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SUMMARY: The aim of this study is to examine the in vitro effects of pacemaker electrical impulses on red
blood cell deformability. The study was performed on 14 venous blood samples. The red cell suspension pre-
pared from blood sample of each volunteer was divided into two parts, first was used to measure control ery-
throcyte deformability and the second for measuring erythrocyte deformability after pacemaker impulses were
applied. In addition, Hct, Hb, MCV, MCH, and MCHC values from the two groups were determined.

As a result, it was observed that pacemaker impulses significantly decrease the red cell deformability. Hct,
Hb, MCV, MCH, and MCHC values in the filtered red cell suspensions, however, did not change after the expo-
sure.

Our data suggested that the pacemaker electrical impulses alter the erythrocyte deformability resulting in

Key Words: Red cell deformability, pacemaker.

microcirculation disorders, which in turn may produce pathological changes.

INTRODUCTION

Numerous complications have been reported in the
literature, concerning implanted and functioning car-
diac pacemakers. These complications include a vari-
ety of entities, some of which are secondary to
displacement or pacemaker malfunction. If these

events are excluded, the most conspicuous complica-
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tions are mainly thromboembolic incidents and infec-
tions, some of which remain unexplained.

Taking these complications into account we aimed
in this study at investigating the in vitro effects of pace-
maker impulses on RBC deformability. And we con-
clude that disturbed RBC deformability in pacemaker
implanted patients is leading to microcirculation disor-
ders. Consequently, we consider that in the pathogen-
esis of thromboembolic events and of unexplained
infections, decreased RBC deformability may be play-
ing a significant role besides the other factors uncov-
ered previously.
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MATERIALS AND METHODS

Blood samples preparation

The study was performed on 14 venous blood samples
taken from healthy young volunteers (aged 19-22) following
their informed consent. Aliquotes were collected into tubes
containing EDTA following minimal venous occlusion.

Blood samples were centrifuged (15 min. at 3500 x g), and
the buffy coat was carefully removed. Three milliliters of con-
centrated red cells were aspirated from the middle of the red
cell column, removing at least 98% of the white cells and 97%
of the platelets and other debris (1). The packed red cells
were washed twice and diluted with isotonic PBS (Na-K-phos-
phate buffered saline: pH 7.4) to prepare the RBC suspen-
sions at haematocrit values of 20%.

The red cell suspension of each volunteer was divided into
two parts. One of them was used for measuring control ery-
throcyte deformability. The other sample was used for meas-
uring the same parameter after exposure to electrical
impulses of the pacemaker. Each of the erythrocyte suspen-
sions was filtered within 10 minutes. All measurements were
performed within 1 hour of venipuncture at room temperature
of 20 °C.

Also, to determine whether there was a true permanent
effect on the RBC, a blood sample was exposed to the same
electrical impulses in a separate chamber for 30 minutes, then
transferred to the filtration apparatus and filtered in the
absence of any more applied pulses.

Measurement of hematologic parameters
Cell counter analyzer (Coulter MaxM) was used to deter-
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Figure 1: Filtration apparatus. The positive pole of the pacemaker
was applied to red cell samples to be filtered from above
and the negative pole from below the filter.
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mine red blood cells, white blood cells, platelets, Hb, Hct,
MCV and MCHC values.

Filtration apparatus preparation

Filtration apparatus was developed from systems
described in the literature (2,3) (Figure 1). The same appara-
tus was used in filtration of RBCs for measuring control RBC
deformability and RBC deformability with pacemaker
impulses. Pacemaker (NEG 5967 Pulse generator DE
3308606K, Met-ronic BU HOLLAND) impulses were applied
(75/min and 45 mV) to red cell samples during filtration with
electrodes connected to the positive pole pacemaker from
above and to the negative pole from below the filter
(Figure1).

In order to exclude the possibility that electrical impulses
may effect the pores of the filter, and thus reduce the filtration,
plasma and physiological serum were filtered with and without
impulses and in addition, the filter was examined under a light
microscope; and its pores were measured. It was thus con-
firmed that no change occurred in pore diameters.

Measurement of RBC deformabilities

Deformability experiments were performed in accordance
with guidelines set by the International Committee for Stan-
dardization in Hematology, Expert Panel on Blood Rheology
(4).

RBC deformability was measured by filtration of each sus-
pension through 5 um filters (Nucleopore, Membra-Fil and Fil-
inert, Costar Sci. Corp.) under a constant pressure of 10 cm
H,O. The pasage time of 1 ml RBC suspension was deter-
mined opto-electronically. For each measurement, a new filter
from the same batch was used.

