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Secondary polycythemia is defined as an absolute erythro-
cytosls caused by an enhanced stimulation of red blood cell
productiones One of the most common methods of monitoring
the degree of polycythemia 1s the measurement of the hemato-
crite The hematocrit is the measurement of the volume of red
blood cells expressed as a percentage of the volune of whole
blood in a sample. This measurement 1s usually done using

one of two methodss (1) the Coulter Model SG)

or (2) the
centrifuged micro-hematocrit methode However, we have noted

a significant cifference in the hematocrit values determined

by these two methods when the hematocrits exceed 54 per cente
As many as 10 hematocrit units of difference have been reported
\ 1 hematocrit unit = 1 ml of packed erythrocytes/100 nl of
whole blood).

Several questions arise: (1) does tnis variation in
hematocrit (hct) values increase in proportion to the in=
crease in hématocrit;, (2) 1is there a relationship between
the fibrinogen level and the amount of trapped plasma in the
centrifuged micro=hct; (3) is there a relationship between
the red blood cell count (RBC), mean corpuscular volume (MCV),
and whole blood viscosityi (4) which measurement is a better
indicator of the degree of iolycythemia and the increase in
viscositye

To answer these questions data from the Coulter Model
SGQ centrifuged micro=hct, whole blood viscosity and fibrino-

gen determination were evaluatede With these data 1t was

planned to determine if it would be possible (1) to con=



struct a nomogram establishing the relationship between the
micro=hct and Coulter S® hct greater than 50 per cent for

the conversion of one value to the othery and (2) to

assess the degree of polycythemia and the need-for phlebotony

by the use of each measuremente
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SECONDARY POLYCYTHEMIA

A significant increase in total red cell mass may occur
in any situation which results in tissue hypoxiaes This lack
of oxygen leads to an increase in the level of erythropoletin,
& hunoral substance that is believed to bpe primarily respon=
sible for the regulation of erythropoiesis,

In secondary polycythemia the increase in the red cell
mass 18 often accompanied by a decrease in plasma volume,

The excessive production of erythrocytes may iLead to an ele=
vation of the red blood cell mass sufficient enough to pro-=
duce alterations of the viscosity of the blood, thereby in=

creasing the danger of thrombosis (4),

CARDIAC MALFORMATION AND SECONDARY POLYCYTHEMIA

Any cardiac malformation which results in a high grade
veno=arterial shunt may produce secondary polycythemia (77,
78, 79, 80)e Due to the mixing of venous and arterial blood,
poorly oxygenated arterial blood reaches the peripheral tis-
sues. As a result, it 1s thought that an increase in erythro-
poletin occurse Subsequently, the increased red blood cell
count that results increases the o:ygen carrying capacity of
the bloode According to Kontras (6), the increased red cell
count serves as a compensatory meéhanism for decreased oxy=
genation until the hematocrit levels are greater than 70 per
cente When this occurs, the value of the increaczed oxygen

carrylng capaclity is offset by the increa:ed blood viscosity.



OTHER CAUSES CF SECONDARY POLYCYTHEMIA

Secondary polycythemia may result from many hypoxic
stimull such as decreased atmospherie pressure, impaired
pulmonary ventilation or the presence of certain abnormal
hemoglobins (methemoglobin or a hemoglobin variant with an

increased oxygen affinity).

VISCOSITY AND SECONDARY POLYCYTHEMIA

Dintenfass (29) showed that i1f the viscosity of blood
were tested at high shear rates (high flow velocities), in
the absence of aggregation of the red cells, blood viscosity
was approximately a semi-logarithmic function of the hemato-
crit reading,

A description of several factors that influence viscosity
was given by Charm, et al (30). Some of these factors were
the shape and elasticity o1 ivhe red cell, changes in its
rigidity, deformability and internal viscosity, These were
listed as erythrocytic factors, A separate category of
plasmatic factors was made to discuss the molecular aspect

of viscosity.

Erythrocytic Factors

The internal viscosity of the erythrocyte has been cal-
culated to range between 1 and 6 centipoise (24, 41), The

centipoise is a unit of viscosity derived by dividing the

shear stress (dyne/cm?) by the shear rate, The estimete



given by Dintenfass includes cell memtrane effects as well
as hemoglobin viscosity, The internal viscosity of the
erythrocyte was found by Dintenfass (24) to become sig-
nificant at hematocrit values of 40 per cent and to be of

ma jor importance at values of 70 per cent and above, A
pronounced increase in blood viscosity can therefore be
caused by crenation of the red cells or by hypoxia, both
resulting in an increase in the internal red cell viscosity.
The mechanism for the increased viscosity associated with
crenation is the reduction in volume without a compensatory
decrease in the hemoglobin contecnt of the cell. In the case
of hypoxia, significant charnges in the viscosity are noted
when the arterial oxygen saturation is 66-75 per cent or less,
At this saturation the pH is decreased resulting in an in-
creased red cell membrane rigidity.

According to XKurland and Charm (30, 54), cell rigidity
is related to the characteristics of the cell contents as
viell as the cell menmbrane, The cell membrane is capable
of moving around the ce3l contents, The evidence for this
lies in the fact that packed cells possess a viscosity
ruch lower than would be expected (24). At a low pH the
hemoglobin becomes ionized, In this case, the viscosity of
the cell contents, i,e,, hemoglobin, is the controlling
viscosity factor (33, 27).

Bircher (28) states that this movement of the cell
membrane around the contents is the mechanism by which

red cells adapt to flow, In pathological states, deformas



bility is reduced due to either membrane defects or hemoglo-
bin abnormality, Abnormal molecular interactions with re-
ciprocal binding of cellular constituents represent the
basic mechanism responsible for increased cell rigidity,
Intracellular reduced glutathione reduces the interactions
and is the primary protective agent against loss of cell
deformability,

Jandl, et al (46) found that a lowered intracellular
ATP level allowis the formation of calcium bridges between
cell constituents causing increased cell rigidity,

According to Bircher (28) the degree of red cell ag-
gregation as well as the size of the aggregate depend on the
flow velocity (shear rate) and on the intrinsic properties
of blood, The mechanism of aggregation is dependent upon
the intcraction of blood proteins with the red cell membrane.
The presence of aggregated red cells interferes with streanm-
line flow by decreasing the development of shear planes,
This causes an increase in the whole blood viscosity and a

severe handicap to the circulation (24, 25, 26).

