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Abstract: Objective To compare the effects of superior vena cava collapsibility index (SVC-CI) guided goal-directed fluid
therapy (GDFT) and central venous pressure (CVP) guided GDFT on bleeding and early postoperative recovery during
laparoscopic hepatectomy. Methods Seventy patients who underwent laparoscopic hepatectomy in Gaochun Hospital
Affiliated to Jiangsu University from March 2023 to March 2024 were included. The patients were randomly divided into a
group C and a group S using a random number table method. Group S received intraoperative liquid therapy guided by
SVC-CI>36% as the target, group C used CVP <5 cmH,O as the target to guide intraoperative liquid therapy. The effects of two
treatment options on intraoperative blood loss, fluid input and output, use of vasoactive drugs, arterial blood gas indicators,
renal function, post anesthesia care unit (PACU) stay, time to ambulation, time to first anal exhaust and hospital stay in patients.
Results There was no significant difference in intraoperative blood loss between patients in group S and group C
[(366.65+24.69) mL vs (358.45+33.26) mL, =1.072, P=0.288], except for 24 hours after surgery, no statistically significant
difference was found in serum creatinine and urea nitrogen levels between the two groups (£>0.05). Compared with group C,
the intraoperative amount of compound sodium chloride infusion in group S was lower, while the intraoperative amount of
hydroxyethyl starch infusion and intraoperative urine volume were higher (P<0.05); the mean arterial pressure at and after
hepatectomy in group S were higher, and the heart rate after hepatectomy was lower (P<0.05); intraoperative dosage of
norepinephrine and nitroglycerin were lower[(164.46+ 34.54)ug vs (355.68+28.36)ug, =23.276, P<0.01; (126.43+27.48)ug vs
(412.38+16.40)ug, =48.728, P<0.01]; arterial lactate level at the end of the operation was lower[(0.97+0.13)mmol/L vs
(1.28+0.12)mmol/L, P<0.05], postoperative PACU stay was shorter, and time to ambulation was earlier (P<0.05). There was no
significant difference in postoperative time to ambulation and hospital stay between the two groups (£>0.05). Conclusion In
laparoscopic hepatectomy, SVC-Cl guided GDFT optimizes intraoperative volume management, improves tissue perfusion,
shortens early postoperative recovery time, and offers a more precise fluid therapy strategy for laparoscopic hepatectomy.
Keywords: Laparoscopic hepatectomy; Superior vena cava collapsibility index; Central venous pressure; Goal-directed fluid
therapy; Capacity management; Tissue perfusion; Postoperative recovery
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Laparoscopic liver resection has become the most
common treatment for liver space-occupying lesions due
to its advantages of minimal trauma and rapid recovery.
However, due to the rich blood supply of the liver,
bleeding remains the biggest issue in laparoscopic liver
resection [1]. Some reports suggest that maintaining low
central venous pressure (CVP) during laparoscopic liver
resection can minimize bleeding [2]. Therefore, the
current technique of goal-directed fluid therapy (GDFT)
guided by low CVP is an important means to reduce
bleeding during liver resection. However, as CVP is a
static parameter, it has low sensitivity in assessing
volume status and can be affected by various factors such
as vasoactive drugs, mechanical ventilation, and
intra-abdominal pressure, limiting its clinical application.

The superior vena cava collapsibility index (SVC-CI)
refers to the percentage of the change in the diameter of
the superior vena cava (SVC) during mechanical
ventilation-induced periodic collapses. The change in
SVC diameter during mechanical ventilation is more
pronounced when the volume is insufficient, and it is not

affected by pneumoperitoneum or abdominal surgery,
offering higher sensitivity and accuracy in volume
assessment. However, SVC-CI requires measurement
through transesophageal echocardiography (TEE), which
limits its use. TEE is a real-time, continuous, direct, and
visualized minimally invasive monitoring technique for
cardiac structure and function, widely used in high-risk
surgeries to assess cardiovascular status and fluid load. It
can also quickly identify gas embolism and reduce risks
[3]. This study measures SVC-CI through TEE to explore
its guiding role in volume therapy during laparoscopic
liver resection and its effect on early postoperative
recovery, providing reference for volume therapy in
laparoscopic liver resection patients.

1 Data and Methods
1.1 Study Subjects

This study was approved by the Ethics Committee
of Nanjing Gaochun People's Hospital (Ethics Approval
No.: 2023-091-01). A total of 70 patients who were
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scheduled for elective laparoscopic liver resection at the
Nanjing Gaochun People's Hospital from March 2023 to
March 2024 were selected.

Inclusion criteria: (1) Preoperative diagnosis of liver
tumor; (2) Age between 30 and 75 years; (3) Body Mass
Index (BMI) <30 kg/m? (4) American Society of
Anesthesiologists (ASA) classification I-II.

Exclusion criteria: (1) Patients with heart, lung, liver,
or kidney dysfunction; (2) Patients with cardiac structural
or ventricular diameter abnormalities; (3) Patients with
bleeding tendency or coagulation disorders; (4) Patients
who  had received preoperative  radiotherapy,
chemotherapy, immunosuppressants, or blood
transfusions; (5) Patients with esophageal varices or other
absolute contraindications for TEE.

Removal criteria: (1) Subjects withdraw informed
consent; (2) Discontinuation of GDFT during the study;
(3) Conversion to open surgery; (4) Sudden severe
complications during the perioperative period (air
embolism, circulatory failure, etc.); (5) Loss to follow-up.

