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Abstract: Objective: To explore the application value of goal-directed fluid therapy (GDFT) in the enhanced recovery
after surgery (ERAS) of patients undergoing radical lung cancer surgery (RLCS). Methods: A total of 74 patients
undergoing elective RLCS based on the enhance recovery after surgery (ERAS) concept in the HanDan Central
Hospital between December 2016 and December 2019 were enrolled and assigned to a group treated by regular
conventional liquids (regular group, n=34) and a group treated by goal-directed fluid (GDFT group, n=40) according
to the fluid infusion scheme. The two groups were compared in intraoperative fluid inflow and outflow, hemodynamic
indexes at 30 min (TO) before operation, 4 h (T1) and 24 h (T2) after operation, postoperative complications, post-
operative recovery, inflammatory factors at 1 day (d O) before operation, and at 1 day (d 1) and 7 days (d 3) after
operation, as well as for postoperative life quality. Results: Crystalloid fluid input, fluid infusion, and urine output of
the GDFT group were all significantly less than those of the regular group (all P<0.05), and the GDFT group showed
significantly lower fluctuations of MAP, cardiac index, and stroke volume (SV) than the regular group (all P<0.05).
Additionally, the GDFT group showed a significantly lower overall complication rate and experienced notably ear-
lier time to flatus and getting out-of-bed time and notably shorter hospitalization time than the regular group (all
P<0.05). Moreover, the GDFT group presented with less fluctuation of IL-10, IL-6, and TNF-o levels and experienced
notably higher life quality scores than the regular group. Conclusion: GDFT is beneficial to the rapid recovery of
patients after RLCS, because it can exert a positive effect on maintaining the stability of hemodynamic indexes and
reducing inflammation and postoperative complications.
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Introduction practice has demonstrated great advantages
[5].

Lung cancer is a common form of cancer. In

recent years, as the natural environment dete-
riorates, the diagnosis rate of lung cancer is
rises annually, and cancer has become a main
cause of cancer-associated death [1, 2]. Cu-
rrently, surgery is still the main treatment for
lung cancer. As medical technology advances,
conventional thoracotomy is gradually becom-
ing an obsolete procedure because of its tr-
aumatic characteristics, and early radical lung
cancer surgery (RLCS) does not satisfy the clini-
cal needs in terms of efficacy and prognosis
[3, 4]. In the past few years, the concept of
enhance recovery after surgery (ERAS) is grad-
ually blooming, and its application in clinical

RLCS based on the concept of ERAS can redu-
ce postoperative complications. Postoperative
fluid therapy is crucial in the prognosis of pa-
tients. Improper postoperative fluid infusion will
not only give rise to a series of complications
such as tissue hypoperfusion and aggravate
the inflammatory reaction in patients, but it
also increases the postoperative mortality of
patients [6]. In recent years, the question of
how to formulate an appropriate infusion treat-
ment scheme has become a clinical focus.
Conventional infusion methods are underpin-
ned by experience, but they can no longer meet
the individualized demands, so finding a suit-
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able infusion scheme has profound clinical sig-
nificance for surgical treatment of patients [7,
8]. Goal-directed fluid therapy (GDFT) is an
optimized individualized fluid therapy strategy,
under which advanced dynamic detection me-
thods and effective standard treatment proce-
dures are adopted to obtain an ideal preload
and oxygen delivery, thereby improving the
patients’ circulation and tissue support, and
finally obtaining better prognosis [9, 10]. Ear-
lier studies have determined the application of
GDFT in heart and gastrointestinal surgery and
have achieved good practical results [11, 12].
However, there is no research on the effect of
GDFT in RLCS based on the concept of ERAS.

In this study, we analyzed the application value
of GDFT in ERAS of patients undergoing RLCS,
with the goal of finding more suitable schem-
es for postoperative fluid infusion treatment of
patients undergoing RLCS to better improve
their prognosis and reduce complications.