Plasmatic Factors

Chien, et al (16) showed that there was a correlation
between the molecular welght of plasma proteins and thelr
ability to cause aggregation of red blood cells, The heavier
proteins, such as macroglobulins (molecular weight = 1,000,000)
and fibrinogen (molecular weight = 325,000) are the strong-

est aggregation inducers, Conversely, Wells (25, 28) noted



that albumin tends to decrease red cell aggregation, possibly
because of its strong negative charge, Of the proteins
normally found in plasma, fibrinogen, which has a neutral
charge and is a much laxger molecule than albumin, has the
greatest influence in promoting red cell aggregation, ZEoth
Charm (28) and Wells (17) stated that as the fibrinogen

level exceeds the upper limits of normal (500 mg/dl), a
significant increase in red cell aggregation begins, However,
it was demonstrated by both authors that macroglobulins were

the strongest inducers of aggregation,

VISCOSITY AND ANTICOAGULANTS

Anticoagulants were grouped into two categories bLy
Rosenblum (22)3 (1) those which shrink erythrocytes (citrate
and oxalate) and (2) those having no effect on erythrocytes
sige or shape i1f in the correct concentration and if ex-
amined fmmediately (heparin, ethylene-diamino-tetra-acetiec
acid (EDTA), and acid citrate dextrose (ACD) ), However,
EDTA may cause significant swelling of the red cells if the
mixture is left at room temperature for 24 hours, In addi-
tion, if the comrcentration of EDTA is too high, red cell
shrinkage may result, Although cells shrink in citrate, they
do not in ACD according to Galluzzi, et al (45).

The first group of anticoagulants increases viscosity
eventhough citrate reduces the hematocrit; while those in

the second group have no effect if used in the proper con-

centration and time 1limit (within 24 hours if refrigerated



at 4°C). Brittin, et al (8l) stated that after storage for
24 hours at 4°C mo significant difterence was observed in
the hemoglobin, hematocrit, red cell count, size, shape, or
content determined by the Coulter Model SG)or by convention-
al methods, However, when these same measurements were made
on duplicate samples stored at room temperature for 24 hours
significant swelling of the red cells was seen,

Blood in ACD can be maintained for two days at 4°C with
no change in viscosity, However, the viscosity of blood in
potassium oxalate changes in two or three hours, Galluzzi,
et al (45) went on to say that blood in “balanced™ oxalate,
i.,e,, ammonium oxalate and potassium oxalate mixture, EDTA,

or heparin may also be stable for one to two days at 4°c,

FACTORS AFFECTING THE CENTRIFUGED vs ELECTRONICALLY

DETERMINED HEMATOCRITS

The Effect of Anticoagulants

The type of anticoagulant used in blood collection
affects the centrifuged micro-hct and the mean corpuscular
volume (MCV), Although salts of EDTA provide excellent anti-
coagulants for hematologie determinations, high concentrations
of EDTA (greater than 2 mg/ml whole blood) produce errors
in the hematocrit determined by the micro-centrifuged method
(73)s This elevated EDTA concentration causes shrinkage of
the red cells, This error may be seem in incompletely filled

evacuated tubes containing a fixed amount of anticoagulant,



Lampasso (73) reported that the error of the hematocrit may
reach 5 per cent below the true value when a Va.cui;a.iz1e1""i-SJ
tube designed to draw 7 ml of blood is filled with 2 ml, and
it may reach 10 per cent if the tube contains only 1 ml, He
observed a progressive decrease in hematocrit values as the
concentration of EDTA increased, Reliable micro-hct estima-
tions cannot be performed when the concentration of EDTA
exceeds 2 mg/ml of whole blood,

Britttn, et al (70) showed the advantage of using the
Coulter Model Sabover the centrifuged micro-hct method,’ The
Coulter Sg)eliminated the errors in hcts produced by excessive
EDTA, This was done by making a 1:50,000 dilution in an
isotonic medium, This 1:50,000 dilution in an isotonic
medium restored the shrunken red blood cells to their initial
size (70, 74),

A comparison of the effect of anticoagulant concentra-
tion on centrifuged and electronically determined hcts was
made by Ferro (72). In his study three methods of measuring
hcts were examined: (1) micro-centrifuged hct, (2) macro-
centrifuged hct, and (3) Coulter Counter Model fggethods.
Prior to determining the hct with the iodel FG>a 1:50,000
dilution of blood in an isotonic solution was made, The
concentration of EDTA used in this evaluation ranged from
1.3 to 9,0 mg per ml of whole blood, When the latter con-
tration of EDTA was used, it decreased the micro- and macro-
hets by an average of 4 hct units, These hct units were

defined as the equivalence of 1 ml packed erythrocytes/
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106 nl whole blood, These same specimens were concurrently
checked for hct values by electronic computation using the
Coulter Counter Model f®. No effect from excessive amounts
of EDTA was observed. In a comparable study by Brittin, et
al (71) no effect on the computed hct using the Coulter
Model SG;as observed,

The data presented confirmed the fact that the concen-
tration of anticoagulant must be properly controlled to
avold decreases in packed cell volume by micro- and macro-
centrifuged hematocrits, In addition, the usefulness of the
Coulter Counter electronic technique for hematocrit estima-
tion was supported, The maximum difference in values for
hematocrits by the three methods using the proper proportion
of anticoagulant and whole blood (1.3 mg EDTA/ T 21 whole
blood) was 1 hct unit, The hematocrits examined ranged from

17 to 54 per cent (72),

Other Factors Affecting Centrifuged Hematocrits

Dacie and Lewis (50) stated that plasma proteins, red
blood cell count, size, and morphology all affect the micro-
hct, According to Williams, et al (2) the differences in
hematocrit values are dependent upon the amount of trapped
plasma which may range from 2 to 8.5 per cent, which in turn,
is affected by the relative centrifugal force employed and

the duration of centrifugation,
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Factors Affecting the Electronically Determined Hematocrits

Significant errors in the mean corpuscular volume (MCV)
and consequently, the hematocrit will occur with the Coulter
Counter Model SG>when the leukocyte count 1s markedly increased,
In addition, it was pointed out by several authors (2, 47,
48, 49, 50, 51) that as the number of cells counted is in=-
ereased, there is an increased chance that two or more cells
will be sensed as one by the detecting device, Therefore,
techniques for minimizing or correcting for colacidence
error have been a requirement of electronic cell counting

devices,



METHODS AND MATERIALS
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SELECTION OF DONORS

It has been noted that the number, morphology and hemo-
globin content of the red blood cells can affect thelr aggre-
gation tendencies, In addition, plasma proteins, especially
fibrinogen, tend to influence aggregation., When the hemato-
crit exceeds 50 per cent, there is am exponential increase
in the whole blood viscosity accompanies by an increase in
the anount of trapped plasma in the centrifuged micro-hct
sample, This trapped plasma results in a 4 to 10 per cent
increase in the hct values determined by the micro-hct method,
Because cyanotic congenital heart disease (CCHD) childres
frequently have elevated hematocrits, they were selected as
the primary donor group for study (with the permission of
the Pediatric Cardiology Department of the Medical College
of Virginia Hospitals). These donors had had varying
amounts of therapy.,

