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Abstract: Objective: To explore the effects of PICCO on the Guidance of Goal-Directed Fluid Therapy for gastroin-
testinal function after cytoreductive surgery for ovarian cancer. Methods: A total of 98 patients who received cyto-
reductive surgery for ovarian cancer under general anesthesia in our hospital were stochastically divided into the 
observation group and control group, with 49 cases in each group. The observation group received PICCO guided 
goal-directed fluid therapy, while patients in the control group were treated with conventional fluid therapy. At last, 
the total amount of infusion, the time required for postoperative gastrointestinal function recovery and related 
recovery rating, the first time to get out of bed after the surgery and the total hospitalization time were observed 
and compared between the two groups. Results: The observation group had less time for gastrointestinal function 
recovery and had better functional recovery rating as well as other indicators than the control group. Besides, the 
observation group had less volume of infusion, needed shorter time to get out of bed and had a shorter length of 
hospital stay than the control group (all P<0.05). Conclusion: PICCO guided goal-directed liquid therapy can effec-
tively improve the recovery of gastrointestinal function and reduce the length of stay in patients with ovarian cancer 
after cytoreductive surgery.

Keywords: Cytoreductive surgery for ovarian cancer, PICCO guided goal-directed, liquid therapy, recovery of gastro-
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Introduction

Ovarian cancer is one of the most common can-
cers of the female reproductive system. It has 
does not have the highest incidence rate but it 
does have the highest mortality rate among 
female genital tract tumors, reported by an epi-
demiological survey. The main reason, we 
believe is due to the deep location of the ovary 
with in the pelvic cavity, and so no specific clini-
cal manifestations are found in a timely man-
ner in the early stages, which leads to delayed 
diagnosis and the missing of the best time for 
treatment [1-4]. Studies have shown that more 
than 70% of patients with ovarian cancer are 
already in advanced stage when diagnosed. 
Besides, with the characteristics of easily inva-
sion of the uterus and pelvic cavity, ovarian 
cancer is not completely removed by surgery. 

However, active tumor resection is still of posi-
tive significance for the prognosis of patients 
[5-7]. At present, the combination of ovarian 
cancer cytoreductive surgery with peritoneal 
lavage and intravenous chemotherapy are pre-
ferred in clinical treatment, and have achieved 
certain results [8, 9].

Due to the characteristics of a large amount of 
trauma, long operation time, large amount of 
blood loss and fluid loss, traditional open 
abdominal surgery for ovarian cancer slows 
down the recovery of gastrointestinal function 
and affects the overall prognosis of patients, so 
a large amount of fluid needs to be supplement-
ed during the operation [10-12]. Previous stud-
ies have also gradually confirmed that intraop-
erative fluid management is of great signifi- 
cance for the recovery of postoperative func-
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tions of patients with ovarian cancer [13, 14]. 
Previous fluid management was mainly con-
ducted according to the clinical characteristics 
of patients (including temperature, heart rate, 
blood pressure, respiratory parameters, intra-
operative central venous pressure changes, 
urine volume, blood loss, etc.), but these above 
measures were not necessarily accurate, and 
there may also be a risk of tissue damage 
caused by excessive or insufficient fluid infu-
sion [15, 16]. Therefore, more accurate fluid 
resuscitation management guidance may have 
important clinical significance for gynecological 
tumor patients.

As the latest liquid monitoring instrument, 
Pulse Indicating Continuous Cardiac Output 
(PICCO) has irreplaceable advantages in moni-
toring cardiac function indicators, arterial pres-
sure, especially in volume indicators, compared 
with traditional monitoring indicators (such as 
central venous pressure and blood pressure) 
[17, 18]. It has been confirmed that PICCO has 
achieved good effects in guiding the fluid infu-
sion volume for patients with shock, but there 
is little research about its implementation in 
the effects of gynecologic tumor surgery on 
perioperative functional recovery [19]. Based 
on this, we explored the application of PICCO in 
the fluid treatment of patients with ovarian can-
cer undergoing open surgery, in order to pro-
vide more accurate guidance for the fluid man-
agement of ovarian cancer patients undergoing 
tumor cytoreductive surgery, and promote the 
postoperative recovery of patients.

