonic type of erythropoiesis, based upon morphological similarities 

between the early fetal red cells and those seen in pernicious anemia 

in relapse. At present, it is thought that they differ fram embryonic 

cells in bioehemical properties and represent either a pathologie for.m 
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of the adult reà cell series or a new, entirely separate generation; 

they appear in those caseà in which there is a defic1ency in the body 

of certain food factors. The description and bipchemical properties 

of these factors fail beyond the scopa of this paper, which is to discuss 

the bone marrow in normal pregnancy, but 1t 1s sufficient to state that 

they are necessary for effective normal growth, cellular division and 

differentiation. These factors May resemble enzymes or co-enzymes 

in thetr action. 

Soma authors deny the special character of the megaloblast, 

particularly the school of Doan, Cunningham and Sabin (54). Their 

theory originated in Sabin' s initial studies on the origin of red 

blood corpuscules as seen in the chick embryo (62). She considers 

the megaloblast to represent an early stage in the development of 

the normal erythroblast, and that it is deriveà from the endothelial 

cell of the bone marrow. This concept would rationalize the finding 

of megaloblasts in normal marrow and in the rnarrow of various types 

of anemia. 

These authors hypothesize that there is only one series of 

red cella, megaloblasts being the least mature members of the series. 

The bone marrow picture of pernicious anemia e.g. would represent a 

process of arrest in maturation. Specifie therapy causes ripening of 

thesa cells, resulting in a normal bone marrow. 

Jones (63) disagrees with this theory. He stated on the basis 

of an extensive sùudy, that rnegaloblasts differ morphologically, 

physiologically, chamica11y and biologically and considers the megaloblast 

to he a separate pathologic strain of cells. 



Davidson et al (69) believe that there exista a direct 

transformation of megaloblasts into normoblasts. This concept 

and that of others will be discussed in the following pages. 

The megaloblast i8 derived, according to various opinions, 

from the hemohistioblast (Ferrata 44), erythrogone (Dameshek 52), 

endothelium ceil ( Sabin 54 ) (Naegeli 45) or myeloblast (Jones 63). 

MORPHOLOGY. 

Megaloblasts differ from normoblasts in segeral ways; the 

cells are larger, due to the increased size of both cytoplasm and 

nucleus and the nucleus has a more open chromatin pattern. The 

cytoplasm and nucleus show more asynchronism of maturation than ià 

normally seen and frequently hamoglobinization is more advanced than 

nuclear maturation. These changes are observed in al.l stages of 

development. 

Promegaloblast: 
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These cells are larger than pronormoblasts ( 20 - 25 micra ). 

The cytoplasma is deeply basophilie and relati valy abundant. The 

chromatin 1s arranged in a typica.l. finely stippled manner, giving it 

a more delicate appearance than its normal counterpart. One to 

several nucleoli are present. 

Basophilie Megaloblast: 

This stage differs mainly from its pathologie precursor in that 

the nucleoli are absent. TlE pattern of the nucleus remains the sarna, 

but there i5 a slight coarsening of the chromatin network ; the reticuJ.ar 

structure is still present. 



Polycbromat1c and Orthochromat1c MegaloblastB: 

As the ceil matures the nuclei become smaller and the chromatin 

more condense d, but the pattern remains more open than in comparable 

maturation stages of the normoblastic series; sufficient parachromatin 

is present to cause a mottled effect of the nucleus. Complete pyknosis 

is therefore rarely seen. The nucleus often has an irregular outline; 

Howell - Joliy bodies are trequently seen,; multipo1.ar and other abnormal 

mi totic figures are often present. 

Leukopoiesis in Megaloblastosis: 

In addition to normal myeloid leukocytBs, extraordinarily 

large leukocytes are frequently seen. The large forma may be present 

in &rr3" stage of the myeloid series, but are especialiy commonr among 

the metamyelocytes. The nucleus of these cells 1s larger,relatively 

and absolutely, and may show abnormal shapes and staining properties; 

as in the megaloblasts, parachromatin is more prominent than in normal 

me~locytes. 'l'he maturation oi the cytoplasm may appear to have 

lagged behind that of the nucleus, for it may be slightly basophilie 

and contain very few granules. 

Inter.mediate MSgaloblastic ~opoiesis: 

The given description of the megaloèlaBts applies to the 

appearance oi the red celi precursors as ~een in severe pernicious 

anemia or other megaloblastic aœmia in relapse. 

The changes between the normoblastic and megaloblastic series 

may vary however trom extreme to mld, due to the degree of deiiciency 

of certain hemopoietic iactors (58). 



These interm.ediate cells are seen in cases of mild pernicious 

anemia before specifie treatment, in more severe cases of pernicious 

anemia, treated with a subopt:1Jnal. dose of therapy and other megaloblastic 

anemias, such as sprue (64) (65) (66) and particularly in the megaloblastic 

anemia of pregnancy (67) (68). 

The dif'ference between the megaloblastic and intermediate type 

of erythropoiesis i8 merely quanti ta ti va. The cells are less defini tely 

abnormal so that a.ll grades of changes may be recognized. between 

eX'tremely abnormal cells and cell5 almost indistinguishable from the 

normal. 

The transition from megaloblasts via intermediate types to 

normoblasts can be observed by performing serial bone marrow studies 

in any case of megaloblastic anemia, responding to specifie therapy. 

This fact has led Davidson et al (69) to believe in a direct transformation 

of megaloblasts into normoblasts, without intervening mitoses; others 

think that the change towards normal takes place through many generations 

of di viding cella. 

The existence of this int8rmediate celi type has been recognized 

by many ~ther autho:bs (55) (70) (7l) (72) (75) either by observation of 

individual bone marrows as seen in mild megaloblastosis or by serial 

marrow studies as described above. 

Macrocytic Hemopoiesis: 

This tenu was at first used by Jones (65) in 1943. Macrocytic 

erythropoiesis is sean in various disordsrs, such as hemolytic anemia, 

11 ver disease, during the recovery period after hemorrhage and during 

response to iron therapy in the iron deticiency anemias. The causes 



may vary but deficiencies of those factors responsible for the 

development of megaloblastic anemias are not implicated. The cells 

belonging to this series ara normobJ.astic and often J.arger than normal. 

The nucleus has the same appearance as the normoblastic counterpart. 

These cells are belleved to be manifestations of MW blood formation, 

which is proceeding rapidly.the presence of polychromatophilla, 

reticulocytosis and nucleated red corpuscles in the peripheral blood 

olten rellects the 1ncreased erythropoietic activity. 

Iron Def'iciency: 

The bone marrow shows increased cellularity and an increased 

number of erythrocytogenic cells. There is a rough parallelism 

between the degree of hyperplasia and the se1'9ri ty of the anemia. 

The earlier stages of the erythroblastic series have a 

normal appearance but roay be increased proportionally. They may 

show a smaller rim of cytoplasm than normaJ.;thus they have been 

called micro normoblasts. 

Dacie expresses the opinion that the late red cells with a 

pyknotic nucleus vary inf'requently show a fully hemoglobinized 

cytoplasm in normal hemopoiesis and even le ss frequently in iron 

deficiency. Reduced synthesis of hemoglobin i8 probably the cause 

for thi8 (58). 
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CHA.PTER V 

SOURCES OF ERROR AND PRACTICAL CONSIDERATIONS. 

Beron an attempt is made to gather data to establ1sh standard 

values or the various cell components in any bone marrow series, normal 

or pathological, it should he realized that there are many variables 

and ma.ny sources of elTor inherent in the method and in its interpretation 

which limits ita accuracy and range of usefulness. 

Any article, discusaing data on bone marrow of normal indi "Viduals 

should record the criteria by which the state of health of these 

indi"Viduals was evaluated. A history should have been taken and a 

physical examina.tion perfo:tmed in each case. Information should be 

gi ven regarding the number of cases examined, the age, sex and race. 

The peripheral blood should bave \Jean accurately examined and results 

of the determinations should bave been given. 

It is essential to give data on the techniques used for both the 

examination of the blood and bone marrow. Every author should state 

the site of the body from which the bone marrow sample was talœn and 

the technique invol ved. In those cases in which the aspiration téchnique 

wu used the quantity of aspirate and the way in which it MS obtained 

should he mentioned. 

Further information should he given concerning the method used 

for the preparation of the marrow to be studied ( particle or clot 

sections; particle or random sample smearsj smears prepared trOll 

concentrated marrow aspirate; use of anticoagulants). If the differential 

counts were performed on marrow smears, it should be knovm whether the 



smears were made between cover glasses or upon slides and which 

staining method was used. 

As a consequence of the existent confusion in hematological 

terminology, a precise description of the marrow cells as weIl as the 

criteria for accurate cell identification should be included in each 

report. It should be stated how many cells were differentiated and in 

which way conclusions were drawn. The method of the statistical analysis 

used should be described. 

It is important to know all the details concerning the selection 

of subjects, the techniques involved and the interpretation of results, 

because they represent variables, which cause considerable sources of 

error and because, only by doing 50 m~ the work of one author be 

accurately campared with that of another. 

Many of these variables can be reduced to a satisfactory minimum. 

One variable however is less accurately or easily controlled and will be 

discussed in some deta11. 

The aspirate consists of a mixture of bone marrow and an unknown 

and inconstant amount of blood. 

Arinkin (11) who aspirated amounts up to 10 ml. discussed this 

briefly when he introduced his method for aspirating bone marrow. 

Dameshek et al (74) stressed this point particularly and compared 

the relative values obtained by both the trephine and puncture methods 

for biopsy of the sternal marrow. They discussed the advantages of 

the first technique, in that the bone marrow material showed a greater 

cellularity and contained more early nucleated red blood cells, more 
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reticuloeytes and relatively more erythroblastic cells as compared 

Ydth the granulocytes. They believed that islands of abnormal cells, 

present in certain diseases,Jl8.Y not be seen in aspirated material" 

whereas they mal" be found in sections prepa.red fram trephine biopsy. 

The differential counts were found to be mofe accurate in the 

bistological sections due to lasser dilution Ydth blood. This work 

was performed on bone marrow material of pathological cases. 

It is clear, however, that the trephine technique cannot be 

used for a project lilce this in -which one is dealing with normal 

human beings. Another d1sadvantage of the trophine technique is 

that it doss not allow differentiat10n of cytological detail and 

consequent identification of the more primitive cells as well as 

in the smears made from aspirated material. In the histologie 

sections, obtained by trephine, cell'tÜ.ar relationships have been 

preserved, but the section ia probably still too thick and the 

method of f:1D.tion and staining have a1tered cellular morphology too 

much to parmi t accurate identification and counting of a11 cells. 

Osgood and Seaman (48) and Vogel et al (52) believe that it 1s 

impossible to perform satisfactory differential counts on these 

sections. Thus, it seems that we are obliged to use the 

aspiration technique and to eliminate the factor of dilution with 

peripheral blood as much as possible. 

After transf'using patients 1'Iith red cells labeled with radioactive 

phosphorus ( p32) N.I. Berlin et al (75) attempted to measure the 
.. 

dilution of the sternal marrow aspirate samples taken from these 
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patients. They i'olnld that dilution witb. b100d varied from 40 - 100 %, 

depending upon the amount of the marrow aspirated ( 0.25 - 0.5 ml ). 

Fadem and I. Berlin (76) repeated thèse experiments and showed that 

the dilution ( between 61 - 96 % ) was not direct1y proportional to 

the amount aspirated; thus it would se~ that this test should be 

performed in each case if i t is desired to determine the exact amolnlt 

of peripheral b100d present in each samp1e. This method does seem to 

permit more precise àetermination of the ratio of the" true " to the 

observed percentage of a given celi type in the marrow. 

The criticism of Fadem and I. Berlin of the work of N.I. Berlin 

and others is that the proportion of marrow cells counted on glass 

slida smears may ditfer !rom their proportion in the aspirate flu1d, 

due to the difference of adhesive properties of marrow cells. This 

would Mean tbat the dilution factor as determined w.lth the radioactive 

techniqae does not necessarily express the dilution factor of a cell 

in a gi ven smear. 

In order to eliminate the factor of dilution wi th peripheral 

blood in the puncture teclmique the fo11owing methods bave been tried: 

1) Aspiration of onl.y a small samp1e, preferably 0.2 ml. or even 

:Less. 

Arinldn does not state the exact amount, but indicates that it 

would be desirable to malœ the smears i'rom the .tirst drops obtained. 

Osgood (48) however, recommends that more than 1 ml should be taken 

for diagnostic purposes. He compared the total nucleated count of 

the first 0.1 ml , the first 1 ml and the last 1 ml. of 10 ml aamples, 

and concluded that a considerably lower comt was found in the second 



sample, but that there was no significant difference between sample 

2 and sample 5. 

Many authors, however, still pre fer t 0 do ail the work on the 

first 0.1 - 0.5 ml because of the higher counts obtained in this part 

of the specimen. 

On the ba.sis of statistical analysis Reich and Kolb (77) 

concluds !rom their study of a series of sternal marrows that any 

quantitative dstermination on aspirated marrow samples 1s 1naccurate. 

They performed two simultaneous bone ~0Yf punctures on each of 26 

patients with various diseases, one in the 2nd and one in the 5rd 

intercostal space of the sternum. The total nucleated celi count 

and the absolute number of polymorphonuclear leukocytes present in 

the marrow smears were determined. Their conclusion wa8 not 

suprising as they must have compared samples which contained 

differing dilutions with peripheral blood. The total nucleated count 

and thé absolu te number of pol~rphonuclear leukocytes are especially 

dspenc1ent on the amount of peripheral blood present in the marrow sample. 

2. Separation of the marrow particles from the "marrow juice" 

(5) (52) (76) (78) (79). 

