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Objective

This meta-analysis compares the perioperative outcomes of laparoscopic pancreaticoduodenectomy (LPD) to those of open pancreaticoduodenectomy (OPD) for pancreatic and periampullary tumors.



Background

LPD has been increasingly applied in the treatment of pancreatic and periampullary tumors. However, the perioperative outcomes of LPD versus OPD are still controversial.



Methods

PubMed, Web of Science, EMBASE, and the Cochrane Library were searched to identify randomized controlled trials (RCTs) and non-randomized comparative trials (NRCTs) comparing LPD versus OPD for pancreatic and periampullary tumors. The main outcomes were mortality, morbidity, serious complications, and hospital stay. The secondary outcomes were operative time, blood loss, transfusion, postoperative pancreatic fistula (POPF), postpancreatectomy hemorrhage (PPH), bile leak (BL), delayed gastric emptying (DGE), lymph nodes harvested, R0 resection, reoperation, and readmission. RCTs were evaluated by the Cochrane risk-of-bias tool. NRCTs were assessed using a modified tool from the Methodological Index for Non-randomized Studies. Data were pooled as odds ratio (OR) or mean difference (MD). This study was registered at PROSPERO (CRD42022338832).



Results

Four RCTs and 35 NRCTs concerning a total of 40,230 patients (4,262 LPD and 35,968 OPD) were included. Meta-analyses showed no significant differences in mortality (OR 0.91, p = 0.35), serious complications (OR 0.97, p = 0.74), POPF (OR 0.93, p = 0.29), PPH (OR 1.10, p = 0.42), BL (OR 1.28, p = 0.22), harvested lymph nodes (MD 0.66, p = 0.09), reoperation (OR 1.10, p = 0.41), and readmission (OR 0.95, p = 0.46) between LPD and OPD. Operative time was significantly longer for LPD (MD 85.59 min, p < 0.00001), whereas overall morbidity (OR 0.80, p < 0.00001), hospital stay (MD −2.32 days, p < 0.00001), blood loss (MD −173.84 ml, p < 0.00001), transfusion (OR 0.62, p = 0.0002), and DGE (OR 0.78, p = 0.002) were reduced for LPD. The R0 rate was higher for LPD (OR 1.25, p = 0.001).



Conclusions

LPD is associated with non-inferior short-term surgical outcomes and oncologic adequacy compared to OPD when performed by experienced surgeons at large centers. LPD may result in reduced overall morbidity, blood loss, transfusion, and DGE, but longer operative time. Further RCTs should address the potential advantages of LPD over OPD.



Systematic review registration

PROSPERO, identifier CRD42022338832.
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Introduction

Pancreaticoduodenectomy (PD) is the standard surgical treatment for pancreatic and periampullary tumors, which involves resection of the duodenum as well as with or without the distal stomach, the first portion of the jejunum, the pancreatic head, and common bile duct with the gallbladder (1). Owing to the complicated operation process and potentially lethal complications, PD should be performed by proficient surgeons in high-volume centers (2). Despite improved proficiency and technique, the perioperative mortality rate of PD remains up to 3% in highly specialized centers (3). PD remains the most difficult procedure of abdominal surgery and is associated with a high risk of morbidity and mortality (4).

The advantage of minimal invasiveness, reduced pain, and fast recovery from laparoscopic surgery has made it become the standard procedure in appendectomy and cholecystectomy (5, 6). With the accumulation of laparoscopic surgical experience and the development of surgical instruments, laparoscopic surgery has also been widely used in complex procedures such as gastrectomy, colectomy, and rectectomy, and it has been proven to be safe and feasible as compared with the open approach (7–9). During the past decades, there has been an increasing effort to perform more complex procedures like PD with a laparoscopic approach. However, a laparoscopic procedure in such complex conditions often arouses concerns with the difficult maneuvering of vascular structures, complicated digestive tract reconstruction, and prolonged operative time.

Laparoscopic pancreatoduodenectomy (LPD) was first reported in Canada in 1994 by Gagner et al., where it was performed with a pylorus-preserving procedure for a patient with chronic pancreatitis (10). In the initial stage, most surgeons choose to carry out LPD for patients with benign diseases. Due to improvements in surgical technique, LPD has been increasingly applied in the treatment of pancreatic and periampullary tumors, regardless of their benign or malignant nature (3). In recent years, a series of cohort studies have demonstrated the technical feasibility and safety of LPD for pancreatic and periampullary tumors (11, 12). However, the effects of LPD versus open pancreaticoduodenectomy (OPD) on morbidity, oncologic adequacy, and mortality are still controversial (13). Despite that there were several meta-analyses that assessed surgical and oncologic outcomes between LPD and OPD in the past 5 years (14–19), which included few articles and patients, and there had been conflicting pooled results. Some have included a few available randomized controlled trials (RCTs), which could not show any significant differences (14–16). Furthermore, some meta-analyses included studies that reported overlapped data from the same database during the crossed time period and therefore were prone to bias (17, 19–21). There is evidence that pooling of high-quality non-randomized comparative trials (NRCTs) is appropriate in a meta-analysis comparing surgical procedures, as existing RCTs are few, have a small sample size, and are underpowered (22).

This meta-analysis aims to assess the potential advantage of LPD compared with OPD for pancreatic and periampullary tumors using all the available high-quality published trials, RCTs and NRCTs, while focusing on perioperative outcomes such as mortality, morbidity, hospital stay, operative time, blood loss, transfusion, oncologic adequacy, reoperation, and readmission.



Methods

This meta-analysis followed the Cochrane Handbook for Systematic Reviews of Interventions, as well as Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) recommendations (23, 24). This study was registered at PROSPERO (CRD42022338832).


Search strategy

We searched the English-language literature published up to May 2022 in PubMed, Web of Science, EMBASE, and the Cochrane Library. The search terms were as follows: [laparoscopic OR laparoscopy OR laparoscopically assisted OR minimally invasive OR minimal invasive surgery] AND [open OR conventional OR open conventional surgery] AND [pancreatoduodenectomy OR pancreaticoduodenectomy OR Pancreatectomy OR Whipple] AND [randomized controlled trial OR prospective study OR comparative study OR retrospective study]. Two authors (Yong Yan and Yinggang Hua) independently conducted the literature search and a cross-check.



Inclusion and exclusion criteria

Two authors (Yong Yan and Yinggang Hua) screened eligible articles independently according to the inclusion criteria: 1) the interventions compared included LPD versus OPD, 2) elective PD for pancreatic or periampullary tumor, 3) adult patients, and 4) reported perioperative outcomes. The exclusion criteria were as follows: 1) experimental or animal studies, 2) single surgical technique with no comparative data, 3) studies without perioperative data, 4) emergency PD for abdominal trauma, and 5) the publication type was editorial, abstract, letter, case report, and expert opinion. If papers had overlapping data, the latest studies with the biggest sample size were included.



Data extraction

The data were extracted using a predefined data extraction sheet. Both authors (Yong Yan and Yinggang Hua) independently extracted data and then cross-checked them. In case of inconsistencies, a third author (Cheng Chang) was consulted to reach a consensus. Parameters such as study characteristics, demographic characteristics, baseline characteristics, baseline matching, methodological quality, inclusion diseases, surgical details, surgeons’ experience, and open conversion were extracted. The primary outcomes were postoperative mortality, overall postoperative complications, severe postoperative complications, and length of hospital stay. Furthermore, the secondary outcomes comprised operative time, estimated blood loss, intraoperative blood transfusion, pancreas-specific complications (such as postoperative pancreatic fistula (POPF), postpancreatectomy hemorrhage (PPH), bile leak (BL), and delayed gastric emptying (DGE)), oncologic outcomes (such as harvested lymph nodes and R0 resection), reoperation, and unplanned readmission.



Quality assessment

The Cochrane risk-of-bias tool was used for assessing the methodological quality of all included RCTs (25). The Methodological Index for Non-randomized Studies (MINORS) is an instrument that was developed by a group of practicing surgeons in France and validated specifically for NRCT evaluation (26). In this meta-analysis, a modified scale from a previously published meta-analysis on a similar surgical comparison was adopted (27). In this modified MINORS score, four items were not included because they mainly evaluate the reporting quality and the validity of long-term outcomes. The score of sample size was assessed by the actual number of LPD cases, as follows: 0 points for less than 20 LPD cases, 1 point for 20 or more but less than 50 cases, and 2 points for 50 or more LPD cases. In total, eight items were evaluated, with a maximum score of 16 points. Studies with 12 or more points were considered high quality.



