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Background. Permissive hypercapnia has been recommended during the treatment of chronic diseases; however, there are
insufficient clinical data to investigate the feasibility of permissive hypercapnia in relatively long-term surgeries such as
laparoscopic surgery for rectal carcinoma. This prospective study is aimed at investigating the efficacy and safety of permissive
hypercapnia under different CO, pneumoperitoneum pressures during the laparoscopic surgery for rectal carcinoma. Methods.
A total of 90 patients undergoing laparoscopic surgery for rectal carcinoma were recruited from July 2016 to March 2017. They
were randomly assigned to high hypercapnia group (n = 30), low hypercapnia group (n = 30), or control group (n = 30), whose
PaCO, levels were maintained at 56-65 mmHg, 46-55 mmHg, or 35-45 mmHg, respectively. The primary endpoint was peak
pressure. Plateau pressure, dynamic compliance, arterial blood analysis, and hemodynamic measures were collected as
secondary outcomes. Adverse events were monitored. Results. High hypercapnia group were reported to be associated with
significantly lower peak pressure and plateau pressure, but higher dynamic compliance compared to low hypercapnia and
control group (all P<0.01). Moreover, patients in the high hypercapnia group had higher postoperation oxygenation index
values compared to those in the low hypercapnia and control group (all P < 0.01). There is no significant difference in the pH,
Spo,, MAP, heart rate, and adverse events among the three groups. Conclusion. Permissive hypercapnia with a PaCO, level of

56-65 mmHg was able to improve respiratory function after laparoscopic surgery in rectal cancer patients.

1. Introduction

Colorectal cancer is the third most common cancer,
accounting for almost 1.4 million new cases and 694,000
deaths in 2012 [1]. In particular, retrospective data from
China showed that the proportion of rectal cancer was
59.4%-71.0% of the total number of colorectal cancers [2].

The mainstay treatment for rectal cancer remains sur-
gical resection. Recently, laparoscopic surgeries have
increased manifold for rectal cancer owing to favorable
short-term outcomes, such as less pain, reduced blood
loss, and improved recovery time as compared to surger-
ies performed by traditional techniques [3, 4]. During
laparoscopic procedures, carbon dioxide (CO,) is com-
monly used to insufflate the abdomen so as to facilitate
the surgical view. Meanwhile, the accumulation of CO,

may lead to elevated arterial carbon dioxide partial pres-
sure (PaCO,) and hypercapnia. Permissive hypercapnia
is a ventilation strategy to allow for an unphysiological
PaCO, to permit lung protective ventilation with lower
tidal volumes. Current guidelines recommend the concept
of lower tidal volume ventilation and permissive hyper-
capnia for patients with sepsis, acute respiratory distress
syndrome (ARDS), or acute or chronic respiratory failure
[5, 6]. However, there are insufficient clinical data to
investigate the feasibility of permissive hypercapnia in rel-
atively long-term surgeries such as laparoscopic surgery for
rectal carcinoma.

The present study is aimed at investigating the efficacy
and safety of permissive hypercapnia under different CO,
pneumoperitoneum pressures during laparoscopic surgery
for rectal carcinoma.
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2. Materials and Methods

2.1. Patients. This prospective study was conducted at the
Cangzhou Central Hospital, China, from July 2016 to March
2017. A total of 90 patients aged > 18 years with American
Society of Anesthesiologists (ASA) physical status II-III clas-
sification were enrolled in the current study. All patients had
a pathological or cytological diagnosis of adenocarcinoma of
the rectum. Patients with a second primary malignancy,
severe cardiac dysfunction, intracranial disease, mental disor-
der, visual or auditory dysfunction, prior therapies for rectal
cancer, or difficulties in laparoscopic surgery (e.g., severe
chronic obstructive pulmonary disease, acute inflammatory
bowel disease, obesity, and pregnancy) were excluded from
the study. In addition, patients with a surgery more than 5
hours or who were converted to laparotomy during laparo-
scopic surgery were excluded.

