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Yinmo Yang1* and Xiaodong Tian1*
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Objectives: The effects of early drain removal (EDR) on postoperative

complications after pancreaticoduodenectomy (PD) remains to be

investigated. This single-center retrospective cohort study was designed to

explore the safety of EDR after PD.

Methods: A total of 112 patients undergoing PD with drain fluid amylase (DFA)

on postoperative day (POD) 1 and 3 <= 5000 were divided into EDR and late

drain removal (LDR). Propensity Score Matching (PSM) was used. We compared

postoperative outcomes between two groups and explore the risk factors of

total complications using univariate and multiple logistic regression analyses.

Results: No statistical differences were found in primary outcomes, including

Grade B/C postoperative pancreatic fistula (POPF) (Original cohort: 5.71% vs.

3.90%; P = 1.000; PSM cohort: 3.33% vs. 6.67%; P = 1.000), and total

complications (Original cohort: 17.14% vs. 32.47%; P = 0.093; PSM cohort:

13.33% vs. 33.33%; P = 0.067). The EDR was associated with shorter in-hospital

stay (Original cohort: 11 days vs. 15 days; P < 0.0001; PSM cohort: 11 days vs. 15

days; P < 0.0001).

Conclusions: EDR on POD 3 is safe for patients undergoing PD with low risk

of POPF.

KEYWORDS

pancreaticoduodenectomy, early drain removal, postoperative pancreatic fistula,
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Introduction

With the rapid development of surgical technique in the last

decades, the perioperative mortality of pancreaticoduodenectomy

(PD) decreased significantly, whereas the incidences of

postoperative complications are still high (1–3). The postoperative

pancreatic fistula (POPF) remains one of the most significant

postoperative complications after PD, which significantly

increases postoperative in-hospital stay and medical burden (4). A

growing body of study proposed the predicted models to evaluate

the risk of POPF after pancreatic surgery (5, 6). The management of

intraperitoneal drainage plays a crucial role in the process of

postoperative recovery of patients undergoing PD. The detection

of drain fluid around the operative area is perceived as an important

indicator for early identifying POPF, postpancreatectomy

hemorrhage (PPH) or intra-abdominal infection, therefore

prophylactic drainage placement during PD is accepted in most

of pancreatic centers (7). However, many studies raised concerns

about the placement of intraperitoneal drainage after PD. For

example, Conlon et al. (8) performed the first randomized

controlled trial (RCT) to demonstrate that the placement of

drainage after pancreatic resection failed to reduce postoperative

complications, but increased the incidences of intra-abdominal

collections and infection. Subsequently, multiple RCTs and meta-

analysis proved the safety of omission of drainage after pancreatic

resection (9–13). However, one RCT was stopped because of the

significantly increased mortality from 3% to 12% for patients

undergoing PD without the placement of intraperitoneal drainage

(14). Therefore, no consensus was reached with regard to whether

to place prophylactic intraperitoneal drainage.

Recently, multiple studies paid more attention to evaluating

the feasibility of EDR. Bassi et al. (15) performed the first RCT to

explore the safety of EDR, and results showed that EDR

significantly decreased complications, in-hospital stay and

costs than late drain removal (LDR). Thereafter, Dai et al. (16,

17) performed single and multiple-center RCT to compare EDR

and LDR regarding Clavien-Dindo grades 2–4 complications.

The strict inclusion criteria were used to select patients with low

or middle risk of POPF, which demonstrated EDR is safe in

selected patients. The American College of Surgeons’ National

Surgical Quality Improvement Program (ACS-NSQIP) was also

utilized to explore the effects of EDR on postoperative

complications for PD. EDR after PD was associated with

better outcomes (18). Although the safety of EDR after PD

was proved preliminarily, the low risk patient selection criteria

and the time-point of EDR remains to be further explored.

Here, we designed single-center retrospective cohort study to

the confirm the safety of EDR on POD 3 for PD patients with the

low risk of POPF. A total of 112 patients undergoing PD with

drain fluid amylase (DFA) on POD 1 and 3 <= 5000 were

divided into EDR and LDR groups. Propensity Score Matching

(PSM) was used. We found that there were no significant
Frontiers in Oncology 02
differences in Grade B/C POPF and total complications. In

addition, EDR was associated with shorter in-hospital stay.
Methods

Single-center study design

This retrospective cohort study was approved by the Ethical

Committee on Peking University First Hospital (Approval

No.2021-636) and performed in accordance with the Helsinki

Dec larat ion. The consecut ive pat ients undergoing

pancreaticoduodenectomy (PD) or pylorus preserving PD

(PPPD) from January 2017 and December 2020 in our

institution with drain fluid amylase (DFA) on both

postoperative day (POD) 1 and 3 ≤ 5000 U/L were enrolled.

Specific exclusion criteria consisted in (a) patients underwent

distal pancreatectomy (DP) or total pancreatectomy; (b) DFA on

POD 1 or 3 > 5000 U/L; (c) patients with age < 18; (d)

incomplete records of key postoperative outcomes.

The time-point of early and late drain removal was defined

as POD 3 and ≥ POD 5. All the operations were performed by

experienced pancreatic surgeons at our institution.

