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Abstract

Background: The factors associated with delayed gastric emptying (DGE) after a pancreaticoduodenec-
tomy (PD) are not definitively known.

Methods: From November 2011 through to May 2012, data were prospectively collected on 711 patients
undergoing a pancreaticoduodenectomy or total pancreatectomy as part of the American College of
Surgeons-National Surgical Quality Improvement Program Pancreatectomy Demonstration Project.
Bivariate and multivariate models were employed to determine the factors that predicted DGE.
Results: In the 711 patients, the overall rate of DGE was 20.1%. In a bivariate analysis, intra-operative
factors such as pylorus-preservation (47.1% versus 43.7%, P = 0.40), intra-operative drain placement
(85.5%, versus 85.1%, P = 0.91) and an antecolic compared with a retrocolic gastrojejunostomy (60.1%
versus 65.1%, P = 0.26) were not different between the DGE and no DGE groups. Pancreatic fistula
formation (31.2% versus 10.1%), post-operative sepsis (21.7% versus 7.0%), organ space surgical site
infection (SSI) (23.9% versus 7.9%), need for percutaneous drainage (23.0% versus 10.6%) and reop-
eration (10.6% versus 3.1%) were higher in patients with DGE (P < 0.0001). In a multivariable model, only
pancreatic fistula, post-operative sepsis and reoperation were independently associated with DGE.
Discussion: In this multicentre study, only post-operative complications were associated with DGE.
Neither pylorus preservation nor route of enteric reconstruction (antecolic versus retrocolic) was associ-

ated with delayed gastric emptying.
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Introduction

Delayed gastric emptying (DGE) is a frequent complication of a
pancreatectomy, affecting 14-30% of patients post-operatively.'™
In spite of recent advances leading to decreased mortality with
pancreatic surgery, delayed gastric emptying continues to be a
significant cause of post-operative morbidity. DGE has been asso-
ciated with increased hospital length of stay,” cost,*® hospital
readmission’ and significant patient discomfort.

This manuscript was presented at the annual AHPBA meeting, Miami,
20-24 February 2012.
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The exact pathogenesis of DGE is unclear. Technical approaches
to a pancreatic resection and post-operative complications both
have been suggested to play causative roles in the aetiology of
DGE. Previous studies of operative techniques have suggested that

10-20

classic Whipple versus pylorus preservation,'** antecolic versus

retrocolic gastric/duodenal reconstruction,”*

pancreaticogas-
trostomy versus pancreaticojejunostomy reconstruction,” duode-
nal preservation in benign disease,”>* and even preservation of
the right gastric artery” can influence DGE. However, these
studies have been limited by a small sample size and/or retrospec-
tive analyses, and results have been mixed. As a result, no consen-

sus exists regarding the influence of surgical technique on DGE.
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Intra-abdominal complications such as a pancreatic fistula,”

pancreatic leak or abscess,'”'™ pancreatitis," and pancreatic
fibrosis** also have been associated with the development of DGE
post-operatively. Based on these findings, some authors have sug-
gested that regardless of the surgical approach, avoidance of post-
operative complications can reduce DGE."**>* All of the above
findings have been reported in single institutional studies with a
limited sample size; as a result, they lack the external validity that
would make them generalizable to all patients undergoing pan-
creatic surgery. Although much has been published on the subject,
no conclusive association has been made amongst operative tech-
niques, post-operative complications and DGE. Therefore, we
used data from the American College of Surgeons-National Sur-
gical Quality Improvement Program Pancreatectomy Demonstra-
tion Project to identify patients undergoing a pancreatic head
resection. Using this multi-institutional database, we sought to
analyse pre-, intra- and post-operative factors that would be asso-
ciated with DGE.

Methods

This study was designated exempt from review by the Institutional
Review Board at the University of Texas Medical Branch.

