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Abstract

Heparin is the commonly anticoagulant used in Continuous Renal Replacement Therapy (CRRT).
Thrombosis could reduce the efficacy of CRRT. Patients with hypertension who undertake CRRT
increase the risk of thrombosis. The current study was to explore the proper concentration of heparin
for patients with hypertension during CRRT. In our study, 225 patients without hypertension were
control subjects (A group) and 225 patients with hypertension were enrolled (B group). According to
Activated Partial Thromboplastin Time (APTT) before CRRT, the patients of A and B groups were
divided into low risk-hemorrhage population (APTT<55 s) and high risk- hemorrhage population
(APTT ≥ 55 s), respectively. After CRRT, the patients in low risk-hemorrhage population from A and B
groups were subjected to 1000 IU/ml and 500 IU/ml heparin saline, respectively; while patients in high
risk-hemorrhage population from A and B groups were given 500 IU/ml and 250 IU/ml, respectively.
The double-lumen of dialysis catheters was used to carry out blood purification treatment and monitor
the coagulation parameters including APTT, Prothrombin Time (PT) and International Normalized
Ratio (INR). It was showed that 250 IU/ml of heparin was an appropriate concentration for sealing tube
in all patients with APTT ≥ 55 s; 500 IU/ml heparin was an appropriate concentration for sealing tube in
patients with hypertension (APTT<55 s).
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Introduction
In recent years, Continuous Renal Replacement Therapy
(CRRT) has been applied extensively in multiple organ
dysfunction syndrome [1]. Obstruction of vascular may
seriously decline the efficacy of CRRT [2,3]. Therefore, blood
purification treatment is crucial for maintaining the patency of
vascular access [4]. Thrombosis is the most common
complication of double-lumen catheters in hemodialysis [5].
The incidence rate of thrombosis caused by different
concentration of sealing-up fluid was 2.6-35.5% [6]. Heparin
saline is the most frequently used sealing-up fluid during
CRRT. Heparin saline, as anticoagulant, is the useful agent to
prevent thrombosis in catheter. But excessive concentration of
heparin would lead to bleeding and coagulopathy; while
inadequate concentration of heparin may result in thrombosis
[7,8]. There is not yet a unitary standard for the concentration
of heparin in China. 1000 IU/ml of heparin is considered a
standard concentration, but it ignores the impact of coagulation
factors on the patency of vascular access [9,10]. There are
coagulation dysfunction and thrombopenia in critical patients
under APTT above 55 s [11-13]. Obviously, single
concentration of heparin cannot be applied uniformly to the
patients with different physiological and pathological
conditions.

About 10-49% patients received maintenance hemodialysis
suffer from hypertension [14,15]. Patients with hypertension
frequently are associated with the dysfunction of endogenous
fibrinolysis and sympathetic hyperfunction, which increases
the release of catecholamine and promotes platelet aggregation.
This finally enhances the risk of thrombosis [16]. Therefore,
reasonable selection of the heparin concentration is important
for patients with hypertension after CRRT. In this study, we
selected 225 cases of patients with normal blood pressure and
225 cases of patients with hypertension, which were further
divided into low risk-hemorrhage population (APTT<55 s) and
high risk- hemorrhage population (APTT ≥ 55 s), respectively.
Different heparin concentration was used for closing the tube
in each group after CRRT to formulate the proper
concentration for patients with different coagulation function.

Patients and Methods

Patients
We enrolled 1015 cases of patients with CRRT and figured out
450 cases of patients who meet our research standard from
May 2015 to May 2016 in Hospital. The patients’ age ranged
between 20 and 96 y, with the mean ± SD age of 53.11 ± 18.96
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y. All patients had signed a consent form and had not used any
anticoagulant during the study period. 225 cases of patients
with normal blood pressure were classified as control group (A
group) and 225 cases of patients with hypertension as
experimental group (B group). APTT<55 s was considered as
the condition of low risk-hemorrhage and APTT ≥ 55 s was
considered as the condition of high risk-hemorrhage. After
CRRT, patients with APTT<55 s received 1000 IU/ml of
heparin saline and patients with APTT ≥ 55 sec received 500
IU/ml of heparin saline to close catheter in A group, patients
with APTT<55 s received 500 IU/ml of heparin saline and
patients with APTT ≥ 55 s received 250 IU/ml of heparin
saline to close catheter in B group.

Inclusion and exclusion criteria
Inclusion criteria for this study were as follows: patients
with continuous blood purification therapy ≥ 2 in ICU; the
temporary double-lumen of dialysis catheter was indwelt in
patients; the sites of catheter were femoral vein; patients with
hypertension did not have diabetes and pregnancy.

Exclusion criteria were as follows: patients were allergic to
heparin; there were significant bleeding in patients; patients
with APTT>120 s or blood platelet<30 × 109/l; patients with
APTT<22 s; other complications in patients (in addition to
hypertension).