Clinicopathological data were collected retrospectively through

electronic medical record system.
The primary and secondary outcomes in
single-center study

Postoperative complications were evaluated using the

Clavien–Dindo classification system (19). The postoperative

complications such as postoperative pancreatic fistula (POPF)

(20) , de l ayed gas t r i c empty ing (DGE) (21) , and

postpancreatectomy hemorrhage (PPH) (22) were in

accordance with the consensus definition of the International

Study Group of Pancreatic Fistula (ISGPF). Intra-abdominal

collections were defined as collection of fluid measuring at least

3 cm in diameter demonstrated by ultrasound or CT scan. The

primary outcomes in this study included Grade B/C POPF and

total complications. The secondary outcomes were DGE, PPH,

intra-abdominal collections, wound infection, re-operation, re-

admission and post-operative in-hospital stay.
Propensity score matching

Propensity Score Matching was used to deal with

confounding factors using R package “MatchIt”. Matching

variables included age, BMI, pancreatitis , diabetes,

cardiovascular disease, soft pancreatic texture, operation time,

blood loss, diameter of main pancreatic duct, PPPD, vascular
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resection, ASA scores, pathology. The nearest neighbor

matching method with a tolerate of 0.1 was selected.
Statistical analysis

Data was summarized as mean ± standard deviation or

median (interquartile range, IQR) for continuous variables

subjected to normal distribution or no normal distribution.

The independent-samples t test and Mann-Whitney U test was

performed to compare continuous variables between two

groups. For categorical variables, data was summarized as

frequency (ratio) and the chi-square test, fisher exact test, or

rank sum test was used. Study of potential prognostic factors for

total complications was carried out using univariate and

multiple logistic regression analyses. All statistical analyses

were conducted using SPSS version 22.0 software (SPSS22,

Chicago, USA). Statistical significance was defined as p < 0.05.
Results

Characteristics of patients in single-
center study

A total of 112 patients who underwent PD performed at our

institution between January 2017 and December 2020 were

divided into two groups: EDR (n = 35, drains were removed

on POD 3) and LDR (n = 77, drains were removed on or beyond

POD 5). Patients with amylase value in drains on POD 1 or 3 >

5000 U/L were excluded. The patients previously enrolled in the

multi-center study performed by Peking Union Medical College

Hospital were not included in our cohort.

The demographic, surgical, biochemical, and pathological

characteristics of patients were summarized in Table 1. There

were no significant differences in gender, BMI, pancreatitis,

diabetes, cardiovascular disease, smoke, alcohol, intraoperative

RBC transfusion, PPPD, vascular resection, preoperative

hemoglobin, serum total bilirubin, and pathology between two

groups. No significant differences were found as well with

particular regard to risk factors of POPF (soft pancreatic

texture, blood loss, diameter of main pancreatic duct, DFA on

POD 1/3). Only two patients underwent neoadjuvant

chemotherapy (2 in EDR, 0 in LDR, P = 0.847). Patients in

EDR had lower age (60.23 ± 10.66 vs. 65.32 ± 12.55; P = 0.04),

shorter operation time (266 [240 – 300] vs. 301 [251.5 - 418]; P =

0.026), and different ASA scores (Grade I: 17.14% vs. Grade I:

2.60%; P = 0.035) in comparison with LDR. In order to reduce

the impact of confounding factors to make two groups more

homogeneous, Propensity Score Matching (PSM) was

conducted. After PSM, all demographic, surgical, biochemical

characteristics, and risk factors of POPF were similar without

significant differences between these two groups (Table 1). In
Frontiers in Oncology 03
addition, the drain placement time was 3 days in EDR group

versus 11 days (3 - 15.75) in LDR group (Table 2).
Primary and secondary outcomes in
single-center study

Table 2 described postoperative complications of enrolled

participants. There were no statistical differences between EDR

and LDR group in primary outcomes, including Grade B/C

POPF (Original cohort: 5.71% vs. 3.90%; P = 1.000; PSM cohort:

3.33% vs. 6.67%; P = 1.000), and total complications (Original

cohort: 17.14% vs. 32.47%; P = 0.093; PSM cohort: 13.33% vs.

33.33%; P = 0.067).

EDR was associated with a decrease of Grade 2-4

complications (Original cohort: 11.43% vs. 28.57%; P = 0.046;

PSM cohort: 6.67% vs. 26.67%; P = 0.038), post-operative in-

hospital stay (Original cohort: 11 [9 - 14] vs. 15 [12.5 – 22.5]; P <

0.0001; PSM cohort: 11 [9 - 14] vs. 15 [11.75 – 21.5]; P < 0.0001).

No significant differences were observed in single abdominal

complications, including PPH (Original cohort: 0 vs. 5.19%; P =

0.307; PSM cohort: 0 vs. 6.67%; P = 0.492), intra-abdominal

infection (Original cohort: 0 vs. 9.09%; P = 0.096; PSM cohort: 0

vs. 10.00%; P = 0.237), delayed gastric emptying (Original

cohort: 8.57 vs. 11.69%; P = 0.869; PSM cohort: 6.67 vs. 6.67%;

P = 1.000), and intra-abdominal fluid collections (Original

cohort: 8.57 vs. 5.19%; P = 0.792; PSM cohort: 6.67 vs. 6.67%;

P = 1.000). The rates of biliary fistula, wound infection,

pulmonary complications between two groups were also

comparable. The mortality, intervention, re-admission re-

operation occurred in 0/0/3/0 patients in EDR group versus 2/

3/2/1 patients in LDR group without significant differences.

