o 8] W2 iR o

Chin J Clin Res, November 2025, Vol.38, No.11

Cite as: Liang XY, Zhou Y. Progress in the treatment of sepsis-associated acute kidney injury [J]. Chin J Clin Res, 2025,
38(11):1634-1638,1642.

DOI: 10.13429/j.cnki.cjcr.2025.11.002
Progress in the treatment of sepsis-associated acute kidney injury

LIANG Xinyue®, ZHOU Yun
*The Fifth Clinical Medical College of Shanxi Medical University, Taiyuan, Shanxi 030012, China

Corresponding author: ZHOU Yun, E-mail: zhouyun_sx@163.com
Abstract: Sepsis-associated acute kidney injury (SA-AKI) is a common critical illness in hospitalized patients, characterized by high
incidence, high mortality. The pathogenesis of SA-AKI is complex, with both direct mechanisms related to infection and indirect
mechanisms driven by adverse treatment outcomes in sepsis. Once a diagnosis of SA-AKI is made, it is crucial to initiate appropriate
support measures in time to limit further damage to the kidney, such as anti - infective therapy, fluid resuscitation, vasopressor
therapy, and renal replacement therapy. There are many scholars committed to exploring the best treatment plan. Promising
strategies, including new therapeutic drugs, targeted therapy and Chinese medicine therapy, hold significant potential for mitigating

both the short- and long-term consequences of SA-AKI. This article provides a review on the progress in SA-AKI treatment.
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Sepsis is a life-threatening organ dysfunction caused
by a dysregulated host response to infection [1] and often
leads to acute kidney injury (AKI). International data
indicate that sepsis accounts for approximately 45%-70%
of all AKI cases in the intensive care unit (ICU) and is a
leading cause of death among ICU patients [2]. Data from
China show that sepsis is a primary cause (32%-35%) of
hospital-acquired AKI, with sepsis-induced AKI
comprising over half of all AKI cases in the ICU [3]. A
recent consensus from the Acute Disease Quality Initiative
(ADQI) workgroup defines sepsis-associated acute kidney
injury (SA-AKI) as AKI occurring within 7 days after the
diagnosis of sepsis (according to Sepsis-3.0 criteria), based
on the Kidney Disease: Improving Global Outcomes
(KDIGO) criteria [2]. SA-AKI is a heterogeneous disease
driven by the host's response to infection or direct
mechanisms related to the infection, as well as indirect
mechanisms resulting from adverse outcomes of sepsis
treatment. These include systemic and renal inflammation,
complement activation, dysregulation of the renin-
angiotensin-aldosterone system (RAAS), mitochondrial
dysfunction, metabolic reprogramming, microcirculatory
and macro-circulatory abnormalities, exposure to
nephrotoxic drugs, abdominal compartment syndrome,
among others [2]. Current evidences suggest that
compared to other types of AKI, SA-AKI is associated
with higher mortality and lower chances of renal recovery
[4]. This article reviews the treatment of SA-AKI, aiming
to provide new insights and directions for future specific
therapies for SA-AKI.

1 Anti-infective Therapy

The innate immune response in sepsis is triggered by
exposure to damage-associated molecular patterns
(endogenous molecules released by damaged cells) and
pathogen-associated molecular patterns (such as
lipopolysaccharide and double-stranded RNA). These

molecular patterns act as ligands for receptors located on
cell surfaces (e.g., Toll-like receptors) or within the
cytoplasm (e.g., NOD-like receptors). Activation of these
receptors initiates the transcription and release of type I
interferons and pro-inflammatory cytokines [such as tumor
necrosis factor-alpha (TNF-a), interleukin (IL)-1, and IL-
6] [5]. In sepsis, the dysregulated host innate immune
response to pathogens is characterized by increased
systemic and renal inflammation, including elevated
expression of inflammatory markers and increased
oxidative stress, ultimately leading to inflammation-
induced apoptosis and aggravated kidney injury.

Early administration of appropriate antimicrobial
agents is crucial in sepsis treatment. The choice of
antibiotics must consider both efficacy and safety, as the
agents themselves can cause adverse effects (e.g.,
nephrotoxicity) potentially accelerating or worsening the
progression of SA-AKI. If sepsis is suspected, antibiotics
should ideally be administered within 1 hour of recognition.
The Surviving Sepsis Campaign (SSC) guidelines also
recommend empiric use of antibiotics covering
methicillin-resistant Staphylococcus aureus (MRSA) for
adult sepsis/septic shock patients at high risk for MRSA
infection. However, unnecessary use of MRSA coverage
in patients without MRSA risk can be harmful. For
patients at high risk for multiple drug resistance (MDR)
organism infection, combination therapy with two
antibiotics  covering  Gram-negative  bacteria  is
recommended for empiric treatment to increase the
likelihood of adequate coverage. For patients at low risk
for MDR infection, monotherapy is suggested to reduce
antibiotic-related adverse effects such as direct toxicity,
Clostridium difficile infection, and antibiotic resistance.
Once the pathogen and its susceptibility are identified,
combination therapy with two Gram-negative agents
should be discontinued, unless highly resistant pathogens
are involved [6].
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Two commonly used antibiotics for empiric sepsis
treatment are the p-lactam agents—piperacillin-
tazobactam combined with cefepime. Both possess broad
in vitro activity against Gram-positive and Gram-negative
bacteria, including Pseudomonas aeruginosa. They are
often combined with vancomycin to enhance anti-MRSA
coverage [7]. Previous studies found that the combination
of piperacillin-tazobactam and vancomycin increased the
risk of AKI [8-10], leading the US Food and Drug
Administration (FDA) to issue a warning regarding this
combination. However, these studies relied solely on
serum creatinine values to define AKI; the observed
increase in serum creatinine might be due solely to
inhibition of tubular creatinine secretion without
underlying kidney injury. A randomized clinical trial by
Qian et al. [11] in adults with suspected infection provided
the highest-quality evidence to date, demonstrating that
piperacillin-tazobactam in combination with vancomycin
did not increase the incidence of AKI or mortality
compared to cefepime combined with vancomycin.
Pevzner et al. [12] conducted a prospective analysis
finding that treatment with ampicillin combined with
clavulanate, gentamicin, or metronidazole could reduce
blood urea nitrogen concentrations in children with sepsis,
However, treatment of newborns with netilmicin, cefepime,
linezolid, or imipenem in combination with cilastatin
worsened kidney function in these patients. Validation
experiments found that gentamicin significantly improved
renal function in septic rats, identifying antibiotics that
should be prioritized or used cautiously in neonatal sepsis.