Since there was a limited number of CCHD children avail-
able for study, it was thought that a simulated condition of
secondary polycythemia could be produced by the following
method: (1) centrifugation (1800 rpm for 10 minutes) of
randomly selected monlipemic, nonhemolyzed blood; (2) after
centrifugation the plasma -ould be removed until the desired
micro-hct was obtained. However, prior to centrifugation an
initial micro-hct and Coulter éD(S) evaluation wzs made,

Only samples with normal hemoglobin (hgb), hematocrit (hct),
red blood cell counts (RBC), and red cell indices (MCV,

MCH, MCHC) were selected for study,
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It was noted that adults were the primary donocrs in
this group, However, no literature reviewed ind:icated that
there was any signiticant difference petween the red blood
cells of adults as compared to those of children except to
reflect the differences in reticulocyte counts, Normally
about 0,5 to 1.5 per cent of all erythrocytes in adultc are
reticulocytes, Normal ¥alues at birtih range from 2,5 to 6,5
per cent, falling to normal adult level by the end of the
second week,

In a text by Miale (1) it was noted that the degree of
reticulocytosis was proportional to erythropoietic activity.
It was stated that significant increases in the reticulocyte
count were observed in respcnse to increases in erythropoietin,
Dintenfass (27) found no significant difference between the
viscosity values obtained comparing fetal and adult bloods.
that had been ad justed to the same micro-hct despite the
differences in reticulocyte counts, He found that the pH
of the bloods had more effect on the viscosity. Furthermore,
it was shown that the acid-base values of infants and child-
ren are more variable than those of adults (3).

Another group of donors was selected for the study of
the effects of elevated fibrinogen levels on the difference
between the micro- and Coulter SGDhematocrits. The blood
from any patient who had had a fibrinogen determination and
Coulter S®eva1uation performed was selected for study. The
fibrinogen level and initial Coulter Sﬁ)data were reccrded,

The same centrifugation and micro-hct adjustment procedures
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were done as previcusly describted, The micro-hct adjust-
ment was followed by a Coulter Se)measurement of the

hematocrit,

TESTS PERFORMED

Micro-hematocrit Centrifugation Method

The volume of the red cells occupied in whole blood
was determined by subjecting the blood to sufficient centri-
fugal force to pack the cells in as small a volume as pos-
sible, This measurement was expressed as a percentage
derived by the ratio of the volume of packed RBC's (nl)/
100 ml of whole blood, The amount of plasma remaining in
the packed cells varies somewhat with the method used, but
is usually about 1 to 4 per cent for micro-hcts less than
50 per cent, For the standard micro-hct method capillary
tubes by Clay-AdamsG)were used, They were 75 mm in length
with an internal diameter of about lmm, Ko anticoagulant
coating the interior of the capillary tubes was used., The
EDTA anticoagulated blood was allowe& to enter the tube by
capillary action, leaving at least 15 mm unfilled, The
tube was then sealed by the use of a plastic seal. After
centrifugation (Adams Autocrit Centrifugquby Clay-Adans)
at 12,000 rpmn for 5 minutes the packed cell volume was
measured using a reading device, Micro-hcts greater than
50 per cent were centrifuged an additional 5 minutes at
12,000 rpm to determine if further packing of the red cells

would result,
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Coulter Model §§hematocrit Method

By use of the Coulter Model ézkne is able to make six
measurements relating to the red blood cell, These measure-
ments are as followss RBC count, hemoglobin (hgb), hema-
tocrit (hct), mean corpuscular volume (MCV), mean corpuscu=-
lar hemoglobin (MCH), and Mean corpuscular hemoglobin con-
centration»(MCHC). In addition one may measure the leuko-
cyte county By the use of a pneumatic and vacuum system
approximately 1 ml of whole blood was aspirated, 44,7 lambda
of this blood were initially diluted 13224 with 10 ml of
an isotonic solution, A second dilution (1150,000) was
made from a 44,7 lambda sample from the first dilution and
mixing with another 10 ml of isotonic solution, By means of
a vacuum RBC suspension was forced to flow through three
apertures of specific dimensiong, The sample was drawn
through all three aperture tubes simultaneously for a period
of 4 seconds, In the chamber with the RBC suspension two
apertures were used for measuring the size of each cell
passing through, The values obtained were then averaged,
Each aperture tube had an internal electrode, and there was
a common electrode in the bath acting as a ground, As the
cells passed through two of the three apertures, they, being
nonconductors, displaced the electrolyte, thus changing the
resistance between the two electrodes, producing a voltage
pulse magnitude proportional to the vélume cf the cell,

The voltage pulses were amplified and displayed on an
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oscilloscope screen as vertical spikes, The number of spikes
represented the number of cells passing through the aperiure,
All three apertures were used in enumerating the RBCs, ‘he
three values obtained were then averaged. The hematocrit
was computed by the product of the MCV and the EKBC count (1,
4T, 51).

One may also count capillary blood using the Model S ,
44,7 lambda of capillary blood was diluted with 10 ml of
isotonic diluent, the whole blood 131224 dilution switch was
turned to the 13224 position and blood was aspirated through
the capillary blood aspirator, The results of both pro-
cedures (capillary and whole blood) were provided in the
form of print-outs,

Since the NModel §s%as limited by the number of digits
it could print out, RBC counts greater than 9,99 million/mm3
had te be diluted to a measurable kKBC range, When this
problem was encountered with a few of the samples from the
CCHD children, a 132 dilution of an aliquot of the patient's
blood was made with the isotonlic solution, and the szmple
was then run as the whole blood weuld have been, The
printed out result was then multiplied by 2, Duplicate

determinations were performed and averaged,

Viscosity Studies

The Brookfield cone-plate Viscometeéawas used in these
experiments, The principle of the cone-plate viscometer in-

volves the rotation of a flat cone upon a plane surface (the
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plate) at different sclected speeds of rotation (different
shear rates), A torque measuring device connected to the
driving mechanism to a vertical spindle from which the cone
was suspended., A 2 ml sample of fluid between the cone and
plate offered a resistance to the rotation of the cone and
developed a torque to a degree that was a function of the
shear stres§ in the fluid, Rnowing the geometrie constants
of the cone, and observing the rate of rotation and the tor-
qQue, one could dgtermine separately the shear stress (dyne-
cn?) and the shear rate (number of revolutions per minute)
in the liquid. By changing the shear rate a series of values
of the shearing stress could be obtained. By plotting these
values against one another the rheological characteristics
of the fluld cculd then have been defined directly in terms
of a shecar stress-shear ratle diagram,