This study was approved by the institutional review
board of Cangzhou Central Hospital, China. All procedures
followed were in accordance with the Helsinki Declaration
of 1964, as revised in 2013. All patients provided written
informed consent.

2.2. Randomization. All patients were randomly assigned
into a high hypercapnia group (n=30), low hypercapnia
group (n=30), or control group (n=30) using the sealed
envelope system, whose PaCO, levels were maintained at
56-65 mmHg, 46-55mmHg, or 35-45mmHg, respectively.
Randomization was stratified according to gender, ASA
physical status, and clinical stage. Patients and individuals
assessing outcomes were not masked to treatment assignment.

2.3. Procedures. General physical examination and assess-
ment for the airway were performed before the operation.
Preoperative fasting of a minimum of 8 hours was ensured
before the operation in all cases. All patients were trans-
ferred to the operating room and subjected to percutane-
ous radial artery cannulation to monitor mean arterial
pressure (MAP) and to analyze blood gas levels. These
patients were given injections of lidocaine (1.0-1.5mg/kg),
fentanyl (2.0-4.0 ug/kg), rocuronium (0.6 mg/kg), and propo-
fol (1.0-2.0 mg/kg). After induction, a left or right double-
lumen endobronchial tube was inserted. The patients were
treated with propofol (2.0-4.0 mg-kg "-h™") and remifentanil
(0.1-0.2 ug’kg "-min ") for the maintenance of anesthesia.

Pneumoperitoneum was created by skilled surgeons with
CO, gas using a Veress needle introduced through a perium-
bilical puncture. It was executed initially at a slow flow
(11/min) and then faster flow (3-51/min) to avoid a vasovagal
reaction. The PaCO, was maintained at 56-65 mmHg for the
high hypercapnia group, 46-55 mmHg for the low hypercap-
nia group, and 35-45mmHg for the control group through-
out the procedure.

The surgical operating principles were the same for the
three groups, following strict rules for achieving a tumor-
free status. All procedures were required to comply with the
principles of total mesorectal excision (TME) or partial
mesorectal excision (PME) if the cancer was located in the
upper part of the rectum [7].
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2.4. Primary and Secondary Outcomes. The primary endpoint
was the peak pressure, which was measured and recorded
before operation (T1) and at 30 min after pneumoperito-
neum (T2).

The secondary outcomes include plateau pressure,
dynamic compliance, arterial blood analysis (e.g., PaCO,,
pH, oxygen saturation of pulse oximeter (Spo,), and the ratio
of arterial oxygen partial pressure to fractional inspired
oxygen (PaO,/FiO,, oxygen index)), and hemodynamic
measures (e.g., MAP and heart rate (HR)). Plateau pres-
sure and dynamic compliance were measured at T1 and
T2. The arterial blood analyses were collected at T1, T2,
and 24 h (T3) and 72 h (T4) postoperation. During the surgery,
the hemodynamic measures were monitored every 30 min.

The surgery-related adverse events, including pneumo-
thorax, vomiting, delayed recovery, dysphoria, and postop-
erative cognitive dysfunction (POCD), were monitored and
recorded.

2.5. Statistical Analysis. Assuming a difference of 7cmH,O
and a standard deviation of 4cmH,O [8], 30 patients per
group would provide the trial with 90% power at a 5% signif-
icance level to show a significant difference in the primary
outcome between at least one of hypercapnia groups and
control group. Continuous variables with normal distribu-
tion are presented as mean + SD and categorical variables
were summarized and expressed as proportions. Baseline
characteristics were compared with the use of the chi-
square test or Fisher’s exact test for categorical variables
and by Analysis of Variance (ANOVA) for continuous vari-
ables, followed by post hoc analysis. A two-way repeated
ANOVA and post hoc analysis were performed to compare
the distribution of primary and secondary outcomes among
the three groups.

All statistical analyses were performed with the SPSS
statistical software program package (SPSS version 20.0
for Windows, SPSS Inc., Chicago, Illinois, USA). All tests
were 2-sided and a P value of less than 0.05 was consid-
ered significant.