The selection of antimicrobial agents should consider
the patient's history and comorbidities, suspected site of
infection, potential immunodeficiencies, presence of
invasive devices, and local prevalence and resistance
patterns. Controlling or eliminating the source of infection
to achieve source control and restore optimal bodily
function remains the cornerstone of sepsis treatment [5].

2. Fluid Resuscitation and Vasopressor

Normally, people believe that AKI occurs due to
reduced renal perfusion during sepsis, where an increase in
nitric oxide synthesis induced by cytokines leads to
systemic arterial dilation and reduced vascular resistance,
increasing the risk of impaired organ perfusion under
conditions of increased metabolic demand. However,
evidences show that not all SA-AKI patients experience a
decrease in renal blood flow, with the theory of local renal
microcirculation imbalance taking a more prominent role.
Inflammation and oxidative mediators cause endothelial
damage, loss of the glycocalyx, and activation of the
coagulation cascade, all of which lead to microcirculatory
disturbances. In SA-AKI, the heterogeneity of renal
microcirculation blood flow distribution increases, and
capillaries with insufficient blood flow are more prevalent.
Moreover, during AKI, renal blood flow redistributes, with
blood flow shifting from the renal medulla to the renal
cortex, indicating that mechanisms other than ischemia
may be involved in SA-AKI.

2.1 Fluid Resuscitation

2.1.1 Management of Resuscitation Volume

Fluid resuscitation can enhance large vessel perfusion
(e.g., stroke volume and cardiac output) and microvascular
perfusion (e.g., capillary blood flow). Restoring vascular
volume via fluid redistribution is a key goal in treating
sepsis. The ADQI workgroup recommends that the fluid
regimen consider the severity and progression speed of
AKI [2]. Fluid overload (FO) can significantly reduce the
renal recovery rate, prolong mechanical ventilation time,
increase hospital stay, and mortality. The SSC guideline
recommend administering at least 30 mL/kg of fluid within
3 hours, although the evidence for this recommendation is
of lower quality [6]. One study has shown that critically ill
patients have a high probability of developing AKI either
before ICU admission or within the first 24 hours [15],
with sepsis being a common cause. Close monitoring of
renal function is recommended, and treatment goals for
critically ill patients at risk of or with progressing AKI
should aim for balanced or negative fluid balance. AKI
patients are more prone to FO, which decreases renal blood
flow and accelerates AKI progression due to increased
venous pressure. A retrospective analysis found an
association between early FO and mortality, suggesting
that fluid resuscitation management should be
implemented early in critically ill AKI patients [16].

However, some studies have reached opposing
conclusions. A secondary analysis of the CLOVERS trial
(Crystalloid Liberal or Vasopressors Early Resuscitation in
Sepsis) found that a 2L difference in fluid volume between
SA-AKI patients was insufficient to affect clinical
outcomes [17]. More high-quality clinical trials are needed
to provide further evidence.
2.1.2 Choice of Resuscitation Fluid Type

There is significant controversy surrounding the type
of fluid used for resuscitation. Crystalloid fluids include
balanced and non-balanced solutions, while colloid fluids
include albumin, hydroxyethyl starch, and succinylated
gelatin. Some trials have found that the use of balanced
crystalloids for fluid resuscitation in children with septic
shock within the first 7 days of hospitalization significantly
reduces the risk of new or progressive AKI compared to
0.9% saline, possibly due to the lower chloride content [18].
However, the BaSICS trial (Balanced Solution Versus
Saline in Intensive Care Study) found no statistically
significant difference in short-term AKI incidence between
balanced crystalloids and 0.9% saline in critically ill
patients [19]. Subgroup analysis based on the presence of
sepsis at the time of enrollment or the stage of AKI did not
show benefits of balanced fluids either. A secondary
analysis of the trial suggested that balanced fluids might be
more beneficial in sepsis patients, with a possible dose-
effect relationship [20]. One recent study indicates that 0.9%
saline can be safely used without adverse effects, and based
on current evidence, using up to 4 L of 0.9% saline appears
to be safe [21]. The ADQI workgroup recommends using
either balanced crystalloids or 0.9% saline based on the
patient's individual biochemical characteristics, with close
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monitoring of biochemical effects [2]. For high-risk SA-
AKI patients, balanced crystalloids should be the first
choice for fluid resuscitation, superior to chloride-rich
solutions and synthetic colloids [22].