Materials and methods

General materials

A total of 98 patients undergoing cytoreductive 
surgery for ovarian cancer in The First Affiliated 
Hospital of USTC, Division of Life Sciences and 
Medicine, University of Science and Technology 
of China from June 2019 to December 2020 
were stochastically divided into the observation 
group and control group, with 49 cases in each 
group.

Inclusion Criteria: 1) ovarian cancer patients 
were diagnosed by preoperative cellular acu-
puncture or postoperative pathology, patients 
met the relevant diagnostic criteria [20]; 2) 
patients were aged between 20 to 70 years old; 
3) patients without a history of surgery, radio-

therapy and chemotherapy; 4) the expected 
survival time was more than half a year; 5) all 
patients were treated with cytoreductive sur-
gery; 6) patients meeting the American Society 
of Anesthesiologists (ASA) grade I-II. Exclusion 
Criteria: 1) patients in clinical stage I-II; 2) 
patients accompanied with tumors in other tis-
sues; 3) patients with Karnofsky (KPS) <60; 4) 
patients accompanied with major organ dys-
function such as in the heart, liver and kidney; 
5) patients with previous immune system dis-
eases; 6) patients with systemic infection or 
cachexia; 7) patients with contraindications or 
conditions which cannot meet the require-
ments of PICCO monitoring; 8) patients with 
blood system diseases such as abnormal coag-
ulation function; 9) patients who were allergic 
to the liquid used in this study. All subjects had 
the nature of the study explained to them in 
detail and they signed the consent. The study 
was approved by the Ethics Committee of The 
First Affiliated Hospital of USTC, Division of Life 
Sciences and Medicine, University of Science 
and Technology of China.

Methods

Treatment methods: The two groups of patients 
both had cytoreductive surgery for ovarian  
cancer combined with postoperative chemo-
therapy. Paclitaxel intravenous chemotherapy 
combined with intraperitoneal hyperthermic 
perfusion of cisplatin were used for chemo- 
therapy.

Cytoreductive surgery for ovarian cancer: The 
patients received cytoreductive surgery for 
ovarian cancer under general anesthesia. If 
there is a large amount of ascites in abdominal 
cavity, drainage was carried out in batches 
before the operation to ensure safety. The 
median or left lateral median incision was 
selected for the operation. The size of the inci-
sion was made based on the stomach, intes-
tine and other tissues and organs in the opera-
tion field. Omental resection was performed 
according to the extent and degree of the tumor 
involved to expose the tumor. Then the pelvic 
tumor was resected (if the pelvic structure was 
intact, the whole uterus and double appendag-
es were removed; otherwise, pelvic peritoneum 
was also be resected in addition to the above-
mentioned surgical scope). Other tissues, such 
as the rectum, sigmoid colon, bladder and 
lymph node, were resected according to the 
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corresponding operation. The tumor size <1.0 
cm was taken as the resection standard [21].

Principles of intraoperative fluid management: 
The vital signs (heart rate, blood pressure, oxy-
gen saturation) in both groups were closely 
detected. Sodium lactate Ringer’s solution 
(Baxter, USA) was used as the crystal and 
hydroxyethyl starch 130/0.4 sodium chloride 
injection (Fresenius, China) was used as the 
colloids (ratio of crystal to colloid was 2:1). At 
the same time, infusing human albumin was 
determined according to the albumin content 
before the operation (albumin <30 g/L needs 
to be infused). During the operation, hematocrit 
was adjusted according to blood gas analysis 
(HB<80 g/L); hematocrit was adjusted accord-
ing to blood gas analysis during operation 
(Hb<80 g/L was infused with red cells suspen-
sion); because of the small amount of bleeding 
in patients with ovarian cancer (usually less 
than 300 mL), plasma was not routinely 
infused.

