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Abstract: Objective: The goal of this study was to explore the efficacy of low molecular weight heparin (LMWH) com-
bined with prednisone and its influence on coagulation and kidney function of pediatricwith nephrotic syndrome.
Methods: A total of 94 pediatriccases of nephrotic syndrome were divided into an experimental group (n=47) and
a control group (n=47) according to different treatments. Pediatricin the control group merely received prednisone
(2 mg/(kgd) 3 times/day, with an adjustment of the dose after 2 weeks) treatment, while LMWH (150 IU/(kgd)
once/day) was added on the treatment plan of the experimental group. The two groups’ clinical efficacies were
compared, including coagulation function (prothrombin time (PT), activated partial thromboplastin time (APTT)),
kidney function (blood urinary nitrogen (BUN), creatinine clearance rate (Ccr), serum creatinine (SCr)), bone me-
tabolism (blood GLA protein (BGP), bone alkaline phosphatase (BALP)), and other blood biochemistry criterion (se-
rum albumen (Alb), including total cholesterol (TC)). Adverse events were monitored in both groups and compared.
Results: The clinical effective rate of the experimental group was significantly higher than that of the control group
(P=0.036). After treatment, both groups showed significantly-elevated Ccr levels (both P<0.001) with a more dis-
tinct elevation in the experimental group (P<0.01). The BUN and SCr levels were all significantly decreased (both
P<0.001), especially in the experimental group (both P<0.01) compared with the control group. Comparison of
coagulation function among paired before-treatment/after-treatment and control/experimental groups resulted in
no significant difference (all P>0.05). For bone metabolism indexes, both groups showed significantly elevated BGP
levels (both P<0.001) and decreased BALP levels (both P<0.001) and the experimental group had higher BGP level
(P<0.01) and lower BALP level (P<0.01) compared with those of control group respectively. Alb level was elevated
significantly in both groups (both P<0.001) and was higher in experimental group (P<0.01) while TC level was de-
creased significantly (both P<0.001) and lower in experimental group (P<0.01). Comparison between incidences of
adverse events between groups showed no difference (P=0.168). Conclusion: For pediatric patients with nephrotic
syndrome, LMWH combined with prednisone could significantly improve their clinical symptoms with improved kid-
ney function, coagulation function and bone metabolism.
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Introduction viscosity in blood. Due to the refractory nature,
NS has a big impact on children’s physical and
Nephrotic syndrome (NS), a common urinary mental health.
system disease in pediatrics, refers to multiple
clinical symptoms induced by the abnormally

increased permeability of glomerular filtration

Previous clinical experience suggested predni-
sone therapy. However, some pediatric patients

membrane which causes critical loss of plasma
proteins through kidney [1-3]. Currently, the ex-
act mechanism of pediatric NS remains unclear
and may be related with coagulation dysfunc-
tion which leads to hypercoagulability and high

were resistant to the sole prednisone treat-
ment. Moreover, prolonged use of prednisone
would cause various adverse reactions includ-
ing peptic ulcer and hypertension which further
impaired physical growth and psychological
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well-being. Clinical studies have discovered
that pediatric NS was related with intrarenal
coagulation disorder and glomerular capillary
thrombosis caused by hyper-coagulation status
[4-6]. Studies have showed that low molecular
weight heparin (LMWH), developed from hepa-
rin, was effective in anti-thrombin and might
relieve the hypercoagulability in glomerulus
and achieve remarkable effect on treating kid-
ney failure with hemorrhage [7, 8]. There are
limited reports on treating pediatric NS with
LMWH combined with prednisone and none
reporting its influence on bone metabolism.
This study explored the clinical efficacy of
LMWH combined with prednisone and its influ-
ence on coagulation function, kidney function,
and bone metabolism of pediatric patients with
NS.

Materials and methods
Patients’ recruitment

A total of 94 pediatric cases of NS in Yichang
Central People Hospital, The First Clinical
Medical College, Three Gorges University clinic
from June 2015 to January 2017 were included
as study subjects and their clinical data were
collected. All patients were divided into 2 gro-
ups according to different treatments: experi-
mental group (n=47) and control group (n=47).
The study was reviewed and approved by the
Ethics Committee of Yichang Central People
Hospital, The First Clinical Medical College, Th-
ree Gorges University and has gained informed
consent of the included pediatric and their
guardians.