Theoretically, high-molecular-weight colloids can
selectively expand intravascular space. If large amounts of
fluid are needed, albumin can be considered, but no high-
quality studies have shown significant benefits from
albumin-containing  regimens. Its wuse is only
recommended for patients receiving large amounts of
crystalloid fluid [22]. Critically ill AKI patients are at risk
of protein-energy malnutrition, which is a risk factor for
poor prognosis. However, some studies show that higher
protein doses in critically ill AKI patients on mechanical
ventilation are associated with longer hospital stays and
higher mortality, possibly due to impaired amino acid
utilization in metabolic acidosis. Similar results have been
observed in the sepsis subgroup, although without
statistical significance. Protein supply in AKI patients
should be approached with caution [23]. Another meta-
analysis found similar results, recommending close
monitoring of protein supply in critically ill AKI patients
and cautioning against overfeeding [24].

2.2 Application of Vasopressors

The target for arterial blood pressure control in sepsis
patients remains unclear. For hemodynamically unstable
patients with AKI who remain responsive to volume after
fluid resuscitation, the use of vasopressor agents may be
considered to prevent FO. Norepinephrine (NE) is the first-
line vasopressor for sepsis and SA-AKI patients [2,22].
The SSC guidelines recommend adding vasopressin rather
than increasing the NE dose if the mean arterial pressure is
still not met after NE administration [6]. Medullary
ischemia and hypoxia may be key pathological features of
SA-AKI. Studies using a sheep SA-AKI model found that
vasopressin treatment improved renal function, renal
medullary perfusion, and oxygen tension maintenance
better than NE, and the using vasopressin to achieve higher
target blood pressure in sepsis patients may lead to more
sustained renal function improvement [25]. Recently, one
large study has identified and validated four distinct sepsis
phenotypes, which are related to different vasopressor
treatments [26]. Based on the interaction between genotype
and exposure, SA-AKI has multiple clinical phenotypes and
sub-phenotypes. The selective sub-phenotype of SA-AKI
may respond better to specific vasopressors (e.g., arginine
vasopressin, angiopoietin-2), but further validation is
needed [22]. Whether the choice of vasopressor affects the
course of SA-AKI remains to be studied.

3 Extracorporeal Blood Purification Therapy

Tissue damage in sepsis results both from direct
pathogenic injury and from the dysregulated host response
to infection. Renal replacement therapy (RRT) can correct
the metabolic, electrolyte, and fluid imbalances caused by
severe AKI. Blood purification therapies, including RRT,
can influence the molecular and electrolyte composition of

the blood and help control immune dysregulation in sepsis
by removing endotoxins, cytokines, pathogens, and
inflammatory factors [2]. Beyond maintaining homeostasis
(renal indications), they can modulate the excessive
inflammatory response (non-renal indications) and reduce
levels of pathogenic substances, serving as an adjunctive
therapy for sepsis.

3.1 Timing of RRT Initiation

The SSC guideline suggestes using either continuous
or intermittent RRT for adult SA-AKI patients requiring
RRT [6]. The indications for initiating RRT in SA-AKI
patients are consistent with those for AKI from other
causes [2]. The KDIGO clinical practice guideline
recommends initiating RRT emergently when life-
threatening complications related to AKI (such as fluid
overload, electrolyte, or acid-base disturbances) are
present, or for conditions modifiable by RRT [27].
Recently, a joint expert opinion from the Italian Society of
Anesthesia and Intensive Care and the Italian Society of
Nephrology suggested adhering to a '"personalized
medicine" approach, where RRT initiation in specific SA-
AKI patients should be neither too early nor too late [28].
A meta-analysis found that early RRT reduced 28-day
mortality in SA-AKI patients with a Sequential Organ
Failure Assessment (SOFA) score < 12 or KDIGO AKI
stage 2 [29], but this finding requires validation. A
multicenter randomized controlled trial published in
found no statistically significant difference in 90-day
mortality between an early and a delayed RRT strategy in
patients with severe AKI in the initial phase of septic shock;
furthermore, initiating RRT too early might unnecessarily
expose patients whose renal function could have recovered
spontaneously to the risks of RRT [30]. The Standard
versus Accelerated Initiation of Renal-Replacement
Therapy in Acute Kidney Injury (STARRT-AKI) trial also
found no benefit for an accelerated RRT strategy,
suggesting that unnecessary RRT might impair kidney
repair and the recovery of endogenous renal function [31].
The timing of RRT initiation should be based on individual
patient characteristics.

3.2 Choice of Treatment Modality

RRT modalities include intermittent hemodialysis
(IHD), continuous renal replacement therapy (CRRT), and
combined blood purification therapies such as
hemoperfusion, endotoxin adsorption, plasma exchange,
and combinations with extracorporeal membrane
oxygenation (ECMO), among others. The main CRRT
modalities are continuous venovenous hemofiltration
(CVVH), continuous venovenous hemodialysis (CVVHD),
and continuous venovenous hemodiafiltration (CVVHDF).
Compared to CRRT, IHD has lower treatment costs and
allows for rapid removal of fluid and solutes, but it can
affect hemodynamics and carries a risk of exacerbating
cerebral edema. Compared to IHD, CRRT offers
advantages in hemodynamically unstable patients and may
increase the clearance of inflammatory factors, potentially
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benefiting SA-AKI patients. Koyner et al. [32], in a large,
real-world, multicenter study comparing the long-term
impact of different initial RRT modalities on renal function
in critically ill adult AKI survivors, found that patients
treated with CRRT had lower RRT dependence than those
treated with IHD. Although hemofiltration is superior to
hemodialysis in clearing medium and large molecular
toxins, there is currently a lack of clinical studies comparing
different solute clearance modes with clinical outcomes [3].
It is noteworthy that different CRRT modes and treatment
doses affect antimicrobial clearance; for patients with
severe infections, therapeutic drug monitoring is the best
method for adjusting antimicrobial dosing [33].