Data source

The American College of Surgeons-National Surgical Quality
Improvement Program (ACS-NSQIP) is a nationally validated,
multicentre, prospectively-collected database that uses patient
information directly abstracted from the medical record in real
time to identify 30-day post-operative morbidity and mortality at
participating institutions.” For the ACS-NSQIP Pancreatec-
tomy Demonstration Project, 33 institutions submitted prospec-
tively collected data on 1384 patients undergoing a pancreatic
resection (median = 28 per institution, range 3-213) from
November 2011 through to May 2012.

Cohort selection

We identified our cohort from the 931 patients who underwent a
pancreatic head resection (pancreaticoduodenectomy or total
pancreatectomy) during the study period. A pancreatic resection
was defined by the American Medical Association Common Pro-
cedure Terminology (CPT codes) 48150, 48152, 48153, 48154 and
48155. Patients in whom information on DGE or route of enteric
reconstruction was missing were excluded. Our final cohort had
711 patients for analysis.

Variables

The Participant Use File (PUF) contains 240 Health Insurance
Portability and Accountability Act (HIPAA) compliant variables
for each case, including patient demographics, pre-operative risk
factors, baseline comorbidities, intra-operative variables, and
30-day postoperative morbidity and mortality. The list and defi-
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nitions of variables collected in the database can be found at the
American College of Surgeons NSQIP website.”!

In addition to the usual NSQIP variables, 16 additional
pancreas-specific variables were included: pre-operative variables
(jaundice, biliary stent, chemotherapy in the 90 days before
surgery and radiation in the 90 days before surgery), operative
variables (surgery type, pancreatic duct size, pancreatic gland
texture, vascular resection, pancreatic reconstruction, gastrojeju-
nostomy versus duodenojejunostomy and drain placement) and
post-operative variables (drain amylase on post-operative day
one, the last day of drain removal, pancreatic fistula, delayed
gastric emptying and percutaneous drainage). Standard NSQIP
Pancreatectomy Demonstration Project definitions of these 16
variables were used at all participating institutions and are shown
in Table 1. Overall morbidity was defined as any NSQIP or
pancreas-specific complication including re-operation, pancreatic
fistula, delayed gastric emptying, superficial surgical site infection
(SSI), deep SSI, organ space SSI, percutaneous drainage, wound
dehiscence, urinary tract infection, sepsis, septic shock, renal
insufficiency, acute renal failure, stroke, cardiopulmonary resus-
citation, myocardial infarction, deep venous thrombosis, pneu-
monia, unplanned intubation or ventilator > 48 h. The primary
outcome variable was DGE, defined as the need for gastric decom-
pression for 7 days post-operatively or the absence of oral intake
by post-operative day 14. We further defined isolated DGE as an
additional outcome variable of DGE occurring in the absence of
any associated measured complication, including reoperation,
gastrointestinal complications, pulmonary complications or
infectious complications.

Statistical analysis

Summary statistics were calculated for the overall cohort. Demo-
graphic, pre-, intra-, post-operative and disease characteristics
were compared in patients who did and did not develop DGE.
Additional bivariate analyses were performed in patients who
experienced isolated DGE compared with patients who did not
experience DGE. Chi-square tests were used to identify differ-
ences in categorical variables, and #-tests were used compare con-
tinuous variables. Factors that were significantly associated with
DGE in bivariate analyses were included in a multivariable logis-
tic regression model to determine factors that were independently
associated with DGE. Factors that were not significant on bivari-
ate analysis but previously reported to be associated with DGE
(diabetes, biliary stent, drain placement, pylorus preservation,
deep SSI and retrocolic gastric/duodenojejunostomy) were forced
into the model. An additional multivariable logistic regression
model controlling for diabetes, pre-operative biliary stent, intra-
operative drain placement, laparoscopic versus open approach,
pylorus preservation, retrocolic versus antecolic gastrojejunos-
tomy, vascular resection and pancreatic texture (hard versus soft)
was also performed to determine factors independently associ-
ated with isolated DGE. A logistic regression model with a fixed
effect for hospitals also was used to control for unobserved hos-
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Table 1 Definition of variables included in the ACS-NSQIP pancreatectomy demonstration project, November 2011 to May 2012

