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Abstract

BACKGROUND

Acute kidney injury (AKI) is a sudden or rapid decline in the filtration function of
the kidneys which is marked by increased serum creatinine or blood urea
nitrogen.

AIM
To examine the value of alprostadil-assisted continuous venous-venous
hemofiltration (CVVH) in the treatment of severe AKI in severely ill patients.

METHODS

This was a retrospective study and the inclusion criteria were as follows: (1) Age
of patients (= 18 years); (2) Admission to intensive care unit due to non-renal
primary disease, APACHE II score (2 18 points); (3) The diagnostic criteria of AKI
guidelines were formulated with reference to the Global Organization for the
Improvement of Prognosis in Kidney Diseases, with AKI grades of II-III; (4) All
patients were treated with CVVH; and (5) Complete basic data were obtained for
all patients.

RESULTS

The clinical effect of alprostadil administered in the treatment group was better
than that observed in the control group (P < 0.05). The urine output of patients in
the alprostadil group returned to normal time (9.1 £ 2.0 d) and was lower than
that in the control group (10.6 + 2.5 d), the difference was statistically significant (
P < 0.05); adverse reactions occurred in the alprostadil group compared with the
control group, but the difference was not statistically significant (P > 0.05).
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CONCLUSION

Alprostadil-assisted CVVH in the treatment of severely ill patients with AKI can
effectively improve the renal resistance index and partial pressure of urine
oxygen, and has a positive effect on improving renal function.

Key Words: Alprostadil; Continuous venous-venous hemofiltration; Severe; Acute kidney
injury

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Alprostadil-assisted continuous venous-venous hemofiltration in the
treatment of severely ill patients with acute kidney injury may provide guidance and
the basis for clinical practice.

Citation: Jia Y, Liu LL, Su JL, Meng XH, Wang WX, Tian C. Effect of alprostadil in the
treatment of intensive care unit patients with acute renal injury. World J Clin Cases 2021; 9(6):
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INTRODUCTION

Acute kidney injury (AKI) is a sudden or rapid decline in the filtration function of the
kidneys which is marked by increased serum creatinine (Scr) or blood urea nitrogen
(BUN). Treatment of severe AKI is usually relatively complicated.

Continuous venous-venous hemofiltration (CVVH) is an important method for the
clinical treatment of kidney diseases, which uses convection and diffusion to remove
solutes by mimicking the filtration principle of glomeruli. It introduces arterial or
venous blood into semi-permeable membrane filters with good permeability, and
ultimately removes water and solute. However, kidney function damage is a common
complication of CVVH, which increases the cost of clinical treatment and has a serious
impact on the quality of life of patients!l. Alprostadil has been proved to have the
effects of dilating vascular smooth muscle, anti-platelet agglutination, protecting cells
and inhibiting inflammation. It has positive effects on organ protection in critically ill
patients, but relatively few clinical studies have reported its use in CVVH to avoid
kidney injury®.

In order to improve the effect of CVVH in patients with AKI and reduce treatment
complications, this study was conducted to observe the effect of alprostadil-assisted
CVVH in the treatment of severely ill patients with AKI to provide guidance and the
basis for clinical practice.

MATERIALS AND METHODS

Patients

This retrospective study was conducted to select 100 intensive care unit (ICU) patients
with AKI, of whom 50 patients received CVVH and basic treatment measures (control
group), and the remaining 50 patients were also given alprostadil simultaneously
(alprostadil group). The study subjects were admitted from January 2017 to March
2019, and the inclusion criteria were as follows: (1) Age of patients (= 18 years); (2)
Admission to ICU due to non-renal primary disease, Acute Physiological Function and
Chronic Health Score II (APACHE II) score (= 18 points); (3) The diagnostic criteria of
AKI guidelines were formulated with reference to the Global Organization for the
Improvement of Prognosis in Kidney Diseases, with AKI grades of II-III; (4) All
patients were treated with CVVH; and (5) Complete basic data were obtained for all
patients. The exclusion criteria were as follows: (1) Patients with primary kidney
disease and renal dysfunction; (2) Patients with advanced malignant tumors; (3)
Patients after kidney transplantation and liver transplantation; (4) Contraindications to
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CVVH treatment; and (5) Patients who were transferred for treatment.

