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Abstract: Objective: To explore the clinical effects of aspirin combined with low-molecular-weight heparin (LMWH)
in the treatment of patients with severe preeclampsia and the combination’s influence on pregnancy outcomes.
Methods: From October 2018 to June 2020, 104 patients with severe preeclampsia who underwent treatment in
our hospital were recruited as the study cohort and divided into two groups according to different treatment scheme
each patient underwent. In the research group (RG), the 54 patients were administered aspirin combined with
LMWH, and the other 50 patients in the control group (CG) were administered routine treatment. The total effective
rates were compared between the two groups. The blood pressure, coagulation function, hemorheology, and renal
function indexes were compared before and after the therapy. The Apgar scores of the newborns and the incidences
of adverse pregnancy outcomes were measured at 1 and 5 minutes after the births. Results: After the therapy, the
systolic blood pressure (SBP) and the diastolic blood pressure (DBP) in the RG were lower than they were in the CG.
The PT and APTT in the RG were significantly higher than they were in the CG, and the FIB and D-D were significantly
lower than they were in the CG. After the treatment, the hematocrit, the erythrocyte sedimentation rate, and the
plasma viscosity in the RG were significantly lower than they were in the CG. The 24 h UP, BUN, UA, and Scr levels in
the RG were significantly lower than they were in the CG. The Apgar scores of the newborns in the RG were signifi-
cantly higher than they were in the CG at 1 min and 5 min after the births. After the therapy, the incidence of adverse
pregnancy outcomes in the RG was significantly lower than it was in the CG, and the total effective rate in the RG
was significantly higher than it was in the CG. Conclusion: Aspirin combined with LMWH can effectively improve the
clinical efficacy, the coagulation function, the renal function, and the blood pressure levels, and the combination
can reduce adverse pregnancy outcomes in severe preeclampsia patients.
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Introduction ty of pregnant women and their fetuses [3].
Other studies have revealed that patients with
preeclampsia will have disseminated intravas-

cular coagulation, which leads to an increased

Pre-eclampsia is defined as a systematic syn-
drome, and it is characterized by elevated blood

pressure and proteinuria in women with normal
blood pressure for 20 weeks after pregnancy
[1]. The patients experience convulsions, foam-
ing at the mouth, coma, and other symptoms.
In severe cases, they will have repeated convul-
sions [2]. Eclampsia is one of the four major
causes of death in pregnant women. If it is not
treated in time, it will lead to intrauterine fetal
death and can even threaten the lives and safe-

risk of adverse pregnancy outcomes [4]. The-
refore, it is particularly important to find effec-
tive intervention methods for improving the
pregnancy outcomes of patients with severe
preeclampsia.

Aspirin is a non-steroidal anti-inflammatory
drug [5], and it is clinically used to treat pain,
fever, inflammation, etc. It is also an antiplate-
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let drug and can prevent various heart diseas-
es and stroke caused by blood coagulation [6].
Aspirin has antithrombotic effects in vivo and
can inhibit the aggregation and release of pla-
telets, thus improving the hypercoagulability of
blood, so it is widely used in the clinical preven-
tion of thrombosis [7]. Studies have revealed
that low-dose aspirin is the most commonly-
used drug to prevent preeclampsia in high-risk
pregnant women [8]. However, the intervention
effect of aspirin alone is not ideal, so this study
was designed to combine it with LMWH (low-
molecular-weight heparin) treatment. Heparin
is an anti-inflammatory, anticoagulant and anti-
immune drug [9], and LMWH is a commonly
used anticoagulant drug in the clinic. Because
of its long drug half-life, it is easily absorbed by
the body [10], thus reducing the aggregation of
platelets and improving or reducing thrombosis
[11]. Studies have shown that LMWH can im-
prove pregnancy outcomes by regulating many
physiological processes required for blastocyst
attachment, implantation, and trophoblast in-
vasion. The subcutaneous injection of LMWH
has a controllable anticoagulation effect and
fewer side effects than other anticoagulants
[12]. Studies by Rodger have revealed that pl-
acenta-mediated pregnancy complications in-
clude preeclampsia, placental abruption, and
so on. LMWH intervention can effectively re-
duce the risk of the recurrence of placenta-
mediated pregnancy complications [13].

This study aimed to provide information on the
treatment of severe preeclampsia patients by
observing the effects of aspirin combined with
LMWH on the patients’ clinical effectiveness
and pregnancy outcomes.