Statistical analysis

Review Manager 5.4 was used to analyze the data. RCTs and NRCTs were first analyzed separately and then combined using a stratified analysis. For dichotomous data, the odds ratio (OR) with a 95% confidence interval (CI) was calculated. For continuous data, the mean difference (MD) with 95% CI was calculated. The median and range were converted to mean and standard deviation by using mathematical models of Hozo et al. (28), and the mean and standard deviation from the sample size, median, and interquartile range were estimated using mathematical models by Wan et al. (29) Heterogeneity was assessed by I2, with values of 50% or more indicating significant heterogeneity. The random-effects model was used when I2 was 50% or more, and the fixed-effects model was used when I2 was less than 50%. p < 0.05 was statistically significant. Subgroup analysis and estimation of publication bias were also performed. Subgroup analysis was planned for studies of all malignancies, benign and malignant, LPD cases of 50 or less, LPD cases of more than 50, baseline matching incomplete, and baseline matching complete.




Results


Study selection

The flow diagram of the study selection procedure is shown in Supplementary Figure 1. The titles and abstracts of 1,651 studies were screened for inclusion. Of these, 1,591 were excluded due to ineligibility. The full texts of 60 studies were screened, of which three studies (30–32) presented patients from the National Cancer Database (NCDB) and two studies (33, 34) presented patients from the National Surgical Quality Improvement Program (NSQIP) with overlapped study intervals, and the latest studies (32, 34) with the biggest sample size were included. After assessment according to selection criteria and excluding overlapped studies, 39 studies published between 2012 and 2022 included in the quantitative synthesis were identified. These included 4 RCTs (35–38) and 35 NRCTs (32, 34, 39–71).



Quality assessment

The summarized risk-of-bias assessment for RCTs is presented in Supplementary Figure 2. The random sequence generation was adequate in all RCTs. As the RCT of Poves et al. (36) did not specify the method of allocation concealment, it received an unclear risk-of-bias score. All included RCTs had a high risk of bias for blinding, except the RCT of van Hilst et al. (37) received a low risk-of-bias score for patient blinding by using a large abdominal dressing. All included RCTs had a low risk of attrition and reporting bias, but received a high risk of other bias, as the surgeons might not reach proficiency in three RCTs (35–37) and high cross-over in both groups might affect outcomes in RCT of Wang et al. (38) Assessment of NRCTs is displayed in Supplementary Table 1. The median score was 12 points. A total of 24 NRCTs with 12 or more points were considered high quality, whereas the remaining 11 NRCTs had scores between 10 and 11.



Study characteristics

The major characteristics of included studies are summarized in Table 1. Four included RCTs were published after 2016 and carried out between 2013 and 2019 in four different countries (India, Spain, the Netherlands, and China). Two of the RCTs were multicentric studies (37, 38). The RCT of Palanivelu et al. (35) only included patients with periampullary cancers, while the other three RCTs (36–38) included patients with benign, premalignant, or malignant conditions. All RCTs were adequately matched in reviewed baseline characteristics. Of the 35 included NRCTs, 25 were conducted in three countries (10 in the USA, 8 in China, and 7 in South Korea). The study periods of included NRCTs mostly were between 2010 and 2020 (range 1993 to 2020), and 23 NRCTs were published between 2017 and 2022. All included NRCTs were retrospective studies, 15 of which were designed using propensity score matching analysis. A total of 18 NRCTs only included patients with malignant conditions, while the other 17 NRCTs included patients with benign, premalignant, and malignant conditions. The reported conversion rates in each included study varied between 3.1% and 24.1%.


Table 1 | Study characteristics.



The baseline characteristics of patients in each treatment group are summarized in Table 2. A total of 40,230 patients were included in the analysis with 4,262 (10.6%) having undergone LPD and 35,968 (89.4%) having undergone OPD, and 23,186 (57.6%) were women. Among them, 818 (2.0%) cases were from the four included RCTs, 411 (9.6% of all LPD cases) of which were in the LPD group and 407 in the OPD group (1.1% of all OPD cases). However, in 17 studies, 14 NRCTs and 3 RCTs had LPD cases of no more than 50. The mean/median age and body mass index (BMI) in each treatment group ranged from 49.6 to 76.5 years and 21.3 to 28.7 kg/m2, respectively. The overall comorbidity rates reported in each treatment group were between 37.6% and 61.2%. The most common comorbidities, diabetes mellitus (DM) and hypertension (HTN), ranged from 3.0% to 44.0% and 10.0% to 69.0%, respectively. The malignancy rate ranged from 66.4% to 97.3% in studies not specific to malignant conditions. The mean/median size of the tumor ranged from 1.8 to 3.6 cm.


Table 2 | Demographic and baseline characteristics of patients in included studies.



Eight NRCTs (34, 44, 46, 48, 50, 64, 67, 68) were not adequately matched in reviewed baseline characteristics such as age, gender, BMI, American Society of Anesthesiologists (ASA) score, comorbidities, malignancy rate, and tumor size. The tumors were larger in the OPD group than in the LPD group in the studies of Delitto et al. (48) and Stauffer et al. (64) There were more male patients in the OPD group than the LPD group in the studies of Croome et al. (46) and Tee et al. (67) Patients who have undergone LPD were slightly older than those who have undergone OPD in the study of Tran et al. (68) BMI was lower in the LPD group than the OPD group in the study of Dokmak et al. (50) Patients with ASA score of less than 3 were more in the LPD group than the OPD group in the study of Chopinet et al. (44) Malignant histologic subtypes and HTN were noted more in the OPD group in the study of Xourafas et al. (34) Although only malignances were included, pancreatic adenocarcinoma in the OPD group and ampullary adenocarcinoma in the LPD group were noted more in the study of Tan et al. (66)



Primary outcomes

There was no significant difference in postoperative mortality (OR 0.91, 95% CI 0.75–1.11, p = 0.35) (Figure 1). LPD was associated with a significant reduction in overall postoperative complications (OR 0.80, 95% CI 0.73–0.87, p < 0.00001) (Figure 2). However, serious postoperative complications were comparable (OR 0.97, 95% CI 0.82–1.15, p = 0.74) (Figure 3). There was significantly shorter hospital stay in the LPD group with significant heterogeneity (MD −2.32 days, 95% CI −3.18 to −1.45, p < 0.00001; I2 = 87%, p < 0.00001); high heterogeneity was primarily observed in the NRCTs (I2 = 89%, p < 0.00001) (Figure 4).




Figure 1 | Forest plot of comparison between LPD and OPD on postoperative mortality. LPD, laparoscopic pancreaticoduodenectom; OPD, open pancreaticoduodenectomy.






Figure 2 | Forest plot of comparison between LPD and OPD on overall postoperative complications. LPD, laparoscopic pancreaticoduodenectom; OPD, open pancreaticoduodenectomy.






Figure 3 | Forest plot of comparison between LPD and OPD on serious postoperative complications. LPD, laparoscopic pancreaticoduodenectom; OPD, open pancreaticoduodenectomy.






Figure 4 | Forest plot of comparison between LPD and OPD on hospital stay. LPD, laparoscopic pancreaticoduodenectom; OPD, open pancreaticoduodenectomy.





Secondary outcomes

There was significantly longer operative time in the LPD group with significant heterogeneity (MD 85.59 min, 95% CI 58.25–112.94, p < 0.00001; I2 = 99%, p < 0.00001) (Figure 5). Estimated blood loss for LPD was less than that of OPD with significant heterogeneity (MD −173.84 ml, 95% CI −212.17 to −135.51, p < 0.00001; I2 = 95%, p < 0.00001) (Figure 6). Significant heterogeneities were observed for operative time and estimated blood loss in both RCTs and NRCTs (I2 = 87%, p < 0.0001; I2 = 99%, p < 0.00001; I2 = 90%, p < 0.0001; I2 = 96%, p < 0.00001). In addition, LPD showed a significantly lower intraoperative blood transfusion rate than LPD with significant heterogeneity (OR 0.62, 95% CI 0.48–0.80, p = 0.0002; I2 = 55%, p = 0.0009); heterogeneity was only observed in NRCTs (I2 = 60%, p = 0.0003) (Figure 7).




Figure 5 | Forest plot of comparison between LPD and OPD on operative time. LPD, laparoscopic pancreaticoduodenectom; OPD, open pancreaticoduodenectomy.






Figure 6 | Forest plot of comparison between LPD and OPD on estimated blood loss. LPD, laparoscopic pancreaticoduodenectom; OPD, open pancreaticoduodenectomy.






Figure 7 | Forest plot of comparison between LPD and OPD on intraoperative blood transfusion. LPD, laparoscopic pancreaticoduodenectom; OPD, open pancreaticoduodenectomy.