After PSM, the results were the same.
Exploring risk factors of total
complications after PD

The correlation analysis of total complications and multiple

characteristics were summarized in Table 3. Total complications

were related to age, operation time, ASA scores, serum total

bilirubin, and pathology. After continuous variables being

converted into categorical variables, univariate logistic

regression was performed, and the result showed that

pathological characteristic was related to total complications.

Early drain removal decreased slightly the total complications

rate, but it was not significant difference (OR = 0.430; P = 0.098)

(Table 4). Finally, the variables (P < 0.1) were included into

multivariate logistic regression analysis, which also proved that

only pathological characteristic was the independent risk factor

associated with the incidence of total complications compared

with benign pancreatic diseases (IPMN: OR = 0.087; P = 0.024;

duodenal disease: OR = 0.098; P = 0.049) (Table 4).
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TABLE 1 Demographic characteristics of enrolled participants in retrospective cohort study.

Original Cohort Propensity Score Matching

Total
(n = 112)

EDR
(n = 35)

LDR
(n = 77)

P_Value Total
(n = 60)

EDR
(n = 30)

LDR
(n = 30)

P_Value

Age
(year, mean ± SD)

63.73 ± 12.18 60.23 ±
10.66

65.32 ± 12.55 0.040* 60.78 ± 11.35 60.63 ± 11.32 60.93 ± 11.57 0.919

Gender
[female, n (%)]

47 (41.96) 12 (34.26) 35 (45.45) 0.267 23 (38.33) 10 (33.33) 13 (43.33) 0.426

BMI
(kg/m2, mean ± SD)

23.60 ± 3.22 23.31 ± 2.82 23.74 ± 3.40 0.517 23.13 ± 2.95 23.02 ± 2.43 23.24 ± 3.43 0.773

Pancreatitis
[n (%)]

17 (15.18) 7 (20.00) 10 (12.99) 0.338 11 (18.33) 7 (23.33) 4 (13.33) 0.317

Diabetes
[n (%)]

31 (27.68) 13 (37.14) 18 (23.38) 0.131 20 (33.33) 9 (30.00) 11 (36.67) 0.584

Cardiovascular
Disease [n (%)]

19 (16.96) 5 (14.29) 14 (18.18) 0.611 10 (16.67) 5 (16.67) 5 (16.67) 1.000

Smoke [n (%)] 36 (32.14) 11 (31.43) 25 (32.47) 0.913 19 (31.67) 8 (26.67) 11 (36.67) 0.405

Alcohol [n (%)] 25 (22.32) 6 (17.14) 19 (24.68) 0.375 14 (23.33) 6 (20.00) 8 (26.67) 0.542

Neoadjuvant
Chemotherapy [n (%)]

2 (1.79) 0 (0) 2 (2.60) 0.847 1 (1.67) 0 (0) 1 (3.33) 1.000

Soft Pancreatic
Texture [n (%)]

42 (37.50) 13 (37.14) 29 (37.66) 0.958 24 (40.00) 12 (40.00) 12 (40.00) 1.000

Operation Time
(min, IQR)

293.5 (244 -
360)

266 (240 -
300)

301 (251.5 -
418)

0.026* 265.5 (240 -
313)

265.5 (240 -
300)

268 (238.25 -
328.50)

0.684

Blood Loss
(ml, IQR)

200 (100 - 300) 200 (100
-400)

200 (100 -300) 0.856 200 (100 - 300) 200 (100 - 400) 180 (100 - 300) 0.560

Intraoperative RBC
transfusion [n (%)]

17 (15.18) 5 (14.29) 12 (15.58) 0.859 10 (16.67) 5 (16.67) 5 (16.67) 1.000

Diameter of Main Pancreatic Duct <
3 mm [n (%)]

50 (44.64) 12 (34.29) 38 (49.35) 0.137 20 (33.33) 10 (33.33) 10 (33.33) 1.000

PPPD [n (%)] 73 (65.18) 25 (71.43) 48 (62.34) 0.349 44 (73.33) 23 (76.67) 21 (70.00) 0.559

DFA on POD 1
(U/L, IQR)

470.5 (117.25 -
1722)

256 (128
-1532)

618 (114.5 -
1797.5)

0.292 606.5 (137 -
1786)

256.5 (101.5 -
1579.5)

941.5 (203.75 -
2733)

0.056

DFA on POD 3
(U/L, IQR)

175.5 (30 -
799.75)

115 (20 -
861)

177 (32 -
789.5)

0.778 291.5 (35 -
1023.25)

229.5 (26 -
1100.5)

499.5 (84.25 -
1050.5)

0.255

Vascular Resection
[n (%)]

4 (3.57) 3 (8.57) 1 (1.30) 0.170 0 (0) 0 (0) 0 (0) NA

ASA Score [n (%)]

Grade I 8 (7.14) 6 (17.14) 2 (2.60) 0.035* 6 (10.00) 5 (16.70) 1 (3.30) 0.092

Grade II 74 (66.07) 20 (57.14) 54 (70.13) 39 (65.00) 16 (53.3) 23 (76.70)

Grade III 28 (25.00) 9 (25.71) 19 (24.68) 15 (25.00) 9 (30.00) 6 (20.00)

