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Abstract

Purpose To compare the short-term and oncologic out-

comes of patients with pancreatic ductal adenocarcinoma

(PDAC) undergoing laparoscopic distal pancreatectomy

(LDP) and open distal pancreatectomy (ODP).

Methods Consecutive cases of distal pancreatectomy (DP)

(n = 422) were reviewed at a single high-volume institu-

tion over a 10-year period (2005–2014). Inclusion criteria

consisted of any patient with PDAC by surgical pathology.

Ninety-day outcomes were monitored through a prospec-

tively maintained pancreatic resection database. The Social

Security Death Index was used for 5-year survival. Two-

way statistical analyses were used to compare categories;

variance was reported with standard error of the mean;

* indicates P value\0.05.

Results Seventy-nine patients underwent DP for PDAC.

Thirty-three underwent LDP and 46 ODP. There were no

statistical differences in demographics, BMI, and ASA

classification. Intraoperative and surgical pathology vari-

ables were comparable for LDP versus ODP: operative

time (3.9 ± 0.2 vs. 4.2 ± 0.2 h), duct size, gland texture,

stump closure, tumor size (3.3 ± 0.3 vs. 4.0 ± 0.4 cm),

lymph node harvest (14.5 ± 1.1 vs. 17.5 ± 1.2), tumor

stage (see table), and negative surgical margins (77 vs.

87%). Patients who underwent LDP experienced lower

blood loss (310 ± 68 vs. 597 ± 95 ml; P = 0.016*) and

required fewer transfusions (0 vs. 13; P = 0.0008*).

Patients who underwent LDP had fewer positive lymph

nodes (0.8 ± 0.2 vs. 1.6 ± 0.3; P = 0.04*) and a lower

incidence of type C pancreatic fistula (0 vs. 13%;

P = 0.03*). Median follow-up for all patients was

11.4 months. Long-term oncologic outcomes revealed

similar outcomes including distant or local recurrence (30

vs. 52%; P = 0.05) and median survival (18 vs.

15 months), as well as 1-year (73 vs. 59%), 3-year (22 vs.

21%), and 5-year (20 vs. 15%) survival for LDP and ODP,

respectively.

Conclusions The results of this series suggest that LDP is a

safe surgical approach that is comparable from an onco-

logic standpoint to ODP for the management of pancreatic

adenocarcinoma.

Keywords ACS-NSQIP � Distal pancreatectomy �
Laparoscopic � Pancreatic adenocarcinoma

Abbreviations

ACS-NSQIP American College of Surgeons National

Surgical Quality Improvement Program

DP Distal pancreatectomy

PDAC Pancreatic adenocarcinoma

PF Pancreatic fistula

Pancreatic ductal adenocarcinoma (PDAC) is a known

aggressive malignancy for which open pancreatectomy had

long been the only method to extirpate the primary lesion.

In the last two decades, there has been an increased

emphasis on and increased use of minimally invasive

techniques in all fields of surgery. Minimally invasive

techniques have long been used for benign conditions and

have been shown to lead to shorter hospital stays,
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decreased pain, expedited postoperative recovery, reduced

morbidity, and cost savings [1–5]. However, there was a

slower adoption of these methods in the setting of malig-

nancy for fear of inferior oncologic outcomes [6–9]—

pancreatic malignancies being no exception [10].

The first evidence of equivalent oncologic outcomes in

an open versus laparoscopic surgical comparison of the

treatment for gastrointestinal malignancies was reported by

the Clinical Outcomes of Surgical Therapy Study Group in

2004 [9]. This randomized, controlled clinical trial

demonstrated no difference in oncologic outcomes for

patients undergoing laparoscopic or open colectomy for

colorectal cancer.

Pancreatic surgery is undoubtedly technically challeng-

ing due to the close proximity of the pancreas to many

critical structures, its retroperitoneal location, and the high

association with postoperative complications. Yet, with

improvement in tissue sealing energy devices and staplers

as well as increasing surgeon comfort level, minimally

invasive pancreatic surgery continues to grow in popularity

and practice. Multiple studies have reported that laparo-

scopic distal pancreatectomy (LDP) can be performed

safely without increasing operative time while still retain-

ing benefits of the minimally invasive approach such as

reduced length of stay, shorter recovery times, earlier

return to diet, and reduced blood loss. These studies,

however, largely focus on LDP for benign or premalignant

lesions [1, 2, 11–14].

