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Abstract

nt rescue measures for patients with critical illness in the intensive
Background: Blood purification (BP) is one of the most importa
care unit (ICU), especially for those with acute kidney injury. The purpose of this nationwide survey was to reveal the real world of
current BP practice in different ICUs all over China. This study was designed to be a multi-center cross-sectional study.
Methods: All adult patients (over 18 years of age), who were admitted to ICU and required BP in 35 sub-centers across China were
included during 30-day survey period in 2018. Demographic characteristics and clinical data were recorded including the timing of
treatment initiation, indications, modality, relative contraindication, establishment of vascular access, selection of filter/membrane,
settings, anti-coagulation, executive department, complication, intake, and output.
Discussion: This nationwide survey may contribute to reveal the real world of current BP practice in different ICUs all over China.
Trial registration:Chinese Clinical Trial Registry, ChiCTR-EOC-17013119; http://www.chictr.org.cn/showproj.aspx?proj=22487.
Keywords: Blood purification; Acute kidney injury; Intensive care unit; Adult; China

Introduction respiratory distress syndrome,[15] heart failure and car-
diorenal syndrome,[16] pulmonary edema and fluid
In intensive care unit (ICU), acute kidney injury (AKI) as a
“silent killer,”[1] was a common and well-recognized
complication of critical illnesses[2] and an independent
increased risk factor for mortality, which had an
expanding incidence year by year dramatically.[1,3-5]

Although insight into the causes and pathogenesis of
AKI is growing, the mortality associated with AKI remains
high,[5-7] and has become a huge medical burden in
China[8] as well as in the world.[5,9,10] No effective drug
was available for the treatment of AKI in clinical practice,
thus prevention may be the key to avoid the adverse events
of AKI.[11] Approximately, 20% of patients with AKI
required blood purification (BP),[12] and this demand
continued to grow.[13] The purpose of BP had evolved from
a single replacement of kidney function to multiple organ
support therapy, which treated critically ill patients as a
whole.

Apart from AKI, BP had been widely utilized for many
non-AKI critical illnesses, including septic shock,[14] acute
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overload, drug and food poisonings,[17,18] acute pancrea-
titis,[19] liver failure,[20] rhabdomyolysis syndrome, life-
threatening acid-base and ion disturbances,[21] and etc,
which had obtained considerable clinical outcomes.

Therefore, it is obvious that BP was an important
therapeutic weapon for clinicians during the treatment
and rescue of patients with critical illness. However, there
existed a great amount of disparity in clinical practice.
Recommendations, in the relevant guidelines and consen-
sus, were absent up to now, which further exacerbated the
clinical confusion.

Although in the past decades, great progress in BP
technology development and clinical practice had been
achieved, many aspects of BPwere still in controversial and
only a few studies had formally followedwith interest these
aspects to date, for example the optimal timing of initiation
of renal replacement therapy (RRT),[22-25] anti-coagula-
tion,[26] and RRT dose,[27] which led to wide and huge
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variations in different ICUs all over the world. It was
urgent to draft China standardized treatment guideline of

before their enrollment in this study. All patients in this
survey could withdraw at any time, which would be
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BP in the near future in order to improve and standardize
clinical practice, which would contribute to ameliorating
the prognosis of patients with critical illness. However, as
an initial step to achieve this goal, it was very important for
us to entirely reveal and know well the current BP practical
situation in different ICUs all over China. Thus, a multi-
center cross-sectional survey on BP of ICU adult patients in
China was warranted to resolve this issue. The key purpose
of this nationwide survey is to reflect the real world of
current BP practice in different ICUs all over China in
order to lay the foundation for drafting China standard-
ized treatment guideline of BP in the near future.

Methods
Study designs

A total of 35 sub-centers across the country (seen in http://
www.chictr.org.cn/showproj.aspx?proj=22487), from Ti-
er 1, 2, and 3 cities, were included in this multi-center
cross-sectional survey. These sub-centers are located in 23
provinces, four municipalities, and five autonomous
regions. Owing to the special population distribution
and regional differences of Beijing, Shanghai, and
Guangzhou, each one would recruit two tertiary grade
A hospitals in this survey. The survey period is 30 days. All
the physicians had been professionally trained before the
study. Demographic characteristics and clinical data of
enrolled patients will be collected in 35 sub-centers,
including the timing of treatment initiation, indications,
modality, relative contraindication, establishment of
vascular access, selection of filter/membrane, settings,
anti-coagulation, executive department, complication,
intake and output, etc, and further collated and analyzed
statistically. Acute Physiology and Chronic Health Evalu-
ation II score, Sequential Organ Failure Assessment scores,
and Glasgow Coma Scale score would be obtained by
patient medical records review. The patients’ related
personal information was confidential. The nationwide
survey had been finished in 2019.

Ethics and dissemination
This study would be carried out in accordance with ethical
principles of the Declaration of Helsinki (49th General
Assembly of the World Medical Association), and survey
protocol was reviewed and approved by the Ethics
Committee of the Cancer Hospital of Harbin Medical
University (No. KY2017-22). The final results of this survey
will be disseminated through articles and national and
international conference. The findings of this study will be
conductive to reflect the real world of current BP practice in
different ICUs all over China and further improve and
standardize the clinical practice. Therefore, this survey will
contribute to laying the foundation for drafting China
standardized treatment guideline of BP in the near future.

