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Abstract
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tate levels and the early development of Intensive Care Unit-Acquired
Weakness (ICU-AW) in patients with septic shock. Data from pneumo-
nia-induced septic shock patients in our ICU were analyzed, dividing
them into ICU-AW and non-ICU-AW groups based on ICU-AW develop-
ment within 7 days. Key parameters like gender, age, and lactate levels
at admission and after six hours were compared. The study found no
significant differences in gender and age between the groups, but the
non-ICU-AW group had higher lactate levels initially and after six hours.
The results suggested an inverse correlation between early lactate lev-
els and ICU-AW, indicating that mildly elevated lactate might protect
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against early ICU-AW in septic shock patients.
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Introduction

Patients with septic shock are commonly admitted to the In-
tensive Care Unit (ICU) due to the severity of their condition.
However, factors such as prolonged hospitalization, limited
mobility, mechanical ventilation, and sedative medications can
lead to the development of ICUt-Acquired Weakness (ICU-AW),
a frequent complication in ICU patients [1,2]. ICU-AW is charac-
terized by a significant decline in symmetrical muscle strength,
severely affecting patient prognosis and quality of life [3].

Current understanding of the pathogenesis of ICU-AW pri-
marily involves neurogenic and/or myogenic damage. Lactate
is the end-product of anaerobic glycolysis. Some studies sug-
gested that lactate can inhibit mitochondrial function, thereby
reducing hypoxic damage to neural cells, aiding in the protec-
tion and repair of these cells [4,5]. Additionally, lactate can ele-
vate antioxidant levels, helping to mitigate oxidative damage to
cells [6,7], and it may had a protective effect on skeletal muscle

strength [8,9]. Based on these findings, we hypothesized that
lactate may play a protective role in preventing the occurrence
of ICU-AW. Thus, the objective of this study was to investigate
the correlation between early lactate levels and the early devel-
opment of ICU-AW in shock patients.

Materials and methods

Data sources: We selected patients admitted to the compre-
hensive ICU at Qiandongnan People’s Hospital of Qiandongnan
Miao and Dong Autonomous Prefecture between January 1,
2022, and June 8, 2023. Inclusion criteria comprised individuals
aged over 18 years with a confirmed diagnosis of septic shock
due to pneumonia. We excluded cases with myasthenia gravis,
severe central nervous system diseases, various fractures, poly-
myositis, and other conditions that could affect the diagnosis of
ICU-AW, as well as patients with incomplete data or those who
had withdrawn from treatment.
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Diagnostic criteria: The diagnosis of sepsis met the Sepsis-3
criteria [10], where the need for vasopressors to maintain a
mean arterial pressure of over 65 mmHg after adequate fluid
resuscitation was considered as septic shock. The diagnosis of
ICU-AW was determined using the Medical Research Council
(MRC) scale for muscle strength grading in the upper and lower
limbs, with patients scoring less than 48 being diagnosed with
ICU-AW [1].

Treatment methods: All admitted patients received treat-
ment protocols designed according to the etiology, along with
necessary organ support measures to maintain vital sign sta-
bility. Patients with hypovolemia underwented adequate fluid
resuscitation, and those with infections received effective an-
tibiotic therapy. When necessary, mechanical ventilation, con-
tinuous renal replacement therapy, transfusion, and nutritional
support were implemented as per requirement.

Study methods: We collected a 3 ml venous blood sample
from patients upon ICU admission and measured blood lactate
levels using the ABL800 blood gas analyzer from Radiometer,
Denmark. Subsequent assessments of blood lactate levels were
performed 6 hours later (6h-lactate), and daily measured limb
muscle strength to diagnose the ICU-AW. On day 7%, patients
were categorized into the ICU-AW and non-ICU-AW groups de-
pending on the development of ICU-AW during their ICU stay,
and we compiled data on gender, age, initial lactate, and 6h-
lactate for comparison between the two groups.

Statistical methods: Data was analyzed using SPSS software
version 26.0. For metric data, the Kolmogorov-Smirnov test was
employed to verify normality. Normally distributed metric data
was expressed as mean * standard deviation (xts), and com-
parisons between groups were performed using independent
sample T-tests. For non-normally distributed metric data, the
median (interquartile range) (M (QL, QU)) was used, and group
comparisons was made using the Mann-Whitney U test. For
count data, the 2 test was used. A P-value of <0.05 was consid-
ered statistically significant.

