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Abstract
AIM: To evaluate the safety and efficacy of CO2 insufflation comparing with air insufflation in the endoscopic submucosal excavation (ESE) of gastrointestinal stromal tumors.
METHODS: Sixty patients were randomized to undergo endoscopic submucosal excavation, and the CO2 group (n = 30) and the air group (n = 30) were undergone CO2 insufflation and air insufflation in the ESE, respectively. The end-tidal CO2 level p (ETCO2) was observed at 4 time points: beginning of ESE, removing the tumors totally, wound management completely and 10 minutes after ESE. Besides, patients’ experience of pain in the end at 1, 3, 6, and 24h after the examination was registered using a visual analog scale (VAS).
RESULTS: Both the CO2 group and air group were similar in mean age, sex, body mass index (all P > 0.05). There were no significant differences in PetCO2 values before and after the procedure (P > 0.05). However, the pain scores after the ESE at different time points in the CO2 group decreased significantly comparing with the Air group (1h: 21.2 ± 3.4 vs 61.5 ± 1.7, 3h:  8.5 ± 0.7 vs 42.9 ± 1.3, 6h: 4.4 ± 1.6 vs 27.6 ± 1.2, 24 h: 2.3 ± 0.4 vs 21.4 ± 0.7, P < 0.05). Meanwhile, the percent of VAS scores of 0 in the CO2 group after 1, 3, 6, and 24h was significantly higher than that in the air group (60.7 ± 1.4 vs 18.9 ± 1.5, 81.5 ± 2.3 vs 20.6 ± 1.2, 89.2 ± 0.7 vs 36.8 ± 0.9, 91.3 ± 0.8 vs 63.8 ± 1.3, respectively, P < 0.05). Moreover, the condition of CO2 group was better than that in the air group in respect of anal exsufflation.
CONCLUSION: Insufflation of CO2 in the ESE of gastrointestinal stromal tumors will not cause CO2 retention and it may significantly reduce the pain, which is safe and effective.
© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Gastrointestinal stromal tumors (GISTs) are the most common tumors of mesenchymal tissue in the digestive system, with a property of non-directional differentiation. They are formed as a result of the overproliferation of immature spindle cells or epithelioid cells [1], and characterized by overexpression of CD117 and CD34 based on the pathology. Thus, they could be distinguished with other mesenchymal tissue tumors such as leiomyoma, leiomyosarcomas, schwann tumors and neurofibroma, etc. 
GISTs appear unexpectedly and now the significance of EUS in diagnosis and differentiation of GISTs has been defined [2]. However, GISTs should be considered as tumors inclined to recur and metastasize because their potential malignancy is difficult to predict. GISTs which are derived from the mucous layer and submucosa in the digestive tract are usually referred to endoscopic treatment, but the lesions originated from muscularis propria are difficult to complete resection, meanwhile multiple complications such as acute perforation would occur.
In the recent years, with the rapid advance in endoscopic submucosal excavation (ESE) to treat GISTs, ESE has been the preferred choice instead of surgical excision and follow-up observation in the past. However, abdominal pain and abdominal discomfort after operation are obvious in the patients undergone ESE with the insufflation of air. Using CO2 as a replacement for air could make a remarkable improvement, because CO2 can be absorbed by gastrointestinal mucosa rapidly and be discharged from the body by respiration. 
Foreign experts and scholars have got down investigating the application of CO2 in the Endoscopic Submucosal Dissection (ESD) [3], Endoscopic Retrograde Cholangiopancreatography (ERCP) [4], as well as Double-baloon Enteroscopy (DBE) [5], etc. So far, there has not been reported about the effect of the endoscopic submucosal excavation with the insufflation of CO2. In this study, we evaluate the safety and efficacy of CO2-insufflation in the ESE compared with the insufflation of air as control. We conducted this comparison as a prospective, comparative pilot study.

