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Abstract

AIM: To investigate celiac artery variations in gastric cancer patients and the impact on gastric cancer surgery, and also to discuss the value of the ultrasonic knife in reducing the risk caused by celiac artery variations. 

METHODS: A retrospective analysis was conducted to investigate the difference in average operation time, intraoperative blood loss, number of harvested lymph nodes, average postoperative drainage within 3 d, and postoperative hospital stay between the group with vascular variations and no vascular variations, and between the ultrasonic harmonic scalpel and conventional electric scalpel surgery group.

RESULTS: One hundred and fifty-eight cases presented with normal celiac artery, and 80 presented with celiac artery variation (33.61%). The average operation time, blood loss, average drainage within 3 d after surgery in the celiac artery variation group were significantly more than in the no celiac artery variation group (215.7 ± 32.7 min vs 204.2 ± 31.3 min, 220.0 ± 56.7 mL vs 163.1 ± 52.3 mL, 193.6 ± 41.4 mL vs 175.3 ± 34.1 mL, respectively, P < 0.05). In celiac artery variation patients, the average operation time, blood loss, average drainage within 3 d after surgery in the ultrasonic harmonic scalpel group were significantly lower than in the conventional electric scalpel surgery group (209.5 ± 34.9 min vs 226.9 ± 29.4 min, 207.5 ± 57.1 mL vs 235.6 ± 52.9 mL, 184.4 ± 38.2 mL vs 205.0 ± 42.9 mL, respectively, P < 0.05), and the number of lymph node dissections was significantly higher than in the conventional surgery group (25.5 ± 9.2 vs 19.9 ± 7.8, P < 0.05).

CONCLUSION: Celiac artery variation increases the difficulty and risk of radical gastrectomy. Preoperative imaging evaluation and the application of ultrasonic harmonic scalpel are conducive to radical gastrectomy. 
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Core tip: Celiac artery variation is quite common in gastric cancer patients, and may obviously increase the difficulty and risk of radical gastrectomy with D2 lymphadenectomy. With the development of imaging techniques, not only the accuracy of preoperative staging, but also the individualized image information about celiac artery variation will be improved. Meanwhile, the application of new technology such as ultrasonic harmonic scalpel is conducive to radical gastrectomy with D2 lymphadenectomy and could reduce the risk caused by celiac artery variation; therefore, its utilization is to be recommended.

INTRODUCTION

Gastric cancer is one of the most common malignant tumors in China. Its position has increased to third most common from the previous number four, and is preceded only by lung cancer and breast cancer. In 2010 alone, 404565 cases with new onset of gastric cancer were reported, and 287851 patients died from gastric cancer. The mortality is number three among various malignant cancers[1-3]. At present, surgery remains the main treatment for gastric cancer, wherein D2 radical gastrectomy has already become the standard operation for gastric cancer at the progression stage. Focus and difficulty of D2 radical gastrectomy are dissection of lymph nodes around vessels such as celiac trunk, left gastric artery and hepatic artery. As reported in the literature, a high rate of celiac artery variation has been found in liver transplantation, especially in the hepatic arterial system; the rate of variation is up to 24.3%[4,5]. Presence of celiac artery variation will definitely increase surgical difficulty and risk. In addition, relevant studies on celiac artery variation among gastric cancer patients are still lacking. Meanwhile, gastric cancer treatment guidelines do not state how to handle an abnormal vessel and its surrounding lymph nodes. This study aims at analyzing retrospectively celiac artery variation and the effect of vascular variation on gastric cancer surgery outcome among 238 patients receiving radical gastrectomy, meanwhile addressing the efficacy of ultrasound harmonic scalpel in minimizing risk due to vascular variation, so as to provide a reference for guiding gastric cancer treatment in clinical practice.

MATERIALS AND METHODS
General information

Two hundred and thirty-eight patients undergoing D2 radical gastrectomy by well experienced general surgeons in our department from January 2009 to May 2014 were included; the detailed information of tumor staging can be seen in Figure 1. All patients provided informed consent, and signed agreements. All the patients were preoperatively examined, through upper abdominal 64 multi-slice computed tomography angiography (MSCTA), to determine whether there was variation in the celiac trunk and its branches, wherein the abnormal hepatic artery was classified with reference to Hiatt’s[4] classification.

