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Abstract

AIM: To assess the effectiveness of pancreatic stents for preventing pancreatitis in high-risk patients after endoscopic retrograde cholangiopancreatography (ERCP).
METHODS: PubMed, Embase, Science Citation Index, and Cochrane Controlled Trials Register were searched to identify relevant trials published in English. Inclusion and exclusion criteria were used to screen for suitable studies. Two reviewers independently judged the study eligibility while screening the citations. The methodological quality of the included trials was assessed using the Jadad scoring system. All results were expressed as odds ratios (ORs) and 95% confidence intervals (CIs). Data were analyzed using Stata12.0 software. 
RESULTS: Ten eligible randomized controlled trials were selected, including 1176 patients. A fixed-effects model in meta-analysis supported that pancreatic duct stents significantly decreased the incidence of post-ERCP pancreatitis (PEP) in high- risk patients (OR = 0.25; 95%CI: 0.17–0.38; P < 0.001). Pancreatic stents also alleviated the severity of PEP (mild pancreatitis after ERCP: OR = 0.33; 95%CI: 0.21–0.54; P < 0.001; moderate pancreatitis after ERCP: OR = 0.30; 95%CI: 0.13–0.67; P = 0.004). The result of severe pancreatitis after ERCP was handled more rigourously (OR = 0.24; 95%CI: 0.05–1.16; P = 0.077). Serum amylase levels were not different between patients with pancreatic stents and control patients (OR = 1.08; 95%CI: 0.82–1.41; P = 0.586).

CONCLUSION: Placement of prophylactic pancreatic stents may lower the incidence of post-ERCP pancreatitis in high-risk patients and alleviate the severity of this condition. 

© 2014 Baishideng Publishing Group Co., Limited. All rights reserved.
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Core tip: Post-endoscopic retrograde cholangiopancreatography (ERCP) pancreatitis is the most common and serious complication of ERCP. In the past few decades, a number of clinical randomized controlled trials have shown that pancreatic stents can effectively prevent the occurrence of PEP. In view of these high quality data, we conducted this meta-analysis to evaluate the effectiveness of pancreatic stent placement in preventing PEP in high-risk patients. Our results supported that pancreatic stent placement is an effective means to prevent PEP and alleviate the severity (mild and moderate) of PEP in high-risk patients. Furthermore, no serious complications were reported in subjects in the stent group.
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INTRODUCTION 
Endoscopic retrograde cholangiopancreatography (ERCP) plays a significant role in the diagnosis and treatment of bile duct and pancreatic diseases. Post-ERCP pancreatitis (PEP) is the most common and serious complication of ERCP, and the incidence of PEP ranges from 1% to 30%[1-5]. Independent patient-related and procedure-related risk factors for PEP have been previously reported[3-6], and the risk factors for PEP include female gender, patients with post-ERCP pancreatic history, pancreatic sphincterotomy, sphincter of Oddi dysfunction, sphincter of Oddi manometry, difficult cannulation, pancreatic duct biopsy, and intraductal pancreatic duct ultrasonography. In high-risk patients undergoing ERCP, the incidence of pancreatitis after ERCP ranges from 30% to 40%[7-9]. In the past few decades, a number of clinical randomized controlled trials (RCTs) have shown that pancreatic stents can effectively prevent the occurrence of PEP. Several meta-analyses have also confirmed that placement of pancreatic duct stents significantly decrease the incidence of PEP and alleviate its severity[10-12]. However, all of the included articles in previous meta-analyses were published before 2008. In recent years, several high quality RCTs investigating pancreatic stent placement for the prevention of PEP have been published. In view of these newly added data, we conducted a meta-analysis to evaluate the effectiveness of pancreatic stent placement in preventing PEP in high-risk patients.
MATERIALS AND METHODS

Literature search and study selection

Articles published up to May 2013 were searched in the following databases: PubMed, Embase, Science Citation Index, and the Cochrane Controlled Trials Register. We searched for related RCTs that studied pancreatic stent placement for preventing the incidence of PEP in high-risk patients. The primary search terms were “pancreatic stent”, “ERCP”, and “post-ERCP pancreatitis”, which were limited to the article title and abstract, using human and randomized controlled trials as filters. Reference lists were manually handled to exclude the possibility of omission of eligible studies. This process was repetitively performed until no articles were identified as suitable candidates.

