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Abstract
BACKGROUND
[bookmark: OLE_LINK5997][bookmark: OLE_LINK5998]Minimally invasive pancreatic surgery via the multi-port approach has become a primary surgical method for distal pancreatectomy (DP) due to its advantages of lower wound pain and superior cosmetic results. Some studies have applied reduced-port techniques for DP in an attempt to enhance cosmetic outcomes due to the minimally invasive effects. Numerous recent review studies have compared multi-port laparoscopic DP (LDP) and multi-port robotic DP (RDP); most of these studies concluded multi-port RDP is more beneficial than multi-port LDP for spleen preservation. However, there have been no comprehensive reviews of the value of reduced-port LDP and reduced-port RDP. 

AIM
To search for and review the studies on spleen preservation and the clinical outcomes of minimally invasive DP that compared reduced-port DP surgery with multi-port DP surgery.

METHODS
The PubMed medical database was searched for articles published between 2013 and 2022. The search terms were implemented using the following Boolean search algorithm: (“distal pancreatectomy” OR “left pancreatectomy” OR “peripheral pancreatic resection”) AND (“reduced-port” OR “single-site” OR “single-port” OR “dual-incision” OR “single-incision”) AND (“spleen-preserving” OR “spleen preservation” OR “splenic preservation”). A literature review was conducted to identify studies that compared the perioperative outcomes of reduced-port LDP and reduced-port RDP.

RESULTS
Fifteen articles published in the period from 2013 to 2022 were retrieved using three groups of search terms. Two studies were added after manually searching the related papers. Finally, 10 papers were selected after removing case reports (n = 3), non-English language papers (n = 1), technique papers (n = 1), reviews (n = 1), and animal studies (n = 1). The common items were defined as items reported in more than five papers, and data on these common items were extracted from all papers. The ten studies included a total of 337 patients (females/males: 231/106) who underwent DP. In total, 166 patients (females/males, 106/60) received multi-port LDP, 126 (females/males, 90/36) received reduced-port LDP, and 45 (females/males, 35/10) received reduced-port RDP. 

CONCLUSION
Reduced-port RDP leads to a lower intraoperative blood loss, a lower postoperative pancreatic fistula rate, and shorter hospital stay and follow-up duration, but has a lower spleen preservation rate.
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[bookmark: OLE_LINK5349][bookmark: OLE_LINK5350][bookmark: OLE_LINK6001][bookmark: OLE_LINK6002]Core Tip: In contrast to recent review articles, this mini-review article is the first report to summarize all of the available evidence on spleen-preserving surgery with reduced-port robotic distal pancreatectomy (RDP) and laparoscopic distal pancreatectomy (LDP). Previous review articles only compared multi-port LDP with multi-port RDP. Our results show that conventional multi-port LDP has a shorter operating time than reduced-port LDP and reduced-port RDP. However, the reduced-port techniques result in less intraoperative blood loss; reduced-port RDP has the lowest blood loss. Moreover, reduced-port RDP leads to a lower postoperative pancreatic fistula rate and shorter hospital stay and follow-up duration, but a lower spleen preservation rate. 


INTRODUCTION
[bookmark: OLE_LINK6003][bookmark: OLE_LINK6004]Distal pancreatic resection is a useful surgical treatment for inflammatory or neoplastic pancreatic disorders in the body and tail of the pancreas[1]. Minimally invasive surgery (MIS) offers the advantages of lower wound pain and superior cosmetic results and has become a trend in diverse fields of surgery over the last two decades. Therefore, minimally invasive distal pancreatectomy (DP) has become popular[2].
The procedure for minimally invasive DP traditionally included splenectomy. However, removal of the spleen frequently results in sequelae such as infections, severe complications, and a higher risk of thromboembolism and post-splenectomy sepsis[3]. This issue prompted the development of minimally-invasive spleen-preserving DP, which has gained popularity as a surgical approach for the treatment of benign or low-grade malignant lesions of the distal pancreas[4,5].
Minimally invasive spleen-preserving DP can be performed through spleen-preserving laparoscopic DP (LDP) and spleen-preserving robotic DP (RDP). The benefits of robotic surgical systems include improved instrument dexterity, ergonomic surgical consoles, and 3D vision support that can greatly aid in complex dissection and surgical reconstruction during long and complex procedures[6]. As the main risk factor for spleen preservation failure is splenic vascular bleeding, LDP is less effective in controlling splenic vascular bleeding than RDP. Therefore, minimally invasive spleen-preserving DP has developed from LDP to RDP.
Compared to MIS with a multi-port surgery system, reduced-port MIS has the disadvantages of the fulcrum effect and a more limited range of motion and limited availability of instruments. However, with the increase in demand for minimally invasive procedures that reduce postoperative morbidity and improve quality of life, MIS approaches have attracted attention as they reduce the number of trocars and size of the ports; thus, the field of MIS has gradually expanded from simple surgery to complex surgery[7]. Recently, some studies employed reduced-port techniques for LDP and RDP with the aim of enhancing cosmetic outcomes through the use of minimally invasive effects[8,9].
Four review articles published in the past three years (2020-2022) have compared the advantages of multi-port LDP and multi-port RDP[10-13]. These studies highlighted the importance of providing readers with important summaries of LDP and RDP. However, there have been no comprehensive reviews of the value of reduced-port LDP and reduced-port RDP. Thus, this review study aimed to evaluate the safety and clinical outcomes of minimally invasive reduced-port LDP and RDP compared to multi-port LDP and RDP. 

