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Abstract

Background.—A U-tube drainage catheter (UTDC) is a novel intervention for necrotizing 

pancreatitis, with multiple benefits: bidirectional flushing, greater interface with large fluid 

collections, less risk of dislodgement, and creation of a large-diameter fistula tract for potential 

fistulojejunostomy. We report the first clinical experience with UTDC for necrotizing pancreatitis.

Methods.—From 2011 to 2014, all patients undergoing UTDC for necrotizing pancreatitis at our 

institution were identified. Clinical variables including patient, disease, and intervention-specific 

characteristics as well as long-term outcomes populated our dataset.

Results.—Twenty-two patients underwent UTDC for necrotizing pancreatitis; the median 

follow-up was 10.2 months. Necrotizing pancreatitis was most commonly owing to gallstones (n = 

9; 41%), idiopathic disease (n = 5; 23%), and alcohol abuse (n = 4; 18%). During the course of 

UTDC and definitive operative therapy (when required), patients had median hospital stays of 31 

days, 6 interventional radiology procedures, and 6 CT scans. Operative intervention was not 

necessary in 9 patients (41%). Among the other 13 patients, 4 patients underwent distal 

pancreatectomy/splenectomy, 8 had a fistulojejunostomy performed, and 1 underwent both 

procedures.

Conclusion.—UTDC for necrotizing pancreatitis patients is associated with effective drainage 

and low morbidity/hospital resource utilization. With skilled interventional radiologists and 

multidisciplinary coordination, this technique is a valuable means of minimizing morbidity for 

patients with necrotizing pancreatitis.

ACUTE PANCREATITISS affects >200,000 people per year in the United States, and 

approximately 15–20% of these cases progress to necrotizing pancreatitis.1,2 A majority of 

patients with necrotizing pancreatitis eventually develop organized pancreatic necrosis, and 

intervention is required frequently to remove necrotic tissue, especially with any signs or 

symptoms of infected necrosis. Such invasive treatment is met with significant morbidity 
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and mortality, and routinely poor outcomes have mandated innovative strategies to optimize 

patient outcomes.

Although early surgical debridement was historically the intervention of choice for 

necrotizing pancreatitis, there recently has been a shift toward less invasive and/or delayed 

interventions.2-4 Currently, there are endoscopic, surgical, and radiologically guided 

interventions available for treatment of necrotizing pancreatitis and its sequelae, and a 

multidisciplinary “step-up” approach to treatment involving initial drainage (percutaneous or 

transluminal) followed by operative or endoscopic debridement (if needed) is emerging as a 

treatment plan of choice.2-4 This intentional delay in operative intervention allows for 

liquefaction of necrotic tissue and improved demarcation of viable pancreas.2,5 Furthermore, 

resolution of the acute phases of pancreatitis allows for less morbid operative intervention.2,5

The optimal bridge to definitive operative therapy, however, is not well-defined. Drainage 

with single percutaneous catheters has been used with variable success, although this 

approach is plagued by obstruction and subsequent flushing/exchanging; each interventional 

procedure is associated with low (but not zero) risk, time, effort and cost.6-9 Endoscopic 

therapies continue to evolve but require technical skill and experience, carry their own risks, 

make future surgical therapy much more difficult (eg, fusion of stomach and 

retroperitoneum) and are not yet widely or routinely used for necrotizing pancreatitis. 

Minimally invasive operative interventions such as laparoscopic or retroperitoneoscopic 

debridement have also been advocated, although universal adoption of these techniques are 

limited by an inability to reproduce the clinical results achieved at the most experienced 

centers.10

A novel approach that has not yet been described for necrotizing pancreatitis is placement of 

a U-tube catheter for both drainage and fistula tract formation. A U-tube consists of a single 

large-bore, straight tube with multiple side holes and 2 percutaneous openings.11 Theoretical 

benefits of the U-tube compared with other forms of percutaneous drainage include more 

effective flushing (owing to the larger bore catheter, multiple side holes, and bidirectional 

flushing for clogged side holes for evacuation of necrotic debris), greater interface with large 

fluid collections (allowing for more rapid resolution of necrosis), less risk of dislodgement/

fewer catheter exchanges, avoidance of early open necrosectomy, and creation of a large-

diameter tract for future fistulojejunostomy, if required. U-tubes can be used either as an 

intermediate in the step up approach or as the initial drainage mechanism once intervention 

is required (our institutional approach) for necrotizing pancreatitis. We report the first 

clinical experience with UTDC for necrotizing pancreatitis.