There were no significant differences between LPD and OPD in terms of POPF (OR 0.93, 95% CI 0.81–1.06, p = 0.29), PPH (OR 1.10, 95% CI 0.87–1.39, p = 0.42), and BL (OR 1.28, 95% CI 0.86–1.89, p = 0.22) (Figures 8, 9, 10). However, a lower DGE rate was observed in the LPD group (OR 0.78, 95% CI 0.67–0.91, p = 0.002) (Figure 11). The number of harvested lymph nodes was similar in both groups with significant heterogeneity (MD 0.66, 95% CI −0.11–1.44, p = 0.09; I2 = 87%, p < 0.00001), and heterogeneity was significant in both RCTs and NRCTs (I2 = 91%, p < 0.00001; I2 = 86%, p < 0.00001; respectively) (Figure 12). However, a higher R0 resection rate was found in the LPD group (OR 1.25, 95% CI 1.09–1.43, p = 0.001) (Figure 13). No significant differences in reoperation (OR 1.10, 95% CI 0.88–1.37, p = 0.41) and unplanned readmission (OR 0.95, 95% CI 0.81–1.10, p = 0.46) were found between LPD and OPD (Supplementary Figures 3, 4).




Figure 8 | Forest plot of comparison between LPD and OPD on postoperative pancreatic fistula. LPD, laparoscopic pancreaticoduodenectom; OPD, open pancreaticoduodenectomy.






Figure 9 | Forest plot of comparison between LPD and OPD on postpancreatectomy hemorrhage. LPD, laparoscopic pancreaticoduodenectom; OPD, open pancreaticoduodenectomy.






Figure 10 | Forest plot of comparison between LPD and OPD on bile leak. LPD, laparoscopic pancreaticoduodenectom; OPD, open pancreaticoduodenectomy.






Figure 11 | Forest plot of comparison between LPD and OPD on delayed gastric emptying. LPD, laparoscopic pancreaticoduodenectom; OPD, open pancreaticoduodenectomy.






Figure 12 | Forest plot of comparison between LPD and OPD on harvested lymph nodes. LPD, laparoscopic pancreaticoduodenectom; OPD, open pancreaticoduodenectomy.






Figure 13 | Forest plot of comparison between LPD and OPD on R0 resection. LPD, laparoscopic pancreaticoduodenectom; OPD, open pancreaticoduodenectomy.





Subgroup analysis and publication bias

Although the results of overall postoperative complications, hospital stay, DGE, and R0 resection were significantly different between LPD and OPD in the overall analysis, the subgroup analysis results showed consistent effects only in NRCTs and no significant differences in RCTs. However, the results of operative time, estimated blood loss, and intraoperative blood transfusion were significantly different in both RCTs and NRCTs.

The subgroup analysis results are partially summarized in Supplementary Table 2. The results of the postoperative mortality remained unchanged and had low heterogeneity among all subgroups evaluated. The reduction in overall postoperative complications was not significant when studies analyzed no more than 50 LPD cases (OR 0.85, 95% CI 0.61–1.18, p = 0.33) or baseline matching incomplete (OR 0.90, 95% CI 0.67–1.20, p = 0.46). The comparable result of serious postoperative complications favored LPD when studies analyzed all malignancies (OR 0.68, 95% CI 0.51–0.90, p = 0.008). Although heterogeneity remained high, the overall effect of hospital stay remained unchanged in the subgroup analysis, except that studies involved baseline matching incomplete, which became comparable between the two procedures (MD −0.16 days, 95% CI −3.18 to 2.87, p = 0.92).

The results of operative time and estimated blood loss remained unchanged and had high heterogeneity among all subgroups evaluated. The lower intraoperative blood transfusion rate became not significant when studies analyzed all malignancies (OR 0.76, 95% CI 0.50–1.16, p = 0.20) and no more than 50 LPD cases (OR 0.67, 95% CI 0.45–1.00, p = 0.05). A similar number of lymph nodes remained unchanged and had high heterogeneity among all subgroup analyses, except for subgroups of more than 50 LPD cases (MD 2.00, 95% CI 0.83–3.16, p = 0.0008), which favored LPD. Funnel plot analysis of the postoperative mortality and hospital stay indicates that the publication bias of these studies was not obvious (Supplementary Figure 5).




Discussion

This meta-analysis compared the perioperative outcomes of LPD to OPD based on both RCTs and NRCTs, which included 4,262 patients who have undergone LPD. To our knowledge, it is the largest meta-analysis to date comparing LPD and OPD for pancreatic and periampullary tumors. From the perspective of pooled analysis results, this study supports the ongoing trend of laparoscopic surgery to cure tumors of the pancreatic head and periampullary region. Our findings clearly demonstrate that LPD leads to lower overall postoperative complications, hospital stay, estimated blood loss, intraoperative blood transfusion, and DGE, and it improves R0 resection rate with similar retrieval of lymph nodes. Rates of postoperative mortality, serious postoperative complications, POPF, PPH, BL, reoperation, and unplanned readmission are comparable between LPD and OPD. However, the duration of surgery is longer for patients undergoing LPD.

Published meta-analyses that only included RCTs were incomplete, and data from a small volume of cases prevented a valid comparison between LPD and OPD. The recent meta-analyses included three RCTs that did not show any difference between LPD and OPD except for longer operative time and lower blood loss in LPD (14–16). However, these findings were limited due to the high risk of bias and low certainty of evidence. As the surgeons in three RCTs (35–37) might not have surmounted the learning curve for LPD, the non-significant results pooled from RCTs did not mean that the LPD had no advantage over OPD, and these results should be interpreted with caution. Moreover, no subgroup analysis was performed in any of these studies due to the small number of patients and events included. In our analysis, more cases from NRCTs were analyzed. Quality assessment of the included NRCTs was based on a validated tool developed for NRCT evaluation, as well as 24 of which had a high-quality score and constituted two-thirds of the included studies. In consistent with these RCT meta-analyses, our analysis also showed LPD reduced blood loss and prolonged operative time. Although there was high heterogeneity within included studies and among subgroup analyses, it suggested a consistent difference. In addition, lower intraoperative blood transfusion was found in this meta-analysis, which had significant differences in both the RCT and NRCT subgroups.

Recently, several meta-analyses have been conducted comparing LPD to OPD for pancreatic ductal adenocarcinoma (17–19). The studies of Sun et al. (17) and Feng et al. (19) showed a higher R0 rate in LPD, whereas Chen et al. (18) found no significant difference between the techniques. The meta-analysis of Sun et al. (17) showed lower intraoperative blood transfusion in LPD, whereas Feng et al. (19) showed no difference. The meta-analysis of Sun et al. (17) just showed shorter hospital stay in LPD, while Feng et al. (19) further demonstrated less overall morbidity, serious postoperative complications, and estimated blood loss in LPD. However, the meta-analysis of Sun et al. (17) included a study about robotic PD (RPD), whereas Chen et al. (18) did not include two eligible studies of Kantor et al. (32) and Delitto et al. (48) Furthermore, both meta-analyses of Sun et al. (17) and Feng et al. (19) included two studies of Kantor et al. (32) and Chapman et al. (30), which reported overlapped patient data from the NCDB. One recent network meta-analysis from Kamarajah et al. (20) compared open, laparoscopic, and robotic PD for periampullary cancers and showed similar mortality, serious complications, POPF, BL, and R0 resection between LPD and OPD, but shorter hospital stay and higher retrieval of lymph nodes in LPD. Another similar network meta-analysis from Aiolfi et al. (21) compared open, laparoscopic, and robotic PD in the setting of the malignant, borderline, or benign disease and also showed similar mortality, serious complications, POPF, lymph nodes retrieved, and R0 resection between LPD and OPD, but reduced hospital stay, estimated blood loss, overall postoperative complications, and readmission in LPD. However, the two network analyses included studies of Kantor et al. (32), Chapman et al. (30), and Sharpe et al. (31), which reported overlapped data from NCDB, as well as studies of Xourafas et al. (34) and Zimmerman et al. (33), which presented overlapped data from NSQIP. Overall, these previous meta-analyses showed inconstant results and suffered some degree of bias. Compared to these previous studies, our analyses excluded the possible overlapped patient data and conducted a comparison specifically for LPD and OPD. Furthermore, our study performed subgroup analysis in terms of all malignancies, benign and malignant, LPD cases of 50 or less, LPD cases of more than 50, baseline matching incomplete, and baseline matching complete, which might add precision to our comparison of LPD versus OPD.