Grade IV 2 (1.79) 0 (0) 2 (2.60) 0 (0) 0 (0) 0 (0)

Preoperative Hemoglobin
(g/L, mean ± SD)

123.41 ± 19.31 125.34 ±
23.30

122.53 ± 17.30 0.479 124.43 ± 20.73 125.33 ± 24.07 123.53 ± 17.13 0.740

Serum Total Bilirubin
(umol/L, IQR)

52.75 (18.13 -
165.3)

33.2 (19.8 -
158)

56.3 (18.05 -
172.0)

0.925 34.75 (16.60 -
146.9)

32.8 (15.83 -
156.05)

39.30 (17.25 -
110.15)

0.779

Pathology [n (%)]

Pancreatic Disease 64 (57.14) 21 (60.00) 43 (55.84) 0.622 33 (55.00) 18 (60.00) 15 (50.00) 0.337

Benign 7 (6.25) 3 (8.57) 4 (5.19) 4 (6.67) 3 (10.00) 1 (3.33)

Neuroendocrine 3 (2.68) 2 (5.71) 1 (1.30) 2 (3.33) 2 (6.67) 0 (0)

Malignant 46 (41.07) 14 (40.00) 32 (41.56) 21 (35.00) 11 (36.67) 10 (33.33)

IPMN 8 (7.14) 2 (5.71) 6 (7.79) 6 (10.00) 2 (6.67) 4 (13.33)

Ampullary Disease 10 (8.93) 2 (5.71) 8 (10.39) 6 (10.00) 1 (3.33) 5 (16.67)

Biliary Tract Disease 15 (13.39) 3 (8.57) 12 (15.58) 5 (8.33) 2 (6.67) 3 (10.00)

Duodenal Disease 23 (20.54) 9 (25.71) 14 (18.18) 16 (26.67) 9 (30.00) 7 (23.33)
Frontiers in Oncology
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IQR, Interquartile range; PPPD, Pylorus preserving pancreaticoduodenectomy; DFA, Drain fluid amylase; ASA, American society of anesthesiologists; IPMN, Intraductal papillary
mucinous neoplasm.
* and bold values represent statistical significance (p < 0.05).
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Management of postoperative
pancreatic fistula

In total, the rate of Grade B/C POPF was 4.46% (5/112),

which occurred in 2 patients in EDR and 3 patients in LDR (P =

1.000). Low Grade B/C POPF rate indicated that low risk patient

selection strategy (DFA on POD 1 and 3 <= 5000 U/L) works.

EDR group had 2 grade B POPF. In contrast, LDR had 2 grade B

POPF and 1 grade C POPF. Postoperative course of patients with

pancreatic fistula were recorded in (Table 5). The patient had

grade C POPF in LDR group even though DFA on POD 1 and 3

< 40 U/L, who underwent PD because of cholangiocarcinoma.

Drains were removed on POD 8. Reoperation was conducted to

explore for dehiscence of the anastomotic stoma and

hemorrhage, which significantly extended in-hospital stay for

77 days, and finally caused mortality. Three of five patients with

Grade B/C POPF had positive drain fluid cultures, thus

antibiotic therapy was established according to drug sensitivity

test. Percutaneous drain insertion or conservative treatment

were used for grade B POPF.
Frontiers in Oncology 05
Discussion

One of major concerns of EDR is intra-abdominal fluid

collection, and caused infection and hemorrhage. This single-

center study indicated that EDR could not increase the risk of

intra-abdominal fluid collection and hemorrhage. The selection

strategy of low risk patients: DFA on POD 1 <= 5000 U/L was

utilized by previous studies (15–18, 23), and low Grade B/C

POPF rate was observed in these studies. Single and multiple-

center RCT performed by Dai and our single-center

retrospective study used the stricter selection criteria (DFA on

POD 1 and 3 <= 5000 U/L). The Grade B/C POPF rates were

1.75%, 5.13%, and 4.46% respectively. The strict selection

strategy guarantees the safety of early drain removal, and aid

in surgeon confidence to make a decision of EDR. However, the

stricter selection strategy will narrow the clinical application of

EDR. Thus, it is very important to balance selection criteria and

the range of clinical application of EDR. Nowadays, the selection

strategy for low risk of POPF, time-point of EDR, DFA cut-off

value remains to be further investigated.
TABLE 2 Postoperative complications of enrolled participants in retrospective cohort study.

Original Cohort Propensity Score Matching

Total
(n = 112)

EDR
(n = 35)

LDR
(n = 77)

P_Value Total
(n = 60)

EDR
(n = 30)

LDR
(n = 30)

P_Value

Drain Placement Time
(POD day, IQR)

11 (3 - 15.75) 3 13 (11 - 20) < 0.000* 4.5 (3 -13.75) 3 13.5 (10.75 - 19.25) < 0.000*

Grade B/C POPF
[n (%)]

5 (4.46) 2 (5.71) 3 (3.90) 1.000 3 (5.00) 1 (3.33) 2 (6.67) 1.000

Total Complications
[n (%)]

31 (27.68) 6 (17.14) 25 (32.47) 0.093 14 (23.33) 4 (13.33) 10 (33.33) 0.067

Grade 2-4 Complications
[n (%)]