MATERIALS AND METHODS
Literature search
In order to retrieve eligible studies, the PubMed medical database was searched for articles published between 2013 to 2022. The search terms were implemented using the following Boolean search algorithm: (“distal pancreatectomy” OR “left pancreatectomy” OR “peripheral pancreatic resection”) AND (“reduced-port” OR “single-site” OR “single-port” OR “dual-incision” OR “single-incision”) AND (“spleen-preserving” OR “pleen preservation” OR “splenic preservation”).

Eligibility criteria
A literature review was conducted to identify studies that compared the perioperative outcomes of reduced-port LDP and reduced-port RDP. The inclusion criteria were studies that: (1) Included patients undergoing DP for any disease; (2) Included procedures performed robotically or laparoscopically; (3) Reported data on patients undergoing DP with spleen preservation; and (4) Employed reduced-port or single-port or single-port plus one approaches. The exclusion criteria were case reports, reviews, non-English language papers, technique papers, and animal studies. Two surgeons (Peng CM and Hsieh CL) independently screened the papers by title and abstract to confirm the eligibility of each paper. In addition, the same two surgeons manually searched the references and related papers of the retrieved articles to find other eligible articles. Finally, the full texts of the selected references were reviewed for further analysis and data extraction.

Data extraction and quality assessment
[bookmark: OLE_LINK6007][bookmark: OLE_LINK6008][bookmark: OLE_LINK5999][bookmark: OLE_LINK6000][bookmark: OLE_LINK6009]Two surgeons (Peng CM and Hsieh CL) extracted data from each selected paper, including the first author, publication year, period of data collection, surgical procedure(s), number of trocars, number of patients, age, sex, body mass index (BMI), tumor size, conversion rate, blood loss, blood transfusion requirements, operating time, spleen preservation rate, rate of postoperative pancreatic fistula (POPF), complication rate, pain score, length of hospital stay, and length of follow-up. Different surgical approaches were compared using the average of means for factors with mean and standard deviation values, and the average of the standard deviation with unequal sample sizes. In addition, for studies that reported the individual data values, the mean and standard deviation values were computed to compare different types of surgery. 

RESULTS
Selection of papers
Figure 1 shows the flowchart of the selection of the included studies. A total of 6179 studies were retrieved by the Boolean search algorithm terms (“distal pancreatectomy” OR “left pancreatectomy” OR “peripheral pancreatic resection”); 4113 studies were retrieved using the terms (“spleen-preserving” OR “spleen preservation” OR “splenic preservation”); 17223 studies were retrieved using the terms (“reduced-port” OR “single-site” OR “single-port” OR “dual-incision” OR “single-incision”). A total of 15 articles published in the period from 2013 to 2022 were retrieved using all three groups of search terms. Two studies were added after manually searching the related papers. Finally, 10 papers were selected after removing case reports (n = 3), non-English language papers (n = 1), technique papers (n = 1), reviews (n = 1), and animal studies (n = 1)[14-23].