The particles are usual.l.y easily seen, and can he picked up 

rd.th the edge of a slide or a platiD\nn loop or will adher to a glass 

slide when it i8 tilted, thus permitting separation of most of the 

"marrow juice. Il The remainder of the blood can be sucked off wi th 

fU ter paper or a piece of cloth (80) (81). 
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Fadem and l. Berlin (76) compared d:i.rferent1al counts obta.ined 

!'rom particle smears and rand.om sample smears of the same ( 0.1 - 0.5 ml) 

sternal. aspirate. Averages of each ceU type were detirmined in the two 

series of dif'ferentials. It became evident that the particle smears 

consistently contained greater percentages of immature cells of both 

the granulocytic and erythrocytic series than did the smears prepared 

from the random semples. Also feYer lymphocytes were present in these 

particl.e smears in the instances mere no primary disease of the 

lymphatic system was present. 

These workers then decided to determine whether bone marrow 

particles contain a signit'icant amoœt of peripheral blood. 

They injected tagged red cells with radioactive phosphorus ( p52:) 

into the antecubital. win of the patient, such as describeà by 

N.I. Berlin et al (75) and took a sternal marrow sample atter tan 

minutes. Part of this sample was hemolysed with 0.1 N. hydrochloric 

acid, after whict1 the particles were spparated from the hemolysate 

and washed. The remainder of the aspirate served as a control. By 

compar1ng the radioactivity of particles, hemolysate and the control 

sample separately 1 t became evident tba t the hemolysate shomd a 

radioact1vity of 100 % of the initial. aspirate sample, whereas the 

particles only had a caunt which was equal to the background. This 

seems a convincing proof of the fact that the marrow particles are 

least contaminated with peripheral blood so that it would be 

desirable to pe~ di!ferential counts on smears ' made from marrow 

fragments. 
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5. Preparation of smears from the buffy coat of oxalated 

centrituged aspirate fluid for differentiation (35) (82) (83) (84). 

It is probable however, that this procedure influences the 

differentiaJ. count by causing damage or distortion of a relatively 

larger number of cells. 

4. Exclusion of mature granulocytes from the differential 

counts (85) (86) because they are lilœly to be present in varying 

numbers, d.œ to admixture with blood. The great variations in the 

means of mature granulocytes and to a lasser extent of lymphocytes 

as found in the dif'ferentials of many 1Jorkers affords supportive 

evidence for this procedure. 1he work by Fadem and l. Berlin, 

as discussed earlier, strongly supports this theory. 

Lei tner (5) does not agt"ee w1 th tbis procedure, because he 

was able to demonstrate mature granulocytes in the marrow of a few 

patients having agranulocytosis in the peripher~l blood. It coul.d 

be possible that these were cases of agranulocy"tosis, due to an 

inamme process wi th leulcoagglutinins present in the serum. Thus, 

i t woul.d seem desirabJ.e to count the mature granulocytes in the 

marrow of patients who have agranulocytosis or severe granuloeytopenia 

in the peripheral blooà. 

Escudero and Varel.a (85) -and Ponton! (86) excluded the mature 

lymphocytes and monocytes also !rom their C01lllts. 

There is still considerable disagreement as to Whether 

lymphocytes are formed in the bone marrow. 

Recently Yoffrey (87) expressed bis conviction in favour of 

this concept. He showed that very high lymphocyte counts are obtained 



in the marrows of guinea pigs which were exsanguinated prior to 

obtailUng the bone marrow. A range of 150.000 - 500.000 lymphocytes 

per ml was present in the bone marrow, -whereas the peripheraJ. blood 

conta1ned only 5000 par ml. He concluded tbat lj'Jl1phocytes may he 

formed in the bone marrow. From the data of Fadem and l. Berlin 

hoftever, 1t seeme likely that in the human moat of the lymphocytes 

present in the bone marrow are due to adlnisture wi th peripheral blood. 

5. Custer (88), Amprino and Penat1 and others (89) a.llow the 

asp1rate to clot; the clot is fixed and sectioned. They claimed to 

have obta.ined bone marrow particles which are not distorted by the 

preparation of smears. ' 

Many of these methods have their merits, but no sat1sfactory 

practical way has yet been found to avo1d dilution of the marrow 

sample with blood. 

A second possible variable which might he considered is the 

question of irregularit1es of distribution of active cellular marrow. 

General experience shows that the ditferent cellular components of the 

marrow often occur in small islands of une ven distribution, but cœnparison 

of marrow samples aspirated from two dif!erent sites allows the conclusion 

that usually one Barrow aspirate may safely be considered as representative 

of the whole mass of hemopoietic tissue. Nordenson (90) obtained marrow 

aspirate samples from the sternum, ribs, vertebrae, pelrlc bOne, and 

tibial epiphyses of adults. Differential counts showed a general 

agreement between these samples, except for the one trom the tibia 

which contained inactive marrow. Stasney and Higgins (91) compared 



the marrows !rom rib and vertebrae of 14 normaJ. persons following 

accidental death; no significant differences in composition were 

found. 

Bicke1 and Della Santa (16) compared the s ternaJ. and 

vertebral marrows obtained trom persons with various diseases, many 

with hematologicaJ. changes. They concluded that there were no 

larger variatiohs than those found in two sternal punctures upon 

the same indi vidua1. The sarna type of experiment in heaJ. thy adulte 

with the sarne results was pertormed by Loge (15). In patients with 

metastatic 1esione in the marrew, Van den Berghe and B1.itstein (1.5) 

and Rubinstein (1.4) tound that the i1iac c~est ma.rr~ aspirate ls 

generally more informative than the sternal marrow. 

In our opinion the technique of bone marrow aspiration is 

such, regardless of the method used, that it would seem illogical to 

expect to obtain consistently reproducible total and differentiaJ. 

counts of the marrow juice from successive punctures in the sarne 

individual. The re1ationship between the active dirculating and 

tixed tissue components of the marrow 1a dynamic and not static. 

The torce, its duration and the direction of 1ts application in 

disrupting the marrow when suction is applied during aspiration 

cannot be datisfactori1y reproduced in successive punctures. 
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CHAPrER VI 

STATISTlCAL METRons USED IN THIS STUDY. 

The t - test of Fisher was used with the following formulae: 

S.D. = 0 S ~ 2 -2 -x. 

S.E. = S. D. 

~ 
S.E. (diff.) =. ~ (S.E'l) 

2 
f (S.E.2l· 

t : the dii'i'erence between two means 
S.E. (ml.) 

S.D. indicates the standard deviation. 

x represents the number oi' a partitmlar celi type, expressed as a 

percentage of the total dii'i'erentialcount. 

S x 2 indicates the SUIn of the square. 
_2 
X is the square oi' ~~e mean oi' the percentages oi' cells. 

N stands for the number of cases as well as the number of 

d:i!terenti.aJ. counts. 

S.E. is the standard error ( or standard de'Viation of the mean ) 

S.E.(ditf.) is the standard error of the differende between two means. 

In the analysis of the peripheral b100d studies, P - values 

between 0.05 and 0.01 were considered to be of probable significance, 

those of 0.01 or less as definitely signii'icant and those of less than 

0.001 as highly significant. 
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It was difficult to decide what significance couJ.d be attached 

to an observed P - value in the analysis of the bone marrow differential 

counts. Callender was probably the only investigator who analysed the 

results of a similar study of the bone marrow. She commented that the 

errors due to uncontrollable factors in the preparation and differential 

cell counts of the marrow smears make it desirable to use more rigid 

criteria and she noted that P - values between 0.05 and 0.02 were 

,probably of doubtful significance in her marrow studies. Consequently, 

it seemed sound in our study to regard P - values greater than 0.02 

as not significant, those under 0.02 as probably significant, those 

under 0.01 as significant and those under 0.001 as highly significant. 

The t - test was not considered valid for the megakaryocytes 

and the phagocytic reticulwn cells because their counts were too low 

to allow the application of normal curve methods. No megakaryocytes 

were noted in 45 % and no phagocytic reticuJ.um cells in 55 % of the 

differential counts of the 250 bone marrow smears studied. Treatment 

of these results as enumeration data showed no significance. Changes 

coul.d doubtle55 be demonstrated had more cells been counted. 

The results which varied most markedly from the normal curve 

were those in which only a few cells of a given classification were 

present in a total of 500 cells counted. This was investigated 

according to Mainland (95) and Snedecor (94) who recommend a 

transformation in such cases. The smallest count analysed was that 

of the mi totic figures of the granulocytic series. As these cells 

were expressed as absolute counts and not as a percentage of 500 cells, 

58 



• 

the average count par case is approximately 2 mitoses. Subtraction 

of twice the standard deviation trom the mean resu1ts in a figure 

weIl balow zero. After a square root transformation this figure 

fell above zero and the data assumed a more normal distribution. 

The analysis of variance bafore and after transformation agreed in 

showing a significant vaDiation among the studied groups at the 1 % 

point. Simple t - tests of pairs of groups after transformation 

agreed w1th the results of the origimIJ. t - tests on the raw data. 

It is therefore concluded that the original t - test is 

adequate for the number of mitotic figures observed in the granulocytic 

series. Ali other cells analysed have been found in greater numbers 

and follow a normal curve distribution more close1y. Therefore the 

analysis is considered adequate for ail ce115 differentiated. 

The P - values reported for the shift to the 1eft in the 

red and white celi series were verified by an analysis using an 

angular transformation. 
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CHAPrER VII 

THE PERIPHEHAL BLOOD DURING PREGNANCY AND PUERPlmIUM. 

PART 1. 

Review of the Literature: 

There is general agreement that the concentration of hemoglobin 

and of red cells is decreased in normal pregnancy as compared with the 

non pregnant state. This so-called anemia is usually regarded as 

U physiologica1 ". 

Before discussing the periphera1 blood findings in normal 

pregnancy, it will he necessary te mention and discuss briefiy the 

patho1ogicaJ. types of a.nemia, caused by pregnancy: 

1. Iron DeficiancyAnemia: 

Severe anemia. in pregnancy ia usually hypochromic and due to 

lack of !ron. It is often seen in women who have borne several 

children (95) (96). 

It has heen caJ.cuJ.ated that the need of the Mother l s body 

for iron during pregnancy increases to 5.8 mg. par day, from the non 

pregnant fema.le requirements of 2.1 mg. (53). A normal diet, rich 

in iron-containing food will supply thia increased demand and it ia 

therefore likely that other factors such as pre-existent anemia, long 

standing defec'iva diet, or decreased gastric secretion often play a 

role in the production of anem1a (97) (95). 
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It 1'd.ll not be necessary te discuss the morphology of the blood 

in this type of anemia of pregnancy, since the b100d picture 1s s1milar 

te that of o:ther iron deficiency anemiaa. The red celi count ltQ.y he 



normal. or low, but the reduction in hemoglobin is relatively greater 

so that the mean corpuscular hemoglobin and the mean corpuscular 

hemoglobin concentration are bllow their normal rangea. The mean 

corpuscular volume may be normaJ., but usually is low. 

2. Megaloblastic Anemia of Pregnancy and the Puerperium: 

This disordar is much less frequently seen, at least in the 

mild clima.tés. An a.nemia, occurring in pregnancy, with a high maternal 

and fetal. mortali ty has been repeatedly described by the Indian Medical 

Journa1s ( 98 ). This anemia has been aIso reported in both men and 

pregnant women as tropical macrocytic anemia, but ±8 greatest incidence 

i5 in pregnancy. Wills (99) (100) bas demonstrated that these patients 

will recover from their anemia by feeding them marmite, an autolysed 

yeast preparation. 

She was also able to show that monkeys will deve10p a similar 

anemia by feeding them a diet, camposed of polished rice white bread 

and chappatti. This diet was chosen because it is in common use among 

the Mohammedan women in Bombay. The a.nimals recovered from the anemia 

by including marmite in their diet. 

tatar reports indicated response &lso to injections of refined 

liver extract (101) but not as well as to crucle liver extract (102). The 

tropical cases however are feequently complicated by other nutritional 

daficiencies, malaria and parasitic diseases. 

Various etio1ogies have been suggested for the anemia of 

pregnancy and puerperium of the temperate c1imates. Dietary deficiency 

was probab1y responsible for the deve10pment of megaloblastic anemia 
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of pregnancy and the puerperium in soma 25 patients studied at the 

Royal Victoria Hospital (68). Temporarily decreased secretion of 

intrinsic factor may also be of importance. (97). 

It bas been suggested that this type of anemia may be 

precipitated by the lack of one or more specifie factors. The 

reports fram centers in temperate climates vary, but it seeDlS 

plausible to suppose that megaloblastic anemia of pregnancy is a 

result of dietary deficiency of folie acid and possibly of Vitamin 

B12 , Vitamine anc1/ or a still unlmown factor. 

The occasional classical case of megaloblastic anemia of 

pregnancy will show a maeroeytic anemia,such as seen in AddisGDiam 

pernicious anemia. In many cases, hov~ver, the blood pieture is 

less typieal and may be quite eonfusing. The hematological values 

of the peripheral blood May suggest a hypochromic microcytic or 

normocytic anemia such as is seen in iron defieiency, or a normochromie 

normocytic anemia which in mild cases of anemia may resemble changes 

such as are seen in the Il physiologie al anemia of pregnancy". 

Leukopenia may or may not be present, but since the range of 

the number of neutrophils is widsr and more variable during pregnancy, 

it can be difficult to evaluate slight changes of the leukocyte count. 

The presence of hypersegmented macropolycytes is also very suggesti va 

of this anemia. 

Because of these variable aspects, many cases are likely to be 

missed, unless bone marrON aspiration is undertaken. 

The bone marrow picture is characterized by the presence of 

megaloblasts anq(or abnormal granulopoiesis. Differences between the 

types of bone marrow as seen in Addisionian pernicious anemia and in 
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megaJ.oblastic anemia of pregnancy and puerperiwn have been diecuseed 

in Chapter IV. 
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The disease is Most commonly diagnosed in the third trœster 

of pregnancy or in the puerperium. The differEDtial diagnosis from 

Addisionian pernicious anemia may be difficult. As a rule there are 

no neurological findings, and the response to Vi tamin Bl2 is often 

slow or absent (68). Usually the gastric juice contains free 

hydrochloric acid. Recovery may take place spontaneously after 

d.elivery. 

5. Hemolytic Anemia ot Pregnancy: 

This is a very rare disease. Only a tew cases are described 

(105) (104) and the et101ogy ie obscure in MOst cases. It 1s also 

uncertain whether this disease bas any true relation to pregnancy. 

