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Effects of permanent cardiac pacemaker implantation
on vascular endothelial function, blood coagulation
and cardiac function in patients with bradycardia
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Abstract. Changes in vascular endothelial function, blood
coagulation and cardiac function indexes after the implan-
tation of a permanent cardiac pacemaker in patients with
bradycardia were investigated. A total of 53 healthy people
and 117 patients with bradycardia in Jining First People's
Hospital from January 2015 to August 2017 were selected.
Factor VIII: coagulation (FVIII:C), von Willebr and factor
(VWF), antithrombin activity (AT:A), D-dimmer (D-D),
thrombomodulin (TM), tissue factor (TF), left ventricular
ejection fraction (LVEF) and left ventricular end-systolic
volume (LVESV) in the non-pacemaker group and the pace-
maker group were significantly different from those in the
control group (P<0.05), in which FVIIL:C, vWF, D-D, TM,
TF and LVESV were significantly higher than those in the
control group, while LVEFs were significantly lower than that
in the control group. After the implantation of a pacemaker,
the FVIIL:C, vWF, fibrinogen (FIB), D-D, TF and LVESV in
patients were significantly higher than those before implanta-
tion (P<0.05), while the LVEF was significantly lower than
that before implantation (P<0.05). In addition, in different
pacemaker groups, there were no significant differences in
blood coagulation and vascular endothelial indexes, but differ-
ences in cardiac function levels were obvious, in which LVEF
in dual-chamber (DDD) pacemaker group was significantly
higher than that in ventricular inhibited (VVI) pacemaker
group, and LVESYV in the former was significantly lower than
that in the latter (P<0.05). Finally, here was no significant
difference in the quality of life of patients implanted with
different pacemakers (P>0.05), but the quality of life of
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patients in the DDD pacemaker group was better than that of
patients in the VVI group. Therefore, implanting pacemakers
in patients with bradycardia affects vascular endothelial
function, blood coagulation, and cardiac function indexes in
patients, and complications become less after the implantation
of DDD pacemakers.

Introduction

Cardiac pacemakers are generally used in the treatment of
patients with bradycardia, through which patients' hemody-
namic level can be improved, and their cardiac function can
be regulated (1-3). However, clinical studies have shown that
implanting a pacemaker may trigger complications related
to blood coagulation, but relevant reports have not studied
this in-depth (4-6). A total of 53 healthy people, 59 patients
implanted with cardiac pacemakers and 58 patients implanted
with no pacemaker in Jining First People's Hospital (Jining,
China) from January 2015 to August 2017 were selected in
this study, so as to explore the effects of permanent cardiac
pacemaker implantation on vascular endothelial function,
blood coagulation and cardiac function in patients with
bradycardia.

Patients and methods

Study objects. A total of 53 healthy individuals and 117 patients
with bradycardia in the hospital from January 2015 to
August 2017 were selected. Among healthy people, there were
24 males and 29 females, with an average age of (53.21+4.98)
years. Among patients with bradycardia, there were 51 males
and 66 females, including 44 cases of III-degree atrioven-
tricular block, 33 cases of sick sinus syndrome, 12 cases of
aortic stenosis, 22 cases of cardiomyopathy, and 6 cases of
sinus bradycardia.

All patients were informed of clinical programs and signed
an informed consent. This study was approved by the Ethics
Committee of Jining First People's Hospital.

Inclusion criteria: Patients clinically and definitely
diagnosed with bradycardia, patients with no significant
differences in general data, and patients with good treatment
compliance.
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Table I. Comparison of general clinical data of all patients.
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Pacemaker group Non-pacemaker group

Items Control group
Average age (mean + SD, year) 53.21+4 .98
No. of cases (n) 53
Male (n) 24
Basic diseases
Coronary heart disease (n) 53
Hypertension (n) 50
Diabetes (n) 31
Chronic bronchitis (n) 13

55.29+5.03 51.215.11%
59° 58
25¢ 26+
58 58
53¢ 5420
29° 3420
16" 15%

*Compared with the control group, P>0.05; ®*compared with the pacemaker implantation group, P>0.05.

Exclusion criteria: Patients with mental illness, and patients
with severe damage in heart and liver or other vital organs.