MATERIALS AND METHODS
Patients
From March 2011 to February 2012, 61 patients diagnosed as submucosal eminent lesion of digestive tract derived from muscularis propria by EUS and CT (26 were transferred from other hospitals) were enrolled in this study. One patient diagnosed as rectal malignant mesenchymoma with liver metastasis was not in conformity with the inclusion criteria. 60 patients signed the medical informed consent before the ESE. The rest of 60 patients gave their consent to be randomized to undergo endoscopic submucosal excavation with insufflation of air (n = 30) or CO2 (n = 30) by means of random numbers generated from the computer. The 60 patients were clinically manifested by abdominal discomfort, abdominal mass and hematochezia without intestinal obstruction. 13 of the 60 patients did not experience any noticeable symptoms. 

The exclusion criteria were as follows: malignant GISTs with metastasis; intestinal obstruction; vascular invasion; large lesion( > 10 cm) failure to complete resection; young age( < 14 yr) uncapable of finishing the relevant questionnaire; COPD patients with the retention of CO2; acute digestive tract hemorrhage or inclined to the normal; shock with various causes; severe cardiopulmonary cerebral diseases; impossible to tolerate the preoperative preparation; allergic to propofol; pregnancy, breast-feeding, etc.

METHODS
Experimental equipment

The main instruments usually include gastroscope (GIF-J260, Olympus, Japan), enteroscope (CF-Q260, Olympus, Japan), Ultrasound gastroscope (UE-260, Olympus, Japan), CO2 air-insufflation equipment (UCR, Olympus, Japan), needle (INJ1-A1-07.160, Medwork, Germany), hot biopsy forceps (FD-1U-1, Olympus, Japan), hemoclips (HX-610-135 and HX-610-090, Olympus, Japan), needle knife (3281, Boston, America), TT knife (KD-640L, Olympus, Japan), snare (99052012225MW, MTW/Edoscopic, Germany), high-frequency electric knife (ICC-200, ERBE, Germany) and argon plasma coagulation (APC300, ERBE, Germany). A transparent cap (D-201-11802/D-201-13404/D-201-10704, Olympus, Japan) is added to the tip of endoscope during the endoscopic submucosal excavation.

Experimental methods

Intravenous anesthesia was executed by anesthetist, who used propofol (AstraZeneca) to maintain general anesthesia. Routine oxygen treatment was performed (2-3 mL/min); meanwhile, heart rate, respiration, blood pressure, blood oxygen saturation and PetCO2 were continuously monitored under anesthesia. Propofol was started as usual with 1.5–2.5 mg/kg, observe the change of life signs. Routine endoscopy was performed as soon as the absence of consciousness and reflection while the respiration, heart rate, blood oxygen saturation, etc. were essentially normal. Additional propofol with 0.3–0.5mg/kg was given to sustain proper sedation in case that the patient had reaction.

No eating or drinking for 8 h prior to surgery. EUS was performed to ensure the stage and identification of the main lesions. CT examination was also used to observe the composition of the tumor and the relationship with the surrounding organs and vessels in order to be distinguished from other lesions. Like GISTs, advanced gastric cancer or gastric lymphoma can also grow outward, while it always showed that the uneven thickening of stomach wall, obvious local invasion as well as the swelling of perigastric, hilar and abdominal lymph node, with enhanced mass evenly. Patients with GISTs, originated from muscularis propria without metastasis in other regions, were treated by endoscopic submucosal excavation under anesthesia. 
The concrete operating procedures were as follows: (1) Marking: It is recommended to execute electric coagulation at the edge of eminent lesion as mark by use of argon knife to mark; (2) Submucosal insufflation  multiple parts in the submucosa outside the marker pip was watered with normal saline (including methylene blue and epinephrine); (3) Incising mucosa at the edge of lesion  needle knife was employed to spotted incising till submucosa, and using TT knife to incise mucosa along the lateral margin of marking point; (4) Excision  using snare to enclose the mucosa and submucosa of the lesions and expose the muscularis propria, then excise the lesion along the edge with TT knife, those lesions which clinging to the serosa layer can not be excised completely, it was recommended to make full-thickness isolation and bring out initiative perforation. Then observed the wound carefully if there were tumors remained. None of the remaining tumors existed under endoscopy. Subsequently all the removal tissues were rendered to pathological examination as a result of positive margins, which proved that the tumor was excavated completely; and (5) Wound management for the small blood vessels which were visible in the wound, electrocoagulation hemostasis was recommended by use of argon knife, and if need be, the wound was closed by suture with metalic hemostatic clamp, as well as spraying tissue glue on the wound to prevent hemorrhaging.

