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Abstract: Objective To investigate the effect of ultrasound-guided fluid resuscitation combined with esmolol on oxygen
metabolism indicators and inflammatory levels in patients with septic shock. Methods A total of 122 patients with septic shock
admitted to Affiliated Hospital of Hebei University of Engineering from June 2021 to June 2023 were selected and randomly
divided into a control group and a treatment group, with 61 cases in each group. All patients received conventional treatments
including fluid resuscitation for anti-shock, application of vasoactive drugs, anti-infection, immune regulation, and organ
function support. The control group was treated with ultrasound -guided fluid resuscitation, while the treatment group was
additionally treated with esmolol based on the control group. Oxygen metabolism indicators[oxygen consumption (VO:2),
oxygen delivery (DO2)], inflammatory factors[interleukin-6 (IL-6), C-reactive protein (CRP)], 6-hour lactate clearance rate,
mortality rate during treatment, hemodynamic indicators [mean arterial pressure (MAP), central venous pressure (CVP)], and
myocardial related indicators[creatine kinase-MB (CK-MB), brain natriuretic peptide (BNP), cardiac troponin | (cTnl)jwere
compared between the two groups. Results After treatment, the levels of IL-6, CRP, CK-MB, BNP, and cTnl decreased in both
groups, and those in the treatment group were significantly lower than those in the control group (£<0.05). The levels of VO,
DO., MAP, and CVP increased in both groups, and those in the treatment group were significantly higher than those in the
control group (P<0.05). The 6-hour lactate clearance rate in the treatment group was significantly higher than that in the
control group[(86.21+9.35)% vs (81.52+8.69)%, =2.870, A=0.005]. There was no significant difference in mortality rate during
treatment between the two groups (£>0.05). Conclusion Ultrasound-guided fluid resuscitation combined with esmolol can
effectively improve oxygen supply-consumption balance, enhance tissue oxygen delivery capacity, stabilize hemodynamics,
inhibit the release of inflammatory factors, reduce systemic inflammatory response, and improve myocardial function in
patients with septic shock, which has clinical application value.
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Septic shock is a critical clinical syndrome caused by
the body's uncontrolled response to infection, which leads
to circulatory dysfunction and cellular metabolic disorder.
It can induce multiple organ dysfunction, accompanied by
refractory hypotension and insufficient tissue perfusion,
posing a serious threat to the life safety of patients [1].
According to reports, the global annual number of sepsis
cases exceeds 19 million, with 6 million deaths [2].
Clinical treatments such as fluid replacement for anti-shock,
application of vasoactive drugs and antibiotics can alleviate
the symptoms, but the overall efficacy is limited and the
prognosis is poor [3]. With the unique advantage of
real-time dynamic monitoring, ultrasound technology can
closely track the hemodynamic status of patients, and
comprehensively evaluate cardiac pumping function,
vascular elasticity, blood flow velocity and tissue perfusion
of the whole body. Implementing fluid resuscitation under
precise ultrasound guidance allows timely adjustment of
the fluid replacement regimen according to the patient's
unique physiological characteristics and real-time
hemodynamic changes, which can effectively avoid the
risks that may be brought by traditional empirical fluid
replacement, and ensure the accuracy and safety of
treatment [4]. Esmolol can improve microcirculation

disturbance, effectively increase the perfusion volume of
tissues and organs, ensure that tissue cells obtain sufficient
blood supply, so as to restore normal physiological
functions. It can also effectively relieve microvascular
spasm, maintain the patency of the microvascular network,
provide a smooth channel for material exchange between
blood and tissues, and further optimize the microcirculation
state  [5]. This study analyzed the effects of
ultrasound-guided fluid resuscitation combined with
esmolol on oxygen metabolism indexes and inflammatory
levels in patients with septic shock, and the report is
presented as follows.

1 Materials and Methods
1.1 Sample Size Calculation

The minimum required sample size was estimated
according to the formula:
L7 (10077z1)+7r2(210077z2) f@.p) ,where nl represents the

(7, —m)
expected total effective rate of the control group (60.66%),
m2 represents the expected total effective rate of the
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treatment group (81.97%), a is the type I error probability
(set as 0.05 in this study), and S is the type II error
probability (set as 0.20 in this study). According to the
formula calculation, at least 53 cases were required in each
group. Considering possible loss to follow-up, 61 patients
were included in each group.