The Peripheral Blood in Normal Pregnancy: 

The Most important ph,ysiological change in the blood during 

pregnancy ie an 1ncrease in blood volume. Dieckmann. and Wegner (105) 

bave determined the plasma. vol1.Dlle of pregnant women by injecting vital 

red .intravenously and calculated the relative proportion of the plasma 

and rad cëll mass by JUeans of the hematocr1t value. 

They were 8:ble to show that the plasma voltmie, the red celi 

mss and the total ·hemo~obin mass 1ncreaee during pregnancy. l'he 

increase in the plasma volume however, is definitely greater than the 

increase in celi volume and hemoglobinJ therefore these latter 

constituants show a relative decrease and an absolutë increase. The 

hemoglobin as ordinar11y measured · in the peripheral blood, is 



decreased maximally by' 15 % Irom the 26th to 55th week of pregnancy. 

A hemoglobin value of be1~ 10 grams/loo ml during pregnancy is 

therefore considered to be patho1ogica1 by these authors. 

At tWo weeks postpartum the hemoglobin ia 17 % below normal 

and at eight weeks it is 14 % below normal according to these authors. 

The changes :in the hematocrit value and erythrocyte comt are sjmilar 

to those of the hemoglob:in. The recovery, however, postpartum of 

these values was found to be more rapide The hematocrit is still 

slightJ..y below normal at eight weeks postpartum, whereas the 

erythrocyte CO\Ult bas reached the normal level at three weeks alter 

delivery. 

Ali these hematological data reach their minimum in the 

third trimester, ~d rise slightly in the l.a.st month towards terme 

The calculations of the mean corpuscuJ.ar volume, me&n corpuscular . " ," 

hemoglobin and mean corpuscular hemoglobin concentration show that 

there are marked individual variations, but that the average remains 

close to normal in normal pregnancy. These authors strees· . the point 

that in physiological and in pathol.ogical. anemias the morphol.ogy of 

the red cel1 Shoul.d be of the greatest diagnostic importance. 

Adair and W.J. Dieckmann (106) concluded from a large series 

of hematologica1 studies in pt'egnancy that statistically the m:Url.mum 

figures :in normal. pregnancy should be 10.16 grams per 100 ml of blood 

for hemoglob1n:, 53.li % for the hematocrit and 3.36 million for the 

erythrocyte count. Their mean values were respectively: il.56 grams 

par 100 ml, 37,31 % and 5.77 milli8n. 
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The normal. changes coul.d not be a1tered by ; various forDIS or 

therapy ( iron, liver, Vitamin B. or ammonium-citrate as suggested 

by Strauss and Castle (97). 

A small discrepancy between clinic and private patients was 

found in this study. or the clinic patients 12 % had a hemoglobin 

below 10 grams, whereas tin the private cases there l'ere only 7 %. 

This discrepancy was assumed to be largely due to ditferences in 

hygiene and nutrition. According to the observations of these workers, 

diet and hygiene were of far more importance in . preventing anemia 

than any medication. 

Wolff and Limarzi (21) studied 105 pregnant women and 

followed 50 of these throughout their pregnancy. According to them 

the hema.tological values started to fall by the 5rd and 4th month, 

which fall greatly increased by the 6th and 7th month of pregnancy 

and persisted untU atter delivery. They found normal value a by 

the 6th week postpartum. The mean corpuscular vel.ume was hormal 

throughout pregnancy and the mean corpuscular hemoglobin concentration , . 

waa a t the lower limita of norma.1.. 

The leukocytes during pregnancy ?lere usually found to he wi thin 

normal limits, but at times there was a slight: l.eukocytœ1s. 

In Most cases there was an increased percentage of 

pol;ymorphonuclear leukocytes towards the end of pregnancy, with an 

additional slight increase of the JeTCentage of the stab cella. A 

mild leukocytosis was obsEFved dur:iJlg puerperium, which bad disappeared 

at siX weeks postpartum. The sedimentation rate was increased during 

the last trimeBter. They found no reticulocytes. The erythrocytes 



were of normal size, shape and staining quali ties throughout pregnancy 

and the puerperium. The platelets were normal or sl1ghtly increased 

in number. 

Serial. blood volume studies during pregnancy and postpartum 

were performed by Tyaoe and Lowenstein (39) with Evans Blue ( T-1824 ). 

These authors &lao reported an increase of blood, plasma and red cell 

volumes during pregnancy. The maximal values occurred in the last 

trimester and decreased slightly during the last 60 daya before tem. 

The plasma changes were greater than the red cell volume changes. 

By one week postpartum the normal non pregnant blood volume 

was attained again according to this study. 

The red cell count, hèmatocrit and hemoglobin concentration 

fell during pregnancy, and this drop was caused by and varied d1rectly 

with increase of plasma. voltm1e. After the 8th clay postpartum no 

significant changes of the red cell count and hematocrit were observed, 

but the hemoglobin concentration continued to rise sllghtly to the 

60th day postpartum. The sedimentation rate increased during pregnancYj 

i t did not bagin bafore the 6th month and was back again to normal by 

30 claye postpartum. The leukocytes rose progressiVel)" during pregnancy 

dUEk to a neutrophilia. The max1ma.l leukocytosis was observed on the 

second postpartum clay. 

The mean corpuscular volume, mean corpuscular hemoglobin,mean 

corpuscular hemogJ.obin concentration and tœ appearance of the red cells 

did not vary from the non pregnant normal in any stage of pregnancy or 

puerperium. Since a variable hydremia may cause wide fluctuations of 
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of e1ther the hemoglobin, hema.tocrit or red celi values, it was 

suggested b,y these authors that the criterion of normal morphology 

of the red celi 1s a useful screening measure to deteet ma.ny of the 

pathologic anemias of pregnancy and the puerperium. 

Lowenstein et al (40) measured the blood volume of 57 patients 

shortly bafore and at varying intervals a.fter delivery. They were 

able to show that the blood loss fromIt:the active circulation, calculated 

from antepartum and postpartum blood volume changes,averaged 990 ml, 

which amount greatly exceeded both the visually estimated blood loss 

and the directly measured blood loss. It was suggested b,y these 

workers that permanent loss of blood from the active circulation 

accounted for this discrepa.n.cy, possibly due partly to trapping 

of circulating blood in the body of the uterus. 

N.I. Berlin et al (107) performed a study on blood volume 

during pregnancy and puerperium, us1ng p52 JAballed red cella. In 

contrast to the reports of other authors, they found that there is 

a distinct decrease in total red ceil volume in the firsttrimester, 

but following this there 18 arise above normal. to a maximum val.ue in 

the 9th month. Shortly bafore term total red ceU volume decreaees 

slightly. During del1very there is a rapid decrease of rad celi volume 

which continues more alowly into tlIe puerperium. The total red cell 

volume was still slightly below normal at 6 weeb postpartum. 

The pl.asma volume followed a similar pattern and had not yet 

completely reached the normal non pregnant value at 6 weeks postpartum 

but was still slightlyabove normal. 
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These workers were abl.e te calculate from their data that 

the total blood volume decreases by approximately :LOOO ml at deiivary, 

a finding which is in agreement mth the results of the work of 

Lowenstein et al. The basis for the discrepancy of blood loss as 

measured by blood volume and obsenation still remains to be 

investigated. 

Summarizing it may be concluded that the hemoglobin concentration, 

. red celi and hematocri t values of the peripheral blood defini tely d.ecrease 

during pregliancy due to a relati va increase of the plasma volmne. This 

increase of plasma volume exceeds the increases of total red ·· ceil MaSS 

and h8l1lOg1obin masSe Thus there i5 a variable hydremia which makes 

it difttcult to predict normalhematological values for a given patient 

at any stage of pregnancy and to a lesser extent during the puerperium. 

It seems practical theretore to perform a caretul morphological study 

of the erythrocytés. The mean corpuscular volume, mean corpuscular 

hemoglobin content and mean corpuscular hemoglobin concentration, 

computed trom a routine hematological study will he of great value 

in d.etecting hematological abnormalities during pregnancy and 

puerperium. 



PART II 

Results and Discussion of the Hematological Determinations 

of the 

Peripheral Blood: 
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The results of the examination of the peripheral blood in all 

~50 cases were statistically analyzed and are shown in Table I. Table 

II presents those probability values which were smaller than, or are 

approximately equal ta 0.05, resUlting fram a comparison betmen the 

Mean values of the various groups and the non pregnant normal group. 

In Graph l curves for each type of determina.tion are shown. For 

reasons mehtioned in Chapter VI P values between 0.05 and 0.01 

are considered of probable significance in the analysis of the 

peripheral blood findings. P values equal to or smaller than 0.01 

may safely be taken as significant. The following conclusions can 

be drawn: 

1. There is a significant fall of the hemoglobin during pregnancy. 

The degrees o~ this ~a~~, compared with the normal non pregnant standard 

value, ia greatest in the second and third trimester. The hemoglobin 

values in the last two trimesters are found to be the same. 

As discussed earlier in this chapter a slight increase of the 

hemoglobin, hema.tocrit and rad ceil count has been reportad during the 

last antepartum month due to a decrease of the plasma volume. It 

seems likely that this latter fact has been responsible for the 

comparable hemoglobin values found in the second and in the third 
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trimesters in this study. 

Dmnedia tely after del1 very, there 1s an abrupt return towards 

normal, probably due to the rapid disappearance of the hydremia. 

Separate hemoglobin w.lues for the eight consecutive days postpartum 

are not shown in the tables, but it was found that the highest mean 

value of 14.42 g,/lOO ml was obtained in the blood of those 10women 

which were examlned on the first clay after delivery. The mi.lrlJnal 

mean value of 12.61 g,/lOO ml occurs on the 4th clay postpartum. 

Following this there 1s a gradual increase towards normal. 

The mean values for the hemoglobin in the l - IV daya and 

V - VIII days postpartwn compared to the normal non pregnant values 

are not significantly different. At 6 weeks postpartum however, a 

slight1y 10wer and probab1y signifieant value is obtained as 

compared with the non pregnant ( P = 0.05 ). 

2. The sarna fall oceurs during pregnancy w.i.th respect to the 

erythrocyte eount. The mean value obtained in the third trimester 

however is s1ightly higher than in the second trimest8r. This 

ditference is statisticall.y not significant ( P ~0.05 ). Postpartum 

thered ceU count rises eonsiderably compared tothe value obtained 

during the last trimester antepartum ( P(O.OOl ), but normal non 

pregnant values are not yet attained. The maximal red count occurs 

on . the first day of the puerperium ( 4.40 million ) and the minimal. 
-

on the fourth day ( 4.09 million). After this there is a slow rise 

and at six weeks atter delivery the count is the same as the normal 

non pre8llant values. 



3. Analysis of the Mean values of the hematocrit, determined at 

the various stages of pregnancy and the puerperium, shows the same 

changes as the red ceil counts. A significantly lower value than 

the non pregnant normal found during all three trimesters; the 

minimal value occurred in the second trimester, wi th a tendency 

towards a sl1ght, but probably insignificant ri se during the latter 

part of pregnancy. Posppartum there is an abrupt retum towards 

non pregnant values. The maximal. and minimal. values also occur 

on the lst and 4th day of the puerperium ( 45 % and 59.1 % ) • 

The mean values for the l - IV day, V - VIII day and 6 weeks 

postpartum do not differ s1gnificantly trom the normal non pregnant 

value. 

The results of the calculation of the mean eorpuscular 

volume, mean eorpuscular hemoglobin and mean corpuscular hemoglobin 

concentration are not shown in the tables, but it 1s suftie1ent to 

s'tate that the values of these indices remained 1Iithin normal limits. 

4. There is a moderate leukocytos1s in all stages of pregnaney. 

The mean vaJ.ues, obtained ;for the :t'irst.,second and t.hird tr:iJnester 

are a11 approximately equal, ranging from 11,000 - 12,000 but 

differ significantly fram the non pregnant normal. The highest 

values are obtained postpartllll1 yielding 14,110 for the first to the 

fourth and 11,870 for the firth to eighth days. The analysis for 

each separate day showed that the higheat leukocyte count ia 

obtained on the tirst day after . de li very ( 17,160 ); a graduaI 

recession oeeurs towards the eighth day ( li,200 ). 
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The leukocyte count is within normal limits six weeks postpartum. 

It has been observed that the leukocytosis of pregnancy is more 

pronounced in primigravidae (17). The number of primigravida.e in this 

work was too small to allow any definite conclusions in this regard. 

In the first trimester there were 12 primigravidaij their 

mean WC \'VaS 11,440; the respective values were 15,000 and 15)100 

for those in the second and third trimester. These data are indeed 

slight1y higher than the mean WBC, calculated for the multiparae of 

the various trimesters, but statistical analysis showed that the 

increases "ere insignif'icant. ( The mean values for the multiparae 

from the first to the third trimester were respectively: 11,200; 

11.;WO and 1l,SOO ). 

For the purpose of this work 1t \'VaS decided to omit a 

statistical analysis of the white b100d celi survey; consequent1y 

only the resuJ.ts of the total leukocyte counts are presented in the 

tables and graphs. 

There 1s general agreement among those authors, who found a 

leukocytosis during pregnancy, that this leukocytosis is due to a 

neutrophilia with a shift to the 1eft of neutrophils. Tysoe and 

Lowenstein were able to draw the sae conclusions in their stu~ 

and further observed that as the neutrophils rose the lymphocytes 

reciprocally decreased during the antepartum. and early postpartum. 

periode. 

The findings of these authors were used as criteria of 

normality. In each case examine d, a white blood celi survey \'Vas 



performed in order to discover an'Y existent abnormalities. The 

individual. results of the differentials in this study were found 

to be in agreement vdth the conclusions of the above mentioned 

authors. 