Characteristics of the included papers
Ten eligible papers were included in this mini-review article. The common items were defined as items reported in more than five papers, and data on these common items were extracted from all papers. The ten studies included a total of 337 patients (females/males: 231/106) who underwent DP. In total, 166 patients (females/males, 106/60) received multi-port LDP, 126 (females/males, 90/36) received reduced-port LDP, and 45 (females/males, 35/10) received reduced-port RDP.
Table 1 Lists the included papers according to year of publication, along with the study number, year of publication, first author, period of data collection, type of surgery, number of trocars (mean and standard deviation), age (mean and standard deviation), and sex (number of patients). Table 2 Lists the included papers by surgical type. The mean and standard deviation BMI, operating time (min), blood loss (mL), tumor size (cm), length of hospital stay (days), and length of follow-up (months), as well as the spleen preservation rate, POPF rate, and complication rate, are also shown in Table 2. Only five papers reported the postoperative pain score; the mean and standard deviation postoperative pain scores are shown in Table 3.
[bookmark: OLE_LINK6036][bookmark: OLE_LINK6037]The average BMI and spleen preservation rate, operating time and blood loss, complication rate, and durations of hospital stay and follow-up reported in each paper are visually illustrated in Figure 2, respectively. Table 4 presents the average of the means and average of the standard deviation values of the factors including age, BMI, operating time, blood loss, tumor size, hospital stay, and follow-up duration for multi-port LDP (MP_LDP), reduced-port LDP (RP_LDP), and RDP with single-site plus one-port (RDP_SS+1). In addition, the mean and standard deviation of factors such as the spleen preservation rate and complication rate for MP_LDP, RP_LDP, and RDP_SS+1 are also listed in Table 4.

DISCUSSION
To the best of our knowledge, this is the first review to summarize all of the available data on patients who underwent spleen-preserving DP using reduced-port robotic or reduced-port laparoscopic approaches. All other published review papers have focused on comparing the advantages and disadvantages of multi-port RDP vs multi-port LDP[10-13,24-27]. However, the relative value of reduced-port LDP and reduced-port RDP has not been fully reviewed. This topic is worthy of investigation because the appropriateness of the single-port technique in DP is receiving attention as all minimally invasive procedures are becoming increasingly technically demanding. We compared the patient data and outcomes of minimally invasive DP via the multi-port and reduced-port approaches for benign and malignant disorders of the pancreas. Our results show that conventional multi-port LDP has a shorter operating time than reduced-port LDP and reduced-port RDP; however, reduced-port RDP has a shorter operating time compared to reduced-port LDP. Moreover, reduced-port techniques are associated with lower intraoperative blood loss, with the lowest blood loss observed for reduced-port RDP. Moreover, reduced-port RDP had a lower POPF rate and shorter hospital stay and follow-up durations, but a lower spleen preservation rate.
Spleen removal can result in sequelae such as infections, severe complications, and a higher risk of thromboembolism and post-splenectomy sepsis[3]. Some studies have reported the benefits of spleen preservation including a lower rate of intra-abdominal abscesses[28], and prevention of overwhelming post-splenectomy infection[29] and cardiovascular complications[30]. The “Kimura-first” strategy is feasible and safe for robotic spleen-sparing DP and leads to a high rate of splenic vessel preservation[31]. The "Kimura-first" and "Warshaw-later" strategies are popular as they are time saving and have a lower POPF rate; however, compression of splenic vessels should be excluded before surgery. The “Kimura-first” strategy also requires careful examination to detect possible bleeding after splenic vessel dissection. However, proximal control of the splenic artery with vessel loops, which reduces the risk of bleeding and injury during dissection of the splenic artery and vein, is inefficient. Recently, the new Royal North Shore Technique, which places a vascular clamp on the splenic artery to reduce splenic artery inflow, has allowed for more accurate and injury-free dissection[32]. Thus, it is necessary to further evaluate the benefits of this technique in reduced-port DP.
Although the “Kimura-first and Warshaw-later” spleen-sparing strategy can be applied to both laparoscopic and robotic techniques, recent investigations[10,12,13] concluded the spleen preservation rate was higher for multi-port RDP than multi-port LDP due to the superior vessel manipulation. However, our review showed the spleen preservation rate is lower for reduced-port RDP than reduced-port LDP. This finding may be explained by several factors: firstly, the surgical field in reduced-port RDP is not large enough to allow effective movement during the spleen-preserving process[9]; secondly, only three studies assessed reduced-port RDP, and one of those studies had a spleen preservation rate of only 7.7% as the pancreatic tumors were abutting the splenic hilum in most patients[22]; and thirdly, the numbers of the learning curve in the three reduced-port RDP studies may not be sufficient, because even multi-port LDP and multi-port RDP had 25.3 and 20.7 cases to overcome the learning curve[33]. In addition, the spleen preservation rate is calculated as the ratio of the number of successful spleen preservation to the total number of operations in most studies. According to this definition, the spleen preservation rate is not only affected by the surgical method, but also by the patient’s condition and the preferences of the surgeon. Thus, the objective spleen preservation rate should be calculated based on the ratio of successful spleen preservation to those attempted spleen preservation before surgery[10]. Moreover, bias in patient selection between multi-port DP and reduced-port DP may also influence the complication and spleen preservation rates. 
Our study indicates that reduced-port RDP leads to a lower rate of POPF than reduced-port LDP. One possible reason is that transection of the pancreatic tail is more completely performed by endovascular gastrointestinal anastomosis (endo-GIA) or robotic-assisted hand-sewn methods in reduced-port RDP. In previous studies, the suggested risk factors for POPF were BMI, pancreas thickness, and pancreatic texture[34]. A relatively long clamping time (> 2 min) during GIA decreases the water component in the pancreas and makes stapling more stable, and a long clamping time can be easily achieved using robotic assistance. The pancreas texture is easily identified through visual compensation and partly via instrument touch in robotic approaches. The hand-sewn method is more time consuming and labor intensive in the laparoscopic approach, but is easier when using the robotic approach.
The limitations of this study are the restricted inclusion period of 2013 to 2022, the fact that only three studies reported reduced-port RDP[17,22,23], and the absence of studies on multiport RDP. We limited the period of literature screening from 2013 to 2022 to control this review to studies with similar techniques and surgical devices. Even though robotic DP first emerged in 2010, only three studies of reduced-port RDP were identified in this review; many more studies have used multi-port or reduced-port LDP. We believe the current factors, the steep learning curve in reduced-port RDP for surgeons, and the high financial cost of robotic surgery, are the main factors that prevent surgeons from adopting robotic approaches. The small number of publications on reduced-port RDP mean the conclusions of this review should be considered as qualitative observations rather than a quantitative meta-analysis; however, this review provides information to compare multi-port LDP, reduced-port LDP, and reduced-port RDP. Although the lack of multi-port RDP studies in this review is due to the absence of studies that compared the outcomes of multi-port RDP with reduced-port RDP or LDP, data on multi-port RDP is available from systemic review studies to enable a comparison of multi-port LDP and multi-port RDP[10-13].