Inclusion and exclusion criteria

Inclusion criteria: (1) preoperative pathology via gastroscopic biopsy indicated gastric cancer; (2) preoperative MSCTA was taken; (3) preoperative assessment showed indications for D2 radical surgery; (4) preoperative assessment showed no evident surgical contraindication; and (5) D2 or D2+ radical surgery was performed.

Exclusion criteria: (1) no MSCTA was taken pre​operatively; (2) preoperative imaging examination indicated distant metastasis or infiltration into surrounding tissue and organ, which was confirmed by laparoscopy; (3) preoperative assessment showed severe diseases of cardiopulmonary and other systems, and the patient might not be able to tolerate the operation; and (4) intraoperative exploration found extensive metastasis, malignant ascites, infiltration into surrounding tissue in the abdominal cavity, so that neither D2 or D2+radical surgery was practical.

Operative method and observational indices

D2 surgery for gastric cancer was undertaken ac​cording to Japanese gastric cancer treatment guide​lines (Ver. 3)[6]. TNM staging was in accordance with the 7th AJCC classification criteria. Indices including average operation time, intraoperative blood loss, total number of lymph nodes dissected, time required for postoperative recovery of bowel function, time to ambulation after surgery, postoperative hospital stay, mean drainage amount at 3 d after operation, as well as presence of postoperative complications such as bleeding, anastomosis fistula, lymphatic fistula, postoperative pancreatitis, incision infection, postoperative pneumonia, etc., were recorded for the vascular variation group and no vascular variation group, as well as ultrasonic harmonic scalpel surgery subgroup and conventional electric scalpel surgery subgroup in the vascular variation group. Indices were analyzed via comparison between the two groups described above, to evaluate the influence of vascular variation on operative safety and postoperative recovery, as well as to explore the effect of the ultrasonic harmonic scalpel in terms of decreasing risk due to abnormal vessels.

Statistical analysis

Statistical analysis was carried out with statistical software SPSS16.0. 2 test was used to compare general data construction between two groups, and t-test was used to analyze differences in various statistical parameters between the vascular variation group and no vascular variation group, as well as ultrasonic harmonic scalpel surgery subgroup and conventional electric scalpel subgroup in the vascular variation group. P < 0.05 was considered to be a statistically significant difference. The statistical methods of this study were reviewed by Huang Gao-Ming from the College of Public Hygiene of Guangxi Medical University.

RESULTS

Celiac artery variation

This study showed that there were 158 cases with normal celiac artery and 80 cases with celiac artery variation, with a variation rate of 33.61%. Among them, 68 cases had abnormal hepatic artery, and were classified and compared according to Hiatt’ classification criteria (Table 1).

Five cases had abnormal left gastric artery: two cases had left gastric artery deriving from the abdominal aorta, one case deriving from splenic artery, one case with left gastric artery absence, and one case with two left gastric arteries deriving from the celiac trunk, specifically sharing the same trunk from 4 mm and subsequently branching into two left gastric arteries.

Additionally, two cases had abnormal splenic arteries deriving from superior mesenteric artery; two cases had celiac trunks which shared the same trunk with the superior mesenteric artery and derived from the abdominal aorta; two cases had gastroduodenal arteries deriving from the celiac trunk; and one case had right gastric artery deriving from the gastro​duodenal artery.

Results from comparing observational indices in each group

There were significant differences between the 80 patients with vascular variation and 158 patients with no vascular variation in distribution of general data. All the patients received uneventful surgery, without occurrence of severe intraoperative or postoperative complications. There were 12 cases with postoperative complications, including incision infection and postoperative pneumonia. No postoperative anastomosis fistula or anastomotic bleeding occurred (Table 2). Comparing results of the study showed that celiac artery variation prolonged operation duration significantly and increased intraoperative bleeding and postoperative drainage amount, but the total number of lymph nodes dissected, time required for postoperative recovery of bowel function, time to ambulation after surgery, postoperative hospital stay, and total hospitalization costs were not significantly different (Table 3). Among patients with celiac artery variation, operation duration, intraoperative blood loss, and postoperative amount of drainage in the ultrasonic harmonic scalpel group were significantly decreased compared to the conventional electric scalpel surgery group, and total number of lymph nodes dissected was increased, whereas time required for postoperative recovery of bowel function, time to ambulation after surgery, postoperative hospital stay, and total hospitalization cost were not significantly different (Table 4). The relative results can be seen in the comparison of observations between the ultrasonic harmonic scalpel subgroup and the electrical unit subgroup among the no vascular variation population in Table 5. Images of the preoperative MSCTA examination and lymph node dissection by ultrasonic harmonic scalpel can be seen in Figure 2, Figure 3 and Figure 4.

