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Impact of staged goal-directed fluid therapy
on postoperative pulmonary complications

in patients undergoing McKeown
esophagectomy: a randomized controlled trial
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Abstract

Background Our aim was to evaluate the influence of staged goal directed therapy (GDT) on postoperative
pulmonary complications (PPCs), intraoperative hemodynamics and oxygenation in patients undergoing Mckeown
esophagectomy.

Methods Patients were randomly divided into three groups, staged GDT group (group A, n=>56): stroke volume
variation (SVV) was set at 8-10% during the one lung ventilation (OLV) stage and 8-12% during the two lung
ventilation (TLV) stage, GDT group (group B, n=56): received GDT with a target SVV of 8-12% During the entire
surgical procedure, and control group (group C, n=56): conventional fluid therapy was administered by mean
arterial pressure (MAP), central venous pressure (CVP), and urine volume. The primary outcome was the incidence
of postoperative pulmonary complications within Postoperative days (POD) 7. The secondary outcomes were
postoperative lung ultrasound (LUS) B-lines artefacts (BLA) scoring, incidence of other complications, the length

of hospital stay, intraoperative hemodynamic and oxygenation indicators included mean arterial pressure (MAP),
heart rate (HR), cardiac index (Cl), cardiac output (CO), oxygenation index (Ol), respiratory indices (Rl), alveolar-arterial
oxygen difference (Aa-DO,).

Results Patients in group A and group B had a lower incidence of PPCs (7/56 vs. 17/56 and 9/56 vs. 17/56, p < 0.05),
and a fewer B-lines score on postoperative ultrasound (4.61+0.51 vs. 6.15+0.74 and 4.75+0.62 vs. 6.15+0.74, p <0.05)
compared to group C. The Cl, CO, MAP, and Ol were higher in group A compared to group B and group Cin the

stage of thoracic operation. During the abdominal operation stage, patients in group A and group B had a better
hemodynamic and oxygenation indicators than group C.

Conclusions In comparison to conventional fluid therapy, intraoperative staged GDT can significantly reduce

the incidence of postoperative pulmonary complications in patients undergoing McKeown esophagectomy,
facilitating patient recovery. Compared to GDT, it can improve intraoperative oxygenation and stabilize intraoperative
hemodynamics in patients.
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Trial registration This study was registered in the Chinese Clinical Trial Registry on 24/11/2021 (ChiCTR2100053598).
Keywords Goal-directed therapy, Hemodynamic monitoring, Pulmonary complications, Postoperative, McKeown

esophagectomy, Stroke volume variation

Introduction

The incidence of esophageal cancer in East Asia is
approximately 9-21 per 100,000 [1]. Currently, surgical
treatment remains the primary method for resectable
esophageal cancer. However, esophageal cancer sur-
gery generally entails significant trauma and prolonged
duration, with a high proportion of elderly patients and
a greater incidence of comorbidities such as cardiore-
spiratory conditions. Consequently, the incidence of
postoperative complications and mortality are relatively
high. According to the research by Finks et al. in 2011,
the 30-day mortality rate after esophagectomy in West-
ern U.S. hospitals ranged from 7 —9%, with a 90-day
mortality rate as high as 13% [2]. Among these patients,
approximately 50% of those undergoing radical esopha-
gectomy died due to postoperative pulmonary complica-
tions (PPCs) [3].

Excessive intraoperative fluid loading may lead to respi-
ratory failure, intestinal dysfunction, and anastomotic
leakage [4]. Low blood volume can increase the incidence
of perioperative complications, such as cardiac ischemia
and renal failure, and may jeopardize the healing of newly
constructed anastomoses [5]. Goal-directed therapy
(GDT) is a perioperative fluid replacement method that
predicts positive responses to volume expansion based
on dynamic hemodynamic parameters and optimizes
total blood volume and tissue oxygenation by admin-
istering fluids and vasoactive drugs (positive inotropic
agents, vasopressors, and vasodilators) according to set
parameters. In recent years, some dynamic parameters,
such as stroke volume variation (SVV) and pulse pres-
sure variation, have been used in GDT to reduce postop-
erative complications and improve patient outcomes [5].
In a multi-center study by Mukai et al., the SVV-guided
GDT (targeting an SVV of 8 —12%) was applied to esoph-
agectomy, and the results showed that the incidence of
postoperative complications and mortality in the experi-
mental group were significantly lower compared to the
control group (systolic pressure>90 mmHg) [6].

Phased GDT is primarily applied in surgeries where
patients exhibit significant pathophysiological changes
during the procedure. Kazuyuki et al. adopted a phased
GDT approach in liver transplantation surgeries and
demonstrated that it could reduce intraoperative bleed-
ing [7]. In the study conducted by Hao Xiaoyan et al.,
phased GDT was shown to be beneficial for the recovery
of renal function after kidney transplantation [8].

