CHAPTER XXIIIL

THE BLOOD.
EXAMINATION OF THE BLooD.

THE essentials of blood examination as a part of physical diag-
nosis are as follows:

1. Hewmoglobin test (Tallgvist in all cases).

IT. Study of a stained blood film in most cases.

ITI. Zotal leucocyte count (Thoma-Zeiss) in many cases.

IV. Count of red corpuscles and Widal reaction in a few cases.

V. Coagulation time, ravely. ;

T will now give a brief account of each of these methods and oi
the interpretation of the data obtained by them.

I. Hemoglobin.

() The Tallqvist scale consists of ten strips of red-tinted paper
corresponding to the tint of a filter paper of standard quality when
saturated with blood eontaining ten per cent, twenty per cent, thirty
per cent, etc., hemoglobin up to one hundred per cent. To per-
form the test we puncture the lobe of the ear with a glover’s needle
(not with sewing needle), saturate a strip of the filter paper which
is bound up with the scale, in the blood of the patient to be exam-
ined, and compare the tint of this strip with the different standard
tints in the scale. Always saturate at least half a square inch of
filter paper with blood and allow it to dry until the gloss has dis-
appeared. Do not blot ¢, and do not delay in making the com-
parison after the humid gloss has disappeared. Stand with the
light behind you or at one side of you; use daylight always.
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The test is not aceurate within ten degrees, but a degree of ac-
curaey g_{reat‘,er than this is very rarely required for any purpose of
diagnosis, prognosis, or treatment. In rare cases, when a more
accurate reading is needed, we may use the instrument of Gowers
as modified by Sahli.

(0) Sahli’s instrument see (Fig. 209) must be obtained from one
of the firms recommended by him,’ else the standard solution is
likely to be inaceurate in col-
or. To use the instrument
we first put a few drops of
water * into the empty tube
(Fig. 209, B), then suck up
blood with the pipette (Fig.
209, ), until the mark 1 is
reached. Wipe the point of
the pipette and immediately
blow out the blood into the
water at the bottom of the
tube (B). Suck this mixture
of blood and water back into
the pipette and blow it out
again twice to cleanse the pipette. Next add water from the
dropper (D), a few drops at a time, until the tint of the mixture
of the blood and water is the same as that of the standard solu-
tion, when both are looked at with transmitted light. After
each addition of water close the end of the tube with the thumb
and invert it twice, then scrape the thumb on the edge of the tube
S0 as to rub off any moisture deposited there during the process of
nversion. As the tint of the mixture of blood and water ap-
proaches that of the standard solution, add the water two drops
ab a time, and close the eyes for a few seconds between each two
attempts at reading. When the colors in the two tubes seem to be

F1G. 209.—Gowers’ Hzmoglobinometer. B3, Di-
luting tube; C, pipette: D, dropper.

! Holtz or Biichi of Berne.

*The description here given follows Gowers,

Eyahh—“_P’all.wnw-vmf of empty tube with decinormal HCI solution.” and
blow the blood into this—then dilute with water as-above.
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identical, read off the figure corresponding with the meniscus of the
column of fluid in the tube. The resulting figure represents the
percentage of hzemoglobin.

