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Purpose: To compare the effectiveness and safety of three methods of open necrosectomy, minimally invasive surgery and endoscopic step-up approach for necrotizing pancreatitis.

Methods: We searched Pubmed, Embase, ScienceDirect, and CNKI full text database (CNKI) (to December 25, 2019). RCT, prospective cohort study (PCS), and retrospective cohort study (RCS) comparing the effectiveness and safety of any two of above-mentioned three methods were included.

Results: There was no significant difference in major complications or death, and mortality between the minimally invasive surgery treatment group and the endoscopic step-up approach treatment group (RR = 1.66, 95%CI: 0.83–3.33, P = 0.15; RR = 1.05, 95%CI: 0.59–1.86, P = 0.87); the incidence rate of new-onset multiple organ failure, enterocutaneous fistula, pancreatic-cutaneous fistula, intra-abdominal bleeding, and endocrine pancreatic insufficiency in the endoscopic step-up approach treatment group was significantly lower than minimally invasive surgery group (RR = 2.65, 95%CI: 1.10–6.36, P = 0.03; RR = 6.63, 95%CI: 1.59–27.60, P = 0.009; RR = 7.73, 95%CI: 3.00–19.89, P < 0.0001; RR = 1.91, 95%CI: 1.13–3.24, P = 0.02; RR = 1.83, 95%CI: 1.9–3.16, P = 0.02); hospital stay in the endoscopic step-up approach group was significantly shorter than minimally invasive surgical treatment group (MD = 11.26, 95%CI: 5.46–17.05, P = 0.0001). The incidence of pancreatic-cutaneous fistula in the endoscopic escalation step therapy group was significantly lower than that in the open necrosectomy group (RR = 0.11, 95%CI: 0.02–0.58, P = 0.009).

Conclusion: Compared with minimally invasive surgery and open necrosectomy, although endoscopic step-up approach cannot reduce the main complications or death and mortality of patients, it can significantly reduce the incidence of some serious complications, such as pancreatic-cutaneous fistula, enterocutaneous fistula, intra-abdominal bleeding, endocrine pancreatic insufficiency, and can significantly shorten the patient's hospital stay.
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INTRODUCTION

Acute pancreatitis is a common gastrointestinal disease with a lethal risk. It is divided into edema pancreatitis and necrotic pancreatitis. Necrotic pancreatitis accounts for about 20% of acute pancreatitis (1). Most of the necrotic pancreas or tissues around the pancreas are still sterile, but 30% will continue infection (2, 3). Due to the higher morbidity and mortality (8–39%) of necrotizing pancreatitis (4), it is particularly important to take active and effective treatment measures. The treatment of necrotic pancreatitis includes basic treatment, conservative medical treatment and surgical treatment. The traditional surgical method is open necrosectomy, usually through a bilateral incision under the costal margin or a median incision to completely remove the necrotic tissue. With the continuous development of surgical operations, minimally invasive surgery and endoscopic step-up approach have gradually replaced open necrosectomy. Several studies have compared the effectiveness and safety of different surgical procedures. In view of the inconsistency of the conclusions of these studies, this article uses a systematic review and meta-analysis to compare open necrosectomy, minimally invasive surgery, and endoscopic step-up approach regarding the effectiveness and safety.



MATERIALS AND METHODS


Search Strategy

A search of Pubmed, Embase, ScienceDirect, and CNKI full text database (CNKI) was performed (form establishment of the database to December 25, 2019). Keywords are “necrotizing pancreatitis,” “acute pancreatitis,” “infected necrotizing pancreatitis,” “infected necrosis,” “open necrosectomy,” “endoscopic step-up approach,” “minimally invasive surgery,” “endoscopy,” “endoscopic transgastric drainage,” “endoscopic transgastric necrosectomy,” “percutaneous catheter drainage,” “video-assisted retroperitoneal debridement,” “laparoscopic debridement,” “ETD,” “ETN,” “PCD,” and “VARD.” In order to prevent omissions, references of included studies were also screened. Publication language is Chinese or English. All records were imported into endnote X9 (Thomson Reuters, New York, USA), duplicate documents were removed, and then the titles, abstracts and full texts were screened to obtain studies that meet the entry criteria.