The filter was filled with suspension before measure-
ments. The tap was opened and suspension began to pass
through the filter, the computer’s chronometer worked auto-
matically as soon as suspension was seen by a photocell in
the exit of the filter and when 1 ml of suspension passed, the
chronometer stopped automatically. The tap was closed
simultaneously. Hematologic values were evaluated by the
cell counter analyzer.

Interpretation of RBC deformability

At first, a blank value was obtained by recording the time
required for 1 ml of buffered saline to pass through the filter. A
qualitative measurement of filtration for control RBC deforma-
bility and RBC deformability with pacemaker impulses are
expressed as a deformability (filtrability) index, defined as fol-
lows: the time required for 1 ml of red cell suspension to filter
divided by the time required for an equal volume of buffer to
filter.
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Figure 2: DI values in control and pacemaker impulses applied groups.
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Figure 3: Cell transit values in control and PIA groups.

400 =
350
300 -
260 5
200 -
160 -

Cell Transit (millian

100 —

50 =
1]

Control Facemaker

Table 1: Deformability index values and cell transit values in control and pacemaker impulses applied groups.

Groups Deformability Index Cell Transit
(million)

Control group 11.67 £4.05 285.8+99.4*

PIA group 50.56 £ 25.6™ 72.9+33.0

*P=0.000045 (n=14) **P=0.0000029, (n=14)

By this method, the deformability index relates directly to
RBC deformability. The deformability index is expressed as
the average of two repeated tests.

In addition, RBC counts present in 1 mm3 filtrate passed
through the filter were measured by cell counter analyzer and
then RBC counts passing through the filter in 1 second were
calculated with mathematical formula. This was expressed as
Cell Transit Value (CTV). RBC counts filtering through the
filter were compared with each other.

After the filtration, hematologic profiles of the filtered ery-
throcyte suspensions were determined as mentioned above,
and examined by light microscopy to detect evidence of hemol-
ysis or crenation of red cells, neither of which was noted.

Statistical analysis

Statistical analysis was carried out using the Student’s
paired two tailed t-test. Statistical significance was accepted
at P <0.05. The results are expressed as means + SD.

RESULTS
The measured deformability index (DI) of RBC for
control group was found as 11.67 + 4.05, and for pace-
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maker impulses applied (PIA) group was found as
50.56 + 25.6. Their statistical difference is very signifi-
cant (t = 5.98, P = 0.000045) (Figure 2 and Table 1).

The number of RBC’s passing through the filter per
second is also interesting: this figure is 285.8 £ 99.4 for
the control group and 72.9 + 33.0 million cells for the
pacemaker implanted group and their difference is very
highly significant (t = 7.80, p = 0.0000029) (Figure 3
and Table 1).

In measurements of Hct, Hb, MCV, and MCHC,
there is no statistically significant difference (Table 2).

DISCUSSION

Deformability is a relatively general term that
describes the ability of a particle (RBCs, WBCs etc.) to
change its shape in response to a deforming force. The
stress is usually applied from outside the cell, e.g. by
fluid shear stress or local membrane aspiration but it
can also originate from within the cell, e.g. RBCs
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Table 1: Deformability Index values and cell transit values in control and pacemaker impulses applied groups.

Groups Hct Hb MCV MCH MCHC
Control group 20.82+4.3 |7.13+1.6| 812179 27.85+4.2 34.19+26
PIA group 21.58+26 |743+£1.0| 79.14+7.8 27.07+£3.6 33.9+1.3

swelling in hypotonic medium or fiber formation in
deoxygenated sickle cells. The extent, rate, and mode
of deformation depend on the magnitude, rate and
direction of the stress. Therefore, the stress-strain rela-
tionships are complex and can not be described by a
single deformability parameter. Furthermore, the ability
of RBCs to deform involves several factors including the
geometric features of the cell, and the rheological prop-
erties of the intracellular fluid as well as of the cell mem-
brane, and the interactions of these components (6).

In this study, we investigated the in vitro effect of
electrical impulses produced by a pacemaker appara-
tus on RBC deformability. Measurements were made
for control of RBC deformability under control condi-
tions and during pacemaker impulses application.
There were statistically important differences between
the deformability of the two groups. In addition, Hct,
Hb, MCV, MCH and MCHC values were measured in
RBC groups, which revealed insignificant differences
between the two groups indicating that electrical
impulses had no significant effect on these parameters
(Table 2). It was formerly claimed that, an increase in
MCHC and Hb, and a decrease in MCV and Hct values
result in a reduction in RBC deformability (7). This was
not however confirmed by our measurements.