1.2 Sample Size Calculation and Grouping

PASS 21 software was used to estimate the sample
size. Intraoperative blood loss was taken as the primary
endpoint to evaluate the sample size. According to
previous literature and pre-experimental results, the group
C had an intraoperative blood loss of (350+£70) mL, and
the group S had an intraoperative blood loss of (300+60)
mL. The two-sided a was set at 0.05, and the power was
80%. After calculation, each group required 28 samples,
for a total of 56 samples in both groups. Considering a
possible 20% dropout rate, 70 patients were planned to be
recruited, with 35 patients in each group.

Among the 70 patients, 4 patients were excluded, and
66 patients were randomly assigned to the observation
group (group S, GDFT guided by SVC-CI, n=33) or the
control group (group C, GDFT guided by CVP, n=33)
using a random number table. A total of 7 patients
withdrew from the study due to conversion to open surgery
(n=3) and loss to follow-up (n=4). Therefore, 59 patients,
consisting of 29 subjects from the group S and 30 patients
from the group C, completed the study and were included
in the final analysis. See Figure 1. There were no
statistically significant differences in age, body mass index,
gender, ASA classification, liver resection  site,
hypertension, and diabetes between the two groups
(P>0.05). See Table 1.

1.3 Anesthesia Method

After the patient enters the room, electrocardiographic
monitoring was initiated, and a background infusion of
compound sodium chloride 2-3 mL/(kg-h) was
administered. Radial artery puncture was performed to
monitor invasive arterial pressure, and a dual-lumen
catheter was inserted into the right internal jugular vein to
measure CVP.

Anesthesia induction: Intravenous injection of
midazolam 0.05 mg/kg, sufentanil 0.5 pg/kg, etomidate
0.3 mg/kg, rocuronium 0.8 mg/kg was administered.

After the patient loses consciousness and muscle
relaxation was satisfactory, endotracheal intubation was
performed, followed by mechanical ventilation. The tidal
volume was set to 8—10 mL/kg, oxygen flow rate to 2
L/min, inspired oxygen concentration (FiO2) to 60%,
respiratory rate to 10-14 breaths/min, and end-tidal
carbon dioxide (PetCO2) to 35-45 mmHg. A warming
blanket was used to maintain normal body temperature.
Brain electrical activity monitoring was performed for all
patients to maintain an appropriate depth of anesthesia.
Maintenance drugs included propofol 4-6 mg/(kg-h) and
remifentanil 0.2 pg/(kg-min). Rocuronium 0.2 mg/kg was
added as needed. Ondansetron 4 mg was used to prevent
postoperative nausea and vomiting. At the end of the
surgery, propofol and remifentanil infusion were
discontinued, and the patient was transferred to the
post-anesthesia care unit (PACU) for recovery. Both
groups of patients received intravenous patient-controlled
analgesia, with a formulation of sufentanil 2 pg/kg and
saline up to 100 mL, with a background infusion rate of 2
mL/h, lockout time of 10 minutes, and a self-administered
dose of 2 mL.

Assessed for eligibility(n=70)

Exclusions (n=4)

‘Esophageal varices (7=1)

Preoperative chemotherapy (1)

‘Coagulation dysfunction (7-2)

Number of Participants
Randomized (n=66)

! !

Group S (n=33) Group C (n=33)
‘Recerved GDFT guided by Received GDFT guided by
SVC-CI (n=32) CVP (n=31)
Converted to open laparotomy Converted to open laparotomy

(n=1) (n=2)

!

Lost to Follow-Up (n=1)

Lost to Follow-Up (n=3)

Included in Analysis (7#=29) Included in Analysis (7=29)

Fig.1 Inclusion of subjects

Tab.1 Comparison of general data between two groups

Group S Group C

(n=29) (n=30) x*/tvalue P value

Indicators

52.13+£11.24 49.35%£12.76  0.887 0.379
59.334£8.14 57.04+10.20  0.951 0.346

Age(years, X=%S)
Weight (kg, X=+s)
Gender(male/female,

case) 15/14 18/12 0.409 0.523
ASA stagel/II (case) 17/12 20/10 0.408 0.523
Left hemihepatectomy 1 1 0.000 1.000

(case) ’ ’
Right hemihepatectomy 6 8 0.055 0815

(case) ’ ’
Partial hepatectomy 13 1 0.139 0.709

(case) ’ ’
Hypertension (case) 12 14 0.022 0.883
Diabetes (case) 8 6 0.143 0.705

1.4 Fluid Therapy Protocol
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Fluid management in the group S and group C
during surgery was implemented in two phases: the
pre-hepatectomy and hepatectomy phase was the first
phase, and the post-hepatectomy phase was the second
phase.

First phase: After intubation in the group S, an
esophageal cardiac ultrasound probe was placed orally
and adjusted to the proper position. The transesophageal
cardiac ultrasound was performed using the dual-chamber
venous view, with the measurement sited approximately 2
cm from the junction of the SVC and right atrium. The
measurement mode used M-mode. During mechanical
ventilation, the diameter of the SVC changes with the
respiratory cycle, and the SVC-CI (superior vena cava

collapse index) was calculated using the formula:

SVC-CI = (SVCuax - SVCiin) / SV Cinax.

When SVC-CI>36%, it indicated volume
responsiveness. Fluid administration was guided by
SVC-CI, maintaining SVC-CI>36% and mean arterial
pressure (MAP)>65 mmHg. In the group C, fluid
administration was guided by CVP, maintaining CVP
65 mmHg. The specific protocol was shown in Figure 2.

Second phase: Both groups received compound
sodium chloride infusion, maintaining SVC-CI 1
mL/(kg-h). If hemoglobin was<70 g/L, red blood cells
were transfused. All members of the research team
underwent systematic training in TEE to ensure technical
standardization.