Variable

Pre-operative

Definition

Obstructive jaundice

Jaundice present on history and physical exam or total bilirubin < 2.0 mg/dl, at any time within
2 months of surgery

Biliary stent Endoscopic or percutaneous stent placement
Chemotherapy Any chemotherapy within 90 days prior to operation
Radiation Any radiation within 90 days prior to operation

Intra-operative

Operative approach

Open, laparoscopic, hand-assisted laparoscopic, laparoscopic with conversion to open,
robotic, robotic with conversion to open, other hybrid approach, other

Pancreatic duct size

Size of pancreatic duct as indicated in preoperative imaging or operative report; <3 mm,
3-6 mm, >6 mm, or unknown

Pancreatic duct texture

As defined by physician in operative report; soft, intermediate, hard, or unknown

Vascular resection

Resection of portal vein, superior mesenteric vein, celiac artery, hepatic artery, or superior
mesenteric artery

Pancreatic reconstruction

None, pancreaticojejunal invagination, pancreaticojejunal duct-to-mucosal,
pancreaticogastrostomy, or unknown

Gastrojejunostomy/duodenojejunostomy

Reconstruction in antecolic or retrocolic fashion

Intra-operative drains

Yes or No, pancreatic anastomosis, biliary anastomosis

Post-operative

POD no.1 drain amylase

Highest amylase level recorded from drain(s) on POD#1

Last pancreatic drain removal day

Postoperative date that last pancreatic drain was removed

Delayed gastric emptying

Need for gastric decompression for seven days postoperatively or absence of oral intake by
postoperative day 14

Pancreatic fistula

Persistent drainage of amylase-rich fluid from an intraoperative drain or a clinical diagnosis;

also require one of three following criteria: 1) drain in place longer than 7 days, 2)
percutaneous drainage performed, or 3) reoperation performed

Percutaneous drainage

Any percutaneous drainage procedure performed within 30 days postoperatively. Quality of

drainage recorded as amylase-rich, purulent, bilious, or other

ACS-NSQIP, American College of Surgeons-National Surgical Quality Improvement Program; POD, post-operative day.

pital differences and clustering of patients within hospitals.
However, owing to the low number of observations within some
hospitals, the model fit was poor. The findings and conclusions
from the fixed effects model were similar to the logistic regression
model so only the results of the logistic regression model are
presented. Significance was accepted at the P < 0.05 level. Statis-
tical analysis was carried out using SAS Version 9.2 (SAS Inc.,
Cary, NC, USA).

Results

From November 2011 through to May 2012, 931 patients under-
went a pancreatico- duodenectomy as part of the demonstration
project. After excluding patients with missing information on
delayed gastric emptying or route of enteric reconstruction, the
final cohort had 711 patients. Delayed gastric emptying was
observed in 143 of patients (20.1%).

Pre-operative factors (Table 2)
Patient characteristics did not differ significantly between patients
who did or did not develop DGE in the bivariate analysis. No
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significant differences were observed between the two groups with
regards to age, gender or race. The majority of both groups had a
primary pre-operative diagnosis of peri-ampullary cancer (72.0%
versus 73.4%, P=0.98), a clean-contaminated wound class (79.7%
versus 85.0%, P =0.13) and ASA class of 3 (72.0% versus 68.8%,
P = 0.74). Most patients in both groups had a body mass index
(BMI) that would indicate normal weight or overweight. Patient
comorbidities also were similar between the groups with no differ-
ence in the rate of diabetes (12.6% versus 12.2%, P =0.86).

Intra-operative factors (Table 3)

Operative time, type of operation, operative approach, pylorus
preservation, texture of the pancreas, vascular resection, pancre-
atic reconstruction, gastric/duodenal reconstruction (antecolic
versus retrocolic) and use of drains intra-operatively did not differ
between patients who did and did not have DGE. No intra-
operative complications occurred in either group.