Endotoxin is a major component of the outer
membrane of Gram-negative bacteria. Endotoxemia
activates various cells and blood mediators, causing organ
damage and a cascading inflammatory response.
Endotoxin levels are directly correlated with increased
mortality in patients with septic shock. Polymyxin B
hemoperfusion (PMX-HP) can reduce circulating
endotoxin levels in septic patients. A meta-analysis found
that septic/septic shock patients with mixed infections or
those aged <70 years had significantly reduced 28-day
mortality after receiving PMX-HP [34]. An Italian
consensus stated that septic shock patients with a Multiple
Organ Dysfunction Syndrome (MODS) score >9 and an
endotoxin activity assay level between 0.6 and 0.9 are
more likely to benefit from PMX-HP [28]. Another
network meta-analysis showed that PMX-HP and plasma
exchange might have potential survival benefits; the use of
plasma exchange and hemoperfusion, with or without
CVVH, might be associated with fewer ICU days or
ventilator days [35].

3.3 Choice of Anticoagulation Strategy

The goal of anticoagulation is to maintain the patency
of the extracorporeal circuit, ensuring the smooth progress
of RRT. The choice and dose of anticoagulant should be
determined after assessing the patient's coagulation status
and excluding contraindications. The Chinese Clinical
Practice Guideline for Acute Kidney Injury [3] makes the
following  recommendations: For patients  with
hypercoagulability and/or thromboembolic risk or disease,
and without contraindications to heparin-based drugs, use
unfractionated heparin or low-molecular-weight heparin.
For patients with a history of or concurrent heparin-
induced thrombocytopenia, and without contraindications
to citrate or argatroban, choose regional citrate or
argatroban  anticoagulation; fondaparinux is  not
recommended. For patients with active bleeding or high
bleeding risk, and without citrate contraindications,
regional citrate anticoagulation is the first choice. For
patients with citrate contraindications, and without
argatroban contraindications, argatroban is recommended.
Monitor coagulation status both within the extracorporeal
circuit and systemically during and after anticoagulation
therapy to individualize the anticoagulant dose.
Furthermore, adverse events should be closely observed
and managed during anticoagulation therapy.

4 Future Treatment Options

4.1 New Therapeutic Drug

Alkaline phosphatase, a novel therapeutic drug, plays
an important role in host defense and innate immunity. To
improve treatment efficacy, researchers have developed
recombinant human alkaline phosphatase, which has a
broad detoxification effect by dephosphorylating and
improving the systemic inflammatory response of sepsis
(especially in the kidneys). An international, double-blind,
phase 3 trial—the REVIVAL trial—aimed to investigate
the effects of this drug on SA-AKI patients. Recently
published results showed that it did not reduce the 28-day
all-cause mortality in patients but had potential benefits in
reducing 90-day kidney adverse events [36]. A post-hoc
analysis of the REVIVAL trial identified the clinical
phenotypes that may benefit the most from this drug
treatment [37]. Currently, no targeted drugs have been
approved for the treatment of SA-AKI, but several clinical
trials for drugs targeting sepsis or SA-AKI patients are
underway in China, with hopes that more drugs will be
applied to clinical practice in the near future.

4.2 Novel Treatment Methods

4.2.1 Exosome Therapy

Exosomes are nano-sized extracellular vesicles, and
exosome transport serves as a new pathway for
intercellular communication during sepsis. This can
prevent excessive inflammation, thereby reducing
morbidity and mortality. Various types of cells can secrete
exosomes. Mesenchymal stem cells (MSCs) have various
sources, including bone marrow, adipose tissue, umbilical
cord, and human placenta. Jin et al. [38] revealed the
potential protective effect of exosomes derived from bone
marrow mesenchymal stem cells on sepsis-induced AKI in
rats. Exosomes derived from human amniotic epithelial
cells may improve the survival rate, kidney function, and
reduce kidney injury in SA-AKI mice by preventing early
endothelial dysfunction in sepsis [39]. Gao et al. [40]
created a SA-AKI mouse model through cecal ligation and
puncture, finding that exosomes from adipose tissue-
derived mesenchymal stem cells (AD-MSCs) significantly
reduced serum inflammatory cytokine expression,
suppressed kidney inflammation, improved kidney
function and tissue morphology, and reduced mortality.
The mechanism may involve the silent information
regulator 1 (SIRT1) signaling pathway. Exosomes are rich
in various bioactive molecules, such as nucleic acids,
microRNAs, SIRTI, proteins, and lipids. Studies have
found that exosomes derived from AD-MSCs loaded with
miR-342-5p can alleviate SA-AKI and explore potential
mechanisms [41]. He et al. [42] found that exosomes from
AD-MSCs can alleviate lipopolysaccharide-induced AKI,
providing potential molecular targets for the treatment of
SA-AKI. Li et al. [43] also found that exosomes from
fibroblasts improve kidney function by promoting
mitochondrial autophagy and inhibiting NLRP3
inflammasome activation. However, some studies have
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found that exosomes from macrophages mediate
glomerular endothelial cell dysfunction in SA-AKI, with
acidic sphingomyelinase involved in regulating this
process, which may be a potential therapeutic target for
SA-AKI [44]. All these studies suggest that exosome-
based therapy may be a promising alternative for the
treatment of SA-AKI.