In recent years, with the advancement of minimally
invasive surgery, the McKeown radical esophagectomy

has been increasingly utilized for the treatment of upper
esophageal cancer above the tracheal bifurcation. This
procedure involves three incisions through the right
chest, upper abdomen, and left neck [9]. The main steps
of the McKeown esophagectomy are as follows: first,
under one-lung ventilation (OLV), the thoracic segment
of the esophagus is freed using a thoracoscope and medi-
astinal lymph nodes are dissected. Subsequently, the
patient is placed in the supine position with two-lung
ventilation, and a laparoscope is used to free the stomach.
Finally, the cervical esophagus is dissected and cut off,
followed by an esophagogastric left cervical anastomosis.
The intraoperative ventilation methods and body posi-
tions can exert different influences on the value of SVV.
Studies have shown that SVV decreases during protec-
tive one-lung ventilation in thoracic surgery, and a lower
threshold is recommended when using goal-directed
fluid therapy [10]. The optimal threshold for predict-
ing fluid responsiveness during OLV is 10% [11]. During
abdominal surgery stages, CO, pneumoperitoneum and
the reverse Trendelenburg position can cause significant
hemodynamic changes, specifically a reduction in cardiac
output, an increase in systemic and pulmonary vascu-
lar resistance, a rise in arterial pressure, and a decrease
in venous return leading to an elevation in SVV. Studies
have reported that the optimal threshold for predicting
fluid responsiveness during laparoscopic surgery is 12%
[12].

Therefore, this study aims to explore the impact of dif-
ferent surgical stages on SVV, proposing a staged GDT
approach, with the target SVV set at 8—10% during single-
lung ventilation and 10-12% during bi-lateral ventilation.
The study will compare the staged GDT with single-stage
GDT and conventional fluid therapy, aiming to observe
any differences in intraoperative hemodynamic param-
eters, oxygenation functions, and postoperative PPCs
occurrence.

Methods

Study design

This study was approved by the Ethics Committee of
the First Affiliated Hospital of China University of Sci-
ence and Technology (Ref:2022-ky-027). This study
was registered in the Chinese Clinical Trial Registry on
24/11/2021 (ChiCTR2100053598). We used the CON-
SORT checklist when writing our report. 180 patients
from February 2022 to September 2022. All patients were
assigned in a 1:1:1 ratio to the staged GDT group (group
A), GDT group (group B), and conventional fluid therapy
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group (group C). The randomization was stratified by
sequential blocking based on the computer random num-
ber generator. The anesthesiologists responsible for intra-
operative management were informed of the patient’s’
grouping, whereas the rest of the research team and the
patients were blinded to the grouping.

Inclusion criteria were as follows: (1) those who were
classified ASA II-III, (2) those who were scheduled for
McKeown esophagectomy. Exclusion criteria were as
follows: (1) patients with severe liver or kidney dysfunc-
tion (Blood creatinine>442umol/L, Child C), (2) those
with cardiac dysfunction (New York Heart Association
(NYHA) III-V) or abnormal preoperative pulmonary
function (forced expiratory volume in 1 s<50% of pre-
dicted), (3) those with severe arrhythmia, (4) those with
intraoperative blood loss>500 mL or those who required
blood transfusion.

Anesthesia procedure

The patients received a restricted diet 6—8 h prior to sur-
gery. Before the induction of anesthesia, a standardized
catheterization of the right internal jugular vein was per-
formed, and a 20-G arterial catheter (B. Braun Medical
Inc, Bethlehem, PA, USA) was inserted into the radial
artery of the left forearm. Physiological parameters such
as heart rate (HR), mean arterial pressure (MAP), central
venous pressure (CVP), pulse oximetry (SpO,), partial
pressure of end-tidal carbon dioxide (PetCO,), body tem-
perature, and bispectral index (BIS) were continuously
monitored and recorded. In addition, the LiDCO sys-
tem (LiDCO, Ltd, London, UK) was utilized to continu-
ously monitor SVV, cardiac index (CI), CO, and stroke
volume (SV). Then etomidate 0.3-0.4 mg-kg™, sufentanil
0.5-0.7 pg-kg, and rocuronium 1.0 mg-kg™ were admin-
istered intravenously for induction of general anesthe-
sia. Intravenous infusion of propofol (3-6 mgkg'h™)
and remifentanil (0.1-0.3 pgkg'min™) were main-
tained throughout the procedure to achieve the BIS tar-
get value of 45—60. After the induction of anesthesia, a
right bronchial occluder (Yichang Humanwell, China)
was located by bronchoscopy. Ventilation mode was set
to volume controlled mode, the ventilation parameters
are set as follows. In OLV, tidal volume (VT): 7 mLkg;
FiO,: 100%; expiratory time ratio (I/E):1:1.5. In TLYV, tidal
volume (VT): 8 mL-kg™; FiO,: 50%; expiratory time ratio
(I/E):1:2. Positive end-expiratory pressure (PEEP) of 5
c¢cmH,O was applied. The ventilation parameter were
adjusted to maintain PetCO, at 35-45 mmHg, and the
nasopharynx temperature was maintained at >36 °C by
a fluid warmer and medical warming blanket. As needed,
additional muscle relaxants and analgesics were intermit-
tently administered, and all patients used patient-con-
trolled intravenous analgesia (PCIA) postoperatively.
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Surgical procedures