Study participants
209
Written informed consent was achieved from each eligible
adult participant or their legally authorized representative

1

counted and analyzed.

Inclusion criteria included: (1) ICU admission; (2) patients
aged ≥18 years; (3) patients need BP. During the 30-day
study period, the patients, who had repeatedly admitted to
ICU, needed to be re-enrolled again.

There was no standard for exclusion in this survey.
Certainly, patients without written informed consent or
complete medical records should be excluded.

Sample size calculation
It was expected that at least 369 subjects would be enrolled
in this survey. The sample size was calculated based on the
following formula.

Infinite population sample formula: N ¼ m2
a

2 pð1� pÞ=d2,
in which, m2

a=2 ¼ 1:96; p(population rate) = 0.02;
d (allowable error) = 0.01. So, the sample size

N¼m2
a

2 pð1� pÞ=d2¼1:96�0:02�ð1�0:02Þ=0:012 ≈ 6147.

According to the latest reports,[5] of total 6147 patients,
about 1229 cases (20%) were expected to develop into
AKI. In patients with AKI, about 184 cases (15%) had
indications for RRT.[28] Since BP was a series of clinical
treatments including RRT, 369 cases, doubled on the
previous basis, were expected to be enrolled in this survey
ultimately.

Statistical analysis
SPSS 22.0 (SPSS Inc., Chicago, IL, USA) and SAS 9.1 (SAS
Institute, Cary, NC, USA) softwares would be used for
statistical analysis. Quantitative data would be shown as
mean ± standard deviations for normally distributed data,
while median (quantile) for non-normally distributed data.
Qualitative data are shown as percentages. The Student’s
t test or Mann-Whitney U test would be used to compare
quantitative data between groups, while the Chi-squared
test would be used to compare qualitative data between
groups. A P < 0.05 would be set to indicate statistical
significance.

Discussion
BP is a generic name, which included a variety of BP
technology in clinical practice, for example, intermittent
hemodialysis (IHD), hemofiltration, hemodiafiltration,
hemoperfusion, plasmapheresis, immune adsorption, and
even peritoneal dialysis. BP was described as a process,
during which the patient’s blood was drawn out of the
body and removed some pathogenic substances in order
to achieve the purpose of BP and treat critical illnesses
through a kind of BP device. Its working principle
included diffusion, convection, and adsorption. Certain-
ly, different clinical treatment modalities focused on
different working principles and thus were suitable for
different patients in clinical practice. For example, the
working principle of IHD was mainly based on diffusion,
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while continuous RRT and hemoperfusion were domi-
nated by convection and adsorption, respectively. The

Funding

1. Lewington AJ, Cerda J,Mehta RL. Raising awareness of acute kidney

Chinese Medical Journal 2019;132(10) www.cmj.org
role of BP was non-selective in removing specific
mediators.

In 1977, continuous arteriovenous hemofiltration was first
applied to patients with AKI who was not suitable for
peritoneal dialysis and hemodialysis.[29] This opened the
door of ICUs to a flourishing evolution on BP technology
in subsequent years. Although the benefits gained in this
way were obvious, the morbidity associated with arterial
cannulation was considerable. Along with the invention
and application of double-lumen central venous catheter,
continuous venovenous hemofiltration gradually occupied
the mainstream of RRT in ICU because of its improved
performance and safety. To date, this technique had been
applied to a variety of clinical patients with critical illness.
The advances had been made by using blood pumps,
calibrated ultrafiltration control systems, and double-
lumen central venous catheter.[30] Although tremendous
improvements had been achieved in this field, a lot
remained to be done.

As the world’s most populous and the largest developing
country, China was experiencing rapid development in the
economy as well as in the medical care. However,
compared with developed countries, AKI was still under-
estimated and/or undertreated in developing countries as a
result of lacking awareness, shortage of medical resources,
and low socio-economic status.[28,31] Due to lack of
appropriate and available guidelines and consensus on BP,
significant practice heterogeneity existed, which was
mainly demonstrated in several aspects such as the timing
of treatment initiation, indications, modality, relative
contraindication, establishment of vascular access,
selection of filter/membrane, settings, anti-coagulation,
even executive department, etc. As a consequence, it was
crucial for us to draft China standardized treatment
guidelines on BP in the near future in order to improve and
standardize clinical practice. However, the fundamental
starting point of that is to entirely disclose and know well
the real world of current BP practice in different ICUs all
over China, which was the purpose of this nationwide
survey.

So far, this nationwide survey contained the widest
spectrum of hospitals and most enrolled patients in this
field, which could be considered to be the largest and
most representative survey, as far as we know. It would
contribute to reflect the real world of current BP practice
in different ICUs all over China and lay the foundation
for drafting China standardized treatment guideline
on BP in the near future, with high potential for
improvement in outcomes of the patients with critical
illness.
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