Materials and methods

A total of 74 patients undergoing elective RLCS
based on the concept of enhance recovery
after surgery (ERAS) in the Handan Central Ho-
spital between December 2016 and December
2019 were enrolled and assigned into groups
either treated by regular conventional liquids
(regular group, n=34) or a group treated by
goal-directed fluid (GDFT group, n=40) accord-
ing to the fluid infusion scheme. All patients
were selected from those who were diagnosed
with lung cancer by pathological examination
and met the surgical treatment criteria. The
exclusion criteria of the patients: Patients with
consciousness disorders, serious trauma, or
other comorbid malignant tumor diseases, and
those with serious infectious diseases. All pa-
tients consented to take part in the experiment
and signed the written informed consent forms,
and the experiment was approved by the Ethics
Committee of our hospital and in line with the
Declaration of Helsinki.

Treatment methods

Patients in the two groups were all treated wi-
th RLCS under the guidance of the concept of
ERAS. Those in the regular group were given
the following regular fluid infusion scheme:
Each patient was injected with crystalloid fluid
(Ringer’s solution and normal saline) and col-
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loidal solution (hydroxyethyl starch) at 3:1, and
the systolic blood pressure and heart rate were
maintained at 100-150 mm Hg (1 mm Hg=
0.133 k Pa) and 60-100 beats/min, respective-
ly, under the premise of ensuring that their fl-
uctuation degree was not over 20%, and the
hemoglobin was maintained at 80-150 g/L and
Sp0, >94%.

The fluid infusion scheme for the GDFT group:
Firstly, each patient was injected with fluid ac-
cording to the crystal/colloid ratio to the regu-
lar group, and the stroke volume (SV) increase
>10% was selected as the standard for further
fluid infusion. Liquid (200 mL) was injected
within 10 min. When the SV increase of the
patient was <10%, the fluid infusion was sto-
pped. The CVP, MAP, and ScvO, of the patient
were maintained at 8-12 cm H,0 (1 cm H,0=
0.098 k Pa), 60-110 mm Hg, and >70%, respec-
tively. Specific intervention measures: (1) If
CVP reached 8-12 cm H,O, but MAP or ScvO,
did not reach the standards, a vasoactive agent
was used for treatment; (2) If MAP <60 mm Hg,
dopamine (10-15 pgkgimin?') was used to
achieve MAP of 65-70 mm Hg; (3) If MAP >100
mm Hg, nitroglycerin (0.4-0.9 y g kg'min™) was
adopted to achieve MAP between 90-100 mm
Hg; (4) If ScvO, <70%, red blood cells were in-
jected intravenously to achieve the hematocrit
to be >30%; (5) If ScvO, was still lower than
70%, dobutamine (5-20 ug kg* min?) was used.

Outcome measures

We recorded and compared the fluid inflow
and outflow during operation of the two gro-
ups, including the crystalloid fluid consump-
tion, colloidal solution consumption, total infu-
sion volume, urine output, and bleeding vol-
ume. (2) We recorded and compared the he-
modynamic indexes, including SV, MAP and
cardiac index, at 30 min (TO) before operation
and at4 h (T1) and 24 h (T2) after operation. (3)
We recorded and compared the time to flatus
and first time of eating after operation, getting
out-of-bed time, and hospitalization time of the
two groups. (4) We adopted ELISA to quantify
serum inflammatory factors, including tumor
necrosis factor-a (TNF-a), interleukin-6 (IL-6)
and interleukin-10 (IL-10) in the two groups
before operation and at 1 d and 7 d after ope-
ration, and compared them between the two
groups. (5) We recorded and compared the
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Table 1. General data