The following rheological experiments usins EDTA anti-
coagulated blood were carried cut: (1) the viscosity was
measured on the pre- and post-phlebotomy samples and cn a
few mid-phlebotonmy samples; (2) the viscosity of randomly
selected bloods with adjusteq Coulter SQDhematocrits of
45 # 5 per cent was measured, Blood viscometry was done
at various shear rates of 212 sec~l (60 rpm), 106 sec—1
(30 rpm) and 42 see~l (12 rpm)., At least 3 determinations
of shear stress were made at each shear rate setting; All
measurements were made at 37°C. The accuracy of the model
used wzs guaranteed_to have been within ¢ 1% whatever the

shear rate employed. By definition, the viscosity, n, was
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shear stress divided by shéar rate in dyne/cm2 or polse,
The result multiplied by 100 gave the more commonly used
unit of centipoise (cp),

To evaluate the relationship be?ween the viscosity and
the hematological data obtained frgm the micro-=hct and the
Coulter S@)graphs were constructed, The Coulter émhct and
micro-~hct were compared to the normal viscosity curve estab-
Yished by using EDTA ant;coagulated blood reconstituted by
each patients own plasma,s Individual whole blood samples
anticoagulated with EDTA were eentrifuged at 1800 rpm
for 10 minutes, The plasma and RBCs were separated and Te-
mixed to produce micro-hcts of 20, 40, 60 and 80 per cents,
(See Table I)

Fibrinogen Determination-Fibremeter Method

The fibrinogen method chosen was the one currently in
use at the ledical College of Virginia, This procedure was
based on an automated thrombin time using the fibrometer,
The thrombin converted fibrinogen to fibrin, the time taken
for the_reaction depending on the amount of fibrinogen
present,

A pre-~ and post-pylebotomy aliquot of blood was mixed
with citrate (1 part 3.,8% citrate to 9 parts blood). The
anticoagulated sample was centrifuged at 1800 rpm for 10
minutes and the plasma removed, The randgmly selected
specimens were treated in the same manner, A 1310 di}u-

tion of patient's plasma was made with Veronal buffer,
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Vlscosity Data for Reconstituted Normal Human Blood Me&sured

at Varlous Levels of Hematocrit and Sheaxr Rate

-1 VISCOE?TYVO v 2 Stde
RPM Sec (cp) at 37°c Veviations
Plasma 60 212 le4 0622
30 106 1.5 0626
12 42 1.5 0e28
Hot=20% 60 212 2e5 0.24
30 106 246 0e3%2
12 42 248 0e54
Hot=40% 60 212 3.8 0468
30 106 4.4 0e76
30 106 Te2 0696
12 42 8.8 0696
Hct=80% 60 212 - -
30 106 1404 0e82
12 42 21.7 1,20
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0,2 ml of diluted plasma was incubated at 37°C for 2 minutes.
The timing was started with the simultaneous addition of

0¢l ml thrombin re;gent. The duplicate results checked
within 0,5 seconds, The clotting times for each specimen
were averaged. The thrombin times of purified fibrinogen of
known concentrations were used to construct a standard curve,
The thrombin times of each patient were compared to this
standard curve, The normal fibrinogen mange using this

method was 170-410 mg/dl.

Collection and Storage of Blood

The ninimum amount of blood needed for hct and viscosity
testing was 3 ml anticoagulated with EDTA. From the donors
with CCHD the amount of venous blood withdrawn ranged fronm
250 to 460 ml during the phlebotomy with plasma exchange
(15-20 ml/:g body weight). The methods of blood collection
were either by venipuncture using a Vacutaineribsystem or
by an I,V,-butterfly infusion set@Dwith a stop-cock systen,
Usually during the phlebtotomy an initial 7 ml sample was
taken followed by T ml aliqugt samples from each subsequent
30 to 50 ml of blood removed,

Viscosity studies were performed once weekly, Somne
samples required storage at 4°C for 24 to 72 hours before
viscosity studies were performed. Other samples had viscosity
measurements Performed within 2 to 4 hours of the phlebotomy
(see results), The exchange plasma anticoagulated with ACD

which does not affect the RBC or viscosity was used for
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ad justing the micro-hct values from the phlebotomized donors,
10 to 15 ml of the exchange plasma were saved for use in

ad justing the final blood sample to a normal micro-hct range

(42 ¢ 6%).

Preparation of Test Samples

The ACD plasma used in the phlebotomy and e:change as
stated before was used to d;lute the final phlebotomy sample
to a normal micro-hct range, The EDTA blood fron the random
patients was centrifuged at 1800 rpm for 10 minutes, The
plasma was removed and tie hengtucrius werce ad justed to a
level greater than 50 per cent, Since temperature was critical
in viscosity determinations, the refrigerated specimens
were allowed to reach room temperature prior to testing,
Furthermore, eacp sample was thoroughly mixed before any
testing was done, This eliminated any red cell aggregates
caused by the lowered temperature and settling of the blood,
As stated earlier all viscosity mea§urcnents were nmade after
the sample temperature reached 37°Cc, This temperature was
naintained by a circulating 37°C water_jacket incorpora=-

ted in the structure of the viscometer,



RESULTS
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This 1s a conparative study of the Coulter MNodel S‘b
hematocrit ¥s the centrifuged micro-hematocrit methods to
determine the relative value of each method in assessing
polycythemia in cyanotic congenital heart discase children,
The accepted treatment for polycythemia observed in these
children 1is phlebotomy with plasma exchange (15-20 ml/kg
body weight), This procedure is usually done when the micro-
hematocrit exceeds 65 per cent,

Table II sumnarizes the clinical and hematological
data on the CCHD childrep. The ages of these children ranged
from 7 months to 8 years, No other inown disease was present
except for hgb S=-A found in T, N., Due to transfers from
the hospital the charts and diagnoses of the type of the )
type of CCHD of two of the children could not be obtained,

With the exception of S.5 all subjects had normocytic
(MCV-8645) normochromic (MCH = 29#3; MCHC- 31#4) red blood
cells, SeP,'s red cells were microcytic and hypochromic,
This was probably due to long standing therapy which had
produced an lron deficient state caused by the rapid pro-
duction and removal of the red cel}s (by phlebotomy) after
his hematocrit reached 65 per cent,

The phlebotonmy data indicate the average micro-hct
was 67 per cgnt which was approximately 1,7 times the
normal value, Centrifugation for an additicnal 5 minute§
at 12,000 rpm caused no further packing of the red cells,

The hematocrit units of difference were calculated by

subtractings the Hodel §®hematocrit value (S) fron the micro-
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hematocrit (micro-hct) valuc., Ideally there wculd have
been no difference between the two values,

The initial viscosity (cp) was about 2.4.times the
normal levgl in all of these children who had, as mentioned
previougly, had varying amounts cf therapy for their con-

ditions,



TABLE

II
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Pre=Phlebotomy Clinical and Hematological Data.