The inclusion criteria were as follows: (1) study type was prospective clinical RCTs, regardless of whether the trial was double-blind; (2) study patients included adults with risk factors and those undergoing ERCP; (3) intervention included pancreatic stent placement before or after ERCP; and (4) the incidence of PEP was required to be the primary outcome, and the severity of PEP and incidence of hyperamylasemia were secondary outcomes. Studies were excluded if any of the required information was not obtainable and if they were retrospective studies or published only in abstract form. 

Data extraction and quality assessment
Two investigators (Shi QQ and Ning XY) independently extracted data from the included studies, and a common data form was used during this process. The form contained mainly the following information: first author, publication year, study type, patient characteristics, number of subjects, PEP outcomes, PEP severity, incidence of hyperamylasmia, stent type, and stent size. Any disagreements were resolved through discussion and consensus. 

The Jadad scale was used to evaluate the quality of the included studies[13]. The scale included scores for 3 items: (1) randomization: suitable (2 points), randomized but unclear (1 point), and improper (0 points); (2) blinding: a suitable blind method was used (2 points), unclear blinding method (1 point), and improper blinding method (0 points); and (3) the dropouts and withdraws were recorded (1 point), not recorded dropouts and withdraws (0 point). This quality scale ranges from 0 to 5 points, and higher scores indicate better quality studies. If an article was given a score of 2 points or less, it was considered to be low quality, whereas articles scoring 3 or more were considered high quality.

Statistical analysis

We performed all statistical analyses using the Stata12.0 software. Categorical data were expressed with odds ratios (ORs) and 95% confidence intervals (CIs), and P values of less than 0.05 represented statistical significance. The heterogeneity of studies was tested by the χ2 test, and I2 described the percentage of variability attributed to heterogeneity instead of sampling error. I2 values of less than 25% indicated no heterogeneity, values between 25% (inclusive) and 50% represented low heterogeneity, values between 50% (inclusive) and 75% represented moderate heterogeneity, and values of 75% or above represented high heterogeneity. Based on these ranking of heterogeneity, a fixed-effects (low heterogeneity) or random-effects model (moderate or high heterogeneity) was selected.

RESULTS

Eligible studies

A comprehensive literature search was performed using PubMed, Embase, Science Citation Index, and the Cochrane Controlled Trials Register databases. The initial search identified a total of 238 articles. Among them, 208 articles were excluded because they were nonrandomized trials, duplicates, reviews, or used inappropriate interventions. Thirty relevant articles were selected and reviewed, but 20 articles were excluded subsequently due to duplication of data, publication in abstract form only, or absence of important outcomes. Eventually, 10 RCTs (including a total of 1176 subjects) met the inclusion criteria and were selected for review and analysis (Figure 1). Among the included studies, two articles were by Sofuni as the first author[14,15]; however, since these studies were independent RCTs, both articles were included in this meta-analysis.
Characteristics of included studies

The Jadad scores and main characteristics of the included RCTs are shown in Table 1. The incidence and severity of PEP are presented in Table 2. The definition of post-PEP in all included trials was based on Cotton’s criteria[9]. The degree of severity of PEP was graded from mild to severe: pancreatitis was considered mild if hospitalization was extended 2 to 3 d after the procedure, moderate if hospitalization was extended 4 to 10 d after the procedure. The incidence of hyperamylasemia after ERCP is described in Table 3. Hyperamylasemia was defined as an amylase level greater than three times the upper limit of normal in majority of the studies. The incidence of PEP and its severity in patients who experienced failure of pancreatic stent placement are shown in Table 4. The studies were published between 1998 and 2012, and the sample size ranged from 19 to 407 subjects, with a total of 1176 subjects included in the analysis. Eight out of 10 studies reported using 5F stents, with lengths ranging from 2 to 5 cm.
Quality assessment
The studies included in this meta-analysis were reasonably well designed and performed, with an average Jadad score of 3.4 points (Table 1). All of the trials were RCTs and had detailed records of dropouts and withdraws. Three trials described randomization methods, 5 studies used appropriate blinding, and all studies defined PEP according to the cotton index[9] as the primary outcome. Only two studies did not have detailed records of the severity of PEP[18,21]. 

