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Abstract

Background This study was designed to evaluate the

outcomes of pancreaticoduodenectomy (PD) at a low-vol-

ume specialised Hepato Pancreato Biliary (HPB) unit.

Volume outcome analyses show significantly better results

for patients undergoing PD at high-volume centres (Begg

et al. JAMA 280:1747–1751, 1998; Finlayson et al. Arch

Surg 138:721–725, 2003; Birkmeyer et al. N Engl J Med

346:1128–1137, 2002; Gouma et al. Ann Surg

232:786–795, 2000). Centralisation of PD seems to be the

logical conclusion to be drawn from these results. In

countries like Australia with a small and widely dispersed

population, centralisation may not be always feasible.

Alternative strategy would be to have similar systems in

place to those in high-volume centres to achieve similar

results at low-volume centres. Many Australian tertiary

care centres perform low to medium volumes of PD (Chen

et al. HPB 12:101–108, 2010; Kwok et al. ANZ J Surg

80:605–608, 2010; Barnett and Collier ANZ J Surg

76:563–568, 2006; Samra et al. Hepatobiliary Pancreat Dis

Int 10:415–421, 2011). Most of these have a specialised

HPB unit, accredited by the Australia and New Zealand

Hepatic pancreatic and biliary association (ANZHPBA), as

training units for post fellowship training in HPB surgery.

It is imperative to perform outcome-based analyses in these

units to ensure safety and high quality of care.

Methods Retrospective analysis of database for periam-

pullary carcinoma (1998 till date) was performed in an

ANZHPBA accredited HPB unit based at a tertiary care

teaching hospital in South Australia. Because age older

than 74 years is shown to be a predictive marker of

increased morbidity and mortality after a PD, we analysed

the outcomes in this subset of patients separately.

Results Fifty-three patients underwent PD in 14 years.

Overall mortality was 3.8 %. The last in hospital mortality

was in 1999. The morbidity rates and the oncologic out-

comes were similar to those in high-volume units.

Conclusions PD can be safely performed in a low-volume

specialised unit at centres where the amenities and pro-

cesses at high-volume centres can be replicated.

Introduction

Analytical studies performed on administrative databases

have demonstrated significantly better outcomes of com-

plex surgical procedures, such as pancreaticoduodenecto-

my (PD) when performed at high-volume centres [2, 3]. A

policy of centralising complex surgeries to high-volume

centres using volume as marker of quality has logically

emerged based on these results [9, 10].

Age C74 years is shown to be an independent risk factor

for predicting increased morbidity and mortality associated

with PD [11] in an analysis by National Surgical Quality
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Improvement Program (NSQIP) of the American College

of Surgeons. This is included in the NSQIP predictive ‘‘risk

calculator’’ for PD.

In Australia, the incidence of pancreatic and periam-

pullary cancers is similar to United States and Europe [12].

Australia has a much smaller and widely dispersed popu-

lation. This has led to the unique situation of low-volume

tertiary care facilities for PD in Australia. Pancreatic can-

cer is strongly age-dependent and with increasing longev-

ity; increasingly older patients present for treatment of

pancreatic cancer [12].

The tertiary institutes with specialist Hepato Pancreato

Biliary (HPB) units in Australia are equipped with high-

quality infrastructure and sound surgical expertise. Excel-

lent anaesthetic, nursing, intensive care, interventional

radiology, and gastroenterology services are readily avail-

able. Many other complex surgeries, such as liver resec-

tions, complex biliary surgeries, etc., are performed in high

volumes at these institutes.

A unique opportunity therefore exists to assess if the

results of PD in such low-volume specialised HPB units

replicate those from high-volume centres.

Materials and methods

A prospective database for all PDs has been maintained at

our institution since 2003. Data were retrospectively col-

lected from 1998 to 2003. Demographic details, postoper-

ative morbidity, and in-hospital mortality was recorded.

Oncologic outcomes, including TNM staging, resection

margins, number of lymph nodes harvested, along with

perineural and vascular invasion were noted.

Overall morbidity, mortality, oncological outcomes, and

survival were analysed. Subgroup analysis was performed

for these outcomes for patients aged 74 years or older.

Statistical analysis

Descriptive statistics was analysed with SPSS 20 software.

Fisher’s exact test with cross-tabulations was performed to

provide a p value for all categorical variables to compare

outcomes between patients less than (group A) and more

than 74 years (group B) of age. For continuous variables, a

t test was used.

Survival in months and status at last follow-up were

used to compute Kaplan–Meier survival curves for both

groups. A Cox proportional hazard model with age group

as predictor was performed to evaluate difference between

the two age groups.

Poisson regression was performed on count variables.

