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Abstract: Sepsis-associated acute kidney injury (SA-AKI) is a common and serious complication in patients with sepsis. Its
pathogenesis is complex, involving multiple pathophysiological processes such as immune dysregulation, microcirculatory
disturbances, and energy metabolism imbalances, with a clinical mortality rate of 35% to 67% . Current treatment strategies
focus on early fluid resuscitation and precise volume management, although there is still controversy regarding these
approaches. Research has shown that crystalloid fluids (especially balanced electrolyte solutions) may reduce the incidence and
short-term mortality of SA-AKI. However, large-scale randomized controlled trials have not demonstrated significant
differences compared to normal saline. Albumin, as a colloid solution, may improve tissue perfusion, but its concentration
choices and suitable patient populations still require further verification. Hydroxyethyl starch and dextran injections have not
been recommended due to safety concerns. In terms of volume management, traditional goal-directed fluid resuscitation (such
as the 30 mL/kg fluid infusion) lacks clear survival benefits. However, fluid overload is closely related to adverse outcomes.
Restrictive fluid strategies may reduce the risk of renal congestion but can increase the need for vasopressor drugs. Existing
evidence does not support strictly limiting the initial resuscitation volume. Point-of-care ultrasound techniques offer a
non-invasive tool for dynamically assessing venous congestion status (such as VExUS scoring) , potentially reducing the risk of
SA-AKI through optimized fluid management. Future approaches should combine biomarkers with multimodal monitoring to
create individualized fluid management plans, balancing the need for early resuscitation against the risks of volume overload,
to improve outcomes for patients with SA-AKI. This article provides a brief review on fluid resuscitation and volume
management in SA-AKI patients.
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Sepsis-associated acute kidney injury (SA-AKI) is a
heterogeneous syndrome of acute kidney injury directly
caused by sepsis or indirectly by iatrogenic factors during
sepsis treatment [1-2]. According to incomplete statistics,
25% to 45% of sepsis patients develop SA-AKI [3], and
the mortality of patients with SA-AKI ranges from 35%
to 67% [4].

The exact pathogenesis of SA-AKI remains unclear.
It can occur in sepsis patients even without obvious
hypoperfusion and hemodynamic instability [5].
Differences in the individual's underlying susceptibility to
tissue and organ damage may determine the distinct
pathophysiological mechanisms of SA-AKI. Therefore,
scholars have proposed various theories to explain the
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dissociation  between  structural and  functional
abnormalities observed in SA-AKI. The latest consensus
currently recommends classifying SA-AKI into 5 types
based on pathophysiological mechanisms and biomarkers
[3]. Type I is caused by abnormal immune regulation,
characterized by systemic and renal inflammation as well
as complement activation [6]; type II involves activation
of the renin-angiotensin-aldosterone system and
mitochondrial dysfunction [7]; type III is related to the
energy metabolism adaptation mechanism [8]; both type
IV and type V are associated with microcirculatory
dysfunction and changes [9], with slight differences in
biomarkers. These injury mechanisms act on glomeruli,
renal tubules, and podocytes, ultimately leading to the
development of SA-AKI. Clinically, SA-AKI is divided
into 3 phenotypes based on the body's tolerance. Type I is
usually Kidney Disease Improving Global Outcomes
(KDIGO) stage 1 with or without biomarker detection;
type II is KDIGO stages 2-3 without biomarker detection;
type I is KDIGO stages 2-3 with biomarker detection
[3,10-11]. Novel biomarkers can assist in the early
diagnosis of SA-AKI and prediction of its progression,
facilitating the timely initiation of effective interventions
to improve patient prognosis [2].

Currently, the prevention and treatment of SA-AKI
include early fluid resuscitation and volume management,
source control of infection, application of vasoactive
agents, targeted drug therapy, and renal replacement
therapy (RRT). This article aims to focus on the latest
research status of early fluid resuscitation and volume
management in SA-AKI prevention strategies.

1 Early fluid resuscitation

Early fluid resuscitation is crucial for preserving the
microcirculation and macrocirculation in patients with
sepsis. Currently, the crystalloids used clinically for
resuscitation are mainly balanced crystalloids and normal
saline. Colloids include albumin, synthetic colloids (e.g.,
hydroxyethyl starch) and dextran.