METHODS

Patient selection and outcomes.

After obtaining Institutional Review Board approval at the University of Cincinnati, patients 

with necrotizing pancreatitis treated with a U-tube from 2011 to 2014 were identified from 

an institutional database. Patients were included if they had a U-tube placed initially or after 

other failed percutaneous intervention at an outside institution and did not undergo any 

surgical or endoscopic intervention prior to U-tube placement. Exclusion criteria were age 

Stahl et al. Page 2

Surgery. Author manuscript; available in PMC 2020 February 27.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



<18 and patients who currently have U-tubes in place and have yet to reach their ultimate 

outcome.

A retrospective chart review populated the dataset with patient demographic information 

including age, sex, and comorbidities. A comprehensive inclusion of clinical resource 

utilization and outcomes was conducted to include type of operative intervention (if any), 

interventional radiology complications, perioperative complications and mortality, number 

of hospitalizations, hospital ICU and overall duration of stay (inclusive of surgical and 

nonsurgical hospital stays), number of CT scans, number of interventional radiology 

interventions, and long-term success (or failure) of the operative intervention (if required).

Percutaneous UTDC placement and management, and medical decision making.

Placement of UTDC requires a sufficiently large collection that it can be percutaneously 

accessed from 2 outer opposed aspects of a peripancreatic collection, and through the central 

collection. CT followed by fluoroscopy are the imaging modalities used for initial guidewire 

and catheter placement. A 21-G needle and guidewire are inserted into opposite aspects of 

the fluid collection, usually the anterior abdomen and left posterolateral flank, and each is 

converted to a 5-Fr catheter. Under fluoroscopic guidance, each percutaneous access to the 

collection is upsized to an 8-Fr sheath. A 5-Fr catheter with guidewire is inserted through 

one sheath and a 25-mm endovascular snare is inserted through the other sheath. The 

guidewire is grasped by the snare and pulled out leading to “through-and-through” 

guidewire access across the retroperitoneal collection. The track is dilated to 20-Fr. From 1 

side of the patient, the 20-Fr Silastic catheter is inserted over the guidewire, through the 

collection, until the catheter tip exits the other side of the patient (the most commonly used 

UTDC is a 100-cm, 20-Fr, silicone elastomer [Silastic] catheter [Bentec Medical, Woodland, 

CA], with 8 cm of manufacturer-placed side holes in the central portion of the catheter and 

allowing for additional side hole creation to increase the internal drainage length for the 

catheter). Each end of the Silastic UTDC tubing is fitted and secured with a Molnar-type 

disk, which stabilizes the position of the UTDC across the peripancreatic collection. The 

anterior end of the UTDC is capped and the left posterolateral end is placed to a drainage 

bag. Irrigation of the UTDC can be performed by injecting saline from 1 or both ends.

If the UTDC becomes obstructed with debris, the Molnar-type disk can be removed and the 

catheter pulled out partially from 1 or both ends to allow manual extraction of debris. The 

UTDC is then reinserted and secured. If operative intervention is required, the UTDC can be 

either exchanged for an anterior tube to maintain patency of the fistulous tract for a potential 

fistulojejunostomy or left in situ. The latter approach is valuable in that, if a 

fistulojejunostomy is performed, the UTDC can be divided and the posterior limb can be left 

in place to stent the anastomosis between the small bowel and the fistula tract.