1.2 General Information

A total of 122 patients with septic shock admitted to
the Affiliated Hospital of Hebei University of Engineering
from June 2021 to June 2023 were selected as the research
subjects. Inclusion criteria: (1) meeting the diagnostic
criteria for septic shock [6]; (2) aged 18 to 60 years old; (3)
having a clear focus of infection or a highly suspected
focus of infection; (4) the patient's family members were
informed of the research purpose and signed the informed
consent form. Exclusion criteria: (1) combined with
severe trauma or burns; (2) allergic to the drugs used in this
study; (3) combined with valvular heart disease or hepatic
and renal dysfunction; (4) patients with intellectual
disability, dementia, or mental illness; (5)combined with
malignant tumors or immune system diseases; (6) pregnant
or lactating women. Drop-out criteria: Patients who died
within 24 hours after admission or whose vital signs could
not be maintained.

1.3 Grouping

The 122 patients were divided into a control group and a
treatment group using a random number table method, with
61 cases in each group. In the control group, the age was
(47.33 =5.13) years, the body mass index (BMI) was
(22.301£2.43) kg/m?, with 37 males and 24 females; in the
treatment group, the age was (48.03£5.21) years, the BMI
was (22.67+2.49) kg/m?, with 33 males and 28 females.
There was no statistically significant difference in general
data such as age, BMI, and gender between the two groups
(P>0.05). This study has been reviewed by the Ethics
Committee of the Affiliated Hospital of Hebei University
of Engineering [Ethics Approval No.: 2021(K)025].

1.4 Treatment Methods

All patients received conventional treatment including
fluid replacement, anti-shock therapy, administration of
vasoactive drugs, anti-infection treatment,
immunomodulation, and organ function support, while
vital signs monitoring and disease condition assessment
were completed simultaneously.

The ultrasound-guided fluid resuscitation process for
the control group was as follows.

Preparation stage: the patient was placed in the
supine position, the skin under the xiphoid process was
exposed, and a phased-array probe ultrasound machine
(Model: Mindray ME7, Manufacturer: Shenzhen Mindray
Bio-Medical Electronics Co., Ltd.) was used. Inferior vena
cava (IVC) measurement: M-mode ultrasound was used to
measure the [IVC diameter at the expiratory and inspiratory

phases in the straight segment of the IVC approximately 2
cm from the right atrial opening, and the collapsibility
index was calculated.

Cardiac ultrasound assessment: transthoracic
ultrasound was performed through the apical four-chamber
view and parasternal left ventricular long-axis view to
evaluate cardiac systolic function and cardiac cavity size.
The left ventricular end-diastolic diameter (LVEDD) was
measured, and cardiac output (CO) was calculated.

Lung ultrasound monitoring: the BLUE protocol was
used to perform standardized scanning of the bilateral
anterior chest, lateral chest, and back, and the number and
distribution characteristics of B-lines in each region were
recorded. Diffuse bilateral B-lines indicate the risk of
pulmonary edema, and dynamic monitoring is
recommended to guide fluid management.

Fluid resuscitation implementation: initial fluid
resuscitation was started at 10-15 mL/(kg-h), and then the
rate was adjusted every 15-30 minutes according to the
IVC status. The specific volume was individually adjusted
according to the patient's clinical background, and fluid
responsiveness was dynamically evaluated.

Dynamic adjustment: ultrasound and clinical
indicators were rechecked every 0.5-1 hour. If the IVC
diameter was >2cm or the number of B-lines increased,
fluid infusion was slowed down. For spontaneously
breathing patients, if the end-expiratory IVC diameter was
<1.5 cm or the collapsibility index was >50%, it indicated
good volume responsiveness, and fluid infusion could be
accelerated; if the end-expiratory IVC diameter was >2.5
cm and the collapsibility index was <20%, it indicated
volume overload, and fluid infusion should be restricted.

Small-dose fluid challenge test: when ultrasound
indicated unclear volume responsiveness, 50-100 mL of
fluid was rapidly infused within 1-2 minutes, and stroke
volume (SV) or CO was remeasured within 5 minutes after
infusion. If the increase was >10%-15%, it was considered
responsive, and fluid infusion could be continued; if there
was no response, fluid was restricted.

Comprehensive monitoring: vital signs, urine output,
blood lactate and other indicators of the patients were
continuously monitored until shock was reversed, to ensure
the effect of fluid resuscitation.

In addition to the above treatment steps, the treatment
group additionally received intravenous drip of esmolol
(Qilu Pharmaceutical, National Medicine Approval No.
H19991059, 10 mL: 0.1 g). The initial dose of esmolol was
usually 7.5 pg/(kg'min), and the dose was gradually
adjusted according to the patient's response. During the
treatment, the patient's heart rate was closely monitored to
maintain the heart rate between 60 and 100 beats per
minute.

1.5 Observation Indicators

The following indicators were observed and recorded
before and after treatment.