5. A probable significant increase of reticuJ.ocytes during 

pregnancy cau only be discovered in the tirst tr:l.mester of this 

stu~. The values iOlmd in the second and third triJnester are 

slightly above normal, but do not ditter significantly irom the 
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non pregnant values. During the puerperium the bighest reticulocytosis 

( 2.59 % ) was attained on the 4th day, following which a gradual 

decrease occurred. The values found in the l - IV days and V - VIII 

clays postpartum are defini tely higher than normal. No reticulocytosis 

is present a t 6 weeks atter de li very. 

Ta SUIll1JlS.rize: 

1. The red ceil count, hematocrit and hemoglobin concentration 

faU during pregnancy. The lowest values are reached during the 

second trimester; following this there 1s a tendency ta a s~ght rise. 

2. Immediately atter delivery a significant rapid increase occurs 

and normal non pregnant values are almost attained. The highest values 

are found on the first day postpartum, probably due to hemoconcentration, 

following wh1~ thare i8 a slight fall until the fourth day postpartlm'l. 

No significant difference can he detected comparing the hemoglobin 

and hematocrit values during the l - IV days postpartum and the V - VIII 

clays postpartum with normal non pregnant values. The rad blood ceU 



count however is still slightly below normal during the 8 days 

postpartum periode 

5. At 6 weeks poatpartum the red ceil count reaches normal 
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non pregnant values. The hemoglobin concentration,however, seems 

to be somewhat lower compared with the values of the 8 daye of the 

puerperium and ia slightly and probably slgniflcantly lower tha.n 

normal. 

The hematocrit Which reaches the normal non pregnant range 

during the first eight <laya poatpartum, is slightly higher at six 

weeks postpartum but this difBerence is not statistically significant. 

4. There is a moderate, but signif'icant leukooytosis dueing 

pregnancy and the puerperium, the peak of which ls attained during 

the first few <lays after delivery. Foilowing this there is a 

gradual recession towards normal. 

5. A slight riticulocytosis ooeurs during the three trimesters 

of pregnancy, but a significant rise oan only he demonstrated in the 

.tirat trimester. Postpartum the retieulocytes reach the maximum 

value on the 4th day. A normal value is found 6 weeks atter delivery. 

These conclusions are in satisfactory agreement with previous 

reports and a study by Tysoe and Lowenstein, also performed in the 

Bessborough Laboratory" , and discussed in Part l ot this ohapter. 

Graph II reproduced from the paper of these two authors shows 

the lowest hematologic valueu are actually reached in the first part 

of the third trimester, whereas the maximal recession in the present 

series appears to ooeur during the second trimester. This can easily 



he explained by the fadt that the women studied, were grouped 

according to the three trimesters of pregnancy. Small serial 
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changes within a given tr:iJDester could therefore not he demonstrated. 

It appears that at 6 weeks postpartum the hemoglobin has 

not yet reached normal non pregnant values, 1!Ùlich 1s in conformity 

with the work of Dieckmann and Wagner and of Tysoe and Lowenstein. 

The conclusion ~eems justified that the normal hematological 

equilibrium i8 not attained by six weeks alter delivery. 



CHA.PTER VIII 

Results and Discussion of the Bone Marro" Findings in This Study. 

The results of the 250 differential counts, performed on 

the bone marrows of non pregnant, pregnant and puerperal women are 

presented in Table III, which shows the mean values, their standard 

errors and standard deviations for each ceil type. In Table IV are 

listed the probabUity values, approximately equal or smaller than 

0.05. These values were obtained by comparing the means of each 

cell type present in the pregnant and puerperal bone marrow series 

with the means of the non pregnant series. 

For reasons discussed in Chapter VI it was decided to 

report aIl P - values of 0.05 or smaller with the suggestion that 

values between 0.05 and 0.02 are not significant and that values 

between 0.02 and 0.01 have doubtful significance. P - values 

between 0.01 and 0.001 are considered sign1ficant, whereas values 

smaller than 0.001 are highly sign1ficant. 

Red Cell Series: 

The proportions of the red cell precursors and their 

mitotic figures,as found in the bone marrows of the groups studied 

are shown in Tables III and IV and Graphs III, IV and V. 

Pronormoblasts+ Erythrogones: 

The values fO'IIDd for the three trimesters of pregnancy and 

compared with the non pregnant normal show only slight differences. 

Their range fluctuates between 0.92 and 0.85 %. The means for the 
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two postpartum periods are slightly lower than normal; the maximal 

reeession seems to oceur during the firth to eighth day ( mean: 0.70). 

At 6 weeks following the del1very a percentage ls found approximately 

equal to the normal non pregnant value. statistical analysis shows 

however that no significance can be attributeà to any change in 

perdentages of these early erythroblastie precursors obtained in the 

differentlal counts of pregnant and puerperal series. 

Basophilie Normoblasts: 

This type of cell seems to increase gradually during 

pregnancy. The mean value of 1.08 % for the non pregnant series 

rises to 1.85 % during the first trimester, to 2.31 % in the 

second and to 2.34 % in the third trimester. These percentages 

are statistically highly significant compared with the non pregnant 

normal. They appear to dacrease slightly postpartum particularly 

from the fifth to eighth day ( mean: 1.86 % ) but do not return to 

the non pregnant normal. The mean percentage of ~.l~ % found at 

the sixth postpartum week ls higher than iInmadiately after delivery. 

Polychramatic Normoblasts: 

These cells, which represant the pradominating type of 

nucleated rad cell, are probably the best indicators of erythropoletic 

changes oceurring during pregnancy. 

From the curve, showing the mean values for this type of 

cell, it appears that they exhibit èxactly the saroe changes as the 

basophilie normoblasts, during the three trimesters of pregnancy, the 
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first e1ght days of the puerperium and at the sixth week postpartum. 

There is a slow increase during pregnancy, comparedvd th the 

normal non pregnant Mean value whieh 1s 13.47 %. A highly signif1cant 

peak 1s attained in the third trimester, the Mean value being 19.95 %. 

Immediately after delivery a gradual decrease occurs but normal values 

are not yet attained. At the fifth to eighth day postpartum a 

percentage of 16.45 1s found, a value which May fall within the normal 

non pregnant range. Following this there is a similiar ri se to that 

which 1s observed for the basophilie normoblast. The Mean percentage 

1s 20.69, which is a higher value than was obtained during the third 

trimester and which is significant1y higher than the non pregnant 

normal. 

Orthochramatie Normoblaste: 

The MoSt mature red cell precursors show the sarne proportional 

changes as discussed in the case of the basophilie normoblasts and 

po1.yehromatic normoblasts during pregnancy and the puerperium. 

These cells exhibit a gradua! increase and a peak is reached 

during the third trimester. The non pregnant value 1s 8.10 %; 

values for the firet and seconâ trimester are higher but ditferences 

found are too small to draw defin1te conclusions. In the third 

trimester a Mean pereentage of 9.72 1s obtained, which 1s higher 

than normal, but of doubtful s1gnifieanee. After deli very there 

oeeurs a slight and relative1y insignifieant inerease to 10.12 % 

during the tirst to fourth day, in eontradistinct1on to the decrease 

of basophilie normoblasts and polychromatie normoblasts. Following 
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this the orthochromatic normob1asts drop to 7.92 % on the firth to 

eighth day. This value and the "relatively higher value of 8.59 % 

for the sixth week postpartum are not significantly different from 

the non pregnant normal. 

Mitoses: 

The mitotic figures, observed in the erythroblastic cells 

are expressed in absolute numbers - i.e. the value of 5.1 obtained 

in the normal non pregnant series stands for a Mean of 5.1 mitotic 

figures counted in 500 cells. 

From the data given in the :bable it appears that mitoses 

occur more frequently during pregnancy. Â peak of 4.8 per 500 cells 

i8 raached in the third trimester, which is statistically significant. 

Immedia tely after deli very their value is found to be wi thin normal 

limits but slightly higher values are calcul.ated for the fifth ta 

eighth day and the sixth week postpartum. 

Graph IV shows eurves for the early and late erythroblastie 

eeU series, obtained by combining the erythrogones, the pronormoblasts 

and basophilie normoblasts in one group of cells and the polychromatic 

and orthochromatic normoblasts in the other. It will be seen tbat 

both eurves foUow a similar pattern, rising c1tu-ing pregnancy, falling 

off during the puerperal days and rising again at six weeks postpartum. 

During pregnancy, however, it appears that the basophilie precursors 

of the erythrocytes increasa relatively more rapidly during the first 

and particularly the second trimaster, which is suggestive of a shift 

to the left within the red cell series. Postpartum there is no evidence 
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of this divergence. 

An attempt was made to demonstrate a s1gnif1cant shift to the 

left statistically. The distribution of the various red cell precursors 

in the bone marrow during pregnancy and the puerperium. was examined 

further. The early red cell precursors ( erythrogones + pronormoblasts 

~ basophilic normoblasts ) were expressed as the percentage of the 

total nucleatEid red cells present. Comparison hetmen the means of 

the early red cell precursors, found in the bone marrows of the 

normal non pregnant group and those of the second trimester, showed 

that there is a significant shift to the left of these nucleated cella 

during the first two trimesters of pregnancy ( P : 0.01). 'l'bis could 

not be demonstrated in the six weeks postpartum group. 

Graph V shows the relation of the erythrogenic-leukogenic 

ratio of the bone marrow and the hemoglobin values of the peripheral 

blood, as found in all groups studied. The erythrogenic-leukogenic 

ratio represents the total percentage of all nucleated red cells of 

the bone marrow di vided by the total percentage of all white cells 

present, from which the lymphocytes and monocytes have been subtracted. 

This ratio indicates the proportion of the erythrocytogenic and 

granulocytogenic bonè ,marrow cells. 

For the normal mon pregnant series an erytbrogen1c-leukogenic 

ratio of 0.57 1s found. This value 1s h1gher doring all trimesters 

of pregnancYJ a maximum of 0.58 is attained during the third trimester, 

due to the increased erythropoiesis alreaqy discussed. A gradual 
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decrease occurs during the 8 days after delivery, but a higher 

value is again found at six weeks postpartum ( 0.96 ). Comparing 

the -values of this ratio wi th the hemoglobin of the peripheral 

blood for aU groups studied, it becomes apparent that the 

e~~hrogenic-leukogenic ratio rises as the hemoglobin falls, and 

vice versa. This would suggest that the fail of the hemoglobin 

during pregnancy ( which has been shown to be due to hydremia ) 

may be related to an increase of the erythropoietic activity. It 

is well known that increased erythropoietic activity rray be 

present in bone marrows of indi viduals suffering from various anemias, 

such as anemia associated with syàtemic infection, nephritis etc., 

iron deficiency anemia and pernicious anemia. In these anemias 

the increased erythropoiesis is usually abnormal and inefficient 

in contrast to the increased erythropoiesis of normal pregnancy. 

Since the lowered hematologic values during pregnancy are not due 

to an absolute but only to a relative decrease mf the erythrocytes 

and an absolute anemia is not present, it seems likely that another 

mechanism is involved. 

It has been observed that the total hemoglobin and rad cell 

masses of the peripheral blood increase during pregnancy, although 

to a lesser extent than the plasma volume. 

Eddington and Lowenstein ( 108 ) have shown that red cells 

transfused into normal pregnant women have the seme survival time 

as when transfused into the non pregnant normal subject. Thua, the 

increased erythropoietic activity of the marrow in pregnancy i8 not 
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due to decreased lite span of the red cells of the pregnant woman; 

nor do the morphological characteristics of the red cell series of 

blood or bone marrow during pregnancy suggest that erythropoiesis 

in normal pregnancy i5 pathologie or inefficient. 

In view of the above the increased erythropoietic activity 
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of the bone marrow must be related to the increase of total circulating 

hemoglobin and red celi volume in normal pregnancy. It is interesting 

to speculate upon the possible role of the placental circulation, the 

arterial oxygen saturation of the blood of mother and fetus and certain 

endocrine changes in the mother in providing the stimulus for this 

increased erythropoiesis. 

The increased erythropoiesis which develops between the 

8th clay and 6 weeks postpartum ie more difficul t to explain due 

to the absence of available data. The lOBS of blood at dellvery 

and the decrease of total circulating hemoglobin and red ceil 

mass may well be of pr:iJne importance in stimulating this increase 

of erythropoietif activity. 

White Cell Series: 

The results of the differential counts of these cells are 

presented in Tables III and IV and Graph VI, VII and VIII. Graph 

VI shows the proportions of the granulocytic cells and their 

mitoses, as calculated for each group. The following results were 

obtained after statistical analyeis: 

Myeloblaste: 

The mean percentage for the non pregnant normal is 0.48. 

During pregnancy and puerperium only minimal changes occur, which 



are statistically inaignif1cant. 

It 1s nevertheless interesting to note that these cella show 

the sarne proportional changes as the progranulocytes and the ear1y 

myelocytes during the antepartum and postpartum periods. 

Progranulocytes: 

Theae cells show an increase during pregnancy as compared 

wi th the non pregnant normal of 1.24 %. The ma.xima.l value of 1. S % , 

is found during the firat tr1mest&r and the increase is statistically 

significant. ( P le8S than 0.01 ). During the second and third 

trimesters a slight deerease oeeurs trom the first trimester value 

to 1.65 % and 1.51 % respectively. Following delivery, significantly 

higher percentages are found ( 1.82 % for the l - IV postpartum days, 

1.89 % for the V - VIII postpartum dayz and 2.05 % at six weeks 

postpartum. ) 

Ear1y Myelocytes: 

A similar and highly significant increase of these cells occurs 

trom the non pregnant normal ( 5.37 % ) to the first trimester of 

pregnancy- ( 4.54 % ). During the !ollowing two trimesters there appears 

to be a smooth decline of the curve. A value is tound for the third 

trilnester which falls within the normal non pregnant range. As 

obaerved for the earlier stages of maturation, another significant 

inerease is se en following delivery, with a maximal value in the I-

IV claye postpartum period of 4.47 %. 
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La te Myelocytes: 

These cells ( as the more mature metamyelocytes ) follow 

a curve which is different from the curves of the earlier granulocytic 

cells. Compared with the non pregnant value of 21.07 % the late 

myelocytes seem to decrease during pregnancy, starting in the first 

trimester ( 19.59 % ), riss alightly, however, during the second 

( 20.76 % ) and show a highly sign1.t'icant regression ( 17.49 % ) 

during the third trimester. A gradual increase to'V'tards normal 

occurs during the early days of the puerperium, and from the V -

VIII day a percentage ls found, which may fail within the normal 

non pregnant range ( 19.11 % ). At 6 weeks postpartum a lower 

than normal value ls found ( 16.46 % ) which is highly significant. 