In the alprostadil group, the age of patients ranged from 42 to 79 years, with an
average of 61.7 £ 8.0 years, including 29 males and 21 females, all of whom had basic
diseases, including 13 patients admitted to hospital due to trauma, 10 patients with
cardiovascular diseases, 7 patients with diabetes, and 20 patients with cerebrovascular
diseases. The APACHE II score was 23.6 + 2.7 points, while the AKI grade was grade II
in 29 cases and grade III in 21 cases. In the control group, the age of patients ranged
from 38 to 79 years, with an average of 60.4 + 10.3 years, including 32 males and 18
females, who had basic diseases, including 15 patients admitted to hospital due to
trauma, 6 patients with cardiovascular diseases, 5 patients with diabetes, and 23
patients with cerebrovascular diseases. The APACHE II score was 24.0 £ 2.5 points,
while AKI grade was grade II in 33 cases and grade III in 17 cases. There was no
significant difference in age, gender and other baseline data between the two groups
(P >0.05).

Methods

Treatment methods: Control group: Jinbao Prismaflex continuous blood purification
equipment was used for treatment, and 4000 mL/bag of replacement fluid was
selected to filter the basic replacement fluid. The blood flow rate was set to 150
mL/min, and citrate was used for anticoagulation. The initial pump speed was 2.0%-
2.5% of the blood flow rate, and 10% calcium gluconate solution was pumped into the
venous end of the treatment pipeline to maintain the whole-body free calcium ion
level of 1.0-1.2 mmol/L, and fluid resuscitation, anti-infection and glucocorticoid
support were given at the same time for symptomatic treatment.

Alprostadil group: In addition to the treatment given to the control group, patients
were also treated with alprostadil (produced by Harbin Pharmaceutical Group
Bioengineering Co., Ltd., drug approval No: National drug approval No. H20059787,
drug batch No. 20170516), and intravenous injection of 10 UG of alprostadil and 10 mL
of normal saline was performed, once every 12 h for 1 wk.

Fluid infusion rate was controlled and vital signs of the patients were strictly
monitored during treatment in both groups.

Data collection: Comparisons between the two groups of patients, included the
APACHE 1II score, Sequential Organ Failure Score (SOFA), Scr, BUN, urinary kidney
injury molecule-1 (KIM-1), urinary neutrophil gelatinase-associated lipocalin (NAGL),
urinary interleukin-8 (IL-8), renal resistance index, urinary partial pressure of oxygen
and therapeutic effect before and after treatment for 7 d [criteria for the improvement
of renal function: (1) Cure: After treatment, the patient’s urine volume is more than
1000 mL/24 h, Scr is less than 176.8 mmol/L, and BUN is less than 7.14 mmol/L; (2)
Improvement: After treatment, the patient’s urine volume is more than 1000 mL/24 h,
Scr and urea nitrogen levels significantly decreased, but did not reach the normal level
(trouble to confirm the normal range of creatinine, should not be 176.8); and (3)
Ineffective: Did not meet the above criteria or patient died]. The fasting venous blood
of the patients before and after treatment was sampled and centrifuged at a speed of
3000/rpm for 10 min to separate the serum. Then, using the kit provided by BIO
SWAMP Company, and operating according to the kit instructions, an enzyme-linked
immunosorbent assay was used to determine the concentration changes in urine and
KIM-1 in patients.

Statistical analysis

SPSS 21.0 software was used for statistical analysis, while Scr, BUN, KIM-1 and other
measurement indicators in the two groups were expressed by mean + SD. Independent
sample f-test was used for comparison between the two groups, and y? or non-
parametric test was used for comparison of enumeration data such as gender and
clinical efficacy, with P < 0.05 considered statistically significant.