First, the patient is placed in the left lateral position with
OLYV, and thoracic procedures are performed under tho-
racoscopy, including the dissection of the azygos vein
arch and the thoracic esophagus. Lymph nodes in the
paraesophageal, subcarinal, bilateral recurrent laryngeal
nerve, and inferior pulmonary ligament are removed
based on the tumor location and extent of invasion. Sub-
sequently, the patient is placed in the reverse Trendelen-
burg position with TLV, and laparoscopy is used to free
the stomach and create a tubular stomach. Finally, an
incision is made in front of the left sternocleidomastoid
muscle to complete the dissection, severance of the cervi-
cal esophagus, and esophagogastric anastomosis.

Intraoperative hemodynamic management protocols
Groups A, B, and C received a continuous infusion of
lactated Ringer’s solution at a rate of 3 mLkg-h™ after
induction of anesthesia. Group A followed the proto-
col illustrated in Fig. 1. During OLV, when SVV2>10%
persisted for more than 3 min, colloid 4 mlkg™ (6%
hydroxyethyl starch 130/0.4, Fresenius Kabi AG, Bad
Homburg, Germany) was administered over 15 min.
The above process was repeated until the SVV <10%. An
infusion of dobutamine was given at 3-5 pgkg-min! if
SVV drop<2% after infusion or SVV<10% with concur-
rent CI<2.5 L-minm™ Additionally, norepinephrine
was pumped at 4—10 pg-min’! if the MAP fell below 65
mmHg after fluid infusion and CI>2.5 L-min-m? The
infusion was slowed or stopped when SVV <8%. Further-
more, hemodynamic parameters were evaluated every
5 min. During the TLV, above protocol was applied with
the target SVV set at 8—12%. Similarly, group B followed
the same protocol as group A, with the exception that the
target SVV range was set at 8—12% during the whole sur-
gery. Conversely, in group C, hemodynamic management
was determined by the discretion of the attending anes-
thesiologist, if necessary, aiming at MAP>65 mmHg,
HR 60,100 bpm, CVP 6-12 mmH,0O, and the urine out-
put>0.5 mL/kg/h.

MAP, HR, CI, and CO were recorded before surgery
(TO), 30 min after OLV (T1), 60 min after OLV (T2),
30 min after TLV (T3), and at the end of surgery (T4). In
addition to these parameters, the total infusions of crys-
talloids and colloids, blood loss, urine output, and vaso-
active drug requirements were recorded and analyzed.

Primary outcomes

The primary outcome was the incidence rate of pulmo-
nary complications within 7 d after surgery. The occur-
rence of pulmonary complications was assessed using
the Melbourne Group Scale Version 2 (MGS-2), which
comprises eight parameters. The diagnosis of pulmo-
nary complications was confirmed if four or more of the
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Fig. 1 Goal-directed fluid therapy protocol. SVV, stroke volume variation; Cl, cardiac index; MAP, mean arterial pressure

following criteria were met: (1) body temperature>38 °C,
(2) white blood cell count>11.0x10° L' or administra-
tion of antibiotics for respiratory infections, (3) pneu-
monia or pulmonary infection diagnosed by physicians,
(4) chest radiograph showing atelectasis/consolidation,
(5) yellow-green sputum of a different nature from the
preoperative one, (6) positive sputum culture results, (7)
blood oxygen saturation (SpO,) <90% on room air. or (8)
readmission to the intensive care unit (ICU) for respira-
tory problems or staying in the ICU for >36 h [13].

Blood gas analysis

Radial artery blood was collected at TO, T1, T2, T3,
and T4. Additionally, the oxygenation index (OI=PaO,
/ FiO,), alveolar (A) - arterial (a) oxygen partial pres-
sure difference (PA-aDO,=FiO, (PB - PH,0) - PaCO, /
R - PaO,, PB, Atmospheric Pressure; R, respiratory quo-
tient), and respiratory index (RI=PA - aDO, / PaO,) were
calculated and recorded.