NS was diagnosed using the criteria made by
kidney disease group of national pediatric as-
sociation in 2001: patient with edema, hyperli-
pemia and other clinical presentation, have a
>7 mmol/L cholesterol level [9]. The urine pro-
tein, exceeding 50 mg/(kg-d), lasts over 14
days, and albumins is less than 30 g/L.

The eligible case were required to meet all the
following inclusion criteria: Without anaphylac-
tic purpura nephritis; without lupus nephritis;
normal immune function; no contradiction to
the study; without malignant tumor; with com-
plete clinical data; less than 8 years’ old; with
primary NS.

Exclusion criteria: With heart, liver, lung or so-
me other organ disorder; with family history;
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poor compliance; abnormal coagulation func-
tion.

Methods

Routine treatment like anti-infection, diuresis,
detumescence, balancing electrolyte and nutri-
tion supplement were given to all the included
patients.

The pediatric control group received predniso-
ne acetate tablets (Xi’an DiSai biological phar-
maceutical Co., Ltd.) at the dose of 2 mg/(kg-d)
for 3 times a day (no more than 60 mg/d). Two
weeks after the urine protein concentration
was significantly decreased, the dose was re-
duced to 2.0 mg/(kg-d) for once every two days
and 4 weeks later, the dose would be continued
by 3.0-4.0 mg per 2 weeks until the suspen-
sion.

Patients in the experimental group would ac-
cept LMWH (Shenzhen Saibaoer biological me-
dicine Co., Ltd.) on the basis of control group’s
plan, at the dose of 150 IU/(kg:d) for twice a
day subcutaneously.

Both groups received drug treatment for 5 we-
eks and examination in clinic after the therapy
and were reminded of that daily diet should
contain low salt and adequate amount of high
quality protein.

Clinical efficacy

Clinical efficacy was categorized into 3 levels:
excellent, effective, and invalid Excellent refe-
rred to that clinical symptoms and signs of the
patient disappeared and that all the blood
indexes returned to normal level (albumins was
above 30 g/L). Effective referred to that the
clinical symptoms and signs were mostly reli-
eved and blood indexes were basically normal
(urine protein was mildly positive). Invalid meant
that all the clinical symptoms and signs re-
mained or even exacerbated along with the ex-
istence of abnormal blood indexes. The effec-
tive rate (ER) = number of cases evaluated as
excellent or valid/total number of cases *100%.

Outcome measures

Fasting venous blood 3 mL was collected from
elbow veins before and after the treatment in
both groups in the morning. Serum was sepa-
rated from the blood samples by centrifugation
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Table 1. Comparison of clinical results between the two groups

group before-after com-

s Gender (n) A Average course parison and independe-
roup Male Female g€ (yean of disease nt t test was performed
Experimental group (n=47) 28 19  6.03+1.96  4.88+195 ?et"lvee” groups. Catego-
Control group (n=47) 27 20 6.02¢1.95  4.73+1.93 ggapg‘:‘i:ni;egsxg‘)*:ﬁg
t/x2 0.044 0.375 ) ’
P/X 0.834 0.709 analyzed with x2 test. P<
- - 0.05 indicates statisti-
cally significant differen-
Table 2. Comparison of clinical efficacy between the two groups ces.
Excellent ) Clinical efficacy
Group ") Valid (n) rate (n, %) Results
Experimental group (n=47) 20 24 44 (93.62) . L
Control group (n=47) 15 22 37 (78.72) Baseline characteristics
X2 - 4.374 L
Clinical data of the two
P - 0.036

Table 3. Comparison of kidney function between the two groups

groups included gender,
age and average course
of disease. Statistical an-

(X + sd) alysis showed no differ-
Group BUN (mmol/L)  Cor (mL/min)  SCr (umol/L) ence (all P>0.05) among
- ~ the two groups in clinical
Experimental group (n=47) . o
data, proving the viabili-

Before treatment 8.91+0.70 52.20+4.39 92.17+10.14

After treatment
Control group (n=47)

Before treatment

After treatment

8.90+0.68

7.03+0.48""## 63.11+4.55" " 75444720 #*

52.19+4.57
8.47+0.52"  59.02+4.93"*

ty of between-group com-
parison analysis (Table
1).