U-tube placement is shown in Fig 1, A-D, and a radiographic example in Fig 2, A, B. If a 

continued pancreatic duct leak is demonstrated arising from the head/genu despite pancreatic 

duct stent placement and watchful waiting, a fistulojejunostomy is planned; the risks of 

pancreaticoduodenectomy in this setting are too great owing to inflammation and fibrotic 

distortion of anatomy. If a persistent ductal leak is originating from residual tail parenchyma, 

the preferred and definitive operative approach is distal pancreatectomy/splenectomy; 
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fistulojejunostomy is reserved as a second option should a distal pancreatectomy be 

technically impossible. As described, an anterior entry is mandatory to ensure that a 

fistulojejunostomy is possible as an alternative surgical option.

RESULTS

Baseline characteristics of patients treated for necrotizing pancreatitis at our institution from 

2011 to 2014 are shown in Table I. Twenty-two patients underwent UTDC placement as 

primary intervention for necrotizing pancreatitis (Fig 3), with a median follow-up of 10.2 

months. The cohort was primarily male (82%) with a median age of 52 years at time of U-

tube placement. The leading etiologies of pancreatitis were gallstone disease (41%), 

idiopathic (23%) and alcohol (18%).

Single U-drains were placed in 21 patients and 2 U-drains were placed in 1 patient. The 

drains ranged from 20 to 26 Fr in diameter. There were 19 exchanges of the UTDC, either 

for upsizing or cleaning, in 13 patients. In 9 patients, no drain exchange was performed. We 

placed 23 additional drainage catheters in 7 patients; the remaining 15 patients only had the 

single U-tube. Three of these additional drains were placed for assistance in evacuating the 

walled-off pancreatic necrosis. The other 20 drains were placed for management of 

abscesses and fluid collections distant from the central necrosis managed by the UTDC. The 

median time from radiographically confirmed necrosis to U-tube placement was 36.5 days. 

The median duration of the indwelling UTDC was 4.3 months. The median collection size, 

determined by the longest axis of the largest fluid collection, was 11 cm. Twelve patients 

(55%) had evidence of infected necrosis, determined by positive fluid culture.

Univariate outcomes are presented in Table I. Mortality was 9%. Of surviving patients, U-

tube drainage/debridement was the only intervention required in 7 (32%); pancreatic 

resection or fistulojejunostomy was not necessary. Patients treated with UTDC had a median 

cumulative duration of stay of 31 days and underwent a median of 6 CT scans and 6 

interventional radiology procedures (including placement of the U-tube). After UTDC 

placement, definitive operative intervention was required in 13 patients (59% of the cohort) 

for management of a persistent ductal disruption. Eight patients underwent 

fistulojejunostomy, 4 had a distal pancreatectomy/splenectomy, and 1 underwent 

fistulojejunostomy but required a follow-up distal pancreatectomy/splenectomy. Of the 13 

patients who underwent distal pancreatectomy/splenectomy or fistulojejunostomy, the 

reoperation rate was 15% (n = 2).

We then compared our results with historical data (Table II).1,12-25 Our series reports an 

overall mortality rate of 9% and a median cumulative hospital duration of stay of 31 days. 

These data are favorable or similar to other large series, which have ranges of 5–39% and 

19–93 days for perioperative mortality and median hospital duration of stay, respectively.

DISCUSSION

We present the first series to date of U-tube drainage for necrotizing pancreatitis. We have 

shown that the potential benefits of UTDC seem to be realized: (1) relatively few drain 

complications, interventional radiology procedures and hospital days required over the 
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course of the necrotizing pancreatitis process, (2) a substantial number of patients whose 

pancreatic necrosis is definitively drained with a U-tube, and (3) minimized morbidity and 

increased ease of distal pancreatectomy/splenectomy or fistulojejunostomy, if required.