MetaJnye1ocytes: 

These cells show the sarna quantitative changes as the late 

myelocytes. They decrease slightly during pregnancy, compared with 

the normal non pregnant value ( 51. 15 % ); tbroughout pregnanCy, 

they represent approximately 28 % of aIl nucleated marrow cella 

counted. A gradual increase towards normal. oceurs shortly after 

deli very, however. At six weeks post partum these cella, like the 

laté myelocytes have decreased signif'icantly as compared with the 

non pregnant normal values. 

Eosinophilic Cells: 

The eosinophilic myelocytes seem to fail slightly during 

pregnancyj the maximum decrease is found in the third trimester 



( 0.95 % compared to the non pregnant normal of 1.29 % ) and is 

statistically significant. After del1very, the percentage found 

during the second four days of the puerperium falls wellwithin 

the normal non pregnant range. At 6 weeks postpartum a value 

lower than normal is found ( 0.87 % ). The eosinophilic 

metamyelocytes show a relative but not significant increase during 

the first triJDester. The values found for the second and third 

triJDester and the early postpartum period are well wi th1n normal 

non pregnant ranges ( 1.47 % ). A slightly higher but insignificant 

percentage is obtained 6 weeke after del1very. Combining all 

eosinoph1lic cells counted, there may be a slight decrease during 

pregnancy and a grad.uaJ. increase towards normal during the 

postpartum periode 

other White Cells Present: 

The lymphocytes show a considerable and highly significant 

fail during pregnancy. The lowest value occurs in the third trimester 

( 9.86 % ) and persists through thê firet 8 days pOstpartum. At 6 

weeks postpartum no significant difference !rom the non pregnant 

normal can be demonstrated. 

The monocytes show no important quantitative changes during 

pregnancy or the puerperium, except in the first trimester in which 

an isolated significant increase i5 found which i5 difficult to explain. 

The plasma cells increase slightly during the latter part of 

pregnancy, but highly significant elevated values are only obtained. 
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in the postpartum period and are maximal. V-VIII daye a!'ter délivery 

( 1. 67 % ). The percentage found at 6 weeks after delivery ( 1.45 % ) 

still differs signii'icantl.y 1'rom normal. 

The reticulum cella 1ncrease gradually during the latter part 

of pregnancy and the early postpartum periode Maximal. counts are 

obtained from the 1'irst to· 1'ourth day after deil very; this peak in 

the curve is statistical.ly significant. Comparing the mean 

percentages of' the phagocytic reticul.um cells, it appears that there 

is a significant increase in phagocyta sis during the l.ast part of' 

pregnancy and to a lesser extent during the early puerperium. The 

non tmagocytic reticuJ.um cells only show minimal changes. 

The quanti tati ve changes as just described became apparent 

atter statistical analysis. · It must bè. emphasized that soma of 

these results were not eXpected.While performing the ditf'erential 

counts the follovdng impressions were obtained: 

1. The marrow is dafinitely more cellular during the latter 

part of pregnancyand the first 8 puerperal days. This impression 

1s further supported by' the fact that more and larger particles 

are present in the bone marrow aspirate. Total nucl.eated counts 

were performeti in approximately 75 % 01' aJ.1 cases. A slight1y 

increased mean value was obtained for aJ..l pregnant and puerperal 

groups studied ( ranging from 154,000 to 177,000 ) compared to the 

normal non pregnant group ( the average count was 130,000 ) • 

• \lthough this slight difference cannot he discarded it hecame 

apparent that the individua.l results showed such a large degree of 
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variation that 1t was decided not ta utillze the total counts in 

presenting the data. 

2. There 1s a detinite increase of erythropoiesis with a shitt 

to the laft of nucleated red cells during pregnancy and the puerperium. 

This was verii'ied by the analysis, as discussed before. 

5. There is probably a slight incfease of plasma cells and 

phagocytic reticulum cells. Both observations were supported by 

the analysis. 

4.. There is no increased eosinophilia during pregnancy~ From 
o 

the statistical analysis it appears that these cella show a maderate 

decrease. 

5. There is soma hyperplasia of the granulocytic series during 

pregnancy. From the results of the t1ifferential CO\Ults and the 

atatistical analysis, it becornes apparent that the late myelocytes 

and metamyelocytes seem to drop s1gnificantly duringprègnancy and 

at the sisth postpartum week. This requires further explanat10n. 

Earlier in this chapter it \"laS shown that erythropoiesis is 

increased during pregnancy and at 6 weeks postpartum. If one compares 

Graphs IV and VII it i8 seen, that as erythropoiesis increases during 

pregnancy and again at 6 weeks postpartum, there 1s a relat1 va and 

possibly reciprocal decrease of late Myelocytes and metamyelocytes. 

This decrease is accompanied, however, by an increase of the imma. ture 

~anulocytic preoursors ( Graph VII ). These findings suggest that 

there is a shift to the left of the granulocytic series during 

pregnanoy and the puerperium. This suggestion 1s supported by 
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statistically comparing the immature granulocytic precursor5 

( myeloblasts, progranulocytes and early Myelocytes ), as percent 

of total granulocytes, found in the first trimester with those of 

the non pregnant normal. A P-value weIl below 0.01 is obtained 

which indi.cates that the shift to the left of gramùocytes is 

defini tely significant. This significant increaBe of the more 

immature granulocytes, the increase of mitotic figures, the 

obse~ved increase of marrow cellularity during pregnancy, and 

the early puerperium support the conclusion that granulopoiesis 

is increased during pregnancy and the early puerperium, although 

the increase of erythropoiesis is greater than that of granulopoiesis. 

The leukocytosis of the peripheral blood is consistent with this 

concept. The apparent decrease of late myelocytes and metamyelocytes 

taen would seem relative rather than absolute. Had stab and 

segWented neutrophilic forma not been excluded in the differential 

counts the above changes from the non pregnant normal would not 

have been 50 readi.ly demonstrated. 

Abnormal Cases. 

In the 200 bone marrows of pregnant and puerperal women 

studi.ed, 3 cases were found which showed sorne abnormali ties. The se 

were women who 'Rere exam1ned on the fourth or fifth day after delivery. 

They dià not differ from the other women studied medically, obstetrically 

or hematologically, except in one case in which there was a M.C.V. of 

97 cu. mcra. AlI other hematologic determinations were well in the 

normal ranges. 
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From the study of these bone marrows i t baeame evident that 

the earliest changes towards megaloblaàtosis was found in one case 
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on the 5th postpartum clay. Some of the red eell nue lei showed 

beginning intermediate transitional changes. Also a fe .. intermediate 

maerometamyelocytes and macrostabs were present. By eomparing the 

differential count with the results obtained from those of the 40 

women studied from the fifth to eighth day after delivery, it 

beaame evident that t he only quantitative abnorÏnality present 

was an increase of basophilie red cell precursors to 4.0 %. The 

M.C.V. was 91 cu. micra. 

The other two bone marrows contained a very occasional 

intermediate macrometamyelocyte and macrostab but erythropoiesis 

was entirely normoblastic. The only hematological abnor.mal1ty of 

the blood of one patient who was 4 days postpartum was a M.C.V. of 

97 cu. micraj 4.4 % basophilie normoblasts were present in the marrow, 

which is higher than normal for this stage of the puerperium. Two 

bone marrow aspirations were previously performed on this patient: 

the first in the third trimester and the second Olle on the first 

postpartum day. Both bone ma.:rrows showed no abnormalities, 

quantitatively or qualitatively. The results of the differential 

counts did not differ from the other bone marrows studied during 

similar stages of normal pregnancy and puerperium. Aside from the 

oecasional macrometa.myelocyte and macrostab, the bone marrow from 

the third patient ( 5 days postpartum ) showed no quantitative or 

qualitative differenees from the other cases studied at this postpartum 

periode 



It 16 be1eved that the marrow findings in these three 

patients may have been the first reflection of hematological 

abnormality, which could have developed had the pregnancies 

not been terminated. 
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CHAPl'ER :œ 

COMPARISON WITH OTHER AUTHORS 

I. Studies on Normal Bone Marrows: 

Numarous reports concerning bone marrow ditferential counts 

in normal individuals have appeared in the litarature. Compar1son 

of these reports with the data of this work seems useless in many 

instances, due to the differences in technique, terminology or in the 

selection of matér1al. Several authors failed to mention how many 

subjects were examined (50, 55, 45, 55, 79, 81, 88) and others 

reported a stuqy campiled fram one to ten cases (42, 85, 109, 110, 

lll, ll2, 115, 114). No further information was given by a great 

number of authors regarding the sex (11, 51, 54, 42, 55, 57, 88, 

109, 114, 115) or the age (11, 29, 53, 88, 109, 110) of the 

individuals studied. Several articles stated that their 8upposedly 

normal subjects were patients ftbo were hospitalized for minor 

1llnesses (11, 15, 90). In many instances, no ini'ormation was given 

regarding the amount of bone marrow material aspirated (11, 15, 29, 

51, 54, 88, 110, 116, 117). Most authors prefer to withdraw less 

than 0.5 ml ; a few are of the opinion that larger amounts are 

d.esirable (18, 28, 55, 58, 118, 119). In some instances, the data 

given in the report were comp1led from bone marrow obtained with 

different techniques (32, 54, 88). A great number of authors failed 

to mention how many cells were dii'ferentiated (29, 50, 55, 34, 58, 55, 

79, 81, 88, 110, 120); others counted fewer than 500 cella (45, 109, 

114). 



Apart from the different terminology used in the differential 

counts by various authors, comparison of their data 1s difficult 

because of the different methods of presentation. Several articles 

expressed their ,resul ts in ranges and did not report the means 

( il, 29, 47, 79, 121 ). ethers express the mean percEintages of 

the red and of the white blood ceil series separately or express 

the number of nucleated red cells as the percentage of 100 white 

cells present. 

The results of the bone marrow differential counts on 30 

healthy non pregnant women, presented in this work, were compared 

with the reports of those studies which permitted satisfactory 

comparison on the basis of similar techniques and interpretations. 

It was necessary to exclude mOBt of the numerouà studies of normal 

non pregnant bone marrows for the reasons already discuss~d. 

Studies which were accepted were required to conform with 

the following criteria: 

1. The amount of marrow material aspirated must have been 

0.5 ml or less. 

2. The number of caaeB reported must have been 10 or more. 

3. The number of cells counted in each differential must 

have been 500 or more. 

4. The description of cella and of their terminology must 

be comparable. 

5. The statement must have been made, or adequate evidence 

must have been reported thatall emamined individuals were 

healthy. 
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6. The differential count must have been performeà on marrow 

SInears ( cover glasses or slides ), prepared directly from 

the aspirated sample. 

7. The marrow should have been obtaineà by the aspiration 

technique at the corpus sterni ( second or third interspace). 

In Table V are shown the results of bone marrow differentials 

from nomal individuals performed by Segerdahl ( 56 ), Forsell ( 20 ), 

Leitner ( 49 ), Fonte .:in ( 122 ), Fadem and Berlin ( 76 ) and by the 

author. It was necessary to recalculate the data given by these 

authors, since they included the polymorphonuclear and stabe 

neutrophile in their ditferential counts. The celle have been grouped 

according to the description given by these authors, but it is 

realized that unavoidable errora have been made, since the criteria 

for cell identification were too incomplete in soma instances to 

allow accurate grouping. Segerdahl's series concists of young 

healthy women; the other authars drawn from the literature inc1ucied 

both men and women in their series. There is one report on the bone 

marrovi ~I· heaJ.thy women, by Pitts and Packham, but these authors 

aspirated 10 ml. of marrow fluid (18 ). Fadem and Berlin compared 

differential counts of sm.a.rs made from 0.1 to 0.5 ml of " marrow 

juice " with those of smears made from marrow partic1es of 10 normal 

subjefts. 

A few conclusions can be drawn by comparison of the data of 

bone marrow differential counts performed by these authors. 
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The individua1 results vary eonsiderably; this is not 

suprising since the eomparison is based on mean values for eaeh 

type of eell and not on ranges. Some of the authors also 

reported their ranges, ealeulated by adding and subtracting one 

or two times the standard deviation found for eaeh type of celle 

Segerdahl has suggested that it i5 safier to de termine the upper 

limit of variability as the mean plus four times the standard 

deviation but this would mean that many differential eounts of 

pathologie bone marrow would be covered by the wide normal range 

caleulated in this manner. 

Inspection of the individual results shows that the 

greatest degree of variability seems to oeeur within the 

granuloeytie and erytbroeytic series of cella. The degree of 

maturity can often he decided by subjective criteria only since 

changes within one series of cells occur gradually. By adding 

all granulocytid cells and all erythrocytic cells aE- shown in 

Table V, it becomes apparent that the differential counts performed 

in this study are in general agreement with those reported by 

Segerdahl and Forsell. Segerdahl found 51.55 % granulocytic and 

16.81 % erytbrocytic cells, resulting in a ratio (erythrocyticj 

granulocytic cells) of 0.55. Forse11 found 55.80 % granulocytic and 

19.97 % erythrocytic cells, -yie1ding a ratio of 0.56. In this study 

57.29 % granulocytic and 25.57 % erythrocytic cells were found with a 

ratio of 0.41. Fadem and Berlin, and Fontain obtained a relatively 

higher', percentage of nueleated red cells in their counts and fewer 

granulocytic cells, but the ratio still remains well below 1. 

