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o During acute anemia, the average distance between red cells -
\
,: necessarily increases. This must be true in the microcirculation as
o well as in the general vascular spaces. It has been proposed that, as
1. a consequence, there might be regions of hypoxia between red cells
::.’! passing single file through small vessels (Homer et al., 198l1). The

degree of hypoxia is determined in part by the length of the spaces

s 'r.
e between the cells. It was our purpose, in the experiments to be
T~ ,

o ~ described, to obtain some measurements of the relationship between
:':: systemic hematocrit and red cell spacing. We have used these
:‘.‘-..' measurements to determine with what degree of anemia one might

.:’ reasonably expect the occurrence of detectable oxygen gradients,
e METHODS

e
3

-J:t Rats weighing 280 to 395 g were anesthetized by intraperitoneal
‘ )' injection of 0.6 ml/kg of a solution containing 100 mgm/ml of
":c': dial and 400 mgm/ml of urethane. A small polyethylene catheter was
¢

“~
f: inserted in the right jugular vein to permit withdrawal of blood or
o
A3

i infusion of fluid. A catheter with a thermistor bead mounted on the
o

'{ tip was threaded into the aorta through the left carotid artery. A
:‘::: portion of the tail was shaved with a razor blade, removing old skin -
' until the region was pink and scattered points of bleeding could be
:::,: seen, The tail so prepared was mounted on a microscope stage and held
-:':; fixed by its sides. A drop of saline was placed on the shaved skin and
SN .
a
)
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covered with a glass cover slip. The rat was next given 4 ml of a 6%

L;éj solution of human albumin in Ringer's lactate solution. While this
is; injection was allowed to mix into the rat's circulatio; for 15 minutes,
o video recordings of a micrometer scale were made for subsequent

Sig calibration and a field suitable for recording was found. We sought

2?: capillaries 5 to 10 m in diameter with vigorous flow, in which it

LAY

S appeared red cells would be forced to travel in single file. Next,

}:ﬁ duplicate cardiac output determinations were made by thermal dilution.

i}; Then a 15-second video recording of the chosen field was made. After

i%b ) this, 4 ml of blood was withdrawn. The last 2 ml were used for the

%%f{ hematocrit measurements. Immediately afterwards, 4 to 4.3 ml of the

:?; albumin solution were given and a waiting period allowed to elapse

vlif before repeating the cycle of cardiac output measurement, video

J¢:{ recording, blood withdrawal, fluid replacement, and a waitiang period.

;§3$ Cycles were timed to take 26 minutes all together and were continued

:i£§ until at least one hematocrit measurement fell below 207%.

:) a The arterial thermistor used to determine cardiac output also served

;&is to measure body temperature, which was kept near 37° C with a heating

.;EIE pad, supplemented, as necessary, with a light bulb in a gooseneck lamp.

' ‘;: The microscopes used were equipped with a Leitz Ultropak
illuminator and a 22X objective with a mumerical aperture of .45, or
with a 24X objective having a .65 numerical aperture, which was used

t;t¢ with a Leitz Ploemopak vertical illuminator. A broad band filter with

60% peak transmission at 400 mm and one-half bandpass of 70 nm was

I
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placed between the microscope objective and the camera tube to enhance
contrast between red cells and plasma. The mic;oscope image was
focused on the tube of a Cohu 4410/ISIT television camera without an
eyeplece or other lens between the objective and the face of the camera
tube. The camera signal was passed through a time and date generator
and recorded on a Panasonic NV-8030.te1evision tape recorder. A
television monitor was used to focus the microscope and select areas
apprppriate for recording. We used a xenon arc lamp driven by a
Strobrite 3015 stroboscope to light the field. While focusing, the
flash frequency was adjusted to approximately 69 Hz to match the

_ vertical scanning frequency of the television camera. Recordings were
wade with the camera auto-gain turned off and the flash running at near
20 Hz, thereby illuminating the field at approximately every third frame.
After the experiment, the videotape was played into an Eigen 16-10
video disc, which in turn was connected to an Eyecom II image analyzer
interfaced to a DEC PDP 11/40 digital computer.

Our selection of video images for analysis was neither systematic
nor completely random. A l0-second segment of the original recording
was transmitted to the video disc. Had our flash been synchronized with
the vertical retrace of the video signal, 200 of the 600 frames would
have been properly exposed. Each of 200 frames following the
well-exposed frame would appear badly faded, and the next frame dark.