In addition to the factors mentioned above, temper-
ature may also be effective on RBC deformability.
Therefore, the temperature was monitored during these
experiments. All measurements were made at 20°C
constant temperature. Pacemaker impulses led to no
local heating in filtered suspensions during experiment,
consequently, the differences obtained could not be
attributed to the changes in temperature.

The nucleopore filter is not electrically conducting,
therefore, it can be considered to be loaded with static
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electricity. Hence, the apparatus was filled with RBC
suspension and it was exposed to electrical impulses
for 10 min. Thus any electrical charge developing on
the filter could be identified and recorded.

To determine whether there is a true permanent
effect on the RBC, a new sample was exposed to the
electrical impulses in a separate chamber for 30 min-
utes. The cell suspension was then transferred to the
filtration apparatus and filtered without further expo-
sure. The results of this measurement were identical
with that of the control recordings.

Based on this observation abnormal RBC deforma-
bility which we uncovered in this study, can only be
attributed to the electrical impulses of the pacemaker
apparatus.

An in vitro experiment, however, does not reflect an
in vivo event completely, it gives us an opinion about
the pathogenesis of events seen in patients with per-
manently implanted pacemakers. The positive elec-
trode of this apparatus is implanted to the patients in
vivo into the subclavian vein, in contact with the blood
directly, similar to the way in the tubes in in vitro exper-
iment, while the negative electrode is inserted subcu-
taneausly.

The above referred deformability may be caused by
a slight overall loss of red cell fluidity together with the
existence of a subpopulation of more markedly rigid
eryhtrocytes. Recent data confirm that rheological
impairments exist in the course of bacterial infection.
Although there is uncertainty about several aspects of
the pathogenesis of this event, haemorheological dis-
turbances can play a role in the impairment of
microvascular flow. Abnormalities in blood flow are
known to be precipitating factors for ischaemic events.
Therefore, the rheological behaviour of the main leuko-
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cyte subpopulations (granulocytes and mononuclear
cells etc.) should be studied. It is uncertain which
mechanism is involved in altering the white cell rheol-
ogy in infections (8).

In the literature, numerous complications have been
described concerning cardiac pacemakers. Complica-
tions associated with permanent pacemaker implanta-
tion includes lead dislodgement, infection, hematoma
formation, skeletal muscle stimulation, ventricular
arrhytmia, migration of the pulse generator, pneumoth-
orax, venous thrombosis or stenosis, pulmonary
embolism, and skin erosion (8-10).

The incidence of symptomatic venous thrombosis
have been rarely reported, despite the fact that con-
trast venography is abnormal in 30 to 45 percent of
patients, total subclavian vein obstruction occurs in 8 to
20 percent (11,12). Superior vena cava occlusion is
another well-recognized and potentially serious compli-
cation, (3,14,15). Cases of pulmonary, cardiac and
cerebral embolism have been reported in patients with
permanent pacemaker apparatus (16,17). It has been
considered that although the etiology of these throm-
boembolic events was probably multifactorial in some
patients, permanent cardiac pacemaker implantation
has probably a predisposing role. Pacemaker implanta-
tion should therefore be considered as an embolic risk
factor as suggested by previous epidemiological stud-
ies (14,16,18). In our experience, we propose another
adverse effect of pacemaker apparatus, acting on RBC
deformability by resulting in microcirculation disorders
in addition to reasons mentioned previously.

Pacemaker pocket infection is a potentially serious
problem after permanent pacemaker implantation. All
infections encountered have been confirmed by the
same organisms (Staphylococcus aureus and Staphy-
lococcus epidermidis) being recovered from blood cul-
tures (19-21). Infections are reported in ratios reaching
10% among the late complications of pacemakers
(22,23). The most common complication of this con-
sists of septicaemia and endocarditis (15,24,25). They
require removal of the entire pacing equipment in addi-

tion to appropriate antimicrobial treatment (20,26,27).
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Besides these infections, some unexplained infec-
tions such as pericarditis and a case of cholestatic hep-
atitis have been reported in the literature in these
patients. Pericarditis have been considered to be
related to hypersensitivity or autoimmunity (28). In
cholestatic hepatitis, neither a biliary obstruction nor an
infection of the liver could be found to explain the liver
injury (29). Based on this knowledge, there may be a
number of factors in these complications to be consid-
ered. Perhaps a decrease in RBC deformability has
probably played a role in these events beside the other
facilitating reasons.

In conclusion, with this preliminary study, we pres-
ent an important influence of pacemaker implantation,
which we believe to contribute in explaining these com-
plications. We suggest that other prospective studies
on pacemaker patients should be made to further eluci-
date the complications of the pacemaker implantation.
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