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In a study of the literature one is impressed by the lack of uni-
formity concerning the condition of the blood during pregnancy. Even
prior to the perfection of instruments of precision for estimating blood
states it was the prevalent opinion that the blood was changed during
pregnancy. The pregnant woman was thought to have a much in-
creased blood production, giving rise to a plethoric condition.” As op-
posed to this view may be cited Ramsbotham?, who spoke against the
practice of letting blood indiscriminately simply because the woman was
pregnant, as was almost universally practised at that time. However,
no very definite work was done toward the solution of the question till
Nasse?, in 1853, published the results of some very careful and exhaus-
tive researches upon thirty-nine cases of blood letting in pregnant
women. In 1876 he published a more complete paper containing the
blood findings in bitches examined before, during and after pregnancy.
The examinations included a study of the specific gravity of the blood,
the fibrin, the water of the blood, and the salts, including iron. He found
that during pregnancy the salts and the specific gravity were diminished,
while the water and fibrin were increased. A day after labor the specific
gravity was increased and the water diminished, while from eighteen to
twenty days later they reached the normal. The increase of fibrin lasted
longer. Chemical investigations are of value in that they may throw
more light on a blood state than the counting of red cells. These inves-
tigations showed the condition of the blood to be one more of anemia
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than of plethora. Andral and Gavart® by less extensive investigations
had arrived previously at similar conclusions. Acting on the same hy-
pothesis, Cazeaux and Scanzoni, observing cessation of symptoms such
as vertigo, tinnitus aurium and headache, after increasing the quantity
and quality of the food of the pregnant woman and after the adminis-
tration of iron, propounded their view of a chloroanemia. Willcocks*
more recently has pointed out that this view is not correct, as the
hemoglobin of the individual cell is not lessened. Spiegelberg and
Gschleiden® have shown experimentally that the amount of blood in
pregnant bitches is increased volumetrically to fill the dilated vessels
of the pelvis. In general the weight increases during pregnancy, as has
been shown by several observers. This increase is not dependent en-
tirely on the growth of the uterus and its contents and enlargement of
the mammary glands, as Nasse has proved by experimentation. The
fatty tissue is increased particularly, the muscles not participating in the
change. Mencanti® more recently found in pregnancy with a constant
hemoglobin index a falling specific gravity.

Because of these findings, the increased circulatory area, the in-
creased nutritive demand by reason of the hypertrophied organs and the
fetus, the chemical findings and a constant hemoglobin index with a fall
of specific gravity, we are forced to believe that the condition is one of
serous hydremia. This presupposes a constant number of red cells
and no loss of functional value of the given cell by reason of this dilu-
tion. Cabot’, speaking of the red cells, says normal pregnancy does not
affect the blood count. He admits that dilatation of the vessels by drugs
causcs a condition of serous dilution of the blood but says this is only
temporary. Stengel and Stanton found the blood pressure to be the
same during pregnancy as before. Taking into consideration the
greatly increased circulating area of the blood. we see that there must
be a volumetric increase of the blood to cause this.

Evidence of increased fibrin in the blood of pregnant women is fur-
nished not only by fresh specimens examined microscopically but by the
deposits found on the inner table of the skull and on the pelvic bones,
wrongly called by Rokitansky osteophytes. The increase in fibrin is
greatest near labor and clinically is shown by the increased coagu-
lability at this time. Deckelharing® has shown the source of the fibrin
to be a nucleoproteid due to the disintegration. of white blood cells
and blood plates. The increase of fibrin is not surprising when we
consider the greatly increased metabolism which Nasse proved by es-
timating the nitrogenous output of the urine and feces.

Fehling® found increased hemoglobin in the earlier months of preg-
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nancy and ascribed it to better hygienic surroundings incident to the
state. His average for red cells during pregnancy was 3,500,000
and for hemoglobin g3 per cent, a very high percentage for the number
of cells present. After labor 47 of the 83 cases dropped correspond-
ingly in red cells and hemoglobin, 26 increased slightly and 10 re-
mained constant.

Meyer® examined 37 cases on three different occasions—once early
in pregnancy, once the day after labor and finally after the patient got
up. The difference between the average of his first examinations and
an average obtained for non-pregnant women was 7,000 red cells and
7.8 per cent hemoglobin in favor of the non-pregnant woman. He
found both markedly decreased after labor and also ascertained that the
hemoglobin had risen in two weeks to a point above that found at his
first examination. This led him to believe in the chlorotic anemia view.

Reial'* observed an increase in red blood cells and hemoglobin in
anemic cases in the maternity hospital. He concluded that this change
was due to improved conditions of living and believed that if anemia
occurred in pregnancy it was due to the ordinary causes of anemia and
progressed similarly to that in the unimpregnated woman.