" 
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Leitner' S Hsulte are INch t.hat a ratio higher than 1 wae -obtained 

( 1.08 ). There 13 fair agreement bet .... n al1 &uthors rega.rding 

eos1nophillc cells. Fontein and Le1tner i'O\Dld more piasma cells 

tha.n o1:J::lers. Segerdahl round 26.45 % lymphocytes in ber counts of 

normal marrows. Fadem and Berlin .round 2:5.5 % 1)'l11ph~9 in marrow 

juies and 3.G~ % l}'ll1phocytes in l!BrrOW partielss, wlnch Ulustratoe 

the d1.f'ierEint values which mal" he obta1ned 1'd.th di.t'!erent techniques 

and with different decrees of dilution by the circulating blood. 

II. Studiee on Bone Harrows in Presnanoy and Puerperiuml 

A revin ot the llterature regarding bone JJJarrow 1n pregnanc)" 

has been tiiven in Cbapter l. The concluaione of aU reporta and aome 

of the teohnicaJ. detaUe, both i.mpœtant for a compar.leon ".~th the 

reeulte of th1s atudy will t. diBcussed. 

Daniaeh1j performed ruf.retial counte on 4.0 boœ lD&Z'TOWII 

obtained from healthy pregnant women froa the tirst ta third trime.ter 

and on 10 marrows taken 7 to a daya a.f'ter dellvery. He obta1ned 

the marrow material b,- aspirat1nc 0.5 - 1.0 ml !'ronl the manubrium 

sterni and d1!ferentiated 500 to 1500 cells, i .. 'lcluding aU nucleated 

cells present, on glass sildes, stained a.ccording to Fappenheim. 

He compo.red the results obtained with the ranees given by Ar1nk1n for 

appa.rently healthy mena and woman. From th.se counts and his morphological 

etuqy he coneluded that a striking increase of er.ythropoie.ie 1 together 

mth an obvious change towarda megaloblastesis, s'tarte to ocour 

.arly in pregnancy. He f'urther c1aj-d that the greateat nuaber of megalobl.asta 



were found in the 7th to 8th month of pregnancy ( 1 % of all cells 

differentiated ). Daniachij states that these cells, which resembled 

the réd cell precursors of the embryo, are normally absent in the 

bone marrows. Unfortunately he doe~ not de scribe the characteristics 

of these cells and only presents a diagram showing the derivat10n of 

the erythrocytes. No deductions cao be made regarding morphologie 

characteristicf, but it appears from the scheme that his megaloblast 

is derived from the macroblast wh1ch he believes to be the precursor 

of both normoblastic and megaloblastic cell series. According to 

him the macroblast 1s a lympho-erythroblastic celle His megaloblast 

might well have represented a cell which has been cal1ed erythrogone, 

macropronormoblast etc. by ethers. This subject has been discussed 

in Chapter V. 

The normob1astic nucleated red cells ~eached the upper limit 

of Arinkin 1 s ranges ( 16.7 % ), but i t 1s obvious tha t no defini te 

conclusions can be dravm on this basis. Daniachij stated clearly 

that the erytbrocytes of the periphera1 b100d showed no abnormalities. 

The hemoglobin ( given in percent ) and REC were within the range 

of normal. The color index varied from 0.8 - 0.9. Further evidence 

for increased erythropoiesis was an increase of observed mitoses 

during the latter monthe of pregnancy. 

Evidence for increased 1eukopoiesis was a higher percentage 

of neutrophil1c metamyelocyte s, as compared w1 th Arinkin' s normal 

values. During the 8th month of pregnancy a maximal percentage 

was obtained, following which a sl1ght decrease occurred. Further 
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evidence of a shift to the left was a higher percentage of myelocytes 

~d progranulocytes during the second and third trimester compared 

97 

with the first trimester. Increased roitotic figures of the granulocytic 

cell series were also observed. 

Daniachij obtained a relatively high percentage of eosinophilic 

cells during the first six months of pregnancy ( maximal 4.7 % ) but this 

conclusion was again drawn on the basis of Arinkin' s figures. 

The monocytes were fewer in comparison \'dth Arinkin t s data 

for normal bone roarrow and also in comparison with the percentage of 

the monocytes of the peripheral blooà of the aubjecta examined. 

Daniachij concluded therefore that it is evident that monocytes 

are not i1.ound inthe bone marrow. 

The lymphocytes appeared to be decreaseè. in 50 % of ail 

cases, when compared with Arinkin's figures; the lymphocyte count 

of the blood, however was always within normal ranges in these cases. 

The peripheral blood showed neutrophilia and lymphocytopenia, 

initiated in the 7th month of pregnancy. At the sarna time a moderate 

fall of the hemoglobin and RBC was observed. These changea in the 

peripheral blood, according to Danachij were explicable by the 

quantitative and qualitative changes of the bone marrow. He concl.uded 

that it i5 justified to spaak of a \1 bone marrow of pregnancy ". At 

6 days after deli very the bone marrow had not yet returned te normal. -

The same changes in the leukopoiesis were found as during pregnancy; 

yet roegaloblasts had disappeared and erytlll-opoiesis had regressed to 

normal. 
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It is difficult te assess Daniachij's evaluation of the 

bone marrow differential counts, since they were based on a study 

of another author. From bis morphological description of the bone 

marrow during pregnancy and the puerperi\DJl it can be deatlcted that 

incfeased leukopoiesis and, to a lesser extent, increased erythropoiesis 

were observed. 

Forsell compared the differential counts performed on the 

marrows of 8 pregnant women, a11 of whom except one, were four 

months pregnant,with the counts obtained from the bone marrows of 

10 healthy men and 10 healthy women. 

He estimated that the ce11ularity of these bone marrows 

was normal. His bone marrow s~les were obtained by aspiration 

from the corpus sterni ( second intercostal space ) and 0.1 to 

0.2 ml wera aspirated. In each case 1200 whitA cells were i!ounted; 

nucleated red cella, plasma. cells, reticul\DJl cells, and aD. mitotic 

figures observed were expressed in numbers per 400 white cells. 

He was not able to show any changes in the bone marrows of 

these pregnant women, either morphologically or quantitatively. 

Pitts and Padkham exarn1ned 40 healthy, pregnant women. The 

marrows were obtaineà by the aspiration technique from the sterno 

manubrial junction in a quantityof 10 ml and oxalate was used as an 

anticoagulant. In each case a total of 500 cells were counted. 

On the basis of their own non pregnant normal values 

obtained from the bone marrows of 24 healthy young women, they 

concluded that there i8 a general hyperplasia of the marrow during 



pregnancy l 'tthich invol ftl al1 cells equa.l.ly. 'otal nueleat8d coant, 

ot the bon. marrow ot the non prepant 8l"OUp ranie t'rom 7,750 to 

45.000 and thoN ot the pregnant group ft.r1ed from 14.,400 to 125,000. 

This diff.rence W&8 tound to be 81gni!1cant. It 1, te be noted 

that the.e authore upirated an extremely large amount of marro", 

wh1ch consequently must have bad a high degree of dilution. The 

neutrophillc stabs and polymorphonuc1ear cells amounted to an 

a'Vl'rag. of' 49 % and the lymphocytes to 12.7 %. Af'ter adding 

12.93 %. the percentage of the disintegrated celle ( wh1ch might 

wall haw been due to the oxalate us.d ) 1 1t becomes .vident 

that these ceUs conat1tuted 74.63 % of all ceUs counted. It 

15881118 llkely Ulat amall quantitative changea or aU other marrow 

ceUe could not ha'ft been detected. 

Markot! reported morphologie .-tud:1ee on the bone marrow in 

tre ~-nancy. No 1n!ormat1on _8 givan aa to how many cens ,,~re 

obsened nor are other tectmical detai18 diacuased. He amphu1Hd 

that theH Mre no IMgalobluta pro •• ent in the bene marrow of normal. 

pregnancy as etated b7 Dan1achij. He observed an !nere.ee of 

normobla~t1c erythropoies1s,oft.n with cluster formation of 

polychromatid normoblaste. AB pregnancy advanced more of thes8 

clusters werG found, some of which cons1stsù of large erythroblasts, 

hie 80 called macroblasto. Il second characteristic during early 

pregnancy ware changes in the granulocyt1c ceU .ries, 1IIhioh showed 

a etriking anisocytosie, often wi th giant forms, such ae are seen 
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in pernicious anemia. This was particuJ.arly observed in the 

promyelocytes. The anisocytosis of the myelocytes and metamyelœytes 

was much less conspic~ous. The !eukocytes of the peripheral blood 

showed no abnormalities. Markoff was not able to give an e:mpianation 

for these observations and suggested pregnancy as a possible cause. 

Further deviation from normality was an increase of immature 

eosinophilic cells, after the 6th month of pregnancy, which, according 

to Markoff indicated a hypersensitivity to proteins. He believed that 

this latter hypothesis was supported by an incfease of plasma cells, 

starting in the 5rd month of pregnancy. Some of these cells showed 

mitoses and contained 2 or more nucleoli; others were larger tàan 

normal.According to Marioff plasma cells belong to reticulum cells, 

but no changes were observed in phagocytic and non phagocytic 

reticulum cella. No abnormali ties were found in. the postpartum 

period; it is not stated at what time after delivery these 

observations weré made. 

Wolffls and Limarzi's conclusions regarding the bone marrow 

in normal pregnancy are that both erythropoiesis and leukopoiesis 

increase during pregnancy. This was deducted from the increased 

total nucleated celi count and the increased bone marrow cell volume 

100 

in the hematocrit. Erythropoiesis and leukopoiesis were morphologifally 

normal, but shCWied a slight but insignificant immaturity towards the 

end of prepncy. A megakaryocytic hyperplasia was also found. The 

bone marrow did not return to nm:nna.l for at least su weeks postpartum 
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Callender's conc1usiohs were based on the statistical analysis 

and comparison of differential counts of 29 bone marrows, obtained from 

19 healthy and puerperal women and 10 healthy non pregnant women. Theae 

marrows were aspirated from the sternum; the quantity of aspirate is 

not sta ted. Presumably the amount was a small one since she cri ticizes 

Pitt and Packman who aspirated 10 ml. 500 cells were differentiated 

and Fisher's t- test was applied for the analysis. She was unable to 

ver if y the findings of other authors that there is an erythroblastic 

hyperplasia in the marrow in pregnancy. Also she was unable to 

demonstrate a shift to the left of erythropoiesis. From morphological 

observations, of marrow sections,she stated that there appeared to 

be a slight d*ldency towards hyperplasia in the late weeles of 

pregnancy and in the early puerperium. She observed occasional 

large erythroblasts sho\v.ing premature hemoglobin formation and the 

proerythroblasts seemed to have' increased somewhat in number. No 

megalotlasts, however, were observed. Occasional clump formation of 

erythroblasts, large progranulocytes and groups of plasma cell type 

reticulum cells were observed. These changes were sufficiently 

striking to justify descriptions of a characteristic marrow of pregnancy. 

Leitner's stuQy was compiled from 12 dases, 5 of which were 

in the third trimester of pregnancy. The marrow was aspirated in a 

quantity of 0.1 - 0.3 ml from the sternum ( second or third interspace ). 

Counts of 500 cells were performeà from Slllears made on glass slides. 

He presente the differential counts individually and draws no definite 

conclusions from the data. Comparing the results with a series of 22 



bone marrOW5 of men and non pregnant women it appeared to him that 

erythropoiesis and/or granulopoiesis may increase during pregnancy, 

but not to such an extent that it is characteristic. The nucleated 

red cells were normoglastic and early basophilie seemed to have 

increased somewhat. He observed some large granulocytes, similar 

to giant neutrophils. 

To Summarize: 

Variable general cellular hyperplasia has been observed 

in the bone marrow during pregnancy by all authors but one. Forsell 

studied a small group of patients; only one of these had advanced to 

the third trimester of pregnancy. Most authors agree that quantitative 

changes, if present, reach their maximum during the last stage of 

pregnancy. Markoff stated that erythropoiesis increases to a greater 

extent than leukopoieiis~ this statement was based on his visual 

estimate, not on the result of differential counts. No author found 

megaloblasts other than Danachij. Callender and Leitner and Markoff 

observed an increase in numbers and size of the basophilie erJ~hroblasts, 

which however retained their normoblastie characteristics. Wolff and 

Limarzi state that there is a minimal and insignificant shift to the 

left of all bone marrow cells. 

Danachij found that leukopoiesis increased to a greater 

extent than erythropoiesis during pregnancy. This was evidenced 

by an increase of mitotic figures and a shift to the left of the 

granulocytic cell series. Aceording to Markoff striking anisocytosis 

of the progranulocytes occurs ; Callender observed only an occasional 



large progranulocyte, but Leitner found giant neutrophilic cells. 

Increase of plasma cells was observed by V~koff and increase of 

plasma cell type reticulum cells was found by Callender. Daniachij 

noted marrow eosinophilia and Markoff observed that the immature 

eosinophilic myelocytes seemed to have increased somewhat in number. 

Only thrèe of these authors commentéd on the appearance 

of the bone marrow after delivery. Mark6ff stated that it did 

not differ from normal, but did not indicate what stage postpartum 

these observations were made. Daniachij found that the marrow 

had not returned to normal and that leukopoiesis was still increased 

at 6 days postpartum. 

Wolff and Limarzi 1 s findings indicated that the normal 

non pregnant state of the marrow was not attained until at least 

six weeks after delivery. 

In this study an increaseà normoblastic erytr~opoieBiB 

was found during pregnancy. A shift to the left in both the 

erJ~hrocytogenic and granulocytogenic eell series was demonstrated, 

indieating general marrow hyperplasia. From morphologie observations 

it can be concluded that there May exist a slight anisocytosis of 

the immature white cell precursors, but giant metqmyelocytes or 

stab cells were never observeà, other than in the three pathologie 

cases discussed. 

It was also shown that plasma cells and reticulum cells 

are increased during pregnancy; eosinophilia, however, could not be 

demonstrated and our findings suggest that the eosinophilic cells 
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decreased. OUr observations that the bone marrow does not return 

to normal for a considerable time after delivery (> 6 weeks ) 

are ih agreement with those of Wolff and Limarzi. 
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Su}â~Y AND CONCLUSIONS 

~. The bone marrow findings of normal subjects and of 

women during normal pregnancy and puerperium have been 

cr1tically reviewed from the available literature. 