(¢) The Color Index.—The data to be obtained by these instru-
ments stand for the amount of the coloring matter in a given unit
of blood when compared with the amount in a similar unit of nor-
mal blood. When the hamoglobin percentage is low, anzmiais al-
ways present, and the degree of anemia is measured by the amount
of reduction in the hsemoglobin per cent. But the percentage of
hzemoglobin is not a measure of the number of corpuseles present in
a given unit of blood, for if the corpusecles are large and contain each
of them a relatively large amount of hzemoglobin, they may be con-
siderably diminished in number and yet furnish a normal bulk of
haemoglobin, us tested by either of the instruments deseribed. Thus
in pernicious anemia the corpuscles are often so large that they
contain nearly one-third as much again as a normal corpuscle, so
that even though their number is considerably diminished they may
carry a normal amount of hamoglobin. This condition is known
as a “high color index.” On the other hand, the number of red
corpuscles may be normal, yet each corpuscle so deficient in hemo-
globin that the hemoglobin in a given quantity of blood is as low
as forty or fifty per cent. This state of things is often found in
chlovosis or in any form of secondary anzmia (see below, page 47b).
When the diminution in the number of red corpusecles is greater
than the diminution of hamoglobin, we say that the color index is
high, meaning that each corpuscle carries more hzemoglobin than
normal. Thus if we have a red count of two millions and a half of
red cells, and each cell contained the normal amount of hzmoglobin,
the heemoglobin percentage would be fifty, representing a reduction
in hemoglobin proportional to the reduction in the red cells; but if
with the same count we had a haemoglobin percentage of seventy-
five, this would mean that each corpuscle contained half as much
again as compared with the heemoglobin in normal red cells. Here
we should say that the color index is 1.5. Five million red cells
and one hundred per cent of hiemoglobin give a color index of 1; so
do four million red cells with eighty per cent of heemoglobin, three
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million and sixty per cent, two million and forty per cent, and so
on. A'ﬁm example of low color index would be four million ;ed cells
with forty per cent haemoglobin, representing a color index of 0.5
or three million red cells with thirty per cent hzemoglobin repre-,
senting again a color index of 0.5, ,

5 l‘He Eliag}mstic significance of the color index is briefly this:
ny diminution in heemoglobin means angemi: iminution i
heemoglobin with a highgcolor index 311tﬁ2;:, 1t)}l}(t)ua ﬁlf‘mnutjo“ 5

a ggests, gh it does not
prove, pernicious anzmia, while a low color index points to chloro-
sis or .sec?ndary anzmia of any type. Normal color index, despite
ansemia, 1s most often found immediately after hemorrhage.

1. Study of the Stained Blood Film.

To recognize the presence and the degree of ansmia one needs
only the h@moyglobin test, but to determine the kind of ansmia, to
study the leucocytes, or to search for parasites we need the S'ﬁail’ied
blood film. Two processes are now to be described :

1. Preparing the film.

2. Btaining.

: 1. Blood films may be spread on slides or on cover glasses. The
first method is the easier; the second gives better preparations. To
prepare blood filins on slides,
dip two slides in water and
rub them clean with a towel
or handkerchief; put a drop
of blood near one end of
one slide, put the other slide
against the drop, and rest
it evenly upon the first, as
shown in Fig. 210. Next
draw the upper slide along
1101'1;:0111:&11)’, S0 as to S]_')l’(‘-&d_ Fi@. 210.—Method of Spreading Rlood Films.
the drop over the whole ;
surface of the lower slide. The process may then be repeated, re-
versing the slides and using as a “spreader ” the one on whieh’ the
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film has already been prepared. This method is so simple that one
can usually succeed with it at the first attempt, but the corpuscles
are not spread quite so evenly as in cover-glass preparations and it
is somewhat more difficult to get a perfect stain.

The cover-glass method requires a much, greater degree of clean-
liness and manual dexterity than the slide method. Cover glasses
must be washed in water and then thoroughly polished with a silk
(not cotton or linen) handkerchief. The success of the whole proc-
ess depends upon the thoroughness of the polishing. Every part
of the glass must be thoroughly gone over, taking care not to omit
the corners. This is rather tedious and often drives us to use

slides, which ean be much more quickly
prepared. With cover glasses we must
remove not only all dirt and grease, but
also every speck of dust or lint which may
settle upon them. The use of silk as a
polisher reduces this difficulty to a mini-
mumn. :