Here we report one of the largest, single-institution,

North American experiences of LDP for PDAC with direct

comparison to a contemporary cohort of open distal pan-

createctomy (ODP). The aim of this study was to compare

short-term and oncology-specific outcomes of patients with

PDAC following LDP and ODP. Our hypothesis was that

LDP would have oncologic equivalence while demon-

strating a patient safety benefit via improved postoperative

morbidity when compared directly to ODP.

Methods

Patient population

Prospectively collected data on 422 consecutive cases of

distal pancreatectomy (DP) performed at our tertiary

referral center during a 10-year period—between 2005 and

2014—were reviewed. Patients undergoing DP for diag-

noses other than PDAC were excluded from our analysis.

The remaining patients were grouped by operative

approach—minimally invasive (laparoscopic or robotic)

versus open. Patients who required conversion from the

laparoscopic approach to the open approach were analyzed

with the laparoscopic cases under the intention-to-treat

principle. All pancreatectomies (100% procedure targeting)

were monitored with complete 30-day outcomes through

the American College of Surgeons National Surgical

Quality Improvement Program (ACS-NSQIP). Complete

90-day outcomes were monitored with a prospectively

maintained pancreatectomy database. Within this database,

we collated and verified the accuracy of all perioperative

clinical data combining the ACS-NSQIP data (30 days)

and prospectively monitored institutional data (90 days) for

all patients undergoing pancreatectomy. Long-term sur-

vival was monitored through the review of electronic

medical records as well as the Social Security Death Index

for median and 5-year survival.

Operative procedures

At our institution, the decision to perform a LDP is guided

by clinical judgment, preference, and comfort of the

individual surgeon rather than absolute institutional

guidelines. However, all hepatopancreatobiliary surgeons

utilize similar criteria to determine if a tumor can be

resected. Stump closure was addressed in four manners—

with sutured, stapled, reinforced stapled, or saline-linked

radiofrequency ablation. Surgeon preference determined

which method was used. Nevertheless, the pancreatic fis-

tula rate has been previously shown to be identical

regardless of stump closure method [15]. Fibrin sealant

was very rarely applied to the pancreatic stump in either

LDP or ODP. Surgical drain placement near the pancreatic

stump in the left upper quadrant was also due to surgeon

preference.

ACS-NSQIP

The ACS-NSQIP is a national validated, outcomes-based,

risk-adjusted, peer-controlled program for the measure-

ment and enhancement of the quality of surgical care. The

sampling strategy, data abstraction procedures, variables

collected, and overall structure have been well described

[16–19]. One hundred and thirty-six preoperative (patient

characteristics), intraoperative (processes of care), and

postoperative (adverse outcomes) variables are prospec-

tively collected by trained, certified nurse reviewers in the

ACS-NSQIP. Patients younger than 18 years of age are

excluded. Outcomes are assessed at 30 days after the index

operation (e.g., DP). Definitions are highly standardized

and validated. Quality is ensured by inter-rater reliability

audits, as well as online decision support, so the level of

disagreement is currently only 1.53% for all variables.

Surgical clinical nurse reviewers ensure validity of the data

by assessing physician documentation and/or contacting

patients directly.
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Clinical outcomes

Patient demographics such as age, gender, ethnicity, BMI,

and ASA were recorded. Operative variables were recorded

for approach (LDP vs. ODP), operative time, estimated

blood loss, gland texture, duct size, and stump closure

method. Surgical pathology was reviewed in all cases.

Morbidity and mortality observed within 30 and 90 days of

all cases were analyzed. Morbidity included organ space

infections, wound disruption, cerebrovascular accident or

stroke, myocardial infarction, cardiac arrest, cardiac

arrhythmias, pulmonary embolism, ventilator dependence

longer than 48 h, bleeding complications, sepsis/septic

shock, superficial surgical site infections, pneumonia,

unplanned intubations, acute renal failure or progressive

renal insufficiency, urinary tract infection, deep vein

thrombosis, portal vein thrombosis, pseudoaneurysm,

pancreatic fistula, and reoperation.

Surgical complications were assessed and graded using

the Clavien–Dindo classification system. In this classifi-

cation system, grades I–V were assigned to the severity of

postoperative complications. Grade I described any com-

plication that deviated from the normal postoperative

course, but did not require any intervention or aggressive

pharmacologic therapy (aside from antiemetics, analgesics,

diuretics, electrolytes, antipyretics, or physiotherapy).