26 (23.21) 4 (11.43) 22 (28.57) 0.046* 10 (16.67) 2 (6.67) 8 (26.67) 0.038*

Postpancreatectomy
Hemorrhage [n (%)]

4 (3.57) 0 (0) 4 (5.19) 0.307 2 (3.33) 0 (0) 2 (6.67) 0.492

Intra-abdominal
Infection [n (%)]

7 (6.25) 0 (0) 7 (9.09) 0.096 3 (5.00) 0 (0) 3 (10.00) 0.237

Post-operative in-hospital
Stay (day, IQR)

14 (11 - 21) 11 (9 - 14) 15 (12.5 - 22.5) < 0.0001* 13 (10 - 16) 11 (9 - 14) 15 (11.75 - 21.5) < 0.0001*

Delayed Gastric
Emptying [n (%)]

12 (10.71)2 3 (8.57) 9 (11.69) 0.869 4 (6.67) 2 (6.67) 2 (6.67) 1.000

Biliary Fistula [n (%)] 6 (5.36) 0 (0) 6 (7.79) 0.174 3 (5.00) 0 (0) 3 (10.00) 0.237

Intra-abdominal
Fluid Collections [n (%)]

7 (6.25) 3 (8.57) 4 (5.19) 0.792 4 (6.67) 2 (6.67) 2 (6.67) 1.000

Wound Infection
[n (%)]

0 (0) 0 (0) 0 (0) NA 0 (0) 0 (0) 0 (0) NA

Pulmonary Complications
[n (%)]

1 (0.89) 0 (0) 1 (1.30) 1.000 0 (0) 0 (0) 0 (0) NA

Mortality [n (%)] 2 (1.79) 0 (0) 2 (2.60) 1.000 1 (1.67) 0 (0) 1 (3.33) 1.000

Intervention [n (%)] 3 (2.68) 0 (0) 3 (3.90) 0.551 1 (1.67) 0 (0) 1 (3.33) 1.000

Re-admission [n (%)] 5 (4.46) 3 (8.57) 2 (2.60) 0.355 2 (3.33) 2 (6.67) 0 (0) 0.492

Re-operation [n (%)] 1 (0.89) 0 (0) 1 (1.30) 1.000 0 (0) 0 (0) 0 (0) NA
fron
POPF, postoperative pancreatic fistula.
* and bold values represent statistical significance (p < 0.05).
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TABLE 3 Correlation analysis of total complications of enrolled participants in retrospective cohort study.

Original Cohort

ications: No (n = 81) P_Value

2.33 ± 12.35 0.049*

34 (41.98) 0.997

3.31 ± 3.07 0.122

12 (14.81) 1.000

21 (25.93) 0.503

14 (17.28) 0.884

26 (32.10) 0.987

20 (24.69) 0.330

1 (1.23) 0.479

31 (38.27) 0.785

5 (240 - 349) 0.019*

0 (100 - 300) 0.050

11 (13.58) 0.640

37 (45.68) 0.721

56 (69.14) 0.155

(107.5 - 1754) 0.642

3 (24 - 700) 0.301

2 (2.47) 0.655

8 (9.88) 0.022*

55 (67.90)

16 (19.75)

2 (2.47)

3.64 ± 19.31 0.839

2 (15 - 155.4) 0.033*

43 (53.09) 0.048*

5 (6.17)

2 (2.47)

29 (35.80)

7 (8.64)

7 (8.64)

9 (11.11)

22 (27.16)

29 (35.80) 0.093
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Total Complications: Yes (n = 31) Total Comp

Age (year, mean ± SD) 67.39 ± 11.08 6

Gender [female, n (%)] 13 (41.94)

BMI (kg/m2, mean ± SD) 24.37 ± 3.53

Pancreatitis [n (%)] 5 (16.13)

Diabetes [n (%)] 10 (32.26)

Cardiovascular Disease [n (%)] 5 (16.13)

Smoke [n (%)] 10 (32.26)

Alcohol [n (%)] 5 (16.13)

Neoadjuvant Chemotherapy [n (%)] 1 (3.22)

Soft Pancreatic Texture [n (%)] 11 (35.48)

Operation Time (min, IQR) 327 (271 - 413) 28

Blood Loss (ml, IQR) 300 (150 - 500) 20

Intraoperative RBC transfusion [n (%)] 6 (19.35)

Diameter of Main Pancreatic Duct < 3 mm [n (%)] 13 (41.94)

PPPD [n (%)] 17 (54.84)

DFA on POD 1 (U/L, IQR) 478 (138 - 1532) 452

DFA on POD 3 (U/L, IQR) 181 (43 - 1340) 1

Vascular Resection [n (%)] 2 (6.45)

ASA Score [n (%)]

Grade I 0 (0)

Grade II 19 (61.29)

Grade III 12 (38.71)

Grade IV 0 (0)

Preoperative Hemoglobin (g/L, mean ± SD) 122.81 ± 19.63 1

Serum Total Bilirubin (umol/L, IQR) 95.5 (24.3 - 239.1) 33

Pathology [n (%)]

Pancreatic Disease 21 (67.74)

Benign 2 (6.45)

Neuroendocrine 1 (3.22)

Malignant 17 (54.84)

IPMN 1 (3.22)

Ampullary Disease 3 (9.68)

Biliary Tract Disease 6 (19.35)