Having prepared the cover glasses in
Sl e this way, the next point_ is to keep them
Holding a Coyer Glass. both clean and dry during the process of
spreading the blood. We must always
hold them as in Fig. 211, and never touch any part of their sur-
faces with the fingers. Any one whose fingers tend to get moist
must handle the cover glasses with forceps, but most of us will al-
ways use our fingers, despite the warnings of our Teuntonic brethren.
Holding a cover glass as in Fig. 211, touch the centre of it with the
tip of a drop of blood as it issues from a puncture, taking care
not to touch the skin of the ear itself; then drop this cover glass
(blood side downward) upon a second cover glass in such a posi-
tion that their corners do not match. If the covers are quite clean
and free from dust, the blood drop will at onee spread so as to
cover the whole surface of the glasses. The instant it stops spread-
ing, take hold of the upper cover glass by one corner and slide it
rapidly off without lifting it or tilting it at all. This needs some

practice, and some men never learn it; hence the use of slides.
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Films so prepared will keep for a long time without deteriorat-
ing, especially if the air is excluded.

2. Staining.—The introduetion of the Romanowsky method of
staining (Nocht’s, Ziemann’s, Jenner’s, Leishman’s, Wright's) ena-
bles us to dispense with all other blood stains and greatly shortens
the time of the process. Wright’s stain is identical with TLeish-
man’s except in the method of preparation, which Wright has consid-
erably simplified, and as either of these mixtures can be obtained
ready made of any of the larger dealers in physicians’ supplies, I
shall not deseribe the method of making it. Reliable stains can
always be obtained from the Massachusetts General Hospital in Bos-
ton. An ounce bottle will stain hundreds of specimens.

To stain a cover-glass film, grasp it with Cornet’s foreeps, rest
the forceps on the sink so that the film side is upward and is ap-
proximately horizontal. Draw a little of Wright’s or Leishman’s
stain into a clean medicine-dropper and squeeze out upon the film
enough to flood its surface.

(@) Allow the stain to act for one minute ; during this time the
methylic aleohol contained in it fixes the film upon the cover glass.

(h) Next add distilled water from a clean medicine-dropper until
a greenish metallic lustre appears like a scum upon the surface of
the stain. Usually about six or eight drops of water are needed if
we are using a seven-eighths-inch cover glass. The stain, so di-
luted with water, should remain upon the cover glass about fwo
minutes. The exact time does not matter.

(¢) Next wash off the stain with water cautiously and let the film
remain in clean water for about a minute more or until it takes on
a light pink color. Dry gently with blotting paper and mount in
Canada balsam.

This whole process can be completed inside of five minutes, and
T know of no other staining method at once so rapid, so reliable,
and so widely applicable. It brings out all the minutiz of the red
corpuscles, leucoeytes, and blood parasites, and for clinical work no
other stain is needed.

ArPEARANCE OF Frnms so Stamep.—1. The normel red corpus-
cles appear as round dises with pale centres. Their color depends
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upon the length of time that we continue the washing with clear
water after the staining mixture has been poured off, and varies
from brown through pink to golden yellow.

(@) Poikilocytosis means the appearance in the blood of red cells
variously deformed, sausage shaped, battledore shaped, oblong,
pear shaped, etc. It is always associated with abnormalities in the

size of the corpuscles, so that dwarf forms and giant forms appear. -

() Polychromasia (or polychromatophilia) refers to abnormal
staining reactions in the red corpuscles, whereby isolated individ-
uals take on a brownish or purplish tint, sharply contrasted with
the pink or yellow of the corpuseles around. If this brownish or
purplish tint occurs in all the corpuscles, it has no pathological sig-
nificance, but merely means that the staining has heen incorrectly
performed.

(e) “Stippling” refers to fine, dark-blue dots seattered over the
pink surface of a red corpuscle, as if a charge of fine shot had been
fired into it.

All the abnormalities just deseribed are to be found in any of
the types of severe ansmia,
whether primary or secondary,
but stippling may alse be found
without anwemic In some cases
of lead poisoning, and is there-
fore useful as a confirmatory
sign in cases of this disease.