Factor The GDFT group n=40 The regular group n=34 /X2 P-value
Sex 0.218 0.641
Male 21 (52.50) 16 (47.06)
Female 19 (47.50) 18 (52.94)
Age (year) 0.110 0.741
<61 18 (45.00) 14 (41.18)
>61 22 (55.00) 20 (58.82)
BMI (kg/m?2) 0.020 0.889
<23 23 (57.50) 19 (55.88)
<23 17 (42.50) 15 (44.12)
Smoking history 0.3920 0.532
Yes 28 (70.00) 26 (76.47)
No 12 (30.00) 8(23.53)
Surgical history 0.039 0.844
Yes 15 (37.50) 12 (35.29)
No 25 (62.50) 22 (46.81)
Hemoglobin (g/L) 118.05+14.05 117.86+13.91 0.058 0.934
Platelet count (x10%/L) 285.49+22.16 286.38+21.93 0.173 0.863
Serum creatinine (umol/L) 64.28+10.33 65.37+10.42 0.451 0.654

postoperative complications of two groups, in-
cluding acute lung injury, lung infection, arrhy-
thmia, and atelectasis. (6) We adopted the
MOS 36-Item Short-Form Health Survey (QLQ-
C30) to evaluate the life quality of patients at
discharge [13]. The survey covers body func-
tion, role function, emotion function, cogniti-
ve function, and social function, and a higher
score indicates better life quality.

Statistical analyses

In our study, the collected data were analyzed
statistically with SPSS 19.0 and visualized into
corresponding figures with GraphPad 7. Enu-
meration data, expressed as percentage, were
analyzed using the chi-square test, and com-
pared between groups by the independent t
test and within groups before and after opera-
tion by the Paired T test. P<0.05 suggests a
significant difference.

Results
Comparison of general data

There was no significant difference between
the two groups in sex, age, and body mass
index (BMI), smoking history, surgical history,
hemoglobin and serum creatinine indicators
(all P>0.05), so the two groups were compara-
ble (Table 1).
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Comparison of intraoperative fluid inflow and
outflow

Comparison of crystalloid fluid consumption,
colloidal solution consumption, total infusion
volume, urine output, and blood loss between
the two groups revealed that there were sig-
nificant differences between the two groups in
crystalloid fluid consumption, total infusion vol-
ume, urine output (all P<0.05), but no signifi-
cant difference between the colloidal solution
consumption and blood loss (all P>0.05) (Table
2).

Comparison of hemodynamic indexes between
the two groups at different time points

We recorded and compared the SV, MAP and
cardiac index of the two groups at 30 min (TO)
before operation and 4 h (T1) and 24 h (T2)
after operation. At TO, there was no signifi-
cant difference between the two groups in SV,
MAP, and cardiac index. The MAP of the regular
group decreased notably at T1 compared with
that at TO, and increased greatly at T2 com-
pared with that at T1 (both P<0.05), but no
significant difference was found between T2
and TO in the MAP of the group (P>0.05). In
contrast, the MAP of the GDFT group did not
fluctuate notably. Moreover, the cardiac index
of the regular group decreased notably at T1
compared with that at TO (P<0.05), but no sig-
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Table 2. Comparison of intraoperative fluid inflow and outflow (ml)

ltem The GDFT group n=40  The regular group n=34 /X2 P-value
Crystalloid fluid consumption 584.01+85.43 811.36+105.48 10.24 <0.001
Colloidal solution consumption 431.76£61.92 423.96+60.55 0.545 0.587
Total infusion volume 1015.77+211.85 1235.32+259.41 4.008 <0.001
Urine output 155.82+21.73 228.69+32.44 11.50 <0.001
Blood loss 78.59+10.24 79.32+10.33 0.304 0.762
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Figure 1. Comparison of hemodynamic indexes between two groups at different time points; A. Comparison of MAP
between two groups of patients. B. Comparison of Cardiac index between two groups of patients. C. Comparison of
SV between two groups of patients. * indicates P<0.05.