Because our flash frequency was autonomously controlled and oanly

haphazardly synchronous ..th the camera, many of our frames were
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partly dark, partly well-exposed. If the vessel to be studied was so
divided, the frame was not used. With this restriction in mind,
samples from suitably exposed frames were taken at approximately equal
intervals throughout the 10-second recording period, and the sums from
mltiple frames pooled to give a single set of numbers for each
experimental period.

The digitized television picture had a field of 300 to 400 um in
the horizontal direction and a pixel spacing of about 0.5 um.
Calibration factors were not quite the same in the vertical direction
as 1n the horizontal'direction, and values reported here have been
calculated using interpolations based on separate calibration factors
in the two directions. To begin the analysis of the digitized image,
a skeleton of the central axis of the vessel being studied was drawn
using a cursor controlled by a joystick and an interactive computer
program. Once the skeleton had been drawn, the program examined the
intensities along a 21-um line at right angles to the skeleton,
and computed the average intensities of the inner 7 um covering the
vessel and the average intensities of an outer 7 pm on either side. If

the average in the central 7 um was 5% darker than the averages on the

outside, this was classified as lying over a red cell. Otherwise, it was

classified as a plasma space. By moving this line along the length of
the vessel, the program compiled the lengths of alternate spaces of
light and dark. The sums of light and dark lengths were found, as

well as the sum of squared lengths and the number of alternations from

light to dark segments. Finally, the program marked {ts selected
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light spaces for visual verification. The only instances in which we
found it necessary to reject the program selection occurred when the
axis had been poorly ma;'ked or had shifted between measurements. By
summing lengths from many frames, the total capillary length sampled
for each hematocrit determination was never less than 780 um, with a
median sampled length greater than 1500 ym. This algorithm was
developed and tested using pilot studies not reported here and gave
results agreeing with visual judgments of spacing whenever the spacing
was distinct. It provided a consistent procedure, not requiring
decisions on the part of the observer, whenever precise location of
the transition from a light space to a dark space seemed difficult.
It provided a much more rapid analysis than would have been possible

with manual measurements.

ANALYTICAL METHODS

For our quantitative analysis we have used several simple ideas
relating systemic hematocrit to the lengths of light and dark segments
observable in the caplillaries. Systemic hematocrit, H, must be, on the
average, related to the microvascular cell flow, F., and the plasma

flow, Fp, by the expression,
H = F/(Fo + Fp). [1]

Capillary hematocrit will generally be smaller than systemic hematocrit,

but the mass flow fraction in the capillary for cells is close to the
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systemic hematocrit (Klitzman & Duling, 1979). The sum of the clear
spaces between lengths of cells traveling single file through the
capillary ig Lp, and the sum of the cell lengths is Lc. We assume flow
is occurring in a circular section of radius, r, at a linear velocity x.
We also assume that a cell occuples only a fraction, a, of the available

cross section. Then,
Fe = amr’x Lo/ (Le + Lp), (2]
Fp = 1rx(Le(l = @) + Lp)/(Le + Lp)- [3]

We assume a central plasma vélocity that is the same as red cell
velocity. According to this model, if a still layer of plasma exists at
the periphery, the average plasma velocity would be lower than the
observed red cell velocity, and the.microvasculat hematocrit less than

the systemic hematocTit. Using these three equations we may obtain,
H = ale/(Le + Lp)- [4]

We may also obtain an expression for the clear fraction, Lp/(Lc + Lp),
which we call f.

f = (a- H)a. (5]
Equation 4 should also hold for the average dark length, 1., and the

average light length, lp,

lp = lc(a - H)/H. (6]
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If the cells are nicely separated, 1l; will be a constant the size of
the cell for all hematocrits. In attempting to use Eqs. 5 and 6

to analyze our data, we quickly discovered that at high hematocrits,
cells are close enough together so that chains of cells appear as a
single, unbroken, dark strip several cells in length. We also found
that a was not constant. Thus, to Eqs. 5 and 6 we add the empirical

expressions,

a= e_(bl + bZH), and 71

lc = b1 + (b“a)bs). (8]
This gives us five coefficients to estimate by fitting Eqs. 5, 6, and
8 to the data for £, 1lp, and le. We obtain 1, from the data by dividing
Lp by the number of clear spaces observed. The value for 1. is
calculated in an analogous manner. The differences between the
logarithms to the base 10 of the observed and estimated values of f, 1lc,
and 1p give rise to a vector of errors, ef, e., and ep. We assume
these errors to be distributed approximately as miltivariate normal
errors with common variance 02 and covarilances pij°2 between ey and
ey We estimated the five b parameters, the covariance matrix of the
errors, and the parameter covariance matrix by the method of maximum

likelihood (Kendall & Stuart, 1963). Univariate least squares estimates

were used in fitting models to the logarithm of the average squared

LSRN
EI*: clear length.
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- RESULTS

e

fuﬁx The use of a 400-nm broad band filter wade hemoglobin appear very

;22 dark, while surrounding tissue was light. The numerical aperture of

,: the objectives used should give a maximum resolution only slightly

v

;x; better than the l2-ym pixel spacing used. Therefore, at high hematocrits,

e

-:.‘ 3 individual red cells were usually not clearly separable, whereas at low

- hematocrits, individual red cells could be seen as dark spots with fuzzy

e

-::i:: edges. Gaps less than or equal to 1 ym were detected in most of our

‘:::::: experiments at the higher hematocrits. The diameter of the vessels

~_ studied ranged from 5 to 10 ym. The rat tail showed no detectable

'\':'_Z: motion due to respiration or cardiac pulsations. Axial skeletons drawn

"f'_-’ to define the center of the vessel did not usually require repositioning
during a 10-second sampling perfiod and no frame was ever rejected

L] _-'

:i[:: because of focusing changes during such a period. Successive

g

‘:::. collection periods usually did require the tracing of a new axial

b

) skeleton, but the movement amounted, at most, to tens of microas, and

~.: .

“‘-:-f verification that the same vessel was being used from period to period

8

,,,. posed no difficulty.

2y

. Of ten successive experiments, only six have been used for

.7

h;"/._: quantitative analysis. One experiment was re jected because hemorrhage

W "

R, in the field obscured our view in the middle of the experiment. -

S

9. Another was rejected because the coverslip was jostled, and we could

\_ not be certain of again finding the field we had begun to study. A

~ e

.

{:. third is omitted from our report because flow simply stopped during
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the experiment. The fourth was dropped because we were unable to make
cardiac output estimates or monitor and control body temperature.

One of the fields had two vessels that could be studied, so we report
here on measurements made on seven capillary segments, 140 ym to 210 um

in length, obtained from six different animals. All together, we

present results from 36 measuring periods at hematocrits ranging from

-44 to .11,

PLASMA SPACES BETWEEN CELLS

At the beginning of the experiments, red cells filled the
capillaries to the point where gaps were small and inconspicuous. As
the hematocrit was lowered, the vessels appeared lighter, gaps were
easily seen, and individual red cells could more often be
distinguished. While all vessels followed this general schenme,
quantitative measures varied greatly. This is illustrated by results
Erom the experiment with‘two vessels in the same field. At the
beginning of the experiment, with a systemic hematocrit of .44, the
first vessel consisted of 9% plasma gap and 91X of the length darkened
by red cells, with an average gap length of 3 uym. At the end of the.
experiment, with a hematocrit of .ll, this vessel was 62% plasma with an
average gap of 9 im. The adjacent vessel began with a 3Z plasma gap of
9 im average length, and at the end was still only 27% plasma with an

average gap of 8 um.
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L Figure 1 shows the values of f plotted against hematocrit and the

maximum likelihood estimate of £ shown as a line.

1

el
GAP FRACTION - MICRONS

. 0 01 02 . 03 04 05

o FIGURE 1. Fraction of capillary with cell-free gaps. Circles represent
o data points, f. The line is the maximum likelihood estimate of f based
Tt on the parameters of Table 1 and Eq. 5.

- Figures 2 and 3 display similar plots for average clear lengths and

:{\4 average dark lengths.
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100

10

GAP LENGTH - MICRONS

FIGURE 2. Average length of cell-free gaps. The average gap lengths
measured are plotted against hematocrit. The maximum likelihood

estimate of 1p (Eq. 6, Table 1) is shown as a line.

100 1 8

DARK LENGTH - MICRONS

10
o

1 L] v U T
5 0 0.1 02 03 04 05
% . HEMATOCRIT
>y
= FIGURE 3. Average length of dark segments. The average length of dark
S capillary segments is plotted against hematocrit. The line is the
b maximum likelihood estimate of 1, using Eq. 8 and Table 1.
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%, | %
o The variances for eg, e;, and e, were not statistically distinguishable from
D) one another using a likelihood ratio test (Kendall & Stuart, 1961) (P>0.25).
:fif The estimates from the maximum likelihood fit are shown in Table 1.

Sy

- 4

TABLE 1. Parameters of maximum likelihood estimates

1)

2! b, 1.74+.13

o
uft b, -2.30%.36
.._'\ b3 8-31‘3-8

o

i b, 4.3%2.1
- b, 2.61.4
L3
o’ .304+.033

RS
p Pef -.815+.077
:;:: Pep - .49*.16

- PEp .68%.13
2o

ﬁx} We also used a likelihood ratio test to evaluate the hypothesis that a,
N

e
2 the average cross section occupied by a red cell, was constant. This we

) .

i\t re jected (P<.0001). The hypothesis that 1. is constant rather than
SN

;::j changing with hematocrit was also evaluated and rejected (P<.0001).
'.r::.'

;’55 Table 2 shows maximum likelihood estimates for 1, lp, f, and a at

:
7,
A
Va2

different hematocrits.
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TABLE 2. Maximum likelihood estimates and standard errors

Systemic A A A "~
Hematocrit a lp u l. f
.1 .222+.022 11.3#3.7 9.3%2.3 .549%.045
.2 .279+.018 5.56+.87 14.0£2.9 .284+.047
.3 .352+,013 4.20%.69 24.4%4.9 .146%.031
.4 442,014 4.44%.63 42.0%9.1 .096+.028

Also shown are estimated standard deviations for these parameters,
obtained by applying propagation of error formulas with the parameter
covariance matrix of the likelihood estimation. Table 2 indicates that
the red cell fills almost half of its capillary cross section at a
hematocrit of 0.4, but at a hematocrit of 0.1 it fills only a quarter of
the available cross section. The average length of dark sections
diminishes from 42 m to about 9 ym as the hematocrit falls from 0.4 to
0.1. On the average then, these dark sections represent strings of six

or seven cells at high hematocrits, but often must be single cells at

1low hematocrits. The fraction of the capillary occupied by clear spaces

rises roughly in proportioﬁ to the change in hematocrit. To within the

variability of the estimates, the clear fraction at a 0.1 hematocrit is

.about 4 times that at 0.4. Unfortunately, the average clear length is

not determined with similar precision over the entire range of -
hematocrits. Between .4 and .2, however, the average clear length does

not double. One simple explanation is that our method was unable to

13
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', ) consistently resolve spaces smaller than 1 um, which may have been
-
,o
A present between some of the red cells appearing unseparated. This would
0y
h%: lead us to spuriously large estimates of lp at high systemic
ARY
el hematocrits. For the purpose of calculation of an average or gradient
R
,i&{ between red cells, this would be of little importance since the
1 ﬁ.
Ti:: gradients in such small gaps are small enough to ignore.
For the calculation of oxygen gradients in the capillary, we must know
;.'-‘.;1
s the square of the distance from the hemoglobin of the red cell. The dark
::: lengths we assume are rich in hemoglobin. The center of long, clear spaces
i:f, spaces is far from hemoglobin and should have a POy lower than the PO in
oy
‘ti. or near the dark lengths. We name as x the distance from the center of the
L h
§if clear space, P, is the oxygen partial pressure at the cell surface, and
! A is a tissue constant (Homer et al., 1981). The partial pressure at x is,
" 2 2
Py = Po + (A/2)(x" - (15/2)7). (91
U]
:‘.h‘i.,
ji'.
) At the red cell edge, x-lp/Z and Py=P.. Py is at a minimum at x=0, and
‘)gj may be computed using x=0 and 1p taken either from data or from our
v.r::J .
ifsj estimates of 1l or 15. To compute Py, li is required. If 1p is
e constant, then the average value of 1; will be the square of lp, but
.l .
Agj; if 1p is a random variable, then the square of the average of 1p will
‘Hn\\'
> o . 2
1’~q generally be smaller than the average of 1 . For this reason, we also
K P
o did a regression of the lo (12) against the log (b‘Ez) where 1; was
9. 8 8105 1046 p”?
i:;- the likelihood estimate of 1p previously obtained (as shown in Fig. 4).
f-'.:
(4 We found b =3.9%1.0.
o
[ 2o "
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SQUARED GAP LENGTH

0.1 0.2 03 04 05
HEMATOCRIT

FIGURE 4. Average squared length of cell-free gaps. The average of the
squage of gap ;gpgth is plotted against hematocrit. The line represents

3.9 1& , where 1, is the maxiaum likelihood estimate of Eq. 6.

