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Abstract

Background—Postoperative pancreatic fistula (POPF) is associated with adverse events, 

increased duration of stay and hospital costs. We developed perioperative care pathways stratified 

by POPF risk with the aims of minimizing variations in care, improving quality, and decreasing 

costs.

Study Design—Three unique risk-stratified pancreatectomy clinical pathways (RSPCP)- low-

risk pancreatoduodenectomy (PD), high-risk PD, and distal pancreatectomy (DP) were developed 

and implemented. Consecutive patients treated after implementation of the RSPCPs were 

compared to patients treated immediately prior. Duration of stay, rates of perioperative AEs, 

discharge disposition and hospital readmission, as well as the associated costs of care were 

evaluated.

Results—The median hospital stay after pancreatectomy decreased from 10 to 6 days after 

implementation of the RSPCPs (p<.001), and the median cost of index hospitalization decreased 

by 22%. Decreased changes in median hospital stay and costs of hospitalization were observed in 

association with low-risk PD (p<.05) and DP (p<.05) but not high-risk PD. The incidence of 90-

day adverse events, grade B/C POPF, discharge to a facility other than home, and readmission did 

not change after implementation.
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Conclusion—Implementation of RSPCPs decreased median stay and cost of index 

hospitalization after pancreatectomy without unfavorably affecting rates of perioperative adverse 

events, readmission rates, or discharge disposition. Outcomes were most favorably improved for 

low-risk PD and DP. Additional work is necessary to decrease the rate of POPF, minimize 

variability, and improve outcomes after high-risk PD.
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Introduction

Protocols of perioperative care pathways, fast-track, and enhanced recovery after surgery 

(ERAS) protocols describe comprehensive, multidisciplinary strategies designed to 

accelerate patient recovery after operations. Typically, a single pathway is utilized to 

standardize care of all patients treated with a single anatomic operation or class of 

operations. Although the specific elements of these pathways may differ, those paathways 

used for abdominal operations generally encourage the use of minimally invasive operative 

techniques, early postoperative mobilization and per os feeding, decreased use of drainage 

tubes and opioid drugs, and an early target for hospital discharge.1–4 Colorectal surgeons 

have long demonstrated that duration of hospital stay), perioperative morbidity, and costs of 

hospitalization are generally decreased after the implementation of care pathways.1,5–8 More 

recently, surgeons have adopted clinical pathways to care for patients undergoing 

esophageal, gastric, hepatic, and urologic procedures, and have also reported favorable 

outcomes.2–4,9,10

Pancreatic resection is generally associated with greater rates of perioperative morbidity than 

other abdominal operations.11 Over the past several decades, mortality after pancreatectomy 

has decreased to <2% at high-volume treatment centers, yet up to 75% of patients still suffer 

from perioperative adverse events (AEs).12–14 Among these, postoperative pancreatic fistula 

(POPF), which develops in as many as one-third of patients, is the most feared. The 

association between POPF and other complications, reoperations, and mortality has been 

well established.15–19 In an early study, Yeo et al. found that a POPF increased the rate of 

reoperation from 2% to 14% and prolonged the median duration of hospitalization by 15 

days.20

Almost 20 years later, despite refinements of anastomotic techniques21,22 and the 

development of new drugs that may decrease its incidence,23 a POPF still occurs in 

approximately 20% of patients after pancreatoduodenectomy (PD) and 30% after Ddistal 

pancreatectomy (DP)24,25 and POPF remains one of the primary drivers of additional 

adverse events (AEs) after pancreatic surgery.14 To the extent that POPF is relatively 

common and often causes patient recovery from operation to deviate from an expected 

pattern and timeline, the perioperative care and pace of recovery of patients undergoing 

pancreatic resection have been difficult to standardize. So, although clinical pathways have 

been designed and implemented for pancreatectomy, the associated results have generally 

been less dramatic than those observed for other operative procedures.26–31
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The incidence of POPF is not distributed uniformly among patients who undergo 

pancreatectomy.17,32,33 We and others have shown that each patient’s risk of a clinically 

important(grade B/C) POPF can be calculated after PD or distal pancreatectomy (DP) on the 

basis of easily measured clinical parameters.32,34 On the basis of this observation, we 

hypothesized that the quality of care provided to all patients undergoing pancreatectomy 

would be enhanced by assigning each patient, prior to operation, to a unique care pathway 

designed specifically for individuals at a similar anticipated risk for grade B/C POPF. We 

subsequently designed and implemented three. risk-stratified, pancreatectomy clinical 

pathways (RSPCPs)—two for PD and one for DP—to direct patient postoperative care on 

this basis. In this study, we sought to describe this novel approach, to illustrate the process of 

development of the three pathways we used, and to provide initial results after 

implementation into clinical practice, including hospital stay, rates of perioperative 

morbidity, mortality, discharge disposition hospital readmission, and costs of care.