In order to ensure the double-blind trial, both endoscope and the valve of the CO2 insufflation equipment were covered by black clothes. Someone was put in charge of the valve of insufflation equipment and the switch of gas pump, both the operator and patient were not even know what type of gas had been used.

Measuring of PetCO2
Studies have shown that the PetCO2 and arterial partial pressure of carbon dioxide [p(CO2)] of normal adult are very similar and close to each other, so that [p(CO2)] is usually replaced by PetCO2 because of its noninvasive characteristic [6]. In this trial, we use the portable CO2 analyzer (ULT-1, Datex-Ohmeda, Finland) to measure PetCO2. Select the PetCO2 measured by nurses randomLy at the following four time-points: beginning of ESE, removing the tumors totally, wound management completely and 10 minutes after ESE.

Grading according to the abdominal pain 

The 100mm visual analog scale (VAS) was applied to grade according to the varying degrees of severity [7]. And the spectrum of VAS is 0-100, the minimal point is 0 which means no pain, the maximal one is 100 which mean the unbearable agony. Patients’ abdominal pain is assessed at 1, 3, 6 and 24 h after ESE. Consequently, the questionnaire was collected to the endoscopy center in our hospital.

Statistical analysis
Statistical analysis was performed by using the software SPSS13.0 (SPSS Inc in Chicago, IL, United States). The results were expressed as mean ± standard deviation (± s), variables in the two groups were analyzed with a Student's T test. The comparation of mean visual analogue scale (VAS) at all time points was analyzed with the nonparametric, rank-sum test for two independent samples (Wilcoxon, 1945). Percentage of pain scores 0 at each time points between the two groups were preceded with chi-square test. The value of PetCO2 at each time point was analyzed through the repeated measures analysis of variances. P value < 0.05 was considered statistically significant.

RESULTS

Comparison of baseline characteristics between the two groups

All 60 patients completed the study protocol. 30 patients were enrolled in the CO2 group (male 17, female 13, mean age of 52.1 yr) and 30 patients in the AIR group (male 16, female 14, mean age of 50.9 yr). The body type was indicated by Body Mass Index (BMI), in the CO2 group the value was 21.63 kg/m2 while in the AIR group that was 21.79 kg/m2, there was no statistical difference between the two groups (P >0.05). The concrete clinical data were shown in Table 1. 

Endoscopic submucosal excavation treatment between the two groups 

Patients’ diseased regions in the CO2 group consisted of esophagus (4/30), stomach (22/30), rectum (2/30) and sigmoid colon (2/30). While in the AIR group, the diseased regions included esophagus (6/30), stomach (21/30), rectum (2/30) and sigmoid colon (1/30). The mean diameter of tumors of the CO2 group and the AIR group were 1.6 ± 0.3 cm (range 0.5-5.0 cm), 1.2 ± 0.5 cm (range 0.5-4.0 cm), respectively. The mean operating time was 35 ± 12 min in the CO2 group, and that was 41 ± 10 min in the AIR group. The success rate of complete resection of tumor was 100%. Both the CO2 group and the AIR group had light intraoperative bleeding, the mean bleeding volume was approximately 10 mL, without postoperative bleeding. 5 cases were diagnosed with extraluminal type under endoscopic ultrasonography, it was recommended to make full-thickness isolation and initiative perforation. 3 cases of 5 belonged to the CO2 group, and 2 cases of 5 belonged to the AIR group. There was no statistical difference in the ESE between the two groups (P >0.05). The concrete clinical data were shown in Table 2.