Materials and methods
Baseline data

From October 2018 to June 2020, 104 pa-
tients with severe preeclampsia who under-
went treatment at the Second Affiliated Hospi-
tal of Xi'an Medical University were recruited as
the study cohort and divided into two groups
according to different treatment scheme each
patient underwent. In the RG, the 54 patients
were administered aspirin combined with LM-
WH, and the 50 patients in the CG were ad-
ministered routine treatment. This research
was approved by our hospital’'s ethics commit-
tee (NPL-54-159), and both the patients and
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their guardians were informed of the study and
signed the informed consent forms.

Inclusion criteria: All the patients were diag-
nosed with severe preeclampsia [14], and all
the patients were singleton pregnancies, the
patients did not take blood pressure control
drugs in the previous three months, the base-
line clinical data were complete, the patients
were able to follow the doctor’s orders to com-
plete the relevant examinations and treat-
ment, and the patients had no other pregnancy
complications.

Exclusion criteria: Patients who quit the experi-
ment halfway, patients with a history of aller-
gies to the drugs used in this study, patients
comorbid with hemorrhagic disease, patients
comorbid with malignant tumors or severe
organ dysfunction, patients comorbid with in-
fectious diseases, patients with poor treat-
ment compliance, and patients who were not
interviewed.

Therapeutic methods

After their admission, the patients in both gr-
oups were administered oxygen inhalation,
bedrest, and nutritional supplements. The ma-
ternal and fetal conditions were monitored
closely.

In the CG, the patients were treated routinely.
The patients were helped to avoid convulsions
by the administration of appropriate antihyper-
tensive drugs or magnesium sulfate (Minsheng
Pharmaceutical Co., Ltd., Hangzhou, China). At
the same time, any changes in a patient’s vital
signs were monitored closely. The health care
workers needed to work actively and effective-
ly. The patients were treated consecutively for
7 days.

In the RG, the patients were given aspirin com-
bined with LMWH. First, the patients were in-
structed to take enteric-coated aspirin tablets
(Zhongxin Pharmaceutical Co., Ltd., Beijing,
China, H13023461) once a day/60 mg. At the
same time, LMWH (Jiuyuan Genetic Engineer-
ing Co., Ltd., Hangzhou, China, H19990036)
was combined with the aspirin treatment, once
a day, with a subcutaneous injection of 4000 U
each time. The patients were treated consecu-
tively for 7 days.
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Outcome measures

1. Clinical indicators: The blood pressure (SBP,
DBP) was observed in both groups before and
after the treatment.

2. Coagulation indexes: Before and after the
treatment for one day, venous blood (5 mL) was
drawn from the patients in both groups, centri-
fuged at 1500 x g and at 4°C for 10 min, and
then stored in a freezer at -70°C for later use.
The prothrombin times (PT), the activated par-
tial thromboplastin times (APTT), and the fibrin-
ogen (FIB) and D-dimer (D-D) levels were tested
using the blood coagulation analyzer HF-6000.

3. Hemorheological indexes: Before and after
the treatment for 2 weeks, the hematokrit and
erythrocyte sedimentation rates were measur-
ed using an automatic hematology analyzer.
Next, the plasma viscosity was measured using
an automatic hemorheology analyzer.

4. Renal function indexes: Before and one day
after the treatment, urine samples from the
patients were collected in both groups. Then,
venous blood (5 mL) was drawn from the
patients in both groups, centrifuged at 1500 x
g and 4°C for 10 min, and stored in a freezer at
-70°C for later use. The 24-hour urinary prote-
in quantification (24 h UP), the urea nitrogen
(BUN), the blood uric acid (UA), and the serum
creatinine (Scr) levels were measured using an
automatic biochemical instrument.

5. Apgar scores [1]: The newborns were evalu-
ated at 1 min and 5 min after their births, and
scored from 0-10. The lower the score, the high-
er the risk of neonatal asphyxia.

6. Pregnancy outcomes: After the treatment,
the incidences of fetal distress, neonatal death,
postpartum hemorrhage, placental abruption,
and fetal growth restriction were observed and
recorded in both groups.

7. Efficacy: Markedly effective: After the treat-
ment, the patients’ clinical and coagulation
indexes returned to normal, and the clinical
symptoms disappeared. Effective: After the
treatment, the patients’ clinical indexes and
coagulation indexes were improved, and their
clinical symptoms basically disappeared. Ine-
ffective: None of the symptoms changed after
the therapy. Total effective rate = (markedly
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effective number + effective number)/total
number x 100%.

Statistical analysis

SPSS 25.0 (Beijing Baiao Yijie Technology Co.,
Ltd., China) was used for the statistical analy-
sis. GraphPad Prism 7 was used to generate
the figures. The count data were represented
as [n (%)] and compared by using Chi-square
tests. When the theoretical frequency in a Chi-
square test was less than 5, continuous correc-
tion Chi-square tests were used. The measure-
ment data were represented as the means +
standard deviations (mean + SD). Independent
sample t-tests were used for the comparisons
of the measurement data between the two
groups. Paired T tests were used for the com-
parisons within groups before and after the
treatment. A difference was statistically sig-
nificant when P < 0.05.