Our meta-analyses support the notion that LPD is equally safe as the conventional open approach. There was no significant difference regarding the rate of postoperative mortality, serious postoperative complications, POPF, PPH, BL, reoperation, and unplanned readmission. Over the last decade, increasing improvements in equipment and surgical technique have extended indications of LPD (1, 2). Despite these advances, perioperative mortality remains up to 3% for LPD in high-volume centers (3, 4). The postoperative mortality rates of LPD and OPD for pancreatic and periampullary tumors in our meta-analysis were comparable (3.3% and 4.1%, respectively). With no significant difference, serious postoperative complication rates for LPD and OPD in our meta-analysis were 20.7% and 20.6%, respectively. Pancreas-specific complications such as POPF, PPH, and BL are common morbidity after pancreatic surgery, which accounted for the main cause of surgical mortality (72–74). Severe POPF, PPH, or BL is a dreaded adverse event that may cause metabolic disorders, peritonitis, intraperitoneal empyema or abscess, anemia, sepsis, shock, and sometimes reoperation, as well as leads to fasting accompanying intravenous nutrition and prolonged hospital stay (72–74). Almost all of the included studies defined these complications according to the International Study Group of Pancreatic Surgery (ISGPS) (72–74), most of which reported clinically relevant grades (grades B and C). Consistent with the results of most existing clinical studies (35–38), the analyses of these complications for LPD and OPD in our meta-analysis were comparable and had high homogeneity within included studies. Overall, LPD has been shown to be comparable to OPD in the safety related to the operation for the treatment of pancreatic and periampullary tumors.

One striking finding for our meta-analysis was decreased DGE in the LPD versus OPD. Although not imminently life-threatening, DGE remains the most common complication after PD, which causes significant discomfort and results in prolonged hospital stay (75). A review study assessed the average rate of clinically relevant DGE (grades B and C) after PD was 14.3% according to the ISGPS definition (76). Consistently, as most of the included studies reported clinically relevant DGE according to the ISGPS definition, DGE rates for LPD and OPD in our meta-analysis were 12.4% and 16.5%, respectively. The exact mechanisms of DGE are still unclear and are mostly multifactorial results involving vagal denervation. A recent retrospective study demonstrated that preservation of the hepatic branch of the vagus nerve could help reduce the incidence of DGE during LPD (77). These results are likely to be related to fine dissection and meticulous manipulation, as laparoscopic surgery offers a magnified view that facilitates precise identification of nerves and effective prevention of excessive nerve injury. A potential advantage of LPD is that reducing DGE incidence should be taken into account, and prospective studies are warranted to validate this effect in the future.

LPD is a more technically demanding and time-consuming procedure, which can be attributed to the challenging dissection of the pancreatic head and difficult reconstruction of the digestive tract by laparoscopic tools. Due to the complicated operation process, it is generally accepted that achieving a good level of surgical proficiency for LPD requires a long learning curve. Some studies have shown the number of cases required to surmount the learning curve ranged from 40 to 60 LPD cases (78). The included RCTs had reported their surgeons’ LPD experience when the trials started, which is all less than 40 LPD cases except for the RCT of Wang et al. (38) with at least 104 LPD cases. As is the case with all surgical studies, the surgeon’s technical proficiency plays an important role in the postoperative outcomes of LPD. Unfortunately, most included NRCTs did not explicitly describe their proficiency in LPD, which prevented subgroup analysis addressing relations between surgical proficiency and outcomes. Nevertheless, most of the included studies were carried out at large-volume hospitals, and therefore, LPD is likely not appropriate for low-volume hospitals (2, 4). We believe that LPD should only be implemented in high-volume centers by experienced specialists who have performed a sufficient amount of procedures and surmounted the learning curve for LPD.

With conducted analysis specifically for all malignancies, the comparable result of serious postoperative complications favored LPD. In addition, the pooled estimate showed a higher R0 rate for LPD. Given the higher surgical requirement for malignancy, surgeons’ selection bias could have influenced these results, and these results should be interpreted with caution. Surgeons might be more conservative and discreet to choose LPD for malignancy because lymphadenectomy and negative margin are indispensable for radical cure and can be more challenging during laparoscopic surgery; therefore, healthier patients with earlier tumor stage may have been chosen for LPD especially in the initial stage of performing LPD (34, 44, 48, 64, 79). The lower intraoperative blood transfusion rate became not significant in LPD when studies analyzed all malignancies, which could be attributed to the increased complexity of radical resection by the laparoscopic approach. As LPD for malignancy might attenuate the effect of lower blood loss and transfusion, surgical indication selection for LPD should be considered and explored in future studies.

The lower overall postoperative complications and intraoperative blood transfusion for LPD became not significant in the subgroup analysis of studies with no more than 50 LPD cases. Although the operative time was still longer for LPD than the open procedure, the subgroup analysis of studies with more than 50 LPD cases demonstrated a significant reduction of operative time in LPD compared to studies with no more than 50 LPD cases. Given the detection power of sample size, some studied outcomes such as postoperative morbidity, intraoperative blood transfusion, and operative time may also have been influenced by sample size issues (4, 14, 80). Although all RCTs explicitly described their calculation method for ascertaining sample size, the ascertained sample sizes had great discrepancy. The RCTs of Palanivelu et al. (35) and Poves et al. (36) calculated the sample size according to the primary outcome of hospital stay and indicated that only 32 patients were required in each group. However, Wang et al. (38) also calculated hospital stay and assessed that the minimum number of patients required in each group was 274. Furthermore, the RCT of van Hilst et al. (37) calculated a sample size of 68 patients for each group according to the time of postoperative functional recovery but was prematurely terminated with only 50 LPD cases. It was suggested that some of the current studies may be underpowered for comparing complex surgical procedures, and further trials with larger numbers of patients are indispensable to clarify surgical outcomes between LPD and OPD with adequate statistical power.

The improved overall postoperative complications and hospital stay were influenced by studies of baseline matching incomplete in subgroup analysis. We think outcomes such as hospital stay and overall complications are susceptible to bias, where comparable baseline characteristics and standard definitions are important for accurate comparison of surgical procedures. In addition, our analyses showed that serious postoperative complications were not reduced in the LPD group. Because the laparoscopic technique is less invasive, LPD might mainly decrease medical and minor surgical complications. This is not surprising because the reduced medical and minor surgical complications of the laparoscopic technique also could help to reduce hospital stay (27, 81). However, a more detailed analysis of postoperative complications was not performed due to lack of information. LPD could provide benefits in reducing medical and minor surgical complications and hospital stay; further studies designed to validate this phenomenon should match completely, unify perioperative management, and use standard outcome definition.

There were several limitations in this study. Significant heterogeneity was shown in some outcomes, which might be explained by differences in study design, sample size, surgeons’ proficiency, baseline characteristics, healthcare system, postoperative recovery protocol, and other factors. Variations in sample size among studies were large, and some studies enrolled patients during a wide study period, which may have introduced biases due to the advancement in mastering surgical skills and improvement in surgical instruments. Pilot studies that might be more prone to choose LPD for benign or low-grade malignant patients may also have introduced biases. All of the factors above might make the surgical results more susceptible to the methodological quality of clinical trials and lead to high heterogeneity among studies. The economical results and long-term oncologic outcomes are not evaluated in our study, as adequate data are missing at present. With the technological advances of computer vision and artificial intelligence playing a role in the improvement of LPD, whether these theoretical advantages could translate into improved patient outcomes, especially for a more complex condition such as malignancy, needs further studies (82, 83).

In conclusion, the results of our meta-analysis suggest that LPD is associated with non-inferior short-term surgical outcomes and oncologic adequacy compared to OPD when performed by experienced surgeons at high-volume centers. LPD may result in reduced overall postoperative morbidity, blood loss, intraoperative transfusion, and DGE, but prolonged operative time. In addition, recent studies have addressed the issue of surgical safety of LPD but may not have been sufficiently powered to evaluate the differences in postoperative complications between LPD and OPD. Further RCTs are required to investigate whether there are advantages of LPD for the management of pancreatic and periampullary tumors.
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109 83 53 91 (42.5)

Dx 2021 4+ 217+ 1.7 (1.3-
AngiC20 LPD 131 57 79/52 7 = DM 6 (4.5) = 131 (100) (L3
N a

(47) 9.4 28 2.5)