Incidence of PEP
The incidence of PEP is shown in Table 3. All of the included RCTs reported the incidence of PEP in both the stent group and the non-stent group. A total of 1176 patients were included; of these, 156 patients developed PEP, including 34 patients in the stent group, 117 patients in the non-stent group, and 5 patients who underwent unsuccessful stent placement. The incidence of PEP was 13.27% (156/1176). Due to the low heterogeneity among the included studies (I2 = 17.0%, P = 0.286), a fixed-effects model was used to calculate ORs. The incidence of PEP was significantly different between subjects in the stent group and those in the non-stent group (OR = 0.25; 95%CI: 0.17–0.38; P < 0.001; Figure 2A).

Sensitivity analysis
Subsequently, we performed sensitivity analyses to explore the stability of the pooled results. Exclusion of three low-quality studies (Jadad score ≤ 2) only slightly changed the overall estimate (OR = 0.31; 95%CI: 0.20–0.49; P < 0.001) and still resulted in low heterogeneity I2 = 3.5%, P = 0.399). Exclusion of one study with the largest sample size (N = 407) also only slightly changed the overall estimate (OR = 0.16; 95%CI: 0.09–0.28, P < 0.001), and no evidence of heterogeneity was observed among the remaining studies (I2 = 0.9%, P = 0.847). Further exclusion of any single trial also did not significantly alter the overall combined OR (data not shown).

Incidence of mild PEP 

The incidence of mild PEP is shown in Table 3. Eight out of 10 RCTs reported the incidence of mild PEP. No heterogeneity was found between these studies (I2 = 0.0%, P = 0.624), and a fixed-effects model was used to incorporate ORs. The outcome of statistical analysis demonstrated that pancreatic stents could effectively prevent the occurrence of mild PEP (OR = 0.33; 95%CI: 0.21–0.54; P < 0.001; Figure 2B).

Incidence of moderate PEP
As shown in Table 3, among the 8 RCTs that reported the severity of PEP, two studies reported no moderate PEP in either the stent group or the non-stent group. There was no significant change with these studies incorporated into the analysis, and thus, they were excluded. No heterogeneity was found in the remaining studies (I2 = 0.0%, P = 0.805), and a fixed-effects model was used to incorporate ORs. The results indicated that pancreatic stents were also effective in the prevention of moderate PEP (OR = 0.30; 95%CI: 0.13–0.67; P = 0.004; Figure 2C).

Incidence of severe PEP 

As shown in Table 3, nine studies reported that no subject in the stent group experienced severe PEP. Among these studies, four reported the occurrence of severe PEP in six patients in the non-stent group. The other five trials were excluded from this analysis since no severe PEP was reported. No heterogeneity was found in the four included studies (I2 = 0.0%, P = 0.955), and a fixed-effects model was used to incorporate ORs. The incidence of severe PEP was not significantly different between the stent group and the non-stent group (OR = 0.24; 95%CI: 0.05–1.16; P = 0.077; Figure 2D). 

Incidence of hyperamylasemia 

Six studies reported the incidence of hyperamylasemia after ERCP, and low heterogeneity was found among these studies (I2 = 26.5%, P = 0.236); therefore, a fixed-effects model was used to analyze these data. The results demonstrated that pancreatic stent placement did not increase the incidence of hyperamylasemia (OR = 1.08; 95%CI: 0.82–1.41; P = 0.586; Figure 3). 