DISCUSSION

Gastric cancer is the third most common and the malignant tumor with the second highest mortality in Asia[7]. The incidence of gastric cancer has an increasing trend in China. It possesses a great threat to the mental and physical health of people, and is an important public health issue in China, as well as exerting a heavy economic burden on the Chinese healthcare community[8,9]. At present, radical gastrectomy with D2 lymphadenectomy is widely accepted by an increasing number of surgeons as a standard of surgery for advanced gastric cancer[10]. Japanese gastric cancer treatment guidelines (Ver. 3) also specifies D2 lymphadenectomy as the standard operation[6]. Focus and difficulty of D2 radical surgery is to skeletonize vessels at the left gastric artery, celiac trunk, hepatic artery and hepatoduodenal ligament, and to dissect the corresponding group of lymph nodes. Any branch of the celiac artery could be a variation, which definitely will increase the difficulty and risk of operation. Therefore, preoperative imaging assessment of the presence of celiac artery variation and route of the normal branch gives importance guidance for the operation. Meanwhile, gastric cancer treatment guidelines do not state whether lymph nodes around an abnormal vessel should be dissected. Therefore, study of celiac artery variation among gastric cancer patients has important clinical implications for guiding gastric cancer surgical strategy development.

The celiac artery has a high variation rate. Our data showed the variation rate is up to 33.61%, wherein, hepatic artery variation is the most common with a rate of 28.57%, which is slightly higher than 20.4% reported in the literature[11]. This may be attributed to the fact that the previous studies mainly focused on intraoperative anatomic findings during hepatic implantation, and were subject to ignore small vascular anomalies. The majority were replaced/accessory left hepatic artery, with an incidence of 16.8%, which is similar to that reported in literature[12-15]. Replaced/accessory left hepatic artery has important implications in D2 radical gastrectomy. It is necessary during surgery to ligate at the root and cut off the left gastric artery, which may affect the hepatic tissue supplied by the replaced/accessory left hepatic artery deriving from the left gastric artery, thus influencing hepatic function, especially for the replaced right hepatic artery[16-18]. A study believed that intraoperative resection of the accessory right hepatic artery was safe for patients without chronic hepatic disease; however, for patients complicated with chronic hepatic disease, it had to be reserved for protecting hepatic function[19]. Therefore, accurate preoperative assessment of whether the abnormal left hepatic artery is replaced by the right hepatic artery or accessory right hepatic artery is especially important. Oki et al[20] believed that preoperative 3DCT and angiography could not differentiate replaced and accessory hepatic artery; therefore, they recommended that all abnormal left hepatic arteries should be preserved intraoperatively. Based on data from this study, results have shown that continuous tracking of vessels flowing into the liver via preoperative CTA in combination with thin layer scanning at arterial phase could well differentiate these two. For lymph nodes around normal hepatic arteries deriving from the superior mesenteric artery, results from our previous study indicated no necessity for dissection; however, due to limitations regarding the small sample size, no definite conclusion could be drawn, and studies with larger sample size and prospective comparative studies of influence on outcome are still awaited[21].

In D2 radical gastrectomy, skeletonizing should be performed for vessels around the stomach to dissect corresponding groups of lymph nodes. Vascular variation around the stomach increases difficulty and risk of lymph node dissection[22,23]. Our data showed the operation time in the vascular variation group was increased as compared to the no variation group (215.7 min vs 204.2 min). To avoid damaging abnormal vessels and causing unnecessary accessory injury, we should perform more precise dissection for anomalous vessels. In the meantime, for patients at an advanced age and with scleratheroma, we recommend to perform lymph node dissection outside the vascular sheath, to avoid damaging vessels, inducing aneurysm and risking rupture and bleeding. Intraoperative accidental injury of abnormal hepatic artery will influence hepatic function directly[24]. Furthermore, prolonged operation duration may also be an important factor of hepatic impairment. A comparative study of laparoscopic radical gastrectomy and conventional laparotomy by Jeong et al[25] showed the operation time, BMI index, intraoperative hepatic injury and mistakenly pricking the hepatic artery are important factors influencing postoperative hepatic function. Meanwhile, celiac artery variation could significantly increase intraoperative blood loss, especially in those who lacked effective preoperative assessment of the abdominal artery. Perioperative bleeding could be decreased through preoperative CTA assessment of celiac artery imaging information[26].