1.1 Choice of resuscitation fluids——crystalloids

Crystalloids are the first-line agents for sepsis
resuscitation, which can improve circulation and increase
tissue perfusion by enhancing cardiac output. In previous
studies, patients resuscitated with normal saline had
higher serum chloride levels and a significantly increased
incidence of hyperchloremic metabolic acidosis [12].
Therefore, recent studies on fluid resuscitation have
mainly focused on balanced crystalloids and normal
saline. A meta-analysis evaluating the relationship
between crystalloids and outcomes in critically ill patients
showed that the balanced crystalloids group had lower
in-hospital and 28/30-day mortality rates and incidence of
acute kidney injury (AKI), but there was no difference in
progression to requiring RRT. For most critically ill adult
patients, balanced crystalloids should be preferred over
normal saline [13]. Another meta-analysis also suggested

that balanced crystalloids were more likely to reduce
in-hospital mortality [14]. However, in a randomized
controlled trial involving 10,520 critically ill patients,
resuscitation with balanced crystalloids did not
significantly reduce the 90-day mortality rate in critically
ill patients [15]. In a 2022 multicenter randomized
controlled trial published in the New England Journal of
Medicine, there was no evidence that resuscitation with
normal saline increased mortality or the incidence of AKI
[16].

In studies on sepsis, some literature reported that
resuscitation with balanced crystalloids reduced the
incidence of sepsis-associated acute kidney injury
(SA-AKI) [12], and the risk of major adverse renal events
within 30 days was lower with balanced crystalloids than
with normal saline [13]. Early use of balanced
crystalloids in sepsis resuscitation may have a greater
impact on survival, but the beneficial effects of balanced
crystalloids were only observed in patients who started
using them in the emergency department [17]. A
secondary analysis of the Isotonic Solutions and Major
Adverse Renal Events Trial (SMART) also suggested that
sepsis patients resuscitated with balanced crystalloids had
lower 30-day mortality [18]. Recently, patients
resuscitated with balanced crystalloids were associated
with better renal function recovery in a study of
community-acquired SA-AKI [19]. However, the results
of a 2024 single-center randomized controlled trial on
fluid resuscitation in sepsis showed that there was no
statistically significant difference in the incidence of
major adverse renal events and other secondary outcomes
within 28 days between sepsis patients resuscitated with
balanced crystalloids or normal saline [20]. Thus, there is
no consensus on which crystalloid to choose for
resuscitation, and this remains a key research focus for
SA-AKI in the future.

1.2 Choice of resuscitation fluid — albumin

During the body’s inflammatory process, the
endothelial glycocalyx is damaged, vascular permeability
changes, and a large amount of fluid extravasates.
Supplementing crystalloids alone cannot achieve effective
resuscitation and may further aggravate tissue edema.
High-molecular-weight  colloids  induce  selective
expansion of the intravascular space via osmotic pressure,
maintaining effective circulating blood volume. Previous
studies have indicated that albumin use—whether as
initial resuscitation fluid or as a supplement to crystalloid
resuscitation—is associated with lower mortality [21].
Compared  with  crystalloid resuscitation,  fluid
resuscitation using albumin of different concentrations
(especially 20% albumin) significantly reduces the
90-day mortality of sepsis patients and improves the
prognosis of septic shock patients [22]. Albumin
administration during resuscitation in sepsis patients
better ameliorates tissue hypoperfusion [23]. A
single-center retrospective study found that among septic
shock patients, early albumin use did not differ in the
number of vasopressor days compared to non-use, but
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significantly shortened mechanical ventilation duration
[24]. A meta-analysis including 58 studies suggested that
albumin combined with crystalloids reduced sepsis
mortality more effectively than hydroxyethyl starch
combined with crystalloids [25]. Thus, the consensus
report of the 28th Acute Disease Quality Initiative
Working Group recommends albumin as the first choice
if large-volume fluid therapy and colloid supplementation
are required [3].

However, a UK-based multicenter sepsis-related
study showed that crystalloid-only resuscitation had
lower mortality than albumin plus crystalloids, with no
benefit from early albumin application [26]. A recent
multicenter, retrospective, inverse probability of
treatment weighting cohort study found that 25% albumin
use in patients with SA-AKI at admission may be
associated with increased composite outcomes of RRT or
in-hospital mortality, while 5% albumin did not elevate
such risks [27]. Clearly, there is no consensus on albumin
concentration, and further research is needed.
Internationally, a multicenter randomized controlled trial
verifying albumin’s efficacy in early septic shock
treatment is ongoing—setting 30 g/L albumin as the
phased resuscitation target—whose results may guide
future therapy [28].