Inclusion and Exclusion Criteria

Inclusion criteria: (1) randomized controlled trial (RCT), prospective cohort study (PCS) or retrospective cohort study (RCS); (2) Patients with acute necrotizing pancreatitis (whether or not infected); (3) Interventions: open necrosectomy, percutaneous catheter drainage (PCD), video-assisted retroperitoneal debridement (VARD), laparoscopic debridement, endoscopic transgastric drainage (ETD), endoscopic transgastric necrosectomy (ETN); (4) Endpoint outcomes: major complications or death, mortality, new-onset multiple organ failure, enterocutaneous fistula, pancreatic-cutaneous fistula, intra-abdominal bleeding, length of hospital stay, length of ICU stay, endocrine pancreatic insufficiency, and exocrine pancreatic insufficiency.



Quality Assessment

Two researchers assessed the included literature according to the Cochrane Handbook 5.1.0 quality evaluation standard. The quality evaluation criteria include the following 7 aspects: (1) random sequence generation; (2) allocation concealment; (3) blinding of participants and personnel; (4) blinding of outcome assessment; (5) incomplete outcome data; (6) selective reporting; (7) other bias. Each item is divided into 3 levels: low bias risk, unclear, and high bias risk.



Data Extraction

Data extracted includes the time of publication, name of the first author, type of study, country, sample size, intervention and control measures, follow-up time, patient characteristics (age, gender, body mass index, disease cause, duration of symptoms, disease severity, Surgery type, infection necrosis ratio, etc.), inclusion criteria, exclusion criteria, endpoint outcomes, etc.

The literature search, literature evaluation and data extraction were performed by two researchers independently. A third reviewer would be invited if there were any disagreements.



Statistical Analysis

Continuous variables are described as mean difference (MD) and 95% confidence intervals (95% confidence intervals, 95% CIs), and binary variables are described as relative risk (RR) and 95% Confidence interval (95% CIs). P < 0.05 indicates that the difference is statistically significant. For statistical analysis, Revman software (version 5.3; Cochrane Collaboration, Copenhagen, Denmark) was used. First, the Cochran's Q statistical test and I2-test were used to evaluate the heterogeneity between the studies. If I2 ≥ 50% or P < 0.05, then there was a large heterogeneity between the studies. A random effect model was used and a sensitivity analysis was conducted; If I2 < 50% or P > 0.05, it is considered that there is no heterogeneity or the heterogeneity is small, and a fixed effect model is used.




RESULTS


Literature Screening and Characteristics of Included Studies

A total of 4,657 articles including 4,651 initially retrieved and 6 references found by searching the references of the included articles were identified. Two thousand twenty-two duplicate articles were eliminated by EndNote software. Two thousand six hundred one articles were excluded by reading the title and abstract. Twenty-three articles were removed by reading the full text, and finally 11 articles were identified as eligible. The literature selection process is shown in Figure 1. All 11 articles included 5 RCT (5–9), 2 PCS (10, 11), and 4 RCS (12–15). Eight articles compared the effectiveness and safety of minimally invasive surgery and endoscopic step-up approach, 4 articles compared the effectiveness and safety of minimally invasive surgery and open necrosectomy, and 3 articles compared the effectiveness and safety of endoscopic step-up approach and open necrosectomy (Table 1). The characteristics of baseline pancreatitis and the severity of the disease are shown in Table 2.


[image: Figure 1]
FIGURE 1. The literature selection process.



Table 1. Baseline characteristics of included studies.
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Table 2. Baseline characteristics of the pancreatitis and disease severity.
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Risk of Bias and Methodological Quality

Figure 2 shows the risk of bias of included RCTs. The quality evaluation of RCTs is shown in Table 3, and the quality evaluation of cohort studies are shown in Table 4.


[image: Figure 2]
FIGURE 2. Risk of bias.



Table 3. Assessment of risk of bias of included RCTs.
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Table 4. Assessment of quality of included PCS or RCS.
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Outcomes
 
Major Complications or Death

Four studies (3 RCT and 1 CS) analyzed the major complications or death rates of minimally invasive surgery and endoscopic step-up approach. Results showed that there was no significant difference in major complications or death between the minimally invasive surgery group and the endoscopic step-up approach group (RR = 1.66, 95% CI: 0.83–3.33, P = 0.15; Figure 3A).


[image: Figure 3]
FIGURE 3. Forest plots for the major complications or death rates. (A) Between minimally invasive surgery and endoscopic step-up approach. (B) Between minimally invasive surgery and open necrosectomy. M-H, Mantel–Haenszel test; Random, a random effects model; CI, confidence intervals.