Grade II complications required treatment such as blood

transfusion, total parenteral nutrition, or specific pharma-

cologic therapy. Grade III complications required surgical,

endoscopic, or radiologic intervention. Grade IV compli-

cations were life-threatening. Grade V complications rep-

resented patient death [20, 21].

The overall complication pool was composed of

approximately two-thirds serious morbidity and one-third

minor complications. Any life-threatening event such as

(but not limited to) cardiac arrest, hemorrhage, pulmonary

embolism, sepsis, or pancreatic fistula were classified as

serious morbidity. Events such as urinary tract infection,

superficial skin infection, ileus, or transient acute kidney

injury were classified as minor complications. If a patient

experienced more than one complication, the actual num-

ber of complications was counted in the total.

Pancreatic fistula rates were monitored. International

Study Group on Pancreatic Fistula (ISGPF) definitions

were used for pancreatic fistula: drain output of any volume

after postoperative day three with a drain fluid amylase

level three times the serum amylase. We also used the

ISGPF grading system to further classify the pancreatic

fistulae as either Grade A, B, or C Fistulae [22].

Cancer-specific variables were also monitored. These

specific variables included tumor size, margin status,

lymph node harvest, number of positive lymph nodes,

metastasis, TNM stages, adjuvant therapy, and survival.

Statistical analysis

All statistical analyses were performed using SAS 8.2

(Cary, NC). Mann–Whitney U test was used to compare

means of continuous variables. Chi squared test was used

for non-parametric data. P values of less than 0.05 were

considered to represent statistical significance for all

comparisons. The Institutional Review Board at Indiana

University School of Medicine approved all aspects of this

retrospective analysis.

Results

Of the 422 distal pancreatectomies performed over the

study period, 79 patients underwent DP for a pathologic

diagnosis of PDAC; 33 patients were in the LDP group and

46 in the ODP group. Demographic data can be found in

Table 1. The median age of both groups was 66 years

(66 ± 2 vs. 66 ± 2). Fifty-six percent of all patients were

female (56 vs. 44%). The LDP group had a slightly lower

BMI (26.2 vs. 27.8). The median American Society of

Anesthesia (ASA) score was three in both groups.

Operative variables can be found in Tables 2 and 3.

Operative times were similar in the LDP group (3.9 vs.

4.2 h), with a lower mean estimated blood loss (310 vs.

597 ml; P = 0.016) and subsequent fewer number of

patients requiring transfusion (0 vs. 13; P = 0.0008). Drain

placement was similar in both groups (74 vs. 89%) as the

majority in both groups had a surgical drain placed near the

pancreatic stump in the left upper quadrant. Gland texture

and duct size were identical in both groups with predom-

inantly soft glands and small duct size (\3 mm) at the site

of parenchymal transection. No significant difference was

seen in stump closure method (suture, stapler, reinforced

stapler, and SLRF) between groups.

Postoperative outcomes are shown in Table 3. Median

length of stay was shorter in the laparoscopic group (7.6 vs.

9 days). The 30-day mortality was higher in the LDP group

(3 vs. 0%) due to one death secondary to a myocardial

infarction. The 90-day mortality was lower in the LDP

group (3 vs. 15%). The overall morbidity was lower in

LDP but not statistically significant between the groups (52

vs. 70%); the LDP suffered a total of 21 complications in

17 patients (1.2 complications per patient) and ODP suf-

fered a total of 63 complications in 32 patients (2.0 com-

plications per patient).

In regards to the rate of pancreatic fistulae, between the

two groups there was no notable variation in the pancreatic

duct size, gland texture, and stump closure method. Pan-

creatic fistula rates (Table 4) were lower in the LDP group;

however, this was not statistically significant (24 vs. 35%).

The LDP group had three Grade B fistulae requiring
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additional intervention and five Grade A fistulae which did

not require intervention. Grade C pancreatic fistulae were

significantly higher in the ODP group (0 (0%) vs. 6 (13%);

P = 0.03). As Grade C pancreatic fistulae were seen only

in the ODP group, in turn the reoperation rate was higher in

the ODP group but not statistically significant between the

two groups (1 (3%) vs. 5 (11%); P = 0.19). Overall mor-

bidity from this series is demonstrated in Table 3 via the

Clavien–Dindo Grade classifications. As is demonstrated,

morbidity was found to be equivalent between the two

groups although there were a greater number of Grade II

and IV complications in the ODP group.