Blood sample collection. Before the implantation of a pace-
maker and at 7 days after the implantation, blood samples
were collected, mixed and centrifuged at 2,500 x g at 4 °C for
10 min. Then the supernatant plasma was placed in a test tube,
and stored in a refrigerator until detection. Blood samples
were also collected from the healthy control group and the
non-pacemaker implantation group, respectively, and the treat-
ment methods for blood samples were the same as above.

Observation indexes and therapeutic effect evaluation.
Prothrombin time (PT) and partial prothrombin time (PTT),
factor VIII: coagulation (FVIII:C) activity, von Willebrand
factor (vWF), fibrinogen (FIB) and D-dimer (D-D) were
measured using the coagulation method (7,8).

Thrombomodulin (TM) and tissue factor (TF) were
detected using enzyme-linked immunosorbent assay (9).

Plasma antithrombin activity (AT:A) and plasminogen
activity (PLG:A) were measured using chromogenic substrate
method (10).

Left ventricular end-systolic volume (LVESV), left
ventricular end-diastolic volume (LVEDV) and left ventricular
ejection fraction (LVEF) were measured by echocardiography.

Criteria for quality of life assessment: The Cancer Quality
of Life Questionnaire Core 30 (QLQ-C30) scale is divided
into four items including physical, psychological, social and
material functions, and the higher the score is, the higher the
quality of life is (11).

Complications: Lung infections, constipation, local inci-
sion infection, damage to the integrity of the skin.

Statistical analysis. Data were processed and analyzed using
Statistical Product and Service Solutions (SPSS) 17.0 software
(SPSS, Chicago, IL, USA). Measurement data were expressed
as (mean + SD). Comparison between multiple groups was done
using one-way ANOVA test followed by post hoc test (Least
Significant Difference). Enumeration data were expressed
as a number, and intergroup differences were detected using
Chi-square test. P<0.05 indicates that the difference is statisti-
cally different.

Results

Comparison of general clinical data of all patients. There
were no significant differences in general data such as age,
number of cases, sex distribution and basic diseases in the
three groups of patients (P>0.05) (Table I).

Comparison of blood coagulation, vascular endothelial
function and cardiac function indexes of patients among the
control, non-pacemaker and pacemaker groups. FVIIL:C,
VWF, AT:A, D-D, TM, TF, LVEF and LVESV in the non-pace-
maker and pacemaker groups were significantly different from
those in the control group (P<0.05), in which FVIIL:C, vWF,
D-D, TM, TF, AT:A and LVESV were significantly higher
than those in the control group, while LVEF was significantly
lower than that in the control group. There were no significant
differences in blood coagulation, vascular endothelial function
and cardiac function indexes between the non-pacemaker and
pacemaker groups (P>0.05) (Table II).

Comparison of vascular endothelial function, blood coagula-
tion and cardiac function before and after the implantation
of a pacemaker. FVIIL:C, vWF, FIB, D-D, TF and LVESV in
patients after the implantation of a pacemaker were signifi-
cantly higher than those before the implantation (P<0.05),
but LVEF was significantly lower than that before the
implantation (P<0.05), and the differences were statistically
significant (Table III).

Comparison of vascular endothelial function, blood coagula-
tion and cardiac function after the implantation of different
pacemakers. In different pacemaker groups, there were no
significant differences in blood coagulation and vascular
endothelial indexes, but differences in cardiac function levels
were obvious, in which LVEF in dual-chamber (DDD) pace-
maker group was significantly higher than that in ventricular
inhibited (VVI) pacemaker group, and LVESV in the former
group was significantly lower than that in the latter group
(P<0.05) (Table IV).

Comparison of the quality of life after the implantation of
different pacemakers. There was no significant difference in the
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Table II. Comparison of blood coagulation, vascular endothe-
lial function and cardiac function indexes of patients among
the control group, the non-pacemaker group and the pace-
maker group.