Dubner'? found in 20 cases, 19 to 36 years of age, married and of the
working class, an average decrease of about 6 per cent of hemoglobin
and 275,000 red blood cells during pregnancy. He claimed that by se-
curing better hygienic surroundings the blood could be brought to nor-
mal. The diminution of red blood cells and hemoglobin was in propor-
tion to the amount of blood lost. Eight days after labor the condition
present before labor was re-established. )

Schroeder'* found that of 34 cases examined during pregnancy
hemoglobin increased 12.92 per cent in 25 and in g it decreased by the
same amount. He examined 42 cases after labor and found that 33
showed a decrease of 10.2 per cent in hemoglobin, 7 cases an increase
of 6.8 per cent and 2 showed no change. Twenty-five cases regained
7.6 per cent during the lying-in period, leaving them 2.75 per cent
behind the average for pregnancy. The normal amount was not reached
for some time.

Bernhard* found the average for red cells and hemoglobin
practically the same in pregnant and non-pregnant women. He claimed
that pregnancy was apt to produce anemia in weak persons, while in
strong persons an improved condition of the blood often resulted.

Wild*® found a small increase of hemoglobin and red cells in the
last few weeks of pregnancy and a well-marked increase in white cells.
After labor the hemoglobin and red cells sank, the first in a more marked
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degree. Whites were most numerous shortly after labor, sinking
gradually during the lying-in period.

Elder and Hutchison'® found the average of hemoglobin in 7 cases
at term to be 72 per cent. The reds were below normal in practically all
cases. These observers studied the relation of the child’s and the
mother’s blood and found that the condition of the former was always
much better than that of the latter. The hemoglobin varied in the moth-
er from 6o to 83 per cent, which was about two-thirds that found in the
child, the latter being g5-115 per cent. The average number of white
cells at term was 14,522 per cubic millimeter.

Henderson'® made observations on fresh blood, fibrin, hemoglobin,
red and white cells. The only change in the fresh specimen in normal
cases was the increased fibrin. The day following delivery the hemo-
globin averaged 68.2 per cent. He observed an increase of 5 per cent
during the lying-in period. Red cells at term were 3,975,348. There
is a decrease of red cells for two days after labor, then a gradual rise
till the ninth day, when a second fall occurs, which lasts for some time
and probably to some extent throughout lactation. The white cells
averaged 21,365 at term. (These counts were mostly taken during the
progress of labor, thereby giving too large a number for a correct
average at term.) The average was practically the same in primiparous
and multiparous patients. White cells decreased in number steadily af-
ter confinement but some leucocytosis persisted as long as the patients
remained under observation. '

The following observations were made on 12 patients admitted to
the obstetric service of the University of Michigan Hospital from March
12 to June 1, 1902. The observations include 104 examinations and
counts of red cells, white cells, hemoglobin, and 25 differential counts of
leucocytes. Examinations prior to delivery were necessarily omitted in
two emergency cases, one a Cesarean section and one a case of puer-
peral eclampsia. Eight of these 12 patients were primipare. The ages
varied from 16 to 41 years. By occupation the subjects were: one
school-girl, one waitress, one factory operator, one actress (puerperal
eclampsia), three housewives and three housemaids. Their average
stay in the hospital before delivery, excluding the two emergency cases,
was 42°/,, days, which is a longer period than most observers have had
their cases under continuous observation. While in the hospital
these patients received the ordinary house fare, a generous mixed diet.
They took but little exercise although urged to do so. The technic of
the blood examinations was as follows: Before confinement the blood
was counted and spreads were prepared every four or five days. The
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first day after confinement and every succeeding second day counts
were made and spreads prepared. The blood was taken from the sec-
ond finger without pressure. The Thoma-Zeiss apparatus was used for
counting cells. The red cells were diluted one hundred times with Toi-
son’s solution. The white cells were diluted forty times with one-third
per cent solution of glacial acetic acid. The hemoglobin was estimated
with Tallquist’s chart. While not quite so accurate as Fleischl's instru-
ment, in a large series of observations the results will vary only a trifle.
For the reds the five larger squares (one in each corner and one in the
center ) were counted, giving 160 of the smaller squares on the two speci-
mens counted. The whites were counted after the method of Thoma
(Virchow's Archiv, 1882), in which the blood is diluted 1-40 and a field -
of just such size found that it exactly touches the corner of the Thoma-
Zeiss rulings. All the leucocytes in five or ten of these fields are counted
and averaged and reference to a table gives the number per cubic milli-
meter. The spreads were prepared by drawing a slide over a small drop
of blood on a well-cleansed coverglass. Four coverglasses were pre-
pared at each examination. These were air dried and stained for two
minutes in Delafields hematoxylin, washed, stained for thirty seconds in
a I per cent aqueous solution of fuchsin, dried on filter papers and
mounted in Canada balsam. The differential counts were made with a
mechanical stage, a Bausch and Lomb microscope (objective 7, eve
piece 1) being used.