Comparison of PetCO2 between the two groups

To compare the value of PetCO2 at the following four time points: beginning of ESE, removing the tumors, wound management completely and 10 minutes after ESE. The value was expressed by ( EQ \X\to(X) ± s); the concrete clinical data were shown in Table 3. From the mean value at each time point above, we could conclude that the value of PetCO2 at each time point between the two groups had no statistical difference (P > 0.05, Figure 1A). 
The comparison of abdominal pain after anesthesia revival between the two groups

The visual analog scale (VAS) was applied to evaluate the abdominal pain of patients at the following four time points: 1h, 3h, 6h and 24h after anesthesia revival, respectively. The result showed that there was significant difference of the value of VAS at 1h, 3h, and 6h after anesthesia revival between the two groups (P <0.05, Figure 1B). Meanwhile the comparison of the value of VAS at 24 h after anesthesia revival between the two groups still had statistical difference. From the Figure 1B, we concluded a slow decline in the AIR group, while the curved line declined obviously in the CO2 group (1 h: 21.2 ± 3.4 vs 61.5 ± 1.7, 3 h: 8.5 ± 0.7 vs 42.9 ± 1.3, 6 h: 4.4 ± 1.6 vs 27.6 ± 1.2, 24 h: 2.3 ± 0.4 vs 21.4 ± 0.7, P < 0.05). Furthermore, the curved line returned to the baseline at 6h after anesthesia revival in the CO2 group, however, in the AIR group the curved line never returned to. Percentage of VAS scores 0 at each time point was proceeded with chi-square test, and the result demonstrated that the percentage of VAS scores 0 in the CO2 group was significantly higher than that in the AIR group (1 h: 60.7 ± 1.4 vs 18.9 ± 1.5, 3 h: 81.5 ± 2.3 vs 20.6 ± 1.2, 6 h: 89.2 ± 0.7 vs 36.8 ± 0.9, 24 h: 91.3 ± 0.8 vs 63.8 ± 1.3, respectively, P < 0.05, Figure 1C). Consequently, in the ESE of gastrointestinal stromal tumors, the condition of abdominal pain could be obviously aggravated under the application of CO2 after anesthesia revival at each time point.

The comparison of anal exsufflation between the two groups

Check the anal exsufflation of patients in the two groups at 1 h, 2 h and 4 h after treatment, only 21% of the patients in the CO2 group had anal exsufflation at 1h after anesthesia revival, 7% lasted for 2 h or more. However, 73.8% of the patients in the AIR group had anal exsufflation, and nearly 14.3% belonged to moderate or great amount of exhausting, 28.6% lasted for 4 h or more. Compare the two groups at 1 h, 2 h and 4 h after anesthesia revival was proceeded with chi-square test, the P value < 0.01 was considered significant statistically difference. The amount of anal exsufflation had negative correlation with the degree of abdominal pain and distension; meanwhile it also had negative correlation with recovery time of abdominal distension in the AIR group.

DISCUSSION
GISTs should be considered as potential malignant tumors owing to their unpredictable recurrence and metastasis; however, there was not definite clinical criteria of the diagnosis and treatment of GISTs. Endoscopic ultrasound, especially an EUS-FNA plays an important part in the diagnosis of GISTs, which determines the nature of submucosal eminent lesion of digestive tract and is instructive in the choice of treatment methods. GISTs with a diameter of 3-5 cm shown in the endoscopic and pathology were more likely to be malignant, therefore such GISTs were supposed to be received surgical operation thoroughly [10-14]. Although large GISTs were more inclined to be malignant, the small one also had the possibility, so it was irrational to regard tumor size as the only standard for the malignance of GISTs [11, 15]. In the study, we defined the risk classification of GISTs according to the NIH  [16]. Consequently, the GISTs with definite diagnosis should be treated as much as possible.