Cancer-specific outcomes are demonstrated in Table 5.

Surgical pathology variables were found to be comparable

between LDP and ODP: tumor size (3.3 ± 0.3 vs.

4.0 ± 0.4 cm), tumor stage, and R0 surgical resection

margin (77 vs. 87%). Differences were noted between the

groups in the number of lymph nodes harvested and also in

the number of positive lymph nodes. The ODP group had a

higher yield, although not statistically significant, of lymph

nodes harvested (17.5 ± 1.2 vs. 14.5 ± 1.1; P = 0.07).

The ODP group also had a higher rate of lymph node

metastasis which was found to be significant (1.6 ± 0.3 vs.

0.8 ± 0.2; P = 0.04). As demonstrated in Table 5, the

overall differences in patient staging were not found to be

statistically significant between the two groups.

Examination of the postoperative outcomes, follow-up,

and oncologic outcomes are demonstrated in Tables 3 and

5. Median follow-up for all patients was 11.4 months.

Long-term oncologic outcomes revealed similar survival

among both groups, but with a decreased rate of recurrence

in the LDP group. The overall survival curve is demon-

strated in Fig. 1. Otherwise, median survival (17.9 vs.

15.1 months) and 1-year (73 vs. 59%), 3-year (22 vs. 21%),

and 5-year survival (20 vs. 15%) were similar.

Discussion

The laparoscopic approach to oncologic procedures is

being used with greater frequency for many gastrointestinal

malignancies, yet LDP for pancreatic adenocarcinoma has

been slower to gain acceptance. The aim of this study was

to compare short-term postoperative morbidity and onco-

logic outcomes as well as survival of patients with PDAC

undergoing LDP and ODP.

Patients who underwent LDP had similar oncologic out-

comes and survival as those who underwent ODP for the

Table 1 Demographic vata
MIS Open Total P value

Patients (n) 33 46 79 N/A

Gender (M:F) 17:16 18:28 35 (44%):44 (56%) 0.27

Age (years) 66 ± 2 66 ± 2 66 ± 2 0.95

BMI 26.2 ± 0.8 27.8 ± 0.9 27.1 ± 0.1 0.18

ASA score 3 ± 0.1 3 ± 0 3 ± 0 0.16

N number of patients, M male, F female, BMI body mass index, ASA American Society of Anesthesiologists

score

Table 2 Operative data
Laparoscopic (n = 33) Open (n = 46) Total (n = 79) P value

Operative time (h) 3.9 ± 0.2 4.2 ± 0.2 4.0 ± 0.1 0.36

Blood Loss (ml) 310 ± 68 597 ± 95* 473 ± 63 0.016

Splenectomy 32 (91%) 45 (98%) 77 (95%) 0.16

Conversion to open 3 (9%) N/A N/A N/A

Robotic 5 (14%) N/A N/A N/A

Drain placement 26 (74%) 41 (89%) 67 (83%) 0.11

Reoperation 1 (3%) 5 (11%) 6 (7%) 0.19

Stump closure method 0.22

Sutured 8 (24%) 17 (37%) 25 (32%) 0.23

Stapled 6 (18%) 8 (17%) 14 (18%) 1.0

SLRF 19 (58%) 18 (39%) 37 (47%) 0.11

SLRF saline-linked radiofrequency ablation

* P\ 0.05 Laparoscopic
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treatment of PDAC. Overall, there were no significant dif-

ferences noted in the patient preoperative variables (age,

comorbid conditions, or BMI), intraoperative variables (gland

texture or pancreatic duct size), or surgical pathology (tumor

size, RO status, or lymph node harvest) to suggest any con-

founding factors that would affect the postoperative outcomes

and long-term survival. This study represents the largest

single-institution series in North America focusing solely on

DP for pancreatic adenocarcinoma; it demonstrated that LDP

is not only safe, but also effective as an oncologic procedure

in the surgical treatment of pancreatic adenocarcinoma.

At our institution, the open approach to pancreatic sur-

gery was the gold standard until 2005 when the first LDP

was performed for benign disease by a single surgeon.