Post-operative factors (Table 4)
Nearly half of patients (49.5%, n = 352) experienced one or more
post-operative complications. Post-operative complications were
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Table 2 Bivariate analysis of pre-operative factors associated with delayed gastric emptying

DGE (N = 143) No DGE (N = 568) P-value
N (%) or Mean = SD N (%) or Mean = SD
Patient characteristics
Age 64.9 = 11.7 64.0 = 12.2 0.43
Gender 0.41
Male 80 (55.9) 296 (52.1)
Female 63 (: 272 (47.9)
Race/ethnicity 0.49
White 117 (84.2) 479 (86.9)
Black 12 (8.6) 46 (8.4)
Other 10 (7.2) 26 (4.7)
Wound class 0.13
Clean 0 (0.0) 6 (1.1)
Clean contaminated 114 (79.7) 483 (85.0)
Contaminated 22 (15.4) 65 (11.4)
Dirty 7 4.9 14 (2.5)
Diagnosis 0.98
Peri-ampullary cancer 103 (72.0) 417 (73.4)
Pancreatitis 17 (11.9) 62 (10.9)
Neuroendocrine tumour/carcinoid 9 (6.3) 33 (5.8)
Other 14 (9.8) 56 (9.9)
ASA Class (N =707) 0.74
1 1 (0.7) 3 (0.5
2 32 (22.4) 147 (25.9)
3 103 (72.0) 391 (68.8)
4 7 (4.9) 23 (4.1)
BMI 0.92
Underweight (<18) 2 (1.4) 3 (2.3)
Normal weight (18 — < 25) 53 (37.1) 211 (37.2)
Overweight (25 — < 30) 50 (35.0) 194 (34.2)
Obese (=30) 38 (26.6) 150 (26.4)
Pre-operative comorbidity
Diabetes 0.86
Insulin dependent 8 (12.6) 9 (12.2)
Non-insulin dependent 5 (10.5) 9 (12.2)
No 110 (77.0) 430 (75.7)
Smoker (% Yes) 7 (18.9) 122 (21.5) 0.49
Hypertension 5 (52.5) 306 (53.9) 0.76
Disseminated cancer 2 (1.4) 9 (3.4) 0.22
Steroids 6 (4.2) 6 (2.8) 0.40
Obstructive jaundice 81 (56.6) 271 (47.9) 0.06
Biliary sent 0.16
Yes 76 (53.2) 265 (46.6)
No 67 (46.8) 303 (53.4)
Pre-operative chemotherapy 13 (9.1) 9 (8.7) 0.87
Pre-operative radiotherapy 4 (2.8) 24 (4.3) 0.42

DGE, delayed gastric emptying; ASA, American Society of Anesthesiologists; BMI, body mass index.
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Table 3 Bivariate analysis of intra-operative factors associated with delayed gastric emptying
DGE (N = 143) No DGE (N = 568) P-value
N (%) or Mean = SD N (%) or Mean = SD
Operative factors
Operative time (hours) 6.5+ 2.0 6.2 £ 2.2 0.13
Type of operation 0.56
Pancreaticoduodenectomy 140 (97.9) 551 (97.0)
Total pancreatectomy 3 (2.1) 17 (3.0)
Laparoscopic procedure 5 (3.5) 25 (4.4) 0.63
Pylorus preservation 0.40
Yes 66 (47.1) 238 (43.2)
No 74 (52.9) 313 (56.8)
Texture 0.64
Soft 39 (27.3) 134 (23.8)
Intermediate 13 (9.1) 50 (8.9)
Hard 40 (28.0) 188 (33.4)
Unknown 51 (35.7) 191 (33.9)
Vascular resection 0.85
Yes 23 (16.8) 92 (17.5)
No 114 (83.2) 435 (82.5)
Reconstruction 0.93
PG 2 (1.5) 10 (1.8)
PJ 127 (92.7) 506 (92.8)
None 8 (5.8) 29 (5.3)
DJ/GJ 0.26
Antecolic 86 (6 370 (65.1)
Retrocolic 57 (39.9 198 (34.9)
Intra-operative drain 0.91
Yes 118 (85.5) 457 (85.1)
No 20 (14.5) 80 (14.9)