Comparison of postopera-
tive recovery

Table 3. Comparison of postoperative recovery between the two
groups

The GDFT group The regular group

2 2
Item n=40 n=34 t/X? P-value

We recorded and compar-
ed the postoperative reco-

Time to flatus 1.2140.31 242+042 1423 <0.001
Getting out-of-bed time  1.67+0.62 251+0.64 5723 <0.001 V€W ?tgee:ht:ihmgﬁ;
Hospitalization time 6.59+1.02 8.39+151  6.084 <0001  OUPS Tindingthattne

nificant difference was found between T2 and
TO in the cardiac index of the regular group
(P>0.05). The cardiac index of the GDFT group
also decreased notably at T1 compared with
that at TO, but the fluctuation range was small-
er (P<0.05), and no significant difference was
found between T2 and TO in the cardiac index
of the GDFT group (P>0.05). In terms of SV, the
SV of the regular group decreased at T2 com-
pared with that at TO (P<0.05), but no signifi-
cant difference was found between T1 and TO
in the SV of the group (P>0.05). The SV of the
GDFT group also decreased notably at T2 com-
pared with that at TO, but the fluctuation range
was smaller (P<0.05), and no significant differ-
ence was found between T1 and TO in SV of the
GDFT group (P>0.05) (Figure 1).
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group experienced notably
earlier time to flatus and

getting out-of-bed time and notably shorter
hospitalization than the regular group (all
P<0.05) (Table 3).

Comparison of serum inflammatory factors

We detected and compared the serum TNF-q,
IL-6, and L-10 before operation and at 1 d and
7 d after operation between the two groups. As
a result, before operation, there was no signifi-
cant difference between the two groups in
those factors (all P>0.05), while at 1 d after
operation, serum TNF-a and IL-6 in both groups
increased, and IL-10 in them decreased (all
P<0.05), and the regular group showed notably
higher serum TNF-& and IL-6 and notably low-
er IL-10 than the GDFT group (all P<0.05).
Moreover, at 7 d after operation, these serum
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Figure 2. Comparison of serum inflammatory factors between the two groups. A. TNF-a expression comparison B.
IL-6 expression comparison. C. IL-10 expression comparison. * indicates P<0.05.

Table 4. Comparison between the two groups in adverse reaction

tion rate of 26.47%, with 2

The GDFT group The regular group

cases of acute lung injury,

Complication n=40 n=34 X2 Pvalue 3 cases of lung infection, 2
Acute lung injury 0 2 (5.88) 2418 0.120 cases of arrhythmia, and 1
Lung infection 1(2.50) 3(8.82) 1437 0.231 case of pulmonary atelec-
Arthythmia 1(2.50) 3(8.82) 1437 0231  L@sis. Therefore, the GDFT
] group showed a notably
Pulmonary atelectasis 1 (2.50) 1(2.94) 0.014 0.907 lower complication rate th-
The total incidence 3(7.50) 9 (26.47) 4.8686 0.027 an the regular group (P<
0.05) (Table 4).
Table 5. Life quality evaluation Evaluation of the life qual-
ltem The GDFT group The regular group t Pvalue ity of the two groups at 1
n=40 n=34 month after discharge
Role function 76.93+2.05 61.33+2.06  32.55 <0.001
Emotion function 78.13+2.11 62.15+2.09 32.61 <0.001 After discharge, the scores
Body function 78.26+2.21 61.76+2.16  32.34 <0.001 of role function, emotional
Cognitive function 80.17+3.38 65.4242.37  21.36 <0.001 function, physical function,
Social function 78.93+2.25 63.26+2.21 3040 <0.001 cognitive function and so-

inflammatory factors in both groups showed no
change ((All P>0.05) (Figure 2)).

Comparison of complications

We recorded and compared the complications
of the two groups during treatment. According
to the results, the GDFT group showed a com-
plication rate of 7.50%, with O cases of acute
lung injury, 1 case of lung infection, 1 case of
arrhythmia, and 1 case of pulmonary atelecta-
sis, while the regular group showed a complica-
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cial function of the GDFT
group were all meaningful-
ly higher than those of the regular group, so the
GDFT group showed notably higher life quality
than the regular group (P<0.05) (Table 5).