Nucleated ved corpuscles ave

divided into two main varieties:

(1) normoblasts, which are of

the size of normal corpuscles;

and (2) megaloblasts, which are

larger than normal corpuscles

Fig. 212.—Nucleated Red Cells. m, m, Megalo- (see Fig. 212). The nucleus
blasts ; 7, normoblast; s, stippled cell. of the normoblast is generally
small and deeply stained, navy

blue. In the megaloblast the nucleus may have the same charac-
teristics or may be much larger and paler, with a distinet intranu-
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clear network. The protoplasm of both varieties is often discol-
ored, murky, gray, or even blue, and sometimes stippled, so that
by beginners the cell may be mistaken for a leucoeyte. The mis-
take may be avoided, however, after some experience. In the pro-
toplasm of nucleated cells
there are often concentric
rings like the layers in an
oyster shell, and their outline
is usually more irregular than
that of any leucoctye. Fur-
ther points of differentiation
must be learned by practice.
2. Leucocytes.—In normal
blood four main varieties may
be distinguished :
(a) Polynuclears or poly-
morphonuelear neutrophiles.
(6) Lymphoeytes (large
and small).
(¢) Tosinophiles.
(d) Mast cells.
(a) Polynuclears. — The
deeply stained, markedly con-
torted nucleus assumes a great
variety of shapes in different
cells, and is surrounded by a
pinkish protoplasm studded
with spots or granules just
large enough to be distin-
guished under the oil immer-
sion and slightly deeper in
tint than the PI'O'GOI)]B.SD'I FIG. 2]3'_.{1' Leucocytosis (40,000) ; sixteen p_ulynu-
clears in a field. b, Lymphatic leuk®emia. p,
around them. These cells Polynuclear; ni, megaloblast; e, eosinophile.
makesup about- two -thirdg - FWeniw-onedympnocytes in shis deld.

(sizty to seventy per cent) of
all the leucocytes present in the blood (see Fig. 213, «).
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() Lymphocytes.—The smallest variety is about the size of a
red cell, and consists of a round nucleus stained deep blue and sur-
rounded by a very narrow rim of pale, bluish-green protoplasm.
In the larger forms the nucleus occupies much less space relatively,
is often less deeply stained, and may be indented. The latter vari-
ety is sometimes burdened with the useless name of “transitional
eell,” a term which in my opinion should be given up, since all
lymphoeytes are transitional. TIn the protoplasm of the larger vari-
eties of lymphocyte one often sees a sprinkling of fine pink gran-
ules. TFrom twenty-five to thirty-five per cent (or about one-third)
of all leucocytes belong to the lymphocyte group—classing all sizes
together (see Fig. 213, ).

(¢) Eosinophiles.—The nucleus is irregularly contorted and at-
tracts very little notice, owing to the very brilliant pink color and
relatively large size of the granules in which it is immersed. The
outline of the cell is more irregular than that of any other lenco-
cyte, and its granules often become broken away and scattered in
the technique of spreading the blood. The eosinophiles make up
approximately one per cent of the leucoeytes of normal blood.

(d) Mast Cells.—The shape of the nucleus can rarely be made
out, and the main characteristic of the cell is the presence of large
dark granules, stained blue or plum color, sometimes almost black,
and arranged most thickly about the margin of the cell. Mast
cells are very scanty in normal blood and make up not more than
one-half of one per cent of the lencocytes.

Other varieties of leucocytes which appear in the blood only in
disease will be mentioned later.

3. Blood Plates.—In the normal blood filin, stained as directed
above, one finds, beside the red corpuscles and the different varie-
ties of leucocytes, a varying number of bodies, usually about one-
third the diameter of a red corpuscle, irregularly oval in shape,

staining dark red or blue and tending to cohere in bunches. Ocea-
sionally larger forms occur, and in these a vague network and some
hints of a nucleus may be traced.

The significance of these bodies is unknown and they have at
present no importance in medicine, although they not infrequently
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lead to mistakes, because, when lying on top of a red corpusele,
they bear a slight resemblance to a malarial parasite.

II1. Counting the White Corpuscles.

