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Abstract
AIM: To investigate the differences in outcome following pylorus preserving pancreaticoduodenectomy (PPPD) and subtotal stomach-preserving pancreaticoduodenectomy (SSPPD).

METHODS: Major databases including PubMed (Medline), EMBASE and Science Citation Index Expanded and the Cochrane Central Register of Controlled Trials (CENTRAL) in The Cochrane Library were searched for comparative studies between patients with PPPD and SSPPD published between January 1978 and July 2014. Studies were selected based on speciﬁc inclusion and exclusion criteria. The primary outcome was DGE. Secondary outcomes included operation time, intraoperative blood loss, pancreatic fistula, postoperative hemorrhage, intraabdominal abscess, wound infection, time to starting liquid diet, time to starting solid diet, period of nasogastric intubation, reinsertion of nasogastric tube, mortality and hospital stay. The pooled odds ratios (OR) or weighted mean difference (WMD) with 95% confidence intervals (95%CI) were calculated using either a fixed-effects or random-effects model. 

RESULTS: Eight comparative studies recruiting 650 patients were analyzed, which includes two RCTs, one non-randomized prospective and 5 retrospective trial designs. Patients undergoing SSPPD experienced significantly lower rates of DGE (OR = 2.75; 95%CI: 1.75-4.30, P < 0.00001) and a shorter period of nasogastric intubation (OR = 2.68; 95%CI: 0.77-4.58 , P < 0.00001), with a tendency towards shorter time to liquid (WMD = 2.97, 95%CI: -0.46-7.83; P = 0.09) and solid diets (WMD = 3.69, 95%CI: -0.46-7.83; P = 0.08) as well as shorter inpatient stay (WMD = 3.92, 95%CI: -0.37-8.22; P = 0.07) although these latter three did not reach statistical significance. PPPD, however, was associated with less intraoperative blood loss than SSPPD [WMD = -217.70, 95%CI: -429.77-(-5.63); P = 0.04]. There were no differences in other parameters between the two approaches, including operative time (WMD = -5.30, 95%CI: -43.44-32.84; P = 0.79), pancreatic fistula (OR = 0.91; 95%CI: 0.56-1.49; P = 0.70), postoperative hemorrhage (OR = 0.51; 95%CI: 0.15-1.74; P = 0.29), intraabdominal abscess (OR = 1.05; 95%CI: 0.54-2.05; P = 0.89), wound infection (OR = 0.88; 95%CI: 0.39-1.97; P = 0.75), reinsertion of nasogastric tube (OR = 1.90; 95%CI: 0.91-3.97; P = 0.09) and mortality (OR = 0.31; 95%CI: 0.05-2.01; P = 0.22).

CONCLUSION: SSPPD may improve intraoperative and short-term postoperative outcomes compared to PPPD, especially DGE. However, these findings need to be further ascertained by well-designed randomized controlled trials. 

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: As far as we know, pancreatoduodenectomy is one of the most complicated gastrointestinal operations and is associated with a number of serious postoperative complications. Modifications of standard operating techniques aim to reduce the incidence of complications and improve quality of life of patients while maintaining oncological effectiveness. Subtotal stomach-preserving pancreaticoduodenectomy (SSPPD) was specifically designed to reduce the incidence of delayed gastric emptying (DGE) and, thus, shorten recovery time in patients with pancreatic head and periampullary tumors. This study clarified that, compared to pylorus preserving pancreaticoduodenectomy (PPPD), SSPPD has lower rate of DGE, shorter operation time and a shorter period of nasogastric intubation, albeit with no significant difference in pancreatic fistula and other postoperative complications. Therefore, SSPPD can improve intraoperative and short-term postoperative outcomes compared to PPPD for patients with pancreatic head and periampullary lesions. 
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INTRODUCTION
In 1935, Whipple introduced a two-stage pancreaticoduodenectomy for patients with carcinoma of the ampulla of Vater[1]. In 1941, he reported a one-stage pancreaticoduodenectomy with resection of distal stomach and duodenum[2]. Soon afterwards, the first pylorus preserving pancreaticoduodenectomy (PPPD) was performed by Watson[3] in 1944. PPPD was also used by Traverso and Longmire[4] to preserve gastrointestinal function in 1978, and since then this procedure has been extensively applied to patients with tumors of the pancreatic head as well as periampullary malignancies. 
[bookmark: _Hlt264805799]Classic Whipple’s and PPPD are now considered to be the most widely employed surgical procedures for the treatment of pancreatic head and periampullary tumors[5-8]. Where a classic Whipple’s procedure includes resection of the pancreatic head, duodenum, gallbladder, distal common bile duct, partial jejunum and distal stomach, in a PPPD the proximal duodenum is transected 3 to 4 cm distal to the pylorus ring. While some randomized controlled trials (RCTs) and meta-analyses suggest that these two procedures are comparable in terms of postoperative complications, long-term survival rates and quality of life[6-9], other studies have reported that PPPD is superior to pancreaticoduodenectomy with antrectomy as it results in a reduced occurrence of dumping, diarrhea and bile reﬂux gastritis, thereby possibly affording patients with an improved nutritional status[10-12]. 
Delayed gastric emptying (DGE) is regarded as one of the most common postoperative complications of PPPD. This can potentially prolong the hospital stay, affecting patient quality of life and increasing hospital costs[12-16]. Decreasing the occurrence of DGE, therefore, is of particular importance in patients undergoing any type of pancreaticoduodenectomy. Subtotal stomach-preserving pancreaticoduodenectomy (SSPPD) was initially described during the 1990s in Japan. This procedure was intended to preserve the pooling ability of the stomach and minimize the occurrence of DGE[17,18]. It involves division of the stomach 2–3 cm proximal to the pylorus ring with resection of the entire duodenum distal to the site of transection, thereby removing the pylorus but retaining much of the body of the stomach compared to a classical Whipple’s procedure. The rate of postoperative DGE after pancreaticoduodenectomy is controversial and whether SSPPD is able to reduce it and other postoperative complications compared to PPPD remains to be elucidated[19]. We, therefore, carried out a systematic review of the literature to investigate this issue.

MATERIALS AND METHODS
Study selection
Major databases like PubMed (Medline), EMBASE and Science Citation Index Expanded and Cochrane Central Register of Controlled Trials (CENTRAL) in The Cochrane Library were searched for studies comparing SSPPD with PPPD from January 1978 to July 2014. The following medical search headings (MeSH) were used: “pancreaticoduodenectomy”, “pancreatoduodenectomy”, “Whipple”, “pancreatoduodenal resection”, “pylorus preserving pancreaticoduodenectomy”, “PPPD”, “Subtotal stomach preserving pancreaticoduodenectomy”, “SSPPD”, “delayed gastric emptying” “pancreatic surgery”, “comparative study” and combinations of them were used for word searches. References cited in the selected articles were also assessed to identify relevant studies in case studies were missed during the initial database searches. If needed, investigators and experts in the field of pancreatic surgery were contacted to ensure that all relevant studies were identiﬁed. Final inclusion of articles was determined by consensus of two researchers; when this failed, a third author adjudicated.

Inclusion and exclusion criteria
Two authors scrutinized potentially eligible studies using the following inclusion criteria: (1) English language full-text articles published in peer-reviewed journals; (2) Human clinical trials comparing “PPPD” and “SSPPD”; (3) Studies where DGE was mentioned; and (4) Where multiple studies came from the same institute and/or authors using the same patient cohorts, the higher quality study was included in the analysis.
Studies were excluded if any of the following conditions existed: (1) Abstracts, case reports, letters, editorials, expert opinions and reviews; (2) Primary postoperative outcome unavailable; and (3) Studies focused on long-term outcomes.

Outcomes of interest 
DGE was the primary outcome of interest. Secondary outcomes including operation time, intraoperative blood loss, pancreatic fistula, postoperative hemorrhage, intraabdominal abscess, wound infection, time to starting liquid diet, time to starting solid diet, period of nasogastric intubation, reinsertion of nasogastric tube, mortality and hospital stay were also compared. 