Results
Baseline data

There was no significant difference between
the RG and the CG in terms of their baseline
data, such as average age, average gestation-
al age, average parity, parturition experience,
education background, diabetes history, drink-
ing history, smoking history, place of residence,
or diet (P > 0.05) (Table 1).

Comparison of the clinical indexes between
the two groups before and after the therapy

Before the therapy, there was no significant dif-
ference in the SBP and DBP between the two
groups (P > 0.05). After the therapy, the SBP
and DBP in both groups were significantly low-
er than they were before the therapy (P < 0.05).
After the therapy, SBP and DBP in the RG were
significantly lower than they were in the CG, and
the difference was statistically significant (P <
0.05) (Table 2).

Comparison of the coagulation indicators
between the two groups before and after the
therapy

There was no significant difference in the coag-
ulation indexes between the two groups before
the therapy (P > 0.05). After the treatment, the
improvement in the coagulation indexes in both
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Table 1. Baseline data of the patients in both groups [n (%), mean + SD]

pared with their levels

Factors RG (n=54)

CG (n=50) X3/t P

before the therapy (P

Average age (years)

Average parity 1.76+0.15
Parturition experience

Primipara 30 (55.56)

Multipara 24 (44.44)
Educational background

Below high school 15 (27.78)

High school or above 39 (72.22)
Drinking history

No 18 (33.33)

Yes 36 (66.67)
Smoking history

No 25 (46.30)

Yes 29 (53.70)
Place of residence

Rural 26 (48.15)

City 28 (51.85)
Diet

Spicy 24 (44.44)

Light 30 (55.56)

28.45+2.19 29.05+2.24 1.381 0.170
Average gestational age (weeks) 29.06+2.34 29.11+2.35 0.108 0.913
1.81+0.17 1.593 0.114

29 (58.00)
21 (42.00)

19 (38.00)
31 (62.00)

22 (44.00)
28 (56.00)

20 (40.00)
30 (60.00)

21 (42.00)
29 (58.00)

23 (46.00)
27 (54.00)

< 0.05). The hema-
tokrit, erythrocyte se-
dimentation rate, and
plasma viscosity in
the RG were signifi-
cantly lower than they
were in the CG. The
differences were sta-
tistically significant (P
< 0.05) (Table 4).

0.063 0.801

1.233 0.266

1.248 0.263 Comparison of the re-

nal function indexes
between the two
groups before and
after the therapy

0.419 0.517

There was no signifi-
cant difference in the
renal function indexes
between the two gr-
oups before the thera-
py. After the treatme-
nt, the improvement

0.396 0.529

0.025 0.873

Table 2. Comparison of the clinical indexes between the two groups before

and after the therapy (mean + SD)

in the renal function
indexes in both groups
was significantly low-
er than it was before

Systolic blood pressure (mmHg) Diastolic blood pressure (mmHg)

therapy. The 24 h UP,

Group

Before treatment After treatment Before treatment After treatment

BUN, UA, and Scr lev-

els in the RG were sig-

RG 54 151.83+15.02 127.35+12.47 97.4619.28 83.41+8.07 nificantly lower than
CG 50 152.97+15.06 133.25+13.05  98.11+9.24 93.15+9.01 they were in the CG.
t - 0.386 2.357 5.815 The differences were
P - 0.700 0.020 <0.001 statistically significant

groups was significantly better than it was
before the therapy (P < 0.05). The PT and APTT
in the RG were significantly higher than they
were in the CG, and the FIB and D-D were sig-
nificantly lower than they were in the CG. The
differences were statistically significant (P <
0.05) (Table 3).

Comparison of the hemorheological indexes
between the two groups before and after the
therapy

There was no significant difference in the he-
morheological indexes between the two groups
before the therapy (P > 0.05). After the treat-
ment, the hemorheological indexes in both gr-
oups were declined in different degrees com-
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(P < 0.05) (Figure 1).

Comparison of the fetuses’ Apgar scores
between the two groups at the different time
points after delivery

After delivery, the fetal scores were analyzed in
both groups. The Apgar scores of the newborns
in the RG were significantly higher than they
were in the CG at 1 min and 5 min after the
births. The differences were statistically signifi-
cant (P < 0.05) (Figure 2).