575+ 216+ 1.7 (13-
OPD 131 81/50 E DM 4 (30 - 131 (100
95 ! 29 0 e 28)"
Delitto 201
; :s; 02016 | 1pp 52 65.5° 34/18 263¢ - 58! - 52 (100) 2.5°
OPD 50 68.6° 28/22 25.5¢ = 6.0' = 50 (100) 3.1°
DingW 2021 | o - 60 o 29% - DM 12 (10.7); HIN - 84.(750) 2015
(49) 9.2 27 35 (313)
1+ 2.1+ .0)
OPD 112 o4 65/47 - DM19:20.0); HINY - 90 (80.3) 32£17
10.6 39 32 (28.6)
Dokmak 2015 60 (27- 26 DM 12 (26); HIN 282 (1.2-
(50) LD % 85)° W20 |17 00 - 11 (24) - 3(783) 2)°
63 (47- 264 DM 17 (39); HIN 251 (15—
OPD 46 81 W8 (o e E 17 67 = 36 (78.3) o
El Nakeeb . . S - - DM 11 (29.7); HIN B 33890} 3P
2020 (51) 62) 9 (243)
5 2! .8);
OPD 74 £ “,,7 40/34 - - D 25(03.8) HIN - 62 (83.8) 3 (1-6)°
63) 17 (23)

Han SH 202, 15+ 2357 + DM 33 (31.7); HIN
s SH2020 | ey 104 oL sys | 2 9/57/38 8617 HT 0/104 s 25+13

(52) 120 272 37 (35.6)

645+ 2322+ DM 42 (37.2); HIN
OPD 113 o 70/43 S 5/55/53 e 0/113 = 27+12
Kantor 2017 | o o8 659+ - - - - B 528 (100) B
(32) 107
657 +
PD 7,385 - = - - - 7,385 (100 -
© 104 (100
Katsuki 2021 - 61 (5:_ i - - DM 42 (44); HTN - B B
(53) 72) 57 (60)
63 (56- 193/ DM 167 (44); HTN
OED 350 73)* 187 - - 239 (63) B B B
Khaled 2018 65 (35- 234 15 0(0.7-
LPD 1 = = 15 (1
(54) & 78)® 87 (18-26)° | (100)" 5i¢100) 8.0)°
643 249 15 22(15-
PD 1 - - 15 (1
© ’ ws76r | Y7 2w | 00r 5 (100) 78)°
Kuesters 2018 i 247 2.8 (0.1-
LPD 62 71 31731 - - - 62 (100
(55) / (15-39)° (00 75
137/ 247 2.7 (0.3-
d - s =
OPD 278 68 | eush 278 (100) 130
Lee CS 2018 564+ 240+
P LPD 31 o 14/17 e 13/13/5 = = = 33+21
580 + 238+ | 2015/
P 1 - - - 32
OPD 31 iid 318 5 T 33+23
Mazzola 2021 675 25 (23- -
p LPD 50 Glsy | B 29y 5/41/4 5 (4-5) - 44 (88) -
71 (65- 255
OPD 50 7é)a BI5 e | A8 5 (4-6)" = 44 (88) =
Mendoza 637 + 27% 18 -
2015:(58) LPD 18 10 10/8 i (oot 08 (0-2) 2/16 = 2909
68.4 + 219+ 29 &
- = +
OPD 34 - 21/13 5% 53" 1.0 (0-3) 11/23 31429
Meng LW 599 + 22: DM 4 (69); HIN 9 1.8 (15—
2018 (59) LPD 58 o 32/26 55 28/30' (155 - 58 (100) 26
603 = 29+ DM 6 (10.3); HTN 2.0/(1.9-
i -
OPD 58 56 34/24 3 34/24 6(103) 58 (100) 307
f:g:leh 21| 1oy 75 - 4332 s - - - 73 (973) =
OPD 48 - 2325 - - - - 42 (87.5) -
Senthilnathan 54 + ” @
WIS 1) LPD 45 s 17/28 276 = = - 45 (100) 28
56 +
OPD 118 g 59/59 28.1¢ = - - 118 (100) 3.1
Shin 2019 748 + 28+ 21+
2 - - 27412
) LPD 56 5 7129 . o 56 (100) 7+1
747 & 26+ 21+
OPD 56 35 25/31 0 o4 = - 56 (100) 2612
Song KB 2015 496+ 28+ -
) LPD 93 134 47/46 P = 1.6 (0-3) 0/93 = 3114
50.1 + 231+
OPD 93 5 47/46 o = 15 (0-3)™ 0/93 - 3421
699 259
Stauffler 2016 LPD 58 (0.6 32026 (77~ _ DM 19 (32.8); HTN _ 53 (100) 2.5 (0.3—
(64) prpen PR 33 (56.9) 10.0)
689 256
DM 62 (32.1); HIN 3.5 (0.3-
OPD 193 (33.3- 96197 (150- - (3Z.L) = 198 (100) ( 5
865 610 128 (66.3) 14.0)
Tan CL 2015 593 = DM 3 (10.0); HIN
LPD 12 - - 27 (904 -
) P 30 o 18/ 6/19/5 3(100) 7 (90.0)
599 = DM 2 (6.7); HTN 4
PD 2317 - 1 - 26 (867 -
o 30 o4 3/, 6/18/6 133) 6 (86.7)
Tan JKH 2019 65 (37- 2.1 (1.0-
LPD 2 11 = = 12/711" = 20 (1
©6) 0 82)° 9 /71 0 (100) 350
64 (46~ - 2.0 (1.0~
OPD 20 S 11/9 = = 12/6/2 = 20 (100) 40
Tee MC 2015 765 + 269 = DM 29 (25.7); HIN
@ LPD 113 W 51/62 i - T8 600 100/13 75 (66.4) -
764 + 140/ 268+ DM 73 (32.4); HIN
OPD 25 s o s - 154 (684) 195/30 192 (85.3) -
Tran 2016 67 (8- 377/
©8) LPD 681 730 a4 - - 417 (61.2) - - -
65 (56- 7,701/
OPD 14,893 73 o = S 8,744 (58.7) = = =
Xourafas 2018 63 (19- 233/ 276 1/104/ DM 94 (22); HIN
(4) LPD s 87)" 185 (16-67° 296 192 (46) - 319/(763) -
37/
65 (18- 5359/ 272 DM 2,525 (25);
PD ,963 223 = 8,020 (80.5 =
= . 89)" 4604 | (15-69)° o HTN 5,305 (53) &03)
7,006
+ +
Yoo 2020 (69) = LPD 69 Gf:l‘ 34/35 232' 17‘ 5/56/8 22+13 - 69 (100) 19+ 10
+ +
OPD 69 638'26" 38/31 23’3'53‘ 715517 2311 . 69 (100) 18+ 10
Zhang Z 2022 576 + 213+ 42 DM 2 (4.3); HIN 6
LPD 47 1/1 47, 47 (1 26+08
(70) 83 VIO an | (s (128) 4] (100) 6£0.
575+ 214 41 DM 3 (6.4); HIN 7
PD 47 0/1 47 47 (10 27410
o 87 20% 26 (87.2)" (14.9) e 00
230
Zhou W 2019 3 (54-
(71‘;“ LPD 55 o 6;), 40015 | (07- | 54773 24 (436) - 55 (100) -
25.2)°
23
64 (59—
OPD 93 sy | 05 Q- 1w 35 (37.6) - 93 (100) -
: 23.9)°

LPD, laparoscopic pancreaticoduodenectomy; OPD, open pancreaticoduodenectomy; PD, pancreaticoduodenectomy; No. (M/F), number of patients (male/female); BMI, body mass index; ASA,
American Society of Anesthesiologists; IQR, interquartile range; CCI, Charlson Comorbidity Index; DM, diabetes mellitus; HTN, hypertension.
*Median (IQR).

"Median (range).

“Mean.

“Median.

“Mean (range).

ASA I/II/IV.

EMean + SD of ASA score.

"Number (%) of ASA score <II.

Median (range) of ASA score.

JASA TI/IIL.

“Mean (range) of CCI.

'Mean ( + SD) of CCL

™Median (IQR) of CCI.