Data extraction and quality assessment
Data were collected by two independent researchers using standardized proformas, and included: study characteristics, surgical reconstructions, definition of DGE and postoperative management. Means of the outcomes were used for meta-analysis if not otherwise mentioned. If medians were used in some studies instead of means, the means were estimated using the following formula: (low end of range + median*2 + high end of range)/4 for a sample size smaller than 25. For a sample size greater than 25, means were estimated as the medians. When only a range was given, the standard deviations were estimated as range/4[20]. 
[bookmark: _Hlt265063248]The qualitative assessment of the RCTs was based on the Jadad’s scoring system[21] which took into consideration the randomization and double blinding process and the description of withdrawals or dropouts. Note was also made of sample size calculation, sequence generation, allocation concealment, and the definitions of outcome parameters. The non-randomized trials were assessed on the basis of the method described by McKay et al[22] which included assessment of the following parameters: prospective vs retrospective data collection; assignment to the PPPD group or the SSPPD group by means other than the surgeon’s preference; and an explicit definition of DGE (studies were given a score of 1 for each of these areas; score 1–4).

Statistical analysis
Meta-analysis was performed using Review Manager Version 5.0 software (The Cochrane Collaboration, Oxford, United Kingdom). Continuous variables and categorical variables were expressed as weighted mean difference (WMD) and odds ratio (OR) with their respective corresponding 95% confidence interval (CI). Chi-square test was used to assess heterogeneity and a P < 0.1 was considered significant. I2 values were used for the evaluation of statistical heterogeneity: an I2 value of 50% or more was indicative of presence of heterogeneity[23]. The fixed-effects model was initially used for all outcomes[24], while the random-effects model was used if the test rejected the assumption of homogeneity of studies[25]. Descriptive methods were also used if the data were considered to be inappropriate for meta-analysis. Sensitivity analyses were performed by removing individual studies from the data set and analyzing the effect on the overall results, identifying sources of signiﬁcant heterogeneity. Subgroup analyses were undertaken by including studies with the International Study Group of Pancreatic Surgery (ISGPS) definitions, reconstruction with pancreaticojejunostomy or pancreaticogastrostomy, RCTs or non-RCTs, and D1 or D2 lymph node dissection. Funnel plots[26]were constructed to evaluate potential publication bias based on the primary outcome - DGE.

RESULTS
Description of included trials in the meta-analysis
The search strategy initially identified 148 relevant clinical trials. After filtering the studies using the inclusion criteria, ten studies[17,27-35]with full-text were identiﬁed to investigate the details. Of these, two studies[32,34]were excluded: one study[34] focused on the long-time outcomes of the same cohorts reported by their previous study; another study[32] had no data available. Finally, eight studies were identified for inclusion: two RCTs[29,35], one prospective non-randomized trials[27] and five retrospective studies[17,28,30,31,33]. Pancreaticojejunostomy was used in 6 studies[17,27,29,31,33,35] while pancreaticogastrostomy was used in two studies[28,30]. A total of 650 patients were included: 294 and 356 patients in the PPPD and SSPPD groups respectively. The ISGPS definition of DGE was used in six studies[28-31,33,35]. Indications for removal of nasogastric tube were reported in six studies[27-29,31,33,35]. All the included studies were from Japan. Figure 1 shows the process of selecting comparative studies included in our meta-analysis. The study characteristics, quality assessments are shown in Table 1. The surgical reconstruction, definition of DGE and postoperative management are listed in Table 2. 

Results of meta-analysis 
Results of the analyses are shown in Figures 2 and 3 and summarized in Table 3.
All included studies reported the occurrence rate of DGE. Patients in the SSPPD group had a lower incidence of DGE compared to those in the PPPD group (OR = 2.75, 95%CI: 1.75-4.30; P < 0.00001) and the period of nasogastric intubation was also shorter in the SSPPD group (WMD = 2.68, 95%CI: 0.77-4.58; P = 0.006). Furthermore, there was a tendency towards shorter time to liquid (WMD = 2.97, 95%CI: -0.46-7.83; P = 0.09) and solid diets (WMD = 3.69, 95%CI: -0.46-7.83; P = 0.08) as well as shorter hospital stay (WMD = 3.92, 95%CI: -0.37-8.22; P = 0.07), although the latter three did not reach statistical significance. PPPD was, however, associated with less intraoperative blood loss compared to SSPPD (WMD = -217.70, 95%CI: -429.77-(-5.63); P = 0.04).There were no differences in operating time (WMD = -5.30, 95%CI: -43.44-32.84; P = 0.79),or outcomes such as pancreatic fistula (OR = 0.91; 95%CI: 0.56-1.49; P = 0.70), postoperative hemorrhage (OR = 0.51; 95%CI: 0.15-1.74; P = 0.29), intraabdominal abscess (OR = 1.05; 95%CI: 0.54-2.05; P = 0.89), wound infection (OR = 0.88; 95%CI: 0.39-1.97; P = 0.75), reinsertion of nasogastric tube (OR = 1.90; 95%CI: 0.91-3.97; P = 0.09), mortality (OR = 0.31; 95%CI: 0.05-2.01; P = 0.22) and hospital stay.

Sensitivity and subgroup analysis
Sensitivity analyses were carried out by excluding each study out of each outcome measure. These exclusions did not alter the results obtained from cumulative analyses. The subgroup analyses were undertaken for all outcome measures by including studies with ISGPS definition or other definition, studies with pancreaticogastrostomy, or pancreaticojejunostomy, RCTs or non-randomized trials, and D1 or D2 lymph node dissection. Results of the analyses are also summarized in Table 4. The rate of DGE was also shown to be lower in the studies using the ISGPS definition (OR = 8.73; 95%CI: 2.09-36.56; P = 0.003), pancreaticojejunostomy (OR = 3.72; 95%CI: 2.12-6.56; P < 0.00001), RCTs (OR = 2.69; 95%CI: 1.17-6.17; P = 0.02) or non-RCTs (OR = 3.36; 95%CI: 1.25-9.08; P = 0.02).

Publication bias
The funnel plot based on the incidence of DGE is shown in Figure 4. None of the studies lies outside the limits of the 95%CI, indicating there was no evidence of publication bias. 