Results

A total of 500 patients were included in the study, consisting
of 310 males and 190 females. The age range was from 18 to 94
years, with an average age of 63.86 years. The mean duration of
shock was 5.09 days, while the average ICU stay was 9.63 days.
The ICU-AW group included 216 patients, and the non-ICU-AW
group consisted of 284 patients, with an incidence rate of ICU-
AW being 44.8%. Over the following three months, a total of 97
patients died, while 403 patients survived.

There were no significant differences between the two groups
in terms of gender and age (x*=2.268, t=1.292, all P>0.05). How-
ever, the non-ICU-AW group exhibited significantly higher levels
of Initial lactate and 6-hour lactate than the ICU-AW group, with
values of 3.5 vs. 2.4 and 2.8 vs. 1.95, respectively (Z=-4.530,
-4.244, all P<0.05), indicating statistically significant differences.
Detailed data were presented in Table 1 and Figure 1.

Discussion

The findings of our study indicated that within 7 days, the
non-ICU-AW group exhibited marginally higher levels of initial
lactate and 6h-lactate (3.5 vs. 2.4 and 2.8 vs. 1.95, respectively)

/ Table 1: Magnetic resonance of Cholangio

J

ICU-AW Group | Non-ICU-AW 2
Parameter (n=216) Group (n=284) X*[t/Z | Pvalue
Gender
(Male/Female) 142/74 168/116 2.268 0.079
Age (Year) 65.05+18.12 62.95+17.80 1.292 0.197
Initial lactate 2.40 3.50
(mmol/L) (10,410)  (0190,658) =30 0000
6h-lactate 1.951.30 2.80
(mmol/L) (3.40) (1.50,6.52) -4.244 | 0.000
4
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M lacticacid {mmol/L) M 6h-lactic acid (mmal/L)
Figure 1: Initial lactate and 6h-lactate graph for ICU-AW group and

Non-ICU-AW group.

\ /

compared to the ICU-AW group, suggested a significant correla-
tion between lactate levels and the incidence of ICU-AW. Conse-
quently, we hypothesized that a slight elevation in lactate levels
may confer a protective effect against the early development of
ICU-AW in septic shock patients. This discovery contributed to
a deeper understanding of the role of lactic acid in this disease.

Lactate has a long time been regarded as a critical indicator
of tissue perfusion and systemic oxygen metabolism in patients
with shock [11,12], often associated with increased mortality
rates and poor prognoses [13-15]. Emerging research suggested
that lactate possesses multiple biological activities. It can facili-
tate muscle mass increment and repair and serve as an energy
substrate for neuronal cells, helping to maintain neuronal func-
tion and prevent damage [16-18].

We reviewed some studies on the protective effects of lactate
on nerve and muscle function. Research had shown that lactate
can enter neuronal cells, mitigate hypoxic damage to the brain
by inhibiting mitochondrial function, thereby prolonging neu-
ronal survival under hypoxic conditions [19]. Additionally, lac-
tate can protect neurons from injury by increasing VEGF protein
expression [20]. Studies also suggested that lactate promotes
growth and regeneration in skeletal muscle tissues and cultured
cells [18,21], particularly in damaged muscle tissue. One study
found that lactate induces muscle growth correlated with an
increased number of Pax7 positive nuclei in mouse anterior tib-
ial muscle, suggested a stimulatory effect of lactate on muscle
growth and regeneration, especially in damaged muscle tissues
[22]. The lactate shuttle hypothesis posited that lactate, as an
energy substrate, was exchanged among different tissues, cells,
and intracellular compartments, including nerve and muscle tis-
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sues [23]. These findings implyed that lactate may play a more
complex role within the organism, not merely as a byproduct of
energy metabolism but also potentially in intercellular commu-
nication, muscle mass maintenance, and regeneration.

Our results speculated that a slight increase in lactate lev-
els may have a protective role during the early development of
ICU-AW in septic shock patients, offered new insights and strat-
egies for the prevention and treatment of ICU-AW. However,
the exact mechanisms was remain unclear. We proposed that
during the early stages of shock, when microcirculatory distur-
bances lead to tissue hypoxia, lactate could serve as an alter-
native substrate, providing support even when energy reserves
were depleted and during reperfusion injury. Furthermore, lac-
tate may enhance antioxidant levels, slowing oxidative damage
in nerve and muscle cells. This was in line with some medical
studies suggesting that lactate played a pivotal role in metabolic
regulation within the body [6,24].

In summary, our study's findings indicated a negative correla-
tion between lactate levels and the occurrence of ICU-AW in the
early stages of septic shock. We surmised that a slight increase
in lactate levels might protect against the early development
of ICU-AW in septic shock patients. Thus, lactate should not be
simplistically regarded as a metabolic waste product; it may also
have a potential protective role, providing new insights for fu-
ture research and clinical applications.
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