However, later that same year the first LDP was also per-

formed for PDAC. Today, one decade later, there are six

hepatopancreatobiliary surgeons who all perform LDP for

PDAC in addition to ODP. This shift in paradigm has been

witnessed elsewhere and adopted by many surgeons

worldwide who have accepted LDP as a safe, appropriate,

and responsible oncologic procedure in spite of the paucity

of data in print to support its use.

Few studies exist that have specifically examined LDP

versus ODP in the setting of PDAC. Several published

series have reported meaningful data in small numbers

[14, 23], while others have reported utilizing LDP for a

conglomeration of indications including benign disease,

premalignant lesions, and other tumors of the pancreas

(neuroendocrine and secondary neoplasms) [3, 11–14, 24].

The first large study was reported by Kooby et al. in 2010

as a multi-institutional, retrospective series which com-

pared outcomes of 23 LDP to 189 ODP and represented a

very early laparoscopic experience with the treatment of

PDAC. In the study, 212 patients from multiple institutions

were included, 23 of which underwent LDP. No difference

in intraoperative variables (operative time, blood loss),

Table 3 Postoperative

outcomes
Laparoscopic

(n = 33)

Open

(n = 46)

Total

(n = 79)

P-value

Length of stay (days) 7.6 ± 1.4 9 ± 0.7 8.4 ± 0.8 0.44

Mortality (30 days) 1 (3%) 0 (0%) 1 (1%) 0.23

Mortality (90 days) 1 (3%) 7 (15%) 8 (10%) 0.08

Morbidity 17 (52%) 32 (70%) 49 (62%) 0.10

Severity of morbidity Clavien–Dindo grade

I 5 (17%) 9 (20%) 14 (18%) 0.87

II 7 (20%) 14 (30%) 21 (26%) 0.36

III 3 (9%) 3 (7%) 6 (7%) 0.67

IV 1 (3%) 6 (13%) 7 (9%) 0.12

V 1 (3%) 1 (2%) 2 (2%) 0.81

Transfusion 0 (0%) 13 (28%)* 13 (16%) 0.0008

Infectious complication 6 (18%) 13 (28%) 19 (24%) 0.30

SSI 1 (3%) 6 (13%) 7 (9%) 0.12

Reoperation 1 (3%) 5 (11%) 6 (8%) 0.30

Home drain 4 (12%) 3 (7%) 7 (9%) 0.39

ED visit (30 days) 6 (18%) 14 (30%) 20 (25%) 0.22

Drainage procedure 3 (9%) 6 (13%) 9 (11%) 0.59

Readmission (30 days) 5 (15%) 8 (17%) 13 (16%) 1.0

Readmission (90 days) 7 (21%) 12 (26%) 19 (24%) 0.42

Bold value indicates statistical significance (P\ 0.05)

SSI surgical site infection, Home Drain discharged home with surgical drain in place treating a pancreatic

fistula, ED emergency department, Drainage procedure postoperative percutaneous drain placement by

radiology

* P\ 0.05 laparoscopic

Table 4 Pancreatic fistula rate by ISGPF type

Laparoscopic

(n = 33)

Open

(n = 46)

Total

(n = 79)

P-value

Total 8 (24%) 16 (35%) 24 (30%) 0.31

Type A 5 (18%) 9 (20%) 14 (18%) 0.98

Type B 3 (9%) 1 (2%) 4 (5%) 0.17

Type C 0 (0%) 6 (13%)* 6 (8%) 0.03

Type B ? C 3 (9%) 7 (15%) 10 (13%) 0.42

Bold value indicates statistical significance (P\ 0.05)

ISGPF international study group for pancreatic fistula

* P\ 0.05 laparoscopic
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pathologic characteristics (margin status, lymph node har-

vest), or mortality was seen [25].

Sharpe et al. published a similar retrospective, yet larger

and more modern series, in 2015 using the National Cancer

Data Base [1]. These large multi-sourced studies which

compiled data from different institutions were important to

convey that laparoscopic and open procedures had equiva-

lent mortality, surgical pathology, and survival. Yet they

lacked examination of intraoperative variables (gland tex-

ture, pancreatic duct size) and postoperative outcomes

(morbidity or pancreatic fistula). These concerns of postop-

erative complications are paramount to understanding the

technical aspects that can potentially contribute to morbidity

and possibly adversely affect patients who would otherwise

be eligible to undergo adjuvant chemotherapy as an integral

part of therapy and survival for the diagnosis of PDAC.