A number of studies over the past 2 decades have reported the effectiveness of image-guided 

percutaneous drainage for pancreatic necrosis and subsequent fluid collections, although 

summarizing and comparing these studies is difficult (retrospective nature, selection bias, 

variations in the definetion of pancreatic complications [pancreatic necrosis, peripancreatic 

necrosis, organized pancreatic necrosis, fluid collections], variable infection rates and 

institutional approaches). In 2010 van Baal et al6 published a systematic review of 11 series 

reporting percutaneous catheter drainage in necrotizing pancreatitis from 1998 to 2010. The 

overall success rate of percutaneous drainage without surgical necrosectomy was 56%, 

mortality was 17%, and the complication rate 21%. When reported, drainage duration 

ranged from 16 to 98 days and the duration from drain placement until surgery ranged from 

18 to 109 days. Most patients had ≥2 drains placed, with a maximum of 14. The number of 

individual interventional procedures performed per patient was not consistently reported.

In the 4 largest individual series to date (n = 34–80 patients), the success rate for 

percutaneous drainage without subsequent surgery ranged from 35 to 49%, with surgical 

necrosectomy eventually required in 23–60% of patients.7-9,16 Delayed surgery for 

management of a pancreatic fistula was reported as 26% in 1 series7 and not reported in the 

others. Mortality rate ranged from 15 to 34%. Where reported, the mean number of drains 

placed per patient ranged from 2 to 3.3 and the mean number of drain exchanges ranged 

from 2 to 4 per patient. Reported duration of drainage ranged from 1 to 260 days, with 

means of 37 days and 85 days reported in 2 series.7,8 A summary of these series suggests 

that percutaneous drainage may be curative in up to one-half of appropriately selected 

patients, whereas overall mortality remains uniformly high. A common point emphasized by 

all authors is that percutaneous drainage in this challenging patient population is lengthy, 

laborious, and time intensive for the interventional radiology team.

In our series, the number of drains placed and the number of drain exchanges were 

significantly fewer than reported in any prior series using conventional drains. There were 

no instances of inadvertent drain dislodgement and nearly all patients were managed as 

outpatients after the initial UTDC placement; this attests to the effectiveness and ease of 

management of the U-tube. The duration of drainage was prolonged and in line with that 

reported in other series, reflecting the significant time required for necrotic collections to 

resolve even with adequate tube drainage. Perhaps most important, however, a UTDC 

anticipates definitive operative intervention, when required, for ductal disruption; most 

studies to date do not address this most difficult clinical end-game.

Ultimately, the purpose of our work is to make an evidenced-based argument for a novel, 

resource-wise, and clinically effective multidisciplinary approach to necrotizing pancreatitis

—the current health care climate demands an evaluation of treatment strategies in terms of 

both clinical outcomes and resource utilization. Based on our recent clinical experience, a 

proposed treatment algorithm for necrotizing pancreatitis is found in Fig 4. If patients have 

sufficient liquefaction of necrotizing pancreatitis and are symptomatic (ie, have persistent 
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symptoms or radiographic evidence of infection), intervention is mandatory. One question 

that we, as an institution, continue to debate is how best to deal with asymptomatic, sterile, 

organized pancreatic necrosis—it is unclear at what time point commitment to UTDC, or to 

any intervention-—is most appropriate. For patients with radiographic evidence of a 

disrupted pancreatic duct, we place U-tubes aggressively. With a low concern for a disrupted 

duct, however, the optimal treatment strategy continues to evolve.

When intervention is required, U-tube drainage has become our preferred method of 

intervention (Fig 4, step 2). Our institutional paradigm shift away from necrosectomy as a 

first intervention when debridement/drainage of the pancreas is required is based on 

relatively poor outcomes in 5 patients treated with necrosectomy initially; the mortality was 

20%, reoperation rate was 60%, and median duration of stay for these patients was nearly 2 

months (Fig 3). Routine endoscopic, laparoscopic, or retroperitoneoscopic debridement of 

organized pancreatic necrosis is not performed routinely owing to both the success of our U-

tube practice and failure of these approaches to have the same success as reported in the 

literature.