Methods

Risk Groups

Clinical data from 315 consecutive patients who underwent PD or DP between January 2011 

and January 2014 at the University of Texas MD Anderson Cancer Center were used to 

develop clinical pathways appropriate to patients risk of POPF. The operative techniques of 

PD and DP have been standardized within our group as previously described.34 Their 

postoperative care was not prescribed and was generally left to the discretion of each 

individual surgeon. With respect to peritoneal drainage, Jackson-Pratt drains were routinely 

placed intraoperatively, evaluated for amylase after the patient was tolerating a diet, and 

removed in the absence of evidence for POPF. Pasireotide was not administered to any 

patients in the historic cohort prior to implementation of the pathway.

Previously, we described our use of recursive partitioning regression tree analysis (RPA) of 

preoperative clinical factors to retrospectively assign each of these patients to clinical 

subgroups based on their incidence of a grade B/C POPF.34 RPA allocated patients who 

underwent PD into four discrete groups with an incidence of grade B/C POPF of 0, 10, 29, 

and 60% based on histopathologic diagnosis, pancreatic duct diameter (measured 

radiographically), and BMI (p <.001). On the basis of this analysis, the four groups 

characterized after PD were compressed into two general categories of anticipated risk of 

grade B/C POPF: low (combined incidence of 6%) and high (combined incidence of 42%). 

RPA allocated patients who underwent DP into three groups with an incidence of grade B/C 

POPF of 14, 26, or 44% based on duct diameter alone (p = 0.05), but this was not a 

clinically relevant variable that would allow dichotomization of risk in patients who 

underwent DP.34

Risk-stratified clinical pathways for pancreatectomy

The pancreatic surgery service developed a unique clinical care pathway for each of these 

three risk groups—low-risk PD, high-risk PD and DP—based on review of the relevant 

literature and consensus. The objective of each risk-stratified pancreatectomy clinical 

pathway was standardized perioperative care and expedited postoperative recovery and 
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discharge to an extent commensurate with each treated patient’s anticipated risk of grade 

B/C POPF.

The three RSPCPs were implemented by the service in October 2016 without any change to 

our standardized technical approach to operation. Each RSPCP included mandatory care 

elements and associated milestones, including: preoperative counseling, preoperative diet, 

pharmacologic prophylaxis against POPF (pasireotide 900 μg twice daily for 7 days), 

regional anesthesia, perioperative antibiotics, propyhylaxis against venous 

thromboembolism (VTE), tube management (e.g. nasogastric tube, urinary catheter, and 

peritoneal drain), restriction of intravenous fluid (IVF), early and frequent patient 

mobilization, initiation of diet and advancement, bowel cianregimen, pain management, 

pancreatic enzyme replacement, consultation with a dietit, and early discharge planning and 

postoperative follow-up. Operatively placed drains were removed on postoperative day 

(POD) 3 if the amylase level in the drain effluent was less than 3 times the upper limit of 

normal serum amylase and lacked any sinister qualities. Specific drug regimens that could 

be chosen by the attending surgeon included choice of regional anesthetic (epidural, 

transverse abdominal plane (TAP) block, etc.), perioperative antibiotic, composition of IVFs, 

use of prokinetic agents, and the oral pain regimen. In general, a multi-modal anesthetic and 

pain management approach was utilized in order to minimize opioid usage.

Table 1 lists some of the major pathway elements and corresponding milestones for each 

RSPCP. Based on our previous work demonstrating that the administration of prophylactic 

pasireotide was not cost effective for patients at low risk for grade B/C POPF, its use was 

restricted to the high-risk PD and DP pathways.34

Pathway adherence

Afterg adoption of the RSPCPs, the perioperative risk of grade B/C POPF for each patient 

scheduled to undergo pancreatectomy was categorized, and the patient was assigned to the 

appropriate RSPCP during the preoperative visit. All patients were managed according to 

their respective pathway. The care team, including a nurse practitioner, surgical fellow, and 

attending surgeon, monitored adherence to the RSPCP on a daily basis. For the purpose of 

this analysis, adherence to the pathway within each pathway was reported as the number and 

percentage of patients that met each milestone.