Publication bias

Assessment of publication bias using Begg’s tests showed that there was no potential publication bias among the included trials (Begg’s test, P = 0.210; Figure 4).
DISCUSSION

PEP remains the most common and serious complication of ERCP. Some researchers have tried to solve this problem by means of drug research or related interventions[24-26]. However, more researches have investigated the effectiveness of pancreatic stents in prevention of PEP[14-23]. Three previous meta-analyses have reported that pancreatic stent placement is an effective method to prevent PEP[10-12]. However, some of these meta-analyses included analysis of abstracts rather than full articles, and no high-quality analysis concerning the incidence of PEP following stent placement in high-risk patients had been performed. Therefore, we conducted the current meta-analysis to provide better evidence for the effectiveness of pancreatic stent placement in preventing PEP.

Our analysis demonstrated that prophylactic pancreatic stent placement before or after ERCP significantly decreased the odds of PEP occurrence in high-risk patients. Additionally, our analysis demonstrated that stent placement also significantly prevented both mild and moderate PEP. These data were similar to those of previously published meta-analyses[10,11]. However, we also found that prophylactic pancreatic stent placement did not reduce the incidence of severe PEP, and further careful analyses must been performed to better understand this finding. As shown in Table 2, among all the included trials, no occurrence of severe PEP was found in the stent group, while six patients suffered from severe PEP in the non-stent group, yielding an incidence of 0.51% (6/1176); this was too low to obtain significant results with such a small sample size. A domestic meta-analysis[10] demonstrated statistically significant results using the same type of analysis; however, this study included studies published before 2008 only and included three abstracts, which makes its reliability hard to assess. Therefore, additional prospective and high-quality studies are needed to evaluate whether pancreatic stents can prevent severe PEP.

An analysis of the incidence of post-ERCP hyperamylasemia was also performed. Importantly, pancreatic stent placement did not increase the incidence of post-ERCP hyperamylasemia. However, this result was inconsistent with a previous meta-analysis[11], which suggested that stents could decrease the occurrence of hyperamylasemia. Since our study used a different index to define hyperamylasemia, it is difficult to determine which study is more accurate. Five out of 10 RCTs reported the occurrence of abdominal pain[14,15,18,20,21]; however, various definitions were used in the studies, and it was impossible to synthesize the data in this regard. Other relevant complications after pancreatic stent placement were recorded in some studies. For example, 4 studies[14-16,,22] reported no occurrence of hemorrhage, perforation, infection (cholangitis or cholecytitis), or other complications in the stent group. One study[19] reported mild cholangitis in the stent group, and another study[23] reported mild cholangitis and guidewire perforation during stent placement. The remaining four articles did not give details on complications during or after stent placement. Analysis based on the above-mentioned six studies (including 475 subjects) revealed that two (0.42%) subjects experienced cholangitis and one (0.21%) subject had a perforation. Bases on these low incidences of complications, we concluded that pancreatic stent placement is a very safe procedure, consistent with the report by Ding[27], who demonstrated that placement of pancreatic stents was safe during emergency ERCP for acute biliary pancreatitis and difficult sphincterotomy. However, further prospective trials are needed to confirm this viewpoint.

Four RCTs[14,15,17,19] reported the incidence of unsuccessful stent placement (Table 4), and no placement failure occurred in the other six RCTs. Of these studies, a total of 587 patients were allocated to stent group, and failure occurred in 26 subjects (4.43%). Importantly, of these 26 subjects, five acquired mild pancreatitis (19.23%), while no moderate or severe pancreatitis occurred. This percentage was higher than that in subjects with successful stent placement (6.06%, 34/561), but the incidence of PEP among these high-risk patients reached 30%–40%[7-9]. Therefore, it is hard to conclude whether the failure of stent placement results in a higher incidence of PEP.

Five studies reported the rate of spontaneous dislodgment of stents, as shown in Table 1. Various endpoints of time were used. No guidelines are available describing how long the stent must remain correctly placed to obtain the greatest effectiveness for preventing PEP. Conigliaro et al[28] and Cha et al[29] conducted an RCT to address this question. They randomly allocated patients with successfully placed stents to two groups: one underwent immediate removal of the stent after the procedure, and the other group did not have the stent removed for a period of 7–10 d [28] or 96 h[29]. Both studies demonstrated that the incidence of PEP was higher in subjects who underwent immediate removal; therefore, leaving the stent in place for a period of 4–10 d is an excellent choice to prevent PEP. However, further studies are required to determine the optimal stent placement time. 