DISCUSSION
Physiologically, gastric emptying requires coordination of the gastric antrum, pylorus and duodenum through paracrine messages and extrinsic stimulation from the vagus nerve[36]. DGE is one of the most common complications after pancreaticoduodenectomy and has been reported to occur in 1%-6% of patients[37]. While this is not a life-threatening complication of pancreatic surgery, it results in a reduced quality of life, impaired oral intake, increased hospital costs and the delayed initiation of adjuvant chemotherapy, where required. The pathogenesis of DGE after PPPD is thought to involve a number of factors such as gastric atony caused by vagotomy[38]; pylorospasm[39,40]; ischemia of the pylorus ring due to division of the right gastric artery[41], congestion around the pylorus ring due to division of the left gastric vein[42] and gastric dysrhythmia secondary to other complications such as pancreatic ﬁsecon[43,44]. SSPPD was introduced in recent years as an alternative to PPPD to maintain the pooling ability of the stomach and reduce incidence of DGE[17], by retaining most of the gastric body, but resecting the pyloric complex itself. Whereas in a PPPD, the proximal duodenum is divided 3 to 4 cm distal to the pylorus ring, in an SSPPD more than 95% of the stomach is preserved.
This meta-analysis of two RCTs and six non-randomized trials (prospective and retrospective) revealed a significant benefit of SSPPD compared with PPPD with regard to DGE and period of nasogastric intubation, albeit with greater intraoperative blood loss. Subgroup analysis specifically looking at trials using the ISGPS definition of DGE, reconstruction with pancreaticojejunostomy, RCTs or non-randomized trials also favoured SSPPD with lower rates of DGE. This is the first complete pooled study to date comparing rates of DGE with the two surgical techniques (SSPPD vs PPPD). Apart from obvious potential benefits relating to hospital stay, nutrition and possible quality of life benefits, SSPPD may even lead to shorter postoperative recovery times and even earlier commencement of oral chemotherapy, where required. As a result, we consider SSPPD to have distinct short-term advantages over PPPD.
Due to the lack of an internationally accepted consensus deﬁnition for DGE in the past, the differences in reported DGE rates may have reﬂected differences in deﬁnitions rather than true differences in incidence. The ISGPS proposed deﬁnition of DGE, which includes a 3 tiered clinical grading system[45] based on clinical impact, allows more accurate comparisons. DGE grades B and C signify a prolonged hospital stay and increased costs. In our subgroup analysis, DGE grades B and C were lower in the SSPPD group compared to the PPPD group.
Previous studies have often found associations between DGE and postoperative intraabdominal complications such as biliary ﬁstula, pancreatic ﬁstula, and intraabdominal abscess[16,29,42,46] although causality has never been clearly demonstrated. Our systematic review did not reveal any signiﬁcant differences between SSPPD and PPPD in the incidence of pancreatic ﬁstula or intraabdominal abscess rates, suggesting these had no simple relationship with DGE.
Coordination of the antro-pyloric region is considered to be impaired after surgery involving lymph node dissection in the area of the hepatoduodenal ligament and can lead to a physiologic derangement similar to that seen with truncal vagotomy[39]. In our subgroup analysis, however, degree of nodal dissection (D1 vs D2) did not influence rates of DGE, although the sample size was very small.
Importantly, our study found no statistically significant differences in mortality, post-operative haemorrhage, pancreatic fistula or wound infection rates between the two operative techniques. While time to commencing liquid and solid diet and hospital stay were also not statistically significant, there is a clear tendency favoring SSPPD in relation to these outcomes. It is notable, however, that there seems to be the greatest difference in the retrospective and non-randomised trials, raising the possibility of selection bias. One can envisage, for example, a surgical team introducing diet earlier in patients who underwent SSPPD vs PPPD. Furthermore, it is worth noting that there was no mortality at all in any of the included PPPD groups, whereas there were reports of single-patient mortality in the SSPPD groups. While this difference did not reach statistical significance one has to note that none of the studies were sufficiently powered to detect small differences in infrequent events such as death, and this must be addressed in any future randomized controlled trial.
There are a number of limitations to this study. Firstly, all included studies originated from Japan, which may skew both the population under investigation as well as operative techniques. Also, most included studies were non-randomised and retrospective in design. Furthermore, there was significant variability in clinical parameters such as operative time, intraoperative blood loss, time of start of liquid or solid diet, time of nasogastric intubation and hospital stay. This was likely related to the differences in operative technique (pancreaticojejunostomy vs pancreaticogastrostomy, end-to-end vs end-to-side anastomoses, use of pancreatic stents). Due to lack of detailed information in the included studies, it was not possible to perform a subgroup analysis based on various reconstruction approaches. The greatest shortcoming, however, is that the studies included provided us with insufficient information to conduct a sound comparison of long-term nutritional status, gastro-intestinal function and quality of life. Clearly, if there were to be significant long-term complications such as increased rates in dumping syndrome, it would argue strongly against SSPPD as a technique.
In conclusion, this study suggests SSPPD is as safe as PPPD in the studied population and may be superior to PPPD with respect to DGE. However, there is an evident need for well-designed RCTs comparing SSPPD and PPPD with respect to quality of life and survival outcomes.

COMMENTS
Background
Currently, classic pancreaticoduodenectomy and pylorus preserving pancreaticoduodenectomy (PPPD) are considered to be the most widely used surgical procedures for the treatment of pancreatic head and periampullary tumors. Delayed gastric emptying (DGE) is regarded as one of the most common postoperative complications in these two surgical approaches. Recently, a new surgical method, subtotal stomach-preserving pancreaticoduodenectomy (SSPPD), was developed to reduce the incidence of DGE. However, the whether this can be achieved in practice is not clear.

Research frontiers
To conduct a meta-analysis comparing perioperative outcomes, especially DGE, after PPPD and SSPPD for the first time.

Innovations and breakthroughs
Based on this meta-analysis, patients undergoing SSPPD had a significantly lower rate of DGE and a shorter period of nasogastric intubation despite being associated with greater intraoperative blood loss.

Applications
SSPPD can reduce DGE as well as improve short-term postoperative outcomes compared with PPPD. However, future randomized trials should compare the advantages between SSPPD and PPPD.

Peer review
This report was of great interest because it seems to be the first complete pooled study to compare rates of DGE with the two surgical techniques, SSPPD vs PPPD. Of course there are limitations in that most of the studies included in this study were retrospective, however, this study can be the chart for decision of the surgical management for patients required pancreaticoduodenectomy and further studies.