Cost analysis

All cost data were obtained without knowledge of the patient’s clinical status after discharge 

and were provided by the University of Texas MD Anderson Cancer Center financial/

accounting departments. The total cost of the index hospitalization was calculated as the sum 

of both the direct and indirect costs for admission through discharge. Health care costs have 

been rapidly increasing drain effluent over the last decade. Therefore, to compare 

hospitalization costs between patients across the study time-period, the total cost of index 

hospitalization in a given fiscal year was converted to an equivalent fiscal year 2017 cost. 

The cost of fiscal year 2017 (FY2017) was determined by the equation: FY2017 = HY (1 + 

i)t, where HY = cost in the historic fiscal year, i = annual institutional cost increase, and t = 

time/number of compounding periods (a formula analogous to that used to calculate the time 
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value of money 35). The accounting department at the University of Texas MD Anderson 

Cancer Center provided the annual institutional cost increase for patient care in every fiscal 

year from 2011 to 2017. The institutional increase in cost was calculated on an annual basis. 

Therefore, for example, a cost in fiscal year 2016 c could be adjusted to an equivalent 

FY2017 cost, assuming a cost increase of 3.5% that year by calculating FY2017 = FY2016 

(1 + .035)1. (The specific cost data is proprietary information of the University of Texas MD 

Anderson Cancer Center). Therefore, cost data are reported as the percentage difference 

between median total cost of index hospitalization (FY2017) of the patients treated prior to 

and after implementation of the RSPCPs.

Adverse Events

Since 2011, we have used a prospective surveillance program to document AEs. This 

system, which has been described previously in detail, 14,34,36 was used to detect and grade 

all perioperative AEs within 90 days of pancreatectomy. The severity of all AEs were graded 

prospectively using the modified ACCORDION grading system37 and the pancreas-specific 

complications of delayed gastric emptying (DGE),38 postoperative hemorrhage (PPH),39 and 

POPF18 were graded prospectively using the ISGPF classification and calculators developed 

and published online by the Pancreas Club (www.pancreasclub.com). All patients were 

called by phone on the 90th postoperative day to ensure an accurate dataset. Hospital stay 

was calculated from the date of operation to the date of discharge.

Statistical Analysis

The 315 consecutive patients treated from July 2011 through January 2014, prior to 

implementation of the RSPCPs, were allocated retrospectively into the risk groups aligned 

with each RSPCP and were compared with the first 60 consecutive patients treated 

immediately after pathway implementation. Pre-existing comorbidities were categorized as 

none (0), mild (1), moderate (2), or severe (3) by using the Adult Comorbidity Evaluation-27 

index.40 The MDACC clinical staging system was used to define potentially resectable, 

borderline resectable, and locally advanced pancreatic ductal adenocarcinoma (PDAC).41 

Continuous variables were reported as a median with interquartile range (IQR), and 

categorical variables were reported with a frequency and percentage. To compare the data 

between groups, the Mann-Whitney test was used for quantitative data and a chi-squared or 

Fisher exact test for categorical data. All tests were two-sided and statistical significance was 

defined as p <.05. All statistical analysis was performed with SPSS, version 23 (IBM, 

Armonk, NY).

Results

Patient characteristics

The first 60 patients who received perioperative care on one of the three RSPCPs were 

compared to the 315 patients who were allocated retrospectively into analogous risk groups 

but who were treated prior to implementation of the pathways. The clinical characteristics of 

patients treated prior to and after adoption of the RSPCPs were generally similar, but a 

minimally invasive (MIS) DP was more common after adoption (Table 2). Patients in the 
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low-risk PD, high-risk PD, and DP risk groups accounted for 45%, 23%, and 36%, 

respectively, of the entire cohort of 375 patients.