P&nﬂl‘i SCPC S)PQ AQH. T‘T. TCNO Hos. SOBC
Age be5yTBe.| Tyrse mose W yrs. (8 yrs. |4 yrs.| 4e5yTs.
[Micreo
Het 61 68 14 61 65 67 62
[Model | =
dﬁﬂgt 5720 6440 671 6142 62e4 51e1 28.8
* *
RBC___| 9992 11,38 | 7e22 [6485 | 6496 | 6445 | Te26
BCY 58 57 95 90 90 90 82
1642 16, 31 31e3 29,1 2949 2798
MCHC [ 28,7 2948 | 3344 3592 32¢1 3346 3403
Heb | 16.7 1900 | 2206 2145 12005 | 1943 | 20e5 |
Cpe [ 1208 135 | 1445 2 ol | 2041 | ~=-=
Defect| Mitral Atresia, [Detrans- [fricuse [=we | «-=e- |Single
Single ventricle positien pid ventricl
6ingle atria, of greatl Atresie pulmonar
Banded pulmo=- vessels,| with stenosis
na y artery sub=pule« Blaleck with pul+
monie Shuat nensry
stenosi artery
common banded
atrium, in posi-
common tion sub+
ventricla aortic
Patent stenosis
Ductus
Arterio=
3

*=-=See Methods and Haterlsals
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HEMATOCRIT STUDIES

The hematological data obtained from each specimen
collected during the pblebotomy and plasma cxchange are
presented in Table III, Following the phlebotomy an 8,4
to 21,1 per cent reduction of the pgc count, micro- and
Coulter S hematocrits was observed, The phlebotomies were
accompanied by a redugtion in the difference between the
twe hematocri? valuest The tre-phlebotomy differences
ranged from 2,6 to 10,0 hematocrit units; while the post-
phlebgtomy differences ranged from 0,9 to 8,0 hematocrit
units, Additional centrifugation did not result in any

change in the micro-hematocrit,



TABLE III

Phlebotony Data
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Total Total
Dono g:tﬁ::d ‘gézizged gt:ro- gii RBC ;;irggiﬁg
S oPe 10 ml 0 ml 67 5740 9.99 1040
70 0 63 5342 9.67 9.8
120 80 62 5168 9435 1062
170 120 62 5241 9435 949
220 170 59 5062 8494 8.8
270 220 57 485 8eT2 8e5
320 270 55 463 8428 8e T
400 380 53 4560 8602 8e0
SePe 20 0 68 6400 | 11438 440
100 20 66 60e2 | 10496 58
150 100 64 60e4 | 11406 366
200 150 62 552 | 10412 68
250 200 60 55¢8 | 10424 4e2
300 250 59 55¢2 | 10418 348
350 300 57 5362 9470 3¢8
400 350 56 5260 9.48 440
420 400 54 5le2 932 2.8
430 420 54 5140 9¢30 340
A, 10 0 14 6717 Te22 643
55 10 62 5Te6 6429 4e4
85 55 64 6665 Tell 245
100 85 63 58¢4 6e32 446
105 100 56 5% el 570 249




TABLE III conta
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Tot Total
Donor ;:i:::d gi;ﬁi:éd g:zro- gﬁggi RBC gé:rgzit;
ToTe 10 ml 0 ml 67 61e2 | 6485 | 5.8
66 0 66 61e9 | 6695 | 441
86 76 63 589 | 6467 | 4ol
106 86 63 5960 | 6464 | 440
156 106 61 5Tel | 6644 | 3.9
206 156 59 54¢9 | 6421 | 4,1
246 206 57 53¢T | 6406 | 3a3
276 246 55 50e4 | 54,79 | 4.6
281 276 52 50el [ 5665 | 1e9
TN, 10 0 65 6244 | 6496 | 246
60 0 66 6360 | Te04 | 340
80 70 63 595 | 6468 | 345
100 80 63 60el | 6470 | 249
120 100 61 5849 | 6456 | 2.1
140 120 61 58¢8 | 6458 | 242
160 140 59 56T | 6433 | 243
190 160 59 5565 | 6429 | 345
205 190 59 5645 | 6427 | 245
225 205 58 55¢8 | 6419 | 2.2
245 225 58 55¢5 | 6ell | 245
265 245 58 5Tel | 6629 | 049
S oD 10 0 62 5848 | 7426 | 342
50 0 61 5848 | Te24 | 242
100 60 59 97e5 | 7409 | 145
150 100 57 54e8 | 6672 | 242
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TABLE III cont.

Total Total .
Volume Plaama Mioro=- del MiocreeS
2enexr _ Removed — Replaced Het Hot BBC _ Het Units
SeBe 200 ml 150 ml 55 54¢6 6e73 Oe4
250 200 55 5445 6468 0e5
260 250 53 520 6e36 1.0
MoSe 20 0 67 5TeT 6645 9¢3
40 20 65 5847 6e55 6e3
60 40 64 5860 6e47 660
a0 60 63 5Te4 6e38 56
100 80 62 55¢4 6el2 6e6
120 100 60 53e9 598 6el
140 120 59 52¢9 5¢91 61
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Figure 1 shows a comparison of the micro-hct and the
Coulter S hematocrits of each phlebotomy subject., The ratio
of micro-hct to the Coulter émhct yielded an average value
of 1,08, Ideally the ratio would have yielded a value of
1,00, thereby indicating no.difference between the values
obtained using both methods, However, theoretically it
was pgssible to obtain a micro-hct smaller than the Coulter
S_hct; In this case the ratio would have been less than
1,00, 95,5 per cent of all the measurements fe;l wiithin

¢+ 2 standard deviations cf the mean ratio value,
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Since only a limited number of CCHD donors was avail-
able for study, it was thought that a condition similar to
that observed in secondary polycythemia could be created by
the removal of plasma from randomly selected noxmal bloods
prior to testing (See Methods and Materials)., The samples
were gelected regardless to the age or diagnosis of the
donor, The only prerequisites were the presence of normal
EFBC counts, hgb, hct and red cell indices,

Figure 2 shows a comparison of the mean ratio cf
micro-hct t9 Coulter SG>hct in the random donors and in the
CCHD donors, In ?he random donors this ratio was found to
have a value of 1,10,

The_statistical analysis of these data is presented in
Table IV, & standard deviation of ¢ 0,05 was calculated for
the mean ratios of both the CCHD children and the random
donors, Analysis by the t-test gave a value of 2,063 in-
dicating a significant difference between the two populations,