Hemoglobin.—The results are based on 104 examinations, 55 before
and 49 after labor. Six different averages have been obtained for this,
the same having been done for red and for white cells. The average for
the first examination was 77.7 per cent of hemoglobin and for the last
before labor 78.5 per cent. The average found at the first examination
after labor was 68 per cent and that for the last examination made be-
fore the discharge of the patient was 72.6 per cent. An average
of all counts before labor and of all counts after labor gives an average
before delivery of 78.5 per cent and after labor of 72.9 per cent. The
highest recorded percentage was g5 and the lowest 50. The average
at term is 9.6 per cent above that of Henderson." Blackwell’s'® average
of all examinations before labor gives only 54.2 per cent. This result
was obtained from 163 examinations of New York servants who were
under poor hygienic surrotindings. On the other hand, Bernhard’s
average of 82.9 for the last count before delivery and Finkelman’s of
94.1 for the hemoglobin of all observations during pregnancy are
noticeably higher than in this series. That German women in general
are “fuller blooded” than American is a matter of common observation
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and rarely do we find one of our women coming up to the 100 per cent
of the Fleischl scale. Of the 10 cases observed before delivery 6 showed
a small increase, 3 a small loss and one no change. The color index
shows a lack of only .03 ; so each cell is practically normal.

Red Cells.—Average of all examinations before labor, 3,713,363 per
cubic millimeter.

Average of all examinations after labor, 3,559,466 per cubic milli-
meter.

Average of first examinations, 3,722,900.

Average of last examinations before labor, 3,642,857.

Average of first examinations after labor, 3,211,571.

Average of last examinations before discharge, 3,706,375.

It will be seen from this that there is a decrease of 80,000 red cells
with an increase of 2.9 per cent of hemoglobin during the period be-
tween admission and labor. It is also observed that at the last examina-
tion red cells are only 7,188 behind the first observation while the hemo-
globin is 5.1 per cent less. This is considerably greater than in the case
of red cells, but red cells are regenerated more quickly after labor than
is hemoglobin. Red cells and hemoglobin sank to their lowest points
three days after labor, then steadily rose as long as under observation.

White Cells—The averages of white cells are somewhat lower than
are those generally recorded. ‘

Average of all examinations before labor, 10,354 per cubic milli-
meter.

Average of all examinations after labor, 15,359 per cubic milli-
meter.

Average of first examinations made, 9,500.

Average of last examinations before labor, 12,229.

Average of first examinations after labor, 17,129.

Average of last examinations before discharge, 12,472.

In the series no fall was noticed about-the ninth day with a subse-
quent rise, as Cabot and Henderson have observed. Comparing this
with a normal 7,500 per cubic millimeter gives an increase of 4,279 for
the leucocytosis at term.

Stained Preparations.—In counting leucocytes Cabot's outline was
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adopted ; this divides them into large and small lymphocytes, poly-
morphonuclear neutrophiles and eosinophiles.

Cabol's findings in normal blood. Writer's findings in the blood of
Pregnant women.
Before labor. After labor,
Small lymphocytes, 20—30 per cent.
Large ﬂrmphocytea. 4— 8 per cent.

Polymorphonuclears, 62—jo per cent.
Bm{nophiles. 34— 4 per cent.

Henderson is the only other observer reviewed who has done any
work in the differential counting. His values are as follows for 32
cases after labor.

Small lymphocytes ..........covvvvunnn 10.8 per cent.
Large lymphocytes .........couvunnn. .. 8.8 per cent.
Polymorphonuclears .................. 78.7 per cent.
EoninophRles s« s i vives Vo iias i . L7 per cent.

It will be seen that polymorphonuclear cells and large lymphocytes
are increased. Small mononuclear cells are rather below normal, and
eosinophiles are slightly above the usual limit, since 4 per cent is not
often reached without some cause. The values obtained were from 25
counts taken at random from the specimens, 12 before labor and 13
after. This was done to ascertain if any changes took place in the
proportion of leucocytes shortly after labor. The counts before and
after labor show very slight differences.