Lung ultrasonography (LUS)

At TO, 2 h after surgery (T5), and 48 h after surgery (T6),
LUS was performed according to international evidence-
based recommendations for point-of-care LUS based on
a simplified four-sector scan [14] by a skilled operator
using a portable ultrasound device. The left thorax was
examined to avoid potential confounding factors from
subcutaneous emphysema and surgical effects. The tho-
rax was partitioned into four areas on one side: upper
anterior, upper lateral, lower anterior, and lower lateral,
delimited by the anterior axillary line and the fourth
intercostal space. B-lines artifacts (BLAs) are defined
as vertical, laser-like, hyperechoic images that originate
from the pleural line and move with respiration. The
number of B-lines detected in each area was tallied and
subsequently scored. A score of 0 points was assigned for
no BLA, 1 point for 1-3 BLAs, 2 points for 3-5 BLAs,
and 3 points for >5 BLAs. The total B-lines score was cal-
culated as the sum of the scores of the four areas.
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Statistical analysis

This study is a randomized controlled trial, with the inci-
dence of postoperative pulmonary complications as the
primary endpoint. Based on previous research reports on
similar cases, the incidence of pulmonary complications
in esophagectomy cases treated with conventional fluid
therapy is approximately 35%. Similarly, the incidence
of pulmonary complications after GDT is approximately
10%.The estimated incidence of pulmonary complications
in the staged GDT group is 5%.the sample size was cal-
culated using PASS V.15 software, setting a=0.05 (two-
tailed) and (1-f)=0.99. The total sample size required
was found to be 165 cases. Taking into account potential
dropouts, the sample size was increased to 180 cases,
with 60 cases in each group.

Statistical analysis was conducted using SPSS 15.0.
Continuous data are presented as meanzstandard
deviation, and their normality was assessed using the
Kolmogorov-Smirnov test. For normally distributed con-
tinuous data, t-tests (paired or unpaired) were used for
analysis, while for non-normally distributed continuous
data, the Mann-Whitney U test and Wilcoxon signed-
rank test were employed for unpaired and paired analy-
ses, respectively. Repeated measures one-way analysis of
variance (ANOVA) and Bonferroni-correction was used
to assess significant differences among three groups. The
analysis of categorical data employed the chi-square test
or Fisher’s exact test. P<0.05 was considered statistically
significant.

Results

Patient demographic characteristics

This study initially included 212 patients underwent
McKeown esophagectomy. However, 32 patients were
later excluded from the study (Fig. 2). Ultimately, a total
of 168 patients(70.3% male; age range 41-84 years) com-
pleted the study protocol and were ultimately enrolled in
this study.

Table 1 summarizes the preoperative demographic and
laboratory characteristics of the enrolled patients. It was
found that baselined characteristics showed no statisti-
cally significant differences observed among the three
groups.

Postoperative outcomes

The primary outcomes of this study are presented in
Table 2. Among 168 patients, 33 developed PPCs on
POD 7. The incidence of PPCs was significantly lower in
groups A and B than in group C (7/56 vs. 17/56, and 9/56
vs. 17/56, p<0.05), while no differences were observed
between groups A and B (7/56 vs. 9/56, p=0.29). No dif-
ferences were seen among the three groups with respect
to other postoperative complications or the initia-
tion of oral intake. Notably, in group C, 4 patients were
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readmitted to the ICU postoperatively, and 2 patients
died due to wound infections. Furthermore, there was
no differences on postoperative hospital stays in three
groups (8.7£0.8 vs. 9.0£0.9 vs. 9.0£1.2, p=0.74).

Intraoperative data and fluid management

Table 3 summarizes the intraoperative data, fluid man-
agement, and vasoactive drug administration in groups
A, B, and C. No significant differences were observed
in the operation time, anesthesia time, OLV time, time
to extubation, blood loss, transfusion, or urine output
among the three groups. Group C received a significantly
higher volume of crystalloid infusion than groups A and
B (1121.4+371.1 vs. 1801.8+373.4 and 1108.9£351.2 vs.
1801.8+£373.4, p<0.05). In contrast, the volume of col-
loids was significantly higher in groups A and B than in
group C (944.6%+295.4 vs. 551.8+£120.6 and 775.0£196.6
vs. 551.8+120.6, p<0.05). The dose of dobutamine was
more in groups A and B than in group C (14.1+£2.7 vs.
4.2+1.5 and 15.4£3.0 vs. 4.21+2.2, p<0.05). Conversely,
the bolus of noradrenaline usage in groups A and B was
lower than that in group C (175.4%59.1 vs. 234.2+73.9
and 179.1+52.1 vs. 234.2+73.9, p<0.05). The volume
of colloids administered during OLV was the highest in
group A, followed by group B, and the lowest in group
C (614.3£128.5 vs. 487.5£196.6 vs. 276.8+89.3, p<0.05).
The volume of crystalloids administered during OLV
was significantly higher in group C than in groups A and
B (533.9+163.2 vs. 835.7+179.3 and 530.4+133.4 vs.
835.7%£179.3, p<0.05). Furthermore, there were no sig-
nificant differences in the volumes of noradrenaline and
dobutamine administered during OLV between groups A
and B.