RESULTS

Comparison of APACHE Il score and SOFA score between the two groups

Before treatment, there was no significant difference in APACHE II score and SOFA
score between the alprostadil group and the control group (P > 0.05); while after 7 d of
treatment, the APACHE II score and SOFA score of the alprostadil group were lower
than those of the control group (P < 0.05), as shown in Table 1.
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Table 1 Baseline data were compared between the two groups

Sex Basic diseases AKI
Group n Year - - - APACHE Il

Men Women Trauma Cardiovascular disease Cerebrovascular disease Other
Alprostadil group 50 61.7+8.0 29 21 13 10 20 7 23.6+27 29 21
Control group 50 604+103 32 18 15 6 23 5 240+25 33 17
t/x* 0.705 0.378 1.676 -0.769 0.679
P 0.483 0.539 0.642 0.444 0.410

APACHE II: Acute Physiological Function and Chronic Health Score II; AKI: Acute renal injury.

Comparison of renal function index between the two groups

Before treatment, there were no significant differences in the levels of Scr, BUN, KIM-
1, NAGL and IL-8 between the alprostadil group and the control group (P > 0.05),
while after 7 d of treatment, the levels of Scr, BUN, KIM-1, NAGL and IL-8 in the
alprostadil group were lower than those in the control group (P < 0.05), as shown in
Table 2.

Comparison of renal resistance index and partial pressure of oxygen in urine

between the two groups

Before treatment, there was no significant difference in renal resistance index and
partial pressure of oxygen in urine between the alprostadil group and control group (P
> 0.05), while after 7 d of treatment, the renal resistance index in the alprostadil group
was lower than that in the control group (P < 0.05), and the partial pressure of oxygen
in urine was higher than that in the control group (P < 0.05), as shown in Table 3,
Figures 1 and 2.

Comparison of the therapeutic effect between the two groups of patients

After treatment, the cure rate, improvement rate and ineffectiveness in the alprostadil
group were 64.00%, 28.00% and 8.00%, respectively, while those in the control group
were 42.00%, 44.00% and 14.00%, respectively. The clinical effect in the alprostadil
group was superior to that in the control group (P < 0.05), as shown in Table 4.

Comparison of urine volume recovery time and adverse reactions between the two

groups
The recovery time of urine volume in the alprostadil group was 9.1 + 2.0 d, which was
lower than that in the control group (10.6 + 2.5 d), and the difference was statistically
significant (P < 0.05), while the incidence of adverse reactions in the alprostadil group
was not significantly different to that in the control group (P > 0.05), as shown in
Table 5.

DISCUSSION

The ICU is a place to rescue severely ill patients, and most patients suffer from
multiple organ failure. It has been reported that the mortality rate of patients with
more than 2 failed organs is more than 50%, and that of patients with more than 4
failed organs is 100%, which seriously affects the quality of life and safety of
patientsPl. Studies have shown that the release of proinflammatory mediators is
increased in severely ill patients, and then tissue replacement downregulates the
release of proinflammatory mediators. Generally, the concentration of local
inflammatory mediators is higher than the concentration in the circulation and does
not lead to destruction of the body’s inflammatory response. However, with
aggravation of the disease, the local proinflammatory response cannot resist the
invasion and will mobilize the systemic defense mechanism, and the excessive and
long-lasting release of the proinflammatory response may destroy the homeostasis of
the human body and form a systemic inflammatory cascade reaction, eventually
causing cell damage, endothelial cell dysfunction, increased microvascular
permeability, microcirculation disorder, and changes in the body’s coagulation system,
which cannot restore the stability of the body’s internal environment and have a
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Table 2 Comparison of serum creatinine, blood urea nitrogen and kidney injury molecule-1 levels between the two groups (mean * SD)

Scr (umol/L) BUN (mmol/L) KIM-1 (pg/mL)
Group n Before 7 d after Before 7 d after Before 7 d after
treatment treatment treatment treatment treatment treatment
Alprostadil group 50 4481+ 95.2 180.6 + 34.7°" 17.8+3.9 81+1.8%" 1338.2 + 202.1 7874 +144.2°°
Control group 50  420.8+81.7 207.1 +42.4° 17.3+3.4 9.3+20° 1310.3 + 231.8 855.8 +153.9"
T value 1.539 -3.420 0.683 -3.154 0.642 -2.293
P value 0.127 0.001 0.496 0.002 0.523 0.024
Group n NAGL (ng/mL) IL-8 (ng/mL)
Before treatment 7 d after treatment  Before treatment 7 d after treatment
Alprostadil group 50 1269+ 16.4 89.5 +11.0" 583+9.1 36.8 7.0
Control group 50  130.0 £20.1 96.7 +12.4° 56.8 + 8.3 41.0+ 83"
T value -0.845 -3.071 0.861 -2.735
P value 0.400 0.003 0.391 0.007

P < 0.05, compared with this group before treatment.
PP < 0.05, compared with the control group. Scr: Serum creatinine; BUN: Blood urea nitrogen; KIM-1: Kidney injury molecule-1; NAGL: Neutrophil
gelatinase-associated lipocalin; IL-8: Interleukin-8.