MAP

Monitor CVP, SVC-CI,

!

Group S: SVC-CI > 36%
Group C: CVP <5 cmH.0

Yes

¢N0

MAP > 65 mmHg

‘ MAP > 65 mmHg ’

No 7 No
v Yes \ v Yes
ompound Sodium Chloride] | dSuPDIEI;:C]HI 5 "}hl—'k_%h. Nitroglycerin
2-3 mL/(kg'h) Rl e 0.2-0.5 pg(kg-min) 0.03-0,05 pg(kg-min)

MAP > 65 mmHg

lNo

Norepinephrine
0.03-0.05 pg(kg-min)

Fig.2 Intraoperative fluid management in patients in group S and group C during the first stage

1.5 Data Collection

The following data were collected:
(1) General information: gender, age, height, body weight,
ASA classification, type of surgery, comorbidities,
surgery duration, anesthesia duration.
(2) Primary outcome: intraoperative blood loss.
(3) Secondary outcomes: PACU residence time, length of
hospital stay.
(4) Other outcomes: intraoperative infusion volume of
hydroxyethyl starch and compound sodium chloride;
intraoperative use of norepinephrine and nitroglycerin;
MAP and heart rate at anesthesia induction (To), after
anesthesia induction (Ti), after pneumoperitoneum (T>),
during hepatectomy (T3), after hepatectomy (T4), and at
the end of surgery (Ts); blood gas analysis indicators at To,
T3, and Ts, including blood glucose, lactate; blood urea
nitrogen (BUN) and serum creatinine (Scr) levels at To,
Ts, 24 hours after surgery (Ts), and 48 hours after surgery
(T7); postoperative first flatus time and ambulation time.

1.6 Statistical Methods

Statistical analysis was performed using SPSS 24.0

software. Normally distributed continuous variables are
presented as x +s, and intergroup comparisons were
performed  using  independent  samples  #-test.
Non-normally distributed variables are presented as
M(P25,P7s5), and intergroup comparisons were conducted
using rank sum tests. Repeated-measures analysis of
variance and LSD-t tests for pairwise comparisons were
used to compare the same indicators at different time
points. Categorical data are presented as cases (%), and
comparisons between groups were performed using the
chi-square test. A P value of <0.05 was considered
statistically significant.

2 Results

2.1 Comparison of Intraoperative Blood Loss,

Anesthesia  Duration,  Surgery  Duration,

Intraoperative Fluid Input and Output, and Use
of Vasoactive Drugs
There was no statistically significant difference

between the two groups in terms of anesthesia time,
surgery time, or intraoperative blood loss (P>0.05).
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However, the group S had a higher intraoperative urine
output and a higher hydroxyethyl starch infusion volume
compared to the group C, while the compound sodium
chloride infusion volume was lower in the group S, and
the difference was statistically significant (P<0.05).
Additionally, the group S used less norepinephrine and
nitroglycerin during surgery compared to the group C,
and the difference was statistically significant (P<0.05).
See Table 2.

2.2 Comparison of MAP and Heart Rate at Different
Time Points During Surgery

The MAP at T3 and T4 in the group S was higher
than in the group C, and the heart rate was lower than in
the group C, with a statistically significant difference
(P<0.05). See Table 3.

2.3 Comparison of Arterial Blood Gas Indicators,
Blood Glucose, and Lactate

At T3, blood glucose and lactate levels were lower in
the group S than in the group C, while pH, bicarbonate
(HCO3), and base excess (BE) were higher in the group S,
with a statistically significant difference (P<0.05).
However, at Ts, there was no statistically significant
difference in Scr levels between the groups, while BUN
levels were higher in the group S compared to the group
C, with a statistically significant difference (P<0.05). See

Table 5.

2.5 Comparison of PACU Residence

Time,

Ambulation Time, First Flatus Time, and
Length of Hospital Stay

The PACU residence time was shorter in the group S
compared to the group C, and the first flatus time was
earlier in the group S compared to the group C, with a
statistically significant difference (P<0.05). See Table 6.

Tab.2 Comparison of anesthesia time, operation time,

intraoperative fluid intake, and use of vasoactive drugs between

the two groups of patients (x+s)

Indicators Group S Group C t P
(n=29) (n=30) value value
Anesthesia time (min) 243.15422.36 239.17+£12.65 0.845 0.402
Surgical duration (min) 225.43+18.25 226.48+13.17 0.254 0.800
Intraoperative bleeding 366.65+24.69 358.45£33.26 1.072 0.288
volume (mL)
Intraoperative urine output 376.15+35.48 344.17+28.64 3.816 <0.001

(mL)
Hydroxyethyl starch
infusion volume (mL)
Compound sodium chloride
infusion volume (mL)
Intraoperative dose of
norepinephrine (p g)
Intraoperative usage of
nitroglycerin (p g)

740.28+32.86

2
035.49+23.86
164.46+34.54

126.43+27.48

360.63+55.08

2
486.94+26.75
355.68+28.36

412.38+16.40

32.013 <0.001

68.328 <0.001

23.276 <0.001

48.728 <0.001

Tab.3 Comparison of MAP and heart rate between two groups at different time points (x+s)

Indicators Group To T; T2 Ts T4 Ts F/Pyow  F/Pime  F/Pinterscton
value value value
MAP Group S (n=29) 92.32+11.21  75.13£9.90  80.42£9.67 77.4248.53*  77.32£9.91* 85.3247.31 17.467 45.885 9.212
(mmHg) Group C (n=30) 93.3146.22  78.32+7.34  82.62+8.97  65.82£10.47  62.42+11.75 83.55+10.92 /<0.001  /<0.001 /<0.001
Heart rate Group S (n=29) 73.51+9.74 63.91+£9.74  75.83£10.72  70.70+9.85*  74.62+9.08* 76.61+7.45 22.198 53.000 53.000
(beats/min)  Group C (n=30) 76.42£7.90  66.42£11.51  73.45+9.86 79.93+6.24 85.9248.53 77.9345.97  /<0.001  /<0.001 /<0.001

Note :Compared with Group C at the same timepoint, *P<0.05.