REFERENCES
1 Whipple AO, Parsons WB, Mullins CR. Treatment of Carcinoma of the Ampulla of Vater. Ann Surg 1935; 102: 763-779 [PMID: 17856666]
2 Whipple AO. The Rationale of Radical Surgery for Cancer of the Pancreas and Ampullary Region. Ann Surg 1941; 114: 612-615 [PMID: 17857897]
3 Watson K. Carcinoma of ampulla of vater successful radical resection. Br J Surg 1944; 31: 368-373
4 Traverso LW, Longmire WP. Preservation of the pylorus in pancreaticoduodenectomy. Surg Gynecol Obstet 1978; 146: 959-962 [PMID: 653575]
5 Lin PW, Shan YS, Lin YJ, Hung CJ. Pancreaticoduodenectomy for pancreatic head cancer: PPPD versus Whipple procedure. Hepatogastroenterology 2005; 52: 1601-1604 [PMID: 16201125]
6 Srinarmwong C, Luechakiettisak P, Prasitvilai W. Standard whipple's operation versus pylorus preserving pancreaticoduodenectomy: a randomized controlled trial study. J Med Assoc Thai 2008; 91: 693-698 [PMID: 18672634]
7 Seiler CA, Wagner M, Bachmann T, Redaelli CA, Schmied B, Uhl W, Friess H, Büchler MW. Randomized clinical trial of pylorus-preserving duodenopancreatectomy versus classical Whipple resection-long term results. Br J Surg 2005; 92: 547-556 [PMID: 15800958 DOI: 10.1002/bjs.4881]
8 Tran KT, Smeenk HG, van Eijck CH, Kazemier G, Hop WC, Greve JW, Terpstra OT, Zijlstra JA, Klinkert P, Jeekel H. Pylorus preserving pancreaticoduodenectomy versus standard Whipple procedure: a prospective, randomized, multicenter analysis of 170 patients with pancreatic and periampullary tumors. Ann Surg 2004; 240: 738-745 [PMID: 15492552]
9 Iqbal N, Lovegrove RE, Tilney HS, Abraham AT, Bhattacharya S, Tekkis PP, Kocher HM. A comparison of pancreaticoduodenectomy with pylorus preserving pancreaticoduodenectomy: a meta-analysis of 2822 patients. Eur J Surg Oncol 2008; 34: 1237-1245 [PMID: 18242943 DOI: 10.1016/j.ejso.2007.12.004]
10 Jimenez RE, Fernandez-del Castillo C, Rattner DW, Chang Y, Warshaw AL. Outcome of pancreaticoduodenectomy with pylorus preservation or with antrectomy in the treatment of chronic pancreatitis. Ann Surg 2000; 231: 293-300 [PMID: 10714621]
11 Braasch JW, Deziel DJ, Rossi RL, Watkins E, Winter PF. Pyloric and gastric preserving pancreatic resection. Experience with 87 patients. Ann Surg 1986; 204: 411-418 [PMID: 3767476]
12 van Berge Henegouwen MI, van Gulik TM, DeWit LT, Allema JH, Rauws EA, Obertop H, Gouma DJ. Delayed gastric emptying after standard pancreaticoduodenectomy versus pylorus-preserving pancreaticoduodenectomy: an analysis of 200 consecutive patients. J Am Coll Surg 1997; 185: 373-379 [PMID: 9328386]
13 Ohtsuka T, Yamaguchi K, Chijiiwa K, Kinukawa N, Tanaka M. Quality of life after pylorus-preserving pancreatoduodenectomy. Am J Surg 2001; 182: 230-236 [PMID: 11587683]
14 Shimoda M, Kubota K, Katoh M, Kita J. Effect of billroth II or Roux-en-Y reconstruction for the gastrojejunostomy on delayed gastric emptying after pancreaticoduodenectomy: a randomized controlled study. Ann Surg 2013; 257: 938-942 [PMID: 23579543 DOI: 10.1097/SLA.0b013e31826c3f90]
15 Akizuki E, Kimura Y, Nobuoka T, Imamura M, Nagayama M, Sonoda T, Hirata K. Reconsideration of postoperative oral intake tolerance after pancreaticoduodenectomy: prospective consecutive analysis of delayed gastric emptying according to the ISGPS definition and the amount of dietary intake. Ann Surg 2009; 249: 986-994 [PMID: 19474680 DOI: 10.1097/SLA.0b013e3181a63c4c]
16 Hashimoto Y, Traverso LW. Incidence of pancreatic anastomotic failure and delayed gastric emptying after pancreatoduodenectomy in 507 consecutive patients: use of a web-based calculator to improve homogeneity of definition. Surgery 2010; 147: 503-515 [PMID: 20018335 DOI: 10.1016/j.surg.2009.10.034]
17 Hayashibe A, Kameyama M, Shinbo M, Makimoto S. The surgical procedure and clinical results of subtotal stomach preserving pancreaticoduodenectomy (SSPPD) in comparison with pylorus preserving pancreaticoduodenectomy (PPPD). J Surg Oncol 2007; 95: 106-109 [PMID: 17262740 DOI: 10.1002/jso.20608]
18 Sato G, Ishizaki Y, Yoshimoto J, Sugo H, Imamura H, Kawasaki S. Factors influencing clinically significant delayed gastric emptying after subtotal stomach-preserving pancreatoduodenectomy. World J Surg 2014; 38: 968-975 [PMID: 24136719 DOI: 10.1007/s00268-013-2288-y]
19 Cameron JL. Whipple or pylorus preservation? A critical reappraisal and some new insights into pancreaticoduodenectomy. Ann Surg 2000; 231: 301-302 [PMID: 10714622]
20 Hozo SP, Djulbegovic B, Hozo I. Estimating the mean and variance from the median, range, and the size of a sample. BMC Med Res Methodol 2005; 5: 13 [PMID: 15840177 DOI: 10.1186/1471-2288-5-13]
21 Jadad AR, Moore RA, Carroll D, Jenkinson C, Reynolds DJ, Gavaghan DJ, McQuay HJ. Assessing the quality of reports of randomized clinical trials: is blinding necessary? Control Clin Trials 1996; 17: 1-12 [PMID: 8721797]
22 McKay A, Mackenzie S, Sutherland FR, Bathe OF, Doig C, Dort J, Vollmer CM, Dixon E. Meta-analysis of pancreaticojejunostomy versus pancreaticogastrostomy reconstruction after pancreaticoduodenectomy. Br J Surg 2006; 93: 929-936 [PMID: 16845693 DOI: 10.1002/bjs.5407]
23 Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in meta-analyses. BMJ 2003; 327: 557-560 [PMID: 12958120 DOI: 10.1136/bmj.327.7414.557]
24 Demets DL. Methods for combining randomized clinical trials: strengths and limitations. Stat Med 1987; 6: 341-350 [PMID: 3616287]
25 DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trials 1986; 7: 177-188 [PMID: 3802833]
26 Sterne JA, Egger M, Smith GD. Systematic reviews in health care: Investigating and dealing with publication and other biases in meta-analysis. BMJ 2001; 323: 101-105 [PMID: 11451790]
27 Akizuki E, Kimura Y, Nobuoka T, Imamura M, Nishidate T, Mizuguchi T, Furuhata T, Hirata K. Prospective nonrandomized comparison between pylorus-preserving and subtotal stomach-preserving pancreaticoduodenectomy from the perspectives of DGE occurrence and postoperative digestive functions. J Gastrointest Surg 2008; 12: 1185-1192 [PMID: 18427904 DOI: 10.1007/s11605-008-0513-z]
28 Kurahara H, Takao S, Shinchi H, Mataki Y, Maemura K, Sakoda M, Ueno S, Natsugoe S. Subtotal stomach-preserving pancreaticoduodenectomy (SSPPD) prevents postoperative delayed gastric emptying. J Surg Oncol 2010; 102: 615-619 [PMID: 20721956 DOI: 10.1002/jso.21687]
29 Kawai M, Tani M, Hirono S, Miyazawa M, Shimizu A, Uchiyama K, Yamaue H. Pylorus ring resection reduces delayed gastric emptying in patients undergoing pancreatoduodenectomy: a prospective, randomized, controlled trial of pylorus-resecting versus pylorus-preserving pancreatoduodenectomy. Ann Surg 2011; 253: 495-501 [PMID: 21248633 DOI: 10.1097/SLA.0b013e31820d98f1]
30 Oida T, Mimatsu K, Kano H, Kawasaki A, Kuboi Y, Fukino N, Amano S. Preventing delayed gastric emptying in pancreaticogastrostomy by a modified subtotal-stomach-preserving pancreaticoduodenectomy: Oida modification. Hepatogastroenterology 2011; 58: 1384-1388 [PMID: 21937412 DOI: 10.5754/hge09721]
31 Fujii T, Kanda M, Kodera Y, Nagai S, Sahin TT, Hayashi M, Kanzaki A, Yamada S, Sugimoto H, Nomoto S, Takeda S, Morita S, Nakao A. Preservation of the pyloric ring has little value in surgery for pancreatic head cancer: a comparative study comparing three surgical procedures. Ann Surg Oncol 2012; 19: 176-183 [PMID: 21735323 DOI: 10.1245/s10434-011-1901-2]
32 Hiyoshi M, Chijiiwa K, Ohuchida J, Imamura N, Nagano M. Comparative study of gastric emptying and nutritional status after pylorus-preserving vs. subtotal stomach-preserving pancreaticoduodenectomy. Hepatogastroenterology 2012; 59: 1018-1022 [PMID: 22580651 DOI: 10.5754/hge10351]
33 Nanashima A, Abo T, Sumida Y, Tobinaga S, Nonaka T, Takeshita H, Hidaka S, Sawai T, Yasutake T, Nagayasu T. Comparison of results between pylorus-preserving pancreaticoduodenectomy and subtotal stomach-preserving pancreaticoduodenectomy: report at a single cancer institute. Hepatogastroenterology 2013; 60: 1182-1188 [PMID: 23803381 DOI: 10.5754/hge11045]
34 Kawai M, Tani M, Hirono S, Okada K, Miyazawa M, Yamaue H. Pylorus-resecting pancreaticoduodenectomy offers long-term outcomes similar to those of pylorus-preserving pancreaticoduodenectomy: results of a prospective study. World J Surg 2014; 38: 1476-1483 [PMID: 24370543 DOI: 10.1007/s00268-013-2420-z]
35 Matsumoto I, Shinzeki M, Asari S, Goto T, Shirakawa S, Ajiki T, Fukumoto T, Suzuki Y, Ku Y. A prospective randomized comparison between pylorus- and subtotal stomach-preserving pancreatoduodenectomy on postoperative delayed gastric emptying occurrence and long-term nutritional status. J Surg Oncol 2014; 109: 690-696 [PMID: 24619624 DOI: 10.1002/jso.23566]
36 Kelly KA. Gastric emptying of liquids and solids: roles of proximal and distal stomach. Am J Physiol 1980; 239: G71-G76 [PMID: 6996495]
37 Mezhir JJ. Management of complications following pancreatic resection: an evidence-based approach. J Surg Oncol 2013; 107: 58-66 [PMID: 22535571 DOI: 10.1002/jso.23139]
38 Itani KM, Coleman RE, Meyers WC, Akwari OE. Pylorus-preserving pancreatoduodenectomy. A clinical and physiologic appraisal. Ann Surg 1986; 204: 655-664 [PMID: 3024595]
39 Fischer CP, Hong JC. Method of pyloric reconstruction and impact upon delayed gastric emptying and hospital stay after pylorus-preserving pancreaticoduodenectomy. J Gastrointest Surg 2006; 10: 215-219 [PMID: 16455453 DOI: 10.1016/j.gassur.2005.07.017]
40 Kim DK, Hindenburg AA, Sharma SK, Suk CH, Gress FG, Staszewski H, Grendell JH, Reed WP. Is pylorospasm a cause of delayed gastric emptying after pylorus-preserving pancreaticoduodenectomy? Ann Surg Oncol 2005; 12: 222-227 [PMID: 15827814 DOI: 10.1245/ASO.2005.03.078]
41 Ohwada S, Satoh Y, Kawate S, Yamada T, Kawamura O, Koyama T, Yoshimura S, Tomizawa N, Ogawa T, Morishita Y. Low-dose erythromycin reduces delayed gastric emptying and improves gastric motility after Billroth I pylorus-preserving pancreaticoduodenectomy. Ann Surg 2001; 234: 668-674 [PMID: 11685031]
42 Kurosaki I, Hatakeyama K. Preservation of the left gastric vein in delayed gastric emptying after pylorus-preserving pancreaticoduodenectomy. J Gastrointest Surg 2005; 9: 846-852 [PMID: 15985243 DOI: 10.1016/j.gassur.2005.02.009]
43 Horstmann O, Markus PM, Ghadimi MB, Becker H. Pylorus preservation has no impact on delayed gastric emptying after pancreatic head resection. Pancreas 2004; 28: 69-74 [PMID: 14707733]
44 Yeo CJ, Barry MK, Sauter PK, Sostre S, Lillemoe KD, Pitt HA, Cameron JL. Erythromycin accelerates gastric emptying after pancreaticoduodenectomy. A prospective, randomized, placebo-controlled trial. Ann Surg 1993; 218: 229-37; discussion 237-8 [PMID: 8103982]
45 Wente MN, Bassi C, Dervenis C, Fingerhut A, Gouma DJ, Izbicki JR, Neoptolemos JP, Padbury RT, Sarr MG, Traverso LW, Yeo CJ, Büchler MW. Delayed gastric emptying (DGE) after pancreatic surgery: a suggested definition by the International Study Group of Pancreatic Surgery (ISGPS). Surgery 2007; 142: 761-768 [PMID: 17981197 DOI: 10.1016/j.surg.2007.05.005]
46 Sakamoto Y, Yamamoto Y, Hata S, Nara S, Esaki M, Sano T, Shimada K, Kosuge T. Analysis of risk factors for delayed gastric emptying (DGE) after 387 pancreaticoduodenectomies with usage of 70 stapled reconstructions. J Gastrointest Surg 2011; 15: 1789-1797 [PMID: 21826550 DOI: 10.1007/s11605-011-1498-6]