Nowadays, a variety of surgical methods as well as chemotherapy for the treatment of GISTs exist in the foreign and domestic study. Surgical operation is still the traditional treatments; many patients with GISTs are reported being excised undergone laparoscopy [17, 18], and it is of significance for surgical treatment to excise larger lesions. Imatinib, a tyrosine kinase inhibitor, is currently being used to treat GISTs which have unique kinase mutations that serve as targets for medical therapy, but some disadvantages exist such as high cost of therapy, long-term treatment and indeterminate side-effect, meanwhile few study are reported about the treatment for GISTs with unobvious symptom[19, 20]. However, the endoscopic therapy for that is much rarer. Choosing the treatment for GISTs with smaller invasive injury and lower-cost under endoscopy was rather clinically valuable.

Endoscopic mucosal resection (EMR) could be applied to the treatment of patients with eminent lesion of digestive tract, such as early carcinoma and SMT. Moreover, EMR has not only the same therapeutic effect as surgical operation, but short operating time, short hospitalizing time, rapid recovery and low medical costs. However, it is hardly to accomplish en bolc resection by the use of EMR for those lesions whose size is 2cm or more. As a result, the remains are likely to recurrence and lead to many complications such as bleeding and perforation. Comparing with EMR, ESE is able to excise a large majority of GISTs and provide intact data of pathological diagnosis. For preoperative evaluation of benign stromal tumors whose size is 5cm or less, ESE is able to accomplish en bloc resection. ESE fully demonstrates the superiority of minimally invasive surgery as the advantage of rapid recovery, short hospitalizing time and low medical costs. In our study, ESE was preferable to the GISTs originating from muscularis propria, but not from the muscularis mucosae. 

ESE is appropriate for GISTs originating from muscularis propria, however, too much air insufflation because of long operating time leads to pain of the patients in various degrees after anesthesia revival. The abdominal distension is the most common type resulting from gastrointestinal gaseous tension. Therefore, it is recommended to select inhaling CO2 instead of air, as the CO2 is easily soluble in blood and other body liquids. It is not only rapidly absorbed by gastrointestinal tract, but easily eliminated from the body by respiration. Patients never appear the metabolic disorder such as CO2 retention. Yamano [21] has reported that the usage of CO2 in the enteroscopy could effectively alleviate subjective pain of patients. In summary, our study shows the comparison of application between the CO2 and air insufflation in the ESE operation, the postoperative subjective pain of patients is measured by VAS, suggesting that the absolute VAS seems to be lower in the CO2 group than that in the AIR group, and the number of patients with severe postoperative pain is also fewer in the CO2 group.

Comparing the value of PetCO2 at the following four time points: beginning of ESE, removing the tumors totally, wound management completely and 10 minutes after ESE. From the above data, we could draw conclusions that there have been no significant differences of PetCO2 at each time point between the two groups, suggesting that CO2 is not able to cause postoperative retention as well as influence the safety during the operation.

Comparing the postoperative anal exsufflation between the two groups, the result reveals the time of anal exsufflation in the CO2 group is shorter than that in the AIR group, and the flatus of patients in the CO2 group is also few, which demonstrates that CO2 is much easier to be absorbed. Both the difficulty of operation and the ratio of various related complications will increase in the case of a large amount of remaining gas existing. 

The GISTs partly derived from muscularis propria are diagnosed with extraluminal type or clinging to the serosa by EUS. Those tumors clinging to the serosa layer can not be excised completely by ESE, it is suggested to make full-thickness excision and bring out initiative perforation. In our study, there are five patients with full-thickness excision of GISTs, less gas entry into the abdominal cavity so that it results in unobvious abdominal pain, and none of postoperative abnormal conditions happen comparing with other patients by ESE. However, the patients with full-thickness excision among the AIR group have severe abdominal pain as well as long-term gastrointestinal decompression.

In summary, the CO2 insufflation could effectively alleviate the pain of patients when the GISTs were excided by ESE without the risk of CO2 retention. The safety of CO2 insufflation is comparable to the air insufflation, and less pain exists after operation. Therefore, it is hopeful that the CO2 insufflation will become the standard method of the ESE with full-thickness excision and it will be bound to be widely applied in the future.
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Background

Gastrointestinal stromal tumors are the most common tumors of mesenchymal tissue in the digestive system. In the recent years, endoscopic submucosal excavation has been used to treat gastrointestinal stromal tumors (GISTs) instead of surgical excision. The application of CO2 in the endoscopic submucosal excavation (ESE) could reduce the complication effectively.