"CCLO/1/2.
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8.1.1RCT

Palanivelu 2017 2 32 4 32 09% 0.47 [0.08, 2.75]
Poves 2018 4 32 a8 28 17% 038010, 1.41]
van Hilst 2014 14 50 12 48 2.0% 1.20[0.49, 2.94]
Wang M 2021 28 297 33 287 BE% 0.87[0.51,1.47]
Subtotal (95% CI) 411 407 11.4%  0.82[0.54, 1.24]
Tatal events 45 57

Heterogeneity: Chi®=2.45 df=3 (P =0.48), F=0%

Test for overall effect: Z=0.93 (P =0.35)

8.1.2 NRCT

Ammari 2020 1 11 3 22 04% 0.63 [0.06, 6.91
Asbun 2012 4 53 18 215 1.3% 1.09[0.35, 3.42
Chen k2021 12 101 16 10 32% 0.72[0.32, 1.60
Chen¥M 2018 ] 47 g 85 1.5% 0.86 [0.28, 2.68
Choi 2020 2 27 4 34 08% 0.60[0.10, 3.55
Chopinet 2018 16 65 36 280 23% 2.300[1.19, 447
Conrad 2017 12 40 10 25 20% 0.64[0.23,1.83
Croome 2014 12 108 26 214 36% 0.90[0.44, 1.87
Dang C 2021 18 13 29 13 a7% 0600032113
Delitta 2016 ] 52 13 a0 7% 0.37[013,1.07
Ding v 2021 18 112 7 112 1.4% 287115 718
Dokmak 2015 20 46 15 46 1.8% 1.59[0.68, 3.71
El Makeeb 2020 5 37 10 T4 13% 1.00[0.32, 317
Han SH 2020 13 104 21 113 40% 0.63[0.30,1.32
Katsuki 2021 16 95 88 3|0 BS5% 0.70[0.39,1.27
Khaled 2018 3 15 4 15 0.7% 0.69[012, 3.79
Lee C5 2018 4 kil 1 H 0.2% 444047 4226
Mazzola 2021 7 a0 ] a0 1.8% 0.74[0.25 218
Mendoza 2014 2 18 3 34 04% 1.29[0.20, 8.53
Meng Lvy 2018 ] 58 ] a8 16% 1.00[0.35, 2.87
Mesleh 2013 7 78 3 48 0.8% 1.54[0.38, 6.29
Shin 2018 4 56 12 a6 2.6% 0.28[0.08, 0.94
Song KB 20158 ] 93 G 93 1.3% 1.00[0.31, 3.22
Stauffer 2016 4 58 14 1893 14% 0.95[0.30, 3.00
Tan CL 2015 1 30 3 o 07% 0.31[0.03, 317
Tan JKH 2014 2 20 1 20 02%  211[018, 2535
Tee MC 2015 26 113 57 225 BT% 0.88[0.52,1.50
Hourafas 2018 81 418 1788 9963 267% 1.10[0.86, 1.41
Yoo 2020 ] 69 1% B3 31% 0.34 012,095
Zhang Z 2022 4 47 5 47 11% 078020, 3.11
ZhouW 20149 4 55 a 93 0.8% 1.38[0.35,5.37
Subtotal (95% CI) 2235 12887 88.6%  0.94[0.82, 1.09]
Total events 331 2233

Test for overall effect: Z=0.81 (P=0.42)

Total (95% CI)
Total events 380

2646
2290

Test for overall effect: Z=1.06 (P = 0.29)

Heterogeneity: Chi*= 36.20, df= 30 (P = 0.20); F= 17%

13294 100.0%

Heterogeneity: Chi*= 39.04, df= 34 (P = 0.25); F= 13%

0.93 [0.81, 1.06]

Testfor suboroun differences: Chif=038 df=1P=0%54) F= 0%
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Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed. 95% CI
2.1.1RCT
Palanivelu 2017 a 32 10 32 07% 0.73[0.25, 219 1
Poves 2018 22 32 21 29 07% 0.84[0.28, 2.53] D
Wang M 2021 149 287 136 297 BT% 1.19[0.86, 1.64] T
Subtotal (95% CI) 361 358 8.2%  1.12[0.83, 1.51] L 4
Tatal events 179 167
Heterogeneity: Chi®= 098, df=2 (P=061), F=0%
Testfor overall effect Z=0.75 (P = 0.45)
2.1.2 NRCT
Ammari 2020 4 11 13 22 0A5% 0.40[0.09, 1.76
Asbun 2012 28 53 138 215 29% 0.50[0.27, 0.91 e
Chen K 2021 22 1M 32 101 25% 0.60[0.32,113 I
Chen xM 2018 10 a7 15 85 1.1% 0.72[0.29,1.80 -1
Chopinet 2018 53 G5 199 290 1.3% 2.02[1.03, 396 —
Conrad 2017 38 40 23 25 01% 165[022 1254
Dang C 2021 38 13 40 13 3.0% 0.77 [0.45, 1.32 T
Dokmak 2015 34 45 27 46 07% 1.899[0.83, 482
El Makeeb 2020 27 ar 64 4 11% 042 [016,1.13 T
Han SH 2020 ar 104 45 113 28% 0.83[0.48, 1.45 1
Katsuki 2021 25 95 121 380 35% 0.76 [0.46, 1.27 T
khaled 2018 G 14 10 15  0E6% 0.33[0.08, 1.48
Kuesters 2018 25 62 107 TE 2.3% 1.08[0.62, 1.89 T
Mazzala 2021 28 50 kil 50 1.4% 0.78[0.35,1.73
Mendoza 2015 8 18 13 34 05% 1.29[0.41, 412 [
Shin 2018 20 56 32 56 20% 0.42[019, 0849 -
Sang KB 2014 25 93 26 93 1.49% 0.95 [0.50, 1.80 .
Stauffer 2016 H 58 129 193 28% 0.57[0.31,1.03 /]
Tan JKH 20149 ] 20 G 200 0.3% 1.91[0.52, 7.01
Tran 2016 268 B81 6851 14893 36.0% 0.76 [0.65, 0.89 =
Hourafas 2018 161 418 4480 9863 22.0% 077 [0.63, 094 o
Zhoutv 2019 27 55 GE 93 25% 0.39[0.20,0.749 —
Subtotal (95% CI) 2256 27140 91.8%  0.77 [0.70, 0.85] L]
Total events 916 12468
Heterageneity: Chi®= 3047, df=21 {P=0.08), F=31%
Test for overall effect: 2= 528 (P = 0.00001)
Total (95% CI) 2617 27498 100.0%  0.80[0.73, 0.87] +
Total events 1095 12634
Heterogeneity: Chi®= 3717, df= 24 (P =0.04), F= 35% 001 o 10 100

Test for overall effect: Z= 4.80 (P = 0.00001)

Testfor suboroun differences: Chif=5E60 df=1P=002 F=821%

Favours LFD Favours OPD
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Events Total Events Total Weight M-H, Fixed, 95%

LPD OPD

10.1.1 RCT

Falanivelu 2017 3 32 2 32
Foves 2018 1 32 3 28
van Hilst 2019 G a0 5 45
Wang M 2021 15 287 11 287
Subtotal (95% CI) 411 407
Total events 25 al

Heterogeneity: Chi*=1.71,df= 3 {P=063), F=0%
Test for overall effect: Z= 056 (P =0.57)

10.1.2 NRCT

Chen K 2021 2 1M 3 1M
Chenxm 2018 1 47 1 58
Chopinet 2018 4 B4 14 280
Dang C 2021 1 13 o 13N
Dokmak 2014 2 46 2 46
El Makeeb 2020 4 37 4 74
Katsuki 2021 1 95 5 380
Mazzola 2021 3 50 3 50
Meng L 2018 2 58 2 58
TanCL 2015 1 30 0 30
Zhou'vy 2019 4 54 3 93
Subtotal (95% CI) 715 1308
Total events 27 40

Heterogeneity: Chi*= 3.56, df=10{F=0.497), F=0%
Testfor averall effect Z=1.14 (P = 0.26)

Total (95% CI) 1126

Total events 52 61
Heterogeneity: Chi*= 532, df=14 (P =0.98), F=0%
Testfor overall effect Z=1.22 (P =022)

1715

B.7%
21%
1M1.7%
1.1%
4.4%
8.1%
4.5%
6.4%
4.4%
1.1%
4.5%
55.0%

100.0%

1.55 [0.24, 9.97]
0.28 [0.03, 2.85]
1.20[0.34, 4.22]
1,38 [0.62, 3.08]
1.19 [0.65, 2.16]

0,66 [0.11, 4.04
117 [0.07,19.30
1.20[0.38, 3.75
302(0.12, 74.89
1.00([013,7.42
1.37 [0.36, 5.20
0.80 [0.08, 6.91
1.00[0.18, 5.21
1.00[0.14,7.35
310(0.12, 79.23
367 [0.88, 15.33
1.35[0.81, 2.26]

1.28 [0.86, 1.89]

Test for subaroun differences ChifF=010 df=1P=075 IF= 0%

Odds Ratio
M-H. Fixed, 95% CI
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| ' |
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van Hilst 2019
Wang M 2021
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Heterogeneity: Chi*=0.13, df= 3 (P =0.99); F=0%

Testfor overall effect: Z=1.20 (P = 0.23)

13.1.2 NRCT
Ammaoari 2020
Ashun 2012
Chen K 2021
Choi 2020
Conrad 2017
Craome 2014
Dang © 2021
Delitto 2016
Dokmak 2015
El Makeeb 2020
Han 5H 2020
Kantar 2017
Khaled 2018
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Mendoza 2014
Senthilnathan 2015
Shin 20149
Stauffer 2016
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Yoo 2020
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Total events
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Heterogeneity: Chi®= 2227, df=22 (P=0.44),F=1%
Testfor overall effect: Z=3.03 (P =0.002)