Sealing method
The double-lumen of dialysis catheters (Bard International Ltd,
USA) were used for carrying out blood purification treatment
in all patients. The patients in A and B groups were divided
into low risk-hemorrhage population (APTT<55 s) and high
risk- hemorrhage population (APTT ≥ 55 s), respectively. Ten
microliter of normal saline was used for washing residual
blood in the end of artery and vein, the correspondent
concentration of heparin was then used for positive pressure
sealing by closing heparin cap. The catheter was proper
fixation after sealing tube cavity and the covering catheter with
sterile gauze.

Evaluation of specific indicators
Hemorrhage and catheter function were recorded after sealing
for 1 and 4 h. Coagulation parameters including APTT, INR
and PT were monitored before sealing tube and after sealing
tube for 1 and 4 h. After eliminating the influence of catheter
adherence and position, the blood velocity ≥ 200 ml was
considered as catheter function well when the blood velocity ≥
200 ml and heparin saline was withdrew into 20 ml of work
drum in 6 s, the catheter function was considered to be normal;
when the blood velocity<200 ml and heparin saline was
painfully withdrew into 20 ml of work drum, the catheter
function was considered to be obstructed partly; when heparin
saline completely cannot withdrew into 20 ml of work drum,
which was considered as catheter obstruction.

Statistical analyses
Data were analysed by SPSS version 21.0 (SPSS, Inc.,
Chicago, IL, USA). Descriptive data are presented as mean ±
standard deviation. LSD t test or chi-square test was applied in
intergroup comparison. Correlation analysis was analysed
using person's method. P<0.05 was considered to be
statistically significant.

Results

Comparison of gender, age and APTT in patients with
or without hypertension
The age 450 patients varied from 20 to 96 y old. Patients
without hypertension were A group; while patients with
hypertension was B group. The average age of A group was
47.2 ± 19.3 and the average age of B group was 59.8 ± 20.5.
There was no significant difference in sex between A and B
groups (P>0.05; Table 1). The age had shown significant
difference between A and B groups (P<0.05; Table 1). There
were significant difference in APTT between A and B groups
(P<0.05; Table 1). In addition, no significant differences were
found between APTT and normal blood pressure in patients
without hypertension (P>0.05; Figure 1A), however, there was
significant difference in patients with hypertension (P<0.05;
Figure 1B).

Figure 1. A: The correlation between normal blood pressure and
APTT (<55 s/≥ 55 s); B: The correlation between hypertension and
APTT (<55 s/≥ 55 s).

Table 1. The comparison of gender, age and APTT between A group
and B group.

A (225 cases) B (225 cases) p-value

Gender (male/female) 110 /125 111/114 >0.05

Age 47.2 ± 19.3 59.8 ± 20.5 <0.05

APTT < 55 s 152 125 <0.05

≥ 55 s 73 (32.4%) 100 (44.4%)  

Chi-square test, *P<0.05

The effect of different concentration of heparin on
coagulation function in patients with or without
hypertension
The different concentration of heparin adopted in this study
was based on our clinical experiences and some previous
reports. In low risk-hemorrhage population (APTT<55 s) in A
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group (patients without hypertension) and B group (patients
with hypertension), PT, INR and APTT subjected with 1000
IU/ml and 500 IU/ml for 1 h were both significantly increased
compared with before sealing tube (P<0.05; Table 2). By
contrast, after sealing tube for 4 h, PT, INR and APTT showed
no significant differences compared with before sealing tube.

In high risk-hemorrhage population (APTT>55 s) in A group
and B group, PT, INR and APTT subjected with 500 IU/ml and

250 IU/ml for 1 h were both increased compared with before
sealing tube (P<0.05; Table 2). By contrast, after sealing tube
for 4 h, PT, INR and APTT decreased to the level that showed
before sealing tube. It was indicated that, no matter with or
without hypertension, APTT had no significant influence on
the concentration of heparin used in patients.

Table 2. The general condition of patients with CRRT.

APTT heparin APTT<55 s (277 cases) APTT ≥ 55 s (173 cases)

1000 IU/ml 500 IU/ml 500 IU/ml  

Before 1 h 4 h Before 1 h 4 h Before 1 h 4 h Before 1 h 4 h

A PT (S) 10.63 15.78 11.39 11.04 14.09 10.98 15.65 16.33 15.89 16.66 17.35 16.61

INR 1.02 1.12 1.06 1.07 1.11 1.05 0.98 0.99 1.02 1.11 1.13 1.1

APTT (S) 25.12 50.32 30.21 26.33 45.32 27.59 69. 12 107.02 70.31 67.35 96.29 65.45

PT (S) 11.32 12.65 11.66 10.98 11.94 11.01 16.32 17.25 17.02 16.02 17.02 16.23

B INR 1.13 1.19 1.08 1.1 1.02 0.99 1.04 1.01 1.02 1.01 1.13 1.03

APTT (S) 27.35 54.12 28.71 28.01 50.01 26.31 72.15 110.23 71.22 72.69 110.58 73.99

Table 3. Comparison of blockage and bleed between APTT<55 s and APTT ≥ 55 s.