Blood gas analysis and intraoperative hemodynamic data
Table 4 presents the results of blood gas analysis data.
During OLV, groups A and B experienced a significant
decrease in the OI compared with baseline data (p <0.05),
along with significant increases in the PA-aDO, and RL
Compare with group C the PaO,/FiO, and RI were sig-
nificantly higher than those in groups A and B At T1, T2,
and T3 (p<0.05), whereas the PaO,/FiO, was higher in
group A than that in group B during OLV (p<0.05).

As shown in Fig. 3, the HR was comparable among the
three groups at all time points. However, In group C, the
CI, and CO were significantly lower than in groups A and
B (p<0.05). Additionally, at T1 and T2, the, CI and CO
were higher in group A than in group B ( (p<0.05).

LUS results

As depicted in Fig. 4, LUS for preoperative baseline
revealed no BLAs in any of the four thoracic regions
(score=0). At T5, all groups demonstrated an elevated
B-lines score. However, the B-lines score in groups A
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56 Were included to analysis

Fig. 2 CONSORT flow diagram of participants allocation

and B was significantly lower than that in group C at T5
(4.52+0.63 vs. 5.93+£0.71 and 4.95+0.88 vs. 5.93£0.71,
p<0.05). Notably, a decrease in the B-lines score was
observed at T6(4.14+0.55 vs. 4.18%+0.54 vs. 3.95+0.45,
p=0.41), and no significant differences were observed
between groups A and B at all time points.

Discussion

Esophagectomy remains a challenging surgical proce-
dure for both surgeons and anesthesiologists. A growing
body of evidence indicates that Enhanced Recovery After
Surgery (ERAS) can improve postoperative outcomes
for numerous major surgeries, including esophagectomy

[15], with perioperative fluid management being a key
component. Insufficient fluid administration may lead to
insufficient tissue perfusion, potentially resulting in anas-
tomotic leakage [16], while excessive fluid administration
may increase the incidence of pulmonary complications
[17]. It has been reported that anastomotic leakage and
pulmonary complications account for 80% of all post-
operative complications following esophagectomy [18].
GDT is a perioperative fluid replacement method that
predicts positive responses after volume expansion based
on dynamic hemodynamic parameters and optimizes
total blood volume and tissue oxygenation by administer-
ing fluids and vasoactive drugs (positive inotropic agents,
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Table 1 Preoperative demographic and laboratory examination
characteristics

Variables GroupA  Group B Group C
(n=56) (n=56) (n=56)

Age (years) 679+89 700+86 685+74

Sex, male (%) 42 (75.0) 42 (75.0) 43 (76.8)

BMI (kg/m2) 219+29 22.7+32 220+26

ASA

Il 40 38 37

Il 16 18 19

Smoker, n (%) 18 (32.1) 11 (19.6) 14 (25.0)

Respiratory function

Preoperative FVC (% predicted) 92+7 92+8 93+

Preoperative FEV1 (% predicted) 90+6 91+6 90+5

Preoperative FEV1/FVC (%) 76+6 75+5 74+

TNM stage

| 14 16 16

Il 26 28 25

Il 16 12 15

Preoperative complication

Hypertension, n(%) 20 (35.7) 28 (50.0) 24 (42.9)

diabetes mellitus, n(%) 9(16.1) 12(21.4) 14 (25.0)

COPD, n(%) 3(54) 1(1.8) 3(54)

Continuous data are presented as mean=+SD, categorical data are presented as
number (proportion). ASA, American Society of Anesthesiologists; FEV1, forced
expired volume in 1 s; FVC, forced vital capacity; TNM, Tumor Node Metastasis;
COPD, chronic obstructive pulmonary disease

Table 2 Postoperative outcomes

Variables Group  Group B Group p
A (n=56) C value
(n=56) (n=56)
Postoperative pulmonary 7(125)  9(161)* 17 (304) <0.05
complications %"
Readmission to ICU (case) 0 (0) JON 4(7.1) <0.05
Length of hospital stay 87+08 9.0+£09 90+1.1 0.6
(days)
Start day for oral ingestion  7.0+0.8 7.0+0.8 71+08 074
Other complications
Anastomotic leakage 4(7.1) 3(54) 5(89) 046
Heart failure 4(7.0) 4(7.1) 3(54) 0.69
Arrhythmia 2360 00F 4(71) <005
Renal failure 0(0) 0(0) 0(0) 1.00
Wound Infection 9(16.1) 5(89) 8(143) 0.25
Vocal Cord Paralysis 5 6 8 041
3-Month mortality 0(0) 0(0) 2 (3.6) 0.15

Continuous data are presented as mean+SD or median [interquartile range
(IQR); range], Categorical data are presented as number (proportion). Heart
failure was an increased cardiac enzyme and NT-pro brain natriuretic peptide.
Renal failure was an increased creatinine. Anastomotic leak and wound
infection were diagnosed by surgeon.t Group A versus group C (p<0.05), ¥
Group B versus group C (p<0.05)

vasopressors, and vasodilators) according to parameters.
GDT is primarily used for high-risk patients during the
perioperative period, targeting certain dynamic hemody-
namic parameters and achieving objectives through the
administration of fluids and vasoactive drugs (positive
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inotropic agents, vasopressors, and vasodilators) to opti-
mize cardiac output and tissue perfusion. In past stud-
ies, GDT has been extensively applied in general surgery,
orthopedics, cardiothoracic surgery, and vascular sur-
gery, demonstrating a positive impact on accelerating
patient recovery.