After a tube has been placed, patience is required to ensure complete drainage of any 

necrotizing process in the pancreatic bed. Once accomplished, endoscopic retrograde 

cholangiopancreatography, MR cholangiopancreatography, and/or drain study is required to 

delineate the pancreatic ductal anatomy (Figs 1 and 4 [step 3]). In the absence of a 

disconnected duct, significant ductal strictures or amylase rich fluid in the U-tube, it is likely 

that distal pancreatectomy/splenectomy or fistulojejunostomy can be avoided. If any 1 of 

those 3 are present, however, operative intervention becomes necessary, and a decision about 

exchanging the U-tube for a single anterior drain must be made. This is the second portion 

of our algorithm that continues to evolve. Exchanging the U-tube for an anterior drain 

ensures closure of the posterior tract, avoiding the potential for a persistent cutaneous fistula 

postoperatively, if fistulojejunostomy is performed. Conversely, leaving the U-tube in place 

allows for cutting the U-tube in half in the operating room, and using the posterior limb of 

the drain to serve as a stent if a fistulojejunostomy is required; this can be removed 

postoperatively once an anastomotic leak is ruled out.

Last, the decision to perform a fistulojejunostomy versus a distal pancreatectomy/

splenectomy can only be made in the operating room. Although planning is required to 

ensure a fistulojejunostomy is possible if required, the most definitive intervention is 

resection of the distal pancreas. We have found that a right-sided pancreatectomy (ie, 

Whipple procedure) is essentially never performed for the reasons outlined. In virtually 

every case, persistent pancreatic leaks originate from that tail and, as such, if a distal 

pancreatectomy is deemed safe, this is preferentially performed. A fistulojejunostomy is 

performed as a “fall back” plan, as described previously by our institution.26

There are limitations to this study. We have a relatively small sample size of surgery-first 

controls at our institution, which limits the power of comparative statistical analysis. Second, 

there are institutional and provider biases that may skew our results. Third, U-tube 

placement and management requires significant technical skill from interventional 

radiologists, and our results may not be generalizable to other centers. Last, our comparison 
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with historical controls is made recognizing that, in many other series, results are based on a 

heterogeneous patient population, with various stages of disease. Nevertheless, this study 

provides evidence for the feasibility and effectiveness of UTDC as the primary intervention 

for necrotizing pancreatitis, when procedural intervention is indeed required. Based on 

initial successes, our institution is placing ≥10-15 U-tube drains per year, and we look 

forward to updating our clinical experience with significantly more patients in years to 

come.

Although our institutional approach has evolved, and we strongly recommend the U-tube 

approach to minimize the morbidity of persistent drain clogging, catheter exchange, drain 

dislodgement and unnecessary hospital stays, there are also disadvantages. First, patient 

discomfort—primarily during the periprocedural time–can be significant. A strength of the 

catheter is its large diameter, this is also a limitation—especially because it must traverse the 

abdominal wall in 2 places. Frequently, oral narcotics—which the patients are frequently 

taking for their necrotizing pancreatitis—are required for initial pain management. Second, 

U-tubes are (intentionally) often in place for months, while the team intentionally waits for a 

fistulous tract to develop. The inconvenience and odor associated with this relatively long 

time frame are also frequent patient complaints. Our belief is that the risk/benefit analysis 

favors safer, less morbid operative intervention associated with U-tube placement, 

admittedly at some expense to patient quality of life.

In conclusion, U-tube drainage is a cornerstone of our institutional approach to necrotizing 

pancreatitis. Our preliminary data demonstrate favorable outcomes, both in terms of 

effectiveness and resource utilization, when compared with historical controls. Wider 

adoption of this treatment strategy could reduce morbidity, mortality, and cost associated 

with necrotizing pancreatitis.

Biography

Dr Michael Ujiki (Evanston, IL): The U-tube obviously seems to work very well. I was not 

sure if it was possible to always place. It seems like our radiologists sometimes have a hard 

time placing just a single tube. That tube in particular has to come anterior, not posterior. It 

looks like other organs could potentially get in the way. Were you able to place it in 

everybody? If not, what did you do?