Tab.4 Comparison of blood gas indices, blood glucose and lactate at different time points between two groups (x=£s)

Indicators Group Ty T3 Ts F/Pgroup value F/Pime value F/Pinteraction  Value
Group S (1=29) 7.39+0.03° 7.37+0.08" 7.3620.03
. y i . 17.374/<0.001
pH Group C (n=30) 7.45+0.05 7.18+0.04 7.3540.05 12.590/<0l80 gy >08/<0.001 7:374/<0.00
Group S (n=29) 87.67+11.23 3242747534  319.67+11.23 -
y J ) .001 11.350/<0.001
PaO:(mmHg) 5 b € (n=30) 90.33£10.12  331.38381.93  269.33+10.12 e L
Group S (1=29) 39.86+5.33 37.1146.87 38.86+5.33
PaCOy (mmHg) 0 ¢ ,30) g, S e 0.300/0.586 0.680/0.509 1.621/0.202
_ Group S (n=29) 24.89+1.87 23.24+1.22¢ 23.89+1.87 - -
(mmol/L) Group C (r=30) 559941 51 By s S ok 6.596/0.013 43.401/<0.001 11.277/<0.001
Group S (n=29) -0.39+0.91 -0.18+0.03 -0.39+1.91
< < <0.
BE (mmol/L) Group € (1=30) 0.3740.63 44620.09 0374163 21.871/<0.001 79.254/<0.001 92.289/<0.001
Blood Glucose  Group S (#=29) 5.28+1.98 6.69+1.27° 5.28+1.98*
. ) ) . .316/<0.001
(mmol/L)  Group C (n=30) 5.1442.61 10.72+1.38 8.14+2.59 36.463/<0.001 45.300/<0.001 17.316/<0.00
S (n=29 7740.13 .56+0.36° 9740.13°
Lactate Group S (n=29) 0.7720.13 1.56£0.36 0.9720.13 716.059/<0.001  936.008/<0.001 335.955/<0.001
(mmol/L) Group C (n=30) 0.91+0.12 3.89+0.42 1.28+0.12
Note :Compared with Group C at the same timepoint, *P<0.05.
Tab.5 Comparison of Scr and BUN between two groups (x+s)
Ser(umol/L) BUN(mmol/L)
Group To Ts T T, To Ts T T,
Group S (n=29) 79.31+14.92 81.93+13.75 76.61+11.52 78.56+11.47 5424097  7.33%1.34 6724135  528+1.16
Group C (n=30) 80.33+24.52 86.45430.36 75.62417.56 78.45+12.54 542130 7.84+0.65 5.35+1.13 5.37+0.68
F/Pyroup value 0.243/0.624 1.390/0.243
F/Piime value 2.000/1.121 54.670/<0.001
F/Pinteraction Value 0.255/0.843 8.417/<0.001

Note :Compared with Group C at the same timepoint, *P<0.05.
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Tab.6 Comparison of PACU stay, time to ambulation, time to
first flatus, and hospital stay between two groups (x+s)

Group PACU Time to leave Time to Length of
duration (min) bed (h) exhaust (h) hospital stay (d)

Grou S

(n=zl;) 56.21%12.11 15415573 32.31%7.64 8.32%2.46
Group C

(n=3':,) 76.33%1526  17.84%4.62  35.66%4.29 9.86%3.57
t value 5.598 1.796 2.086 1.923
P value <0.001 0.078 0.041 0.059

3 Discussion

Laparoscopic liver resection is widely used due to
its minimal invasiveness and fast recovery [4-5].
However, because of the difficulty in achieving
intraoperative hemostasis, and the high risks of bleeding
and gas embolism, appropriate volume management is
required to ensure perfusion of vital organs and reduce
wound bleeding. Current volume management strategies
are gradually shifting from traditional restrictive fluid
therapy to individualized GDFT) Controlled low central
venous pressure (CLCVP), defined as CVP <5 ¢cmH-O0, is
commonly used in GDFT. Previous studies have
confirmed that CLCVP can effectively reduce
intraoperative  bleeding during laparoscopic liver
resection [6], and expert consensus also recommends the
routine use of CLCVP to minimize intraoperative blood
loss [7]. However, its application remains controversial
[8-9], as it has limited sensitivity in assessing volume
status, is affected by numerous interfering factors, and
prolonged low CVP may impair organ perfusion and
increase the risk of embolism [10-13].

Besides CVP, other commonly used clinical
indicators for volume assessment include stroke volume
variation (SVV), respiratory variation in the inferior vena
cava (AIVC), and SVC-CI. SVV is influenced by vascular
elasticity, pneumoperitoneum, and changes in body
position, and its applicability is limited in patients with
atherosclerosis [14]. Factors affecting AIVC include tidal
volume <8 mL/kg, continuous positive airway pressure,
and increased intra-abdominal pressure, and its accuracy
and specificity for assessment are suboptimal. In contrast,
the SVC, as an intrathoracic vein, is unaffected by
intra-abdominal pressure, and its respiratory variation is
less subject to interference. However, because it requires
measurement via TEE, there are relatively few studies on
it currently [15]. A large-scale study found that the
accuracy of SVC-CI for volume assessment is higher than
that of AIVC [16]. A recent meta-analysis of 857 patients
showed that SVC-CI is a reliable predictor for assessing
fluid responsiveness in mechanically ventilated patients
in the intensive care unit and operating room [17].
Vieillard-Baron et al. [18] found that the optimal
diagnostic threshold for SVC-CI in predicting volume
responsiveness was 36%. Therefore, this study selected
SVC-CI as the indicator for intraoperative volume
assessment and used 36% as the cut-off value.