FEach blood sample from the phlebotomized donor was
treated as a new and unique specimen since treatment (plasma
exchange) ha@ occurred prior to the withdrawal of each
blood sample, .Therefore, it was as if a new patient were
being examined, The difference between the two pcocpulations
suggests that there is a unique feature common to the erythro-
cytes of the CCHD donors examined that cannot be dpplicated

by the simple concentration of normal erythrocytes,
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TABLE 1V
Statistical Analysis of the 2 Populations Examined

Numberx Number Mean Sam
of of Micro—hca of Mean Stde
ource Samples Donors Mode C Sguares Square Deve
CCHD
Doners 65 6 1,08 061492 | 040023| @0¢05
Randomn
Deneors 45 45 1,10 01090 000025| 20405
|

t‘-20063
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To assess the accuracy of the averaged value.of the

- ratio of micro-hct to the Coulter SChematocrit (1.08) as

a factor by which the observed Coulter éghct could by con-
verted to the micro-hct, the data in Table V were compiled
and evaluated, This factor was found to be 0,925 for the
conversion of the mich—hct to the corresponding Coulter
Sghematocrit; gowever, the Coulter éDhematocrit had to be
multiplied by 1,08 to obtain the corresponding micro-hct,
These factors were found to be reliable for Coulter éﬁhcts
equal to or exceeding 50 per cent,

The observed differences (observed micro-hct minus the
observed Coulter ébhct = do) and the calculated differences
(cbserved micro-hct minus the calculated Coulter éghct n dc)
are shown in Table V. In addition, it was found that 98,2
per cent of all the observed Coulter éDhcts (SO) fell with-
in # 2 standard deviations of the mean calculated Coulter

éDhematocrits (Se).



TABLE
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Observed ¥s Calculated Coulter §&Hematocrits Compared to
Unad justed Micro-hematocrits of Cyanotic

Congenital Heart Defect Donors

Micro- Mean S¢ Mean de
Het S S #2 SD dg de #2 8D

74 67.17 68.5] 62,9-75,5 6.3 5.6[1.5-11.1
68 64,0 63.9|57.,8=-69, 4 4,0 5.,1(-1.4-10,2
67 57.0-61,2 | 62,0[57,0-68,3[5,8-10.,0 5.0 |-143-10,0
66 60,2-63,0 | 61.1[56,1-67,3]|3,0-5,8 409 [-143=549
65 58,7-62,4 | 60,1|55,3-66,3[2,6-6,3 4,9 |=1.3=9.7
64 58,0-66,5 | 59.,2|54,4-65,3|-2,5-6.,0 4,8 |=1,3-9,6
63 53.2-60,1 | 58,3|53,6-64,3|2,9-9,8 4,7 |=143-9.4
62 |51.8-58,8 | 57.4|52.7-63,2[3.2-10.2 | 4.6]-1.2-9.3
61, 57.1-58.9 56.,4]51,9-62,2|2,1-3,9 4,61-1,2-9,1
60 53.9-55.8 | 55.5(51.0-61.2]4,2-6,1 4,5 [-1,2-9,0
59 50,2-57.5 | 54.6[50,2-60,2|1,5-8.8 4,4]-1,2-8.8
58 55.5-57.1 | 53.7|49.3-59.2[0,9-2.5 4,3 |-1.2-8.17
2 48,5-54,8 | 52.7|48.5-58,1]2,2-8.5 4,3 [-1.1-8.5
b6 52,0-53.1 | 51,8/47.6-57.1]2.9-4.0 4,21-1.1-8.4
55 |46.3-54.6 | 50,9|46.8-56.1(0,4-8.17 4,1|-1,1-8.2
54 51,0-51 2 | 50.0[45.9-55.1[2.8-3.0 4,0-1.1-8,1
53 45,0-52,0 | 49,0[45.1-54,1|1,0-8,0 4,0]-1.0-7.,8
52 50,1 48,1f 44,2-53.,0| 1.9 3.9(-1.0-7.8
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In an effort do simplify the convgrsion of micro-hct to
Coulter ébhct Figure 3 was constructed, The o?ject was to
obtain an accurate estimate of the Model éDhct; The micro-
hct observed minus the calculated hematocrit units of dif-
ference would yield the estimated Coulter éDhematocrit. To

calculate the mean diffecrence the following procedure was

used:
Coulter éDhct
1« The average value of the ratio of mricro-hct
was determined and found to equal 0,925 or the
reciprocal of 1,08,

2. The Coulter §®hct was calculated by multiplying
the observed micrc-hct by 0,925,

3+« The calculated Coulter S®hct was then subtracted
from the observed micro-hct, thus yielding the
calculatég mean difference between the micro- and
Coulter hematocrits,
For example, at an observed micro-hct of 60 per cent one
would expect the average calculated difference between the
hct values of the two methods to be 4,5 hct units, All

calculated and observed values were based on the blood frcm

the phlebotomized CCHD donors.
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VISCOSITY STUDIES

The day, time and number of samples for Viscosity
determinations were regulated. Therefore, mamy of the
samples were ;efrigerated at 4°C until the viscosities could
be determined, It is common practice to assay samples within
8 hours of collection, Yet, from the data shown in Table VI
there seemed to be no correlation between the age of the
refrigerated samples (up to 72 hours) and the viscosity,

The viscositlies were measured at 2 different shear rates
(rpm). The results were as expected. Since the bloods
examined were very viscous, the more consistent_readings
were obtained at the lower shear rate of 12 rpm, The maxi-
mum scale readings ob@ained at shear rates of 30 and 60
rpmns were 10,28 and 5.14 centipoise (cp) respectively, The
highest reading at 12 rpm using the Wells=-Brookfield micro-

viscometer was 25,70 cp.
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TABLE VI

Viscosity Data

Mlcro- Model Viscosity (cp) at  Viscosity
Doror Het Het d, 1l2rpm 30rpm 60rpm Sample Age
S« Py 67 57.0 10.0 12,8 G = 72 hours
62 51.8 10,2 10,7 Gy
51 48,5 8.5 9.3 7.0 4,9
53 4540 8.0 8,2 6e3 4,9
S. P, 68 64,0 4,0 13,5 9¢9 —mme=—- 2 hours
62 5542 6.8 10.2 T.1 4.9
57 53.2 3.8 9.3 6.9 449
54 51.0 3.0 8.3 6.2 4.9
Te No 66 63,0 3.0 12,1 P — 50 hours
63 60.1 2.9 10.4 86 —==-um
59 55,5 3.5 9.2 7.5 =--em-
‘ 58 571 069 9.1  T43 ==--m-
Me Sa 617 5T.7 9,3 10,1 8,5 =—ece= 24 hours
63 57.4 5¢6 9.7 P R—
59 52,9 6,1 8.4 669 ======
A, Ho T4 67:7 602 14.5 —— —————— 72 hours
56 53,1 2.9 8.2 N
(Di1) 49 48.1 0.9 =-= 5.7 4.8
i 67 61.2 5.8 12,9 mm— ———— 48 hours
52 50.1 1.9 7.5 6.0 e
(bi1) 45 42,0 3,0 =-= 6.1 4,2
Me M, 59 54,7 4,3 10,4 8o6 mmmm 50 hours
3 L.
_égg%g.) 67 61,7 5.3 14,3 R 18 ho:rs