Adherence to the Pathway

Complete (100%) adherence to the RSPCPs was uncommon. Adherence rates to the 

milestones specified by the low-risk PD RSPCP were generally the greatest among the three 

pathways, however, only 2 of the 26 patients treated in the low-risk PD pathway received 

care entirely as prescribed. With respect to major milestones, 20 (77%) had the NG tube 

removed, 16 (62%) had the urinary catheter removed, and 20 (77%) started a clear liquid 

diet (CLD) per pathway. Only 20 (77%) patients had the operative drain removed on POD 3, 

even though the drain effluent of 25 (96%) justified it per the pathway. Despite a relatively 

high rate of specific deviations, 19 (73%) patients treated on the low-risk PD RSPCP were 

discharged on POD 6 or earlier (Figure 1, see Supplemental Tables_online version only).

Among the 13 patients treated on the high-risk PD RSPCP, 6 (46%) had the NG tube 

removed, 7 (54%) had the urinary catheter removed, and 5 (39%) started a CLD per 

pathway. The operative drain of 2 patients was removed on POD 3, even though the drain 

effluent of 4 (31%) patients justified its removal per the pathway. Only 3 (23%) patients 

were discharged on POD 8 or earlier (Supplemental Tables).

Among the 21 patients managed on the DP pathway, 14 (67%) had the NG tube removed, 12 

(57%) had the urinary catheter removed, and 14 (67%) started a CLD per pathway. The 

operative drain of 6 (29%) patients was removed on POD 3, but the drain effluent of 8 (38%) 

patients justified it per the pathway. Thirteen (62%) patients were discharged on POD 5 or 

earlier (Supplemental Tables).

Duration of Stay

Overall, the median duration of hospitalization of the patients treated prior to 

implementation of the RSPCPs was 10 (IQR 8–13) days, and that of patients treated after 

implementation was 6 (IQR 5–8) days (p < .001). Implementation of the RSPCPs led to a 

decrease in the median stay associated with low-risk PD (10 [IQR 9–12] days vs. 6 [IQR 

5.75–7] days, p < .001) and DP (7 [IQR 6–10] days vs. 5 [IQR 5–7] days, p < .001). The 

duration of stay associated with high-risk PD did not change after implementation of the 

RSPCPs (12 [IQR 10–15.75] days vs. 14 [IQR 8.5–16.5] days, p = .948) (Figure 2). Nearly 

all patients continued to be discharged home (versus to a facility other than home [e.g., 

skilled nursing facility]) after implementation of the RSPCPs (Table 3).

Cost of index hospitalization

Overall, the median estimated total cost of index hospitalization for patients managed on the 

RSPCPs was 22% less than that of the patients treated prior to implementation of the 

pathways (p < .001). Use of the RSPCPs led to a decrease in the median total cost of index 

hospitalization associated with low-risk PD and DP by 27.1% (p < .001) and 14% (p = .012), 

respectively. The median total cost of the index hospitalization of patients after high-risk PD 

did not change (+ 9%, p = .586) (Figure 3).
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Adverse events

The incidence of any AE, severe AE, grade B/C POPF, grade B/C PPH, IAA, wound 

infection, readmission and mortality among patients treated prior to and after 

implementation of the RSPCPCs were similar (Table 3). Grade B/C DGE occurred less 

frequently among patients treated after implementation (p = .024).

There was no difference in the incidence of grade B/C POPF between patients treated prior 

to and after implementation of the RSPCPs in the low-risk PD (6% vs. 4 %, p = .710), high-

risk PD (42% vs 54%, p = .422), or DP (27.% vs. 29%, p = .915) groups (Figure 4a). 

Similarly, there was no difference in the 90-day readmission rate of patients treated prior to 

and after implementation of the RSPCPs in the low-risk PD (18% vs. 15%, p = .720), high-

risk PD (18% vs. 31%, p = .314), and DP (27% vs. 29%, p = .915) groups (Figure 4b).

Discussion

Here we describe both the design and successful initial implementation of three unique care 

pathways created to standardize the perioperative care and expedite recovery and discharge 

after pancreatectomy to an extent commensurate with each patient’s anticipated risk of a 

grade B/C POPF. Implementation of the three risk-based pathways—two for PD and one for 

DP—instead of two pathways based only on procedure type, appeared to decrease the 

median duration of hospital stay and cost of index hospitalization associated with 

pancreatectomy at our center by 4 days and 22%, respectively, without increasing rates of 

morbidity, discharge to a location other than home, hospital readmission, or mortality.