4.2.2 Targeted Therapy

Drug therapy for AKI often lacks effective targeted
drug delivery carriers. Kidney-targeted nanoparticles
represent an emerging therapeutic strategy; however, these
exogenous nanoparticles are rapidly cleared in the body
and fail to achieve the desired targeting effect. One study
constructed KTP-modified renal tubular epithelial cell
membrane-coated zeolite imidazolate framework-8
nanoparticles loaded with fibroblast growth factor 21
(FGF21) (KMZ@FGF21) for targeted therapy of septic
AKI. In a mouse model, KMZ@FGF21 specifically
accumulated in the kidneys and effectively alleviated AKI-
related kidney damage, indicating that KMZ@FGF21
enhanced the kidney-protective potential of FGF21 [45].
Wei et al. [46] designed a series of polyvinylpyrrolidone
(PVP)-curcumin nanoparticles (Cur NPs), providing a
controlled kidney-targeted delivery nano-system to deliver
curcumin with antioxidant and anti-inflammatory
properties to treat cisplatin-induced AKI. Cur NPs offer a
novel and simple strategy for precise positron emission
tomography (PET)-guided kidney drug delivery. These
targeted therapies offer new insights into precision drug
delivery for kidney diseases.

4.3 Chinese Medicine Therapy

Chinese medicine has unique advantages in treating
sepsis. Modern pharmacological studies show that Chinese
medicine exhibits "multi-component, multi-target, and
multi-pathway" synergistic effects. In recent years,
scholars have continuously explored the role of Chinese
medicine in treating SA-AKI. Research has found that
extracts of Huanglian (Rhizoma Coptidis) and magnolol
can improve kidney function and tissue damage in SA-AKI
mice and even reverse AKI in septic mice. The potential
mechanism may involve the modulation of heme
oxygenase-1 levels [47]. Other studies have confirmed the
efficacy of Tongfu Yigi Decoction and Zhenwu Decoction
in improving kidney function and reducing inflammation
in SA-AKI patients. Additionally, research has
demonstrated that schisantherin A can alleviate
lipopolysaccharide-induced AKI, although it may not
completely mimic human SA-AKI [48]. In our preliminary
studies, we found that Qingwen Baidu Decoction can lower
serum creatinine and urea nitrogen levels in SA-AKI mice
induced by cecal ligation and puncture, reducing kidney
pathological damage. These studies provide valuable
references for the application of Chinese medicine in AKI
treatment. In conclusion, Chinese medicine is a treasure of
ancient Chinese science and deserves further research.

5 Conclusion and Outlook

SA-AKI is a common and critical condition with a
complex pathophysiological mechanism, which remains
not fully understood. The management of sepsis focuses on
early recognition, timely use of antibiotics and fluid
resuscitation, as well as the use of vasopressors and organ
support therapy when necessary. Previous research by our
team found that the missed diagnosis rate of AKI in non-
nephrology patients ranged from 49.61% to 60.92%,
indicating that some non-nephrology physicians tend to
overlook the occurrence of AKI in clinical practice. The
mortality rate of patients with missed AKI diagnoses is
significantly higher than that of non-missed diagnoses, and
the mortality rate of ICU patients with missed AKI
diagnoses is notably higher than that of non-ICU patients
with missed diagnoses [49-50]. The recently released
Chinese Clinical Practice Guidelines for Acute Kidney
Injury provide localized, authoritative guidance for AKI
clinical practice in China. Clinicians should follow
guidelines such as avoiding the use of potentially
nephrotoxic drugs (e.g., hydroxyethyl starch), optimizing
volume status and hemodynamics, and closely monitoring
serum creatinine and urine output. The interdisciplinary
collaboration has also provided new perspectives for AKI
treatment. China has accumulated rich experience in the
long-term practice of Chinese medicine, and our team has
been dedicated to providing new approaches for the
clinical treatment of SA-AKI with Chinese medicine. The
future therapeutic potential of Chinese medicine
preparations remains promising. With the continuous
deepening of our understanding of the pathogenesis of SA-
AKI, we look forward to more targeted and rational
treatment methods.
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and long-term consequences of SA-AKI. This article provides a review on the progress in SA-AKI treatment.
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1 JEEETT

JHRBERE 1) [T AT 6328 S Ny 2 5 T4 A A OG 43 A (il
AV A 538 U 53 ) R AR AR G 43T R (i B 2
FXUEE RNA S5/ G5 ) fil 2, 35k 26 43 18 X T AR A7 78 T4
I 1A (19 52 2 (A0 Toll %52 1) sl 5kt v (9 52 4 (41 NOD ¢ 32
PORITLIR . X SES2 KRS A 3 TRV T YL A S 4 A 7
[ 4 8 TR A T - -a (tumor necrosis factor, TNF-a0) | 1 41 47
% (interleukin , IL)-1 F1 1L-6 Jfy% ERUBEHCY . 7EMREAE T, 2R
VR SRR S AR ) AT G088 Sy L 4B A B A 1 I Ay
T ALSERIEAR S = ik SR ARG N, e S B AE
5 ) A I R T A PR e i

S T3 2 BT B 25 W) MR AR TR T DG HE , U 24
WY LB 6 7% JEA UM T ek A B g RAN R %
N7 (AR 2304 ), o] RN 2 sl o SA-AKT 3 i o R4 e
WEFEAE , B AP AE TN 1 h NS T 0 IR 2590, PRBUME B i 52 B
(Surviving Sepsis Campaign , SSC ) ¥8 F [F] i 2 180 % T+ Tiif H 48
PUMRA B (0 A2 ER A (methicillin-resistant Staphylococcus aureus,
MRSA ) JgR e KBS, 2 1) 1 A e i/ e o M AR e R 3, 8k
{ff UL 5 MRSA FOPT A 254 o HA TG MRSA & e ) 585 A
DB A 55 MRSA MU 25 W T BEA 5 o X 2 B 24
(multiple drug resistance , MDR ) T B 5 i AU A B3, R84l
FH PR et i o =2 B PE TR L B 25 ) 2 3 T 7 LA N 5 2
ST REME X MDR B AR AU 1 28, LA 249R )7 LAk
BT BN RSN , AN TR RN PR IR A AR 2R T
2, — ELIR R A N2 B O , Bl A A v BE T 24 A
AN IR PR X 22 R B I 258