(conc.) T2 63.9 8.1 1404 o emeee
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TABLE VI cont,

Micro- Model Viscosity (ecp) at Viscosity
Donor  Hct Het do 1l2rpm 30rpm 60rpm Sample Age
J. H.
(cone,) T2 60,6 11,4 14,8 ==w= mmew~ 48 hours
Je Ra ’
(cone.,) 60 5645 3,5 10,7 8,7 ==e=== 48 hours
W. T, 50 44,3 5,7 7.1 5.5 4,8 24 hours
M, C, :
(cone.,) 61 56, 4 4,6 12,4 9,8 —e-a- 24 hours
R, W,
(conc,) 64 57.5 6¢5 12,2 ~==  ===== 24 hours

Ce M, 44 42,5 1.5 6.7 52 4,7 24 hours
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Figures 4 and 5 show a comparison of the normal hct
¥s viscosity (at 12 rpm) curve and the observed micro- and
Coulter éshematocrits vs viscosity from the CCHD and random
donorss 94,4 per cent of all of the micro-hcts vs viscosity
points fell within # 2 standard deviations of the normal
curve cgnstructed from the values given in Table I, However,
only 38,9 per cent of the Coglter éDhct vs viscosity points
fell within this same region, It must be remembered that
the normal curve for the viscometer used was constructed

using hematocrits determined by the micro-method.
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FIGURE 4
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FIGURE S
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A comparison of the whole blood viscosity and the micro-
and Model ézhematgcrits cf the phlebotomy subjects was
shown in Figure 6, 1t was found that a linear relation-
dhip existed between the Model SGEematocrit and the whole
blood viscosity., However, as mentioned in the Literature
Review, there was a linear relationship between the micro=~
hematocrit until a hematocrit value of 50 per cent was
reached, After the micro-hematocrit leve; exceeded 50 per
cent, the relationship became exponential,

When comparing the viscosities at numerically equivalent
nicro- and Model S®hematocrits one notes that for hematocrits
between 25 and {0 per c?nt the Mo§e1 S®corresponds to higher
whole blood viscosities, However, the corresponding micro=-
hematoerits result in lower whole blood viscosities, Yet
one must rememter that the Model ébhct values greater than
50 per cegt correspond to micro-hct value§ that on an aver-
age are 1,08 times as large. For example, a Model éDhct
of 55 per cgnt is equivalent to a micro-hct of approximately
60 per cent,

Curve B determined by the Model émhcts and viscosity
offers minimal assistancg in indicating clinically when phle-
botomy therapy is needed, Curve A appears to be of more
value clinically since the critical point of the exponential
increase in whole blood viscosity can be seen, Therefore,
curve A may be-more useful in indicating the need for phle-

botomy therapy:
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The limited data presented in Figure 7 permit an
evaluation of the effect of viscosity on the.difference
between the micro- and Coulter §Dhematocrits. No direct
correlation could be seen in the differences in hematocrit
units between tbe two methods and the increase of whole
blood viscosity, Additicnal samples must be examined before

definite conclusions can be drawn,
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FIBRINOCER STUDY

Charm (18) and Wells (17) reported that there wes a
correlatiocn between the ;ggregating tendencies of red cells
and the fibrinogen level, The differences between the micro-
and Coulter éihcts were examined to determine whether the
cause of these d?fferences was due to elevated fibrinogen
levels, However, no such correlation could be established
in this study., The amount of trapped plasma in the centri-
fuged micro-hct seemed more related to the hematocrit level

than to the fibrinogen level (Figure 8),
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MEAN CCRPUSCULAR VOLUME AND RED CELL CCUNT ¥vs VISCOSITY

The Coulter ébhct is calcglated from the product of
the M@V and the red cell count, The study was extended to
the examination of the relation of the number of red cells
and the MCV to the viscosity (Figure 9). The data collected
showed that there was a direct (exponential) relationship.
between the number of red cells and whole blood viscosity,
In addition, it was found that there was an inverse rela-
tionship between the size of the red cell and the number of

red cells required to produce a specific viscosity,
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There is a marked difference between the Coulter SGD
and micro-hematocrit values in children with cyanotic con-
genital heart disease, A comparison of the hematocrit values
obtained using these methods showed that a difference as
high as 10,2 hematocrit units may exist,

Monitoring the hematocrit is very important in the
clinical detexrmination of the degree of polycythemia in
these children, An increase in the packed cell volume deter-
mined by either method was acco?panied by an increase in the
whole blood viscosity, However, the data showed that the
micro-hematocrit value gave a more accurate indication of
the degree of polycythemia, In addition, the increase in
the micro-hematocrit was shown to'more closely parallel the
increase in whole blood viscosity.

The decreased accuracy of the Coulter §®hematocr1t in
clinically assessing polycythemlia and increased viscosity
was probably due to the 1:50,000 dilution of the whole blood
eliminating the effects of the factors that influenced red
cell packing and viscosity (70),

Since only 6 cyanotic congenital heart disease dhildren
were obtained for phlebotomies, anotber donor group was
selected (see Methods and Materials), It was found that a
significant difference existed between the bloqd cells of
the normal donors and those of the CCHD donors, Concentra-
tions and dilutions did not produce comparable conditicns
in either population, Therefore, the aggregating and pack=-

ing tendencies of the red cells from each population were

different,
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Several explanations for this difference exist, Accord-
ing to Dintenfass(29) the aggregation and packing tendencies
of erythrocytes are influenced by the rigidity of the cells,
which in turn, is.related to the cell contents as well as
the cell membrane, Jacobs (33) showed that the cell membrane
is capable of moving around the cell content, The evidence
for this lies in the fact that the packed cglls possess a
Viscosity much lower than would be expected.,

It has been suggested that microcytic hypochromic red
cells differ fron normgl red cells in their rheological pro-
perties, In this case, the visccsity of the cell contents,
i.,e.,, hemoglobin, is the controlling viscosity factor, 1In
two studies by Dintenfass (24, 41) the internal viscosity of
the normal red cel} was examined and found to range between
1 and 6 centipoise, This estimate inélgded the cell membrane
effects as well as hemoglobin viscositf; An assessment of
hypochromia and microcytosis should be made to determine the
affect each might have on whole blood viscosity.