Comparison of the pregnancy outcomes be-
tween the two groups after the therapy

After the therapy, the incidences of total ad-

verse pregnancy outcomes in the RG were sig-
nificantly lower than they were in the CG. The
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Table 3. Comparison of coagulation indicators between the two groups before and after the therapy
(mean + SD)

PT (s) APTT (s) FIB (g/L) D-D (mg/L)
Group n Before After Before After Before After Before After
treatment treatment treatment treatment treatment treatment treatment treatment
RG 54 11.57+1.05 15.62+1.04 31.28+3.08 37.15+3.14 5.19+0.24 3.27+0.15 3.01+0.15 2.01+0.14
CG 50 11.81+1.08 13.89+1.18 32.07+3.04 34.75+3.16 5.14+0.28 5.68+0.28 2.99+0.17 3.25+0.16
t - 1.149 7.945 1.315 3.883 0.979 55.270 0.637 42.140
P - 0.253 <0.001 0.191 0.001 0.329 < 0.001 0.525 <0.001

Table 4. Comparison of the hemorheological indexes between the two groups before and after the
therapy (mean + SD)

Erythrocyte sedimentation rate

Hematokrit (%) Plasma viscosity (mps)

Grouping n (mm/h)
Before treatment After treatment  Before treatment After treatment  Before treatment After treatment
RG 54 38.16+3.04 25.16+2.11 28.23+2.19 15.23+1.08 2.45+2.08 1.28+1.02
CG 50 38.25+3.01 32.54+3.05 28.54+2.24 21.84+2.04 2.42+2.01 1.76+£1.06
t - 0.151 14.440 0.713 20.870 0.074 0.353
P - 0.879 <0.001 0.477 <0.001 0.941 0.021
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Figure 1. Comparison of renal function indexes between the two groups before and after the therapy. A: Before the
treatment, there was no difference in the 24 h UP between the two groups. After the treatment, the 24 h UP levels
in the RG were significantly lower they were in the CG. B: Before the treatment, there was no difference in the BUN
between the two groups. After the treatment, the BUN level in the RG was significantly lower than it was in the CG.
C: Before the treatment, there was no difference in the UA between the two groups. After the treatment, the level of
UA in the RG was significantly lower than it was in the CG. D: Before the treatment, there was no difference in the
Scr level between the two groups. After the treatment, the Scr level in the RG was significantly lower than it was in
the CG. Note: Compared with before the treatment, "P < 0.05; Compared with CG after the treatment, "*P < 0.01.
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Figure 2. Comparison of the fetuses’ Apgar scores
between the two groups at the different time after
delivery. The Apgar scores of the newborns in the RG
were significantly higher than they were in the CG at
1 min and 5 min after the births. Note: Compared
with the two groups, “P < 0.05; Compared with the
Apgar scores at one minute after the births, P <
0.01.

differences were statistically significant (P <
0.05) (Table 5).

Comparison of total effective rates between
the two groups after the therapy

After the treatment, the total effective rate was
94.44% in the RG and 76.00% in the CG. The
comparison revealed that the total effective
rate of the patients in the RG after the treat-
ment was significantly higher than it was in the
CG, and the difference was statistically signifi-
cant (P < 0.05) (Table 6).

Discussion

The pathogenesis of severe eclampsia is un-
clear, and its main feature is vasospasms [15].
Due to the damage to the corresponding vas-
cular endothelial cells, uterine and placental
thrombosis gradually gradually form [16], re-
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sulting in a hypercoagulable state for a long
time and in abnormal coagulation function [17].
Studies have shown that preeclampsia carries
risks of serious complications, and it is also
associated with adverse pregnancy outcomes
[18].

In this research, aspirin combined with LMWH
was used to treat patients with severe pre-
eclampsia, and it was found that the patients’
pregnancy outcomes were significantly amelio-
rated after the therapy, and the treatment had
a better curative effect. Studies have shown
that oral enteric aspirin can improve blood
pressure variability in patients with hyperten-
sion [19]. This is similar to the results of this
research. The results revealed that the SBP
and DBP of the patients in the RG were lower
than they were in the CG after the therapy, in-
dicating that aspirin combined with LMWH
can effectively improve the blood pressure of
severe preeclampsia patients, which may be
because the combination of the two can better
improve the thrombus. Aspirin can inhibit the
activity of fatty acid oxidase, thus antagonizing
platelet aggregation and activation, improving
hemorheology, and relieving patients’ hyperco-
agulable states [20]. LMWH has strong activity
of anticoagulant factor Xa, which can prevent
platelet aggregation by promoting the release
of the plasminogen activator from the endothe-
lium, thus improving the microcirculation of the
body [21]. This is similar to the results of this
study. The results revealed that the PT and
APTT in the RG were significantly higher than
they were in the CG, while FIB and D-D were
significantly lower than they were in the CG
after the treatment, indicating that aspirin
combined with LMWH can effectively improve
the hypercoagulable state of patients with se-
vere preeclampsia, promote fibrinolytic activi-
ty, and play antithrombotic and anticoagulant
roles. After the treatment, the hematocrit, ery-
throcyte sedimentation rate, and plasma vis-
cosity in the RG were significantly lower than
they were in the CG, which just showed that the
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Table 5. Comparison of the pregnancy outcomes between the two groups after the therapy [n (%)]