DGE, delayed gastric emptying; PG, pancreaticogastrostomy; PJ, pancreaticojejunostomy; DJ. duodenojejunostomy; GJ, gastrojejunostomy.

much more common in patients with DGE compared with those
who did not have DGE. Overall morbidity, the need for reopera-
tion and prolonged hospitalization (>30 days) all were more
common in DGE patients (all P < 0.001). Overall mortality also
was higher in the DGE patients (4.6% versus 1.7%, P = 0.05).
Patients who developed DGE also were more likely to have a
pancreatic fistula and to require percutaneous drainage (both P <
0.001). In addition, DGE patients were more likely to have devel-
oped an organ space infection (P < 0.0001), a wound disruption
(P =0.03), sepsis (P < 0.0001) or septic shock (P < 0.001). Fur-
thermore, DGE patients had more pulmonary complications
including pneumonia (P < 0.01), unplanned intubation (P <
0.0001) and prolonged intubation (P < 0.0001).

Multivariable analysis: factors associated with
delayed gastric emptying (Table 5)

In the multivariable analysis, only post-operative complications
were associated with delayed gastric emptying. In the final model, a
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post-operative pancreatic fistula [odds ratio (OR) 3.05, 95% confi-
dence interval (CI) 1.76-5.27], post-operative sepsis (OR 2.06, 95%
CI 1.09-3.90) and the need for reoperation (OR 2.54, 95% CI
1.05-6.18) were independently associated with delayed gastric
emptying (Fig. 1). Diabetes, a pre-operative biliary stent, pylorus
preservation, intra-operative drain placement, position of the
gastro/duodenojejunostomy (antecolic versus retrocolic) and surgi-
cal site infections were not associated with delayed gastric emptying.

Isolated DGE

After excluding patients with DGE who also underwent reopera-
tion or experienced pulmonary, gastrointestinal and infectious
complications (n = 91), 52 patients (8.4%) experienced isolated
DGE. In a bivariate analysis, patients who experienced isolated
DGE did not differ significantly from patients without DGE with
regards to operative factors, including pylorus preservation, pan-
creatic reconstruction and intra-operative drain placement. The
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Table 4 Bivariate analysis of post-operative factors associated with delayed gastric emptying

Postoperative Complications DGE (N = 143) No DGE (N = 568) P-value
N (%) or Mean = SD N (%) or Mean = SD
General
Overall morbidity® 95 (66.4) 209 (36.8) <0.0001
Reoperation 15 (10.6) 17 (3.1) 0.0001
In hospital > 30 days 18 (12.6) 14 (2.5) <0.0001
30-day mortality 4 (2.8) 7 (1.2) 0.17
Death after 30 days 2 (1.5) 2 (0.4) 0.13
Overall mortality 6 (4.6) 9 (1.7) 0.05
Gastrointestinal
Pancreatic fistula 44 (31.2 57 ) <0.0001
Percutaneous drainage 31 (23.0 56 (1 0.0001
Infectious
Superficial SSI 20 (14.0) 62 (10.9) 0.30
Deep SSI 6 (4.2) 15 (2.6) 0.32
Organ Space SSI 34 (23.9) 45 (7.9) <0.0001
Wound Disruption 6 (4.2) 8 (1.4) 0.03
uTl 2 (1.4) 28 (4.9) 0.06
Sepsis 31 (21.7) 40 (7.0) <0.0001
Septic Shock 13 (9.1) 15 (2.6) 0.0004
Renal
Progressive Renal Insufficiency 3 (2.1) 6 (1.1) 0.32
Acute renal failure 1 (0.70) 2 (0.35) 0.57
Cardiovascular
Stroke 1 (0.7) 4 (0.7) 0.99
CPR/Arrest 2 (1.4) 3 (0.5) 0.27
Ml 1 (0.7) 4 (0.7) 0.99
DVT 3 (2.1) 20 (3.5) 0.39
Pulmonary
Pneumonia 12 (8.4) 18 (3.2) 0.0055
Unplanned Intubation 13 (9.1) 12 (2.1) <0.0001
Pulmonary Embolus 2 (1.4) 6 (1.1) 0.73
Ventilator >48 h 14 (9.8) 11 (1.9) <0.0001