CONCLUSION
In conclusion, multi-port LDP, reduced-port LDP, and reduced-port RDP have all been proven to be safe and effective procedures, and the potential of reduced-port DP with spleen preservation has become an option for both benign and malignant pancreatic disorders. Further studies are needed to evaluate the value and efficacy of reduced-port RDP for spleen-preserving DP.

ARTICLE HIGHLIGHTS
Research background
The application of minimally invasive approaches to distal pancreatic surgery has progressively increased over the last two decades.

Research motivation
[bookmark: OLE_LINK6032][bookmark: OLE_LINK6033][bookmark: OLE_LINK6034][bookmark: OLE_LINK6035]Many studies have compared laparoscopic distal pancreatectomy (LDP) and robotic distal pancreatectomy (RDP), all of these studies only focused on multi-port LDP and multi-port RDP. However, there have been no comprehensive reviews of the value of reduced-port LDP and reduced-port RDP.

Research objectives
The purpose of this review study was to evaluate the safety and clinical outcomes of minimally invasive reduced-port LDP and RDP compared to multi-port LDP and RDP.

Research methods
We searched for original manuscripts on minimally invasive reduced-port LDP and RDP, published from 2013 to 2022, in the PubMed database.

Research results
10 eligible papers including 337 patients, including 166 patients receiving multi-port LDP, 126 reduced-port LDP, and 45 reduced-port RDP, were considered appropriate for inclusion.

Research conclusions
Reduced-port RDP is a safe and effective procedure and appears to offer some advantages over multi-port LDP and reduced-port LDP, but has a lower spleen preservation rate.