Rehydration principle

Rehydration principle of the control group: The 
volume of rehydration fluids was calculated 
according to the classical liquid calculation 
method: we took into account the body mass 
lost (cumulative loss + abdominal tissue loss + 

end diastolic volume and cardiac index as the 
main indicator, and mean arterial pressure and 
central venous pressure as the auxiliary. The 
specific process is shown in Figure 1.

Outcome measures

Main outcome measures: The time needed for 
the recovery of gastrointestinal function (in- 
testinal exhaust) and corresponding recovery 
grade (the recovery effect of gastrointestinal 
function is judged as excellent if the gastroin-
testinal function of patients was recovered 
within 24 h; judged as good if the time needed 
was within 24-36 h and judged as poor if the 
time needed was longer than 36 h) and the 
time needed to get out of bed after surgery.

Secondary outcome measures: The intraopera-
tive conditions (blood loss, operation time, total 
fluid infusion) and total hospital stay of the two 
groups.

Statistical analysis of data

All data were analyzed by SPSS 22.0 software. 
The measurement data were expressed as 
mean ± SD, and the independent t test was 
used for comparison between groups; the enu-
meration data were expressed by the number 
of cases/percentage (n/%). χ2 test was used to 

Figure 1. Capacity management process under PICCO monitoring. GEDI: 
global end diastolic volume index; CVP: central venous pressure; CI: cardiac 
index; ELWI: extravascular lung water index.

insensible evaporation) and 
physiological needs, including 
the central venous pressure 
(CVP <8 mmHg rehydration) 
and blood pressure (<80 
mmHg rehydration), and fluid 
replacement was carried out 
according to the crystal gel 
ratio of 2:1.

Rehydration principle of the 
observation group: The pati- 
ents in the observation group 
were monitored by PICCO 
hemodynamics. Cardiac index 
(CI), central venous pressure 
(CVP), global end diastolic vol-
ume index (GEDI), global ejec-
tion fraction (GEF), intrapleu-
ral blood volume index (ITBVI), 
and extravascular lung water 
index (EVLWI) were used as 
the evaluation index. The ratio 
of infusion was 1:2, with the 
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compare the rates between groups for the  
enumeration data and α=0.05 was taken as 
the test standard. P<0.05 was statistically 
significant.

Results

Comparison of baseline data between the two 
groups

No significant difference existed in age, course 
of disease, clinical stage and tumor type be- 
tween the two groups (all P>0.05). See Table 1 
for details.

Comparison of intraoperative data between 
the two groups

The results showed that there existed no signifi-
cant difference in operation time, amount of 
bleeding, urine volume, mean arterial pressure 

and central venous pressure between the two 
groups (all P>0.05). However, the observation 
group had a lower mean amount of fluid infu-
sion than the control group (P<0.001), indicat-
ing that PICCO reduced the total fluid infusion 
volume. See Table 2 for details.

Comparison of time needed for postoperative 
gastrointestinal function recovery and getting 
out of bed between the two groups

The results of this study showed that the time 
needed for postoperative gastrointestinal func-
tion recovery (first exhaust time) and the time 
needed to get out of bed after surgery and the 
total hospitalization time of patients in the 
observation group were all much lower than 
those in the control group (P<0.05), which indi-
cated that PICCO had certain effects on pro-
moting the recovery of gastrointestinal func-
tion. See Figures 2-4 for details.

Table 1. Comparison of baseline data between the two groups
Groups Control group (n=49) Observation group (n=49) t/χ2 P
Age (years) 49.5±8.7 52.0±7.4 1.532 0.129
Hemoglobin content (g/L) 135.9±18.7 134.2±17.0 0.471 0.639
BMI (kg/m2) 24.5±4.8 25.6±5.2 1.088 0.279
Ascites/extraction (n) 18/11 14/6 0.418/0.019 0.518/0.892
Albumin (g/L) 38.5±7.7 39.2±8.5 0.427 0.670
Volume of ascites extracted (mL) 230.72±25.80 241.53±26.94 1.653 0.102
Malnutrition (n) 8 12 0.565 0.452
Course of disease (month) 5.3±1.2 5.7±1.6 1.400 0.165
Clinical stages 0.164 0.686
    Stage III 25 22
    Stage IV 24 27
Tumor type 2.001 0.157
    Serous adenocarcinoma 29 21
    Mucinous adenocarcinoma 20 28
Note: BMI: body mass index.