2. The morphological findings of bone marrow aspirates, 

obtained from the second or third interspace of the corpus 

sterni, from healthy pregnant and puerperal women were 

compared with those of marrow aspirates from healthy non 

pregnant women. 

The material studied consisted of bone marrow aspira tes, 

obtained from thirty subjects during each of the three trimestars 

of pregnancy, from tan subjects on each of the first eight days 

postpartum, from thirty subjects at six weeks postpartum and 

from thirty non pregnant normal women of childbearing age. 

3. DifferentiaI counts were performed on 500 bone marrow 

cellw in each case and the results were statistically analysed. 

4. The results showed that there are significant quantitative 

changes in the cellular components of the bone marrow during 

pregnancy and the puerperium, which are maximal in the third 

trimester. 

5. There i5 a significant increase of erythropoiesis during 

pregnancy; this was deducted from both observations and statistical 

analysis of the differential counts. A significant shift to the 

left of the nucleated red cells was demonstrated. 
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6. A significant shift to the left of the precursors of 

the neutrophilic cells was also demonst~ated. This result and 

the increased cellularity to observation are suggestive of an 

increase of granulopoiesis. 

7. During the early days of the puerperium there is a 

tendency towards restoration to the normal non pregnant findings. 

8. The bone marrow, examined at six weeks postpartum, has 

not returned to normal; in fact both erythropoiesis and to a 

lesser extent granulopoiesis are more active than early in the 

puerperium. 
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HilMATOLOOICAL OB:rFlU4lNATIONS OF THE PERlPHElW. BLOOD 

Mean Valu ••• Standard Orrt1at1on and St..nd&rd !r-ror. 

in 
P'Ngnanc1, hlu-periœ and 6 WMka Poat Pan.. 

Cooopon4 Id" 

HorMl. Non PNI&n&nt '*-rI 

NOftHAL lIIt TfiDŒST.I:.R 2Qd, TRDŒSTFlt 3rd 'l'IUlŒ:;'WI I-D'DA! V- VIII DA! 6 ....... 8 
p.p. p.p. p.p, 

DETERKINATlotiS H. S , O. S. E. H. ~.D. S.E. .. S.D. S,E, .. S.D . S.E • .. S.D. S.E. .. S.D. S.E. H. S.D. S.E. 

11GB. (p/l000l) 13.6 0.77 0.1.4 - 12.8 1.10 C.2O 12.24 1.03 0.19 12.23 0.90 0.18 13.43 1.65 0.26 13.64 1.47 0.23 13.20 0.78 0.1.4 

R.B.C.(xl06) 4.53 0.27 0.05 4.1 0.J1 0.06 3.87 0.35 0.06 3.95 0.31 0.06 4.27 0.46 o.m 4.28 0.45 o.m 4.45 0.26 0.05 

H»IATOCRIT (%) 41." 2.26 0.41 39.1 2.92 0.53 36.6 2.79 0.51 37.7 2.67 0.49 40.7 4 .26 0.67 41.3 3.82 0.60 41.) 2.12 0.39 

W-.B.C.(xl03) 9.11 2.10 0.3. n.n 2.62 0.48 11.36 2 .90 0.53 11.22 3.06 0.57 1.4.11 4.32 0.68 11.87 3.25 O.st 9.87 2.24 O.,u 

RETlCULOCTTF.S(%) 1.22 0.81 0.15 1.80 0.96 0.18 1.62 1.<>1 0.20 1.69 1.m 0.20 2.10 1.26 0.20 1.82 1.11 0.l.7 1.66 0.98 0.18 

TABLE l 
b 
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DETERMlHATIOBS 

Hgb. 

R.B.C. 

P.C.Y. 

W.B.C. 

Ret1cs. 

lstTr1 

P-VALUES OF THE DE'rl!2MINATIONS OF THE PmIPHEaAL BLOOD 

Ccaparing 
th.. 

THREE TRIMESTmS OF PRmNANCI, PUBRPEaUIH AHD 6 WEEKS POST PARTUM 

vith 

NœKAL )f(If PUDlANT lOŒI 

2rd tri. .3rd. Tri • . 1-1V DAIS Y-Vlll DA,YS 6.WKElS 
__ ~_~ _____ .____. ---"---- ___ LIJ ________ ~ ___ ~_ . __ JlIlD_____ .. D.D •••. 

0.01 

0.001. 

0.0Q1 

0.01 

0.0; 

0.001 0.001 

0.001 0.001 0.01 0.01 

O.OQl 0.001 

0.01 0.01 0.001 0.001 

O.Ql 0.02 

P. Y&l.uea tound are 1.88 er approx1Jl&tel7 equal to the ftlues etat ... 
P. values greater than 0.1; are Mt shewn in th1s table. 

TABLE Il 

0.0; 

b 
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STERNAL MARROW DIFFERENTIAl COUNTS 

MEAN VALUES, STANDARD DEVIATIONS a STANDARD ERRORS 

IN 

THREE TRIMESTERS OF PREGNANCY, PUERPERIUM AND 6-WEEKS posT PARTUM 

COMPARED WITH 

NORMAL NON PREGNANT WOMEN. 

ncm1A.L ], at 'mIHl:STER 2
nd 

nlIHES'I'ER 51"1 mIME:lTER •• th 5111_ 8 tl_DU p.p. l -. illY p.p. 8 wmcs p.p. 

Coll 'f1poo (l) H S.D. S.E. H s.n s .E- H S.n 5. E. H S.D. S.E. H S .D. S.!: M S.D. S.I. M S.D. 5.1. 1 

~lobl&oto 0.48 0.Sl- 0.06 0.52 O.~8 0.07 0.50 o ... 0.06 O.4~ 0 ... 2 C.Da 0.50 0.58 0.08 0.54 0.>4 0.05 0.84 o ••• 0.08 

Proll"anul..oc,.tee 1.24 0.50 0.09 1.90 1.08 0. 19 1.tIS 0.71 0.1' 1.51 1.07 0.20 1.80 0.81 0.13 1.89 0.91 0.14 2.05 0.89 0.18 

_lT~loqto· 5.57 1.17 0.21 '.54 1.45 0 .27 4 .. 25 .1.. 2:2. 0. 22 25.57 1.22 0 .22 '.20 1.52 0.2.4 4.47 1.98 0. 31 '.110 1.80 0.56 

Lat. lIJo~o 21.07 •• 09 0.75 19.39 '.53 0.811 20.78 3.se 0.65 7.49 •• 95 0.72 18.20 S.45 0.55 19.11 5.08 0.80 16.48 5.80 0.70 

lIota;Jwloc7WO 51. 15 '.se O.es 28.25 5.48 0.00 28.47 • • se J .80 27.35 5. 41 0.99 27.95 5.09 0.110 sa.ll 6.01 0.95 25.65 5.09 0.93 

:.::0 1.29 0.52 O.ll 0.99 0.45 o.œ 0.97 0.47 o.œ 0.93 0.58 0.07 Q.95 O . .. 0.07 1.10 0.98 0.15 0.87 0.55 0.10 

-~~ 
1Iota;Jw_~ 1.47 0.57 0.10 1.71 0.86 0.16 1.55 0.71 0.1' 1.39 0.75 0.14- 1.sa 0.76 0.12 1.55 1.06 0.17 1.B9 0.86 0.16 

~7WO · 13.~ 2.66 0.49 ll.S7 3.7B 0.59 :w.O. $ • • 9 0.54 9.86 3.00 0.55 9.97 '.Sl O.se 9.76 2.99 0.4.7 ll.86 •• 86 0.70 

-,.te. 1.01 0.52 o.œ 1.87 1.1' 0.21 1.37 0.99 0.18 1.25 0.87 0.16 1.19 0.110 0.15 1.253 Q.n 0.12 1.1S 0.86 0.18 

1Io~. 0.12 - - 0.15 - - 0.11 - - 0.19 - - 0.25 - - o.sc: - - 0.19 - -
na .... C.11I 0.88 0.57 0.10 1.12 0.53 O.ll 0.91 0.57 0.10 1.2. 0.7' 0.14 1.59 0.87 0.14 1.57 0.89 0.14 1.43 0.83 0.15 

Ret1c.w:.. Co:J 
(piIacocTUo) 0.19 - - 0.17 - - 0.22 - - 0.59 - - O.se - - 0.29 - - O.lB - -
Ret1oal .. Co~ 
( ...... Jlb&ioo7t1O) 0.78 0.55 0.08 0.89 0.54 0.12 0.83 0-54 0.1:) 0.110 0.60 O.ll 1.02 0.54 0.09 0.91 0.47 0.0'1 0.70 o ... o ... 

K1_. 1.87 1.52 0.28 2. 8? 1.B5 O.M 1 . 47 1.lB 0.21 2.40 1.91 0.&6 2.20 1.75 0.28 2.72 1.54 0.21 2.90 1.Sl 0.28 

ProDONOblut.e 0.92 0.4.1 O.OB 0 . 85 0.55 0.12 0.86 0 .&1 0.07 0.87 O.OU o.oe O.BI 0.6> 0.08 0.70 0.S9 0.09 0.96 0.57 0.10 

eo.oplûllc 

lfonIObla,ta 1.08 O.U O.OB 1.85 0.96 0.12 2.51 1.52 0.2B 2." 1.'S 0.26 il.l? 1.05 0.17 1.86 1.0.L 0.18 2.12 0.89 0.16 b 
Polyc_t.1o (() 

lfonobl. .. t. 15. 47 5.92 0.70 15.97 5.18 0.95 15.54 4. 89 0.99 19.93 5.18 0.94 17.55 5.91 U.9lS 16.43 5.05 0.94 20.69 6 • .1ll 1.11 

Orthocbra.at.1c 

HonIOblut. 8.10 2.47 0.45 B.25 S.19 0.5B 9.58 '.51 0.79 9.72 S.54 0.85 10.12 4.~ 0 .. 61 1.92 4.65 0.711 8.59 4.l.e 0.78 

K1too10 S.lO 1.62 0.50 4.00 2.72 0.50 5.57 2. 29 0.42 4.80 5.50 0.84 •• 62 2.16 0.;14 4." 2.25 0.<16 '.77 2.43 0.45 

TABLE III 



P - VALUES OF STERNAL IWlROW DIFFEIDNrIAL COUIII'S 

Cooapar11l8 
the 

THREE TRlMESTillS OF PR!XlIIANCY, PUERPERlUM AllO 6 WEl2<S HlST PARTUM 

with 

HORIIAL HOH PRIDHANT I«JMEN 

CELL TYPES lat Tri. 2nd Tri. 3rd. Tri. I-IV DAYS ~-'1III DAIS 
p.p. p.p. 

Myeloblaste - - - - -
ProgranuJ.ocyt.es 0.01 0.05 - 0.001 0.001 

Earl,y M3elocyte. 0.001 0.01 - O.Ill 0.01 

Lat.e Hyolocyte. - - 0.001 0.01 -
Met.uyelocyto. 0.05 0.05 0.02 0.01 -
Bo01nO;:b1l1] 

0.05 0.05 0.01 0.02 -
I!1eloeyto. 

Eo0100ph1lieJ - - - - -
Metuoyeloc:rtes 

Lymphocytes 0.v5 0.001 0.001 0.001 0.001 

Monocyte. 0.001 - - - -
Pla_ Collo - - 0.05 0.001 0.001 

Ret1culUll Cells 
(phagocytle) - - 0.01 0.02 -
Rotieul"" Colla 
(non-phagocytie) - - - 0.02 -
Mitoses - - - - 0.02 

Pronol"2lOblaats - - - - -
Basophilie 

0.001 0.001 0.001 0.001 O.OOJ. 
No~bl.ste 

Po~tie 
0.05 - 0.001 0.001 0.02 

HorllOblastB 

Ortllochroma tie - - 0.05 0.02 -
Normoblasta 

Mitoses - - 0.001 - 0.01 

~ 
P. values !o'.md are les8 ar approximat.ely eqUAl. to the values atated. 

P. values greater than 0.05 are not ShOMl in t.his table. 

TABLE IV 
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6 Wl!:F;!(S 
p. p. 

-
U.001 

Il.02 

o.O'n 

0.001 

0.01 

0.05 

-
0.02 

0.01 

-

-
0.01 

-
0.001 

0.001 

-
0.01 



pt 'nRDrr'lA1. CILL COUlITS 

RJI'OOl'Ij) COI 

STDIIlL 1WII!r.'~ or NtA.LM INl>JYl DUALS. 

i 
El 1 1 1 i 1 i Il j 1 ~ 

1 
~ 1 Il 1 E Il ~ j 

1 
ê ~ Il 1 1 1 

~ 1 Ü Il § ~ ~ ~ ~ i ~ ~ 

1 ~ ; 1 ~ ~ 
~ ~ 

1 ~ 

~ 
Il !! 

AIr.I<MS ~ 
il § 1 ~ § 5 ~ ~ ~ ~ § ~ 1 Iii g Iii 

L------y------' 
slIlIIIDm 1.1S 2.1.1 " .... ~ .lJ 2.12 26 . lr.5 2. 35 0 ,0)& 0 . 61 O.'" 10.al .. O., »-)C 1000 

(1915) 
~ ~ 

9 - 1.10 a.a? 15.)8 ) 7. 2S '.23 a.l S 2.'" 0 . 011 0.8S O .... 19.97 
~ O~l- l200 

(19)9) O., ( ... . B.C . ) 

w_ 1.67 7. SO 10.01 U . lB 1.94 1.11 10. SiI 1." 1.11 1. 42 0.28 1.94 1.11 ~ . 
><JO 3.0' 4 ."S ,.» 1.,. ~ 0.1. 

(1941 ) 
'---..----' L-...--' 

O., 
~ '---' o.y,· -.,. 1.77 .. ,., 20.'" 15. 25 2.42 O. 'U 10.03 1.00 2." 2.11 12.61 22.10 ,.,. 

~ 0.1- -, ><JO 
(1 ... ' ) 

'--..-' '-...-' 
O., (V.B.C .) 