The novel strategy of using a preoperative assessment of fistula risk to assign patients to 

individual care pathways and thereby direct their postoperative care was developed in the 

context of two fundamental observations. First, a grade B/C POPF is a clinically relevant 

and important event that is associated with increases in rates of other adverse events, 

reoperations, duration of stay in the hospital, and the incidence of other deviations from the 

pattern of recovery associated with uncomplicated operations.20 And, per-patient hospital 

costs associated with a grade B/C POPF have been calculated as great as $16,300 to 

$27,000.42–45 Second, the risk of POPF is not uniformly distributed among patients who 

undergo pancreatectomy.17,32,33 Each individual patient’s risk can be predicted using factors 

easily measured prior to surgery; we recently characterized four discrete groups anticipated 

to have a risk for grade B/C fistula of 0%, 10%, 29% and 60% after PD, based on 

histopathologic diagnosis, duct diameter, and BMI.34

Clinical care pathways have long been used to set the pace of post-surgical recovery. 

Typically, a single pathway is associated with a single operation or general class of 

operations.3,5,9,46 But, on the basis of our data that clearly identified three discrete risk 

profiles for grade B/C POPF (two for PD and one for DP), we hypothesized that two risk-

stratified pathways, rather than a single pathway, would be better suited to pace the recovery 

of all patients who undergo pancreatoduodenectomy; use of a single pathway might 

unnecessarily delay the recovery of patients anticipated to recover quickly given a lower-

than-average risk of POPF, or might inappropriately accelerate the recovery of patients 
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anticipated to recover more slowly given their greater-than-average POPF risk—likely with 

attendant risks to safety.

It must be emphasized here that the risk on which the RSPCPs are based is the anticipated 

risk of grade B/C POPF, not any other risk, either real or perceived, associated with the 

operation. Indeed, 73% of patients treated on the low-risk PD pathway were safely 

discharged on or prior to POD 6, even though the low-risk PD group consisted largely of 

patients who received operations of greater magnitude; indeed, many required venous and/or 

arterial resection and reconstruction, in fact, more than patients in the high-risk PD group. In 

this regard, it is also worth emphasizing that the incidence of POPF, both among all patients 

and among subgroups of patients stratified by risk, did not change after implementation of 

the pathways. And, decrease in duration of hospital stay and costs were realized only in the 

low-risk PD and DP groups—not the high-risk PD group. These observations suggest that 

these pathways do not change the natural history of patient disease or the perioperative 

recovery. They do, however, serve two critical functions: 1) they decrease variation in the 

care provided to patients in whom recovery is unlikely to deviate from an anticipated 

pattern, and 2) they provide reassurance to both patient and provider that early discharge is 

safe after operations unlikely to be complicated by POPF. Additional efforts are necessary to 

further refine each pathway and decrease the risk of POPF among patients currently at high 

risk for this event.

Overall, the median duration of hospitalization PD decreased from 10 days to 7 days after 

implementation of these RSPCPs, and the median saty for DP also decreased from 7 days to 

5 days. Despite earlier discharge, we did not see an increase in rates of morbidity, discharge 

to a facility other than home, readmission, or mortality. These statistics are notable in the 

context of a recent review of pancreatectomy-specific NSQIP data which reported a mean 

LOS of 11 and 12.7 days after PD without or with venous resection, respectively,47 or a 

separate NSQIP study that reported a median duration of stay of 7 days associated with 

openDP.48 These statistics are also remarkable in relation to the duration of hospitalization 

associated with previously reported attempts to standardize perioperative care using single 

care pathways. Indeed, a comprehensive systematic review of ERAS for pancreatectomy 

(PD and DP) that reported the results of 10 studies calculated a median duration of stay of 

10 days.31 Moreover, despite our overwhelming use of laparotomy for the patients included 

in this analysis, the metrics reported here for hospital stay are favorable even relative to 

those commonly associated with minimally invasive (MIS) pancreatectomy.49–51 For 

example, a systemic review and meta-analysis comparing open and MIS PD calculated a 

mean hospital stay of 9.8 and 8.2 days, respectively.52 And, the largest robotic 

pancreatectomy experience in the United States cites median durations of stay of10 days 

after PD and 6 days after DP.50 It is also worth emphasizing that the decrease in the median 

hospital stay was associated with a commensurate, and statistically significant decrease in 

the costs of hospitalization associated with pancreatectomy. Overall, hospital costs decreased 

by almost one-quarter, and decreases in costs associated with low-risk PD and DP were 

observed. Previously-described single pathways have had mixed success in this regard.26,53