From a more detailed study of the individual cases I am led to be-
lieve that the blood is only slightly altered as regards the value of red
blood cells and hemoglobin in the average pregnancy. In the woman of
low vitality, unable to supply the demand for increased nourishment
and keep up with the increased metabolism, the generation of these two
blood constituents is not rapid enough to keep pace with the increase of
the vascular area and a subsequent decrease in these blood constituents
takes place. In a woman of good vitality, free from constipation
(a potent cause of anemia in pregnancy), taking sufficient nour-
ishment and assimilating the same, the stimulus caused by the constantly
increased metabolism may result in a relatively high value of these blood
constituents. In cases in which these constituents are low there is a
serous dilution of the blood. The dilution is of the serum and not of the
cell body, as the high color index of the given cell shows, as well as the
microscopic examination of red cells, which shows no hydropic de-
generation or other pathological change. According to Nasse, the
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muscular tissue of pregnant dogs contains less water than that of
unimpregnated animals. This may be the source of the increased
fluid in the blood. The argument that a physiologic process should not
alter the blood condition does not hold good, for puberty and menstrua-
tion are physiological; yet the blood of male and female children is
identical till after puberty’”, when the normal count in the male becomes
5,000,000 red cells per cubic millimeter and in the female 4,500,000.

That the dilution of the blood is largely mechanical is substantiated
partially by the fact that there is an increase of blood constituents
during the suppression of the menstrual periods in the first three
months of pregnancy, then often a gradual fall as the vascular area
grows greater. This often goes on till the later months, when the
growth of the uterus is overshadowed by the relatively greater growth
of the fetus,

As to leucocytosis, it is fair to assume that this is due to the
increased metabolism and is of toxic origin. In my cases there was
no particular difference between the number of leucocytes in primi-
parous and multiparous cases. I have seen no confirmation of the state-
ment that leucocytosis is absent in a large proportion of multiparous
patients.?® The majority of reported cases do not seem to bear this
out. That leucocytosis of pregnancy is not a prolonged digestion leu-
cocytosis, as is believed by some, is shown by the fact that in pregnancy
eosinophile cells are relatively increased while in the digestion leuco-
cytosis they are decreased. Reider also finds in the last months of
pregnancy a decrease of leucocytes after food is taken.

After delivery the blood constituents in the majority of cases rapidly
regenerate, When the loss of blood has not been excessive the restora-
tion is almost completely accomplished in eight or ten days. The red
cells and hemoglobin do not increase side by side here because of the
more rapid regeneration of the red cells. In the series of cases reported
the hemoglobin increased about 5 per cent and the red cells 500,000 be-
tween labor and the discharge of the patients. This shows about twice
as great a regeneration of the red cells as of the hemoglobin. The fall
that takes place at labor is 10.5 per cent of hemoglobin and 431,286 of
the red blood cells. I believe the rapid regeneration of the blood is due
not only to the formation of new cells but also to the lessening of the
vascular area by the contraction of the emptied uterus and the subse-
quent transudation of the fluids of the blood. In favor of this is the
fact that when the child was nursed, the rise in the constituents of the
blood became most noticeable at the time the milk appeared in the
breasts, the reflex connection between the breast and uterus causing by
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the irritation of the breast a still farther contraction of the uterus and
its blood spaces.

The fall of the leucocytes is due in a large measure to lochial dis-
charge. The interior of the uterus is simply a large wound area which
discharges a great number of white cells. That the leucocytes do not re-
turn to normal during observation is due to the fact that they are
intimately connected with the process of involution which goes on
in the pelvic organs. In the majority of the cases reported the mothers
did not nurse their infants, so the breasts were bandaged, and leuco-
cytes in these cases had to aid in the involution of the breasts.
After every hemorrhage there is a leucocytosis, so the fall of the leuco-
cytes after delivery is undoubtedly masked somewhat by this. That
the leucocytosis present after delivery is not all due to hemorrhage is
shown by the fact that a post-hemorrhagic leucocytosis disappears long
before the red cells reach their previous height, while here the red cells
reach the point of the last count before delivery and the leucocytes are
increased.

Conclusions.—1. Where blood generation fails to keep pace with
the increased vascular area a serous dilution of the blood takes place.

II. In the majority of cases this is not serious and can be overcome
by simple hygienic measures—fresh air, good food and the overcoming
of constipation. Cases in which the vitality is overtaxed by
the increased demand for nutrition may call for iron or other hematinic
treatment.

ITII. The regeneration of the blood is partly effected by the lessen-
ing of the vascular area after labor and subsequent transudation of
fluids of the blood into the tissues.

IV. The leucocytosis is due to increased action of enlarged lymph
glands of the pelvis, and in part to increased metabolism which causes
a somewhat toxic condition. Its decrease is caused by the lochial dis-
charge. Its persistence is accounted for by the fact that the involution
of the hypertrophied pelvic organs and breasts is accomplished in a
great measure by the leucocytes.

V. A study of the blood of a woman delivered by the Cesarean
operation shows the same general behavior of the blood constituents
as does that of women after normal labors.
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