Discussion

Since the ideal circulatory state during periop-
erative period was put forward for the first time
in 1988, there has been a clear direction about
GDFT, and studies with GDFT as the main fluid
infusion concept are gradually increasing [14,
15]. For instance, one study applied GDFT to
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head and neck surgery based on the concept of
ERAS and found that compared with conven-
tional fluid infusion methods, GDFT can reduce
the liquid intake by 255 ml and obviously re-
duce complications [16]. Although many stud-
ies have confirmed the ability of GDFT in pro-
moting the perioperative rehabilitation of pa-
tients, it remains to be explored whether it is
equally applicable to patients undergoing RLCS.

To find a scheme more helpful to improve the
postoperative rehabilitation of patients under-
going RLCS, we analyzed the application influ-
ence of GDFT based on the concept of ERAS
in RLCS. First of all, we compared the liquid
intake and output volume of the GDFT group
and regular group during operations, and found
that the crystalloid fluid consumption, total in-
fusion volume and urine output of the GDFT
group were significantly less, indicating that
the GDFT scheme can effectively control the
infusion volume and avoid improper fluid infu-
sion. One earlier study has pointed out that
improper clinical liquid-based therapy will not
only compromise the cardiopulmonary functi-
on reserve ability of patients, especially elderly
patients, but also further give rise to heart fail-
ure and various complications [17]. Afterwards,
we compared the hemodynamic indexes of the
two groups at different time points, and found
that the hemodynamic indexes of the GDFT
group fluctuated less, suggesting that the GD-
FT scheme could protect the patients from
excessively high hemodynamic indexes that af-
fect postoperative recovery. We also compared
the postoperative recovery of two groups, and
found that the GDFT group experienced notably
earlier time to flatus and getting out-of-bed
time and notably shorter hospitalization than
the regular group. The results suggested that
GDFT can not only optimize the hemodynamic
indexes of patients, but also effectively pro-
mote their postoperative recovery. One previ-
ous study has explored the application of GDFT
in elderly patients with bladder cancer [18],
and discovered that GDFT can help stabilize
the hemodynamic indexes of the patients, ma-
intain microcirculation perfusion, and shorten
patients’ hospitalization time, which are consis-
tent with our observations.

Inflammatory reactions are a leading factor
affecting the recovery of surgical patients.
TNF-a and IL-6 are the main pro-inflammatory
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factors during inflammatory reaction, while
IL-10 is an important anti-inflammatory cyto-
kine secreted by M2 type macrophages, which
can inhibit the occurrence of inflammatory re-
actions, and its level is inversely proportional to
the intensity of inflammation [19, 20]. According
to our observation results, at 1 d after opera-
tion, the serum TNF-a and IL-6 in both groups
increased notably, while IL-10 decreased nota-
bly, and the GDFT group showed notably lower
serum TNF-a and IL-6 and higher IL-10 than the
regular group. The results suggest that GDFT
can strongly inhibit the occurrence of inflamma-
tory reactions in the body during surgery, which
is of great significance in reducing postopera-
tive complications. In one earlier study [21], the
application of GDFT in elderly patients with spi-
nal stenosis was explored, and it was also fo-
und that GDFT can effectively inhibit the infla-
mmatory reaction of patients during surgery.
Moreover, we compared the postoperative co-
mplication rate and life quality between the
two groups at 1 month after operation. We
found that the GDFT group showed a signifi-
cantly lower complication rate than the regular
group after operation and experienced notably
higher life quality than the regular group at 1
month after operation, which were consistent
with the results we observed before.

To sum up, for patients undergoing RLCS, GDFT
based on the concept of ERAS can effectively
reduce patient-related complications and pro-
mote postoperative recovery, so it is worthy of
popularization. However, the sample size of th-
is study is small, so more specific application
conditions and detection index selection of
GDFT need further exploration.
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