Duodenal Disease 1 (3.22)

Drain Placement Time [EDR, n (%)] 6 (19.35)

* and bold values represent statistical significance (p < 0.05).
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The definitions of EDR and LDR varied among previous

studies. Bassi et al. (15) chose POD 3 as EDR time-point because

the change of drain effluent happens on POD 3 which is also

regarded as relatively early time-point, and POD 5 as LDR time-

point because POD 5 is standard drain removal time-point in

their institution. In our single-center study, we also chose POD 3

as EDR time-point, and >= POD 5 as LDR time-point that is the

same as RCTs performed by Dai et al. (16, 17). It is better to

select appropriate time-point of EDR and LDR according to

local medical conditions. Our single-center study supported that

EDR is safe and significantly decrease postoperative in-hospital

stay (11 [9 – 14] vs. 15 [12.5 - 22.5]), indicating that faster
Frontiers in Oncology 07
recovery, lower medical costs for patients, in line with the idea of

enhanced recovery after surgery (ERAS). In additions, Dai et al.

(17) found late drain removal and laparoscopic procedure were

the independent risk factors of major complications using

multiple regression analysis. However, our single-center study

did not prove the LDR was an independent risk factor of total

complications (OR = 0.473, 95% CI: 0.160 - 1.398; P = 0.176),

which might be attributed to small sample size.

Our work provides an evidence for the safety of EDR, and

help promote the practice of ERAS after PD. However, there are

some limitations in this study, such as (a) single-center

retrospective cohort study with limited sample size; (b)
TABLE 4 Univariate and multivariate logistic regression of total complications of enrolled participants in retrospective cohort study.

Univariate Analysis Multivariate Analysis

OR (95% CI) P_Value OR (95% CI) P_Value

Age (> 65/<= 65) 0.550 (0.238 - 1.270) 0.161

Gender (F/M) 1.002 (0.433 - 2.317) 0.997

BMI (> median/<= median) 0.765 (0.333 - 1.755) 0.527

Pancreatitis (N/Y) 1.106 (0.355 - 3.446) 0.862

Diabetes (N/Y) 1.361 (0.552 - 3.354) 0.504

Cardiovascular Disease (N/Y) 0.920 (0.301 - 2.812) 0.884

Smoke (N/Y) 1.007 (0.415 - 2.443) 0.987

Alcohol (N/Y) 0.587 (0.199 - 1.731) 0.334

Neoadjuvant Chemotherapy (N/Y) 2.667 (0.162 - 44.001) 0.493

Soft Pancreatic Texture (N/Y) 0.887 (0.375 - 2.099) 0.785

Operation Time (> median/<= median) 0.531 (0.228 - 1.236) 0.142

Blood Loss (> 200/<= 200) 0.495 (0.214 - 1.147) 0.101

Intraoperative RBC transfusion (N/Y) 1.527 (0.511 - 4.563) 0.448

Diameter of Main Pancreatic
Duct < 3 mm (N/Y)

0.859 (0.372 - 1.983) 0.722

PPPD (N/Y) 0.542 (0.232 - 1.268) 0.158

DFA on POD 1 (> median/<= median) 0.915 (0.400 - 2.094) 0.833

DFA on POD 3 (> median/<= median) 0.905 (0.396 - 2.194) 0.826

Vascular Resection (N/Y) 2.724 (0.367 - 20.242) 0.327

ASA Score (III - IV/I - II) 0.452 (0.185 - 1.104) 0.082 0.495 (0.186 - 1.321) 0.160

Preoperative Hemoglobin
(> median/<= median)

0.728 (0.317 - 1.671) 0.454

Serum Total Bilirubin
(> median/<= median)

0.440 (0.187 - 1.036) 0.060 0.507 (0.178 - 1.443) 0.203

Pathology [n (%)]

Benign 1 1

Neuroendocrine 0.114 (0.009 - 1.514) 0.100 0.081 (0.006 – 1.159) 0.064

Malignant 0.091 (0.004 - 2.073) 0.133 0.067 (0.003 - 1.599) 0.095

IPMN 0.078 (0.010 - 0.628) 0.017* 0.087 (0.010 - 0.720) 0.024*

Ampullary Disease 0.318 (0.018 - 5.779) 0.439 0.253 (0.013 – 4.908) 0.364

Biliary Tract Disease 0.106 (0.009 - 1.190) 0.069 0.176 (0.015 -2.132) 0.172

Duodenal Disease 0.068 (0.007 - 0.650) 0.020* 0.098 (0.010 -0.994) 0.049*

Drain Placement Time (3/>3) 0.430 (0.158 - 1.170) 0.098 0.473 (0.160 - 1.398) 0.176
fron
CI, Confidence interval.
* and bold values represent statistical significance (p < 0.05).
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relatively strict low risk patient selection criteria to narrow the

clinical application range of EDR; (c) single-center study only

focus on PD, the safety of EDR for DP remains to be explored.

In conclusion, our study demonstrates that early drain

removal on POD 3 is safe for patients following PD with low

risk of POPF.
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TABLE 5 Characteristics of patients with Grade B/C POPF.