3. Results

3.1. Baseline and Surgical Characteristics. As shown in
Table 1, there is no significant difference in the baseline char-
acteristics (age, gender distribution, BMI, ASA classification,
clinical stage, and distance of tumor from anal verge) and
surgical features (PaCO,, duration of operation, total volume
of fluids infused, and blood loss) (all P > 0.05).

During the pneumoperitoneum, the values of PaCO,
were significantly higher in the high hypercapnia group than
in the low hypercapnia group and control group (Figure 1; all
P <0.01), whereas the pH values were significantly lower in
the high hypercapnia group (Figure 1; all P <0.01).

3.2. Primary and Secondary Outcomes. Table 2 demonstrates
that the differences in the peak pressure, plateau pressure,
and dynamic compliance before operation were not statisti-
cally significant among the three groups (all P> 0.05). At
T2, there are significant differences among the three groups
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TaBLE 1: Patients’ baseline and surgical characteristics.
High hypercapnia Low hypercapnia Control group P value
group (n = 30) group (n = 30) (n=30)
Age, years 60.2+6.4 60.7+7.9 61.5+8.2 0.79
Male, n (%) 18 (60.0%) 17 (56.7%) 18 (60.0%) 0.96
BMI (kg/m?) 24.9+1.7 25.0+1.7 25.4+1.6 0.35
American Society of Anesthesiologists classification, n (%)
II: mild systemic disease 20 (66.7%) 19 (63.3%) 19 (63.3%) 0.95
III: severe systemic disease 10 (33.3%) 11 (36.7%) 11 (36.7%) ’
Clinical stage, n (%)
1 8 (26.7%) 7 (23.3%) 8 (26.7%)
11 12 (40.0%) 13 (43.3%) 13 (43.3%) 0.99
111 10 (33.3%) 10 (33.3%) 9 (30.0%)
Distance of tumor from anal verge, n (%)
Upper rectum: 10 to 15cm 9 (30.0%) 10 (33.3%) 9 (30.0%)
Middle rectum: 5 to <10 cm 11 (36.7%) 12 (40.0%) 9 (30.0%) 0.95
Lower rectum: <5cm 10 (33.3%) 8 (26.7%) 11 (36.7%)
PaCO, (mmHg) 37.9+3.8 38.2+3.7 37.6+4.1 0.83
Duration of operation (min) 136.1 +£19.0 139.0 +18.5 140.3+17.7 0.66
Total volume of fluids infused (ml) 1628 + 158 1674 + 152 1654 + 154 0.52
Blood loss (ml) 197.1 £45.1 197.2+37.8 188.5+37.8 0.63
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F1GURE 1: The ventilatory parameters during the pneumoperitoneum. The PaCO, levels (a) were significantly higher in the high hypercapnia
group than in the low hypercapnia group and control group, whereas the pH values (b) were significantly lower in the high hypercapnia group.
T1: before operation; T2: 30 min after pneumoperitoneum. *Compared with control group; “compared with low hypercapnia group.

in these three ventilator parameters (all P < 0.01); post hoc
analyses showed that both peak pressure and plateau pressure
were significantly lower in the high hypercapnia group
compared with the low hypercapnia group and control
group, while the dynamic compliance was significantly
higher in the high hypercapnia group. Meanwhile, the differ-
ences between low hypercapnia group and control group
were also statistically significant.

The oxygen index value (Figure 2(d)) was significantly
higher in the high hypercapnia group compared with low

hypercapnia group and control group at T3 and T4 (all
P<0.01). In terms of PaCO, (Figure 2(a)), Spo,
(Figure 2(b)), and pH (Figure 2(c)), there is no significant dif-
ference in their values among the three groups from T1 to T4.

The values in the MAP (Figure 3(a)) and HR
(Figure 3(b)) in the high hypercapnia group seem to be
slightly higher compared with the other groups, but the dif-
ferences were not significant.

No patients required a blood transfusion or developed
adverse surgical events throughout the observation period.
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TasLE 2: The ventilatory parameters in the three groups at T1 and T2.