Table 3 Comparison of renal function indices between the two groups (mean * SD)

Renal resistance index Partial pressure of oxygen in urine (mmHg)

S1otp 8 Before treatment 7 d after treatment Before treatment 7 d after treatment
Alprostadil group 50 0.74+0.06 0.65 +0.05™ 51.32 +10.32 65.06 + 9.04°"
Control group 50 0.73+0.07 0.68 + 0.06" 52.40 + 9.64 59.25 + 8.75"

T value 0.767 2716 -0.541 3.265

P value 0.445 0.008 0.590 0.002

P < 0.05, compared with this group before treatment.
PP < 0.05, compared with the control group.

Table 4 Comparison of clinical effect between two groups, n (%)

Group n Cure Improve Ineffective
Alprostadil group 50 32 (64.00) 14 (28.00) 4 (8.00)
Control group 50 21 (42.00) 22 (44.00) 7 (14.00)

Z value -2.154

P value 0.031

serious impact on the safety of patients”’. Therefore, in the treatment of severely ill
patients, it is necessary not only to provide effective nutritional support to avoid
aggravating the burden of organ function, but also to carry out active treatment of
anti-inflammatory mediators in the body. Animal experiments have confirmed that the
uncontrolled inflammatory response causes the occurrence of MODS; therefore, it is of
great significance to improve the prognosis of patients by effectively removing toxins
and inflammatory mediators from the body!*l.

At present, hemodialysis is an important treatment method in severely ill patients,
which can remove endotoxin substances, filter excess water, and prolong the survival
time of patients. CVVH treatment has become a commonly used method in clinical
practice, which uses a variety of physical techniques to displace inflammatory factors
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Table 5 Comparison of urine volume recovery time and adverse reactions between the two groups

Group n Injection spot ache Abdominal distention Incidence of adverse reactions (%)
Alprostadil group 50 2 4 6 (12.00)

Control group 50 0 2 2 (4.00)

P value 2174

P value 0.14

[ ] Alprostadil group

1.0 - [ control group

0.8 T a
a, b
-

0.6

0.4

Renal resistance index

0.2

0.0 -

T T
Before treatment After 7

Figure 1 Histogram of renal resistance index in the two groups of patients. Compared with this group before treatment 2P < 0.05, compared with the
control group °P < 0.05.

[ ] Alprostadil group

[ Control group
a, b

o]
o
|

a

T
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o
L

Y
o
1

N
o
1

Urinary oxygen partial pressure (mmHg)

o
|

T T
Before treatment After 7

Figure 2 Histogram of partial pressure of oxygen in urine of the two groups of patients. Compared with this group before treatment 2P < 0.05,
compared with the control group °P < 0.05.

from the body, and improve the lung microcirculation and oxygen carrying capacity of
parenchymal cells, as well as tissue oxygen utilization, but can also clear inflammatory
mediators, improve endothelial cell function in patients, and have a stabilizing effect
on disorders of coagulation and fibrinolysis'’. However, it was found that AKI can
occur during the course of CVVH treatment, which is due to abnormal renal
microcirculation, reduced peripheral vascular resistance, uneven distribution of blood
flow in organs, and reduced capillary blood volume. AKI generally occurs mainly in
the renal cortex and medulla, and the reduction of renal blood flow causes kidney
injury, as well as the swelling of endothelial cells which causes renal vascular
occlusion”"l. On the other hand, due to the expansion of endothelial cells, the
reduction of vascular substances and the enhancement of vasoconstrictor substances
after injury, the redistribution of renal blood flow leads to the oxidative stress reaction
in vivo, and renal tubular cell damage can also cause AKI due to the uneven
distribution of renal blood flow caused by microcirculation disorder**.