It cannot be overemphasized that the risk used to assign patients to RSPCPs was calculated 

in the preoperative setting, because preoperative patient education and planning is well-
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known to have a favorable impact on postoperative outcomes,54–56 and patients who meet 

with their health care team prior to operation to discuss perioperative care have reported 

feeling more prepared for the operation, early discharge, and recovery.57–59 We assign 

patients to their respective RSPCP at the preoperative visit, at which time we allay their fears 

about the upcoming operation, outline expectations, encourage caregiver participation in the 

process of recovery, and even initiate discharge planning with both verbal explanations and 

printed materials. While it is possible that a “Hawthorne Effect” may have contributed to the 

success of these pathways, this effect may be better viewed as a beneficial consequence of 

proper pre- and perioperative counseling and goal-setting.

Active patient participation in compliance with each pathway is the goal, because improved 

adherence to pathways may result in better outcomes.60,61 In this regard, we acknowledge 

that adherence was incomplete; however, these pathways, like others, are merely guidelines, 

and total adherence is not only unrealistic but potentially unsafe. Indeed, a recent study 

evaluated 12 centers with colorectal surgery pathways and found an average rate of 

adherence to the pathway of only 44%.62 Further, few existing studies of pancreatectomy 

pathways report adherence rates; those studies that have done so also report similarly poor 

compliance.46 In our experience, non-adherence to the pathway typically occurred in 

response to deviations from an archetype pattern of recovery—the adherence rate to the low-

risk PD pathway was greater than that to the high-risk PD pathway. Regardless, improving 

adherence when possible represents an ongoing focus of our quality improvement efforts.

This study has several notable limitations. First, like other care pathways, these were 

developed largely on the basis of experiential and anecdotal data, and high-level data support 

few of the specific elements contained therein. We view these pathways as living documents 

and may adapt them as dictated by the results of periodic analyses. Second, the sample size 

is small, predisposing the study to type II error, especially with regard to analysis of the 

individual RSPCP groups. Third, to the extent that a decrease in the duration of hospital stay 

and costs was primarily driven by success in the low-risk PD and DP risk groups, an 

institution’s actual case mix is an important consideration. At our free-standing cancer 

center, low-risk PD account for 45% of all pancreatectomies and 70% of PDs. Centers at 

which a greater proportion of procedures are performed for cysts or other benign diagnoses 

might see less impressive improvements from using these pathways. We would therefore, 

encourage teams at all high-volume treatment centers to critically evaluate their own data 

and to develop risk models and pathways most appropriate for their patient clinical profile. 

The risk-stratification strategy and results of this study may not be generalizable to other 

institutions. Fourth, we only calculated costs associated with the primary admission to avoid 

confoundings from costs associated with care not associated with perioperative recovery, 

such as the administration of adjuvant therapies. Importantly the incidence of AEs at 90 

days, discharge to a location other than home, and readmission did not change after 

implementation, so there is no reason to assume a relevant difference in costs of care after 

index discharge. Fifth, it is possible that the increased utilization of MIS distal 

pancreatectomy after implementation of the RSPCPs (33% vs. 9% for our historic controls) 

contributed to the decrease in median following DP, but clearly this would not influence 

outcomes associated with either PD pathway. And, finally, because we did not compare this 

“three-pathway approach” with a Nevertheless, standard one- or two-pathway approach, we 
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have not definitively proven its superiority, we have provided provocative data that are 

highly suggestive of the clinical benefit of using predictive analytics in both this and other 

perioperative scenarios.

Conclusions

Implementation of three unique clinical pathways after pancreatectomy linked to risk of 

grade B/C POPF decreased median duration of hospital stay and cost of index 

hospitalization without increasing rates of morbidity, discharge to a location other than 

home, hospital readmission, or mortality. Outcomes were most favorable for low-risk PD 

and DP.
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Figure 1. 
Duration of stay according to age for patients who underwent low-risk PD [historic controls, 

blue marker (n = 142) vs. RSPCP, red marker (n = 26)]. Patients managed on the RSPCP 

who underwent concomitant vascular resection are identified with triangles.
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Figure 2. 
Actual median duration of stay of consecutive patients treated prior to and after 

implementation of the risk-stratified pancreatectomy clinical pathways (N = 375). LOS = 

length duration) of stay;
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Figure 3. 
Difference in median total cost of index hospitalization between consecutive patients 

managed according to the risk-stratified pancreatectomy clinical pathways compared to 

those managed prior to implementation.
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Figure 4. 
Incidence of (a) grade B/C POPF and (b) 90-day readmission rates for consecutive patients 

treated prior to and after implementation of the risk-stratified pancreatectomy clinical 

pathways.
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Table 1

Major elements and milestones of the risk-stratified pancreatectomy clinical pathways.