In the past decade, SVV has been the most frequently
recommended and the most suitable target parameter for
GDT. It can dynamically reflect blood volume and effec-
tively predict the body’s response to fluid challenges. The
generation of SVV is a result of changes in intra-thoracic
pressure during positive pressure ventilation, leading to
variations in arterial pressure between the inspiratory
and expiratory phases. Compared to currently commonly
used indicators for monitoring patient volume, such as
central venous pressure and mean arterial pressure, it is
less affected by factors such as posture and pneumoperi-
toneum, thus its reliability and sensitivity are higher than
those of these traditional indicators [19]. Since the McKe-
own esophagectomy requires the opening of the chest,
there has been debate about whether SVV can be applied
to open-heart surgery. However, studies have shown that
even under open-chest conditions, SVV can still accu-
rately predict fluid responsiveness [20]. This is because
SVV is primarily influenced by blood flow from the non-
operating side. During open-heart surgery, the surgeon
opens the chest on the operating side, compromising its
integrity. In addition, due to hypoxic pulmonary vaso-
constriction and the effects of left lateral positioning,
the lung on the operating side collapses, reducing blood
flow. This results in less influence on SVV from the oper-
ating side. Conversely, the non-operating side maintains
its integrity throughout the procedure. Under the influ-
ence of mechanical ventilation, periodic changes occur in
intra-thoracic pressure, causing corresponding periodic
changes in venous return, leading to changes in SVV.

The normal range for SVV is typically less than 10
—13%, with values exceeding this range potentially indi-
cating insufficient capacity. This critical threshold may
vary under different surgical conditions. In McKeown
esophagectomy, single-lung ventilation (OLV) techniques
are required to provide the surgeon with a clear view and
adequate space for maneuverability. During OLV, a low
tidal volume ventilation strategy is commonly adopted
to avoid lung injury caused by mechanical ventilation.
The size of the tidal volume is a key factor affecting SVV.
Numerous studies have shown that the absolute value of
SVV is directly related to it, and both values greater than
10 ml/kg and less than 5 ml/kg decrease the accuracy of
SVV [21]. Therefore, in this study, a tidal volume of 7 ml/
kg was used during OLV. Although a lower tidal volume
may lead to a reduction in the value of SVV and affect its
accuracy in predicting fluid responsiveness, studies have
shown that a low tidal volume (6 ml/kg) during OLV does
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Table 3 Intraoperative data and fluid management
Variables Group A (n=56) Group B (n=56) Group C (n=56) Pvalue
Operation time (min) 266.7 +684 255.2+586 2549+ 63.1 0.54
Duration of OLV (min) 109.0£19.6 111.9+194 107.0+18.6 040
Duration of anesthesia (min) 3189+68.0 303.9+66.7 307.7+645 0.46
Dobutamine

During OLV (mg) 86+19" 94+26" 23+16 <005

Total (mg) 141+27 154+30 42422 <0.05
Noradrenaline

During OLV (ug) 936+37.0" 99.3+29.9* 13234523 <005

Total (ug) 175445917 179.1 +52.17 23424739 <005
Crystalloid

During OLV (ml) 5304+1334" 5339+163.2° 835.7+179.3 <0.05

Total (mL) 11214437117 1108.9+351.2F 1801.8+3734 <0.05
Colloid

During OLV (ml) 6143+1285%" 4875+196.6" 276.8+89.3 <0.05

Total (mL) 944.6+295 4% 7750+196.6% 551.8+120.6 <0.05
Total volume infused (mL) 2076.8+479.7" 1883.9+371.1° 2316.1£4352 <0.05
Urine output (mLkg-h™) 26+04 25404 26405 037
Estimated blood loss (mL) 116.1£18.7 114.1+£246 1182+276 0.66
Transfusion (%) 8(14.2) 5(8.9) 6(10.7) 038
Extubation time (min) 269+128 240+£120 278+135 0.26

Continuous data are presented as mean+SD; categorical data are presented as number (proportion). OLV, one-lung ventilation.* Group A versus group B(p<0.05), t

Group A versus group C (p<0.05), ¥ Group B versus group C (p<0.05)