P-Reviewer: Nentwich MF, Sakamoto Y, Sugiyama H S-Editor: Ma YJ L-Editor:  E-Editor:

Studies identified (databases)
(n = 136)
Additional studies identified
through other sources (n = 12)
Studies after duplicate exclusion
(n =106)
Studies screened (n = 85)
Studies excluded based on title and abstract screening (n = 75)
Studies assessed for eligibility (n = 10)
Full-text articles excluded 
(n = 2)
Repeated reports (n = 1),
Primary outcome unavailable 
(n = 1).
Studies included in final analysis (n = 8)
Identification
Screening
Eligibility
Included

Figure 1 Flow diagram depicting the study selection process in accordance with PRISMA guidelines.
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Delayed gastric emptying
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Figure 2 Forest plots demonstrating primary outcome. Forest plots illustrating results of delayed gastric emptying in the form of meta-analysis comparing PPPD with SSPPD. Pooled odds ratios (ORs) with 95% confidence intervals (CI) were calculated using the fixed-effects model. PPPD: Pylorus preserving pancreaticoduodenectomy; SSPPD: Subtotal stomach-preserving pancreaticoduodenectomy.
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G.  Time to starting liquid diet
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H. Time to starting solid diet
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I. Period of nasogastric intubation
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J. Reinsertion of nasogastric tube
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K. Mortality
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Figure 3 Forest plots demonstrating secondary outcomes. Forest plots illustrating results of operation time (A), intraoperative blood loss(B), pancreatic fistula(C), postoperative hemorrhage (D), intraabdominal abscess (E), wound infection (F), time to starting liquid diet (G), time to starting solid diet (H), period of nasogastric intubation (I), reinsertion of nasogastric tube (J), mortality (K), hospital stay (L) in the form of meta-analysis comparing PPPD with SSPPD. Pooled odds ratios (ORs) or weighted mean difference (WMD) with 95% confidence intervals (CI) were calculated using the fixed effects model or the random-effects model. PPPD: Pylorus preserving pancreaticoduodenectomy; SSPPD: Subtotal stomach-preserving pancreaticoduodenectomy.
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Figure 4 Funnel plot to investigate publication bias. Funnel plot on delayed gastric emptying basing on all studies. The funnel plot revealed no publication bias.


Table 1 Characteristics of the included studies
	Ref.
	Country
	Year
	Design
	Group
	N
	Sex (M/F)
	Age1
	Benign/Malignant 
	Quality 
score

	Hayashibe 
et al[17]
	Japan
	2007
	Retro
	PPPD
SSPPD
	12
21
	4/8
8/13
	60.9 ± 8.5
64.3 ± 9.5
	0/12
1/20
	1 (McKay)

	Akizuki 
et al[27]
	Japan
	2008
	PNR
	PPPD
SSPPD
	34
30
	20/14 18/12
	66(28-78)    65 (39-79)
	15/19
4/26
	2 (McKay)

	Kurahara 
et al[28]
	Japan
	2010
	Retro
	PPPD
SSPPD
	48
64
	26/22 38/26
	64.4 
66.8
	18/30
11/53
	1 (McKay)

	Oida 
et al[30]
	Japan
	2011
	Retro
	PPPD
SSPPD
	25
42
	21/4
30/12
	66.2 ± 4.7
65.8 ± 5.8
	0/25
0/42
	1 (McKay)

	Kawai
et al[29]
	Japan
	2011
	RCT
	PPPD
SSPPD
	64
66
	33/31 38/28 
	68 ± 9     67 ± 9
	12/52 
14/52
	3 (Jadad)

	Fujii 
et al[31]
	Japan
	2012
	Retro
	PPPD
SSPPD
	33
56
	19/14
28/28
	63.8 (35-83)
64.6 (41-84) 
	0/33
0/56
	1 (McKay)

	Nanashima 
et al[33]
	Japan
	2013
	Retro
	PPPD
SSPPD
	28
27
	21/7
15/12
	68 ± 8
66 ± 12
	7/21
5/22
	1 (McKay)

	Matsumoto 
et al[35]
	Japan
	2014
	RCT
	PPPD
SSPPD
	50
50
	29/21 35/15
	66 ± 10
67 ± 9
	18/32
21/29
	3 (Jadad)


1Mean ± SD, standard deviation or Median and range. Retro: Retrospective observational study; PNR: Prospective nonrandomized observational study; RCT: Randomized controlled trial; SSPPD: Subtotal stomach-preserving pancreaticoduodenectomy; PPPD: Pylorus-preserving pancreaticoduodenectomy. 