Low-risk PD High-risk PD DP

Regional anesthesia + + +

POPF prophylaxis with pasireotide − + +

NG tube removal POD#2 POD#3 POD#0

Urinary catheter removal POD#2 POD#2 POD#2

Drain removal* POD#3 POD#3 POD#3

CLD POD#3 POD#4 POD#1

Lovenox upon discharge + + +

Anticipated dischargeˆ POD#6 POD#8 POD#5

RSPCP = risk-stratified pancreatectomy clinical pathways; NG = nasogastric; CLD = clear liquid diet; SLIV = saline lock IV;

*
if the operative drain fluid amylase level measured on postoperative day 3 is <3 times the upper limit of serum amylase;

ˆ
discharge with plans for a short-term follow-up.
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Table 2

Clinical characteristics of consecutive patients treated prior to and following implementation of the risk-

stratified pancreatectomy clinical pathways (N = 375).

Clinical Factor, n (%) Historic (n=315) RSPCP (n=60) P-value

Median Age, years (IQR) 62 (55-69) 60 (52-72) .809

Sex, male 181 (57%) 32 (53%) .554

Obese, BMI ≥ 30 89 (28%) 11 (18%) .111

DM 71 (23%) 12 (20%) .664

Comorbidity .078

 None 83 (26%) 18 (30%)

 Mild 116 (37%) 30 (50%)

 Moderate 79 (25%) 9 (15%)

 Severe 37 (12%) 3 (5%)

PDAC 147 (47%) 26 (43%) .635

PDAC, radiographic stage .546

 Potentially resectable 104 (69%) 18 (69%)

 Borderline resectable 41 (27%) 6 (23%)

 Locally advanced 5 (3%) 2 (8%)

Preoperative therapy .573

 None 171 (54%) 37 (62%)

 Chemo alone 32 (10%) 5 (8%)

 Chemoradiation +/−chemo 112 (36%) 18 (30%)

Operation

 PD 202 (64%) 39 (65%) .897

 DP 113 (36%) 21 (35%)

  Open 103 (91%) 14 (67%) .002

  Minimally invasive 10 (9%) 7 (33%)

 Vascular resection .707

  Vein 70 (22%) 10 (17%)

  Artery 2 (1%) 0 (0%)

Vein + artery 13 (4%) 3 (5%)

Risk Group .895

 Low-risk PD 142 (45%) 26 (43%)

 High-risk PD 60 (19%) 13 (22%)

 DP 113 (36%) 21 (35%)

RSPCP, risk-stratified pancreatectomy clinical pathways; IQR, interquartile range; BMI, body mass index; DM, diabetes mellitus; PDAC, 
pancreatic ductal adenocarcinoma; PD, pancreatoduodenectomy; DP, distal pancreatectomy; chemo, systemic chemotherapy; LOS, length of stay.
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Table 3

Adverse events at 90-days of consecutive patients treated prior to and after implementation of the risk-

stratified pancreatectomy clinical pathways (N = 375).

Historic (N=315) RSPCP (N=60) P-value

Any AE 239 (76%) 48 (80%) .489

Severe AE (grade ≥ 3) 90 (29%) 19 (32%) .628

DGE grade B/C 43 (14%) 2 (3%) .024

POPF grade B/C 64 (20%) 14 (23%) .598

PPH grade B/C 15 (5%) 2 (3%) .626

Intra-abdominal abscess 27 (9%) 4 (7%) .623

Wound infection 41 (13%) 11 (18%) .275

Median stay, days (IQR) 10 (8-13) 6 (5-8) <.001

Discharge to home 311 (99%) 60 (100%) .380

90-day readmission 68 (22%) 14 (23%) .764

90-day mortality 1 (0%) 0 (0%) .662

AE = adverse event; DGE = delayed gastric emptying; POPF = postoperative pancreatic fistula; PPH = post-pancreatectomy hemorrhage
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