Two variables with underdispersion (days on ventilator and

days in ICU) were analysed using Poisson regression with

robust error variance. Three variables with overdispersion

(hospital stay, nodes, and number of positive nodes) were

analysed with negative binomial regression.

Patients and procedure

All patients presenting with periampullary and pancreatic

head tumours who underwent a PD were included. Patients

were primarily assessed by surgeons. Staging investiga-

tions included routine blood tests, tumour markers (CA19-

9), and CT scan of the chest, abdomen, and pelvis. Endo-

scopic ultrasound was performed where indicated. All

cases were discussed in a multidisciplinary (MDT) meeting

to formulate a management plan. The MDT consulting

panel included surgeons with HPB expertise, gastroente-

rologists, diagnostic and interventional radiologists, on-

cologists, as well as pathologists. Anaesthetic and intensive

care unit (ICU) opinion was sought preoperatively where

indicated to aid decision making. All surgeries were per-

formed by two qualified surgeons (consultant surgeon and

fellow or two consultants).The surgical procedure was

standardised [13]. A classical PD was performed in most

cases. Resection of portal vein and primary reconstruction

was the procedure of choice where needed. Vascular sur-

gery expertise was readily available if required.

A Roux-en-Y reconstruction with a two-layered ‘‘duct to

mucosa’’ pancreaticojejunostomy was performed. Hepati-

cojejunostomy was performed as a single-layer interrupted

anastomosis. The gastroenterostomy was either handsewn

or stapled. All patients were electively treated in ICU/high-

dependency units (HDU) in the immediate postoperative

period.

Patient demographics, intraoperative surgical and

anaesthetic data, postoperative morbidity and mortality, as

well as overall survival were recorded in the database. All

histopathology reports were reviewed.

Pancreatic leak and fistula was defined according to the

International study group in pancreatic fistula (ISGPF)

definition [14]. Subgroup analysis was performed in

patients aged older than 74 years. Outcomes in this group

were compared with those in younger patients (age \74).

Results

A total of 61 patients underwent a laparotomy with intent

of curative resection. Disseminated peritoneal disease

(n = 3, confirmed on frozen section) and superior mesen-

teric/mesocolic arterial involvement (n = 5) rendered eight

patients unresectable. These patients underwent palliative

bypass procedures. PD was performed in 53 patients.
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Demographics

There were 31 males and 22 females. Thirty-four

(64.15 %) were aged younger than 74 years and 19

(35.85 %) were aged older than 74 years (Table 1). The

median age was 71 (range 49–83) years for the entire

cohort. The common presenting symptoms were painless

obstructive jaundice (92 %), weight loss (20 %), and

abdominal pain (12 %).

Perioperative indicators

Overall operating time ranged between 253 and 1,104 min

(mean 408, median 398). Median blood loss was 1,000

(range 300–3,800) ml. Partial excision of portal vein with

primary reconstruction was performed in four cases. No

intraoperative adverse event was noted. The average

number of days spent in ICU were 2.5 (range 0–6) days,

whereas number of days ventilated were 1.3 (range 0–4)

days. The median length of hospital stay was 14 (range

8–180) days (Table 2).

Operating time (p = 0.89), intraoperative blood loss

(p = 0.26), length of ICU stay (p = 0.42), number of

ventilated days (p = 0.24), and length of hospital stay

(p = 0.85) were similar in patients younger than age

74 years and those older than 74 years (Table 2). There

was no difference in the American Society of Anesthesi-

ology (ASA) grade for the two groups (p = 0.14).

Morbidity and mortality

There were two in-hospital mortalities (3.8 %). The last

mortality was recorded in 1999. The morbidity rate was

41 % (22/53 patients). This included ten (18.8 %) pan-

creatic fistulae (8 minor ISGPF grade A/B, and 2 major

ISGPF grade C). All minor leaks could be conservatively

managed with total parenteral nutrition, octreotide, and

percutaneous drainage where indicated.

A patient with Myasthenia gravis on immunosuppres-

sive therapy suffered a major pancreatic leak in combina-

tion with a leak from the gastroenterostomy leading to

septicaemia. He underwent numerous operative and inter-

ventional radiology procedures, including a reexploration

and near total pancreatectomy. His recovery was further

complicated by recurrent episodes of sepsis, necessitating a

hospital stay of 180 days. Overseas expert opinion was

sought in the management of this patient via telemedicine

and personal communication.

Biliary anastomotic leak was evident in an 80-year-old

female with intraductal papillary mucinous tumour and a

nondilated biliary system. Interventional radiology and

gastroenterology expertise proved invaluable in stenting

the anastomosis to control the leak.