The results of this study showed no statistically
significant difference in intraoperative blood loss between
the two groups, but there were clear differences in fluid
management strategies: In the group S, preload was

dynamically optimized based on SVC-CCI >36%.
Although the fluid infusion volume was higher during the
pre-resection phase, it did not increase the risk of
bleeding, and MAP was more stable. In the group C,
restrictive fluid infusion during the liver resection phase
led to hemodynamic fluctuations and tissue
hypoperfusion. Postoperatively, these patients required
substantial fluid infusion combined with norepinephrine
to maintain MAP, which subsequently increased systemic
vascular resistance and decreased cardiac output. The
significantly lower usage of vasoactive drugs in the
observation group compared to the control group
confirms the effectiveness of SVC-Cl-guided volume
management.

This study showed that the total fluid infusion
volume was similar between the two groups, but the
lactate concentration at the end of liver resection was
lower in the observation group. This indicates that
SVC-CI guidance via TEE can optimize the patient's
volume status, helping to reduce arterial blood lactate at
the end of liver resection and improve tissue perfusion. In
the control group, the lactate value reached as high as
(3.89 + 0.42) mmol/L at the end of hepatectomy but
decreased during the second phase of fluid management;
therefore, no specific treatment was administered in this
study regarding this change. Although the clinical
significance of lactate changes remains debated, a
retrospective study suggested that hyperlactatemia is
associated with hospital stay length and mortality, and
postoperative lactate level is a key indicator determining
patient outcomes [19]. Therefore, its significant reduction
may hold clinical value.

Intraoperative fluid restriction and the use of
norepinephrine may reduce renal blood flow and even
impair renal function. A large-scale study of 2,116
patients found that among those undergoing CLCVP liver
resection, 336 cases (16%) experienced renal impairment,
suggesting that CLCVP-associated renal injury is not
uncommon [8]. In this study, there were no statistically
significant differences in Scr and BUN levels at 48 hours
postoperatively between the two groups. Only the BUN
level at 24 hours postoperatively was slightly higher in
the group S than in the group C. The authors analyze that
this might be due, on one hand, to the small sample size,
and on the other hand, to the timely fluid resuscitation in
both groups during the second intraoperative phase,
which restored renal perfusion.

Regarding early postoperative recovery, the PACU
stay time and time to first flatus were shorter in the group
S than in the group C. At the end of surgery, the PaO- in
the group C was significantly lower than in the group S.
This reflects the impairment of pulmonary gas exchange
function caused by the inappropriate fluid strategy and
timing in the group C and might be one reason for the
prolonged PACU stay in the group C. Simultaneously,
blood glucose at the end of surgery was significantly
higher in the group C than in the group S. Whether this
indicates that intraoperative high-stress status prolongs
PACU stay warrants further study. The time to first flatus
was significantly earlier in the group S than in the group
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C, possibly because optimized volume management in the
group S ensured gastrointestinal perfusion, and
gastrointestinal motility was not significantly suppressed.
Additionally, elevated blood glucose can also slow
gastrointestinal peristalsis and delay flatus. There were no
statistically significant differences in time to ambulation
and hospital stay between the two groups, which might be
related to the multitude of factors influencing these
outcomes. The next step will involve increasing the
sample size for further research.

In summary, SVC-CIl-guided fluid therapy can
optimize intraoperative volume management in patients
undergoing laparoscopic liver resection, improve organ
perfusion, and shorten postoperative recovery time,
providing a clinically applicable, dynamically assessed,
individualized GDFT.

Conflict of Interest None

References

[1]0u Y, Liu G. Research status of controlled low central venous pressure in
laparoscopic liver resection[J]. J Qiqihar Med Univ, 2022, 43(10):
974-978. [In Chinese]

[2] Ou Y, Liu G. Research status of controlled low central venous pressure in
laparoscopic liver resection[J]. J Qiqihar Med Univ, 2022, 43(10):
974-978. [In Chinese]

[3] Jeon S, Hong JM, Lee HJ, et al. Paradoxical carbon dioxide embolism
during laparoscopic hepatectomy without intracardiac shunt: A case
report. World J Clin Cases. 2022;10(9):2908-2915.

[3] Jeon S, Hong JM, Lee HJ, et al. Paradoxical carbon dioxide embolism
during laparoscopic hepatectomy without intracardiac shunt: a case
report[J]. World J Clin Cases, 2022, 10(9): 2908-2915.

[4] Linn YL, Chong Y, Tan EK, et al. Early experience with pure
laparoscopic donor hepatectomy: comparison with open donor
hepatectomy and non-donor laparoscopic hepatectomy[J]. ANZ J Surg,
2024, 94(4): 515-521.

[5] Aldrighetti L, Belli G, Boni L, et al. Italian experience in minimally
invasive liver surgery: a national survey[J]. Updates Surg, 2015, 67(2):
129-140.

[6] Pan YX, Wang JC, Lu XY, et al. Intention to control low central venous
pressure reduced blood loss during laparoscopic hepatectomy: a
double-blind randomized clinical trial[J]. Surgery, 2020, 167(6):
933-941.