DGE, delayed gastric emptying; CPR, cardiopulmonary arrest; MIl, myocardial infarction; DVT, deep venous thrombosis; UTI, urinary tract infection;

S8, surgical site infection.

2Qverall morbidity = reoperation, fistula, percutaneous drainage, super SSI, deep SSI, organ space SSI, wound disruption, UTI, sepsis, septic shock,
renal insufficiency, ARF, stroke, CPR, MI, DVT, pneumonia, unplanned intubation, or ventilator > 48 h.

rate of DGE did not differ significantly in patients who underwent
an antecolic enteric reconstruction versus retrocolic reconstruc-
tion (7.3% versus 10.4%, P =0.18). In the multivariable model, we
did not identify any factors that were independently associated
with isolated DGE, but there was a trend towards increased DGE
with retrocolic reconstruction (OR 1.67, 95% CI 0.90-3.13,
Table 5).

Discussion

This analysis is the largest multi-institutional study of delayed
gastric emptying after a pancreatic resection to date. By including

HPB 2013, 15, 763-772

both high- and low-volume centres, with the number of cases per
hospital ranging from 3 to 213, we were able to evaluate factors
associated with delayed gastric emptying in a ‘real world” setting.
In spite of previous evidence suggesting that operative factors
such as pylorus-preservation and the position of the gastro/
duodenojejunostomy influence DGE, these potential factors were
not significant in our multivariable analysis. In addition, diabetes,
which is known to be associated with gastroparesis, and other
patient characteristics had no effect on DGE in our analysis. It was
demonstrated that only the development of post-operative com-
plications, specifically a pancreatic fistula, sepsis and the need for
reoperation was strongly associated with delayed gastric empty-

© 2013 International Hepato-Pancreato-Biliary Association



HPB

769

Table 5 Multivariable logistic regression analysis of factors associ-
ated with delayed gastric emptying and isolated delayed gastric
emptying

Factors OR (95% CI)

DGE

Isolated DGE®

Pre-operative

Diabetes (Yes versus No) 1.13 (0.69-1.83)

1.39 (0.92-2.10)

1.31 (0.67-2.57)
1.30 (0.70-2.41)

Biliary stent (Yes versus No)

Intra-operative

Drain placement (Yes versus
No)

Pylorus preservation (Yes
versus No)

0.92 (0.51-1.66)  1.10 (0.47-2.60)

1.11 (0.73-1.69) 0.9 (0.52-1.86)

Retrocolic versus antecolic
gastrojejunostomy

1.20 (0.78-1.85) 1.67 0.90-3.13)

Pancreatic texture (soft NA
versus hard)

0.50 (0.19-1.32)

Vascular resection (Yes NA
versus No)

0.85 (0.37-1.92)

Post-operative

Deep SSI (Yes versus No) 1.16 (0.40-3.34) NA
1.79 (0.93-3.46) NA

3.05 (1.76-5.27) NA

Organ SSI (Yes versus No)

Pancreatic fistula (Yes versus
No)

Sepsis (Yes versus No)

2.06 (1.09-3.90) NA
2.54 (1.05-6.18) NA

Reoperation (Yes versus No)

3lsolated DGE: DGE excluding any associated complication (reoperation,
gastrointestinal, pulmonary, or infectious complications), n = 52. SSI,
surgical site infection, NA, not applicable.

ing. Patients with DGE had significantly higher operative mortal-
ity and overall morbidity, were more likely to require
hospitalization longer than 30 days and were more likely to have
associated infections and pulmonary complications compared
with those who did not have DGE.