1.3 Choice of resuscitation fluid — synthetic colloids and
dextran

Although debate persists about resuscitation fluid
types, hydroxyethyl starch and dextran have been
identified to show a clearly link with allergic reactions,
coagulopathy, and drug-induced AKI, which are no longer
recommended for fluid resuscitation in sepsis patients
[29].

2 Management of resuscitation volume

Fluid resuscitation is the cornerstone of sepsis
treatment. While it can improve tissue perfusion and
reduce the risk of prerenal AKI, it may also cause edema
of organs and peripheral tissues. Intestinal edema impairs
the intestinal mucosal barrier, leading to bacterial
translocation, intra-abdominal infection, and damage to
distant organs—thus accelerating the progression of
sepsis. Pulmonary edema is associated with fluid
overload, increased vascular permeability, and
downregulation of Na*-K" pump and aquaporin levels
during AKI. It is prone to induce ventilator-associated
lung injury (VALI), and even complicated by atelectasis,
pneumonia, and acute respiratory distress syndrome
(ARDS) [30]. Therefore, volume management is of
critical importance.

2.1 Bundle strategy for fluid resuscitation (BUNDLE)

Previous studies have found that goal-directed fluid
resuscitation therapy cannot reduce the need for renal
replacement therapy (RRT) or improve mortality in

patients with septic shock [31]. Thus, the Surviving
Sepsis Campaign Guidelines 2021 [32] recommend
implementing 1-hour and 3-hour BUNDLE: patients with
hypotension or lactate >4 mmol/L should receive 30
mL/kg fluid resuscitation within 3 hours [32]. A recent
single-center retrospective cohort study showed that
completing 30 mL/kg fluid resuscitation within 2 hours
may be associated with early shock reversal and lower
28-day mortality [33]. In a database-based cohort study,
the survival group better implemented the 1-hour
BUNDLE and used vasoactive agents to maintain blood
pressure [34]. However, in a multicenter study involving
23 emergency departments in France and Spain for
suspected sepsis patients, good implementation of the
1-hour BUNDLE (with 30 mL/kg fluid resuscitation) did
not reduce in-hospital mortality [35]. The application of
the 1-hour BUNDLE also did not benefit the survival rate
of patients with cirrhosis complicated by septic shock
[36].

2.2 Restrictive fluid eesuscitation and standard
resuscitation strategy

Currently, the possible mechanism underlying
SA-AKI is thought to involve redistribution of intrarenal
blood flow, leading to local tissue ischemia and hypoxia
in the kidney [37]. Higher fluid volumes may cause fluid
overload, resulting in renal congestion and exacerbation
of damage, which adversely impacts prognosis. Studies
have shown that fluid overload is associated with poorer
outcomes, significantly increasing 28-day mortality [38].
Each 1 L increase in fluid balance raises the risk of death
by 1.19-fold [39]. A study included sepsis patients who
had completed 6-hour resuscitation volumes, dividing
them into a restrictive fluid group (fluid therapy given
only when hypoperfusion signs appeared) and a liberal
fluid group (continuous fluid therapy). Results indicated
that the restrictive group had significant benefits in
indicators such as 90-day severe adverse renal events,
90-day survival rate, and days without mechanical
ventilation or RRT—suggesting that volume overload
may influence the development and progression of
SA-AKI [40]. Thus, some scholars have proposed
restrictive fluid resuscitation strategies for sepsis.
However, restrictive fluid resuscitation did not reduce
90-day mortality compared to standard resuscitation in a
study of adult sepsis patients [41]. Another randomized
controlled trial enrolled 1,563 sepsis patients, assigning
them to restrictive or liberal fluid groups. The restrictive
group used vasopressors earlier, more frequently, and for
longer durations, but again showed no reduction in
90-day mortality [42]. Therefore, although evidence
supporting 30 mL/kg fluid resuscitation is weak and
primarily from observational studies, existing research
does not support limiting initial resuscitation volume to
below 30 mL/kg [43]. In conclusion, the optimal fluid
management plan for sepsis patients remains uncertain.
Clinicians should weigh the risks and benefits of fluid
management at each stage for critically ill patients,
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avoiding insufficient early resuscitation and fluid
overload in the stable phase [44].