It was thcught that storage might have had an adverse
effect on the integritonf the re? cell membrane, thereby
affecting the viscosity, However, insufficient data were
available to ascerta;n the effect of storage on the viscosity
of the blood samples, Whole blood was suitablé for red
cell counts; hemoglobin and hematocrit determinations for
24 to 48 hours if stored at 4°C (1). Therefore, with these
measurements unchanged by siqrage one would expect no sig-

nificant change in wviscosity,
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As indicated in Table VI some samples did not have the
viscoslty determination performed until 72 hours after the
phlebotony, It was noted that in ones patient who had had
t®o phlebotomies, there was no difference in the whole blood
viscosity of the blood samples with comparable nicro-hema-
tocrips evegthough the ages of the samples were 2 and 72
hours, Yet, despite the equivalent_micro-hgmatocrits the
Coulter S hematocrits differed by 5,4 units, Furtpermore,
the red blooq cell counts differed by as much as 1,28
nillion/ mm3,

One major question was raiseds what events occurred to
change the packing characteristics of the erythrocytes in
this patient? It was shown that the differenc§s between
the micro-hct and Coulter éDhct changed from 8,3 units after
the first phlebo?omy to 3,4 units after the second phlebotomy
six months later, Nq medication had been administered prior
to either phlebotomy, F%Toth phlebotomies were performed in
the same manner with the micro-hct and Coulter éshct deter-
minations done withis thirty minutes of the sample withdrawals,
The only difference observed in the patient during the phle-
botomies was the fact that quring‘the first phlebotomy the
patient was relatively calm. Yet, during the second phlebo-
tomy the patient was very upset and tended to hyperventilate,
Could the hyperventilation have beemn sufficlient enough to
enhance the oxygenation of the circulating red mell aggrecates,

thereby changing the venous pH from acid to alkaline?
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Oxygenation of "sludge" causes a decrease in the number
of red cell acgregates being formed, This explanation was
supported by the data obtained by Dintenfass (27). The
range of pH chosen for his study was 6.9 to 7.4, The lower
1limit corresponds to blood pH.observed in babies with acute
respiratory distress syndrome, Actually the localized blood
PH can be seen lower in a number of conditions in which
trapped red cells and localized stasis exist,

His study utilized both adult and fetal blood, The
fetal blood was obtgined from the cord and placenta immedia-
tely after deliveryf Adult blood was drawn by venipuncture,
In the first series, the metabolic pH changes were induced
by additions of sodium hydroxide, hydrochloric.acid and bi-
carbonate solutions in isotonic concentrations, Packed cells
were preparcd by centrifugation, pH a@justed, and then hema-
tocrits adjusted to the required ones, Blood pH was measured
with a radiometer pH-meter, It was shown that a decrease of
pH 1e§ to a pronounced increase of viscosity at all rates of
shear, It was also shown that at hizh hematocrits the vis-
cosity elevation at low pH could be attributed both to an in-
crease in the rigidity of the red blood cells and tc their
aggregation, These results were common to both fetal and
adult bloods, A pronounced decrease in th? fiterability of
blood with the fall of the pH was observed,

There was a further effect to consider that was men-
tioned; namely; that, due to an increase in the rigidity of

the red blood cells, an apparent increase of hematocrit took
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place, A fall in pH of blood by 0,5 units was accompanied
by a rise in hematocrit (micro-method) of about 15 per cent.
The effect of the pH was attributed to the increase in vol-
ume‘of the red cells and a change of their shape to spheri-
cal, the swelling being due to the entry of andions as the
PH decreased in accordange to equilibria with the degree of
ionization of hemoglobin, Human red cells do not act as
perfect osmometers and resist swellingL The effects of
tonicity on the viscosity of the red cell were due to the
fact that the internal viscesity of the red cell increases
during crenation while swelling of the red cells in the
hypotonic systems lead to higher tension in the red cell
membrane, Both these effects resulted in an inc?eased vis-
cosity and looser packing of the red blood cells,

Since the 1:50,000 dilution in an isotonic medium re-
stores the red blood cells to their original size (70) and
the rigidity of the cells have no effect on the measurement,
the Coulter S hemstocrit would not be elevated., Therefore,
the degree of polycythemia and increased viscosity yould not
be reflected accurately by the Coulter §9hematocrit.

However, other data provided by the Coulter éDmight be
used to assess the degree of polycythemia and increased vis-
cosity, As stated previously there is an inverse relation-
ship i'etween the mean corpuscular volume and the pumber of
red cell required to produce a specific viscosity, A graph
such as Figure 9 that incorporates the MCV, erythrocyte

count and whole blood viscosity could prove useful in esti-
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mating the viscosity in patients being monitored, In this

instance the red cell count wculd be indicated as more valu-

able than the Cculter gbhematocrit in monitoring the degree

of polycythemia in cyanotic congenital heart disease children,
Perhaps venous pH and red cell filterabilitiy in con-

junction with whole blood viscosity, micro-hematocrits and

red cell counts migsht give a more accurate delineaticn of

the patientfs circulatory status and need for phlebotcmye

In addition, the determination of glutathione and ATP levels

might give indications of the degree of rigidity of the cells

which in turn influence the viscosity of the blood, All

of these factors influence the assessment of the degree of

polycythemia and whole blood viscosity



SUMMARY AND CONCLUSIONS
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Monitoring the hematocrit is very important in the

clinical evaluation of the degree of polycythemia and the

need for phlebotonmy therapy., We have noted significant

differences between the Coulter Sggnd micro-hematoerit values,

These hematocrit values differed by as many as 10,2 hematocrit
units, with the Coulter Model émyielding the lower value,

The difference between the hematocrit values of the two
methods was virtually unaffected by the fibrinogen concen-
tration,

The red blood cell count with the MCV proved to be of
more value than the Coulter éghematocrit in assessing the
degree of polycythemia and incregsed viscosity in cyanotic
congenital heart defect children., There was an inverse rela-
tionship between the MCV and the number of.these red cells
required to produce a particular viscosity,

Simple dilutions and concentrations of normal blood
did not result in eguivalent ratio values of micro-hct to
Coulter éahct when compareq to the values obtained using
the blood from CCHD donors. This indicates that the dif-
ferences observed were not simple dilution or concentration
phenomena,

Finally, the data in this study suggest that the micro-
hematocrit is a more reliable and aecurate measure of the

degree of polycythemiaj; but that other parameters may bes

measured and used concurrently to determine the need for

phlebotomy therapy,
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