The topic of which patients are the best candidates for

neoadjuvant and adjuvant chemotherapy is also one that is

much studied and debated. Studies have shown that adju-

vant therapy offers modest survival benefits, yet many

patients do not receive postoperative therapy due to sur-

gery-related morbidity and delayed recovery from surgery,

disease progression, and comorbid illnesses [26]. There-

fore, as surgeons we must make decisions as to which

surgical approach will most benefit our patient and result in

the greatest potential for R0 resection and ability to move

forward to receive adjuvant therapy. More recently, Katz

et al. discussed findings from the multi-institutional Alli-

ance Trial A021101 in which it was demonstrated that

there is a subset of patients who may benefit from neoad-

juvant chemotherapy and radiation [27]. In our study, we

did not focus on the effects of neoadjuvant therapy versus

adjuvant therapy alone on survival as only the patients in

Table 5 Cancer-specific

outcomes
Laparoscopic

(n = 33)

Open

(n = 46)

Total

(n = 79)

P-value

Tumor size (cm) 3.3 ± 0.3 4.0 ± 0.4 3.7 ± 0.3 0.19

Margin status RO 27 (77%) 40 (87%) 67 (83%) 0.53

Lymph nodes harvest 14.5 ± 1.1 17.5 ± 1.2 16.0 ± 0.8 0.07

Lymph nodes metastasis 0.8 ± 0.2 1.63 ± 0.3* 1.3 ± 0.2 0.04

Pathologic stage I 10 (30%) 8 (17%) 18 (23%) 0.17

Pathologic stage II 23 (70%) 37 (80%) 60 (76%) 0.27

Pathologic stage III 0 (0%) 0 (0%) 0 (0%) 1.00

Pathologic stage IV 0 (0%) 1 (2%) 1 (1%) 0.39

Neoadjuvant chemo 0 (0%) 11 (24%)* 11 (14%) 0.002

Neoadjuvant radiation 0 (0%) 5 (11%)* 5 (6%) 0.05

Adjuvant chemo 20 (61%) 29 (63%) 49 (62%) 0.83

Adjuvant radiation 8 (24%) 9 (20%) 17 (22%) 0.62

Recurrence 10 (30%) 24 (52%)* 34 (43%) 0.05

Median survival (months) 18 ± 3 15 ± 2 15.2 ± 2 0.21

1 yearc 24 (73%) 27 (59%) 51 (65%) 0.20

2 yearc 14 (42%) 13 (28%) 27 (34%) 0.19

3 yearc 6 (22%) 6 (21%) 12 (21%) 0.53

4 yearc 3 (20%) 2 (10%) 5 (14%) 0.39

5 yearc 3 (20%) 2 (15%) 5 (17%) 0.39

Bold values indicate statistical significance (P\ 0.05)

R0 no tumor at resection margin
a Results censored based on follow-up

* P\ 0.05 laparoscopic
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the ODP underwent neoadjuvant therapy; this is a topic for

further investigation and a separate study.

Other factors which must be discussed when examining

our reported findings include preoperative oncologic

severity (tumor size and vascular involvement) and previ-

ous operative history (contributing to excessive adhesions

or incisional hernias) that could result in an appropriate

selection bias that is neither reflective of disease nor pro-

cedure-specific risk—rather more of good clinical judg-

ment. Even though data from this study, and others,

demonstrate that LDP is associated with decreased opera-

tive time and blood loss, shorter hospital stays, decreased

postoperative complications, and faster recovery, LDP

likely is not suitable for all patients. Some patients may

simply be better candidates for ODP due to their comor-

bidities and surgical history.

In terms of oncologic severity, no previous study has ever

reported a difference in tumor size, R0 resection margin, or

lymph node harvest when comparing LDP versus ODP. The

ability to obtain an appropriate lymph node harvest via the

LDP method was the most commonly cited concern in

previous studies comparing LDP to ODP. In our study and

others, the number of lymph nodes harvested was equiva-

lent. Similarly, pathologic stage has not varied greatly in

these series with the majority being greater than stage IIA,

which are the cases that are generally more technically dif-

ficult for either laparoscopic or open approach.