The instrument used all over the world at the present day is the
pipette of Thoma-Zeiss, in which the blood is diluted either ten or
twenty times. The diluting solution is one-half of one per cent
glacial acetic acid in water. This diluting solution often accumu-
lates spores and be-
comes cloudy. As soon | I . J
as this happens a fresh
bottle should be pre- R
pared. After a rather —7
deep puncture blood is
sucked up to the mark
point .5 on the pipette,
which is then immersed
in the diluting solution
and suection exerted un-
til the mixture is drawn
up to the point marked
11. This gives a dilu-
tion of one to twenty. I
By drawing blood up
titto point Toanlced 1, F16. 214.—Indicating mllje[)g;l:?; tiéld which the Squares may
instead of to the point A

marked .5, we obtain a dilution of one to ten. After this the ends
of the pipette can be closed with a rubber band, and the blood, so
shut in, can be kept or transported without loss or change.

When we are ready to make the count, the rubber band is re-
moved and the pipette rolled in the fingers rapidly back and forth
for about one minute, to mix up the contents of the bulb thoroughly
and evenly. Next blow out three drops, in order to get rid of the
pure diluting solution which is in the shank of the pipette. Then
put upon the circular disc of the counting chamber a drop of the
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mixture from the bulb of the pipette. This drop must be of such a
size that when the cover glass (see Fig. 215 B) is let down upon it*
the drop will cover at least nine-tenths of the circular dise and not
spill into the moat around it. The size of this drop can only be
learned by practice. After about five minutes the leucocytes will
have settled upon the ruled space which occupies the centre of the
floor of the counting chamber, and the count can then be begun,
using preferably a No. 5 objective of Leitz or a DD of Zeiss. The
whole ruled space should be counted, and after a little practice this
takes not more than five minutes. I usually begin my count in the
left upper corner of the ruled space and proceed in the direction in-

]

F1G. 215.—Thoma-Zeiss Counting Slide. 4, Ruled disc: B, cover-glass; C, moat.

dicated by the serpentine arrow in Fig. 214. In normal blood one
finds from thirty to fifty leucocytes in the whole ruled space. The
number of leucocytes per cubic millimetre is obtained by multiply-
ing this figure by 200. Thus if the number of leucocytes counted
1s 35, the number in a cubic millimetre of blood is 35 x 200 = 7,000.
If great accuracy is needed, a second count with a fresh drop should
be made and the average of the two taken; but in ordinary clinical
work this does not seem to me necessary, for the amount of error,
although considerable, is not such as to affect our diagnostic infer-
ences.

IV. Counting the Red Corpuscles.

Perhaps once in every twenty-five or fifty cases that one sees it
is well to know the number of red corpuscles. They can then be
counted with the Thoma-Zeiss pipette which is made for the pur-
pose, and so arranged that the blood may be diluted one to two hun-

!To avoid air bubbles lower the cover glass with aid of a needle as in

mounting microscopic specimens. This must be done as quickly as possible
after the drop has been adjusted on the counting disc.
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dred. The technique is exactly that described in the last section,
except that we need less blood and use a different diluting solution.
I am accustomed to use a mixture suggested by Gowers, made up
as follows:

£r. cxii.

Blood is sucked up to the mark 0.5 and then Gowers’ solution
to the mark 101. After the drop has been adjusted in the counting
chamber and the corpuscles have settled upon the ruled space, we
usually count a field of twenty-five small squares at each of the
four corners of the whole ruled space. The figure so obtained is
multiplied by 8,000, The result is the number of corpuscles per
cubic millimetre.

INTERPRETATION OF THE RESULTS 50 OBTAINED.
1. Secondary Anemia.

The haemoglobin is usually reduced more than the count of red
corpuscles, giving a low color index. In mild cases the hamoglobin
may fall as low as forty per cent before the red corpuscles show any
considerable diminution. In severe cases the red cells fall to 3,000, -
000, 2,000,000, and occasionally even to 1,000,000 or below it;
but the haamoglobin usually suffers even more severely.