Our findings are consistent with previous retrospective studies
demonstrating that intra-abdominal complications are strongly
associated with DGE. In a review of 260 patients, Malleo et al.*’
demonstrated that post-operative pancreatic and biliary fistulae
were independently associated with DGE, whereas operative
factors such as duration of operation and retrocolic/antecolic
gastric/duodenal reconstruction were not. Another similar study
by Lermite and associates of 131 patients found that DGE was
more common when other intra-abdominal complications
occurred.” These studies and the present are limited by a retro-
spective design, and as a result it cannot be determined if DGE
occurred secondarily to these complications or if these complica-
tions were consequences of DGE.

Analyses evaluating the effect of operative factors on DGE have
demonstrated mixed results. Some previous studies have found
that antecolic compared with retrocolic gastric/duodenal recon-

E’21,4042

struction is associated with decreased DG whereas others
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Multivariable logistic reg ion, factors iated with DGE
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Figure 1 Forest plot, multivariable logistic regression analysis of
factors associated with delayed gastric emptying. This figure dem-
onstrates the observed odds ratio (OR) for 10 pre-, intra- and post-
operative variables on the development of delayed gastric emptying
(DGE) in a multivariable model. The variables of interest are plotted on
the y-axis and OR with 95% confidence interval (Cl) on the x-axis. In
this adjusted analysis, only sepsis (OR 2.06, 95% CI 1.09-3.90),
post-operative pancreatic fistula (OR 3.05, 95% CI 1.76-5.27) and
reoperation (OR 2.54, 95% CI 1.05-6.18) were independently asso-
ciated with DGE. PP, pylorus preservation; SSI, surgical site infection;
fistula, pancreatic fistula; Retrocolic GJ, retrocolic gastrojejunostomy

have found no difference with retrocolic reconstruction. '**>*

Pylorus preservation was once considered to be a risk factor for
DGE, but more recent prospective randomized trials have found
no difference between pylorus preservation and the classic
Whipple operation.'*'** In addition, two studies of pylorus pres-
ervation compared with the classic Whipple resection and DGE
have found that DGE occurred exclusively in the presence of other
complications, regardless of the choice of operation.”"* Similar to
the findings from these prospective data, we did not find any
intra-operative variable that played a significant role in the devel-
opment of DGE. We also did not observe any effect of operative
factors on isolated DGE for the small sample of patients who
experienced DGE in the absence of other complications.

None of the 16 pre-operative factors that were measured were
associated with post-operative delayed gastric emptying. There is
no mechanism to explain an association between DGE and many
of these characteristics, such as age, gender and race/ethnicity.
However, other factors, such as diabetes, diagnosis, wound class
and ASA class have been suggested to play a role in delayed gastric
emptying. Diabetes is a known risk factor for gastroparesis, but its
role in patients undergoing a pancreatic resection and subsequent
DGE is not well known, and it has not been confirmed to be a risk
factor for DGE.* Obstructing duodenal tumours may have also
played a role in DGE, but we are limited by our sample size to
draw any definitive conclusions in this regard.

The association between delayed gastric emptying and other
post-operative complications observed in this analysis is under-
standable. First, as others have observed,” pancreatic fistulae and
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organ space infections are the underlying cause of delayed gastric
emptying in the majority of patients. These post-operative com-
plications also lead to sepsis, unplanned intubation, wound dis-
ruptions, re-operations, prolonged hospitalizations and increased
mortality. As a result, these other post-operative complica-
tions, while associated with DGE, do not necessarily represent
direct consequences of DGE. We did not observe an association
between delayed gastric emptying and cardiovascular or renal
complications.