Two studies (1 RCT, 1 CS) analyzed the major complications or death of minimally invasive surgery and open necrosectomy. The results showed that the major complications or death rate in the minimally invasive surgery group was significantly lower than that in the open necrosectomy group (RR = 0.54, 95% CI: 0.38–0.76, P = 0.0005; Figure 3B).



Mortality

Eight studies (3 RCT, 5 CS) analyzed the mortality of minimally invasive surgery and endoscopic step-up approach. Results indicated that for mortality, there was no significant difference between the minimally invasive surgery group and endoscopic step-up approach group (RR = 1.05, 95% CI: 0.59–1.86, P = 0.87; Figure 4A).


[image: Figure 4]
FIGURE 4. Forest plots for the mortality. (A) Between minimally invasive surgery and endoscopic step-up approach. (B) Between minimally invasive surgery and open necrosectomy. (C) Between endoscopic step-up approach and open necrosectomy. M-H, Mantel–Haenszel test; Fixed, a fixed effects model; CI, confidence intervals.


Four studies (2 RCT, 2 CS) analyzed the mortality of minimally invasive surgery and open necrosectomy. The results showed that the mortality rate of the minimally invasive surgery group was significantly lower than that of the open necrosectomy group (RR = 0.60, 95% CI: 0.38–0.94, P = 0.03; Figure 4B).

Three cohort studies analyzed the mortality of endoscopic step-up approach and open necrosectomy. The results showed that there was no significant difference in post-operative mortality between the endoscopic step-up approach group and the open necrosectomy group (RR = 0.39, 95% CI: 0.04–3.51, P = 0.40; Figure 4C).



New-Onset Multiple Organ Failure

Five studies (3 RCT, 2 CS) analyzed the incidence of new-onset multiple organ failure in patients with minimally invasive surgery and endoscopic step-up approach among the 5 studies. The results showed that the incidence of new-onset multiple organ failure in the endoscopic step-up approach group was significantly lower than that in the minimally invasive surgery group (RR = 2.65, 95% CI: 1.10–6.36, P = 0.03; Figure 5).


[image: Figure 5]
FIGURE 5. Forest plots for the incidence of new-onset multiple organ failure in patients with minimally invasive surgery and endoscopic step-up approach. M-H, Mantel–Haenszel test; Fixed, a fixed effects model; CI, confidence intervals.




Enterocutaneous Fistula

Three studies (2 RCT, 1 CS) analyzed the incidence of intestinal fistula after minimally invasive surgery and endoscopic step-up approach. The results showed that the incidence of enterocutaneous fistula in the endoscopic step-up approach group was significantly lower than that in the minimally invasive surgery group (RR = 6.63, 95% CI: 1.59–27.60, P = 0.009; Figure 6).


[image: Figure 6]
FIGURE 6. Forest plots for the incidence of intestinal fistula after minimally invasive surgery and endoscopic step-up approach. M-H, Mantel–Haenszel test; Fixed, a fixed effects model; CI, confidence intervals.




Pancreatic-Cutaneous Fistula

Six studies (3 RCT, 3 CS) analyzed the incidence of pancreatic fistulas after minimally invasive surgery and endoscopic step-up approach. The results showed that the incidence of pancreatic-cutaneous fistula in the endoscopic step-up approach group was significantly lower than that in the minimally invasive surgery group (RR = 7.73, 95% CI: 3.00–19.89, P < 0.0001; Figure 7A).


[image: Figure 7]
FIGURE 7. Forest plots for the incidence of pancreatic fistulas. (A) Between minimally invasive surgery and endoscopic step-up approach. (B) Between minimally invasive surgery and open necrosectomy. (C) Between endoscopic step-up approach and open necrosectomy M-H, Mantel–Haenszel test; Fixed, a fixed effects model; CI, confidence intervals.


Three studies (1 RCT, 2 CS) analyzed the incidence of pancreatic fistula after minimally invasive surgery and open necrosectomy. The results showed that there was no significant difference in the incidence of pancreatic-cutaneous fistula between the minimally invasive surgery group and the open necrosectomy group (RR = 0.65, 95% CI: 0.38–1.13, P = 0.13; Figure 7B).

Three cohort studies analyzed the incidence of pancreatic fistula after endoscopic step-up approach and open necrosectomy. The results showed that the incidence of pancreatic-cutaneous fistula in the endoscopic step-up approach group was significantly lower than that in the open necrosectomy group (RR = 0.11, 95% CI: 0.02–0.58, P = 0.009; Figure 7C).