Results of this study showed that the celiac artery variation significantly extended operation time and increased intraoperative blood loss and postoperative amount of drainage, and therefore was an important factor influencing successful implementation of D2 radical gastrectomy and postoperative recovery. Recently, innovative devices such as the ultrasonic harmonic scalpel have been introduced to clinical practice, and their scope of use has been extended gradually. With their increasing surgical speed and quality, they thus add new elements to gastric cancer surgery[27-29]. Prospective, randomized controlled study on the ultrasonic harmonic scalpel and conventional electric scalpel showed that the ultrasonic harmonic scalpel could significantly reduce radical gastrectomy operation time and perioperative bleeding (209.5 min vs 226.9 min, 207.5 mL vs 235.6 mL, respectively), and had an evident advantage in terms of lymph node dissection[29]. The value of the ultrasonic harmonic scalpel during operation among gastric cancer patients with celiac artery variation is worthy of further exploration. This study showed that the ultrasonic harmonic scalpel had an evident advantage during celiac artery variation surgery, as it effectively reduced operation duration and intraoperative blood loss. Ultrasonic harmonic scalpel could coagulate vessels with a diameter up to 5 mm, and greatly decrease additional vascular ligation during transection of the greater omentum, splenogastric ligament and hepatogastric ligament, so as to make the surgery smoother and significantly reduce operation time and perioperative bleeding. Especially during dissection of lymph nodes around an abnormal hepatic artery deriving from the superior mesenteric artery and reserving abnormal left hepatic artery deriving from the left gastric artery, the operation could be achieved along the vascular surface with the thinner tip of an ultrasonic harmonic scalpel, facilitating vascular skeletonizing, so as to not only achieve more complete lymph node dissection, but also to find the root of the abnormal vessel easily. Thus accessory injury and additional bleeding due to damaging the abnormal hepatic artery could be avoided. Meanwhile, the ultrasonic harmonic scalpel could close arteries and veins, capillaries and lymph vessels in the wound bed, and intraoperative bleeding and postoperative amount of abdominal drainage is significantly decreased.

In conclusion, celiac artery variation is common in clinical practice, and therefore great attention should be paid to it. Vascular variation increases difficulty and risk of radical gastrectomy. Application of new techniques such as preoperative imaging assessment and the ultrasonic harmonic scalpel could facilitate successful implementation of D2 radical gastrectomy and efficiently decrease risk due to celiac artery variation, meanwhile hospitalization days and cost are not increased significantly. Therefore, they are recommended to be applied widely. However, this study could not arrive at definite conclusions since it was limited as a retrospective study; a larger number of cases in larger studies need to be examined and randomized controlled trial studies need to be carried out.

COMMENTS

Background

Gastric cancer is one of the most common malignant tumors in China. At present, surgery remains the main treatment for gastric cancer, wherein D2 radical gastrectomy has already become the standard operation for gastric cancer at the progression stage. Focus and difficulty of D2 radical gastrectomy are dissection of lymph nodes around vessels such as the celiac trunk, left gastric artery and hepatic artery. As reported in the literature, a high rate of celiac artery variation was found in liver transplantation, especially in the hepatic arterial system. The presence of celiac artery variation will definitely increase surgical difficulty and risk. In addition, relevant studies on celiac artery variation among gastric cancer patients are still lacking. Meanwhile, gastric cancer treatment guidelines do not state how to handle an abnormal vessel and its surrounding lymph nodes. This study aims at analyzing retrospectively celiac artery variation and effects of vascular variation on gastric cancer surgery among 238 patients receiving radical gastrectomy, meanwhile addressing efficacy of ultrasound harmonic scalpel regarding risk due to vascular variation, so as to provide a reference for guiding gastric cancer treatment in clinical practice.
Research frontiers

Although D2 radical gastrectomy has already become the standard surgery for gastric cancer at the progression stage in the east and west, vascular variation around the stomach has been the focus and difficulty of gastric cancer surgery, and gastric cancer treatment guidelines do not state how to handle an abnormal vessel and its surrounding lymph nodes; lymph node metastasis around abnormal vascular will be one of hotspots in the future.