Table 2 Surgical reconstruction, definition of delayed gastric emptying and postoperative management
	Ref.
	Reconstruction
	Deﬁnition of DGE
	Indication for 
removing NGT
	PPI
	PA

	Hayashibe et al[17]
	Duct to mucosa and end-to-side pancreaticojejunostomy, 
end-to-side antecolic gastrojejunostomy, and side-to-side jejunojejunostomy (Braun anastomosis)
	(1) NGT ≥ POD 10
(2)inability to tolerate a solid diet ≥ POD 14
	Unknown
	Unknown
	Unknown

	Akizuki 
et al[27]
	Duct-to-mucosa and end-to-side pancreaticojejunostomy,
end duodenal (or stomach)-to-side jejunal, Braun anastomosis was made
	(1) NGT ≥ POD 10
(2) inability to tolerate a solid diet ≥ POD 14
	The fluid of NGT < 500 mL per night, generally removed on POD 1
	Yes
	Yes

	Kurahara
 et al[28]
	End-to-side pancreaticogastrostomy with an internal stent, end-to-side duodenojejunostomy (PPPD) or gastrojejunostomy (SSPPD)
	ISGPS
	The fluid of NGT < 500 mL per night
	Yes
	Yes

	Oida 
et a[30]
	Pancreaticogastrostomy and end to end duodenojejunostomy (PPPD)
Pancreaticogastrostomy and end to end gastrojejunostomy (SSPPD)
	ISGPS
	Unknown
	Unknown
	Unknown

	Kawai 
et al[29]
	Duct-to-mucosa, end-to-side pancreatojejunostomy with internal stent
Duodenojejunostomy (PPPD), gastrojejunostomy (SSPPD)
	ISGPS
	All removed on POD 1
	No
	No

	Fujii et al[31]
	End-to-side pancreatojejunostomy and end-to-side antecolic gastrojejunostomy in SSPPD or a duodenojejunostomy in PPPD
	ISGPS
	Generally removed on POD 1, or on POD 2 if the fluid of NGT > 500 ml per night.
	Unknown
	Unknown

	Nanashima et al[33]
	End-to-side with external stent pancreatojejunostomy
	ISGPS
	The fluid of the NGT < 300 ml per night.
	Yes
	Unknown

	Matsumoto et al[35]
	End-to-side pancreatojejunostomy, end-to-side duodenojejunostomy (PPPD) and gastrojejunstomy (SSPPD)
	ISGPS
	The ﬂuid of the NGT < 200 ml per night.
	Yes
	Unknown


ISGPS: International Study Group on Pancreatic Surgery; SSPPD: Subtotal stomach-preserving pancreaticoduodenectomy; PPPD: Pylorus-preserving pancreaticoduodenectomy; POD: Postoperative day; DGE: Delayed gastric emptying; NGT: Nasogastric tube; SSA: Somatostatin analogues; PPI: Proton pump inhibitors; PA: Prokinetic agents.

Table 3 Summary results for studies comparing pylorus-preserving pancreaticoduodenectomy and subtotal stomach-preserving pancreaticoduodenectomy
	Outcome of interest
	No. of
studies
	No. of
patients
	OR/WMD = (95%CI)
	P-value
	Heterogeneity
 P-value
	 I2

	Delayed gastric emptying
	8
	650
	2.75 (1.75-4.30)
	< 0.00001
	0.10
	43%

	Operation time
	8
	650
	-5.30 (-43.44-32.84)
	0.79
	0.0003
	77%

	Intraoperative blood loss
	8
	650
	-217.70[-429.77-(-5.63)]
	0.04
	0.004
	68%

	Pancreatic fistula
	7
	583
	0.91 (0.56-1.49)
	0.70
	0.97
	0%

	Postoperative hemorrhage
	5
	461
	0.51 (0.15-1.74)
	0.29
	0.95
	0%

	Intra-abdominal abscess
	5
	461
	1.05 (0.54-2.05)
	0.89
	0.65
	0%

	Wound infection
	5
	394
	0.88 (0.39-1.97)
	0.75
	0.88
	0%

	Time of start liquid diet
	4
	286
	2.97 (-0.43-6.38)
	0.09
	0.001
	82%

	Time of start solid diet
	4
	316
	3.69 (-0.46-7.83)
	0.08
	< 0.00001
	91%

	Time of nasogastric intubation
	6
	438
	2.68 (0.77-4.58)
	0.006
	< 0.00001
	96%

	Reinsertion of nasogastric tube
	4
	349
	1.90 (0.91-3.97)
	0.09
	0.58
	0%

	Mortality
	6
	471
	0.31 (0.05-2.01)
	0.22
	1.00
	0%

	Hospital stay
	4
	255
	3.92 (-0.37-8.22)
	0.07
	0.04
	64%


WMD: Weight mean difference. 

Table 4 Sensitivity analysis performed for studies comparing pylorus-preserving pancreaticoduodenectomy and subtotal stomach-preserving pancreaticoduodenectomy
	Outcome of interest
	No. of
studies
	No. of
patients
	OR (95%CI)
	P-value
	Heterogeneity
P-value
	 I2

	DGE with ISGPS definition 
	
	
	
	
	
	

	DGE (ISGPS B/C)
	6
	553
	8.73 (2.09-36.56)
	0.003
	< 0.0001
	82%

	Operation time
	6
	553
	6.50(-35.02-48.02)
	0.76
	0.0005
	80%

	Intraoperative blood loss
	6
	553
	0.78(-81.90-83.46)
	0.99
	0.20
	33%

	Pancreatic fistula
	5
	486
	0.92 (0.54-1.55)
	0.75
	0.93
	0%

	Postoperative hemorrhage
	4
	397
	0.57 (0.15-2.16)
	0.41
	0.91
	0%

	Intraabdominal abscess
	4
	397
	1.07 (0.53-2.18)
	0.85
	0.49
	0%

	Wound infection
	3
	297
	1.18 (0.45-3.09)
	0.74
	0.98
	0%

	Time of start liquid diet
	2
	189
	3.62 (-2.82-10.06)
	0.27
	0.03
	80%

	Time of start solid diet
	3
	252
	4.77 (-0.11-9.64)
	0.06
	< 0.00001
	94%

	Time of nasogastric intubation
	4
	341
	3.32 (0.31-6.32)
	0.03
	< 0.00001
	97%

	Reinsertion of nasogastric tube
	3
	285
	2.15 (0.93-4.96)
	0.07
	0.44
	0%

	Mortality
	4
	374
	0.32 (0.03-3.18)
	0.33
	0.97
	0%

	Hospital stay 

	3
	222
	5.96 (3.46-8.46)
	< 0.00001
	0.55
	0%

	DGE with other definition
	
	
	
	
	
	

	DGE
	2
	97
	2.29 (0.35-15.21)
	0.39
	0.11
	61%

	Operation time
	2
	97
	-48.51 
(-109. 22-12.20)
	0.12
	0.79
	0%

	Intraoperative blood loss
	2
	97
	-588.29 [-898.10-(-278.49)]
	0.0002
	0.79
	0%

	Pancreatic fistula
	2
	97
	0.86 (0.22-3.33)
	0.83
	-
	-

	Wound infection
	2
	97
	0.44 (0.09-2.08)
	0.30
	0.88
	0%

	Time of start liquid diet
	2
	97
	2.30 (-2.30-6.91)
	0.33
	0.006
	87%

	Time of NGD insertion
	2
	97
	1.82 (-2.43-6.06)
	0.40
	0.02
	

	Mortality
	2
	97
	0.29 (0.01-7.26)
	0.45
	-
	-

	Hospital stay
 
	2
	97
	0.17 (-2.77-3.11)
	0.91
	0.24
	27%

	Reconstruction with pancreaticojejunostomy
	
	
	
	
	
	