ID Group Soft

PancreaticTexture

Diameter of

Main Pan-

creatic

Duct < 3 mm

Blood

Loss

(ml)

Pathology DFA

on

POD 1

(U/L)

DFA

on

POD 3

(U/L)

Drain Place-

ment Time

(POD day)

Grading

of POPF

POPF Manage-

ment

Drain Fluid

Culture

1 EDR Y Y 100 Moderately differentiated
cholangiocarcinoma

3509 861 3 B Percutaneous
drain insertion

Enterococcus
fecalis

2 EDR N N 100 Benign pancreatic disease 1133 3835 3 B Percutaneous
drain insertion

Enterococcus
fecalis, Monilia
albican

3 LDR N N 300 Moderately differentiated
pancreatic ductal
adenocarcinoma

463 79 26 B Percutaneous
drain insertion

Negative

4 LDR Y N 300 Moderately differentiated
ampullary
adenocarcinoma

3114 446 33 B Conservative Negative

5 LDR N N 500 Moderately differentiated
cholangiocarcinoma

34 30 8 C Postoperative
hemorrhage,
reoperation

Klebsiella
pneumoniae
frontiersin.org

https://doi.org/10.3389/fonc.2022.993901
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Xie et al. 10.3389/fonc.2022.993901
References
1. Ryan DP, Hong TS, Bardeesy N. Pancreatic adenocarcinoma. N Engl J Med
(2014) 371(11):1039–49. doi: 10.1056/NEJMra1404198

2. Vincent A, Herman J, Schulick R, Hruban RH, Goggins M. Pancreatic cancer.
Lancet (2011) 378(9791):607–20. doi: 10.1016/S0140-6736(10)62307-0

3. Wang M, Peng B, Liu J, Yin X, Tan Z, Liu R, et al. Practice patterns and
perioperative outcomes of laparoscopic pancreaticoduodenectomy in China: A
retrospective multicenter analysis of 1029 patients. Ann Surg (2021) 273(1):145–53.
doi: 10.1097/SLA.0000000000003190

4. Pratt WB, Maithel SK, Vanounou T, Huang ZS, Callery MP, Vollmer CMJr.
Clinical and economic validation of the international study group of pancreatic
fistula (ISGPF) classification scheme. Ann Surg (2007) 245(3):443–51. doi: 10.1097/
01.sla.0000251708.70219.d2

5. Callery MP, Pratt WB, Kent TS, Chaikof EL, Vollmer CMJr. A prospectively
validated clinical risk score accurately predicts pancreatic fistula after
pancreatoduodenectomy. J Am Coll Surg (2013) 216(1):1–14. doi: 10.1016/
j.jamcollsurg.2012.09.002

6. TangB, LinZ,MaY,ZhangA,LiuW,Zhang J, et al.Amodified alternativefistula
risk score (a-FRS) obtained from the computed tomography enhancement pattern of
the pancreatic parenchyma predicts pancreatic fistula after pancreatoduodenectomy.
HPB (Oxford) (2021) 23(11):1759–66. doi: 10.1016/j.hpb.2021.04.015

7. Huttner FJ, Probst P, Knebel P, Strobel O, Hackert T, Ulrich A, et al. Meta-
analysis of prophylactic abdominal drainage in pancreatic surgery. Br J Surg (2017)
104(6):660–8. doi: 10.1002/bjs.10505

8. ConlonKC, LabowD, LeungD, SmithA, JarnaginW,Coit DG, et al. Prospective
randomized clinical trial of the value of intraperitoneal drainage after pancreatic
resection. Ann Surg (2001) 234(4):487–93. doi: 10.1097/00000658-200110000-00008

9. Liu X, Chen K, Chu X, Liu G, Yang Y, Tian X. Prophylactic intra-peritoneal
drainage after pancreatic resection: An updated meta-analysis. Front Oncol (2021)
11:658829. doi: 10.3389/fonc.2021.658829

10. Lyu Y, Cheng Y, Wang B, Zhao S, Chen L. Peritoneal drainage or no
drainage after pancreaticoduodenectomy and/or distal pancreatectomy: a meta-
analysis and systematic review. Surg Endosc (2020) 34(11):4991–5005. doi: 10.1007/
s00464-019-07293-w

11. McMillan MT, Fisher WE, Van Buren G2nd, McElhany A, Bloomston M,
Hughes SJ, et al. The value of drains as a fistula mitigation strategy for
pancreatoduodenectomy: something for everyone? results of a randomized
prospective multi-institutional study. J Gastrointest Surg (2015) 19(1):21–30. doi:
10.1007/s11605-014-2640-z

12. Van Buren G2nd, Bloomston M, Schmidt CR, Behrman SW, Zyromski NJ,
Ball CG, et al. A prospective randomized multicenter trial of distal pancreatectomy
with and without routine intraperitoneal drainage. Ann Surg (2017) 266(3):421–31.
doi: 10.1097/SLA.0000000000002375
Frontiers in Oncology 09
13. Witzigmann H, Diener MK, Kienkotter S, Rossion I, Bruckner T, Barbel W,
et al. No need for routine drainage after pancreatic head resection: The dual-center,
randomized, controlled PANDRA trial (ISRCTN04937707). Ann Surg (2016) 264
(3):528–37. doi: 10.1097/SLA.0000000000001859

14. Van Buren G2nd, Bloomston M, Hughes SJ, Winter J, Behrman SW,
Zyromski NJ, et al. A randomized prospective multicenter trial of
pancreaticoduodenectomy with and without routine intraperitoneal drainage.
Ann Surg (2014) 259(4):605–12. doi: 10.1097/SLA.0000000000000460