0.2%
1.6%
1.7%
1.7%
5.3%

0.5%
0.7%
1.6%
0.4%
0.8%
6.2%
4.5%
0.9%
1.4%
1.4%
1.0%
61.6%
0.4%
2.3%
2.3%
0.9%
1.3%
1.2%
2.8%
0.2%
0.3%
1.7%
0.1%
94.7%

9696 100.0%

Heterogeneity: Chi*= 22.65, df= 26 (P = 0.65); F= 0%
Test for overall effect: Z=3.23 (F=0.001)
Testfor suboroun differences Chif= 019 df=1 (P=0EEY F= 0%

Odds Ratio

2,07 [0.18, 24.01]
1.36 [0.49, 3.76]
1.48 [0.56, 3.90]
1.29[0.48, 3.52]
1.41[0.81, 2.46]

1.00[0.15, 6.85
3.79 [0.86, 16.52
164 [0.61, 4.42
5.21[1.03, 26.27
1.33[0.32, 5.53
1.07 [0.61, 1.86
0.94 [0.48, 1.84
3,30 [1.08,10.10
1.00[0.31, 3.21
1.24[0.40, 3.82
0.22[0.02, 2.03
1.15[0.97,1.37
2,36 [0.36, 15.45
2.87 [1.31, 6.30
1.00 [0.40, 2.50
0.86 (018, 4.11
0.95 [0.28, 3.20
0.56 0,13, 2.49
1.38 [0.62, 3.05
4.75 [0.48, 46.91
1.00 [0.06, 16.32
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1.24[1.08, 1.42]

1.25[1.09, 1.43]
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Study or Subgroup  Events Total Events

Odds Ratio
Total Weight M-H, Fixed, 95% CI

Odds Ratio
M-H, Fixed, 95% CI

11.1.1 RCT

Palanivelu 2017 5 a2 7
Poves 2018 3 32 7
van Hilst 2014 17 a0 10
Wang M 2021 Is 297 41
Subtotal (95% CI) 11

Total events 63 65

Heterogeneity: Chi*=5.01, df=3{P=017), F=

Testfor overall effect Z=0.27 (P=0.79)

11.1.2 NRCT

Ashun 2012 53 21
Chen K 2021 101 5
Chen M 2018 47 2
Choi 2020 27 2

Chopinet 2018

5

)

2

1

]
Croome 2014 10 108 39
Dang C 2021 20 1N 36
Dokmak 2015 g 46 7
El Makeeb 2020 ] 37 12
Han SH 2020 16 104 19
Lee 52018 3 kil 4
Mazzola 2021 3 a0 [}
Mendoza 2015 1] 18 2
Meng Lvy 2018 g 58 ]
Mesleh 2013 10 78 4
Sang KB 2015 1 93 2
Stauffer 2016 ] 58 16
Tan CL 2015 2 30 3
Tan JKH 2014 2 20 3
Tee MC 2015 27113 74
Hourafas 2018 71 418 1680
Yoo 2020 4 69 10
Zhang Z 2022 4 47 12
Zhou'¥v 2019 1 55 21
Subtotal (95% CI) 1854
Tatal events 218 2020

Test for overall effect: Z=3.31 (P = 0.0009)

Total (95% CI) 2265
Total events 281 2085

Test for overall effect: Z= 3.16 (P = 0.002)

32
29
49
297
407

40%

215
101
54
34
290
214
13
46
74
113
3
50
34
58
43
93
193
30
20
225
9963
69
47
93
12227

Heterogeneity: Chi®= 2577, df=23 (P =031}, F=11%

1.5%
1.7%
1.7%
9.2%
14.2%

1.9%
1.3%
0.5%
0.4%
2.2%
6.1%
7.9%
1.5%
1.8%
4.0%
0.9%
1.8%
0.4%
2.0%
1.1%
0.5%
1.7%
0.7%
0.7%
10.4%
29.0%
2.4%
2.8%
4.0%
85.8%

12634 100.0%

Heterogeneity: Chi*= 31.59, df= 27 (P = 0.25); F= 15%

0,66 [0.19, 2.36]
0,33 (0,08, 1.40]
2.01 [0.81, 4.98]
0,92 [0.57,1.47]
0.95 [0.65, 1.39]

0.96
0.39
1.18
0.62
1.03
0.46
0.48
117
0.81
0.90
0.72
0.47
0.35
1.00
1.69
0.49
1.28
0.64
0.63
0.58
1.M
0.36
0.27
0.06

0.35, 2.68
0.07, 2.05
0.16, 8.70
0.05, 717
0.41, 2.62
0.22, 0.96
0.26, 0.89
0.39, 3.55
0.26, 2.49
0.44,1.86
0.15, 3.54
0.11,1.99
0.02,7.72
0,37, 2.73
0.50, 5.74
0.04, 5.55
0.48, 3.43
0.10,4.15
0.09, 4.24
0.35, 0.97
0.78,1.31
0.11,1.22
0.08, 0,92
0.01, 0,49

0.75 [0.64, 0.89]

0.78 [0.67, 0.91]

Testfor suboroun differences: Chif=119 df=1FP =027 F=1F 2%

0.01 0.1 1 10 100
Favours LPD Favours OPD
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51.1RCT

Palanivelu 2017 359 14 32 320 13 32 32% 39.00[32.38, 45.62) =

Poves 2018 486 107.5 32 365 675 29 3.0% 121.00(76.38, 165.62] _—
van Hilst 2019 379.2 1748 50 2673 802 43 29% 111.90([58.50, 165.30] —
Wang M 2021 332 819 297 306 81.2 297 32% 26.00[12.88,39.12] —

Subtotal (95% CI) 411 407  12.2% 59.86 [33.41, 86.30] o

Heterogeneity: Tau®=510.01; Chi®= 23.90, df= 3 (P = 0.0001); F= 87%
Test for overall effect: Z=4.44 (P = 0.00001)

5.1.2NRCT

Amrnori 2020 661.3 1491
Asbun 2012 541 88
Chen K 2021 416.2 788
Chen M 2018 410 63
Choi 2020 477.7 BO.75
Chopinet 2018 429 788
Croome 2014 3794 9345
Dang C 2021 255 133
Delitto 2016 361 505
Ding ¥y 2021 3254 6049
Dokmak 2015 342 75
El Nakeeh 2020 420 75
Han SH 2020 4728 708
Khaled 2018 470 109.7
Kuesters 2018 477 4978
Lee G5 2018 426.8 98.58
Mazzala 2021 5829 611
Mendoza 2015 519.2 1528
Meng Ly 2018 480.8 96
Mesleh 2013 551 715
Shin 2019 321.8 561
Song KB 2015 4825 1176
Stauffer 2016 518 112
TanCL 2015 51317 56,13
Tan JKH 2019 433 78
Tee MC 2015 3645 1106
Xourafas 2018 426 146.2
Yoo 2020 4002 91.2
Zhou'w 2019 3159 761

Subtotal (95% CI)

"
53
01
47
27
65
08
kil
52
12
46
37
04
15
62
kil
50
18
58
75
56
93
58
30
20
113
418
69
55
2115

316.5
401
365
245

4711
aone

3876
310
360

2704
264
300

4513

33748
428

35503

375.4

453.4

3385
355

268.5

34749
374

371.67

3745

3598
366

3446

264.6

725 22 23%
108 215 31%
816 101 3.2%
70 85 31%
78.62 34 31%
97 290 3.2%
91.8 214 32%
20 131 3.2%
636 500 31%
859 12 32%
70 46 31%
50 74 31%
1055 M3 31%
739 15 27%
782 78 31%
100 31 29%
725 80 31%
3a0a.7 34 1.9%
98.8 58 31%
1205 43 3.0%
705 56 31%
a7.2 93 31%
a7 193 31%
85.53 a0 3.0%
60 0 3.0%
90 225 31%
1892 9963  32%
809 69 31%
889 93 31%
12713 87.8%

Heterogeneity: Tau®= 8622.31; Chi®= 2070.19, df= 28 (P < 0.00001}; I*= 99%
Test for averall effect: Z=4.99 (P = 0.00001)

Total (95% CI)

2526

13120 100.0%

Heterogeneity: Tau?= 6051.16; Chi®= 2245.28, df= 32 (P = 0.00001); F=99%
Testfor overall effect Z=6.13 (P = 0.00001)
Test for subaroun differences: Chi*r=1 61 df=1{F=020) IF= 38 0%