At a hematocrit of 0.4, the average squared length was 78 umz; At a
hematocrit of .1, the average squared length amounts to 500 umz-
Standard deviations, in either case, are approximately 26%.

Cardiac outputs averaged .369+.010 ml/min-gm body weight at a hematocrit

of 0.4, and rose about 15% to .429+.010 as the hematocrit fell to O.1.
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DISCUSSION

The preparation of shaved skin was chosen for its simplicity. It is
surely not normal. Near points of bleeding, capillary stasis was often
seen. A few millimeters away from points of bleeding, cell velocities
calculated in a few instances were above .l cm/sec. We searched for
‘capillaries in these regions of high flow. These high flows possibly
reflect a response to nearby injury. While capillary hematocrit has
been reported to change with high flow, mass flow of cells presumably is
still proportional to systemic hematocrit (Klitzman & Duling, 1979). We
are not aware of other measurements of intercell spacing in acute anemia
with which we might compare our results.

The parameters 1. and @ are not comstant but change with hematocrit.
This means that if we try to fit a model to the data, assuming 1. or o

- or both are constant, we find that the resulting estimates of 1p tend to
lie below the data points at high hematocrits and above them at low
hematocrits. To correct for this, we generalized the model with which
we began. The factors lc and a depend on hematocrit, as depicted in
Eqs. 7 and 8. At high hematocrits, a dark length consists of six or
seven cells, whereas at low hematocrits the average dark length
approaches the dimensions of a single cell. At high hematocrits, cells
frequently overlap one another or are so close together we are unable to
resolve them separately.

The factor a diminishes as hematocrit diminishes. This factor

represents the average fraction of the capillary cross section occupied
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R TR T WA TIR YT T TR MG TR R T W T TR T T TR T TR T S YT TR TS TR T e T Te . N e e T TR R e R R e e * & W <« = 7
)

s 8

'35; by a length of dark hemoglobin-rich cells. Several possibilities exist
it to account for this. Unresolved plasma gaps would give smaller
;E%a estimates of a. If these unresolved gaps were, on the average, smaller
fiz' at high hematocrits than at intermediate hematocrits, we would perceive
_73. a decline in a. Genuine changes in the filling of the capillary cross
.?E; section by red cells are, of course, also a possibility.
SE; Uncertainty in the interpretation of a does not invalidate our
- estimates of the relationship between systemic hematocrit and observed
Eﬁ; gap sizes. 'Average plasma velocity in vessels less than 30 um may be
Ei; 30% lower than red cell velocity (Baker et al., 1980). Our model
;f% supposes that this discrepancy may be represented by a central plasma
- flow identical to red cell flow and a peripheral plasma layer that is
stationary. Such a stationary layer has been suggested as an
explanation for the discrepancy between small vessel hematocrits and
3&‘ large vessel hematocrits (Klitzman & Duling, 1979). Velocity profiles
f;; of blood flowing in glass tubes as small as 30 um in diameter are
‘)‘ flatter than the parabolic shape to be expected from an ideal fluid
':?; (Gaehtgens et al., 1970). Theoretical studies also indicate that
Eé'A flatter flow profiles are to be expected (Lew & Fung, 1970). Taken
::?‘ together, these papers encourage us to believe that modeling plasma flow
;E; as a core having the same velocity as red cells and a stationary
j?; peripheral layer should provide an approximation suitable to our -
-; application.
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v, The variability in the size of gaps 1s great and is important to

"if the assessment of the physiological role of cell-free gaps in acute

tiz anemia. Figure 5 shows the expected drup in oxygen tension from a
g, cell to the center of a gap.
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. FIGURE 5. Maximum drop in oxygen tension in cell-free gaps. The lower
o line represents the use of the square of average 1p to Eq. 9. The
Vo top line shows the calculated 02 drop, when the average of 2 ig used