Research perspectives
The insufficient learning curve may explain the lower spleen preservation rate of reduced-port RDP. Further studies are needed to evaluate the value and efficacy of reduced-port RDP for spleen-preserving distal pancreatectomy.
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Figure 1 Flowchart of the study selection process.
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[bookmark: OLE_LINK6054][bookmark: OLE_LINK6055][bookmark: OLE_LINK6040][bookmark: OLE_LINK6041][bookmark: OLE_LINK6046][bookmark: OLE_LINK6047][bookmark: OLE_LINK6044][bookmark: OLE_LINK6045][bookmark: OLE_LINK6050][bookmark: OLE_LINK6051][bookmark: OLE_LINK6076][bookmark: OLE_LINK6077]Figure 2 Bar plots. A: Bar plots of the mean body mass index (left figure) and spleen preservation rate (right figure) in each study; B: Bar plots of the mean operating time (left figure) and blood loss (right figure) in each study; C: Bar plots of the mean postoperative pancreatic fistula rate (left figure) and rate of other complications (right figure) in each study; D: Bar plots of the mean hospital stay (left figure) and follow-up duration (right figure) in each study. The green bars indicate multi-port laparoscopic distal pancreatectomy (LDP) studies; blue, reduced-port LDP; orange, reduced-port robotic distal pancreatectomy. Blanks indicate the study did not report this information. BMI: Body mass index; MP_LDP: Multi-port laparoscopic distal pancreatectomy; RP_LDP: Reduced-port laparoscopic distal pancreatectomy; RDP_SS+1: Robotic distal pancreatectomy with single-site plus one-port; POPF: Postoperative pancreatic fistula.

Table 1 Included studies listed according to year of publication
	Study No.
	Ref.
	Period
	Type of surgery
	No. of trocars
	M/F
	Age

	1
	[bookmark: RANGE!B2]Yao et al[14], 2014
	2009-2013
	RP_LDP
	1
	0/11
	38 ± 14.5

	2
	[bookmark: RANGE!B3]Han et al [15], 2014
	2007-2013
	MP_LDP
	-
	11/17
	49.1 ± 15.81

	
	
	
	RP_LDP
	1
	2/10
	61.3 ± 17.21

	3
	[bookmark: RANGE!B5]Machado et al[16], 2015
	2012-2014
	RP_LDP
	1
	8/12
	44.6 ± 13.4

	4
	[bookmark: RANGE!B6]Kim et al[17], 2017
	2015-2016
	RDP_SS+1
	2
	2/3
	37 ± 14.7

	5
	[bookmark: RANGE!B7]Sumer et al[18], 2017
	2006-2013
	MP_LDP
	4
	7/20
	49.5 ± 14.9

	
	
	
	RP_LDP
	1
	0/3
	54.3 ± 13.6

	6
	[bookmark: RANGE!B9]Ağcaoğlu et al[19], 2019
	2007-2014
	MP_LDP
	5
	3/7
	48.2 ± 4.0

	
	
	
	RP_LDP
	1
	4/6
	43.5 ± 2.3

	7
	[bookmark: RANGE!B11]Park et al[20], 2019
	2012-2017
	MP_LDP
	4.4 ± 0.8
	31/44
	55.3 ± 14

	
	
	
	MP_LDP (propensity score matched)
	4.3 ± 0.5
	9/17
	55.2 ± 15.3

	
	
	
	RP_LDP
	1
	9/17
	60.0 ± 17.4

	8
	Kim et al[21], 2019
	2015-2018
	MP_LDP
	4.9 ± 0.3
	8/18
	55.3 ± 15.1

	
	
	
	RP_LDP
	2.7 ± 0.7
	5/17
	51.5 ± 17

	9
	Han et al[22], 2019
	2012-2018
	RP_LDP
	[bookmark: RANGE!E16]1.1 ± 0.2
	8/14
	58.3 ± 15.01

	
	
	
	RDP_SS+1
	2.0 ± 0.7
	3/10
	46.1 ± 14.01

	10
	Park et al[23], 2020
	2015-2018
	RDP_SS+1
	2
	5/22
	47.3


1Significantly different in the original study.
The number of trocars and age are presented as mean ± SD; Sex is reported as number of patients. Propensity score matched between single-port laparoscopic distal pancreatectomy (LDP) and multi-port LDP cohorts. “-” indicates data not available. MP_LDP: Multi-port laparoscopic distal pancreatectomy; RP_LDP: Reduced-port laparoscopic distal pancreatectomy; RDP_SS+1: Robotic distal pancreatectomy with single-site plus one-port.



Table 2 Included studies listed by type of surgery
	[bookmark: RANGE!A1]Type
	Study No.
	BMI
	OP time (min)
	Blood loss (mL)
	Tumor size (cm)
	SP rate (%)
	Complication rate (%)
	Hospital stay (d)
	Follow-up duration (mo)
	Ref.

	
	
	
	
	
	
	
	POPF
	Others
	
	
	

	MP_LDP
	2
	23.6 ± 4.0
	186.9 ± 86.61
	334 ± 468
	3.4 ± 2.5 
	60.7
	21.4
	25
	8.3 ± 4.71
	-
	[15]

	
	5
	-
	163.3 ± 53.7
	-
	-
	48.1
	22.2
	14.8
	9.3 ± 6.6
	30 ± 22.3
	[18]

	
	6
	31.2 ± 2.4
	116.4 ± 14.11
	110 (25-250)
	2.8 ± 0.6
	50
	30
	10
	10
	56
	[19]

	
	7
	25.4 ± 4.3
	182.6 ± 64.41
	210 ± 384
	3.1 ± 1.9
	53.8
	20
	41.9
	13.2 ± 9.4
	27.4 ± 22.3
	[20]

	
	7 (propensity score matched)
	22.9 ± 2.9
	178.7 ± 66.61
	114 ± 1811
	2.7 ± 2.3
	56
	11.5
	36
	11.6 ± 8.8
	30.6 ± 24.7
	[20]

	
	8
	24.7 ± 2.6
	190.9 ± 43.71
	282.7 ± 305.31
	3.6 ± 2.1
	65.4
	-
	-
	8.0 ± 1.4
	-
	[21]

	RP_LDP
	1
	22.67 ± 1.9
	163.18 ± 63.18
	159.09 ± 181.02
	3.85 ± 1.26
	54.5
	9.1
	0
	7.45 ± 1.44
	25.8 ± 18.1
	[14]

	
	2
	23.5 ± 4.6
	279.8 ± 53.01
	185 ± 125
	3.8 ± 1.8
	33.3
	25
	41.6
	12.2 ± 5.41
	-
	[15]

	
	3
	-
	176.2 ± 59.6
	77.5 ± 55.0
	3.2
	90
	20
	0
	2.1 ± 1.2
	11
	[16]

	
	5
	-
	216.7 ± 100.2
	-
	-
	0
	66.6
	33.3
	13 ± 14.9
	13 ± 1.7
	[18]

	
	6
	29.4 ± 3.1
	180.4 ± 34.51
	142 (30-500)
	2.2 ± 0.2
	10
	30
	20
	8
	48
	[19]

	
	7
	23.6 ± 3.4
	278.9 ± 51.81
	205 ± 1971
	3.3 ± 2.0
	46.2
	23.1
	42.3
	15.2 ± 11.4
	20.8 ± 16.6
	[20]

	
	8
	25.2 ± 4.5
	119.3 ± 50.41
	96.8 ± 165.31
	2.7 ± 1.8
	95.5
	-
	-
	7.7 ± 1.3
	-
	[21]

	
	9
	23.9 ± 3.6
	281 ± 521
	163 ± 1971
	3.0 ± 1.8
	54.5
	18.2
	36.4
	14.4 ± 12.31
	23.4 ± 18.61
	[22]

	RDP_SS+1
	4
	-
	203 ± 73.3
	11 ± 21.9
	-
	40
	0
	-
	6.8 ± 1.3
	-
	[17]

	
	9
	20.9 ± 4.0
	192 ± 691
	12 ± 221
	2.7 ± 1.2
	7.7
	0
	38.5
	7.4 ± 1.91
	7.8 ± 7.11
	[22]

	
	10
	22.6
	173
	50
	3
	34.6
	23
	3.8
	7
	-
	[23]


1Significantly different in the original study.
Body mass index, operating time (min), blood loss (mL), tumor size (cm), length of hospital stay (d), and length of follow-up (mo) are reported as mean ± SD; spleen preservation rate, postoperative pancreatic fistula rate, and complication rate are reported as percentages. Propensity score matched between single-port laparoscopic distal pancreatectomy (LDP) and multi-port LDP cohorts. “-“ indicates data not available. MP_LDP: Multi-port laparoscopic distal pancreatectomy; RP_LDP: Reduced-port laparoscopic distal pancreatectomy; RDP_SS+1: Robotic distal pancreatectomy with single-site plus one-port; BMI: Body mass index; OP: Operating; POPF: Postoperative pancreatic fistula; SP: Spleen preservation.



Table 3 Postoperative pain scores (only reported in five of the ten studies included)
	Type
	Study No.
	Trocar No.
	Postoperative pain score
	Ref.

	
	
	
	6 h
	Day 1
	Day 2
	Day 3
	Day 5
	

	MP_LDP
	6
	5
	4.5 ± 0.41
	1.5 ± 0.5
	
	
	
	[19]

	
	7
	4.4 ± 0.8
	
	3.4 ± 1.11
	3.4 ± 1.11
	3.1 ± 0.91
	
	[20]

	
	7 (propensity score matched)
	4.3 ± 0.5
	
	3.5 ± 0.91
	3.3 ± 0.91
	3.0 ± 0.91
	
	[20]

	
	8
	4.9 ± 0.3
	
	3.2 ± 1.4
	
	3.5 ± 1.8
	2.6 ± 1.31
	[21]

	RP_LDP
	6
	1
	2.5 ± 0.31
	1 ± 0.2
	
	
	
	[19]

	
	7
	1
	
	2.7 ± 0.81
	2.5 ± 1.31
	2.4 ± 1.41
	
	[20]

	
	8
	2.7 ± 0.7
	
	3.1 ± 1.1
	
	2.8 ± 1.3
	1.8 ± 0.91
	[21]

	
	9
	1.1 ± 0.2
	
	2.6 ± 0.9
	
	2.3 ± 1.5
	
	[22]

	RDP_SS+1
	9
	2.0 ± 0.7
	
	2.3 ± 1.2
	
	2.5 ± 1.9
	
	[22]

	
	10
	2
	
	3
	
	2
	2
	[23]


1Significantly different in the original study.
Values are reported as mean ± SD. Propensity score matched between single-port laparoscopic distal pancreatectomy (LDP) and multi-port LDP cohorts. MP_LDP: Multi-port laparoscopic distal pancreatectomy; RP_LDP: Reduced-port laparoscopic distal pancreatectomy; RDP_SS+1: Robotic distal pancreatectomy with single-site plus one-port.











Table 4 Average of the means and average of the standard deviations for age, body mass index, operating time, blood loss, tumor size, spleen preservation rate, complication rate, hospital stay, and follow-up duration for multi-port laparoscopic distal pancreatectomy, reduced-port laparoscopic distal pancreatectomy, and robotic distal pancreatectomy with single-site plus one-port
	Type
	
	MP_LDP
	RP_LDP
	RDP_SS+1

	Age
	
	51.5 ± 14.3
	51.4 ± 15.3
	43.5 ± 14.2

	BMI
	
	26.2 ± 3.9
	24.7 ± 3.7
	21.8 ± 4

	Operation time (min)
	168 ± 62.7
	211.9 ± 54.2
	189.3 ± 70.1

	Blood loss (mL)
	
	234.2 ± 389.9
	146.9 ± 165.1
	24.3 ± 22

	Tumor size (cm)
	
	3.2 ± 2
	3.2 ± 1.7
	2.9 ± 1.2

	Spleen preservation rate (%)
	55.6 ± 7.3
	48 ± 34
	27.4 ± 17.3

	Complication rate (%)
	POPF
	23.4 ± 4.5
	27.4 ± 18.4
	7.7 ± 13.3

	
	Others
	23.0 ± 14.1
	24.8 ± 18.5
	21.2 ± 24.5

	Hospital stay (d)
	
	9.8 ± 7.4
	10 ± 8.2
	7.1 ± 1.8

	Follow-up duration (mo)
	37.8 ± 22.3
	23.7 ± 17.3
	7.8 ± 7.1


MP_LDP: Multi-port laparoscopic distal pancreatectomy; RP_LDP: Reduced-port laparoscopic distal pancreatectomy; RDP_SS+1: Robotic distal pancreatectomy with single-site plus one-port; BMI: Body mass index; POPF: Postoperative pancreatic fistula.
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