Among the 10 RCTs, eight studies selected 5F stents (with lengths ranging from 2 to 5 cm), and the other two studies used 3F or 5F stents. Chahal et al[30] compared the stability of 5F (3 cm) and 3F (8 cm or longer) stents and found that 5F stents exhibited a higher frequency of spontaneous dislodgement (P < 0.0001). Additionally, the incidence of PEP was lower (although no statistical significance was found: P = 0.3), and a higher rate of successful stent placement was observed (P = 0.0003). Zolotarevsky et al[31] also proved that 5F stents were more effective than 3F stents in the prevention of PEP. However, these results were contradictory with a retrospective study[32]. Therefore, more prospective RCTs are needed to confirm which stent type is optimal for prevention of PEP. 

Our study has some limitations. Firstly, we only searched relevant trials published in English in four databases, this conduct may result in sample bias and geographical bias. Secondly, various lengths of stents were used, which may result in evaluation bias. Finally, included studies included in this analysis are not sufficient to confirm the relationship between pancreatic stents and severe PEP.

In conclusion, this meta-analysis supported that pancreatic stent placement is an effective means to prevent PEP and alleviate the severity (mild and moderate) of PEP in high-risk patients. Furthermore, no serious complications were reported in subjects in the stent group. However, more high-quality RCTs are needed to further confirm whether pancreatic stent placement can prevent severe PEP as well. Additionally, more studies are needed to determine the optimal time for stent placement and whether 3F or 5F stents are most appropriate. Thus, more prospective RCTs are needed to resolve these disagreements.
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Background
Post-endoscopic retrograde cholangiopancreatography (ERCP) pancreatitis (PEP) is the most common and serious complication of ERCP, and the incidence of PEP ranges from 30% to 40% in high-risk patients. A number of clinical randomized control trials have shown that pancreatic stents can effectively prevent the occurrence of PEP, however, whether pancreatic stents placement contribute to prevent PEP remains uncertain.
Research frontiers
In recent years, several meta-analyses have confirmed that placement of pancreatic duct stents significantly reduce the incidence of PEP and alleviate its severity. However, all of the included articles in previous meta-analyses were published before 2008.
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Based on this meta-analysis, pancreatic stent placement is an effective means to prevent PEP and alleviate the severity (mild and moderate) of PEP in high-risk patients. Different from the previous studies, our conclusions was based on high quality articles. Furthermore, we also pay attention to the complications in the stent group.
Applications 

Evidence suggested that pancreatic stents can effectively prevent the occurrence of PEP (mild and moderate), and these results will provide valuable information to the doctors to prevent post-ERCP pancreatitis.
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Figure 1 Article search and selection.
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Figure 2 Forest plot. A: Showing the effects of pancreatic stents to prevent patients after post-endoscopic retrograde cholangiopancreatography (PEP); B: showing the effects of pancreatic stent placement in the prevention of mild PEP; C: Forest plot showing the effects of pancreatic stents in the prevention of moderate PEP; D: Forest plot showing the effects of pancreatic stents in the prevention of severe PEP. 
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Figure 3 Forest plot of hyperamylasemia. 
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Figure 4 Tests for publication bias for odds ratio of the incidence of post-endoscopic retrograde cholangiopancreatography. 
Table 1 Main characteristics of the included studies
	Ref.        Jadad  total (n)   Risk factors/procedures   Stent type   Time for
                                                                      spontaneous

                                                                            dislodgement

	Kawaguch et al[16], 2012   
	4
	120
	History of previous PEP, difficult cannulation, SOD
	5F (3 cm)
	3 d 96.7% (58/60)

	Lee et al[17], 2012
	5
	101
	Difficult cannulation
	3F (4, 6, 8 cm)
	7 d 94% (45/48)