Abnormal pregnancy outcomes

Normal pregnhancy

Group n outcomes .Fetal Neonatal Postpartum Placen.tal Fetal grqwth Total
distress death hemorrhage abruption restriction

RG 54 50 (92.59) 0(0.00) 0 (0.00) 1(1.85) 2 (3.70) 1(1.85) 4 (7.41)

CG 50 39 (78.00) 1(2.00) 1(2.00) 2 (4.00) 4 (8.00) 3(6.00) 11 (22.00)

X2 - 4.479 1.090 1.090 0.427 0.881 1.208 4.479

P - 0.034 0.296 0.296 0.513 0.347 0.271 0.034

Table 6. Comparison of total effective rates between the

two groups after the therapy [n (%)]

morheology, but it can also promote
an increase of placental blood perfu-

effective rate

Total sion, thus avoiding the lack of nutrition

and oxygen intake in placental tissue

Group n Markgdly Effective  Ineffective
effective

RG 54 39(72.22) 12(22.22) 3(5.56)

CG 50 18(36.00) 20 (40.00) 12 (24.00)

X2 _ - -

P - - -

51 (94.44)
38 (76.00)
7.156
0.007

and reducing the risk of fetal asphyxia.
Studies have revealed that aspirin can
reduce pregnant women'’s health risks,
and LMWH can prevent fetal growth

combination of the two drugs can further re-
duce the blood viscosity, decrease the blood
flow resistance, and improve the hemorheo-

logy.

Patients with severe preeclampsia often also
suffer from significant proteinuria [22], so the
kidneys can be seriously damaged, and deter-
mining the renal function levels is also a reli-
able means of measuring the pre-eclampsia
conditions [23]. By comparing the level of re-
nal function indexes in both groups before and
after the therapy, this study found that the 24 h
UP, BUN, UA, and Scr levels in the RG were sig-
nificantly lower than they were in the CG after
the treatment intervention. In the studies by
Zhang et al., the intervention using LMWH for
the preeclampsia patients was able to protect
the kidney function of the patients and impro-
ve the fetal health [24]. This is similar to this
research, suggesting that aspirin combined
with LMWH can effectively reduce patients’
renal function injuries, and it is also an intu-
itionistic result of optimizing severe preeclamp-
sia. For now, the Apgar score is used clinically
to evaluate whether newborns have asphyxia
after birth [25]. The results of this study re-
vealed that the Apgar scores of the newborns
in the RG were significantly higher than they
were in the CG at 1 min and 5 min after their
births, indicating that the intervention of aspi-
rin combined with LMWH can not only amelio-
rate patients’ hypercoagulable state and he-
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restrictions [26]. The results of this
research revealed that the incidences
of fetal distress, neonatal death, postpartum
hemorrhage, placental abruption, fetal growth
restriction, and adverse pregnancy outcomes
in the RG were significantly lower than they
were in the CG after the therapy, indicating that
aspirin combined with LMWH can give full play
to the advantages of different drugs and make
their respective advantages complementary to
each other, so it helps to ameliorate patients’
pregnancy outcomes and promote the health of
mothers and infants. After the therapy, the total
effective rate of the patients in the RG was sig-
nificantly higher than it was in the CG, indicat-
ing that the combination of aspirin and LMWH
can improve patients’ coagulation functions,
clinical efficacy, and pregnancy outcomes, and
with a higher level of safety.

Although this study has shown that aspirin
combined with LMWH can bring better benefits
to patients with severe preeclampsia, there is
still room for improvement in this research. For
example, we can further analyze the risk fac-
tors affecting the recovery of patients with
severe preeclampsia, which will help nurses to
identify which risk factors need additional at-
tention. In the future, we will gradually carry
out supplementary research from the above
perspectives.

To sum up, aspirin combined with LMWH can
effectively improve the clinical efficacy, the co-
agulation function, the renal function, and the
blood pressure levels, and it can reduce the

Am J Transl Res 2021;13(8):9113-9121
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adverse pregnancy outcomes in patients with
severe preeclampsia.
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