PR Y s 0 22 30 MR YT P 202 B- N Bt 26
2R PG AR— At LIRS eI G o PRE R A Tz Y
PO A 22 BH PR AR 22 )P 200 R A A A 0 A A R AR
W o EATE R 57 R, LU S8 5T MRSA 1935
PETY S ZHTRYRITSE R B, WL P4 bR — e LSR5 il R
S 18 AKT By XUBS: ™ BTt 3% A ORN 2 0 AR LR
(Food and Drug Administration, FDA ) X3 19 F 24 9 %) B FH &
TS R SIS AEE LT SR T AKT, if ULTF 7K
S TS, TR U TR N LB 19 430 32 B ik
AAER BB . I Qian S5 A BEMRUR L Y B
HEAT 19— T BB AL PR 3250 52 B T H BT A 1k 5 e Yk
I8 G ] A P Sk R B 45 O o B AR LG, RV AR
W [ 3 I 5 T A B TS S G AR ST AKT B T R A
. Pevaner 5 HEAT T —TUHTHE ST L A BUACE P ARIE
BT PLAERR DR R 2R B A YA T T AR IR E A LR
REMWREE M H 32 ARG F A5 e i R 355 g 78wl AT
WRIT R LR R ZUKTTheE  ifE T 7E 8 A LIk REAE T
NGB A T A &

Bt TR 245 ) 1) 1 4 17 P R S RO DR T R 1 )k
L PPAL T SRR BB AR AR TR A AE D 21 1l R
VTS 24515 00 o 48 ) s B e e VR L 4 o RSk R S DL I

FEDIRE T R M B AE IR T I 2
2 RS S mEZ ST

RGN Ry AKT 1 2 Az 2 T e et 3l 3 ) 9k
b AR T S 0 — A A RS R 308 B Sh Tk sk A
L B 7 WA, AR SR S8 55 . 38 o 2 2 i
B (E R 1 22 B 53 7w | IF AR TS SA-AKT Y774
UL S A R S B JR SRMAI P  r U5 o Af T  EEY
A o SERE RN A T B0 B 451405 0 58 58 7 A0 I 20 B
WO Y T S B B R RS, SA-AKT B I AVOOE B 00035 43 A
SRS, 0 A AL A B AR AN s e A, AKT B Y
ILGEFEA3 A RIS I 0 DA B O A R A T B AR T
SA-AKUHA IR A] REAAAE R BRI A MR AL
2.1 RIREN
211 EIRAREAEE WRRE IR AT LR O A T
AR R RO A S o) A AV T (AR 4 I A I3 ) L
T VAR P I 43 A AR AR LA P e IR AE 1R B b
ADQI TAREA HEBURAARTr 523 75 1 AKIL P SR B A J sk i
FA i 60 (fluid overload , FO) AT ik 38 FAR £ 3 S 2
R MU IE IR ] 0 B IR ] R FE 4 . SSC 35 e 4
WAE 3 h I SERE /D 30 mL/kg RO G TR, SR T IZ AR
P GONEAL . AR5 s f6 ERE B A ICU Z Ry s i )
24 h N KA AKTIHERAR 5 IR RE S 5 DL SR R 2 —
TN B Th Al AT AKT AT 18 55 AKT AU Y fE EE SR
HIIRTT BFR RN Al 070F 4. AKLEETEA S HHILFO,
TR R T R I =k, FO Sk AKT e, —
T [ BFAE S0HT B T Y FO S PR R S0 $R N e A FAE
AKTEFH o BRI S IR BE, AL EA TR A D5 A B

B AEFFTAF THIR WSS . X AR A h S 7
0 1M1 A5 0 R 25 W36 97 e B 4E (Crrystalloid Liberal or Vasopres-
sors Early Resuscitation in Sepsis, CLOVERS) iz 1 At — ¥ 43
HT 7R, 7E SA-AKT A, P45 2 LIRS A L LUSZ WA PR
SEJR e T 20 T NG PRI A R T 2 A
212 ERBISENEE HTENRIAISEOE T ZS
WL, SRS P A R AR AR AR AR R R S
SEVERY BRHIBEIIRS S . A RI0 A, TR AE IR v B LR B
HY I 7 R HTPA f AR WA TR 2 5, S5 (1] 0.9% 5
PRSI L, 2 28 3 & sl A AKT 6 AU, St 2 A, ] i
AR BB Y BRI, EE MR S
0.9% SALS 7 W 1Y % HEAIFST (Balanced Solution Versus Saline
in Intensive Care Study, BaSICS) i 56 " & B, PRI AR IR Y7 Y
fEE B H N AKI R AER G425, XA
TEO 48 NN 5 & 2 M BERE | S AL IS 1 AKT 40 3R 7
T T, SR R B R 3 o AR
RS BITAA (i VB R e B R R T REA 25, FLAF
e AR IR -0 R i A BRI, 0.9% %k
AT AR, ARG AEAR R RON ™, % F H ik
P, e 2 4 LY 0.9% S AL W BT 220 40 . ADQL T
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VR HE AR i £ 3 A 00 A AR ARRAIE ot FH P17 9 1K 0.99% S84k
BRI TR AR 5 TS D) WD AR AR RUR ), X SA-AKT
R T RIS AR E FR 0 i T AR T
A BB

