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The effect of direct cardiac massage on peripheral blood erythrocytes is examined. A
significant increase in the count of transitory reversible forms of erythrocytes is observed
after 1 h of direct cardiac massage without no significant changes in the hemoglobin
content, hematocrit, and erythrocyte and reticulocyte counts. It is concluded that direct
cardiac massage produces less severe damage to erythrocytes than other means of assisted

circulation.
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A relationship between erythrocyte damage and pro-
gressive microcirculatory disorders upon artificial
[1,5,7] and assisted circulation [6] has been estab-
lished. However, the information regarding the effect
of direct cardiac massage (DCM) on peripheral blood
erythrocytes is scanty.

Our goal was to examine the state of erythro-
cytes and their count upon DCM.

MATERIALS AND METHODS

Experiments were performed on 10 mongrel dogs
(body weight 8-10 kg) maintained under the standard
vivarium conditions.

After droperidol premedication, pentobarbital
(30-40 mg/kg) and intubation anesthesia were pro-
vided, and neuroleptic analgesia was used during
experiment.

Central Research Laboratory, Siberian Medical University, Tomsk

Routine thoraco- and pericardiotomy were per-
formed, and the heat was exposed. Direct cardiac
massage with an appropriate assistor was started after
a 10-min heart arrest. The massage lasted 4 h. Hemo-
dynamic parameters were monitored throughout the
entire experimental period.

Blood was collected from the femoral vein im-
mediately before, 1, 2, and 4 h after the start of
DCM. Hematocrit, hemoglobin content, and erythro-
cyte and reticulocyte counts were determined by
conventional methods. For identification of the lipo-
protein complex blood smears were stained by the
method of Barenbaum (1956), and light absorbance
was measured in a LYuMAM-I2 microscope by
one-beam photometry at 590 nm. Preparations for
electron microscopy were processed by routine
methods and studied in a REM-200 electron micro-
scope [3.4].

The results were analyzed using Student’s f
test.
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DCM, h
Parameter Before DCM
1st 2nd 4th
Hematocrit 0.41+0.03 0.3910.07 0.40+0.03 0.38+0.07
Erythrocyte count, %10'¥/liter 6.65+0.38 6.08+0.93 6.10£0.58 5.81+0.47
Hemoglobin, g/liter 159.2£10.4 149.6+£15.4 137.6x11.4 145.6+12.5
Reticulocytes, %o 2.75+0.75 5.5011.89 4.20+0.74 4.60+1.08

RESULTS

There were no statistically significant changes in
hematocrit, hemoglobin content, and erythrocyte and
reticulocyte counts during DCM (Table 1), although
these parameters tended to decrease throughout the
experiment. By the first hour, erythrocyte count
decreased by 8.7%, hemoglobin content by 6.0%,
and hematocrit by 5.3%. During the second hour,
erythrocyte count and hematocrit remained stable and
slightly dropped by the fourth hour. The hemoglobin
content was minimal after 2 h of DCM, then it
slightly increased to the level of 91.5% of the initial
value. It was reported that artificial circulation de-
vices [1,5,7] and some assisted circulation techniques
(central and intra-aortic counterpulsation and intra-
ventricular pulsation [6]) induce much more pro-
nounced changes in these parameters.

Scanning electron microscopy showed that in
anesthetized dogs the bulk of the peripheral blood
erythrocyte population is made by biconcave disko-
cytes (85.72+£1.26%). Cells capable of reverse trans-
formation amounted for 6.87+1.66%. The count of
irreversibly changed and hemolytic erythrocytes was
6.99+16.95%, while that of erythrocyte with de-
generative changes was 0.4610.14% (Table 2).

Direct cardiac massage induced a statistically sig-
nificant (p<0.001) decrease in diskocyte count by 17,
32, and 50%, respectively, after 1, 2, and 4 h DCM
compared with the initial value. This resulted predo-
minantly from an increase in the proportion of re-
versible transitory forms of erythrocytes (ellipses, flat
disks, diskocytes with a crista, one or several processes,
and mulberry-like cells). The total count of these forms
was respectively, 13.691£5.03, 28.261+8.29, and 47.7%
3.97% after 1, 2, and 4 h of DCM (Fig. 1, b).

The total count of irreversible prehemolytic forms
(spherical, domed, and flat-ball) reached the maxi-
mum by the first hour of DCM (14.43%£3.24 vs.
6.99+1.95% before DCM). Then it gradually de-
creased, being equal to 7.12+1.27% after 4 h of
DCM, i.e., slightly higher compared with the initial
value. This increase was due predominantly to a rise
in the number of spherical erythrocytes (Fig. 1, b, c).

Direct cardiac massage induced no statistically
significant differences in the percent of degenerative
forms, although a tendency toward an increase in
their count was observed.

Our data on the surface architectonics of erythro-
cytes are consistent with changes in the lipoprotein
content of these cells. A decrease in the lipoprotein
content is associated with structural perturbations in

TABLE 2. Morphological Types of Erythrocytes Before and During Direct Cardiac Massage (Mtm, %)

DCM, h
Morphological type Before DCM
1st 2nd 4th
Diskocyte 85.72+1.26 70.90+1.99*** 57.98+6.38** 42.69+3.93**
Flat disk 0.95+0.26 1.81+0.23*** 0.86+0.30*** 1.57+0.28**
Diskocytes with a process 1.41£0.24 1.85+0.25 2.84+0.40" 2.81£0.26™
Diskocytes with a crista 2.27+0.39 3.6910.54 5.65+1.66* 2.73+£0.67
Processed diskocytes 2.12+0.69 5.76+3.64 17.23+£5.38* 38.0212.16™**
Mulberry-like 0.1240.08 0.58+0.37 1.68+0.55* 2.57+0.60**
Domed 1.74+0.54 2.25+0.26 0.98+0.13 0.91£0.15
Spherical 4.38+1.10 11.4542.74* 10.28%1.22* 5.71£0.94
Flat-ball 0.87+0.31 0.731£0.24 0.69+0.25 0.50+0.18
Degenerative 0.46+0.14 0.99+0.50 1.81£1.06 2.49+1.39

Note. *p<0.05, *"p<0.01, **p<0.001 compared with the initial value.
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Fig. 1. Changes in erythrocytes at different periods of
direct cardiac massage (DCM). Scanning electron micro-
scopy. a) intact diskocytes before DCM, magnification
3000; b) erythrocytes with numerous processes after 2 h
of DCM, magnification 5000; c¢) erythrocytes with nu-
merous processes and spherocytes on the 4th h of DCM,
magnification 3000.

the erythrocyte plasma membrane, which increases
the membrane permeability for sodium ions and
changes erythrocyte shape [2]. A 21% decrease in
lipoprotein content of the erythrocyte plasma mem-
brane was observed after 1 h of DCM. Then it grad-
ually increased, being equal to 96.5% of the initial
value by the 4th hour of DCM, which is consistent
with the spherocyte content after this time period.
After comparing our findings with the data on the
damaging effects of other means of assisted circulation
on erythrocytes [1,5,7], we have concluded that DCM
produces a smaller damaging effect on these cells. We
did not observe any increase in the number of erythro-
cytes with degenerative changes during 4 h of DCM.
Thus, a 4-h DCM after a 10-min heart arrest
produces a moderate damaging effect on peripheral
blood erythrocytes compared with other means of
artificial and assisted circulation. '
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