The present study has several limitations. The most significant
limitation is in qualifying the association between DGE and post-
operative complications. In using the ACS-NSQIP method for
gathering data we are unable to determine if post-operative com-
plications preceded DGE or vice versa. Therefore, we are not able
to draw any conclusions regarding the causative roles of post-
operative complications in the development of delayed gastric
emptying. For instance, it would be reasonable to conclude that
DGE is a consequence of reoperation and not the cause, but
identifying this temporal relationship is difficult using retrospec-
tive data. Nonetheless, our results, along with those of others®*
implicate intra-abdominal complications as factors strongly asso-
ciated with DGE.

We defined delayed gastric emptying as the need for gastric
decompression for 7 days post-operatively or an inability to tol-
erate oral intake by post-operative day 14. This definition is con-
sistent with grades B and C DGE as defined by the International
Study Group of Pancreatic Surgery definition for delayed gastric
emptying and was chosen to represent clinically significant
delayed gastric emptying.”*** However, this definition is not spe-
cific to patients who experienced DGE, and the need for gastric
decompression may occur with other disease processes. For
example, patients who required prolonged intubation for 14 days
post-operatively owing to a post-operative pneumonia will be
defined as having DGE, while this is not their primary disease
process. This is evidenced by the finding of an association between
pulmonary complications and DGE in our bivariate analysis.
However, the incidence of pulmonary complications was low in
our cohort (<10%), and this is unlikely to affect our analyses. In
addition, the incidence of DGE in our cohort is comparable to
findings of other previous studies,'* making an overestimation of
DGE unlikely.

We also performed an additional multivariable analysis of the
52 patients who experienced isolated DGE and determined no
effect of operative factors. There was a trend towards increased
DGE in patients with retrocolic reconstruction, but this was not
statistically significant. However, this analysis is limited by a small
sample size and as a result is subject to a Type II error.

This study is also limited by the other variables available in our
dataset. The ACS-NSQIP Pancreatectomy Demonstration Project
does not include information on operative-specific variables such
as length of the duodenal cuff, gastric/duodenal devasculariza-
tion, or preservation of the right gastric artery. Post-procedure
practice measures such as the use of prokinetic agents including
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erythromycin'? or metoclopramide were also not recorded. The
NSQIP database also does not include information on the severity
of post-operative complications that required a specific pharma-
cological or procedural intervention, as has been suggested by the
Dindo-Clavien system.*

In addition, we excluded 220 patients in whom information was
missing (190 on enteric reconstruction, 14 on DGE, 16 missing
both), or 24% of the total cohort. As a result, the analysis is subject
to potential sampling bias, and the population in our study may
not be entirely representative of the population at large. As a result
we performed an additional analysis on these patients with
missing information and did not identify a systematic pattern in
missing data over the study period or by hospital volume. We are
blinded to institutional data so we were not able to identify spe-
cific patient or hospital characteristics, only the number of cases
submitted. In addition, we believe the characteristics of our
patient population and proportion that experienced post-
operative complications is consistent with those established in the
literature.' Finally, the sample size was relatively small, and our
analysis may have lacked sufficient power to detect significant
associations between operative factors and DGE. In the adjusted
analysis, antecolic reconstruction and pylorus preservation were
weakly associated with increased DGE, but these associations were
not statistically significant. Nevertheless, the present study is the
largest multi-institutional analysis of delayed gastric emptying
after a pancreatic resection to date.

In conclusion, post-operative complications were identified to
be strongly associated with delayed gastric emptying, whereas
operative factors such as pylorus preservation and antecolic recon-
struction were not associated with DGE. In considering delayed
gastric emptying, surgeons should perform the operative proce-
dure of their own choosing. These findings were prospectively
collected at both academic medical centres and community hospi-
tals, providing more clinically relevant circumstances in which to
study pancreatic surgery. Single institution studies lack the power
or external validity to adequately study complications of pancreatic
surgery. In comparison, the Pancreatectomy Demonstration
Project within ACS-NSQIP is a multi-institutional collaborative,
and a potent resource to improve evidence-based practice.
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