34480 [251.63, 43797
140.00 [112.26, 167.74
51.20 [29.08, 73.32
165.00 [138.16, 191.84
6.49[-28.49, 41.47
121.00[101.81,140.19
-8.20[-298.70,13.30
-65.00[-59.11,-50.84
1.00[-21.34, 23.34
54.50 [35.00, 74.00
78.00[48.35,107.65
120.00[93.28,146.72
21.50[-2.24,45.24
132.50 [65.56, 199.44
49.00[22.98, 75.02
T1.77 (2234, 121.20
207.50[181.22,233.78
65.80 [[58.87, 190.47
14230 [106.85,177.75
196.00 [158.27, 233.73
53.30 [29.70, 76.90
134.60[104.85, 164.35
143.00 [111.67,174.33
141.50[104.89,178.11
58.50[15.37,101.63
470[-18.84,28.24
60.00 [45.50, 74.50
55.60 [26.83, 84.37
51.30 [24.26, 78.34
88.06 [53.49, 122.62]

85.50 [58.25, 112.94]
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9.1.1RCT

Palanivelu 2017 2 32 2 32 1.4% 1.00[0.13,7.57]
Poves 2018 3 32 B 289 4.3% 0.40[0.089, 1.76]
van Hilst 2019 5 50 ) 49 48% 0.67 [0.20, 2.26]
YWang M 2021 24 297 25 287 17.2% 0.86[0.53,1.72]
Subtotal (95% CI) 411 407 27.7%  0.82[0.51, 1.33]
Total events 34 40

Heterogeneity: Chi*=1.33,df=3{P=0.72); F=0%

Testfor overall effect Z=0.80 (P=0.42)

9.1.2 NRCT

Ashun 2012 3 53 11 215 31% 1.11[0.30,4.14
Chen K 2021 4 1M 3 1M 2.2% 1.35[0.29,6.18
ChenxmM 2018 1 47 2 55 1.4% 0.58 [0.05, 6.56
Choi 2020 0 27 1 34 1.0% 0.41[0.0210.37
Chopinet 2018 14 B5 48 280 10.3% 1.38[0.71,2.70
Croome 2014 8 108 13 214 B.0% 1.24 [0.50,3.08
Dang C 2021 10 131 11 131 TE% 0.80[0.37,2.20
Delitto 2016 5 52 3 50 21% 1.67[0.38,7.38
Dokmak 2015 11 46 3 46 1.7% 450[1.17,17.42
Han 5H 2020 2 104 20113 1.4% 1.09[0.15 7.87
Katsuki 2021 11 95 50 380 13.2% 0.86[0.43,1.73
Mazzola 2021 [ a0 3 50 2.0% 214 [0.50,9.07
Meng LW 2018 4 58 3 58 21% 1.36[0.29,6.36
Stauffer 2016 3 58 7183 23% 1.45[0.36,5.79
TanCL 2015 1 30 1 30 07% 1.00([0.06 16.76
Tan JKH 20149 1 20 2 200 1.4% 0.47 [0.04, 5.69
Tee MC 2015 9 113 19 225  B8.8% 0.94[0.41,215
Zhang £ 2022 5 47 3 47 20% 1.75[0.38,7.77
Zhou'wy 2019 4 55 [ 93 31% 1.14[0.31,4.22
Subtotal (95% CI) 1260 2345 723% 1.21[0.92, 1.57]
Total events 102 191

Heterogeneity: Chi®=7.97, df=18 (P=0.98); F=0%
Testfor overall effect Z=1.38 (F=017)

Odds Ratio
M-H. Fixed, 95% CI

Total (95% CI) 1671
Total events 136 rch|
it = = = o T t f {
o o103 820 aaniP-on R RS
1Z=080(F=0. Favours LPD Favours OPD
Tast far subaraun difarencas: Chiz=1 08 df=1 (P =017y F= 45 0% valrs aVaUTS

2752 100.0%  1.10[0.87, 1.39]
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(“7) adenocarcinoma
Delitto 2016 (48)  USA 2010-2014 | Retrospective, database | Periampullary malignancy 9.1 1,2,3,57 8
Ding W 2021
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(SZ;')g 013 f(i':ea 2007-2012 | Retrospective, PS Benign or low-grade malignant - 385 e
(Sé:‘)’m" 2016, UsA 1995-2014  Retrospective, database | Pancreatic ductal adenocarcinoma 241 L9557 8
(1;“5‘; L2015 China 2000-2014 | Retrospective, database | Benign, premalignant, malignant - 1,2,4,57 -
Tan JKH 2019
(:g; ! Singapore 2014-2016 Retrospective, PS Malignant tumors 5 1,2,538
Tee MC 2015
(;:) USA 2007-2014 Retrospective, database Benign, premalignant, malignant = 1,3567 2
Tran 2016 (68)  USA 20002010 | Retrospective, NIS Benign, premalignant, malignant . 2,5 1
Xourafas 2018
; ;‘;’“ e UsA 2014-2016 | Retrospective, NSQIP Benign, premalignant, malignant 21 1,2,3,4 5.7
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Yoo 2020 (69) Soul 2011-2017 | Retrospective, PS Ampulla of Vater cancer - -
Korea 8
Zhang 7 2022 1,2,3,4,5,6,
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Matching factors: 1, age; 2, gender; 3, BMI; 4, ASA score; 5, comorbidities; 6, classic/pylorus-preserving PD; 7, malignancy rate; 8, tumor size.
BMI, body mass index; RCT, randomized controlled trial; PS, propensity score matching; ASA, American Society of Anesthesiologists; PD, pancreaticoduodenectomy; NCDB, National Cancer
Database; NSQIP, National Surgical Quality Improvement Program; NIS, Nationwide Inpatient Sample.
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7.1.1RCT

Palanivelu 2017 3 32 7 32 2.4%
Poves 2018 10 32 10 29 37%
Wang M 2021 B7 297 91 297 8.9%
Subtotal (95% CI) 361 358 15.0%
Total events a0 108

Heterogeneity: Tau®= 0.00; Chi#= 0.85, df= 2 (P = 0.65); F= 0%
Testfor overall effect Z = 2.44 (P = 0.01)

7.1.2 NRCT

Chen K 2021 14 1M 22 101 57%
Choi 2020 i] 27 2 34 0E%
Chopinet 2018 3 13 GE 290 32%
Conrad 2017 14 40 10 25 3.9%
Croorme 2014 21 108 b | 214 T2%
Delitta 2016 4 52 4 50 2.4%
Ding W 2021 T 112 23 112 46%
Dokmak 2015 & 46 4 46 2E6%
El Nakeeh 2020 11 37 26 74 49%
Kuesters 2018 9 62 65 278 55%
Lee C5 2018 ] 3 18 31 3.8%
Mendoza 2015 1 18 1 4 07%
Meng Ly 2018 11 58 g 58 4.2%
Stauffer 2016 18 58 40 193 B.3%
Tan L2015 1] an 1 30 0E6%
Tan JKH 20149 5 20 5 20 2.4%
Tee MC 2015 26 113 110 225 TE%
Tran 2016 137 B81 3727 14883 103%
Yoo 2020 ] 64 10 B9 4.2%
Zhou'y 2019 16 54 7 93 42%
Subtotal (95% CI) 1783 16870 85.0%
Total events anr 4271

Test for overall effect 2= 3.09 (P =0.002)

Total (95% CI)
Total events 397

2144 17228 100.0%

4379

Test for averall effect: 2= 3.67 (P = 0.0002)
Tect for subdaroun differences: Chif=0058 df=1 P =021 IF= 0%

0.37 [0.09, 1.58]
0.86 [0.30, 2.52]
(.66 [0.46, 0.95]
0.66 [0.47, 0.92]

0.58[0.28, 1.21
0.24 [0.01,5.14
0.16 [0.05, 0.54
0.81[0.29, 2.26
0.49 [0.28, 0.85
0.96 [0.23, 4.06
0.26 [0.11, 0.63
1.28[0.32, 5.11
0.78[0.33,1.83
0.56 [0.26,1.19
0.30[0.10, 0.85

1.94[0.11,32.99
1.27 [0.48, 3.35
0.40[0.21,0.77
0.32 [0.01, §.24
1.00[0.24, 4.18
0.31[0.19, 0.52
0.75 [0.62, 0.91
0.89 [0.34, 2.33

5.04[1.92,13.24
0.62 [0.46, 0.84]

Heterogeneity: Tau®= 0.21; Chi®= 47.77, df=19 (P = 0.0003), F= 60%

0.62 [0.48, 0.80]

Heterogeneity: Tau®= 0.15; Chi®= 48.62, df= 22 (P = 0.0009), F=55%

*

t t
0.1 1 10
Favours LPD Favours OPD

!
100