	DGE
	6
	471
	3.72 (2.12-6.56)
	< 0.00001
	0.18
	35%

	Operation time
	6
	471
	-11.79 (-32.26-8.68)
	0.26
	0.21
	30%

	Intraoperative blood loss
	6
	471
	-265.87 (-422.93-108.81)
	0.0009
	0.15
	38%

	Pancreatic fistula
	6
	471
	0.90 (0.55-1.48)
	0.67
	0.94
	0%

	Postoperative hemorrhage
	4
	349
	0.61 (0.16-2.38)
	0.48
	0.93
	0%

	Intra-abdominal abscess
	4
	349
	1.06 (0.51-2.22)
	0.88
	0.48
	0%

	Wound infection
	4
	327
	0.83 (0.34-2.03)
	0.68
	0.78
	0%

	Time of start solid diet
	3
	249
	2.29 (-1.97-6.54)
	0.29
	0.06
	64%

	Time of nasogastric intubation
	5
	371
	1.92 (0.38-3.47)
	0.01
	< 0.00001
	89%

	Hospital stay 

	3
	188
	1.23 (-1.64-4.09)
	0.40
	0.25
	28%

	Reconstruction with pancreaticogastrostomy
	
	
	
	
	
	

	DGE
	2
	179
	1.51 (0.70-3.26)
	0.29
	-
	-

	Operation time 
	2
	179
	49.00 (30.41-67.59)
	< 0.00001
	-
	-

	Intraoperative blood loss
	2
	179
	41.00 (-51.78-133.78)
	0.39
	-
	-

	Randomized controlled trial
	
	
	
	
	
	

	DGE
	2
	230
	2.69 (1.17-6.17)
	0.02
	0.32
	0%

	Operation time
	2
	230
	-16.69 (-42.68-9.30)
	0.21
	0.83
	0%

	Intraoperative blood loss
	2
	230
	-120.23 (-364.94-124.48)
	0.34
	0.77
	0%

	Pancreatic fistula
	2
	230
	1.08 (0.53-2.20)
	0.82
	0.91
	0%

	Postoperative hemorrhage
	2
	230
	0.67 (0.11-4.11)
	0.67
	0.72
	0%

	Intra-abdominal abscess
	2
	230
	0.75 (0.14-4.14)
	0.75
	0.15
	51%

	Wound infection
	2
	230
	1.19 (0.38-3.70)
	0.76
	0.86
	0%

	Reinsertion of nasogastric tube
	2
	230
	2.17 (0.84-5.59)
	0.11
	0.20
	39%

	Mortality

	2
	230
	0.34 (0.01-8.46)
	0.51
	-
	-

	Non-randomized controlled trial
	
	
	
	
	
	

	DGE
	6
	420
	3.36 (1.25-9.08)
	0.02
	0.05
	58%

	Operation time
	6
	420
	-0.56 (-47.55-46.43)
	0.98
	0.007
	72%

	Intraoperative blood loss
	6
	420
	-283.77 (-593.42-25.87)
	0.07
	0.001
	78%

	Pancreatic fistula
	5
	353
	0.77 (0.39-1.53)
	0.46
	0.93
	0%

	Postoperative hemorrhage
	3
	231
	0.41 (0.08-2.22)
	0.30
	0.78
	0%

	Intra-abdominal abscess
	3
	231
	1.21 (0.47-3.13)
	0.70
	0.83
	0%

	Wound infection
	3
	164
	0.64 (0.19-2.08)
	0.45
	0.73
	0%

	Time of start liquid diet
	3
	186
	3.68 (-0.30, 7.66)
	0.07
	0.0006
	87%

	Time of start solid diet
	3
	186
	5.06 (0.39-9.73)
	0.03
	0.04
	69%

	Time of nasogastric intubation
	5
	308
	3.49 (0.82-6.16)
	0.01
	< 0.00001
	95%

	Hospital stay
	3
	155
	4.28 (-0.56-9.12)
	0.08
	0.02
	76%

	Mortality
	4
	240
	0.30 (0.03-2.94)
	0.30
	0.97
	0%

	D1 lymph node dissection
	
	
	
	
	
	

	DGE
	2
	57
	0.32 (0.07-1.48)
	0.14
	0.90
	0%

	D2 lymph node dissection
	
	
	
	
	
	