Table 2. Comparison of intraoperative conditions between the two groups
Groups Control group (n=49) Observation group (n=49) t P
Operation time (min) 260.55±23.10 254.87±22.19 1.241 0.218
Urine volume (mL) 259.4±40.13 253.8±39.60 0.447 0.488
MAP (mmHg)/CVP (cmH2o) 83.8±10.6/5.4±1.4 84.1±9.9/5.3±1.8 0.145/0.307 0.885/0.760
Amount of bleeding (mL) 230.54±72.18 241.50±78.29 0.720 0.473
Total liquid volume (mL)
    Crystal 1879.35±219.07 1172.48±235.71 15.377 0.000
    Gel 987.93±308.91 583.61±358.42 5.981 0.000
Note: MAP: mean arterial pressure; CVP: central venous pressure.
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Comparison of gastrointestinal function grad-
ing between the two groups

The results of this study showed that the gas-
trointestinal recovery rating of the observation 
group was much better than that of the control 
group (P<0.01), which confirmed that PICCO 
improved the recovery rating of gastrointestinal 
function in patients with ovarian cancer after 
operation. See Table 3 for details.

Discussion

The routine preoperative gastrointestinal prep-
aration and long-term diet restrictions in pati- 

ents with ovarian cancer have led to the lack  
of blood volume before induction. At the same 
time, patients with ovarian cancer are often 
complicated with multiple system diseases, 
organ dysfunction and anterograde decline, 
which further lead to the decline of various reg-
ulatory capacities of the body. In addition, a 
large amount of fluid is lost during the opera-
tion. Thus, without effective correction for the 
low volume condition, organ perfusion insuffi-
ciency and organ function damage can be 
induced. Conversely, excessive infusion volume 
will lead to tissue edema, and it ultimately 
affects the recovery of patients [22]. Optimal 
fluid management maintains an effective circu-
lation volume to ensure tissue perfusion and 
avoid tissue edema to promote good recovery 
in patients. Therefore, effective monitoring 
means are an important prerequisite for liquid 
management. At present, the related indexes 
of intraoperative anesthesia monitoring volume 
mainly include central venous pressure (CVP), 
blood pressure, heart rate, etc. However, cen-
tral venous pressure is affected by the contrac-
tility of the body position and the volume of  
vessels, the heart rate is usually affected by 
anesthesia factors, and the current target level 
of mean arterial pressure is defined by this. 
Therefore, the above indicators lack a high  
level of accuracy, and have the characteristics 
of insensitivity and hysteresis. Thus, they do 
not necessarily reflect the volume state accu-
rately and are unable to provide an accurate 
dose-response relationship for volume therapy. 

Figure 2. First exhaust time of two groups of patients. 
Compared with the control group, ***P<0.001.

Figure 3. The first time to get out of bed after surgery. 
Compared with the control group, *P<0.05.

Figure 4. Comparison of total hospitalization time 
between the two groups. Compared with the control 
group, *P<0.05.
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Excessive or insufficient fluid resuscitation in 
the process of clinical application easily induc-
es a series of complications [23]. Urine volume 
pulmonary capillary wedge pressure (PCWP) 
was once considered as the gold standard for 
hemodynamic monitoring. However, in the actu-
al process, the related operation procedure is 
very complex and the resulting complications 
are serious, such as cardiac arrest, pulmonary 
artery rupture, as well as pneumothorax and 
papillary muscle injury, etc. Through real-time 
monitoring of hemodynamic parameters and 
effective monitoring of cardiac pump function, 
volume load and lung water index, PICCO can 
assess in a timely manner the body’s demand 
for fluid with accurate guidance on the fluid 
resuscitation and rationalize a good rehydra-
tion plan, so as to maintain the necessary cor-
responding hemodynamic indexes in the aver-
age or above-average range. Thus, PICCO helps 
to maintain adequate organ perfusion, which 
ensures the balance of oxygen supply and 
demand, and improves tissue metabolism. 
Besides, PICCO has achieved good clinical 
effects in intestinal surgery for colon cancer, 
rectal cancer, and gastric cancer [24, 25].