- in Eq. 9. A was 1.1 mmHg/p2 for both curves (Homer et al., 1981).
o :
L
. Ao
fﬁ? The bottom curve is obtained by using the square of the average gap (lp)
v e
igf in Eq. 9 at x=0, the center of the gap. The top curve comes from using
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fi the average squared gap (3.9 1;) in Eq. 9. The difference is clearly
:* large, and plainly agrees with one's visual impression that red cells
are not evenly spaced along the capillary. With large cell-to-plasma
gradients, the PO in the center of the gap approaches zero and the
approximation of Eq. 9 becomes poor.
a; A capillary with constant total plasma length, fragmented randomly
i; into plasma gaps by a fixed number of dark segments, would be expected
] to have an average squared gap length just twice the size of the mean
}i gap length squared (Homer et al., 1981). 1In the capillary, the total
;. plasma length varies as does the number of intervening dark segments, so
4 that gap sizes would be more variable than this idealization. The
;_ observed ratio of the average squared gap length to the square of the
;? average gap length was 3.9%1.0. This ratio is abqut what one would
expect if the gaps were randomly distributed, with a tendency towards
?“ some greater number of very small and very large gaps than would arise
Ei from a perfectly uniform distribution of gap sizes. This great
b variability in gap sizes means that even at hematocrits of .4, gaps
.5 : large enough to harbor POy gradients of 20 mm Hg would not be rare.
E Consider a capillafy segment 200-ym long with 0.1 of its length occupied
J‘ by plasma gaps as predicted for a hematocrit of 0.4. With an average
:fi gap length of 4.4 im, we would expect a random snapshot of this
%2; capillary to contain, on the average, 4 or 5 plasma gaps. Taking into -
‘; account the variability in 1lp, we would expect about 15% of the gaps to
Ei exceed 12 im, and hence have a mid-gap POy about 20 mm Hg lower than the
é.
“
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enclosing cells. Somewhere between one-half and one-~third of our
snapshots would contain such a gap. Calculations of this sort are not
affected by our failure to detect small gaps between strings or red
cells at high hematocrits. The frequency of large gaps (and transient
low PO2s) expressed in this way does not depend on undetected small
gaps. Average capillary PO2s also may be calculated from our data with
little distortion because of the undetected small gaps. The average
PO2s will be the sum of the average calculated from Eq. 9 and our data
multiplied by the detected gap fraction, plus red cell PO2 multiplied by
red cell fraction, plus undetected gap PO2 multiplied by undetected gap
fraction. But the PO2s in small undetected gaps will be the same as for
red cells and, hence, inclusion of these gaps with the cell fraction
will not alter the calculated average capillary PO2.
The variable size of the gaps might be thought to contribute to

the great scatter observable in Figs. 1 through 5, and indeed it
must. In magnitude, however, we have calculated that the greater
portion of the scatter seen in these figures arises from some other
source. The distribution of gap sizes varies from capillary to
capillaiy. Some of this may be variation from time to time, or
variation between capillaries in different places, or even variability
between animals. Our experiments were not designed to sort out these
possibilities.

With new optical techniques for the measurement of PO28 in cells,

gradients greater than 20 mm Hg should be detectable (Benson et al.,

20
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1980). The increase in average gap size with decrease in hematocrit
proved to be less than we had expected (Homer et al., 1981), but still
large enough to provide potentially detectable oxygen gradients. The
physiological significance of such gradients, 1if indeed chey‘exist, is
harder to assess. As described previously, they may account for the
fact that in acute anemia, hemoglobin solutions with P50s well below
that of the red cells still are effective in delivering oxygen to
tissues (Moss et al., 1976). We had not previously considered that
oxygen gradients in plasma gaps were likely to be of any importance in
the delivery of oxygen to tissues at normal hematocrits, but the great
variability in gap size means that the endothelial wall may be exposed
to brief, but fairly frequent, sudden drops in PO2. It is difficult for
us to believe that these transients can be of much direct importance in
the delivery of oxygen, but they could provide regulatory signals. .A
given endothelial cell would be exposed to pulses of Oz changes, whose
frequency, magnitude, and duration amight condition the release of
metabolites signaling for some modification of these factors. 1In any
case, if the existence of such gradients at normal hematocrits were to

be confirmed, we should certainly be obliged to invent this or some

other purposeful explanation for such an interesting observation.
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