Table 4 Intraoperative blood gas analysis and hemodynamic

indices
Group A Group B Group C p
(n=56) (n=56) (n=56) value
Pa0,/Fi0,
TO 430+36 428+34 426+38 0.53
T 324 +441 301 +38* 246+37 <0.05
™ 305+52™ 271+439* 227444 <0.05
T3 3714421 379+42° 340+31 <0.05
T4 390+43" 392+39* 354463 <005
PAa-DO,
(mmHg)
TO 243+34 250+34 248+38 0.58
T 321+51° 333+40° 371439 <0.05
T2 3974517 390+41* 442+41 <0.05
T3 292+40" 298+39* 323+31 <0.05
T4 283+45" 289+39* 319461 <0.05
RI
TO 0.56+0.10 0.59+0.11 058+0.10 030
T 091+030"  097+031%  122+038 <005
T2 14340357 137+£037F  191+037 <005
T3 076+023"  079+021%  092+025 <005
T4 0724018t  075+020f 090+021 <005

Continuous data are presented as mean=SD; categorical data are presented as
number (proportion). PaO,, arterial partial pressure of oxygen; A-aDO,, Alveolar
to arterial difference of oxygen tension; Rl, Respiratory index; TO, before
operation; T1, 30 min after one-lung ventilation(OLV); T2, 60 min after OLV; T3,
30 min after two-lung ventilation; T4, the end of operation.t Group A versus
group C (p<0.05), ¥ Group B versus group C (p<0.05), * Group A versus group
B(p<0.05)

not statistically affect the value of SVV [22]. In an earlier
study that used SVV to differentiate fluid responsiveness
during OLV, the optimal threshold was >10% [11]. There-
fore, in this study, the target SVV threshold for Group A
during OLV was set at a lower range of >10%. Dynamic
indicators based on fluid responsiveness and other opti-
mization parameters are more effective than any one of
them alone [23]. Therefore, this study used both CI and
SVV as target parameters for GDT to achieve an appro-
priate fluid load. Fluid responsiveness is generally defined
as an increase in SVI or CI by 15-20% after the admin-
istration of 250 to 500 ml of fluid in most cases [24].
Considering that changes in stroke volume caused by res-
piration are essentially unchanged, after conversion, the
value of SVV decreases by approximately 2%. Therefore,
this study selected a 2% decrease in SVV as an indicator
of fluid responsiveness.

OLV can cause ventilation-related lung injury.
Research has analyzed the predictive factors for postop-
erative complications in patients undergoing McKeown
esophagectomy and found that the incidence of postop-
erative complications in patients with OLV <150 min is
lower than that in patients with OLV>150 min [25]. In
this study, we used an occluder as a means of pulmonary
isolation, but the surgical procedure can sometimes lead
to its displacement. We aimed to avoid severe hypox-
emia during the adjustment process, so we used 100%
FiO, during OLV, Parameters such as OI, PA-aDO,, and
RI can better reflect pulmonary oxygenation and gas
exchange functions [26]. In this study, at time points



Yang et al. BMC Anesthesiology (2024) 24:330
A
100
—— Group A
—=— Group B
80 /L\ 1 —— Group C
-4
& l l
60
40 T T T T T
TO T1 T2 T3 T4
Time Point
C
4.0
—— Group A
# .
# —
35 Group B
= —— Group C
=
‘E 3.0
2
© 2.5+
2.0 T T T T T
TO T1 T2 T3 T4
Time Point

Page 9 of 12

120
—— Group A
—— Group B
g’ 100 —— Group C
s
S 80
60 T T T T T
TO T1 T2 T3 T4
Time Point
D
6—
—— Group A
—=— Group B
z 5 # “# . —— Group C
=
o
O 44
3 1 1 1 1 1
TO T1 T2 T3 T4
Time Point
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Fig. 4 Postoperative BLA scores. T5, 2 h after operative; T6, 48 h after
operative

T1, T2, and T3, patients in groups A and B were supe-
rior to those receiving conventional fluid therapy in these
parameters. This suggests that in McKeown esopha-
gectomy, compared to traditional fluid management,
GDT can improve intraoperative alveolar gas exchange

efficiency. In previous studies, GDT protocols have been
shown to reduce pulmonary vascular resistance and pro-
tect right ventricular function in patients with severe
pulmonary hypertension [27, 28]. Therefore, it is specu-
lated that GDT improves pulmonary oxygenation and
gas exchange by reducing pulmonary vascular resistance
and minimizing hydrostatic pressure. In this study, it was
observed that the OI during OLV in group A was higher
than that in group B. This may be due to the maintenance
of a lower SVV level (8-10%) in group A, as well as a
higher cardiac output, ultimately improving intrapulmo-
nary shunt flow and reducing venous mixing. This result
suggests that maintaining a higher SVV during OLV may
lead to insufficient tissue perfusion. Low microcircula-
tory perfusion and tissue hypoxia in the anastomotic
region during McKeown esophagectomy are considered
important factors for gastroesophageal anastomotic fail-
ure [29, 30].