92.15+10.09
85.83+7.21##

Comparison of clinical

Note: **, compared with the control group, P<0.01; #*#* compared with the same group efficacy
before treatment, P<0.001; BUN, blood urea nitrogen; Ccr, creatinine clearance rate; SCr,

serum creatinine.

at 3,500 rpm for 5 minutes and stored at -20°C
for further examination.

Major outcome measures included kidney func-
tion indicators: blood urinary nitrogen (BUN),
creatinine clearance rate (Ccr) and serum cre-
atinine (SCr). Coagulation function indicators:
Prothrombin time (PT) and activated partial
thromboplastin time (APTT). Bone metabolism
indicators: blood GLA protein (BGP) and bone
alkaline phosphatase (BALP).

Secondary outcome measures included: other
blood biochemical indexes: Serum albumen
(Alb) and blood total cholesterol (TC); and the
incidence of all kinds of adverse events.

Statistical analysis

SPSS 20.0 software was used for data analy-
sis. Quantitative data is expressed as mean *
sd (X + sd). Paired t test was performed within
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The ER of experimental

group was significantly hi-
gher than that of the control group (P<0.05;
Table 2).

Comparison of kidney function

Statistical analysis showed no difference bet-
ween the two groups in kidney function before
treatment (P>0.05). After the treatment, both
groups showed significantly-elevated Ccr levels
(both P<0.001) with a more distinct elevation in
experimental group (P<0.01). BUN and SCr lev-
els were all significantly decreased (both P<
0.001), especially in the experimental group
(P<0.01) compared with those of control group
(Table 3).

Comparison of coagulation function

Comparison of coagulation function among
paired before-treatment/after-treatment and
control/experimental groups resulted in no sig-
nificant difference (all P>0.05) (Table 4).
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Table 4. Comparison of coagulation function between the

two groups (X + sd)

ness were recorded in the control gr-
oup and the incidence was 8.51% (4/

Group PT (s)

47). No liver/Kidney injury, organ disor-

Experimental group (n=47)

der, gastrointestinal hemorrhage or
other severe adverse reactions was

Before treatment 12.81+1.34 28.47+8.59 . -
recorded and all the mild sickness was
After treatment 13.11+1.29 30.11+7.42
- cured after treatment. There was no
Control group (n=47) significant difference in adverse reac-
Before treatment 12.80+1.42 28.46+8.60 tion occurrence between the two gro-
After treatment 13.24+1.30 30.14+7.51 ups (P=0.168, x2=1.901).

Note: PT, prothrombin time; APTT, activated partial thromboplastin time.

Table 5. Comparison of bone metabolism indexes be-

tween the two groups (X * sd)

Discussion

Pediatric NS is a disease related to
progressive renal fibrosis induced by

Group BGP (mg/L) BALP (ug/L) various factors [10-12]. Clinical statis-
Experimental group (n=47) tics have shown that the disease oc-
Before treatment 14.96+4.88 176.47+9.01 curs mostly among pre-school chil-

After treatment
Control group (n=47)

Before treatment

After treatment

14.97+4.75

21.09+5.31°"## 150.02+6.83""##

176.50+8.45
17.22+5.42%  164.22+7.12%*

dren, especially those between 3-5
years’ old. Currently, major principles
of pediatric NS are alleviation of clini-
cal symptoms, elimination of disease

Note: **, compared with the control group, P<0.01; #*#*, compared with
the same group before treatment, P<0.001; BGP, bone GLA protein;

BALP, bone alkaline phosphatase.

Comparison of bone metabolism indexes

Before treatment no significant difference was
shown between the two groups in bone metab-
olism indexes (both P>0.05). After treatment,
both groups showed significantly elevated BGP
levels (both P<0.001) and decreased BALP lev-
els (both P<0.001), when the experimental
group had even higher BGP level (P<0.01) and
lower BALP level (P<0.01) compared with con-
trol group respectively (Table 5 and Figure 1).