Current studies have confirmed that there are 
many gastrointestinal dysfunction related fac-
tors during abdominal surgery, including isch-
emia and hypoxia caused by intestinal mucosal 
hypo-perfusion due to insufficient volume or 
decreased cardiac output and mucosal edema 
caused by excessive fluid infusion. However, 
edema caused by excessive fluid infusion is pri-
mary, so the recovery of gastrointestinal func-
tion also reflects the level of intraoperative fluid 
management for ovarian cancer. The results of 
our present study showed that the first exhaust 
time of the observation group was much earlier 
than that of the control group, and the gastroin-
testinal function level was also much better 

tinal tract and promoted the recovery of gastro-
intestinal function, which were similar to previ-
ous research reports [26, 27]. In addition, the 
urine volume of the observation group was less 
than that of the control group with no statistical 
significance. On the one hand, our results may 
be related to the small sample size of individu-
als in this research, on the other hand, urine 
volume is related to renal function, cardiac 
function and preoperative food and drinking of 
patients; so these results needs further study.

The time to first get out of bed after surgery and 
total length of hospital stay are important re- 
ference indexes to evaluate the recovery of 
patients. In this study, we explored the effects 
of PICCO guided fluid resuscitation on postop-
erative functional recovery from cytoreductive 
surgery for ovarian cancer patients. The results 
showed that the time to get out of bed after sur-
gery was earlier and total length of hospital 
stay of patients in the observation group was 
shorter than those in the control group. It is 
possible that the fluid resuscitation scheme 
optimized by PICCO helps to reduce the stress 
response and tissue edema, promotes the 
recovery of patients, thus reducing the length 
of hospital stay and bed rest time, which also 
further verifies previous research reports [28, 
29]. However, the parameters of PICCO in this 
study refer to the normal ranges of the body, 
and the specified range is relatively large. 
Although certain clinical effects have been 
achieved, the precise indicators of PICCO for 
ovarian cancer surgery still need more evi-
dence-based results.

In conclusion, during the process of guiding the 
fluid management, PICCO effectively optimizes 
the fluid supplement scheme, maintains the 
stability of the internal environment, and reduc-
es the edema of the gastrointestinal tract and 

Table 3. Comparison of gastrointestinal function recovery  
rating between the two groups

Groups
Gastrointestinal function 

recovery rating Rate of excellent 
and good

Excellent Good Poor
Control group (n=49) 24 11 14 35/49
Observation group (n=49) 33 13 3 46/49
χ2 8.584 7.117
P 0.014 0.008

than that of the control group. 
This may be related to the fact 
that patients in the observation 
group had minor intestinal edema 
due to less infusion volume and 
the optimized liquid treatment 
which improved the microcircula-
tion of gastrointestinal tissue. 
The operation in the observation 
group effectively improved the 
tissue oxygen supply of the intes-
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systemic tissues. In addition, PICCO can also 
be widely used in the clinic because it effec-
tively promoted the rapid recovery of postoper-
ative gastrointestinal function and shortened 
the total length of hospital stay. However, this 
study is a single center study with a small sam-
ple size, which needs a multi-center and larger 
sample population of study to further confirm 
the guiding effects of PICCO in fluid resuscita-
tion during ovarian cancer reduction surgery. In 
addition, serological indicators are necessary 
to evaluate the guiding role of PICCO in fluid 
management during ovarian cancer surgery 
which may be used as important supplemental 
information for the improvement of PICCO 
research.
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