Control ~ Non-pacemaker Pacemaker
Items group group group
PT (s) 12.6+1.21 13.2+1.23" 13.5+1.09
PTT (s) 36.5+4.65 37.0+3.65 36.6+3.42
FVIII:C (%) 120+£9.97 167+15.32* 189+18.54*
VWF (%) 115+10.98 144+11.23* 161+£12.98"
FIB (g/1) 3.13+0.29 3.20+0.13 3.31+0.21
ATA (%) 109+9.76 199+7.89° 193+9.07°
PLG:A (%) 98+8.65 97+5.98 96+8.98
D-D (mg/l) 0.45+0.02 0.86+0.06 0.86+0.08"
T™ (ug/l) 2521+2.32  4321+3.89* 48.21+4.01*°
TF (ng/l) 121.9+£10.32  259.7+20.32* 267.4+20.54°
LVEF (%) 67.25+5.98 61.23£5.98*  60.59+6.05
LVESV (ml) 34.61+3.21 38.56+3.67*  39.21+£3.87°
LVEDV (ml) 101.8949.99 101.21+9.98 102.32+10.01
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Table IV. Comparison of vascular endothelial function, blood
coagulation and cardiac function after the implantation of dif-
ferent pacemakers.

Items DDD VVI

PT (s) 13.0+1.21 13.0+£2.32
PTT (s) 35.21+3.21 35.21+2.87
FVIII:C (%) 192.3+17.32% 192.3+12.21*
VWF (%) 161.2+15.21* 161.2+11.09
FIB (g/l) 4.21+£0.34* 4.21+0.34*
ATA (%) 196+8.65 221+7.77*
PLG:A (%) 99+8.98 99+9.01
D-D (mg/l) 1.59+0.10° 1.59+0.12°
™ (ug/l) 73.2+6.78" 73.2+6.78*
TF (ng/l) 421.5+34.65* 421.5+38.43%
LVEF (%) 59.21+5.67 53.04+4.98°
LVESYV (ml) 38.87+3.98 48.93+6.76°
LVEDYV (ml) 100.34+£8.97 100.98+8.99

1P>0.05; *compared with the DDD group.

*Compared with the control group, P<0.05.

Table III. Comparison of vascular endothelial function, blood
coagulation and cardiac function before and after the implanta-
tion of a pacemaker.

Items Before the implantation After the implantation
PT (s) 134+1.21 13.0+1.23
PTT (s) 36.9+2.98 3521+£2.78
FVIIL:C (%) 173+£12.45 192.3+8.89"
VWF (%) 152+11.09 161.2+12.54*
FIB (g/) 3.21+0.29 4.21+0.37*
ATA (%) 197+8.76 236+8.98"
PLG:A (%) 97+8.98 99+8.76
D-D (mg/l) 0.86+0.05 1.5940.11*
™ (ug/l) 4724398 73.2+6.78"
TF (ng/l) 269.3+23.65 421.5+38.98*
LVEF (%) 61.59+5.98 53.23+4 98"
LVESYV (ml) 38.79+2.98 4721+421*
LVEDV (ml) 101.59+9.76 97.23+9.65

*Compared with the control group, P<0.05.

quality of life of patients implanted with different pacemakers
(P>0.05), but the quality of life of patients in the DDD group
was higher than that of patients in the VVI group (Table V).

Comparison of complications in patients implanted with
different pacemakers. Complications were found after the
implantation of pacemakers. It was found that the incidence

Table V. Comparison of the quality of life after the implanta-
tion of different pacemakers.

Items DDD VVI

Somatic function 66.23+5.67 64.23+5.67*
Body pain 75.23+6.32 70.56+5.76*
Somato-role 63.29+3 .45 51.23+£5.01*
Health score 52.49+4 .01 46.23+3.98*
Life vitality 59.26+4.56 56.31+£5.02*
Emotional character 69.21+5.87 61.23+5.67°
Mental health 67.21+6.01 70.56+6.32*
Social function 51.63+5.01 49.99+4 21°

*Compared with the DDD group, P>0.05.

rate of complications was 66.6% in the VVI group and 48.3%
in the DDD group. The incidence rate in the DDD group was
significantly lower than that in the VVI group (P<0.05), and
the difference was statistically significant (Table VI).