Extravascular lung water accumulation is a manifesta-
tion of Acute Respiratory Distress Syndrome (ARDS),
and it is considered a marker of pulmonary edema [31].
Research by Philipp et al. demonstrated a good corre-
lation between the number of ultrasound B-lines and
extravascular lung water [32, 33]. In previous studies,
higher LUS has been reported as a predictor for PPCs



Yang et al. BMC Anesthesiology (2024) 24:330

[34]. In this study, both Group A and Group B showed
lower BLA. This may be attributed to the reduction in
total fluid intake, particularly crystalloid fluid, caused by
GDT, as well as the maintenance of better tissue perfu-
sion intraoperatively. Previous research has indicated
that excessive fluid input can lead to the degradation of
endothelial glycocalyx, increased vascular permeability,
and subsequent fluid leakage, resulting in an increase
in extravascular lung water [35]. The reason for choos-
ing hydroxyethyl starch as the fluid for volume expan-
sion in this study is that animal experiments have shown
that hydroxyethyl starch can reduce the degradation of
endothelial glycocalyx and protect vascular endothelial
cell function compared to crystalloid fluids [36]. More-
over, hydroxyethyl starch solutions are easier to main-
tain gastrointestinal microcirculatory perfusion and
oxygen partial pressure than crystalloids [37]. The use
of hydroxyethyl starch (HES) In a recent study, it was
reported that HES may increase the risk of kidney injury
in critically ill patients [38], and research by John et al.
showed that HES has no advantage over crystalloid solu-
tions in reducing mortality in critical patients [39]. How-
ever, a recent large cohort study showed no significant
correlation between the use of HES and the incidence of
postoperative acute kidney injury [40]. In this study, no
patients were found to have renal failure.

In this study, the MGS-2 diagnostic tool was utilized
to assess Postoperative Complications (PPCs), aiming to
minimize the impact of vague definitions. The MGS-2
tool demonstrated high reliability and effectiveness in
diagnosing PPCs during thoracotomy [41]. The findings
of this study indicate that both the single-stage GDT
and the staged GDT groups exhibited positive effects in
reducing PPCs when compared to traditional fluid ther-
apy. This is somewhat similar to the results of the study
by Mukai A et al. on the impact of perioperative GDT
combined with ERAS on the outcomes after esopha-
gectomy [6]. In this study, the incidence rate of postop-
erative pneumonia was significantly reduced in both the
single-stage GDT and the staged GDT groups. Previous
research has shown that postoperative pneumonia is
independently associated with higher hospital mortality
rates and poorer long-term survival [42]. There were no
significant differences among the three groups in terms
of hospital length of stay or time to first meal. This may
be because the duration of hospital stay after esophagec-
tomy is a complex and multifaceted outcome, related to
anastomotic healing conditions, gastrointestinal func-
tion recovery, and other complications. PPCs are not the
sole factor influencing the duration of hospital stay after
surgery.

The findings of this study indicate that the fluid input in
Group A and Group B patients was significantly reduced.
When expanding the blood volume under conditions of
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normal blood volume, approximately two-thirds of the
infused volume rapidly shifts to the interstitial space [43].
This suggests that GDT can prevent unnecessary fluid
input and reduce fluid leakage during surgery, thereby
lowering the incidence of postoperative pulmonary com-
plications. Additionally, there were differences in the use
of vasoactive drugs among the three groups, with higher
doses of norepinephrine observed in Group C, and higher
doses of dobutamine observed in Group A and Group B.
This may be a result of the less clarified indications in the
group C. In McKeown esophagectomies, the gastric con-
duit top is dependent on microcirculation, posing a risk
of ischemia. All tissue perfusion studies showed a signifi-
cant decrease in blood flow to the gastric region at the
anastomosis, tissue oxygenation, or both [44]. Although
the reasons remain unclear, vasoconstrictor drugs have
long been considered a potential cause of impaired
microvascular blood flow and gastric anastomotic failure
due to hypoxemia [45]. We believe that accurately admin-
istering different types and doses of fluids and vasoactive
drugs at various time points based on changes in patient
condition can prevent excessive fluid input while better
maintaining tissue perfusion.

This study presents several limitations. Firstly, this
research is a single-center study, and the findings may
require broader applicability to other medical settings.
Multicenter studies could address this issue and provide
more representative samples for the research of phased
GDT. Secondly, in designing the objectives for differ-
ent stages of phased GDT, the primary focus was on the
impact of ventilation methods on SVV, without consider-
ing other factors such as body position and pneumoperi-
toneum. Thirdly, this study employed hydroxyethyl starch
as an embolic agent, the usage approval of which has
been revoked in many countries recently, thereby limiting
the study’s results to a certain extent. Lastly, the assess-
ment of pulmonary complications was limited to the first
7 days post-surgery, without long-term follow-up.

Conclusions

In comparison to conventional fluid therapy, intraop-
erative staged GDT can significantly reduce the inci-
dence of postoperative pulmonary complications in
patients undergoing McKeown esophagectomy, facilitat-
ing patient recovery. Compared to GDT, it can improve
intraoperative oxygenation and stabilize intraoperative
hemodynamics in patients.
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