Intra-Abdominal Bleeding

Six studies (3RCT, 3 CS) analyzed the incidence of intra-abdominal bleeding after minimally invasive surgery and endoscopic step-up approach. The results showed that the incidence of intra-abdominal bleeding in the endoscopic step-up approach group was significantly lower than that in the minimally invasive surgery group (RR = 1.91, 95% CI: 1.13–3.24, P = 0.02; Figure 8A).


[image: Figure 8]
FIGURE 8. Forest plots for the incidence of intra-abdominal bleeding. (A) Between minimally invasive surgery and endoscopic step-up approach. (B) Between minimally invasive surgery and open necrosectomy. (C) Between endoscopic step-up approach and open necrosectomy. M-H, Mantel–Haenszel test; Fixed, a fixed effects model; CI, confidence intervals.


Four studies (2 RCT, 2 CS) analyzed the incidence of intra-abdominal bleeding after minimally invasive surgery and open necrosectomy. The results showed that there was no significant difference in the incidence of post-operative intra-abdominal bleeding between the minimally invasive surgery group and the open necrosectomy group (RR = 0.67, 95% CI: 0.37–1.20, P = 0.18; Figure 8B).

Three cohort studies analyzed the incidence of intra-abdominal bleeding after endoscopic step-up approach and open necrosectomy. The results showed that there was no significant difference in the incidence of intra-abdominal bleeding between the endoscopic step-up approach group and the open necrosectomy group (RR = 0.55, 95% CI: 0.20–1.53, P = 0.25; Figure 8C).



Length of Hospital Stay

Four studies (2 RCT, 2 CS) analyzed the length of hospital for minimally invasive surgery and endoscopic step-up approach. The results showed that the hospital stay of endoscopic step-up approach group was significantly shorter than that of the minimally invasive surgery group (MD = 11.26, 95% CI: 5.46–17.05, P = 0.0001; Figure 9).


[image: Figure 9]
FIGURE 9. Forest plots for the length of hospital for minimally invasive surgery and endoscopic step-up approach. IV, inverse variance; Fixed, a fixed effects model; CI, confidence intervals.




Length of ICU Stay

Three studies (2 RCT and 1 CS) analyzed the ICU duration of minimally invasive surgery and endoscopic step-up approach. The results showed that there was no significant difference in length of ICU stay between the minimally invasive surgery treatment group and the endoscopic step-up approach treatment group (MD = 3.99, 95% CI: −0.13 to 8.0, P = 0.06; Figure 10).


[image: Figure 10]
FIGURE 10. Forest plots for ICU duration of minimally invasive surgery and endoscopic step-up approach. IV, inverse variance; Fixed, a fixed effects model; CI, confidence intervals.




Endocrine Pancreatic Insufficiency

Six studies (3 RCT, 3 CS) analyzed the incidence of endocrine pancreatic insufficiency after minimally invasive surgery and endoscopic step-up approach. The results showed that the incidence of endocrine pancreatic insufficiency in the endoscopic step-up approach group was significantly lower than that in the minimally invasive surgery group (RR = 1.83, 95% CI: 1.9–3.16, P = 0.02; Figure 11A).


[image: Figure 11]
FIGURE 11. Forest plots for the incidence of endocrine pancreatic insufficiency. (A) Between minimally invasive surgery and endoscopic step-up approach. (B) Between minimally invasive surgery and open necrosectomy. (C) Between endoscopic step-up approach and open necrosectomy. M-H, Mantel–Haenszel test; Fixed, a fixed effects model; CI, confidence intervals.


Two studies (1 RCT and 1 CS) analyzed the incidence of endocrine pancreatic insufficiency after minimally invasive surgery and open necrosectomy. The results showed that the incidence of endocrine pancreatic insufficiency in the minimally invasive surgery group was significantly lower than that in the open necrosectomy group (RR = 0.39, 95% CI: 0.18–0.82, P = 0.01; Figure 11B).

Two cohort studies analyzed the incidence of endocrine pancreatic insufficiency after endoscopic step-up approach and open necrosectomy. The results showed that there was no significant difference in post-operative endocrine pancreatic insufficiency rate between the endoscopic step-up approach treatment group and the open necrosectomy treatment group (RR = 0.27, 95% CI: 0.05–1.34, P = 0.11; Figure 11C).