15. Bassi C, Molinari E, Malleo G, Crippa S, Butturini G, Salvia R, et al. Early
versus late drain removal after standard pancreatic resections: results of a
prospective randomized trial. Ann Surg (2010) 252(2):207–14. doi: 10.1097/
SLA.0b013e3181e61e88

16. Dai M, Liu Q, Xing C, Tian X, Cao F, Tang W, et al. Early drain removal is
safe in patients with low or intermediate risk of pancreatic fistula after
pancreaticoduodenectomy: A multicenter, randomized controlled trial. Ann Surg
(2022) 275(2):e307–14. doi: 10.1097/SLA.0000000000004992

17. Dai MH, Liu QF, Xing C, Kleeff J, Liao Q, Guo JC, et al. Early drain removal
after major pancreatectomy reduces postoperative complications: A prospective,
randomized, single-center trial. J Pancreatol (2020) 3(2):93–100. doi: 10.1097/
JP9.0000000000000049

18. Beane JD, House MG, Ceppa EP, Dolejs SC, Pitt HA. Variation in drain
management after pancreatoduodenectomy: Early versus delayed removal. Ann
Surg (2019) 269(4):718–24. doi: 10.1097/SLA.0000000000002570

19. Bolliger M, Kroehnert JA, Molineus F, Kandioler D, Schindl M, Riss P, et al.
Experiences with the standardized classification of surgical complications (Clavien-
dindo) in general surgery patients. Eur Surg (2018) 50(6):256–61. doi: 10.1007/
s10353-018-0551-z

20. Bassi C, Marchegiani G, Dervenis C, Sarr M, Abu Hilal M, Adham M, et al.
The 2016 update of the international study group (ISGPS) definition and grading of
postoperative pancreatic fistula: 11 years after. Surgery (2017) 161(3):584–91. doi:
10.1016/j.surg.2016.11.014

21. Wente MN, Bassi C, Dervenis C, Fingerhut A, Gouma DJ, Izbicki JR, et al.
Delayed gastric emptying (DGE) after pancreatic surgery: a suggested definition by
the international study group of pancreatic surgery (ISGPS). Surgery (2007) 142
(5):761–8. doi: 10.1016/j.surg.2007.05.005

22. Wente MN, Veit JA, Bassi C, Dervenis C, Fingerhut A, Gouma DJ, et al.
Postpancreatectomy hemorrhage (PPH): an international study group of
pancreatic surgery (ISGPS) definition. Surgery (2007) 142(1):20–5. doi: 10.1016/
j.surg.2007.02.001

23. Villafane-Ferriol N, Baugh KA, McElhany AL, Van Buren G2nd, Fang A,
Tashakori EK, et al. Evidence versus practice in early drain removal after
pancreatectomy. J Surg Res (2019) 236:332–9. doi: 10.1016/j.jss.2018.11.048
frontiersin.org

https://doi.org/10.1056/NEJMra1404198
https://doi.org/10.1016/S0140-6736(10)62307-0
https://doi.org/10.1097/SLA.0000000000003190
https://doi.org/10.1097/01.sla.0000251708.70219.d2
https://doi.org/10.1097/01.sla.0000251708.70219.d2
https://doi.org/10.1016/j.jamcollsurg.2012.09.002
https://doi.org/10.1016/j.jamcollsurg.2012.09.002
https://doi.org/10.1016/j.hpb.2021.04.015
https://doi.org/10.1002/bjs.10505
https://doi.org/10.1097/00000658-200110000-00008
https://doi.org/10.3389/fonc.2021.658829
https://doi.org/10.1007/s00464-019-07293-w
https://doi.org/10.1007/s00464-019-07293-w
https://doi.org/10.1007/s11605-014-2640-z
https://doi.org/10.1097/SLA.0000000000002375
https://doi.org/10.1097/SLA.0000000000001859
https://doi.org/10.1097/SLA.0000000000000460
https://doi.org/10.1097/SLA.0b013e3181e61e88
https://doi.org/10.1097/SLA.0b013e3181e61e88
https://doi.org/10.1097/SLA.0000000000004992
https://doi.org/10.1097/JP9.0000000000000049
https://doi.org/10.1097/JP9.0000000000000049
https://doi.org/10.1097/SLA.0000000000002570
https://doi.org/10.1007/s10353-018-0551-z
https://doi.org/10.1007/s10353-018-0551-z
https://doi.org/10.1016/j.surg.2016.11.014
https://doi.org/10.1016/j.surg.2007.05.005
https://doi.org/10.1016/j.surg.2007.02.001
https://doi.org/10.1016/j.surg.2007.02.001
https://doi.org/10.1016/j.jss.2018.11.048
https://doi.org/10.3389/fonc.2022.993901
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Safety evaluation of early drain removal following pancreaticoduodenectomy: A single-center retrospective cohort study
	Introduction
	Methods
	Single-center study design
	The primary and secondary outcomes in single-center study
	Propensity score matching
	Statistical analysis

	Results
	Characteristics of patients in single-center study
	Primary and secondary outcomes in single-center study
	Exploring risk factors of total complications after PD
	Management of postoperative pancreatic fistula

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