'---' rADIM el. al 1." ,.n 19 .00 22.62 23.50 , ... 1." .... 21 .... rd' 0.1- >CO 
U9S1 ) O., 

'-..--' '-.-' '-..--' 
FAllIK IR al 1. " 3.0) 27 .11 19 . 310 3.03 3.45 '.24 '.29 )C." .... .... ti- .... .... 

(19S1 ) . . rn. 

.... 'WIIS O." 1.24 3. 31 21.07 )l.13 1.29 1..1.7 )J.45 1.01 0.12 O ... 0 .19 0.76 O.~·· 1.06 lJ. lr.7 ' . 10 '" 0.2 19-41 >CO 
( l9SS) 9 

• O • ., 'erraLa Cell. O. SS 1Ddo\.Ml.1&l c.lll 

',,",eta C.ll. 

~.~L. 
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THE PROPORTIONS OF RETICULUM CELLS. 

LYMPHOCYTES AND PLASMA CELLS IN THE 

BONE MARROW OF PREGNANT AND NON -

PREGNANT WOMEN 

PHAGOCVTIC + NON-PHAGOCYTIC RETICULUM CE LLS 

1.05 

85 

1 1 C> 

:, () 

711 

.40 

30 

20 

10 

135 

115 

95 

2 .0 

1.5 

1.0 

5 
NORMAL 

NO~ _. PHA GO CY TIC RETICULUM CELLS 

- - -

PHAGOCYTIC RETICULUM CELLS 

LYMPHOCYTES --------

PLASMA CELLS 

,---, r-l r-l 
1-4 5-8 6 

DAV S DAYS WKS 
<--- TRIME STER ___ POST - PARTUM -4 

GMPlI VIII 

.--.------------------------------------------------

119 



BIBLlOGRAPHY 

~. Neumann, E. : Zb1. Med. Wiss. 6: 689, 1868. 

2. Ehrlich, P., Lazarus, P. : " Die Anamie n Nothnagels 
Handbuch 1909. 

5. Yamamote, 'E.: Arch. Klin. Med. ( Virchow) 258: 62, 1925. 

4. Rohr, K., Hatner, E.: Fo1ia Haemat. 58: 58, 1957. 

5. Leitner, S.J.: "Bone Marrow Biopsy" Grune & Stratton, 
.N.Y., 1949. 

6. Pianese, G.: Gazz. Int. Med. 8: 257, 1905. 

7. Ghedini, G.: Wien. Klin. Wschr. 25: 1840, 1910. 

8. Ghedini, G.: Wien. ICl.in. Wschr. 1: 284, 1911. 

9. Caronia, D.G.: Pediata 50: 607, 1922. 

10. Seytarth, C.: Dtsch. Med. Wschr. 49: 180, 1925. 

il. Ar1nkin, M.T.: Folia Haemat. 58: 255, 1929. 

12. Cuater, R.P., Ahlfeldt, F.E.: J. Lab. & Clin. Med. 17: 
960, 1952. 

15. Berghe, L.V.D., Blitstein, l.: Presse Med. 55: 419, 1945. 

14. Rubinstein, l'I.A.: J.A.M.A. 154: 55, 1947. 

15. Loge, J.P.: Blood 5: 198, 1948. 

l6. Bicke1, G., Della Santa, R.: Acta Haemat. 2: l55, 1949. 

17. Daniachij, M.A.: Zbl. Gynak. 60: 1.220, 1.956. 
id. 60: 1998, 1956. 

18. Pitts, H.B., Packham,E.: Arch. Int. Med. 64: 471, 1959. 

19. Markoff, N.: ztschr. Geburtsh. a,nak. 119: 15, 1959. 

20. Forsell, J.: Acta Med. Scandinav. Supp. lOl: l, 1939. 

21. Wolff, J.R., Limarzi, L.R. : J.A.M~. 1.28: 482, 1945. 

120 



22. Callender, S.T.E.: J. Path. Bact~ 58: 586, 1946. 

23. Hansen, R.: Z. Geburtsh. Gynak. 116: 398, 1938. 

24. Pignoli, R: Haemato1ogica 24: ll83, 1942. 

25. Arjeff, M.J.: Fo1ia Haemat. 45: 55, 1931. 

26. Henning, N., Korth, J.: Klin. Wschr. (Berlin) 13:1219, 1934. 

27. Pass1er, H.W.j: Beitrage Path. Anat. (Jena) 87: 659, 1931. 

28. Young, R.H., Osgood, E.E.: Arch. Int. Med. 55: 186, 1935. 

29. Wiener, L.M.: Med. Times 66: 21, 1938. 

30. Mallarme, J.: Paris Med. 111: 533, 1939. 

31. Morrison, M.,Samwick, A.A.: Am. J. Med. Sc. 198: 758, 1939. 

32. Voga1, P.,Erf,L.A., Rosenthal, N.: Am.J. Clin. Path. 7: 
436, 1937. 

33. Whitby, L.E.H., Britton,C.J.C.: Disordars of the Blood, 
6th Ed~ J. & A. Churchill, London. 

34. Henning, N., Kailhack, H.: Ergabn. Inn. Med. U. Kinderh 
56: 372, 1939. 

35. Limarzi, L.R.: Illinois Med. J. 75: 38, 1939. 

36. Segerdahl, E.: Acta Med. Scandinav. Supp. 64: l, 1935. 

37. Gormson, H.: Ugesk. f. Laeger, 102: 991, 1940. 

38. Napier,L.E., Gupta, P.C.S.: Indian Med. C~z. 73: 160, 1938. 

39. Tysoe, F.W., Lowenstein, L.: Am. J. Obst.& Gyn. 60: 1187, 1950. 

40. Lowenstein, L., Pick, C.A., Phi1pott, N.W.: Am. J. Obst.& Gyn. 
60: 1206, 1950. 

41. Editorial: B100d 4: 89, 1949. 

42. Rohr, K.: Folia Haemat. 55: 305, 1936. 

43. Markoff, N.: Dtsch. Arch. k1in Med. 179: 113, 1936. 

121 



44. Ferrata, A., de Negreires-Rinaldi : Virch, Arch. :r Pathol. 
Anat. u. Phys. 215: 77, 1914. 

45. Naegeli, O.: "Blutkrank, heiten und Blutdiagnestik" Berl. 1951. 

16. Ringoen, A.R.: Folia Haemat. 53: 149, 1927. 

47. Hansen, T.S.: Nord. Ned. il: 2167, 1941. 

48. Osgood, E.E., Seaman, · A.J.: Physiol. Rev. 24: 46, 1944. 

49. Leitner, S.J.: Folia Haemat. 65: l, 1941 • 

50. Heckner, F., Voth, H.: Dtsch. Arch. Klin. Med. 201: Sil, 1954. 

51. Downey: ft Handbook of Hema.to1ogy " N.Y. Paul B. Hoeber, Inc. 1958. 

52. Dameshek, W., Valentine, E.H.: Arch. Path. 22: 159, 1937. 

53. Wintrobe, M.M.: n Clinical Haematology ft Laa & Febigar, Philadelphia 
1951. 

54. Dean,C.A., Cunningham, H.S., Sabin, F.R.: Contrib. Embryol. 
16: 163, 1925. 

55. Downey, H.: J. Lab. & Clin. Med. 39: 837, 1952. 

56. Markoff, N.: Dtsch. Arch. Klin. Med. 179: 112, 1936. 

57. Weerdt, W. de : Rev. Belge sc. Med. Il: 297, 1939. 
id. 11: 466, 1939. 

58. Dacie, J.V., White, J.C.: ,. Clin. Path. 2: l, 1949. 

59. Dameshek, W., Miller, E.B.: Blood, l: 27, 1946. 

60. Pizzolate, P.: Am. J. Clin. Path. 18: 891, 1948. 

61. Barman, L., Axelrod, A.R., Kumke, E.S,: Am. J. Clin. Path. 18: 898,1948. 

62. sabin, F.R.: Contrib. Embryo1. 9:215, 1920. 

63. Jones, O.P.: Arch. Path. 55: 752, 1943. 

64. Hotz, W.H., Rohr,K.: Erjebn. inn. Med. Kinderh. 54: 174, 1938. 

65. Davidson, L.S.P., Girdwood, R.H., Innes, E.M.: Lancet 2521 Sil, 1947. 

66. Innes, E.M.: Edinb. Med. J. 55: 283, 1948. 



67. Scott, JJM., Govan A.D.T.: J. Clin. Path. 5 : 145, 1952. 

68. Lowenstein, L., Pick, C.A., Philpott, N .W.: At the publisher. 

69. Davidson, L.S.P., Davis, L.J., Innes,J.: Edinb. Med. J. 50: 
226, 1945. 

70. Schartum-Hansen, H.: Folia Haemat. ~8: 145, 19B7. 

125 

71. Lambin, P., de Weerdt, W.: Rev. Belge. sei. Med. 10: 285,1958. 

72. Bessis, M.: Rev. d'Hematologie, 1: 45, 1946. 

75. Rohr, K.: "Das Meuschliche Knochemnark ". G. Thieme ,Stuttgart, 1949. 

74. Dameshek, W., Henatel1, H.E., Valentine, E.: Ann. Int. Med. 
U: 801, 1957. 

75. Berlin, N.I., Hennessy, T.G.,Gart1and, J.: J.Lab. & Clin. Med. 
56: 25, 1950. 

76. Fadem, R.S., Berlin, I.: B1ood, 6: 160, 1951. 

77. Reich, C., Ko1b, E,H.: Am. J. Med. Sc. ~04: 496, 1942. 

78. Schleicher, E.M.: Am. J. Clin. Path.(Tech. Section) 
. 9: 8, 1945. 

79. Rosentba+, N.: Bull. N.Y. Acad. Med. 26: 555, 1950. 

80. Vischer, À.: Achweiz. Med. Wschr. 68: 1201, 1958. 

81. Thaddea, S., Bakalos, D.: Folia Haemat. 65: 401, 1940. 

82. Limarz~, L.R.: J. Lab. Clin. Med. 52: 732, 1947. 

85. Gordon, H. : J. Lab. Clin Med. 26: 1784, 1941. 

84. Berman, L., Axelrod, A.R.: Am. J. Clin. path. 17: 61, 1947. 

85. Escudero, P., Valera, M.E.: Haematologica (Recent) 5: 65,1952. 
(cited by Segerdahl.) 

86. Pontoni, L.: Haernato1ogica, 17: 855, 1956. (cited by Leitner). 

87. Yoffrey, J.M.: Brit. Med. J. 4881: 195, 1954. 

88. Custer, R.P.: " An Atlas of the Blood and Bone Marrow" 
_ W. B.5aunders, Philadelphia, 1949. 

1 



89. Amprino, R., Penati, F.: Klin~ Wschr. Berlin 14: 151, 1955. 

90. Nordenson, N.G.: Thesis stockholm, Bortze11s, Esse1te, 1955. 

91. Stasney, J.,Hi~gins, G.M.: Folia Heemat. 61: 554, 1959. 

92. Fisher, R.A.: " Statistica1 Methods for Research Workers". 
9th Ed. Edinburgh, 1944. 

95. Snedecor, G.W.:"Statistica1 Methods". The Iowa State College 
Press, 4th Ed., 1946. 

12~ 

94. Bainland, D.: 'fJll.ementary Medical Statistics Il. W.B. Saunders, 
Philadelphia, 1952. 

95. Fullerton, R.H. : Brit. Med. J. : 2: 525, 1956. 

96. Fullerton, H.W.: Brit. Med. J. 2: 577, 1956. 

97. Strauss, M.B.,Çast1e, W.B.: Am. J. Med. Sei. 184: 655, 1952. 
id. 184: 655, 1952. 

98. Editorial, Indian Hed. Gaz. 67: 459, 1952. 

99. Wills, L.: Indian J. Med. Res. 20: 591, 1952. 

100. Wills, 1.: Indian J. Med. Res. ~1: 669, 1954. 

101. Kothari, B.V., Bhende, Y.M.: Ind. J. Med. Res. 40: 587, 1952. 

102. Wi11s, L., Evans, B.D.F.: Lancet 2: 416, 1958. 

105. Schumann, R.: Med. Klinik. 29: 187, 1955. 

104. Smallwood, W.C.: Brit. Med. J. ~: 57~, 1936. 

105. Dieckmann, W.J., Wegner, C.R.: Arch. Int. Med. 55: 71, 1957. 
id. 53: 188,1957. 
id. 55: 545,1957. 

106. Adair, F.L., Dieckmann, W.J., Grant,K.: Am.J.Obstet.Gyn. 
52: 560, 1956. 

107. Berlin, N.I., Hyde, G.M., Parsons, R.J., Lawrence,J.H.: 
N.Eng. J. Med. 247: 675, 1952. 

108. Edington, R., Lowenstein, L.: Presented for the American College 
of Surgeons ( Nov • . 1954 ) to be published. 



109. Lucia, S.P., Hunt, M.L.: Am. J. Med. Sc. 215: 686, 1947. 

liO. Tempka, T., Braun, B.: Folla Haemat. 48: 355, 1952. 

lll. Fieschi, A., Ergebn. inn. Med. 59: 382, 1940. 

112. Totterman, G.: Acta Hed. Scandinav. 90: 527, 1936. 

li3. Grief, S.: Folia Haemat. 59: 328, 1938. 

114. · Scott, R.B.: Quart. J. Med. 8: :127, 1939. 

115. Huss, J.H., Gilbert, J., Liebow, A.A.: Yale J. Biol. Med. 
20: 291, 1948. 

116. HOlmaa, W.F., Broun, G.O.: Proc. Soc. Exp. Biol. Med. 
50: 1306, 1935. 

117. Plum, P.: Acta }fed. Scandinav.: 90 : 342, 1956. 

118. Barman, L.: Blood, 4: 511, 1949. 

119. Limarzi, L.R., Jones, R.M., Paul, J.T., Poncher, H.G.: 
Am. J. Clin. Path. 15: ~51, 1945. 

120. Mallarme, J.: le Sang 11: 804, 1957. 

121. Greif, S., Med. We1t,. 11: 847, 1937. 

122. Fontain, J .F.L.: thesis 1945, EdRard IJdo N.V. Leiden. 