2.3 Volume management via bedside color Doppler
ultrasound may reduce the incidence of SA-AKI

Bedside color Doppler ultrasound is widely used in
the diagnosis and treatment of critically ill patients due to
its advantages of non-invasiveness, rapidity, real-time
monitoring, dynamic observation, and
repeatability—especially in early resuscitation monitoring
and optimization of fluid therapy regimens. The
combination of inferior vena cava width, hepatic vein
blood flow, portal vein pulsatility index, and renal vein
impedance index is called the venous excess ultrasound
score (VExUS), which has good diagnostic accuracy for
renal and prerenal AKI [45]. VExUS score can accurately
reflect venous congestion, with accuracy comparable to
that of selective right heart catheterization measurements.
An increase in VExUS score is clearly associated with the
development of AKI in hospitalized patients [46]. A study
performed bedside ultrasound examinations 3-6 hours
after initial fluid resuscitation for sepsis. According to the
KDIGO guidelines, the sepsis group was divided into
AKI group and non-AKI group, and the AKI group was
further divided into 3 subgroups. The results showed that
VExXUS score can evaluate the venous congestion status
of sepsis patients after initial resuscitation. The
combination of VExUS score and Sequential Organ
Failure Assessment (SOFA) score has the highest
predictive value for SA-AKI, while SOFA score and AKI
stage are independent risk factors for 28-day mortality in
SA-AKI patients [47]. Another study confirmed a
significant correlation between changes in VExUS score
and fluid balance as well as AKI stage: as renal function
improves, VExXUS score decreases accordingly. VExUS
score can reliably indicate venous congestion and help
guide the timing of clinical fluid negative balance
management [48]. These studies suggest that early
optimization of fluid resuscitation volume via VExUS
score may reduce the incidence of SA-AKI.

3 Conclusion

To summarize, early fluid resuscitation and volume
management in sepsis are closely related to the
development and progression of SA-AKI. Crystalloids
are the first-line treatment option for sepsis resuscitation.
Although findings from studies on initial resuscitation
with albumin are inconsistent, guidelines still recommend
considering albumin for treatment. Despite weak
evidence, existing studies do not support limiting the
early resuscitation volume to below 30 mL/kg. Clinicians
should weigh the risks and benefits of fluid management
at each stage for critically ill patients, avoiding
insufficient early resuscitation and fluid overload in the
stable phase. VExUS scoring via bedside color Doppler
ultrasound can optimize fluid resuscitation volume and
reduce the incidence of SA-AKI.
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Abstract: Sepsis - associated acute kidney injury (SA-AKI) is a common and serious complication in patients with

sepsis. Its pathogenesis is complex, involving multiple pathophysiological processes such as immune dysregulation,

DOI:10.13429/j.cnki.cjer.2025.11.001

E&WA: YA EET DA AATH (BJ2023108) ; L il 2t 7%
ZK MBI H (BH202401)

BIS1EE : THEAK, E-mail : Mengxianglin@hrbmu.edu.cn; & 3#T, E-mail : gexin2021@suda.edu.cn

HAREH#: 2025-11-20 QR code for English version




+ 1630 -

G RAFSE 2025 4F 11 A%5 38 %5 11 ] Chin J Clin Res, November 2025, Vol.38 , No.11

microcirculatory disturbances , and energy metabolism imbalances , with a clinical mortality rate of 35% to 67%.
Current treatment strategies focus on early fluid resuscitation and precise volume management, although there is still
controversy regarding these approaches. Research has shown that crystalloid fluids (especially balanced electrolyte
solutions) may reduce the incidence and short-term mortality of SA-AKI. However, large-scale randomized controlled
trials have not demonstrated significant differences compared to normal saline. Albumin, as a colloid solution, may
improve tissue perfusion, but its concentration choices and suitable patient populations still require further verification.
Hydroxyethyl starch and dextran injections have not been recommended due to safety concerns. In terms of volume
management, traditional goal - directed fluid resuscitation (such as the 30 ml/kg fluid infusion) lacks clear survival
benefits. However, fluid overload is closely related to adverse outcomes. Restrictive fluid strategies may reduce the risk of
renal congestion but can increase the need for vasopressor drugs. Existing evidence does not support strictly limiting the
initial resuscitation volume. Point-of-care ultrasound techniques offer a non-invasive tool for dynamically assessing venous
congestion status (such as VExUS scoring), potentially reducing the risk of SA-AKI through optimized fluid management.
Future approaches should combine biomarkers with multimodal monitoring to create individualized fluid management

plans, balancing the need for early resuscitation against the risks of volume overload, to improve outcomes for patients with

SA-AKI. This article provides a brief review on fluid resuscitation and volume management in SA-AKI patients.

Keywords: Sepsis; Acute kidney injury; Fluid resuscitation; Volume management; Vasoactive agents
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