B o B e T 0] N B 2 /| QK = A DD T
WNTF RARHNE, AT LA & AR A L SR MY 44 1k i G o
IR TR 7 R0 B 254k, RRB Mt Bz K ik
W R KA AKT Y FE E T A7 16 2 1 - g
WA R B AR RS MG N R 2 — (A%
) FE B2 MUBE S G AR AR, 32 B R Y 2R
R 5 K B A B B TR R o OB T 3R 6, T BE S R 1R
W IR R SO SR SR R A2 40 G T M B RE A R
WAL BRI 45 0, RS G245 30, X AKTRE 2R
FBAL R A, 3 —T0 meta Z3HT B & B0 T ISRIZE R, 2
TS 2 1) W I s T AKT AR 1 28 BRI, ARG IR T A o
NG BRI KR
22 wFmEGey R HEOWHEERE B SR
BARIANERE TR S AR e R IR A T 75
SRR AKLAR G, R R0 I A0S PR 25 ) B 0 FO &
Mo ZPE 1R (norepinephrine, NE) & MEEEAE FI SA-AKI
BRI INTRZG >, SSCHE Bt A % 1 FH NE R F-34
Bk A ARSER RO ISR, AR IINE S, §6
S iR 1] BE R SA-AKT B IS B AL PIAEAE , A5 ST ST
THRAE SA-AKIAERY, & I MR ZRIRYT SA-AKLTE DI HE |
o SO A R AU R AR T T NE, A2 e /B 3 v it
ML IR 25 A 4TS 1 H AR I n] B 2 SRR A 1 B Tk
FE I B —IT R RS A I IR T DU ) e T
AL, AN R TR] (4 M A T 2GR T A OGP, ARAR A
RN B 5% 22 [R] A ELAE ], SA-AKT A Z 0l RFERIFN F 1,
SA-AKIAEERR M F TR AT REXTREAE A I AS 15 1 24 ) (ARG 2R
TR 28 4 A -2) A S B B B (AT o it — 2B SR E
SIS 25 (0 2 75 2 S A SA-AKT ARG R FR ST

3 fRSMmiESLIE ST

U FEE A ZH 2 A0, W2 O PR A3 (45 2R , 2 T
F2 X IR 0 B R PR B A R . B IERR IR YT (renal replace-
ment therapy , RRT) A] DL Z 1F H ™ 55 AKL 5|2 9 I i i 5
FORMSAS o MBEIRYT AL RRT, W] LA LR ) 73
TRITERL gt S5 2 B, o VR R P BE R AR T o SR T S A
TR Bl il B BERE HR R G B S R T AR N A
JUEEE JREAIE ) 308 T AR 5 3o 8 A0 S5 (I B U6 IR AIE ) , A1
FR P KT SRR A BT =
3.1 RRT &3 atia  SSC 5 @0 T 75 2 RRT 1 L A
SA-AKLE i I LL B B RRT' . SA-AKL 5 HF IR
RRT (138 S -5 HoA R R i AKT—3% . KDIGO IIfi R 52 3%
B R A, AR T AKUAH DGR S S A= i 1 I i CUmg A 171
faf | LA o B R A A ) , B AT 38 5 RRT BCAR A0 , 1o B ST
GRRT™ ., SRl , BEHRRESFN FRE Wb b2 M ORI

SIS RAT L SR LA AR LB T X E
SA-AKTE# RRT i SHHEA R AR RRIE™ . —Ii meta
S3HT R B, T DR B 0 PE Al (Sequential Organ Failure As-
sessment , SOFA ) 7T-43<12 43 5 KDIGO AKI 2 ] /) SA-AKI /&
o, B RRT FEAR 28 d SET- 461 (H X — S BT 5 B o
2018 4F KR MY —I L s AN RGRES J& 30, FE MR R e
PG B BE P E AKL S h, FLIRIGER RRT SR 2 90 d 46
TRZES G E R, Hid BT 46 RRT AT gE <61 5 DB
ARTT DL ARSI R AN M SR R T RRT Y XU o
AR B R R IR YT BB E S E i 2 (Standard versus
Accelerated Initiation of Renal - Replacement Therapy in Acute
Kidney Injury, STARRT-AKI) i 46t & BRI 8 J5 5 RRT 5% W%
WAt db , 1 B HESZ RRT AT RE S50 535 W JUEAE 52 R 4 15 2
BERYIRAE ™. RRT [T aR Ak E] 7 5 R 3 ) B FRAIE
32 XA A RRTE A B BET (inter-
mittent hemodialysis, IHD) | #% 22 P 5 JIE B AR 1697 (continuous
renal replacement therapy, CRRT) | 2045 IfiL 4+ A 36 97 4 1l 3%
T AR R IR | M0 4 TR RSN 405 (extracorporeal
membrane oxygenation, ECMO) % . CRRT 3 2547 82 X {0 45
R k=T L JE5 (continuous venovenous hemofiltration
CVVH) FFEERH B-HIKILAGERT (continuous venovenous hemo-
dialysis, CVVHD ) FIH5 2L 8 K - 0 K 10 Y832 BT 18 3 (continuous
venovenous hemodiafiliration, CVVHDF) . 5 CRRT #H It , THD
TRTT AR, T PR B K 23 N 5, (B AT S0 IR 2 127
A IER i 7K ik 4 JXURS: 5 55 THD A b, CRRT 7E 1L 8l ) 5 A Fs
S (R PR B, FL TR N A R i B , W RE M SA-AKI
BFART . Koyner 55 T B A KRB 2 B BIFSE 1
BT ARG RRT B G H AR AKTSEAT & B DI RE R
S, K 32 CRRT VAT 19 &8 3 32 THD & AR
RRT A . A M8 X b K0 T3 20 B A0 T 1M
BT, AH R Bk A [ 7 5T R AR X I PR 45 SR A
I RBTFE S (EAFT A, CRRT AR IRy 7 &
ST 259 PN I L Xob T RE R 1 £ 1 24k 3 M ) i
FERTR 2P0 R R B