The lencocytes may be normal, increased, or diminished, de-
pending on the cause of the anwmia. Thus in anwemia due to
chronie suppurative hip-disease the leucocytes are often increased to
20,000 or 30,000, while in malarial ansemia the leucocytes are often
subnormal. There are no characteristic changes in the differential
count, which varies with the underlying disease.

The changes seen in the stained blood film are briefly: Poikilo-
cytosis, abnormal staining of the red corpuscles, and the presence
of nuclei either in normal-sized corpusecles (normoblasts) or in giant
corpuscles (megaloblasts). The degree of poikiloeytosis and abnor-
mal staining reaction is proportional to the severity of the ansmia.
In mild cases we find only normoblasts, and those only after a long
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search; in severe cases we may tind megaloblasts as well, but almost
invariably these cells are fewer than the normoblasts.

The commonest causes for secondary or symptomatic ansemia
are as follows:

(a) Hemorrhage—gastric, hemorrhoidal, traumatic, puerperal,
ete.

(0) Malaria, more rarely sepsis or other infections.

(¢) Malignant disease.

(d) Chronie suppurations.

(¢) Chronic glomerulo-nephritis.

(f) Cirrhosis of the liver.

(g) Poisons, especially lead.

(%) Chronic dysentery.

(2) Intestinal parasites.

It is important to remember that insufficient food or even star-
vation does not produce an@mia, and so far as we know no form of
bad hygiene has any notable effect upon the blood. Persons may
grow very pale under bad hygienic conditions, but their blood is
usually not affected unless one of the diseased conditions men-
tioned above is present.

2. Chloresis.

The blood is practically identical with that just deseribed,
though the color index is sometimes lower, poikiloeytosis less
marked, and nucleated red cells fewer. The pallor of the centres
of the cells (“achromia”) is often very marked. The leucoeytes are
generally normal and the differential count practically so, although
the percentage of polynuclear cells is often low with a corresponding
relative inerease of lymphocytes.

3. Pernicious Anemia.

The number of red cells is usually below 2,000,000 when the
case is first seen. The color index is high and the leucoeyte count
subnormal. The stained specimen shows very marked deformities
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and abnormal staining reactions in the red cells, with a tendency to
the predominance of large forms. Many of the latter contain nu-
clei (“megaloblasts ”), and a smaller number of normal-sized cells
also contain nuelei (“normoblasts”).

The polynuclears are relatively diminished, with a correspond-
ing relative increase in the lymphocytes.

In the remissions which form so important a feature of the
course of pernicious ansemia, the blood is generally transformed
until it is almost or quite normal. In the subsequent fall it may
take on all the features of secondary anzmia or chlorosis, and lead
to unavoidable errors in diagnosis and prognosis. Fortunately cases
are rarely seen for the first time at this (non-characteristic) stage.

INTERPRETATION OF THE RESULTS 0F THE LEUCOCYTE COUNT AND
DirrErENTIAL COUNT.

By combining the facts obtained by the total white count and
the differential count, we can estimate the number of each variety
of leucocyte contained in a cubic millimetre of blood. Thus with
10,000 white ecorpuscles, 70 per cent of which ave polynuclear (as
seen in the stained film), we have 7,000 polynuclear cells per cubic
millimetre, which may be considered the upper normal limit. Any
number greater than this should be considered as a leucocytosis. In
asimilar way we can say that any number greater than 3,500 is above
the normal limit for lymphocytes and constitutes a Lymphocytosis,
while eosinoplhilia is present whenever the number of eosinophiles is
more than 400 per cubie millimetre. It is much better to use these
absolute numbers than to rely upon percentages. If we say, for
example, that 3 per cent of eosinophiles is within normal limits, we
shall make an error now and then in cases of myelogenous leukse-
mia, in which, with a total count of 500,000 lencocytes, 3 per cent of
eosinophiles would amount to a total of 15,000 per cubic millimetre,
or nearly thirty times the normal number. Errors are also common
in the opposite direction. For example, in typhoid, with a total
leucocyte count of 3,000, the lymphocytes may reach 60 per cent
and yeb be well within the normal limits, for 60 per cent of 3,000 1is