Primary indicators

(1) oxygen metabolism indexes [7]: oxygen
consumption (VO;) and oxygen delivery (DO,) were
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detected by respiratory measurement; (2) inflammatory
factors [8]: the levels of interleukin-6 (IL-6) and C-reactive
protein (CRP) were detected by enzyme-linked
immunosorbent assay (ELISA); (3) 6-hour lactate
clearance rate [9]: the 6-hour lactate clearance rate was
detected by a blood gas analyzer, with the formula:
6 h lactate clearance rate = (initial lactate concentration—
lactate concentration at 6 h)/ initial lactate concentration X
100%; (4) mortality: The proportion of deaths during
treatment in the total number of patients was calculated.

Secondary indicators

(1) hemodynamic indexes [10]: mean arterial pressure
(MAP) was detected by an automatic sphygmomanometer,
and central venous pressure (CVP) was detected by central
venous pressure measurement technology; (2) myocardial
related indexes [11]: The levels of creatine kinase MB
(CK-MB), brain natriuretic peptide (BNP), and cardiac
troponin I (cTnl) were detected by ELISA.

1.6 Statistical Methods

SPSS 25.0 software was used for data analysis. Count
data were expressed as cases (%), and comparison between
groups was performed using the chi-square test.
Measurement data conforming to normal distribution were
expressed as x=+s. Comparison between groups was
performed using independent samples t-test, and
intra-group comparison was performed using paired
samples t-test. A P<0.05 was considered statistically
significant.

2 Results
2.1 Comparison of Oxygen Metabolism Indexes

After treatment, the levels of oxygen consumption
(VO,) and oxygen delivery (DO;) increased in both the
control group and the treatment group, and the levels in the
treatment group were higher than those in the control group,
with statistically significant differences (P<0.05). [Table 1]

Tab.1 Comparison of oxygen metabolism indicators before and
after treatment between two groups [#=61, mL/(min-m?), x =s]

DO; vO2
Group

Pre-treatment Post-treatment Pre-treatmentPost-treatment
Treatment o1\ 115536 81435685370 196.38420.15 265.78£29.68°
group
Control 1 8455612 758.24£80.18" 198.65£20.98 231.27425.41°
group
t value 0357 3.742 0.609 6.898
P value 0.722 <0.001 0.543 <0.001

Note: *P<0.05, compared with the same group before
treatment.

2.2 Comparison of Inflammatory Factor Levels
After treatment, the levels of interleukin-6 (IL-6) and

C-reactive protein (CRP) decreased in both the control
group and the treatment group, and the levels in the

treatment group were lower than those in the control group,
with statistically significant differences (P<0.05). [Table 2]

Tab.2 Comparison of inflammatory factors levels before and
after treatment between two groups (n=61,x =)

1L-6 (pg/mL) CRP (mg/L)

Group

Pre-treatmentPost-treatmentPre-treatment Post-treatment
Treatment ) 501451 43265567 89.68£10.34 302844350
group
Control 100841384 50.6946.84" 87.6140.84  43.15£5.68°
group
¢ value 1.005 14.443 1.133 14.050
P value 0317 <0.001 0.260 <0.001

Note: *P<0.05, compared with the same group before
treatment.

2.3 Comparison of 6-hour Lactate Clearance Rate
and Mortality

After treatment, the 6-hour lactate clearance rate in the
treatment group was higher than that in the control group
(P<0.05); there was no statistically significant difference in
mortality between the two groups during the treatment
period (P>0.05). [Table 3]

Tab. 3 Comparison of 6-hour lactate clearance rate and
mortality before and after treatment between two groups (n=61)

6 h lactate clearance

Group rate (%, x%5) fatality rate[case(%)]
Treatment 86.2149.35 5 (8.20)
group

Control group 81.52+8.69 9 (14.75)

t/ x? value 2.870 1.291

P value 0.005 0.256

2.4 Comparison of Hemodynamic Parameters

After treatment, the MAP and CVP increased in both
the control group and the treatment group, and the levels in
the treatment group were higher than those in the control
group (P<0.05). [Table 4]

Tab. 4 Comparison of hemodynamic parameters before and
after treatment between two groups (n=61, X+£s)
MAP (mmHg) CVP (cmH,0)

Group

Pre-treatment Post-treatment Pre-treatment Post-treatment
Treatment o) 501720 98.68£1027 5212085  10.24%1.63°
group
Control ) ,

65.41+7.68 92.15+9.628 5.36:0.91 8.16+1.132

group
t value 0.608 3.624 0.941 8.191
P value 0.545 <0.001 0.349 <0.001

Note: *P<0.05, compared with the same group before
treatment.

2.5 Comparison of Myocardial-Related Indexes
Between the Two Groups

After treatment, the levels of CK-MB, BNP and cTnl
decreased in both the control group and the treatment
group, and the levels in the treatment group were lower
than those in the control group (P<0.05). [Table 5]
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Tab. 5 Comparison of myocardial function before and after treatment between two groups (n=61, X+s)

CK-MB (ng/mL)

BNP (pg/mL)

cTnl (ng/L)

G
roup Pre-treatment Post-treatment Pre-treatment Post-treatment Pre-treatment Post-treatment
gT::a:)me“t 2.1240.35 1212023 172.32+19.25 124.32+13.56° 164.29+18.52 95.64+10.27°
u
gcr‘:::;"' 2.06£031 1.49+0.28° 169.58+18.24 152.21216.382 162.32+17.54 103.57+11.14°
t value 1.002 6.035 0.807 10.244 0.603 4.088
P value 0318 <0.001 0.421 <0.001 0.548 <0.001

Note: *P<0.05, compared with the same group before treatment.

3 Discussion

Septic shock is the result of an excessive
inflammatory response of the body to severe infection,
which can cause systemic toxic symptoms, lead to
myocardial dysfunction, and endanger the lives of patients
[12]. Arterial vasodilation can lead to insufficient vascular
filling, while the reactivity of the renal microvascular
system to vasoconstrictors is enhanced, which in turn
reduces renal blood flow and glomerular filtration rate
[13-14]. Critically ill patients may develop cardiovascular
system dysfunction and myocardial depression, leading to
insufficient perfusion of vital organs such as the brain,
lungs, kidneys, and gastrointestinal tract, which can further
cause coma, and even multiple organ damage in severe
cases [15-16].

Previous studies have reported that ultrasound-guided
fluid resuscitation and esmolol have certain therapeutic
effects in the treatment of septic shock [17-18].
Echocardiography can comprehensively evaluate the size,
morphology and structural characteristics of the heart,
accurately distinguish the functional status of the right and
left ventricles, monitor the dynamic changes of cardiac
pumping function in real time, and simultaneously assess
vascular resistance characteristics and compliance. This
helps to optimize treatment regimens, ensure the safety and
effectiveness of drug therapy, and prevent the occurrence
of fluid overload [19]. Esmolol can reduce heart rate,
effectively alleviate cardiac load and optimize cardiac
function, improve cardiac compliance by regulating the
myocardial diastolic process, and promote sufficient
ventricular filling during diastole. In addition, esmolol can
also inhibit the release of inflammatory mediators, reduce
tissue and cell damage, and promote tissue repair and
regeneration [20]. Based on the above characteristics of the
two interventions, this study aims to explore the
application value of ultrasound-guided fluid resuscitation
combined with esmolol in the treatment of septic shock.

VO, and DO, are important indexes for evaluating
tissue metabolic status [21]. The level of IL-6 is closely
related to the severity of disease in patients with sepsis, and
the elevation amplitude of CRP is positively correlated
with the degree of infection [22]. The results of this study
showed that after treatment,VO, and DO, levels increased,
while IL-6 and CRP levels decreased in both groups, and
the changes were more significant in the treatment group,
indicating that the combined therapy can effectively
improve oxygen metabolism indexes and reduce the
inflammatory response in patients. The underlying
mechanism may be as follows: Ultrasound-guided fluid

resuscitation can accurately evaluate hemodynamic status,
guide the dose and rate of fluid resuscitation, and ensure
effective circulating blood volume; esmolol can reduce
heart rate and myocardial contractility, decrease myocardial
oxygen consumption, attenuate excessive sympathetic
excitation, and indirectly alleviate sympathetic-mediated
excessive inflammatory activation and tissue damage under
sepsis/stress conditions. The synergistic effect of the two
interventions can optimize fluid resuscitation and regulate
the inflammatory response, thereby more significantly
reducing the levels of IL-6 and CRP. The 6-hour lactate
clearance rate is one of the important indexes for
evaluating the resuscitation effect and prognosis of patients
with septic shock [23]. The results of this study showed
that the 6-hour lactate clearance rate in the treatment group
was higher than that in the control group after treatment,
while there was no statistically significant difference in
mortality between the two groups during the treatment
period, indicating that the combined therapy can improve
the 6-hour lactate clearance rate of patients. The possible
reason is that the combination of ultrasound-guided fluid
resuscitation and esmolol can synergistically optimize the
balance between oxygen supply and oxygen consumption,
reduce lactate production, and promote metabolic clearance
by tissues and organs. MAP monitoring is helpful to clarify
the goal of fluid resuscitation and evaluate the resuscitation
effect, while CVP is an important index reflecting right
atrial pressure and systemic blood volume status, which
can be used to evaluate the volume status of patients with
septic shock and guide fluid resuscitation decisions [24-25].
The results of this study showed that MAP and CVP levels
increased in both groups after treatment, and the elevation
was more significant in the treatment group, indicating that
the combined therapy can effectively improve the
hemodynamic status of patients. During septic shock,
systemic inflammatory response and microcirculation
dysfunction can lead to myocardial cell injury, which in
turn causes an increase in CK-MB level. Meanwhile,
increased cardiac load and myocardial cell damage can
raise BNP level. Meanwhile, cTnl is released into the blood
when myocardial cells are damaged, and its elevated level
usually indicates severe myocardial cell injury [26-27]. The
results of this study showed that the levels of CK-MB,
BNP and cTnl decreased in both groups after treatment,
and were lower in the treatment group than in the control
group, indicating that the combined therapy can effectively
ameliorate myocardial injury in patients. The mechanism is
reflected in the synergistic effect of ultrasound-guided fluid
resuscitation and esmolol: Ultrasound-guided fluid
resuscitation precisely controls volume load, reduces
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ventricular wall tension, decreases BNP secretion, and
avoids aggravating myocardial injury caused by volume
overload; esmolol slows heart rate, reduces myocardial
contractility and myocardial oxygen consumption through
B1-blockade, prolongs coronary diastolic perfusion time,
and alleviates myocardial ischemic injury. The
combination of the two interventions can more
significantly reduce the levels of myocardial injury
markers such as CK-MB, BNP and cTnl.

In conclusion, ultrasound-guided fluid resuscitation
combined with esmolol can optimize the balance between
oxygen supply and oxygen consumption, stabilize
hemodynamics, inhibit inflammatory response, and protect
the metabolic function of the myocardium and tissue
organs, thereby improving the therapeutic effect on septic
shock. However, this study still has certain limitations:
restricted by factors such as inclusion and exclusion criteria
and research funding, the sample size of enrolled patients is
limited and all subjects are from the same region. In the
future, we will expand the sample size and geographical
coverage, and carry out multicenter, large-sample studies to
further verify the conclusions.
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Ultrasound-guided fluid resuscitation combined with esmolol in the

treatment of septic shock
AN Jing, FENG Linlin, GUO Wencong, CHEN Mingchao
Department of Critical Care Medicine , Affiliated Hospital of Hebei University of Engineering , Handan,
Hebei 056002, China
Corresponding author: CHEN Mingchao, E-mail : fbflxl@163.com
Abstract: Objective To investigate the effect of ultrasound - guided fluid resuscitation combined with esmolol on
oxygen metabolism indicators and inflammatory levels in patients with septic shock. Methods A total of 122 patients
with septic shock admitted to Affiliated Hospital of Hebei University of Engineering from June 2021 to June 2023 were
selected and randomly divided into a control group and a treatment group, with 61 cases in each group. All patients
received conventional treatments including fluid resuscitation for anti-shock, application of vasoactive drugs, anti-
infection, immune regulation, and organ function support. The control group was treated with ultrasound-guided fluid
resuscitation, while the treatment group was additionally treated with esmolol based on the control group. Oxygen
metabolism indicators [oxygen consumption (VO,), oxygen delivery (DO) |, inflammatory factors [interleukin-6 (IL-6) ,
C-reactive protein (CRP) |, 6-hour lactate clearance rate, mortality rate during treatment, hemodynamic indicators
[ mean arterial pressure (MAP), central venous pressure (CVP) |, and myocardial related indicators [ creatine kinase-
MB (CK-MB) , brain natriuretic peptide (BNP), cardiac troponin I (¢Tnl) ] were compared between the two groups.
Results After treatment, the levels of IL-6, CRP, CK-MB, BNP, and ¢Tnl decreased in both groups, and those in the
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treatment group were significantly lower than those in the control group (P<0.05). The levels of VO,, DO,, MAP, and

CVP increased in both groups, and those in the treatment group were significantly higher than those in the control group

(P<0.05). The 6-hour lactate clearance rate in the treatment group was significantly higher than that in the control

group [ (86.21£9.35)% vs (81.52+8.69)% , 1=2.870, P=0.005]. There was no significant difference in mortality rate

during treatment between the two groups (P>0.05). Conclusion Ultrasound-guided fluid resuscitation combined with

esmolol can effectively improve oxygen supply -consumption balance, enhance tissue oxygen delivery capacity, stabilize

hemodynamics, inhibit the release of inflammatory factors, reduce systemic inflammatory response, and improve

myocardial function in patients with septic shock , which has clinical application value.

Keywords: Esmolol ; Ultrasound guidance ; Fluid resuscitation ; Septic shock ; Oxygen metabolism ; Inflammation ;

Hemodynamics
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b AT 6 h FLIR TG BR A, 6 h FLIRVE KR 3=
[ (B iR FLIR MR 3 —6 h FLIR M 3 ) /) 1R LR Mk J&E | x
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1.6 #uit 5 7k R HISPSS 25.0 #iR o3 A B
THECFER LA (%) 2275, 4HLIR] FOBCR T A 365 1 i
GORMF A IR, L s o, 411A] F ek A Al ST
FEAS KL, 2 FEBOR RO BEAS K e . P<0.05
hEFA GRS
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2.1 AARHEARLE IRITE IR NG P VO,
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1 FALAITHIE AAHE AR

[n=61, mL/(min-m’), %]

Tab.1 Comparison of oxygen metabolism indicators before and

after treatment between two groups

[n=61, mL/(min-m?), x+s|

a0 DO, VO,

WITH it el ek
JRITAL 531.24+55.36 814.35£85.37" 196.38+20.15 265.78+29.68"
XTRRZ]  534.84+56.12 758.24+80.18" 198.65+20.98 231.27+25.41"
tfH 0.357 3.742 0.609 6.898
PiH 0.722 <0.001 0.543 <0.001

5 R RT EAL, P<0.05,

R2 WULAITHIG RIER TP HLEL  (n=61, xts)

Tab.2 Comparison of inflammatory factors levels before and

after treatment between two groups (n=61, x+s)
1L-6(pg/mL) CRP(mg/L)

4151 A ; Y T

G A {E2E) 7R e
bepagil 112.56+14.51 43.26+5.67" 89.68+10.34  30.28+4.35"
X IR 109.98+13.84 59.69+6.84"  87.61+9.84  43.15+5.68"
tfE 1.005 14.443 1.133 14.050
P 0.317 <0.001 0.260 <0.001

T SRR TR AL, 'P<0.05,

®3 WABEIRITHG 6 hFLRRIEERF SRy T sr A
b (n=61)
Tab.3 Comparison of 6-hour lactate clearance rate and in-
treatment mortality before and after treatment between two

groups  (n=61)

20 5] 6 hFLERTERRR (%, x+s)  IRITIANIGIEZ (%)
MEb g 86.21+9.35 8.20

pOpiE| 81.52+8.69 14.75

I 2.870 1.291

P1H 0.005 0.256

Fa WALBFIRITRUG MRS )% LR (n=61, xxs)
Tab.4 Comparison of hemodynamic parameters before and

after treatment between two groups (n=61, x+s)

MAP(mmHg) CVP(emH,0)
21 5] — —
TRITHI BRI A JRYT I A
IRITH 64.59+7.22 98.68+10.27° 5.21+0.85  10.24+1.63"
Xif A4 65.41£7.68 92.15£9.62'  5.36+091  8.16%1.13"
fH 0.608 3.624 0.941 8.191
P{E 0.545 <0.001 0.349 <0.001

: 5RAAITT AL, P<0.05.
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Tab.5 Comparison of myocardial related indicators before and after treatment between two groups (n=61, xs)
s CK-MB(ng/mL) BNP(pg/mL) cTnl(ng/L)
i P i I i IR
RITUL 2.12+0.35 1.21£0.23" 172.32+19.25 124.32+13.56" 164.29+18.52 95.64+10.27"
X R 2.06+0.31 1.49+0.28" 169.58+18.24 152.21+16.38" 162.32+17.54 103.57+11.14"
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PiE 0.318 <0.001 0.421 <0.001 0.548 <0.001

: 5RAAITTHAL, P<0.05,

3 3t g

i B i PR o S LA XS 7 B JRR e 7 A e B R S
W25 5 mT 5] kAL s SRR IR, T 800 ML) AR IR
iR fE KR A Sk S &7 ok ol S B B 7T
TSR TR B I i A8 28 49 % 1 A A0 4 40 I 1) J
IO PR B i S I 5 A U a0 3 e L NERYE A R
R EAE AR T B A RGeS AU L
Tk, RO i S S RN
PR | A Bk, e A v S DR

WEFEHGE |, 7 5| S AR 5 R 3R IR TE TR
J7 MREEREAR S0P AT — s B B O sl AT
SRR O IE RN T2 B ZE AR A5 U X 0 47 0
RGN EIREIRAS | S W IC I 2R i 2 BE Y 5
ARk, [ PPl A8 BE Rt 5 IR 1 , A B
IBTT T 5 AREEZYIAIT L et S &0 IR
B VAR A 71 ef 1) 2R, SE R R AT RO R A
R Hb I O W B fr O A D 8 L 3 2 8 0 LA
AL FREETE O NG 1 , Al E &7 K O B T T
WA, 3R I 213 AT ) S RE A SR, DA 2 4 4
M, (et SUE E 5 AR T HNEM
FER ARG B R T A 5 PR A 3
T IRTEMEBEREAR SRy 7 T AN AL

VO, F1 DO Pl A SRR S 1) T Z AR hR 2
1L-6 7K V-5 e B 56 7 SRR % DI AH G, CRP
T e R B S IR A AR ST R IR
JY R L VO, . DO T 5, TL-6 . CRP K -4 [FAIG, H.
TRYT LA T 2 B A AT T A RO AR
R PR R R A N . ML AT e R 5
SRR IR TR HE VAN I 3N 1 RS P AR
SRS R, PR RGP I 75 i SE RIS R AT
REARC R0 L T, 0D 0 LSRR, BRI S Ik

BE A [ 422 0 A e B i 1 38T ) S SR T 1 R
i TS S A8 s P RE T, AT Ak AR
IR FE VAR G AE SN, 2 1T B I8 5 Ml I 1L-6 1 CRP
IKF-o 6 h FLRTE B2 VARG IR EEAE IR vi FRE 2 Ak
REHG M EZEE R — AR ER A
ITIEIRYT A 6 h FLERTE B 5 TX BRAL, B3R y7 19
[ 8% A 25 S oG v T2 S, R IR AR T T 42
R 6 hFLIRIEBR A . s N AT B 75 5 | AR
BRI SE RIS IR A O A Al AR Ak S RURE T Al
Vo /D LR A B, IR E AL ZUNE B AR B . MAP W
DA BT W WA A 93 AR TAG 52 058, Cvp
JESCWIAT 0 iy R ) B ML I 25 RS A 2L s, 7T
FHTF AR R BEAER L £ 3 B 25 RS, 5 AR 5
PR AR R IRTT S 4L MAP . CVP ¥}
i, HIRYT A Tt e o e 2, RIS IR Y7 T A Ak
BAE MRS I 2R A . BREEE AR sE ), 4 B ROE
7 55 0 P B A T S B0 UL AN B 4, T 51 R
CK-MB /KT 5 RIS 2O B 7 A 384000 KU LA it 32
T f BNP 7K T 5 17 o Tl 760 LA 32 $51 625
RO A MR , FoAKF T 5 38 5 4 7R O LA B A7 A
FPEEBAG T AW AR BN IRYT R P 4L CK-
MB .BNP . cTnl ZK-F-3IREAR, HiRyr 4k T B4, %
HHIR AR T A ARG A O . LA
P 5 | SR AR IR 5 SRS R B E R M 5 |
WA S oK s 1 25 et E Ay, BeAIRO = BE 5K g, s b
BNP 7305, [F] Fof st 6 25 b 47 P Co LA 5 5 2 R0
R B BH T I AT Co WL 1 5 D WUVARRE
SEA SRR BT IR ETF T I B ], el O LR 46340, —
DIME] AT B S M PRI CK-MB . BNP & Tnl 2.0 L5473
PG

25 LRTIR S 5 AR IR A S RNE R AT
P Ak UL SRR T AU I I B 1 2 IR R E



+ 686 - PG RBESE 2026 4F 5 A%S 39 %55 S W Chin J Clin Res, May 2026, Vol.39 , No.5

L R LB 2 UM AR A DR, DT 5 T ik 2
RER IR ROR o EARWIFANAFAE—E R R - 52
NN HERRARE ST SR D SRR, AR AS
A FREEK A R —#38 . J5 259 AR G el dok
T, TR Z Al KA I — R AE e
FlER

SE 30k

[1]  Foster DM, Kellum JA. Endotoxic septic shock: diagnosis and treat-
ment[J]. Int ] Mol Sci, 2023, 24(22): 16185.

[2] Teja B, Bosch NA, Walkey AJ. How we escalate vasopressor and
corticosteroid therapy in patients with septic shock [J]. Chest,
2023, 163(3): 567-574.

[3] Liu YC, Yao Y, Yu MM, et al. Frequency and mortality of sepsis
and septic shock in China: a systematic review and meta-analysis
[J]. BMC Infect Dis, 2022, 22(1): 564.

[4] #AVH, Z=M, A3, F.RFREHF T PR A AR
FIER L& R A F R EF G Hal)] P B
FF&E, 2024, 34(1): 134-138.

(5] FR¥ESC, XA, RHE, F. 308 E ReR MM ARG E T E
JE AR IE 89 16 R ST AT B B A& &, 2025, 54(2):
94-98.

[6] Evans L, Rhodes A, Alhazzani W, et al. Surviving sepsis cam-
paign: international guidelines for management of sepsis and septic
shock 2021[J]. Intensive Care Med, 2021, 47(11): 1181-1247.

(7] ZoR0, 3%, Hves. Bl 5 TRIAIR 2 BCRRIM IR
B o AR BGE TG F) B e B AT [T]. 1 R A 52
BEF4E, 2023, 22(16): 1721-1724.

(8] Fith, FRakak, K& E. IVC-RVIT S i K B F KT T ik
FRERLEEEETRERGNE]. PRERI AL REFE
% &, 2023, 18(1): 78-81.

(9] REH, A, B, F. s & CA kA b kA
PR L & TG 0%k KA BRI 09 Meta 2047 () ], o B &%
Fdrdl ik, 2024, 23(1): 32-41.

[10] Wb, #icdd, M0, . AL & F Rk L5 ICON
Fodr gE AL 75 0 5L A AOR . — AT W AL A ()] A R
F 56k, 2025, 22(2): 210-215, 222.

(1] 258, 1 Z5% AR RIS L S 40T %97 ARk &
F ey ZOR ], P B EFe1#, 2025, 22(5): 52-57.

[12] Moschopoulos CD, Dimopoulou D, Dimopoulou A, et al. New in-
sights into the fluid management in patients with septic shock [J].

Medicina, 2023, 59(6): 1047.

[13]

[14]

Rk, XM, k&L, FORFEK L EE SOFA T4
APACHE Il 3% %~ .RDW . RPR . $2 L82 /K F T AL Z & X o #7[]].
TEREHRL AL REFEFRE, 2025, 20(5): 632-636.
KLrAe AR BT AR LB R T REA ¢Tnl \NT-proBNP
%m[]]. R EF 5 R B F 4 E, 2020, 4(6): 127-
128.
R, G, W, F TS BRI R AR B ICU
28 KL= R FMMAE[]]. 6 R & 4 &, 2024, 25(10) :
516-520.
& P4, £, ROX-HR #5403 T M A & 4 5t = e A
WA ] R &2 &, 2024, 25(5): 229-234.
B, BRI, vk, 4. NGS Heik 4 b7 58 E 88 38 2 R R IR
TR K AR EARE L BIIRE )] BB E 5, 2023, 38
(12): 1211-1212.
M, R4, B4R LAC.EVLWI.WWF 5 ik Fmk FiR k 2
FERERE X RAS TG M Ha]] P EES T, 2023,
31(10): 115-118.
A, B4R, BRBRRL A F 5] R T RAR R8T IR AR S
BH AR R EMTE G Ha]] HdESF, 2023, 34(17):
2464-2469.
REBEL, HUE, FPE L% RETIRFRAKE NG R
RA G f i AR oA S T L B RS F T lak-TF 4y
#oa[J]. ;@ ES, 2023, 45(8): 901-905.
KE, AR, B3 BB AT E AR A G IR SR
TR B I AR % ST AR P B R ILR & AL 16 R AT
2] PEFHELS M E, 2023, 30(5): 582-587.
AR, BB, B, T ARG EQIRARAL F AR AR L
F R E et R F il oA B K E B R F R B ) F Ry
Hemll]. PEEZ, 2024, 19(1): 89-92.
LR, KE, TR ATREATFE LHFNERE MBI T
FAAICU BRI 8 B 5 RALE T TARE BB RILBF
thE ey ]]. BIRPEE LA, 2024, 43(16): 2914-2917.
T, B, N RN FARESREREALEES
B R PEW TRM BAR K5 AT ()], B R A4k ) 5, 2023, 38
(6): 1219-1225.
MR AR, BB, %] ¥ 8. ScVO0, 49 Pev-aC0, 5 Ik F Rk L 8 %
IVCrvi % 2 B 3T 5% B R b g Tl 2 e (1], 2 B 5 2 &,
2022,22(4):558-562.
Sk, HIRAL, BAH, K A ER/GF QI EEA TR
A RORMRE AR 2R G A F o B R A R IR B
Fos LA R FEMLL] ] PR EFEF R E, 2024, 43(6):
727-732.
FRAR AR, BT 3%, AL, 5. NT-proBNPYEA K 45 A4 Bk 292
%28 d LT A s Fom) B[], #al B 42 2 &, 2025,25(12)
1676-1681.

r#s B8 :2025-08-08  f&EIAHP:2025-10-17 ZREE: )7