[7]Chinese Research Hospital Association Hepatobiliary Pancreatic Surgery
Branch. Expert consensus on laparoscopic hepatectomy for
hepatocellular carcinoma in China (2020 edition)[J]. Chin J Dig Surg,
2020, 19(11):1119-1134. [In Chinese]

[8] Correa-Gallego C, Berman A, Denis SC, et al. Renal function after low
central venous pressure-assisted liver resection: assessment of 2116
cases[J]. HPB (Oxford), 2015, 17(3): 258-264.

[9] Kobayashi S, Honda G, Kurata M, et al. An experimental study on the
relationship among airway pressure, pneumoperitoneum pressure, and
central venous pressure in pure laparoscopic hepatectomy[J]. Ann Surg,
2016, 263(6): 1159-1163.

[10] Guo R, Ye JM, Xu HR, et al. Effect of controlled low central venous
pressure on central venous oxygen saturation and lactic acid in patients
undergoing laparoscopic hepatocellular carcinoma resection[J]. J Clin
Anesthesiol, 2022, 38(5): 458-461. [In Chinese]

[11] Lv HY, Xiong C, Wu B, et al. Effects of targeted mild hypercapnia
versus normocapnia on cerebral oxygen saturation in patients
undergoing laparoscopic hepatectomy under low central venous
pressure: a prospective, randomized controlled study[J]. BMC
Anesthesiol, 2023, 23(1): 257.

[12] Guo R, Ye JM, Xu HR, et al. Effect of controlled low central venous
pressure on central venous oxygen saturation and lactic acid in patients
undergoing laparoscopic hepatocellular carcinoma resection[J]. J Clin
Anesthesiol, 2022, 38(5): 458-461. [In Chinese]

[13] Wisén E, Almazrooa A, Sand Bown L, et al. Myocardial, renal and
intestinal injury in liver resection surgery-a prospective observational
pilot study[J]. Acta Anaesthesiol Scand, 2021, 65(7): 886-894.

[14] Kim SY, Song Y, Shim JK, et al. Effect of pulse pressure on the
predictability of stroke volume variation for fluid responsiveness in
patients with coronary disease[J]. J Crit Care, 2013, 28(3):
318.e1-318.e7.

[15] Li YR, Jiang LY, Feng Y, et al. Perioperative ultrasound in the
evaluation of fluid responsiveness in patients under general
anesthesia[J]. Int J Anesthesiol Resusc, 2021, 42(9): 966-972. [In
Chinese]

[16] Vignon P, Repessé X, Bégot E, et al. Comparison of echocardiographic
indices used to predict fluid responsiveness in ventilated patients[J]. Am
J Respir Crit Care Med, 2017, 195(8): 1022-1032.

[17] Krolicki T, Molsa M, Tukiendorf A, et al. Superior vena Cava
collapsibility index as a predictor of fluid responsiveness: a systematic
review with meta-analysis[J]. Anaesthesiol Intensive Ther, 2024, 56(3):
169-176.

[18] Vieillard-Baron A, Chergui K, Rabiller A, et al. Superior vena caval
collapsibility as a gauge of volume status in ventilated septic patients[J].
Intensive Care Med, 2004, 30(9): 1734-1739.

[19] Rodriguez-Ortiz P, Berrios-Toledo K, Ramos-Meléndez EO, et al.
Examining the association of elevated initial serum lactate with
mortality and morbidity in trauma patients: a retrospective study[J]. Int
J Emerg Med, 2024, 17(1): 204.

Submission received: 2025-06-21/ Revised: 2025-08-10



- 1494 - FrE G RBFFE 2025 4F 10 H %5 38 %% 10 Chin J Clin Res, October 2025 , Vol.38 , No.10

SN X
PR KRG T 5 DO R KR TR
FbR S IR AT AR B DT BR A P 9 e

wmiES, Ertk, ZEW, HKREL, BA, BEF’
1L AR RAE M PR R BE R, V175 M st 210009;
2. AR E R e i a T R N R EEBERRIERE, VT35 Bt 211300
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Comparison of goal-directed fluid therapy guided by superior vena cava

collapsibility index versus central venous pressure in laparoscopic hepatectomy
YANG Chuanming’, WANG Yelong, JIANG Xueqing, XU Zhihua, SUN Jie, FENG Chaonan
"Department of Anesthesiology, Zhongda Hospital Southeast University , Nanjing, Jiangsu 210009, China
Corresponding author: FENG Chaonan, E-mail : fen.2007@163.com
Abstract: Objective To compare the effects of superior vena cava collapsibility index (SVC-CI) guided goal-directed
fluid therapy (GDFT) and central venous pressure (CVP) guided GDFT on bleeding and early postoperative recovery
during laparoscopic hepatectomy. Methods Seventy patients who underwent laparoscopic hepatectomy in Gaochun
Hospital Affiliated to Jiangsu University from March 2023 to March 2024 were included. The patients were randomly
divided into two groups using a random number table method. Group S received intraoperative liquid therapy guided by
SVC-CI>36% as the target, group C used CVP <5 ¢mH,0 as the target to guide intraoperative liquid therapy. The effects
of two treatment options on intraoperative blood loss, fluid input and output, use of vasoactive drugs, arterial blood gas
indicators, renal function, postanesthesia care unit (PACU) stay, time to ambulation, time to first anal exhaust and
hospital stay in patients. Results There was no significant difference in intraoperative blood loss between patients in