Next, the morbidity and mortality rates certainly are better and they have improved. 

However, there are so many confounding factors that must be considered. How do you know 

that the U-tube itself is responsible for the better morbidity and mortality? How do you 

know it is not just our improvements in our ICU care, maybe getting away from using 

antibiotics and so forth? There might be other factors that are involved in your morbidity and 

mortality.

You actually described it well in the presentation, but as I looked up the papers that you had 

mentioned, I was impressed with their morbidity and mortality rates for an open 

necrosectomy. I guess you explained in your presentation that they might not have included 

everything that we would evaluate. Again, are there any other confounding factors?

Stahl et al. Page 7

Surgery. Author manuscript; available in PMC 2020 February 27.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Next, are there any down sides to the tube? Is there any reason why we should not use it? Is 

there anything bad about the tube that you did not like? It seems like, if it does get clogged, 

it is easier to flush than some other ones. As far as I am concerned, there is good and bad to 

everything, so there must be some down side to the U-tube.

If there is not much of a down side to it, are there other things we can use it for? Is it just 

pancreatic drainage or can we use it for intraabdominal abscesses, abscess after emergency 

abdominal surgery or any other kind of surgery where drains can get clogged up?

Dr Daniel Abbott (Cincinnati, OH): Number 1, the success rate. Certainly, the credit has to 

go to the interventional radiologists. We have a fantastic bunch. They have yet to be unable 

to place a U-tube in any patients. Of course, there are caveats. I can think of ≥1 patient who 

was not hypotensive or critically ill where they have actually asked us to wait to place it until 

the fluid collection got larger so they have a better target.

Regarding technique, they access it 1 way, put a little endovascular wire in, and then through 

the contralateral approach, grab it with an endoscopic snare and then serially dilate up the 

track. It is kind of 2 simple catheters, but then joined. Number 2 is, in some instances, place 

1 drain first and actually wait until another day to complete the procedure after maybe the 

colon has moved out of the way or the stomach presents a better window.

Number 2, the improvement in mortality is certainly multifactorial and no answer I will give 

you is going to be great. We are operating on people when they are generally well, instead of 

operating on people when they are generally very sick. Maybe 1 metric that we could use, 

for example, is when you are doing an open necrosectomy, not only might there be 

multisystem organ failure with respect to lungs and kidneys, but their nutrition is 

undoubtedly crummy.

When we do these operations 3–4 months after the U-tube is placed, with or without the 

assistance of tube feeds, we check their prealbumin. And if it is not 20, we wait. There is no 

emergency once this is well-drained. Their nutritional parameters are certainly much better.

As evidence to that approach, I will tell you, if you look at our mortalities, they are not in the 

13 patients who we operated on; it is patients who died of multisystem organ failure after the 

U-tube was placed. That is not because of source control problems; they died of multiple 

organ failure.

Point 3 about the down sides of the U-tube. Certainly, it is not perfect. I would say that the 

things that the patients complain about the most are the large size of the catheters that come 

out in 2 places. These are huge hoses and you are piercing them in 2 places. They do not like 

that. Also, when the catheter is clogged, you get pancreatic enzymes leaking out on the skin. 

Instead of it leaking in 1 spot, it irritates the skin in 2 spots. They do not like that either.

Last, other uses of the U-tube. This was originally described for bilobar hepatic drainage, 

when people had central biliary obstructions. These are essentially bilobar PTCs meeting in 

the middle. For whatever reason, this approach has never gained traction. Our interventional 
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radiologists do also use it for abscesses for other pathology, but we primarily use it for 

necrotizing pancreatitis.

Dr John Mellinger (Springfield, IL): I would like to know what percentage of your patients 

actually had infected necrosis as their indication. I think your mean hospitalization time of 

31 days might suggest what you just said is true, that you are catching these people early 

enough that you are treating them at a better phase. I wonder if some of them, by our usual 

paradigms of maturation for noninfected disease, might still have fallen into a 

nonoperatively managed group or noninterventionally managed group if you had waited a 

little longer.