Comparison of Alb and TC levels

Before treatment no significant difference was
shown between the two groups in Alb and TC
levels (both P>0.05). After treatment Alb level
was elevated significantly in both groups (both
P<0.001) and even higher in experimental
group (P<0.01) while TC level was decreased
significantly (both P<0.001) and even lower in
experimental group (P<0.01; Table 6).

Comparison of adverse reactions

One case of subcutaneous ecchymosis was
recorded in the experimental group and the
incidence was 2.13% (1/47). 4 cases of dizzi-
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oncology and inducement [13]. This
study focuses on the treatment plan of
LMWH combined with prednisone on
47 cases of pediatric NS. The results
show that the clinical ER of experimen-
tal group was significantly higher than predni-
sone alone, indicating that the combination
would effectively alleviate the clinical symp-
toms and improve detumescence and blood
pressure control. This result was similar to
reports from some related studies [14, 15]. The
significant efficacy was assumed to be partly
due to the rapid effect of prednisone which
could help to regulate secretion of aldosterone
and antidiuretic hormone (ADH) to control the
inflammation and repair the permeability of glo-
merular basement membrane (GBM), and part-
ly due to the effect of LMWH on assisting repair
of injured vascular endothelium cell for further
clinical improvement.

Clinicians believe that the hypercoagulability
and high viscosity of blood play key roles in the
development of NS, for which effective antico-
agulation therapy would be helpful [16]. Re-
search indicates that LMWH not only presents
a relatively long biological half-life period and
high bioavailability, but also is bound majorly
with anti-thrombin and rarely to plasma and
platelets, which guaranteed a good anticoagu-
lation effect and prevented the spontaneous
hemorrhage [17, 18]. Additionally, LMWH was

Int J Clin Exp Med 2019;12(5):6032-6037
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Figure 1. Comparison of bone metabolism indexes between the two groups. A: Comparison of BGP level between
the two groups; B: Comparison of BALP level between the two groups; **, comparing the two, P<0.01; ## comparing
the two, P<0.001; BGP, bone GLA protein; BALP, bone alkaline phosphatase.

Table 6. Comparison of Alb and TC levels between the

even in primary visit among some NS

two groups children, probably because of blood cal-
Group Alb (g/L) TC (mmol/L) cium loss induced by large amount of
: _ urine protein [20, 21]. This study shows
Experimental group (n=47)
that after treatment, both groups had
Before treatment 18.19+4.39 12.17+2.89

After treatment
Control group (n=47)

Before treatment

After treatment

18.20+4.28

33.30+5.91""## 5094258 #

12.15+2.76
25.44+5.09*  8.32+2.87%*

higher levels of BGP and lower of BALP,
when the experimental group presented
even higher BGP level and lower BALP
level compared with the control group.
The combination could significantly im-

Note: **, compared with the control group, P<0.01; ## compared with
the same group before treatment, P<0.001; Alb, albumin; TC, total

cholesterol.

effective in improving negative charge on GBM
and later inhibiting the occurrence of protein-
uria. This study showed that, after treatment,
Ccr and Alb levels were significantly increased
in both groups, especially for experimental gr-
oup. BUN, Scr, and TC levels were decreased
when experimental group presented even lower
levels. Coagulation function analysis ended up
with no significant difference between groups.
All these data helped make a conclusion that
the use of LMWH combined with prednisone
would help to improve kidney function and hy-
perlipemia of pediatric NS patients without
causing hemorrhage by maintaining normal AP-
TT and PT levels.

There is still lack of clinical confirmation of the
influence on bone metabolism on NS children
using this combination therapy. But some study
proved that NS, though majorly influencing kid-
ney, had impact on all body systems. It could
cause bone cell apoptosis and accelerate os-
teoclast recruitment to suppress bone absorp-
tion and reduce formation of new bone during
the treatment [19]. Some studies showed that
bone metabolism level abnormalities occurred
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prove the bone metabolism but the ex-
act mechanism remains to be discov-
ered by multi-center control study based
on a large sample size.

In summary, for NS children, LMWH combined
with prednisone can significantly alleviate clini-
cal symptoms and edema, and improve kidney
function, coagulation function and bone metab-
olism, for which it deserves wider clinical appli-
cation.
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