Discussion

Cardiac pacemaker implantation is the main treatment method
for bradycardia, and pacemakers are mainly divided into
the DDD and VVI pacemakers (12,13). The implantation of
pacemakers improves symptoms of bradycardia, but a series of
side effects such as increased thrombus formation occur, and
there are few clinical studies on thrombosis and blood coagu-
lation (14-16). Therefore, changes in blood coagulation and
endothelial function after the implantation of pacemakers in
patients with bradycardia were mainly explored in this study.
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Table VI. Comparison of complications in patients implanted with different pacemakers.

Pulmonary Constipation Local incision Damage of skin Incidence of
Groups N infection (n) (n) infection (n) integrity (n) complications (%)
VVI 24 7 3 3 5 16 (66.6)
DDD 29 5 4 14 (48.3)

*Compared with the VVI group, P<0.05.

A variety of indexes can be used to evaluate blood coagula-
tion, endothelial function and cardiac function, in which PT,
PTT and vWF and other factors are mainly used for blood coag-
ulation and endothelial function (17). The blood coagulation
function is mainly related to vascular endothelial cells, which
can secrete various factors after blood vessels are damaged,
thus exerting an antithrombotic effect. TM is a protein factor
secreted by vascular endothelial cells. When vascular endothe-
lial cells are impaired, the secretion of this factor is increased.
At the same time, the synthesis of VWF is accelerated, and the
content of TF in the plasma is increased. The above indicators
are markers for endothelial cell damage. Plasma AT:A can be
used to show how much thrombin is produced in the body. In
addition, when the amount of vVWF in the body is increased,
then, the activity of FVIIL:C is also increased, indicating that
the body is in a blood coagulation-activated state. PLG:A is a
single-chain glycoprotein that is homeostatic when umbilical
vessels are undamaged, but when vascular endothelia are
damaged, this glycoprotein is activated to be converted into
plasmin, which degrades cross-linked fibrin in plasma, leading
to increased content of D-D in plasma and further triggering
hypercoagulable symptoms (5,6,18).

It was found in this study that there were significant diffe-
rencesin FVIIL:C,vWF,AT:A,D-D,TM, TF,LVEF and LVESV
between the bradycardia group and the healthy control group
(P<0.05), in which FVIIL:C, vWF, D-D, TM, TF and LVESV
in the bradycardia group were significantly higher than those
in the control group, while LVEF was significantly lower than
that in the control group, indicating that blood coagulation
index, as well as endothelial and cardiac function in patients
with bradycardia are damaged. FVIII:C, vWF, FIB, D-D, TF
and LVESYV in patients after the implantation of pacemakers
were significantly higher than those before implantation
(P<0.05), but LVEF was significantly lower than that before
implantation (P<0.05). Besides, the changes in the above
indexes became more obvious after the implantation of VVI
pacemakers, and the change degree was significantly higher
than that of DDD group (P<0.05), suggesting that the effect of
VVI pacemakers on blood coagulation, as well as endothelial
and cardiac function is more obvious. After the implantation
of VVI pacemakers, the blood coagulation indexes, TM, vWF
and TF changed greatly, indicating that after implantation, the
vascular endothelial cells are damaged, thereby significantly
increasing the plasma coagulation in vivo and increasing the
incidence rate of hypercoagulability. After the implantation
of VVI pacemakers, LVEF was more obviously reduced,
indicating that VVI pacemakers significantly reduce the
cardiac contractility of patients, reduce cardiac output,

and affect cardiac function, and they may also activate the
sympathetic nerve, which results in changes in myocardial cell
structures, thus secreting too many atrial natriuretic peptides
and increasing the incidence rate of atrial fibrillation. In terms
of the quality of life, it was found that after implantation, the
score of the VVI pacemaker was significantly lower than that
of the DDD pacemaker, indicating that the VVI pacemaker
brings great inconvenience to the life and work of patients.
In addition, the incidence of complications in the DDD group
was only 48.3%, which was significantly lower than that in
the VVI group (66.6%, P<0.05), indicating that the use of
DDD pacemakers can reduce adverse reactions with good
therapeutic effects.

In conclusion, the use of DDD pacemakers in bradycardia
patients can improve the therapeutic effects, reduce complica-
tions, improve patients' quality of life, and reduce the effects
on blood coagulation, as well as endothelial and cardiac func-
tion in patients, which has high clinical treatment value.
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