	Pan et al[18], 2011   


	2
	40
	High-risk patients without parotid or renal diseases, etc.
	5F
	NA

	Sofuni et al[14], 2011
	5
	407
	High-risk patients irrespective of the type of the risk factor
	5F (3 cm)
	3 d 95.7% (178/186)

	Ito et al[19], 2010   


	4
	70
	Difficult cannulation
	5F (4 cm)
	NA

	Sofuni et al[15], 2007


	3
	201
	High-risk patients irrespective of the type of the risk factor
	5F (3 cm)
	3 d 95.7% (90/94)

	Tsuchiya et al[20], 2007
	3
	64
	Bile duct sphincterotomy
	5F (3, 4 cm)
	NA

	Harewood et al[21], 2005
	4
	19
	Endoscopic ampullectomy
	5F (3, 5 cm)
	1 d 60% (6/10)

	Fazel et al[22], 2003


	2
	74
	Difficult cannulation, SOM, billiy ES
	5F (2 cm)
	NA

	Tarnasky et al[23], 1998
	2
	80
	SOD, SOM
	5F or 7F

(2, 2.5 cm)
	NA


PEP: post-endoscopic retrograde cholangiopancreatography pancreatitis; NA: not available; ES: endoscopic sphincterotomy; SOD: sphincter of oddi dysfunction; SOM: sphincter of oddi manometry.
Table 2 Incidence and severity of post-endoscopic retrograde cholangiopancreatography pancreatitis

	Study
	Stent group (n)
	
	        Non-stent group (n)
	P-

value

	
	S-stent  Mild  Moderate  Serve  Total

     PEP    PEP      PEP   PEP
	
	N  Mild  Moderate  Serve  Total   PEP    PEP       PEP  PEP
	

	Kawaguch et al[16]  


	60    1      0         0      1
	
	60    8       0        0    8
	0.032

	Lee et al[17]
	48    5      1         0      6     
	
	51    12      2        1    15
	0.031

	Pan et al[18]
	20          NA               4
	
	20            NA           14
	< 0.01

	Sofuni et al[14]
	186   12     4         0      16
	
	204   22      8        1    31
	0.021

	Ito et al[19]
	32    0      0         0      0
	
	35    8       0        0    8
	NA

	Sofuni et al[15]
	94    2      1         0      3
	
	103   8       6        0    14
	0.019

	Tsuchiya et al[20]
	32    1      0         0      1
	
	32    2       1        1    4
	N.S

	Harewood et al[21]
	10    0      0         0      0
	
	8        NA           0    3
	0.02

	Fazel et al[22]
	38    2      0         0      2
	
	32    5       2        3    10
	< 0.05

	Tarnasky et al[23]
	41    1      0         0      1
	
	39    5       5        0    10
	0.003


PEP: post-endoscopic retrograde cholangiopancreatography pancreatitis; S-stent: Successful stent; NA: not available; N.S: not significant.
Table 3 Incidence of hyperamylasemia
	Ref.
	Year
	Hyperamylasemia

	
	
	Stent (n)
	Control (n)
	P-value

	Kawaguchi et al[16]
Lee et al[17]
Sofuni et al[14]
Ito et al[19]
Sofuni et al[15]
Tsuchiya et al[23]
	2012

2012

2011

2010

2007

2007
	18             23        0.862

8              6         0.538

86             68        0.200

21             26        NA

31             34        0.996

11             16        N.S


NA: not available; N.S : not significant.
Table 4 Incidence of post-endoscopic retrograde cholangiopancreatography pancreatitis in subjects with unsuccessful stent placement  
	Ref.
	Candidate for stent (n)

                              
	Successful placement (n)

     
	Unsuccessful placement (n)

      
	PEP (n)

       

	Lee et al[17]
Sofuni et al[14]
Ito et al[19]
Sofuni et al[15]
	  50                     48                       2                    1

  203                    186                      17                   3

  35                     32                       3                    1

  98                     94                       4                    0


PEP: post-endoscopic retrograde cholangiopancreatography pancreatitis.
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