group S and group C [ (366.65+24.69) mL vs (358.45+33.26) mL, 1=1.072, P=0.288], except for 24 hours after
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surgery, no statistically significant difference was found in serum creatinine and urea nitrogen levels between the two
groups (P>0.05). Compared with group C , the intraoperative amount of compound sodium chloride infusion in group S
was lower, while the intraoperative amount of hydroxyethyl starch infusion and intraoperative urine volume were higher
(P<0.05) ; the mean arterial pressure at and after hepatectomy in group S were higher, and the heart rate was lower (P<
0.05) ; intraoperative dosage of norepinephrine and nitroglycerin were lower [ (164.46+34.54) g vs(355.68+28.36) ug,
1=23.276, P<0.01; (126.43+27.48) pg vs (412.38+16.40) pg,1=48.728, P<0.01]; arterial lactate level at the end of
the operation was lower [ (0.97+0.13) mmol/L. »s (1.28 £0.12) mmol/L., P<0.05], postoperative PACU stay was
shorter, and time to ambulation was earlier; all with statistical significances (P<0.05). There was no significant
difference in postoperative time to ambulation and hospital stay between the two groups (P>0.05). Conclusion In
laparoscopic hepatectomy , SVC-CI guided GDFT optimizes intraoperative volume management , improves tissue
perfusion, shortens early postoperative recovery time, and offers a more precise fluid therapy strategy for laparoscopic
hepatectomy.

Keywords: Laparoscopic hepatectomy; Superior vena cava collapsibility index; Central venous pressure; Goal -
directed fluid therapy; Capacity management; Tissue perfusion; Postoperative recovery

Fund program: Jiangsu University Medical Education Coordination Innovation Fund Research Project (JDYY2023027)
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Fig.1 Inclusion of subjects
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Fig.2 Intraoperative fluid management in patients in groups S and C during the first stage

Tab.1 Comparison of general characteristics between two groups Tab.2 Comparison of anesthesia time, operation time,

Febr S (n=29) CH(n=30) Ml P intraoperative fluid intake and output, and use of vasoactive

AR (% Tk ) 5213:1124  4935:12.76  0.887 0.379 drugs between the two groups (%)

Pk (kg s ) 503348.14  57.04+1020 0951 0346 A S#l(n=29) CHI(n=30) fi P

PESICR e i) 15/14 18/12 0409 0523 JEREEET 1] (min) 243.15+£22.36  239.17+12.65 0.845 0.402

R [E] (mi 43£18. 48+13. X .

ASA T /11 22(f31) 1712 20/10 0408 0.523 %7!< Tﬂ(umm) 225.43+18.25 226.48+13.17 0.254 0.800

BIRIRAE () A i i (mL) 366.65+24.69 358.45+33.26 1.072 0.288
- Mt . AR (L) 376.15+35.48 344.17+28.64 3.816<0.001
2R Ff* H 1 B OIETEM A (mL)  740.28+32.86  360.6355.08 32.013 <0.001
AFRFOIERA 6 8 0.312 0855 gpraiflfiffiiE it (mL) 2 035.49+23.86 2 486.94226.75 68.328 <0.001
R AT DIBRA 12 11 R EHE FIREN 164.46+34.54  355.68+28.36 23.276 <0.001

e I (f31) 12 14 0.022 0.883 (pg)

s (1)) 8 6 0.143 0.705 RPRFRHMAE (ng) 1264322748 412.38+16.40 48.728 <0.001

F®3 PLUEE AR S MAP DEILE (3ts)

Tab.3 Comparison of MAP and heart rate between two groups at different time points  (x+s)
et 205 To T, T, T T Ts F/Puwff F/Pwuffl F/P :offi
MAP  S#H(n=29) 92.32+11.21 75.13£9.90 80.42+9.67 77.42+8.53" 77.32+9.91* 85.32+7.31
(mmHg) C41(n=30) 93.31%6.22 78.32+7.34 82.62+8.97 65.82+10.47 62.42%11.75 83.55+10.92
DR S#H(n=29) 73.51+9.74 63.91%9.74 75.83x10.72 70.70£9.85" 74.62+9.08' 76.61+7.45
(/min) C41(n=30) 76.42+7.90 66.42+11.51 73.45£9.86 79.93+6.24 85.92+8.53 77.9325.97

1 S IS C 418, °P<0.05,

17.467/<0.001 45.885/<0.001 9.212/<0.001

22.198/<0.001 18.124/<0.001 4.689/<0.001
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Tab.4 Comparison of arterial blood gas indicators, blood glucose and lactate at different time points between two groups — (x+s)
fibe 4151 T, T Ts F/P oy {5 F/P oy {5 F/P ol
pH S (n=29) 7.39+0.03" 7.37£0.08" 7.36+0.03