Exocrine Pancreatic Insufficiency

Four studies (3 RCT, 1 CS) analyzed the incidence of exocrine pancreatic insufficiency after minimally invasive surgery and endoscopic step-up approach. The results showed that there was no significant difference in the incidence of post-operative exocrine pancreatic insufficiency between the minimally invasive surgery treatment group and the endoscopic step-up approach treatment group (RR = 1.08, 95% CI: 0.85–1.38, P = 0.52; Figure 12).


[image: Figure 12]
FIGURE 12. Forest plots for the incidence of exocrine pancreatic insufficiency after minimally invasive surgery and endoscopic step-up approach. M-H, Mantel–Haenszel test; Fixed, a fixed effects model; CI, confidence intervals.




Publication Bias

The funnel plot results showed no publication bias (additional file).





DISCUSSION

Outcomes of this meta-analysis showed that the major complications or death and mortality of minimally invasive surgery and endoscopic step-up approach are similar, and there is no significant statistical difference. However, endoscopic step-up approach can significantly reduce the incidence of new-onset multiple organ failure, enterocutaneous fistula, pancreatic-cutaneous fistula, intra-abdominal bleeding, endocrine pancreatic insufficiency, and can shorten the patient's hospital stay. Compared with open necrosectomy, minimally invasive surgery can significantly reduce major complications or death, mortality, and incidence of endocrine pancreatic insufficiency. The incidence of intra-abdominal bleeding and pancreatic-cutaneous fistula was similar. Compared with open necrosectomy surgery, endoscopic step-up approach could reduce the incidence of pancreatic-cutaneous fistula, but there is no significant difference regarding mortality, post-operative intra-abdominal bleeding, and endocrine pancreatic insufficiency.

Endoscopic step-up approach included endoscopic transgastric drainage (ETD) first, with the guide of ultrasound and through posterior wall of the stomach or the duodenum, followed by endoscopic transgastric necrosectomy (ETN). The advantage of endoscopic step-up approach is that it does not require general anesthesia and can be performed while the patient is sedated, and it could be repeated if necessary (17), However, the disadvantage is the limited scope of application and the abscess must be close to stomach. Otherwise, most patients may need repeated ETN to remove all necrotic tissue.

Minimally invasive surgery usually involves percutaneous catheter drainage (PCD) followed by video-assisted retroperitoneal debridement (VARD). PCD should be guided by CT or color ultrasound, and the puncture site is usually the abdominal cavity or the retroperitoneum. Compared with endoscopic step-up approach, the advantage of minimally invasive surgery is that most patients do not require VARD repeatedly, but the disadvantage is that the scope of application is relatively limited, and cavity of necrotic tissue should be close to the body surface (18).

Pancreatic fistula and organ failure were common complications of acute necrotizing pancreatitis. This study found that compared with minimally invasive surgery, endoscopic step-up approach has a lower incidence of pancreatic fistula and new-onset multiple organ failure. The low incidence of pancreatic fistula under endoscopic step-up approach may be related to repeated ENT under ETD. Although the patient has experienced multiple ENTs, it helps the removal of necrotic tissue. Minimally invasive surgery could obtain complete removal when the location of the necrotic tissue is closer to the body surface. The low incidence of new-onset multiple organ failure under endoscopic step-up approach may also be related to the complete removal of necrotic tissue after multiple drainages. Both above methods are superior to open necrosectomy, which was the reason of that it was a gradually replaced therapy in recent years (19).

Death is the most serious complication of acute necrotizing pancreatitis, although evidence showed that the major complication or death in the minimally invasive surgery group is significantly lower than that in the open necrosectomy group, and the difference is statistically significant. However, this result come from a combination of major complications and mortality, and only two articles were included. Therefore, the current evidence indicated that there was no significant difference in post-operative mortality between minimally invasive surgery, endoscopic step-up approach, and open necrosectomy. This means that the above three treatment methods cannot significantly reduce the mortality of acute necrotizing pancreatitis. This may also be caused by insufficient data currently available. Larger samples and multi-center trials are needed for further analysis.

In summary, compared with minimally invasive surgery and open necrosectomy, endoscopic step-up approach could reduce the incidence of some serious complications, such as new-onset multiple organ failure, pancreatic-cutaneous fistula, enterocutaneous fistula, pancreatic-cutaneous fistula, intra-abdominal bleeding, endocrine pancreatic insufficiency, and could significantly shorten the patient's hospital stay, although it cannot reduce the major complications or death and mortality of patients. However, due to the small sample size of the studies included, large sample size and high-quality RCT are needed to verify the efficacy and safety of endoscopic step-up approach.
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