	DGE
	2
	119
	3.07 (1.05-9.02)
	0.04
	0.53
	0%


SSPPD: Subtotal stomach-preserving pancreaticoduodenectomy; PPPD: Pylorus-preserving pancreaticoduodenectomy; PD: Pancreaticoduodenectomy; WMD: Weighted mean difference. 
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Study or Subgroup Hayashibe 2007 Akizuki 2008 Kurahara 2010 Kawai 2011 Oida 2011 Fujii 2012 Nanashima 2013 Matsumoto 2014 Total (95% CI) Heterogeneity: Tau² = 49231.24; Chi² = 18.98, df = 6 (P = 0.004); I² = 68% Test for overall effect: Z = 2.01 (P = 0.04) Mean 1,321.7 619 1,084.6 820 600 1,225 1,306 826 SD 682 565 0 987 196 728 776 645.8 Total 12 34 48 64 25 33 28 50 294 Mean 1,843.2 1,235 1,779.5 902 559 1,284 1,810 981 SD 987.7 882.5 0 1,075 172 821 1,054 1,035 Total 21 30 64 66 42 56 27 50 356 Weight 8.7% 13.8% 14.3% 22.7% 15.1% 10.5% 14.8% 100.0% IV, Random, 95% CI -521.50 [-1093.65, 50.65] -616.00 [-984.50, -247.50] Not estimable -82.00 [-436.59, 272.59] 41.00 [-51.78, 133.78] -59.00 [-387.53, 269.53] -504.00 [-994.58, -13.42] -155.00 [-493.15, 183.15] -217.70 [-429.77, -5.63] Year 2007 2008 2010 2011 2011 2012 2013 2014 PPPD SSPPD Mean Difference Mean Difference IV, Random, 95% CI -1000 -500 0 500 1000 Favours PPPD Favours SSPPD
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Study or Subgroup Hayashibe 2007 Akizuki 2008 Kurahara 2010 Kawai 2011 Fujii 2012 Nanashima 2013 Matsumoto 2014 Total (95% CI) Total events Heterogeneity: Chi² = 0.90, df = 5 (P = 0.97); I² = 0% Test for overall effect: Z = 0.38 (P = 0.70) Events 0 5 1 8 7 4 11 36 Total 12 34 48 64 33 28 50 269 Events 0 5 1 8 17 4 10 45 Total 21 30 64 66 56 27 50 314 Weight 13.5% 2.5% 20.6% 29.7% 10.4% 23.3% 100.0% M-H, Fixed, 95% CI Not estimable 0.86 [0.22, 3.33] 1.34 [0.08, 21.99] 1.04 [0.36, 2.95] 0.62 [0.22, 1.70] 0.96 [0.21, 4.29] 1.13 [0.43, 2.96] 0.91 [0.56, 1.49] Year 2007 2008 2010 2011 2012 2013 2014 PPPD SSPPD Odds Ratio Odds Ratio M-H, Fixed, 95% CI 0.01 0.1 1 10 100 Favours PPPD Favours SSPPD
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Study or Subgroup Akizuki 2008 Kurahara 2010 Kawai 2011 Nanashima 2013 Matsumoto 2014 Total (95% CI) Total events Heterogeneity: Chi² = 0.73, df = 4 (P = 0.95); I² = 0% Test for overall effect: Z = 1.07 (P = 0.29) Events 0 0 1 1 1 3 Total 34 48 64 28 50 224 Events 1 2 2 1 1 7 Total 30 64 66 27 50 237 Weight 20.6% 28.0% 25.5% 12.9% 12.9% 100.0% M-H, Fixed, 95% CI 0.29 [0.01, 7.26] 0.26 [0.01, 5.49] 0.51 [0.04, 5.74] 0.96 [0.06, 16.21] 1.00 [0.06, 16.44] 0.51 [0.15, 1.74] Year 2008 2010 2011 2013 2014 PPPD SSPPD Odds Ratio Odds Ratio M-H, Fixed, 95% CI 0.01 0.1 1 10 100 Favours PPPD Favours SSPPD
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Study or Subgroup Akizuki 2008 Kurahara 2010 Kawai 2011 Nanashima 2013 Matsumoto 2014 Total (95% CI) Total events Heterogeneity: Chi² = 2.48, df = 4 (P = 0.65); I² = 0% Test for overall effect: Z = 0.14 (P = 0.89) Events 2 3 8 5 1 19 Total 34 48 64 28 50 224 Events 2 4 6 3 4 19 Total 30 64 66 27 50 237 Weight 11.9% 19.1% 30.7% 14.9% 23.3% 100.0% M-H, Fixed, 95% CI 0.88 [0.12, 6.63] 1.00 [0.21, 4.69] 1.43 [0.47, 4.38] 1.74 [0.37, 8.12] 0.23 [0.03, 2.18] 1.05 [0.54, 2.05] Year 2008 2010 2011 2013 2014 PPPD SSPPD Odds Ratio Odds Ratio M-H, Fixed, 95% CI 0.01 0.1 1 10 100 Favours PPPD Favours SSPPD
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Study or Subgroup Hayashibe 2007 Akizuki 2008 Oida 2011 Kawai 2011 Matsumoto 2014 Total (95% CI) Total events Heterogeneity: Chi² = 1.19, df = 4 (P = 0.88); I² = 0% Test for overall effect: Z = 0.31 (P = 0.75) Events 0 2 2 2 5 11 Total 12 34 25 64 50 185 Events 1 4 3 2 4 14 Total 21 30 42 66 50 209 Weight 8.5% 31.6% 16.3% 15.1% 28.5% 100.0% M-H, Fixed, 95% CI 0.55 [0.02, 14.48] 0.41 [0.07, 2.40] 1.13 [0.18, 7.28] 1.03 [0.14, 7.56] 1.28 [0.32, 5.07] 0.88 [0.39, 1.97] Year 2007 2008 2011 2011 2014 PPPD SSPPD Odds Ratio Odds Ratio M-H, Fixed, 95% CI 0.01 0.1 1 10 100 Favours PPPD Favours SSPPD
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Study or Subgroup Hayashibe 2007 Akizuki 2008 Fujii 2012 Matsumoto 2014 Total (95% CI) Heterogeneity: Tau² = 9.47; Chi² = 16.31, df = 3 (P = 0.0010); I² = 82% Test for overall effect: Z = 1.71 (P = 0.09) Mean 14.7 5 15.2 5 SD 4.2 4.8 7.8 11.3 Total 12 34 33 50 129 Mean 10 5 8.6 5 SD 2 4 4.7 14 Total 21 30 56 50 157 Weight 27.1% 28.2% 25.8% 18.9% 100.0% IV, Random, 95% CI 4.70 [2.17, 7.23] 0.00 [-2.16, 2.16] 6.60 [3.67, 9.53] 0.00 [-4.99, 4.99] 2.97 [-0.43, 6.38] Year 2007 2008 2012 2014 PPPD SSPPD Mean Difference Mean Difference IV, Random, 95% CI -4 -2 0 2 4 Favours PPPD Favours SSPPD
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Study or Subgroup Akizuki 2008 Kawai 2011 Oida 2011 Nanashima 2013 Total (95% CI) Heterogeneity: Tau² = 13.74; Chi² = 35.01, df = 3 (P < 0.00001); I² = 91% Test for overall effect: Z = 1.74 (P = 0.08) Mean 7 6.3 16.4 19 SD 9.8 3.7 3.6 16 Total 34 64 25 28 151 Mean 7 5.6 10.2 9 SD 10.8 3.3 2 13 Total 30 66 42 27 165 Weight 21.9% 31.7% 31.1% 15.3% 100.0% IV, Random, 95% CI 0.00 [-5.08, 5.08] 0.70 [-0.51, 1.91] 6.20 [4.66, 7.74] 10.00 [2.31, 17.69] 3.69 [-0.46, 7.83] Year 2008 2011 2011 2013 PPPD SSPPD Mean Difference Mean Difference IV, Random, 95% CI -10 -5 0 5 10 Favours PPPD Favours SSPPD
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Study or Subgroup Hayashibe 2007 Akizuki 2008 Oida 2011 Kawai 2011 Fujii 2012 Nanashima 2013 Total (95% CI) Heterogeneity: Tau² = 4.67; Chi² = 120.92, df = 5 (P < 0.00001); I² = 96% Test for overall effect: Z = 2.75 (P = 0.006) Mean 10.5 1 5.6 0.6 2.7 15 SD 6.4 0.8 1.9 0.9 6.1 7 Total 12 34 25 64 33 28 196 Mean 6.1 1 1.6 0.6 1.3 6 SD 1.3 1.8 0.7 1 0.7 5 Total 21 30 42 66 56 27 242 Weight 11.6% 19.7% 19.6% 20.1% 16.3% 12.9% 100.0% IV, Random, 95% CI 4.40 [0.74, 8.06] 0.00 [-0.70, 0.70] 4.00 [3.23, 4.77] 0.00 [-0.33, 0.33] 1.40 [-0.69, 3.49] 9.00 [5.79, 12.21] 2.68 [0.77, 4.58] Year 2007 2008 2011 2011 2012 2013 PPPD SSPPD Mean Difference Mean Difference IV, Random, 95% CI -4 -2 0 2 4 Favours PPPD Favours SSPPD


image11.emf
Study or Subgroup Akizuki 2008 Kawai 2011 Nanashima 2013 Matsumoto 2014 Total (95% CI) Total events Heterogeneity: Chi² = 1.97, df = 3 (P = 0.58); I² = 0% Test for overall effect: Z = 1.71 (P = 0.09) Events 4 8 4 6 22 Total 34 64 28 50 176 Events 3 2 2 5 12 Total 30 66 27 50 173 Weight 26.3% 16.1% 16.3% 41.2% 100.0% M-H, Fixed, 95% CI 1.20 [0.25, 5.85] 4.57 [0.93, 22.43] 2.08 [0.35, 12.45] 1.23 [0.35, 4.32] 1.90 [0.91, 3.97] Year 2008 2011 2013 2014 PPPD SSPPD Odds Ratio Odds Ratio M-H, Fixed, 95% CI 0.01 0.1 1 10 100 Favours PPPD Favours SSPPD
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Study or Subgroup Hayashibe 2007 Akizuki 2008 Kawai 2011 Fujii 2012 Nanashima 2013 Matsumoto 2014 Total (95% CI) Total events Heterogeneity: Chi² = 0.01, df = 2 (P = 1.00); I² = 0% Test for overall effect: Z = 1.23 (P = 0.22) Events 0 0 0 0 0 0 0 Total 12 34 64 33 28 50 221 Events 0 1 1 0 1 0 3 Total 21 30 66 56 27 50 250 Weight 34.6% 32.3% 33.1% 100.0% M-H, Fixed, 95% CI Not estimable 0.29 [0.01, 7.26] 0.34 [0.01, 8.46] Not estimable 0.31 [0.01, 7.95] Not estimable 0.31 [0.05, 2.01] Year 2007 2008 2011 2012 2013 2014 PPPD SSPPD Odds Ratio Odds Ratio M-H, Fixed, 95% CI 0.01 0.1 1 10 100 Favours PPPD Favours SSPPD
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Study or Subgroup Hayashibe 2007 Oida 2011 Nanashima 2013 Matsumoto 2014 Total (95% CI) Heterogeneity: Tau² = 9.73; Chi² = 8.37, df = 3 (P = 0.04); I² = 64% Test for overall effect: Z = 1.79 (P = 0.07) Mean 33.1 30 42 38 SD 4 6.2 18 32.3 Total 12 25 28 50 115 Mean 32.5 24.1 31 37 SD 4.7 3.1 26 37.3 Total 21 42 27 50 140 Weight 39.6% 41.8% 10.4% 8.2% 100.0% IV, Random, 95% CI 0.60 [-2.43, 3.63] 5.90 [3.30, 8.50] 11.00 [-0.86, 22.86] 1.00 [-12.68, 14.68] 3.92 [-0.37, 8.22] Year 2007 2011 2013 2014 PPPD SSPPD Mean Difference Mean Difference IV, Random, 95% CI -4 -2 0 2 4 Favours PPPD Favours SSPPD
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