C2(n=30) 7.4540.05 7.180.04 73540.05 42.590/ <0.001  96.566/<0.001  17.374/<0.001
Pa0,(mmHg) S# (n=29) 87.67+11.23 324.27+75.34 319.67+11.23"
CH41(n=30) 90.33+£10.12 331.38+81.93 269.33+10.12 12.663/0.001 938.881/<0.001  11.350/<0.001
PaCO.(mmHg)  S#(n=29) 39.86+5.33 37.11+6.87 38.86+5.33
C4(n=30) 39.23+6.71 38.76+4.72 36.23+6.71 0.300/0.586 0.680/0.509 1621/0.202
HCO; (mmol/L)  S#H(n=29) 24.89+1.87 23.24+1.22 23.89+1.87
C4(n=30) 25224151 20.59+1.87 24205151 6.596/0.013 43.401/<0.001  11.277/<0.001
BE (mmol/L) S (n=29) -0.39+0.91 -0.18+0.03" -0.39+1.91
C2(n=30) 0.3740.63 _4.4650.09 0.37+1.63 21.871/<0.001  79.254/<0.001  92.289/<0.001
MU (mmol/L) — S41(n=29) 5.28+1.98 6.69+1.27° 5.28+1.98*
C2(n=30) 5141261 10.72+1.38 8.142.59 56.463/<0.001  45.300/<0.001  17.316/<0.001
FLER (mmol/L)  SHL(n=29) 0.77+0.13* 1.56+0.36" 0.970.13*
C2H(n=30) 0.910.12 3.89:0.42 128:0.12 716.059/ < 0.001 936.008/ < 0.001 335.955/<0.001
T R TR (PaCOL) 5 SIRIIN £ C L HLAL, P<0.05.
RS PR Ser L BUN LB (3as)
Tab.5 Comparison of Scr and BUN between two groups — (xs)
£k 415 T, s T F/P uff F/Punff F/Psnfl
Ser(pmol/L)  S#H(n=29) 79.31+£14.92 81.93+13.75 76.61+£11.52 78.56+11.47
0.243/0.624 2.000/1.121 0.255/0.843
C4 (n=30) 80.33+24.52 86.45+30.36 75.62+17.56 78.45+12.54
BUN(mmol/L) S (n=29) 5.42+0.97 7.33+1.34 6.72+1.35" 5.28+1.16
1.390/0.243  54.670/ < 0.001 8.417/<0.001
C41(n=30) 5.42+1.30 7.84+0.65 5.35+1.13 5.37+0.68

T ST A C 4 %, °P<0.05,

F6 ML EF PACUSE R M) T PR ] B UCHES 8] K
fEBERT R AL (3s)
Tab.6 Comparison of PACU stay, time to ambulation, time to

first flatus, and hospital stay between two groups — (x+s)

gl s PACU Er ] THE ﬁ?{h\ﬁlﬁ% m;%

] (min) — B7E] (h) ] (h) IRFE] (d)
SAl 29 5621x12.11 1541573 32.31+7.64  8.32+2.46
C#H 30 76331526 17.84+4.62 35.66+4.29  9.86+3.57
A 5.598 1.796 2.086 1.923
PAE <0.001 0.078 0.041 0.059
303 #
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AEL R T AR o b M L AR IR v 5
i SR 1 A A L, DA e R AR 0, b
BIMIB ML, H F2 8 BT 58 20 i A% 5 ) R ] 14
WARIBITHE ) A URAEIY GDFT. GDFT rhi Fi 42 il o
I H L K (controlled low central venous pressure,
CLCVP), B CVP < 5 emH,0, B4 WF5TUE 35 7E 1 11
B VIR AR Hh CLCVP BE % A7 850 20 A v i
H AR L A rp o e 77 5 AL T CLCVP, PLf K
IR 2 b ol 2D A ot il (HR HOR R AR —
B AP A RS 1 REUEA IR, T
R %, HK MK CVP o] RE 5 25 5 R 58 n
g AU

Il PR IR A PG TR PRER 1 CVP, ik A Bl

K HA 7 55 BE (stroke volume variation, SVV) T & ik
I I A5 S i (respiratory variation in the inferior vena
cava, AIVC) \SVC-CL, SVV SZ U4 #iE U KAk fr
S A5 () B 2 Jooks A A Ak £ 5 3 PR A2 BR 5
AIVC 52 [R 2 60 45 181 < 3 < 8 ml/kg  FFE2 S0 1E
Fs VIR A 34 A DAL B e A P R S e A
1T SVCAE g Ji Js PN 8 K AS 52 I P s 52 i, G 2
S TP BN 2L TEE T I3 By L H AT
WFFEARXS R —IURAEA R BIETE & B, SVC-CI
X T2 s PEAR AU MERR PE LLALVC & AR A — T
857 91l H A I ZE A A30T s , SV C-CLZ FOhE Wi g s
TR LABGE SRR VAR VR S 19 T 4 75 0
T 5", Vieillard-Baron % & L SVC-CI Fil Il 75
J N R AL Wi (B A 36% . HUAHIFGE % SVC-CI
VE AR R B9FE DR, IF L) 36% 1 #MTE .

ARWFFELE R R, P AR H 1 & 22 S e Se 1T
SR SO AR A PR A AR B R ) - S 2 i
SVC-CI > 36% AL AR ST, S A8 DA
B % ARSI i XU, H MAP SEhSEAR ; C 41 A
YT B IR ) i v S50 0L 3 50 3 27 3 B ZH U1
FEVE , AR5 5 R AMRIK & 2 1 IR DL
MAP, 115 A0 42 B 187 BE 3 I R AT O o o 0
G AT PE 25 W) (0 i AR T B EE T
SVC-CI i) 2 B A 2

AWFFE R IR AR Y (HEHAED)
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T FLER 7535 (3.89£0.42) mmol/L, {H 75 W 1445 53
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1% 8 A A I PR SC v A7 1L, (H — I [m] Bt 1 AF 5 4
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REEAT G R E

NG RES S S PR I W S N
M3, H B RE B DIRE . —302 116 61 KEEAF
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336 4, 15 16%, &7~ CLCVP 2 B g it FIf AR5
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it # 8 L AUARJE 24 h i BUN KSR = T C
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TP S [ BESA) S RN S B A

A5 FIPK A 5 1T, S 41 PACU B 54 B[] K2 15 7k
HEA A T C 41, FARSE AR C 418 Pa0, 1 ik
fIRT S, 3 M T C 2 50 T R ek B B Y B ALY
HUA 45 < D Re s i 4, I AT G S C 418 3% PACU
B R A S 1 R 22— [l C 4 i R 4%
I ) I BH 5 1 1 S 2, R A A A v ) B TR S
SIHEA PACU 51 B3 W] , A1 (A 3 — 20 0F 98 . SZHAR
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