The other question I had was did you factor in the hospitalization for those who required 

surgery, which still ended up being a sizable percentage of your series into the 31-day mark 

you quoted? We have been doing a lot of endoscopic debridements at our institution, and 

one of the benefits, I think, is avoiding that ultimate fistula procedure that you described.

You might have more interventions endoscopically that you have to do for the debridement 

serially, but you create a fistula to do it so you do not end up having to do, in a vast majority 

of the cases, the secondary surgical procedure.

Dr Daniel Abbott: Number 1, the rate of infection is very high. From a historical 

perspective, in Dr Rodriquez’s study from Mass General, they had what they thought was an 

initial 50% infection rate. When they drained everybody, it turned out to be about a 70% 

infection rate.

Our numbers are even higher, >80%. You culture what is in there, and it is positive a 

majority of the time. Is that clinically relevant in someone who has a normal white count and 

is afebrile? I am not sure, but, certainly, by a microbiologic evaluation, a vast majority of 

patients have infected necrosis.

Number 2, yes, the hospitalization for those that required surgery was included in the 

duration of hospital stay. Really, when you talk about a distal pancreatectomy, again, that is 

a 5-day hospital stay. The health care resources that they use are front loaded, just as they 

are when you operate early or do other things; it is just that the severity of the intervention 

up front is a little bit less, because it is U-tubes instead of a big laparotomy.
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Fig 1. 
U-tube placement. A, Common distribution of pancreatic necrosis and eventual liquefied/

organized pancreatic necrosis. B, Placement of U-tube through affected portion of pancreas; 

note that one anterior limb is critical for future operative intervention. C, Appearance of 

retroperitoneum following complete drainage of liquefied necrosis; note a disconnected duct 

is well-drained, and a fistulous tract develops around U-tube within 3–4 months of 

placement (critical if fistulojejunostomy is ultimately required). D, Axial view of U-tube 

placement.
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Fig 2. 
Radiographic representation of U-tube drainage. A, Initial necrosis prior to drain placement. 

B, Placement of U-tube with resolution of necrosis and large-bore fistulous tract visible 

anteriorly and laterally.
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Fig 3. 
Flowchart of interventions performed.
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Fig 4. 
Proposed treatment algorithm for patients with necrotizing pancreatitis.
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Table I.

Baseline characteristics and outcomes of the U-tube cohort

Variable Value

Gender

 Male 18 (81.8%)

 Female 4 (18.2%)

Median age (y) 52 (IQR: 45–65)

Median ASA score 3 (IQR: 2–3)

NP etiology

 Alcohol 4 (18.2%)

 Gallstones 9 (40.9%)

 Idiopathic 5 (22.7%)

 HTG 1 (4.6%)

 Other 3 (13.6%)

Surgery

 Yes 13 (59.1%)

 No 9 (40.9%)

Reoperation rate 2/13 (15.4%)

Outcome

 Definitive surgery 12 (54.6%)

 Definitive UTD 7 (31.8%)

 Death 2 (9.1%)

 Other 1 (4.6%)

Positive drain fluid culture 12 (54.5%)

Median duration of stay 31 (IQR 17–41)

Median CT scans 6 (IQR 4–10)

Median IR procedures 6 (IQR 5–12)

Median collection size (cm) 11 (IQR 8.8–15.3)

Prior PCD 9 (40.9%)

Median time to intervention (d) 36.5 (IQR 17–61.5)

Median follow-up (mo) 10.2 (IQR 6.7–16.0)

Median duration of UTDC (mo) 4.3 (IQR 2.6–7.4)

ASA, American Society of Anesthesiologists; HTG, hypertriglyceridemia; IQR, interquartile range; IR, interventional radiology; NP, necrotizing 
pancreatitis; PCD, percutaneous drainage; UTDC, U-tube drainage catheter.
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