 A (225 cases) B (225 cases)

Blockage (Yes/No) Bleed (Yes/No) P-value Blockage
(Yes/No)

Bleed (Yes/No) P-value

APTT<55 s 1000IU/ml 76/0 8/68 >0.05 62/0 11/52 <0.05

500 IU/ml 76/0 4/72  63/0 3/60  

APTT ≥ 55 s 500 IU/ml 36/0 6/30 <0.05 50/0 11/50 <0.05

250 IU/ml 37/0 1/36 (%)  50/0 2/48  

Chi-square test, *P<0.05

The different concentration of heparin had significant
effect on bleeding of patients
As shown in Table 3, plugging ratio in all the groups was zero.
For patients without hypertension, there was no significant
difference between 1000 IU/ml and 500 IU/ml of heparin in
low risk-hemorrhage population; nevertheless, the bleeding
rate in 250 IU/ml heparin was significantly lower than that of
500 IU/ml of heparin in high risk-hemorrhage population
(P<0.05). For patients with hypertension, the bleeding rate in
500 IU/ml of heparin was significantly lower than that in 1000
IU/ml when APTT was below 55 s; while there was significant
difference in the bleeding rate between 250 IU/ml and 500
IU/ml heparin, when APTT was above 55 s (P<0.05).

Discussion
In patients with hypertension, the activity of renin-angiotensin-
aldosterone system is increased, which will enhance the
platelet aggregation effects of paranephrine. The function of

vascular endothelial cells is impaired and hypertrophic,
resulting in an imbalance of secretion of fibrinolytic activity
regulation factors. In addition, sympathetic function is
hyperactive to promote platelet aggregation [17,18]. Therefore,
balance between coagulation system, and fibrinolytic system is
broken, causing the abnormality of blood coagulation
mechanism (hypercoagulability) in patients with hypertension
[19]. Blood hypercoagulability can increase the risk of
thrombosis and bleeding. APTT presents the state of
hypercoagulability [20]. According to the data in our clinical
experiences, APTT<55 s was considered as low-risk
hemorrhage and APTT ≥ 55 s was considered as high-risk
hemorrhage.

Heparin, a highly sulfated proteoglycan, is widely used blood-
thinner and has complex blood anticoagulant mechanism that
affects multiple parts in coagulation process [21,22]. The effect
of heparin is apparent within a short time, but eliminate
quickly. The excessive concentration of heparin can result in
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bleeding [23,24]. By contrast, lower concentration of heparin
can result in thrombosis [25]. In CRRT, 1000 IU/ml heparin
was used as the standard concentration for tube-sealing to
maintain the smooth of vascular access and prevent
thrombosis. However, it was considered to effect bleeding rate
of patients during CRRT. Therefore, it is not suitable to use the
uniform standard heparin concentration to different patients.

In our study, there was no significant difference in gender and
significant difference in age between patients without
hypertension and patients with hypertension. It was showed
that the elder patients were susceptible to hypertension.
Significant differences were observed in APTT between A
group and B group. In addition, the proportion of patients with
APTT ≥ 55 s in B group was higher than that of A group. No
significant statistical relationship was found between patient
with normal blood pressure and APTT. However, hypertension
had a significant positive correlation with APTT. These results
showed that patients with hypertension were more likely to
bleed than patients without hypertension.

Moreover, the results showed that APTT, INR and PT in A
group and B group after sealing tube with 1000, 500 and 250
IU/ml heparin for 1 h, were significantly higher than that of
before sealing tube; and after sealing tube for 4 h, APTT, INR
and PT were reduced to the levels before sealing tube. It was
showed that the concentration of heparin as tube-sealing
solution had no effect on coagulation function over time. It
might be associated with heparinization in blood purification
treatment. In addition, without affecting catheter function,
there was no significant difference in bleeding rate between
1000 IU/ml and 500 IU/ml heparin in A group under APTT
below 55 s; however, 250 IU/ml of heparin in A group could
significantly reduce bleeding rate compared to 500 IU/ml of
heparin in A group under APTT above 55 s. For patients with
hypertension, 500 IU/ml heparin could significantly reduce
bleeding rate compared to 1000 IU/ml heparin (APTT<55 s);
while 250 IU/ml heparin could significantly reduce bleeding
rate compared to 500 IU/ml heparin (APTT>55 s). Based on
the investigations, the risk of bleeding in patients with normal
blood pressure was increased, when APTT ≥ 55 s. The risk of
bleeding in patients with hypertension was higher than that
with normal blood pressure. In addition, when APTT of
patients with hypertension exceeded 55 s, the risk of bleeding
was far more than of patients without hypertension and of the
hypertension patients with APTT<55 s.

The major limitation of this study was the sample number was
small. Another weakness was that the observation was local.
Thus it may be interesting to undertake in-depth exploration
from large sample trials.

Conclusion
In conclusion, the appropriate concentration of heparin tube-
sealing solution is essential to improving the effect of CRRT,
based on different patients: 250 IU/ml of heparin was an
appropriate concentration for sealing tube in all patients with
APTT ≥ 55 s; 500 IU/ml heparin was an appropriate

concentration for sealing tube in patients with hypertension
(APTT<55 s).
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