PARE 2R 2 [ A 0 2 L8, AR R ILAE 23
TG Z AL F LAY BT, 5 B RS B 0 R ST SN, A2
RV R REE R S B FHSET RN BHEAR G . ZHHEB
ML HER (polymyxin B hemoperfusion , PMX-HP) ] AR McEE i
BETEA PN TEZRIKT o A meta 7317 & IR A B sl 4R
I <70 % 9 e REAE/ R AR 5 B8 452 PMX-HPIRYT /S 28 d
FET R E AR ok A BRI LIRS I 2 88 B D Rg ke
it ZEAAIE (multiple organ dysfunction syndrome , MODS) #1-43>9
53 HLBE 2 M0 5E 7F 0.6~0.9 1) e M IR T A0 5 B T BE A2
4 T PMX-HP™ o 5347 [ 28 25 2 73 # W7, PMX-HP Al i ¢
AT B VA 1 A A i A 5 T SR il R L
SORPE CVVH, 1T g5 5/ 1 1CU 2 Bt Rl ML b E <R 4L
AR,
33 AEReReg R HUBEN H YRR A MG PR K Y



PG RFSE 2025 4F 11 A% 38 %45 11 ] Chin J Clin Res, November 2025, Vol.38 , No.11 + 1637 -

i, S RARE RAIE RRT A EA T o HLEEZS M) B0 e R
I AEVTAl A BE MRS T HEBR 25 W 48 = BEAT o (b [E 2k
A5 6 PR 52 B T ) R ISR B I I A TR A (B0 e
TR FE IS BB HEBR AT 2R 25 A R S8, I T R
SRS AR BRAE Bl I T3R5 T A i Ml A AE 4, HE
R MR R e S A BEAS S, 4% Jay A M R £ sl o o
PEYUEE, A H SR FHRIA TS 65 AFAT G Sl ) i s s 1 11
DR HEBR MR IR h A5 2 10 (B, B R A A R Eh U 5 A7
TEMPRIRER AR 2 10 B TEHERR BT A PEAS U , e i e o
INERHE . HTEERT IR R AE AU 73 30 W A S K A A E i
BB EPEDTEELS YL . BEAT, HUEEIRTT ™ 4 W
FOFAL BN R

4 REKBTHE

4.1 #AGITHY  OPERERREG , e fE LR AR g
RAFESVE, N T ST AR I A B & T S
PR , A o 2o AR b R 38 e RE AT 1194 B S A SR (s
AR B W) WA T2 (i . — TS OBUE 3 A
REVIVALIRSE B 7EHRITIL LGN SA-AKT R FH AV, it & A7
P45 R HF AR G 2 28 d & HFET- 3R (U7 90 d
WA R Z 5 A R AR AL . % REVIVAL RIS (9 Z 5 4347
WiE T AT REMIZZGIRYT h Ak a5 e 2 M RS H i i
FEXHEZG M Bt FH T8 SA-AKI, [ A 21044 kTR E
B SA-AKT B 25 Pl RIS IEAE Db A7 I s 2 245
RES H R IR R

42 FHRELFFHR

42.1 ASNAIRIT  AMNMACR GRS AN, SN A
B3 R I BEE 1 9] 40 e )38 A5 0 e A, T s Lk 3k B 0 1Y
K BEAR R R BET- 5, 22 Fh A A1 40 i 35 0] 430 A
WA TR FE R T AR IR IZ A RE IR T ALEY A
NHEAEAE S Jin S0 MR H 7R 1B R S 5T 4 AR TR A
WAA X e H 0 AKT R BRIV AR DR APV T o AN E B 1 B 4
A VR S WA A T R ok 75 575 /N U - 40 14 PR e Ky
R 55 SA-AKL/D U AETE 28, s B T Re Il B 445
Gao 25158 53 B I A5 FL 20 il 5 SA-AKT /N USSR, % TR A i
ZH 18] 75 R+ 40l (adipose tissue-derived mesenchymal stem
cells, AD-MSCs ) ¢ 5 1) S 1A R I 25 28 VK 1 375 28 ik 4 e A1 7
eIk, W B IR SN | S0 B ED) BE AL SV, BRAL/INEE
23R, HHLHI Al 68 5 DB A5 B 5 1+ 1 (silent information
regulator 1, SIRT1 ME S A L, INMRE &R  micro-
RNA SIRT1 & H B FAE 0T 5 2 R A Ui v o A s R 9
AD-MSCs e JE AN A7 28 1Y miR-342-5p Al ZEf# SA-AKIT, F45
WA RERALE . He 551 R IR F AD-MSCs (9 4y
ZNEZ RS S AKL, IAIT SA-AKTER{E T e 8940740
o LiAEWIRIFGT L % 300 2T 20 200 it IO DR 240 it A 5 A i R
IR LR W, BELAS NLRP3 4858 /IMATE AL, , A ini i 35
itk (HdAa BT S B G A0 AR R Z I A A 5: SA-AKT
Y B /INER P R AN B RS, B A I 2 S X —

IR, FTREZ SA-AKIATRYT RIS . DL RS R 5614k
WMARIIETT T RE AT SA-AKI I —Flg 75 BT &
422 HRENAEIT  AKUMZGYIRIT AR = A A ) 25 5%
TEAAA B A 7 0 K SR S — B % R YT SR L AR T X
S GMJ - A0 K TR T AR P G AR 1T N R 3 1 T 1
AR . — T ST R L T R BB N L
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