Shin et al. published the only other larger single-insti-

tution series to date consisting of a propensity-matched

study of LDP (n = 70) versus ODP (n = 80) for PDAC.

This study reported that LDP had similar mortality, mor-

bidity, and oncologic outcomes as ODP, in addition to a

shorter length of stay [2]. This analysis was thorough and

comprehensive and the reported findings are nearly iden-

tical to the findings reported in our series for postoperative

and oncologic outcomes.

Table 6 Laparoscopic versus open distal pancreatectomy for pancreatic adenocarcinoma review of the literature

Author Year n MIS

(n)

open(n)

OR time

(min)

LOS

(days)

Mortality

(%)

Morbidity

(%)

PF

(%)

Size

(cm)

R1

(%)

LN

(n)

[Stage

IIA (%)

Survival

(%)

Fernandez-Cruz

et al. [28]

2007 13 13 310 8 0 23 8 NR 23 15 77 77

(1 year)

NA NA NA NA NA NA NA NA NA NA NA

Kooby

et al. [25]

2010 210 23 238 7.4* 0 NR NR 3.5 26 14 NR 25

(5 year)

189 230 10.7 2 NR NR 4.5 27 13 NR 20

(5 year)

Kang

et al. [29]

2010 32 5 422* 10.2 NR 20 NR 2.4* 0 8 20 NR

27 274 21.5 NR 41 NR 3.9 17 11 52 NR

Song

et al. [30]

2011 24 24 225 9.5 NR NR NR 2.6 8 10 100 85 (1 &

2 years)

NA NA NA NA NA NA NA NA NA NA NA

Mehta et al. [31] 2012 104 7 188 9 0 50 17 3.8 NR 8 NR NR

7 226 13* 3 43 13 4.4 NR 14 NR NR

Rehman

et al. [32]

2013 22 8 376* 8* 13 37 25 2.2 12 16 50 82

(3 year)

14 274 12 7 22 21 3.2 14 14 64 74

(3 year)

Magge

et al. [33]

2013 62 28 317 6* 0 39 21 3.7 14 11 86 25

(5 year)

34 294 8 0 50 29 4.5 12 12 80 30

(5 year)

Shin

et al. [2]

2015 150 70 239 9* 0 25 19 3.0 24 12 97 33

(5 year)

80 254 12 1 20 10 3.5 16 10 94 28

(5 year)

Bauman

et al.

2016 79 33 234 7.6 3 52 24 3.2 23 15 70 20

(5 year)

46 252 9 0 70 35 4.0 13 18 82 15

(5 year)

* P\ 0.05
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Our study does have several limitations. The primary

limitation is the low total numbers in the series with 33

and 46 patients in each group. Although Table 6

demonstrates numerous previous reports to date, overall a

paucity of patients have been reported having undergone

LDP for PDAC. We realize that low numbers result in

less reliable statistical comparisons and erroneous asso-

ciations being made. An example of such a potential

erroneous association is in the rate and type of pancreatic

fistulae in our study—in the LDP group there were only

Grade A and B fistulae, while the ODP group had a sta-

tistically significant number of Grade C fistulae in addi-

tion to several Grade A fistulae. This finding in reality

may not be a function of the technical approach of the

procedure but a function of a small sample size. Another

important limitation is surgeon selection bias toward

possibly resecting larger or locally advanced tumors via

the open approach and smaller tumors laparoscopically

especially in the earlier years of this study time period. As

surgeon experience and comfort improves globally, a

more robust comparison will likely occur and more

directly identify the merits of either approach.

Conclusions

In summary, these results suggest that LDP appears to be

a safe and effective surgical approach for the treatment of

pancreatic adenocarcinoma in terms of postoperative

morbidity and oncologic outcomes in the properly selec-

ted surgical patient. However, future studies are needed

and should be in the form of prospective, randomized,

multi-institutional clinical trials in order to eliminate

surgeon or institutional biases with the stated aim to

assess if LDP has improved outcomes and results in a

higher rate of adjuvant chemotherapy. However, the

overall poor prognosis of pancreatic cancer and the small

number of cases may be prohibitive to performing such

trials. The question of superiority may become paramount

in the future if chemotherapy regimens become more

efficacious or if screening methods are able to diagnose

pancreatic adenocarcinoma earlier in its course. Despite

the many gains made in the surgical treatment of pan-

creatic tumors in the last two decades, there remains

much to be studied.
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