Innovations and breakthroughs

The main innovation of this study was that it mainly investigated celiac artery variation among gastric cancer patients and also discussed the values of ultrasonic knife in reducing the risk caused by celiac artery variations. Celiac artery variation increases the difficulty and risk of radical gastrectomy with D2 lymphadenectomy. Preoperative imaging evaluation and the application of new technology such as ultrasonic harmonic scalpel are conducive to radical gastrectomy with D2 lymphadenectomy and could reduce the risk caused by celiac artery variation, and are therefore applications worthy of promotion.

Applications

Celiac artery variation is common in gastric cancer patients. The authors should pay attention to celiac artery variations and undertake preoperative imaging evaluation because celiac artery variations may increase the difficulty and risk of radical gastrectomy with D2 lymphadenectomy. However, the ultrasonic harmonic scalpel could reduce the risk caused by celiac artery variation.

Peer-review

This is a prospective and controlled clinical study that emphasizes one of the important clinical problems surgeons face. It is important to show the prevalence of Celiac Artery Variations and to test whether the ultrasonic knife is a better tool than conventional methods. Both aspects of the study have clinical applicability.
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FIGURE LEGENDS

Figure 1  Staging of 238 patients with gastric cancer (AJCC Version 7).
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Figure 2  Normal celiac artery branches. A: Preoperative multi-slice computed tomography angiography: Normal celiac trunk gives off LGA, splenic artery and common hepatic artery; B: Intraoperative finding was consistent with preoperative findings.
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Figure 3  Replaced right hepatic artery. A: Preoperative multi-slice computed tomography angiography: Replaced right hepatic artery deriving from superior mesenteric artery; B: Intraoperative finding: Replaced right hepatic artery deriving from superior mesenteric artery in the same patient.
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Figure 4  Left gastric artery absence. A: Preoperative multi-slice computed tomography angiography found left gastric artery absence; B: Intraoperative dissection did not find left gastric artery existence in the same patient.
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Table 1  Hepatic artery categories of 238 patients with gastric cancer (according to Hiatt’s classification criteria)  n (%)


Hiatt’s classification�
In Hiatt’s study �
In this study�
2 value�
P value�
�
Ⅰ�
757 (75.70)�
170 (71.43)�
  1.865�
0.172�
�
Ⅱ�
97 (9.70)�
  33 (13.87)�
  3.549�
0.060�
�
Ⅲ�
106 (10.60)�
14 (5.88)�
  4.888�
0.027�
�
Ⅳ�
23 (2.30)�
  7 (2.94)�
  0.334�
0.563�
�
Ⅴ�
15 (1.50)�
  6 (2.52)�
  0.668�
0.414�
�
Ⅵ�
  2 (0.20)�
  0 (0.00)�
  0.000�
1.000�
�
Others�
  0 (0.00)�
  8 (3.36)�
27.831�
0.000�
�
In total�
1000 (100.00)�
  238 (100.00)�
�
�
�
The remaing eight cases of abnormal hepatic artery were: three cases of left or right hepatic artery deriving directly from the common hepatic artery, two cases of left or right hepatic artery deriving directly from the celiac trunk, and one case of complicated variation: the common hepatic artery derived from the superior mesenteric artery, and the left gastric and splenic arteries derived from the abdominal aorta, respectively.





Table 2  Comparison of general data between vascular variation group and no vascular variation group (case)


Clinical data�
Vascular variation group�
No vascular variation group�
Statistics value�
P value�
�
Total cases�
80�
158�
�
�
�
Age (yr)�
58.3 + 12.5�
56.3 + 12.4�
1.195�
0.233�
�
Sex�
�
�
0.633�
0.426�
�
   Male�
61�
112�
�
�
�
   Female�
19�
  46�
�
�
�
Tumor location�
�
�
0.115�
0.944�
�
   Fundus ventriculi�
17�
  33�
�
�
�
   Corpus ventriculi�
13�
  24�
�
�
�
   Gastric antrum�
50�
101�
�
�
�
Gastric cancer staging�
�
1.343�
0.246�
�
   Stage Ⅰ-Ⅱ�
31�
  75�
�
�
�
   Stage Ⅲ-Ⅳ�
49�
  83�
�
�
�
Postoperative complications�
�
0.086�
0.770�
�
   Yes�
  5�
    7�
�
�
�
   No�
75�
151�
�
�
�






Table 3  Comparison of observations between vascular variation group and no vascular variation group


Observations index�
Vascular variation group�
No vascular variation group�
t value�
P value�
�
Operation time (min)�
215.7 ± 32.7�
204.2 ± 31.3�
2.624�
0.009�
�
Intraoperative blood loss (mL)�
220.0 ± 56.7�
163.1 ± 52.3�
7.674�
0.000�
�
Total number of lymph nodes dissected�
23.0 ± 9.1�
21.2 ± 8.5�
1.505�
0.134�
�
Time required for postoperative recovery of bowel function (d)�
3.0 ± 1.2�
3.2 ± 1.4�
1.260�
0.209�
�
Time to ambulation (d)�
3.9 ± 0.8�
4.1 ± 1.0�
2.760�
0.060�
�
Postoperative hospitalization (d)�
7.6 ± 1.2�
8.1 ± 0.9�
1.356�
0.121�
�
Mean drainage amount in 3 d after operation (mL)�
193.6 ± 41.4�
175.3 ± 34.1�
1.639�
0.032�
�
Total hospitalization cost (RMB)�
35862.8 ± 2965.3�
36759.3 ± 2732.5�
1.356�
0.130�
�






Table 4  Comparison of observations between ultrasonic harmonic scalpel subgroup and electrical unit subgroup among vascular variation population


Observation�
Ultrasonic harmonic scalpel group�
Electrical unit subgroup�
t value�
P value�
�
Cases (persons)�
44�
36�
�
�
�
Operation duration (min)�
209.5 ± 34.9�
226.9 ± 29.4�
1.168�
0.046�
�
Intraoperative blood loss (mL)�
207.5 ± 57.1�
235.6 ± 52.9�
2.242�
0.028�
�
Total number of lymph nodes dissected�
25.5 ± 9.2�
19.9 ± 7.8�
2.903�
0.005�
�
Time required for postoperative recovery of bowel function (d)�
  3.0 ± 0.9�
3.1 ± 0.8�
0.442�
0.660�
�
Time to ambulation (d)�
4.0 ± 0.9�
3.9 ± 0.8�
0.291�
0.772�
�
Postoperative hospitalization (d)�
7.4 ± 1.3�
8.1 ± 1.1�
1.251�
0.101�
�
Mean drainage amount in 3 d after operation (mL)�
184.4 ± 38.2�
205.0 ± 42.9�
2.255�
0.027�
�
Total hospitalization cost (RMB)�
36167.3 ± 2845.6�
35246.4 ± 2789.5�
1.236�
0.102�
�






Table 5  Comparison of observations between ultrasonic harmonic scalpel subgroup and electrical unit subgroup among no vascular variation population


Observation�
Ultrasonic harmonic scalpel group�
Electrical unit subgroup�
t value�
P value�
�
Cases (persons)�
81�
77�
�
�
�
Operation duration (min)�
188.4 ± 25.4�
220.4 ± 28.3�
7.481�
0.000�
�
Intraoperative blood loss (mL)�
168.1 ± 49.6�
158.0 ± 55.3�
1.210�
0.228�
�
Total number of lymph nodes dissected�
23.3 ± 7.9�
19.2 ± 8.6�
3.085�
0.002�
�
Time required for postoperative recovery of bowel function (d)�
3.3 ± 1.1�
3.1 ± 0.9�
1.359�
0.176�
�
Time to ambulation (d)�
4.4 ± 1.0�
4.2 ± 1.0�
1.330�
0.185�
�
Postoperative hospitalization (d)�
7.3 ± 1.5�
7.9 ± 1.2�
1.251�
0.132�
�
Mean drainage amount in 3 d after operation (mL)�
191.3 ± 37.0�
187.7 ± 30.0�
2.349�
0.080�
�
Total hospitalization cost (RMB)�
35917.6 ± 2741.6�
36186.9 ± 2717.3 �
1.016�
0.161�
�






�








