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Abstract
Background Postoperative pancreatic fluid collections (POPFCs) are common adverse events (AEs) after pancreatic sur-
gery and may need interventions. Endoscopic ultrasound (EUS)-guided drainage for POPFCs is increasingly reported, but 
its appropriate timing has not been fully elucidated. The aim of this meta-analysis was to evaluate treatment outcomes of 
POPFCs according to the timing of EUS-guided drainage.
Methods Using PubMed, Embase, Web of Science, and the Cochrane database, we identified clinical studies published until 
December 2022 with data comparing outcomes of early and delayed EUS-guided drainage for POPFCs. We pooled data on 
AEs, mortality, and technical and clinical success rates, using the random-effects model.
Results From 1415 papers identified in the initial literature search, we identified 6 retrospective studies, including 128 and 
107 patients undergoing early and delayed EUS-guided drainage for POPFCs. The threshold of early and delayed drainage 
ranged from 14 to 30 days. Distal pancreatectomy was the major cause of POPFCs, ranging from 44 to 100%. The pooled 
odds ratio (OR) for AEs was 0.81 (95% confidence interval [CI] 0.40–1.64, P = 0.55) comparing early to delayed drainage. 
There was no procedure-related mortality. Technical success was achieved in all cases and a pooled OR of clinical success 
was 0.60 (95% CI 0.20–1.83, P = 0.37).
Conclusion POPFCs can be managed by early EUS-guided drainage without an increase in AEs.

Keywords Drainage · Endoscopic ultrasound · Fluid collection · Postoperative pancreatic fistula

Postoperative pancreatic fistula (POPF) is a common adverse 
event (AE) after pancreatic surgery with the reported inci-
dences of up to 25% in pancreaticoduodenectomy [1] and 
43% in distal pancreatectomy [2]. Although some POPFs 
resolve with conservative treatment, interventions such 
as drainage for infected fluid collection and angiography 
with embolization for bleeding are necessary in cases with 
grade B (persistent drainage > 3 weeks and change in the 
management, including additional non-surgical interven-
tions) and grade C (reoperation or organ failure) POPFs [3]. 

Historically, symptomatic postoperative pancreatic fluid 
collections (POPFCs) were managed by surgery or percu-
taneous drainage, but endoscopic ultrasonography (EUS)-
guided approach is increasingly utilized due to its safety and 
effectiveness reported in pancreatic fluid collections (PFCs) 
after acute pancreatitis [4, 5]. A recent meta-analysis has 
demonstrated a significantly higher clinical success rate and 
a lower recurrence rate with EUS-guided drainage compared 
to percutaneous approach in the management of POPFCs 
[6].

In PFCs due to acute pancreatitis, the timing of interven-
tions is the matter of debate [7–9]. Delayed interventions 
after four weeks of acute pancreatitis onset have been rec-
ommended [10], but the role of early and proactive non-
surgical interventions was increasingly investigated [11, 
12]. While early interventions for POPFCs may lead to early 
recovery, it may increase AEs such as bleeding or infection 
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due to the direct intervention within the cavity and potential 
contamination with gut microbiota. However, data on the 
timing of interventions are limited in POPFCs, compared 
to PFCs after acute pancreatitis, and the optimal timing of 
EUS-guided drainage for POPFCs has not been elucidated. 
Thus, we conducted a systematic review and meta-analysis 
to evaluate clinical outcomes of early EUS-guided drainage 
for POPFCs.

Methods

Study overview

This systematic review and meta-analysis aimed to evalu-
ate treatment outcomes of early vs. delayed EUS-guided 
drainage of POPFCs and was conducted in accordance with 
the PRISMA (the Preferred Reporting Items for System-
atic reviews and Meta-Analyses) guideline [13]. The pro-
tocol was registered in the database of UMIN (University 
Hospital Medical Information Network; registration num-
ber, UMIN000049891). This study was conducted by the 
WONDERFUL (WON anD pERipancreatic FlUid coLlec-
tion) study group, which consisted of expert endoscopists, 
gastroenterologists, interventional radiologists, and epide-
miologists at high-volume centers in Japan (UMIN-CTR 
Registration Number UMIN000044130) [14, 15].

Literature search

Based on a systematic electronic search using PubMed, 
Embase, Web of Science, and the Cochrane Central Reg-
ister of Controlled Trials (CENTRAL) database, we identi-
fied clinical studies published from January 1990 through 
December 2022, in which treatment outcomes were reported 
in relation to the timing of EUS-guided drainage for POP-
FCs. The timing of drainage was classified as early or 
delayed with the cut-off point of 14–30 days of surgery. Two 
authors (Y.N. and T.M.) independently participated in the lit-
erature search, study selection, assessment of study quality, 
and data extraction. Disagreements were resolved through 
discussions with another author (T.H.). The search terms 
included “endoscopy,” “endoscopic,” “EUS,” “pancreatic 
fistula,” “fluid collection,” “postoperative,” “postsurgical,” 
“pancreatectomy,” “pancreatic surgery,” “drainage,” “stent,” 
“treatment,” and “management,” with their word variations 
(the search strategy in each database was detailed in Supple-
mentary Table 1). The search was limited to fully published 
articles in English and human studies. The search was not 
limited in terms of patients’ age and length of patient follow-
up. The bibliographies of the identified articles were further 
screened for additional eligible articles.

The quality of reporting data stratified by the timing of 
EUS-guided drainage for PFCs was assessed using the New-
castle–Ottawa Scale [16], which ranges from 0 (poor quality) 
to 9 (good quality) summing up the scores for the follow-
ing three categories: selection of exposed and non-exposed 
cohorts (4 points), comparability of cohorts (2 points), and 
assessment of outcome (3 points). The scores of the included 
studies are presented in Supplementary Table 2.

Selection criteria

Based on PICO (population, intervention, comparison, out-
come) strategy, studies were selected according to the fol-
lowing inclusion and exclusion criteria.

Inclusion criteria are as follows:

– Population: Patients with POPFC.
– Intervention: EUS-guided drainage for POPFCs with 

early drainage.
– Comparison: EUS-guided drainage for POFPCs with 

delayed drainage.
– Outcomes: AEs, procedure-related mortality, technical 

success, clinical success the number of interventions, 
length of hospital stay, and recurrence.

Exclusion criteria are studies involving < 10 patients per 
study and < 2 patients per group, studies examining PFCs 
due to acute pancreatitis or trauma, and those reporting treat-
ment outcomes only for surgical or percutaneous manage-
ment of POPFCs.

Data collection

Using a pre-defined standardized data extraction form, the 
following data were collected from each study: study design, 
patient demographics, treatment protocols, and treatment 
outcomes. The primary endpoint was AEs, and secondary 
endpoints were procedure-related mortality, technical suc-
cess, clinical success, the number of interventions, length of 
hospital stay, and recurrence. AEs included bleeding, infec-
tion, stent migration, thrombosis, and abdominal symptoms 
(persistent pain, nausea, and vomiting).

Statistical analysis

Using the data reported in the pooled studies, we calculated 
pooled odds ratios (ORs) and 95% confidence intervals (CIs) 
for outcome variables comparing early to delayed EUS-
guided drainage. Given heterogeneity in study populations 
and procedures between the studies, we used the DerSimo-
nian–Laird random-effects model [17]. Statistical heteroge-
neity in outcome variables between the studies was assessed 
by the Q and I2 statistics [18]. For the Q statistic, we used 
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a P value of 0.10 for statistical significance in view of the 
low power of tests for heterogeneity [19]. The I2 statistics of 
around 25%, 50%, and 75% were considered as low-, mod-
erate-, and high-level heterogeneity, respectively [20]. We 
assessed potential publication bias by means of the visual 
inspection of the funnel plot with the Begg’s rank correlation 
test [21] and the Egger’s linear regression test [22].

A two-sided P value < 0.05 was considered statistically 
significant. Given multiple comparisons, the results of the 
secondary analyses were interpreted cautiously. All analy-
ses were performed using R software version 4.1.3 and the 
metapackage (R Development Core Team, http:// www.r- 
proje ct. org).

Results

Study selection

Through the systematic literature search (Fig. 1), we identi-
fied six eligible studies [23–28], in which clinical outcomes 
could be compared by the timing of EUS-guided drainage. 
The total number of cases included in the analysis was 235 
(128 in the early drainage group and 107 in the delayed 
drainage group), and all studies were conducted based on 
the retrospective design.

Study characteristics

The characteristics and clinical outcomes of the included 
studies are summarized in Tables 1 and 2. Distal pancrea-
tectomy was the major cause of POPFCs, ranging from 44 
to 100%, and the mean size of POPFCs was 70 to 95 mm. 
Abdominal pain and fever were common reasons for EUS-
guided drainage. Lumen-apposing metal stents were used 
in a total of 44 cases in 3 studies [25–27]. While Storm 
et al. [26] reported the rates of infection at EUS-guided 
drainage were 41% and 61% in early and delayed drainage 
groups (P = 0.11), respectively, Fujimori et al. [27] reported 
the corresponding rates of 100% and 31% (P < 0.01). Two 
studies reported the rate of encapsulation of POPFCs, and 
encapsulation was more likely to be observed in delayed 
drainage group: 57% vs. 94% (P = 0.02) [27] and 72% vs. 
95% (P = 0.07) [28] in early and delayed drainage groups, 
respectively.

Adverse events and mortality

Reported AE rates of EUS-guided drainage of POPFCs 
ranged from 4 to 46% (Table  2) and were comparable 
between early and delayed drainage groups with a pooled 
OR of 0.81 (95% CI 0.40–1.64; P = 0.55; Fig. 2). There 
was no evidence on heterogeneity between the studies 

Fig. 1  Flowchart of study 
selection for a meta-analysis of 
early and delayed EUS-guided 
interventions for postoperative 
pancreatic fluid collections
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(Pheterogeneity = 0.93 and I2 = 0%). Based on quantitative meas-
urement using Egger’s test as well as visual inspection of the 
funnel plot, there was no significant evidence of publication 
bias in reporting AEs (Fig. 3). Subgroup analyses according 
to the timing of drainage (about two weeks and four weeks) 
did not show significant differences in AEs, either pooled 
ORs were 1.94 (95% CI 0.24–15.89; P = 0.54) for two weeks 
and 0.72 (95% CI 0.34–1.53; P = 0.40) for four weeks. Early 
drainage was not associated with the risk of bleeding with 
a pooled OR of 1.41 (95% CI 0.52–3.83; P = 0.49). Proce-
dure-related sepsis was reported in one study: 14% and 21% 
in early and delayed drainage [25]. In addition, pneumonia 
was seen in one patient receiving delayed drainage [26]. No 
procedure-related mortality was reported.

Technical and clinical success and other outcomes

Technical success rates of early and delayed drainage groups 
were 100% in all six studies. Clinical success rates were 
reported as 90–97% and were comparable between early and 
delayed drainage groups with a pooled OR of 0.60 (95% 
CI 0.20–1.83; P = 0.37; Fig. 4). The rate of recurrence was 
evaluated in five studies but was only observed in one study 
[26], which reported recurrence rates of 5% and 6% in early 
and delayed drainage groups, respectively. The number of 
interventions and the length of hospital stay did not seem to 
be affected by the timing of EUS-guided drainage (Table 2), 
although these outcomes were limitedly reported [26, 27].

Discussion

In this meta-analysis, we investigated the association of 
timing of EUS-guided drainage for POPFCs following sur-
gical pancreatic resection with clinical outcomes in terms 
of safety and effectiveness and did not find any significant 
differences between early and delayed drainage. Although 
delayed interventions are generally recommended in PFCs 
after acute pancreatitis [7, 8], our meta-analysis would sug-
gest that early EUS-guided interventions are feasible for 
POPFCs.

Interventions for POPFCs have shifted from invasive sur-
gery to less invasive percutaneous or EUS-guided proce-
dures [6]. EUS-guided drainage for POPFCs have potential 
advantages over percutaneous drainage, such as better qual-
ity of life, no risk of external pancreatic fistula, and less fluid 
loss. Meanwhile, given the nature of transmural drainage, 
EUS-guided interventions may contaminate POPFCs with 
gut microbiota and lead to bacterial peritonitis unless POP-
FCs are well encapsulated. In PFCs due to acute pancreatitis, 
early interventions can be performed safely in cases with 
encapsulation [29]. POPFCs were also likely to be encap-
sulated (> 90%) in delayed drainage group [27, 28], similar Ta
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to PFCs after acute pancreatitis. In this meta-analysis, how-
ever, early EUS-guided drainage was not associated with 
the increased incidence of overall AEs. Infectious AEs were 
uncommon and did not seem to increase in early interven-
tions, either. Although AE rates did not differ significantly 
by the timing of drainage, further investigation is necessary 
to evaluate the association of encapsulation of POPFCs with 
safety of EUS-guided drainage.

Differences of POPFCs from PFCs due to acute pancreati-
tis need comments. Given the prior surgical interventions as 
a cause of POPFCs, there might be some adhesions around 
POPFCs even in the early postoperative phase, which might 

reduce the risk of non-localized bacterial peritonitis. The 
pre-existence of necrosis in walled-off necrosis often neces-
sitates aggressive treatment, such as irrigation and direct 
endoscopic necrosectomy, which may increase the risk of 
AEs in early drainage of PFCs due to acute pancreatitis. In 
addition, as some POPFCs resolve with conservative man-
agement alone, we need to identify POPFCs which need 
interventions to justify early drainage.

Despite recent investigations of early interventions for 
PFCs due to acute pancreatitis, there are some concerns 
about increased AEs [7, 8]. Patients with POPFCs, by defi-
nition, are fit for surgery and in relatively good conditions 
even if complicated by POPFCs. On the contrary, patients 
with PFCs due to pancreatitis are often in poor physical 
conditions because of the preceding and/or ongoing severe 
inflammation. Thus, the feasibility and safety of early inter-
ventions may differ between two conditions. However, EUS-
guided drainage of POPFCs are often performed later than 
percutaneous drainage in clinical practice [30], as delayed 
interventions are recommended for PFCs due to acute pan-
creatitis [10]. Thus, our study results would give impacts on 
clinical management of POPFCs by showing feasibility of 
early EUS-guided drainage.

Limitations of our meta-analysis should be discussed. 
First of all, all six studies included in the analysis were 
retrospective ones, and the number of cases was limited. 
Although the indications of EUS-guided drainage were 
mostly pain and signs of infections, indications and timing 
of interventions were based on the criteria at each institu-
tion. Furthermore, data on the severity of POPFCs [3] were 
lacking in most studies. In recent studies on EUS-guided 
drainage for PFCs after acute pancreatitis, encapsulations 
were discussed in relation to the timing of interventions [29]. 
However, this concept of encapsulations has not been estab-
lished in POPFCs, and limited data were available in the 

Fig. 2  Comparison of adverse events between early and delayed 
EUS-guided interventions. Odds ratio (OR) for early interven-
tion compared with delayed intervention is presented for each study 
(center of gray square) with 95% confidence interval (CI; horizontal 

line). Summary OR based on a meta-analysis via the random-effect 
model is presented at the bottom (center of black diamond) with 
95% CI (the width of black diamond). P value for the Q statistic for 
between-study heterogeneity is shown

Fig. 3  Funnel plot to examine potential publication bias in odds ratio 
of adverse events. Each dot indicates a respective study. Diagonal dot-
ted lines indicate 95% confidence limits. P = 0.57 for Begg’s rank cor-
relation test and P = 0.42 for the Egger’s linear regression test
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studies included in the analysis as discussed above. We con-
ducted exploratory subgroup analyses of acute (< 2 weeks) 
EUS-guided drainage and did not find significant differences 
in AEs. However, only 68 cases in 2 studies were included 
in this subgroup analysis, and further investigation in a large 
cohort is mandatory to confirm how early we can intervene 
POPFC by EUS.

In conclusion, our meta-analysis suggests POPFCs can be 
managed by early EUS-guided drainage without an increase 
in AEs but the evidence is uncertain. Given potential ben-
efits from early drainage (e.g., early recovery of patients), 
prospective studies are desired to validate our finding of the 
safety and effectiveness of early EUS-guided interventions 
for POPFCs.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00464- 023- 10568-y.

Acknowledgements We would like to appreciate the following mem-
bers of the WONDERFUL study group for their valuable comments 
on the manuscript: Tatsuya Sato, Department of Gastroenterology, 
The University of Tokyo, Tokyo, Japan; Keito Nakagawa and Ken-
taro Suda, Department of Gastroenterology and Hepatology, Saitama 
Medical Center, Saitama Medical University, Saitama, Japan; Ryota 
Nakano and Shogo Ota, Division of Gastroenterology and Hepatobil-
iary and Pancreatic Diseases, Department of Internal Medicine, Hyogo 
Medical University, Hyogo, Japan; Kotaro Takeshita, Department of 
Hepatobiliary and Pancreatic Oncology, the National Cancer Center 
Hospital, Tokyo, Japan; Shunsuke Omoto, Department of Gastroen-
terology and Hepatology, Faculty of Medicine, Kindai University, 
Osaka, Japan; Senju Akihiko, Ryuichi Tezuka, and Shinya Uemura, 
First Department of Internal Medicine, Gifu University Hospital, Gifu, 
Japan; Masahiro Tsujimae and Arata Sakai, Division of Gastroenter-
ology, Department of Internal Medicine, Kobe University Graduate 
School of Medicine, Hyogo, Japan; Mitsuru Okuno, Yuhei Iwasa, and 
Keisuke Iwata, Department of Gastroenterology, Gifu Municipal Hos-
pital, Gifu, Japan; Kensaku Yoshida and Akinori Maruta, Department 
of Gastroenterology, Gifu Prefectural General Medical Center, Gifu, 
Japan; Toshio Fujisawa and Sho Takahashi, Department of Gastroen-
terology, Graduate School of Medicine, Juntendo University, Tokyo, 

Japan; and Nobuhiko Hayashi, Third Department of Internal Medicine, 
University of Toyama, Toyama, Japan.

Funding Open access funding provided by The University of Tokyo. 
This work was supported in part by grants from the Japanese Founda-
tion for Research and Promotion of Endoscopy (Tomotaka Saito and 
Yousuke Nakai). The funders had no role in study design, data collec-
tion and analysis, decision to publish, or preparation of the manuscript.

Declarations 

Disclosures Yousuke Nakai received research grants from Boston Sci-
entific Japan and HOYA Corporation and honoraria from Boston Scien-
tific Japan, Fujifilm Corporation, and Olympus Corporation. Hiroyuki 
Isayama received research grants from Boston Scientific Japan, Fujifilm 
Corporation, Fujifilm Health Care Corporation, Gadelius Medical KK, 
and Zeon Medical Inc. and honoraria from Boston Scientific Japan, 
Fujifilm Corporation, Taewoong Medical Devices, Olympus Corpora-
tion, Century Medical, Inc., and Cook Medical Japan G.K. Yasuda 
Ichiro received honoraria from Gadelius Medical KK and Medicos 
Hirata. Other authors had no conflict of interest to disclose. Tsuyoshi 
Mukai Tsuyoshi Hamada, Saburo Matsubara, Takashi Sasaki, Hiroto-
shi Ishiwatari, Susumu Hijioka, Hideyuki Shiomi, Mamoru Takenaka, 
Takuji Iwashita, Atsuhiro Masuda, and Tomotaka Saito had nothing 
to disclose.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

Fig. 4  Comparison of clinical success between early and delayed 
EUS-guided interventions. Odds ratio (OR) for early interven-
tion compared with delayed intervention is presented for each study 
(center of gray square) with 95% confidence interval (CI; horizontal 

line). Summary OR based on a meta-analysis via the random-effect 
model is presented at the bottom (center of black diamond) with 
95% CI (the width of black diamond). P value for the Q statistic for 
between-study heterogeneity is shown

https://doi.org/10.1007/s00464-023-10568-y
http://creativecommons.org/licenses/by/4.0/


54 Surgical Endoscopy (2024) 38:47–55

1 3

References

 1. Reid-Lombardo KM, Farnell MB, Crippa S, Barnett M, Maupin 
G, Bassi C, Traverso LW (2007) Pancreatic anastomotic leakage 
after pancreaticoduodenectomy in 1,507 patients: a report from 
the Pancreatic Anastomotic Leak Study Group. J Gastrointest Surg 
11(11):1451–1458

 2. Tjaden C, Hinz U, Hassenpflug M, Fritz F, Fritz S, Grenacher 
L, Buchler MW, Hackert T (2016) Fluid collection after distal 
pancreatectomy: a frequent finding. HPB 18(1):35–40

 3. Bassi C, Marchegiani G, Dervenis C, Sarr M, Abu Hilal M, 
Adham M, Allen P, Andersson R, Asbun HJ, Besselink MG, Con-
lon K, Del Chiaro M, Falconi M, Fernandez-Cruz L, Fernandez-
Del Castillo C, Fingerhut A, Friess H, Gouma DJ, Hackert T, 
Izbicki J, Lillemoe KD, Neoptolemos JP, Olah A, Schulick R, 
Shrikhande SV, Takada T, Takaori K, Traverso W, Vollmer CR, 
Wolfgang CL, Yeo CJ, Salvia R, Buchler M (2017) The 2016 
update of the International Study Group (ISGPS) definition and 
grading of postoperative pancreatic fistula: 11 years after. Surgery 
161(3):584–591

 4. Baron TH, DiMaio CJ, Wang AY, Morgan KA (2020) American 
Gastroenterological Association clinical practice update: manage-
ment of pancreatic necrosis. Gastroenterology 158(1):67–75

 5. Yasuda I, Takahashi K (2021) Endoscopic management of walled-
off pancreatic necrosis. Dig Endosc 33(3):335–341

 6. Ramouz A, Shafiei S, Ali-Hasan-Al-Saegh S, Khajeh E, Rio-Tinto 
R, Fakour S, Brandl A, Goncalves G, Berchtold C, Büchler MW, 
Mehrabi A (2022) Systematic review and meta-analysis of endo-
scopic ultrasound drainage for the management of fluid collections 
after pancreas surgery. Surg Endosc 36(6):3708–3720

 7. Gao L, Zhang H, Li G, Ye B, Zhou J, Tong Z, Ke L, Windsor JA, 
Li W (2022) The clinical outcome from early versus delayed mini-
mally invasive intervention for infected pancreatic necrosis: a sys-
tematic review and meta-analysis. J Gastroenterol 57(6):397–406

 8. Nakai Y, Shiomi H, Hamada T, Ota S, Takenaka M, Iwashita 
T, Sato T, Saito T, Masuda A, Matsubara S, Iwata K, Mukai T, 
Isayama H, Yasuda I (2022) Early versus delayed interventions for 
necrotizing pancreatitis: a systematic review and meta-analysis. 
DEN Open 3(1):e171

 9. Ramai D, Enofe I, Deliwala SS, Mozell D, Facciorusso A, Gkol-
fakis P, Mohan BP, Chandan S, Previtera M, Maida M, Anderloni 
A, Adler DG, Ofosu A (2023) Early (<4 weeks) versus standard 
(≥ 4 weeks) endoscopic drainage of pancreatic walled-off fluid 
collections: a systematic review and meta-analysis. Gastrointest 
Endosc 97(3):415–421

 10. van Santvoort HC, Bakker OJ, Bollen TL, Besselink MG, Ahmed 
Ali U, Schrijver AM, Boermeester MA, van Goor H, Dejong CH, 
van Eijck CH, van Ramshorst B, Schaapherder AF, van der Harst 
E, Hofker S, Nieuwenhuijs VB, Brink MA, Kruyt PM, Manusama 
ER, van der Schelling GP, Karsten T, Hesselink EJ, van Laarhoven 
CJ, Rosman C, Bosscha K, de Wit RJ, Houdijk AP, Cuesta MA, 
Wahab PJ, Gooszen HG, Dutch Pancreatitis Study G (2011) A 
conservative and minimally invasive approach to necrotizing pan-
creatitis improves outcome. Gastroenterology 141(4):1254–1263

 11. van Grinsven J, Timmerman P, van Lienden KP, Haveman JW, 
Boerma D, van Eijck CH, Fockens P, van Santvoort HC, Boer-
meester MA, Besselink MG (2017) Proactive versus standard per-
cutaneous catheter drainage for infected necrotizing pancreatitis. 
Pancreas 46(4):518–523

 12. Boxhoorn L, van Dijk SM, van Grinsven J, Verdonk RC, Boer-
meester MA, Bollen TL, Bouwense SAW, Bruno MJ, Cappendijk 
VC, Dejong CHC, van Duijvendijk P, van Eijck CHJ, Fockens 
P, Francken MFG, van Goor H, Hadithi M, Hallensleben NDL, 
Haveman JW, Jacobs M, Jansen JM, Kop MPM, van Lienden KP, 
Manusama ER, Mieog JSD, Molenaar IQ, Nieuwenhuijs VB, 

Poen AC, Poley JW, van de Poll M, Quispel R, Römkens TEH, 
Schwartz MP, Seerden TC, Stommel MWJ, Straathof JWA, Tim-
merhuis HC, Venneman NG, Voermans RP, van de Vrie W, Wit-
teman BJ, Dijkgraaf MGW, van Santvoort HC, Besselink MG 
(2021) Immediate versus postponed intervention for infected 
necrotizing pancreatitis. N Engl J Med 385(15):1372–1381

 13. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, 
Mulrow CD, Shamseer L, Tetzlaff JM, Akl EA, Brennan SE, Chou 
R, Glanville J, Grimshaw JM, Hróbjartsson A, Lalu MM, Li T, 
Loder EW, Mayo-Wilson E, McDonald S, McGuinness LA, Stew-
art LA, Thomas J, Tricco AC, Welch VA, Whiting P, Moher D 
(2021) The PRISMA 2020 statement: an updated guideline for 
reporting systematic reviews. BMJ 372:n71

 14. Hamada T, Iwashita T, Saito T, Shiomi H, Takenaka M, Isay-
ama H, Yasuda I, Nakai Y (2022) Disconnected pancreatic duct 
syndrome and outcomes of endoscopic ultrasound-guided treat-
ment of pancreatic fluid collections: systematic review and meta-
analysis. Dig Endosc 34(4):676–686

 15. Iwashita T, Iwata K, Hamada T, Saito T, Shiomi H, Takenaka M, 
Maruta A, Uemura S, Masuda A, Matsubara S, Mukai T, Taka-
hashi S, Hayashi N, Isayama H, Yasuda I, Nakai Y (2023) Support-
ive treatment during the periprocedural period of endoscopic treat-
ment for pancreatic fluid collections: a critical review of current 
knowledge and future perspectives. J Gastroenterol 58(2):98–111

 16. Wells G, Shea B, O’Connell D, Peterson J, Welch V, Losos M, 
Tugwell P (2000) The Newcastle-Ottawa Scale (NOS) for assess-
ing the quality of nonrandomised studies in meta-analyses. 
https:// www. ohri. ca/ progr ams/ clini cal_ epide miolo gy/ oxford. asp. 
Accessed 30 Mar 2022

 17. DerSimonian R, Laird N (1986) Meta-analysis in clinical trials. 
Control Clin Trials 7(3):177–188

 18. Higgins JP, Thompson SG (2002) Quantifying heterogeneity in a 
meta-analysis. Stat Med 21(11):1539–1558

 19. Paul SR, Donner A (1992) Small sample performance of tests 
of homogeneity of odds ratios in K 2 x 2 tables. Stat Med 
11(2):159–165

 20. Higgins JP, Thompson SG, Deeks JJ, Altman DG (2003) Measur-
ing inconsistency in meta-analyses. BMJ 327(7414):557–560

 21. Begg CB, Mazumdar M (1994) Operating characteristics of a rank 
correlation test for publication bias. Biometrics 50(4):1088–1101

 22. Egger M, Davey Smith G, Schneider M, Minder C (1997) Bias 
in meta-analysis detected by a simple, graphical test. BMJ 
315(7109):629–634

 23. Varadarajulu S, Trevino JM, Christein JD (2009) EUS for the 
management of peripancreatic fluid collections after distal pan-
createctomy. Gastrointest Endosc 70(6):1260–1265

 24. Tilara A, Gerdes H, Allen P, Jarnagin W, Kingham P, Fong Y, 
DeMatteo R, D’Angelica M, Schattner M (2014) Endoscopic 
ultrasound-guided transmural drainage of postoperative pancreatic 
collections. J Am Coll Surg 218(1):33–40

 25. Caillol F, Godat S, Turrini O, Zemmour C, Bories E, Pesenti C, 
Ratone JP, Ewald J, Delpero JR, Giovannini M (2019) Fluid col-
lection after partial pancreatectomy: EUS drainage and long-term 
follow-up. Endoscopic Ultrasound 8(2):91–98

 26. Storm AC, Levy MJ, Kaura K, Abu Dayyeh BK, Cleary SP, Ken-
drick ML, Truty MJ, Vargas EJ, Topazian M, Chandrasekhara 
V (2020) Acute and early EUS-guided transmural drainage of 
symptomatic postoperative fluid collections. Gastrointest Endosc 
91(5):1085–1091

 27. Fujimori N, Osoegawa T, Aso A, Itaba S, Minoda Y, Murakami 
M, Matsumoto K, Teramatsu K, Takamatsu Y, Takaoka T, Oono 
T, Ihara E, Yoshizumi T, Ohtsuka T, Nakamura M, Ogawa Y 
(2021) Efficacy of early endoscopic ultrasound-guided translu-
minal drainage for postoperative pancreatic fistula. Can J Gastro-
enterol Hepatol 2021:6691705

https://www.ohri.ca/programs/clinical_epidemiology/oxford.asp


55Surgical Endoscopy (2024) 38:47–55 

1 3

 28. Oh D, Lee H, Song TJ, Hyun Park D, Lee SK, Kim MH, Byung 
Song K, Lee JH, Hwang DW, Kim SC, Lee SS, Lee SS (2022) 
Effectiveness of early endoscopic ultrasound-guided drainage for 
postoperative fluid collection. Surg Endosc 36(1):135–142

 29. Chantarojanasiri T, Yamamoto N, Nakai Y, Saito T, Saito K, 
Hakuta R, Ishigaki K, Takeda T, Uchino R, Takahara N, Mizuno 
S, Kogure H, Matsubara S, Tada M, Isayama H, Koike K (2018) 
Comparison of early and delayed EUS-guided drainage of pan-
creatic fluid collection. Endosc Int Open 6(12):E1398–E1405

 30. Kwon YM, Gerdes H, Schattner MA, Brown KT, Covey AM, 
Getrajdman GI, Solomon SB, D’Angelica MI, Jarnagin WR, Allen 

PJ, Dimaio CJ (2013) Management of peripancreatic fluid collec-
tions following partial pancreatectomy: a comparison of percutane-
ous versus EUS-guided drainage. Surg Endosc 27(7):2422–2427

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Authors and Affiliations

Tsuyoshi Mukai1 · Yousuke Nakai2,3  · Tsuyoshi Hamada2,4 · Saburo Matsubara5 · Takashi Sasaki4 · 
Hirotoshi Ishiwatari6 · Susumu Hijioka7 · Hideyuki Shiomi8 · Mamoru Takenaka9 · Takuji Iwashita10 · 
Atsuhiro Masuda11 · Tomotaka Saito2 · Hiroyuki Isayama12 · Ichiro Yasuda13 · for the WONDERFUL Study Group in 
Japan

 * Tsuyoshi Mukai 
 tsuyomukai@yahoo.co.jp

 * Yousuke Nakai 
 ynakai-tky@umin.ac.jp

1 Department of Gastroenterological Endoscopy, Kanazawa 
Medical University, 1-1 Daigaku, Uchinada, Kahoku, 
Ishikawa 920-0293, Japan

2 Department of Gastroenterology, Graduate School 
of Medicine, The University of Tokyo, Tokyo, Japan

3 Department of Endoscopy and Endoscopic Surgery, The 
University of Tokyo Hospital, 7-3-1 Hongo, Bunkyo-Ku, 
Tokyo 113-8655, Japan

4 Department of Hepato-Biliary-Pancreatic Medicine, The 
Cancer Institute Hospital of Japanese Foundation for Cancer 
Research, Tokyo, Japan

5 Department of Gastroenterology and Hepatology, Saitama 
Medical Center, Saitama Medical University, Saitama, Japan

6 Division of Endoscopy, Shizuoka Cancer Center, Shizuoka, 
Japan

7 Department of Hepatobiliary and Pancreatic Oncology, 
National Cancer Center Japan, Tokyo, Japan

8 Division of Gastroenterology and Hepatobiliary 
and Pancreatic Diseases, Department of Internal Medicine, 
Hyogo Medical University, Hyogo, Japan

9 Department of Gastroenterology and Hepatology, Faculty 
of Medicine, Kindai University, Osaka, Japan

10 First Department of Internal Medicine, Gifu University 
Hospital, Gifu, Japan

11 Division of Gastroenterology, Department of Internal 
Medicine, Kobe University Graduate School of Medicine, 
Hyogo, Japan

12 Department of Gastroenterology, Graduate School 
of Medicine, Juntendo University, Tokyo, Japan

13 Third Department of Internal Medicine, University 
of Toyama, Toyama, Japan

http://orcid.org/0000-0001-7411-1385

	Early versus delayed EUS-guided drainage for postoperative pancreatic fluid collections: a systematic review and meta-analysis
	Abstract
	Background 
	Methods 
	Results 
	Conclusion 

	Methods
	Study overview
	Literature search
	Selection criteria
	Data collection
	Statistical analysis

	Results
	Study selection
	Study characteristics
	Adverse events and mortality
	Technical and clinical success and other outcomes

	Discussion
	Anchor 19
	Acknowledgements 
	References