Research frontiers

Foreign experts and scholars have got down investigating the application of CO2 in the endoscopic submucosal dissection, endoscopic retrograde cholangiopancreatography, as well as double-baloon enteroscopy, etc. So far, there has not been reported about the effect of the endoscopic submucosal excavation with the insufflation of CO2. In this study, the authors evaluate the safety and efficacy of CO2-insufflation in the ESE compared with the insufflation of air as control.

Innovations and breakthroughs

In this study, the authors have elaborated the superiority of CO2 insufflation in the ESE. Comparing with air insufflation, the pain scores after ESE at different time points in the CO2 group decreased significantly. Meanwhile, the percent of VAS scores of 0 in the CO2 group after 1, 3, 6, and 24 h was significantly higher than that in the air group. Moreover, the condition of CO2 group was better than that in the AIR group in respect of anal exsufflation.

Applications

The CO2 insufflation could effectively alleviate the pain of patients when the GISTs were excided by ESE without the risk of CO2 retention. Therefore, it is hopeful that the CO2 insufflation will become the standard method of the ESE with full-thickness excision and it will be bound to be widely applied in the future.

Peer review

The authors examined the application of the CO2 insufflation in the endoscopic submucosal excavation. The results suggested that the postoperative pain of patients measured by VAS seems to be lower in the CO2 group than that in the AIR group, and the time of anal exsufflation in the CO2 group is also shorter than that in the AIR group. So that the CO2 insufflation maybe the standard method of the ESE with full-thickness excision in the future.
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Table 1 Patients’ characteristics 

	Group
	CO2 insufflation (n = 30)
	Air insufflation

(n = 30)
	P value1


	Mean age [yr (SD)]
	
	52.1(5.1)
	50.9(6.6)
	0.83

	Sex (Male/Female)
	
	17/13
	16/14
	0.80

	Mean BMI (kg/m2)
	
	21.63
	21.79
	0.54

	Previous surgeries 

[N (%)]

	Any prior abdominal surgery

Cholecystectomy

Hysterectomy

Liver transplantation

Other2
	17(57)
	16(53)
	0.80

	
	
	9(30)
	11(37)
	0.58

	
	
	3(10)
	2(7)
	

	
	
	2(7)
	1(3)
	

	
	
	5(17)
	2(7)
	0.30


1By Chi-square for categorical variables and t-test for continuous variables;
2Other surgeries include ovarian cystectomy[2], appendectomy[2], laparoscopic gastrectomy [1]. BMI: Body mass index.
Table 2 Endoscopic submucosal excavation treatment characteristics 

	Group
	Location(n)
	Diameter(cm)
	Operating time(min)
	Success rate(%)
	Full-thickness isolation(N)

	CO2
	Esophagus(4)
Stomach (22)
Rectum(2)
Sigmoid colon(2)

	1.7

1.3

1.5

1.9
	41

23

40

47
	100
	3

	air
	Esophagus(6)
Stomach(21)
Rectum(2)
Sigmoid colon (1)
	1.1

0.7

0.9

1.7
	43

31

38

51
	100
	2


Table 3 Comparison of PetCO2 between the two groups

	Time point
	The CO2 group (mmHg)
	The air group (mmHg)
	P value 

	Beginning of ESE
	34.01 ± 2.03
	33.32 ± 2.21
	0.78

	Removing the tumors
	31.21 ± 2.35
	30.59 ± 2.73
	0.73

	Wound management
	32.75 ± 2.69
	32.01 ± 2.22
	0.92

	10 min after ESE 
	33.23 ± 2.56
	32.61 ± 2.78
	0.79


ESE: Endoscopic submucosal excavation.
Figure 1 The comparison of PetCO2(A), visual analog scale(B) and percentage of pain score of 0(C) at each time point between the CO2 group and the air group
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Figure 1A 
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Figure 1B 
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Figure 1C 