High hypercapnia group (n=30) Low hypercapnia group (n=30) Control group (n=30) P value

Peak pressure (cmH,0)

T1 16.7+£2.2

T2 22.4+3.6%
Plateau pressure (cmH,0)

T1 15.0+1.8

T2 20.1+2.9*%
Dynamic compliance (ml/cmH,0)

T1 55.7+5.9

T2 45.6 £5.7*%

17.4+1.7 17.3+£2.3 0.36
26.5+3.1" 30.2+3.9 <0.01
151+2.4 14.8+1.6 0.81
23.4+3.1" 27.0+3.5 <0.01
559+5.7 57.1+5.4 0.58
42.3+4.5" 36.6+6.7 <0.01

T1 = before operation; T2 = 30 min after pneumoperitoneum. *Compared with control group; “compared with low hypercapnia group.
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FIGURE 2: Analysis of arterial blood samples. The difference in the levels of arterial blood PaCO, (a), pH (b), and Spo, (c) was not significant at
each time point in the three groups; the ratio of arterial oxygen partial pressure to fractional inspired oxygen (PaO,/FiO,, oxygen index) in the
high hypercapnia group was significantly higher than that in the low hypercapnia group and control at T3 and T4 (d). T1: before operation;
T2: 30 min after pneumoperitoneum; T3: 24 h postoperation; T4: 72 h postoperation. *Compared with control group; “compared with low

hypercapnia group.

4. Discussion

Recent experimental and clinical studies show that permis-
sive hypercapnia is an efficient ventilatory strategy as it can
avoid airway hypertension-induced barotraumas and circula-

tory disorders, while ensuring proper gas exchange to main-
tain body tolerance [9]. However, the effects of permissive
hypercapnia on relatively long-term surgeries are rarely
reported. The current study suggests that high PaCO, was
associated with a lower airway pressure and a higher dynamic
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FIGURE 3: Analysis of hemodynamic measures. The difference in the levels of MAP (a) and HR (b) was not significant at each time point in the
three groups. T1: before operation; T2: 30 min after pneumoperitoneum.

compliance compared to low PaCO, and control group dur-
ing the laparoscopic surgery. Moreover, oxygen index values
were higher in the high hypercapnia group. No significant
difference in the pH, Spo,, MAP, heart rate, and adverse
events was found in the three groups.

CO, pneumoperitoneum increases intra-abdominal
pressure, then respiratory mechanics may be altered by
decreasing lung volume and increasing airway pressure. Jo
et al. showed that during pneumoperitoneum, peak and pla-
teau airway pressures increase by more than 50% and lead
to approximately 50% decreases in dynamic and static lung
compliances for patients undergoing laparoscopic low
anterior resection [10]. In our study, the effects of permis-
sive hypercapnia on peak and plateau airway pressures and
dynamic compliance are likely to be caused by the stimu-
lation of sympathetic nerves by carbon dioxide. It is sug-
gested that the stimulation of sympathetic nerves could
mediate the relaxation of airway smooth muscles and then
expand the airway, thereby decreasing the resistance of
ventilation and increasing dynamic compliance [8].

During laparoscopic surgery, atelectasis might bring
about abnormal intraoperative gas exchange due to
surgery-related inflammation, leading to postoperative lung
dysfunction even in patients without preexisting lung
injury [11]. A lower oxygen index may be a reflection of
a persistent lung dysfunction [12]. In our study, the
increased oxygen index in the hypercapnia groups may
be caused by the Bohr Effect, in which increases in the
carbon dioxide partial pressure of blood resulted in a
lower affinity of hemoglobin for oxygen.

There is no observed adverse event, indicating that per-
missive hypercapnia should be a safe procedure for the man-
agement of patients with rectal carcinoma undergoing
laparoscopic surgery.

In conclusion, permissive hypercapnia with a higher
PaCO, level of 56-65 mmHg was able to improve respira-
tory function after laparoscopic surgery in rectal cancer
patients.

Data Availability

The data used to support the findings of this study are avail-
able from the corresponding author upon request.
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