This study combined alprostadil with CVVH in the treatment of patients
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complicated by AKI, which is a prostaglandin substance containing high vasoactive
substances, and can improve blood viscosity in patients, and at the same time inhibit
the function of monocytes, neutrophils and reduce the platelet adhesion rate, so as to
achieve anti-inflammatory and other effects!'"l. This study found that after 7 d of
treatment, the levels of Scr, BUN and KIM-1 in the alprostadil group were lower than
those in the control group, which indicated that the application of alprostadil
improved renal function in patients and reduced the degree of renal injury. This is
mainly because alprostadil is not easily inactivated as it is wrapped by lipid
microspheres, and contains prostatic E1, which can target and be dispersed to injured
blood vessels, and has the effects of dilating blood vessels and anti-platelet
aggregation. Alprostadil can also lead to increased intracellular levels of cyclic
adenosine monophosphate, inhibit thromboxane formation, reduce calcium influx, and
play a role in dilating blood vessels!'*'"l. In addition, this study also found that after 7 d
of treatment, the measured values of renal resistance index in the alprostadil group
were lower than those in the control group, and the measured values of partial
pressure of oxygen in urine were higher than those in the control group, which
indicated that the application of alprostadil reduced renal resistance. This is mainly
due to the effect of alprostadil on stabilizing lysosomal membrane, weakening
vasoconstrictive response, enhancing erythrocyte deformability, stabilizing renal
hemodynamics, and enhancing renal glomerular filtration; thus, renal function in
patients can be protected by increasing renal blood flow to reduce the pressure in the
glomerulus*l. Animal experiments have also demonstrated that alprostadil could
alleviate pathological damage in renal tissue and promote the regeneration and
recovery of renal tubular epithelial cells in rats with acute renal tubular injury, with a
good renal protective effect!”’].

This study also found that after 7 d of treatment, the APACHE II score and SOFA
score in the alprostadil group were lower than those in the control group, indicating
that the application of alprostadil in patients undergoing CVVH complicated by AKI
can improve the clinical signs and health status of patients. The therapeutic effect and
clinical effect in the alprostadil group were better than those in the control group,
which indicated that the application of alprostadil in patients undergoing CVVH
complicated by AKI could improve the clinical effect. The recovery time of urine
volume in the alprostadil group was 9.1 + 2.0 d, which was short and did not increase
adverse reactions, indicating that the application of alprostadil was relatively safe. The
advantage of this study was the identification of the therapeutic effect of alprostadil in
patients undergoing CVVH complicated with AKI, further confirming its role in
protecting renal function in these patients, which is similar to the results of previous
studies, and provides a basis for rational clinical treatment. In addition, this study
analyzed changes in the renal resistance index and renal blood flow index, which were
rarely measured in previous studies. However, due to the short follow-up time and the
small number of patients enrolled in this study, it is necessary to expand the sample
size and carry out long-term follow-up for further validation of these findings.

CONCLUSION

In conclusion, alprostadil combined with CVVH in the treatment of severely ill
patients complicated by AKI can effectively improve renal resistance index, partial
pressure of oxygen in urine, and has a positive effect on improving renal function.

ARTICLE HIGHLIGHTS

Research background
Acute kidney injury is a serious disease.

Research motivation
To explore new methods for the treatment of acute kidney injury.

Research objectives
To examine the effect of alprostadil on continuous venous-venous hemofiltration
(CVVH) in patients with acute renal injury (AKI).
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Research methods
This was a retrospective study of 100 intensive care unit patients with AKL

Research results

The clinical effect in the alprostadil group was better than that in the control group (P
< 0.05); The urine output of patients in the alprostadil group returned to normal (9.1 +
2.0 d) quicker than in the control group (10.6 + 2.5 d), the difference was statistically
significant (P < 0.05); adverse reactions occurred in the alprostadil group compared
with the control group, but the difference was not statistically significant (P > 0.05).

Research conclusions

Alprostadil combined with CVVH in the treatment of severely ill patients complicated
with AKI can effectively improve renal resistance index, partial pressure of oxygen in
urine, and has a positive effect on improving renal function.

Research perspectives
New treatment methods are required for patients with acute kidney injury.
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