Significant postoperative haemorrhage necessitated

urgent reexploration in two patients. A slipped ligature on

one of the portal venous tributaries and bleeding from

gastroenterostomy staple line were the causes. These were

controlled with sutures and the patient’s recovered

uneventfully thereafter.

The postoperative morbidities and their frequency are

detailed in Table 3. There was a much higher morbidity rate

in group B, but this was not statistically significant (26.4 vs.

47 %, p = 0.18) possibly due to the small numbers.

Histology

Commonest tumour location was the head of the pancreas

(54.7 %), followed by ampulla of Vater (26.4 %), lower

Table 1 Gender distribution within age groups was significantly

different (p = 0.04)

Age younger than 74 years n = 34

Male 16 (47)

Female 18 (52.9)

Age older than 74 years n = 19

Male 15 (78.9)

Female 4 (20.1)

Values in parentheses are percentages

Table 2 Comparison of perioperative outcomes between age groups

Parameter Group A Group B p value

Operating time (min) 399 (253–960) 395 (254–1,104) 0.89

Blood loss (ml) 1,000

(500–3,000)

1,500

(300–3,000)

0.26

RBCs transfused

(units)

1 1 0.1

Ventilated days 1 (0–3) 1 (0–4) 0.24

ICU stay (days) 2 (0–6) 2 (1–6) 0.42

Hospital stay (days) 14 (8–180) 15 (8–60) 0.85

Values are median (range)

ICU intensive care uni, RBC red blood cell

Table 3 Distribution of perioperative morbidity

Overall Group

A

Group

B

p value

Minor pancreatic leak (A/B) 8 4 4 0.22

Major pancreatic leak (C) 1 1 0 0.12

Other anastomotic leaks 1 0 1 0.18

Bleeding 2 1 1 0.48

Others (DGE, chest infections

etc.)

6 2 4 0.07

Pancreatic leaks are graded using the ISGPF classification

ISGPF international study group pancreatic fistula, DGE delayed

gastric emptying
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end of common bile duct (13.2 %), and duodenum (5.6 %).

85 % of the patients had malignant tumours. Margins were

reported in 49 of 53 (not reported in 4 patients with benign

pathology) patients. Forty-two (85.7 %) had microscopi-

cally clear margins; four were close (\3 mm). A median of

8 (range 1–27) lymph nodes were sampled. The compari-

son of outcomes between the groups with age older and

younger than 74 years is presented in Table 4.

Survival

Thirty patients were alive at the time of final analysis. Of

these, 24 were disease-free whereas 6 had evidence of

recurrent/metastatic disease. Of the 23 patients who died

during follow-up, 21 had recurrent/metastatic disease.

Overall median survival was 14 months for patients with a

malignant pathology (Fig. 1).

Discussion

In 1995, Lieberman et al. [15] published a study that

demonstrated a relationship between high volume of

surgery and low mortality rates. These results were further

validated by a number of studies [2, 3]. Birkmeyer’s study

published in 2002, based on administrative data of Medi-

care patients in the United States, showed significantly

higher postoperative adverse events in patients undergoing

complex surgery in low-volume centres. The difference in

mortality in patients undergoing pancreatic resections was

especially significant with 3.8 % mortality in very high-

volume centres versus 16.8 % in low-volume centres.

These studies have encouraged the belief that complex

surgical procedures especially in high-risk patients should

be centralised to nominated high-volume centres.

Recently published NSQIP [11] risk factor score for

predicting morbidity and mortality in PD cites age

C74 years as an independent predictor for increased mor-

bidity and mortality.

In Australia, many tertiary referral centres with specia-

lised HPB units are low- to medium-volume centres for PD

[5, 6]. An average life expectancy of 84 years for females

and 79 years for males [16] implies an older patient pop-

ulation at presentation (median age 71 in the current series)

at most such centres [5]. Ability to deliver high quality of

complex surgery in the elderly at low-volume tertiary

centres therefore is vital.

This study was performed at a university teaching hos-

pital. The hospital is equipped with all the expertise and

infrastructure to provide a health care delivery system that

is equivalent to high-volume centres. The HPB unit is

accredited for postfellowship training in HPB surgery by

the ANZHPBA.

A total of 53 PDs were performed in the past 14 years.

There has been a trend towards an increase in the numbers

of PD being performed in recent years (Fig. 2), but vol-

umes remain low. The in-hospital mortality (3.8 %) was

similar to that reported from high-volume centres [17–19].

The last recorded mortality was in 1999. Operative times

and intraoperative blood loss along with ICU stay were at

Table 4 Histopathologic results and comparison

Overall Group A Group B p value

Comparable T3,T4

stage

32/53 (60) 22/34 (65) 10/19 (53) 0.13

Comparable N1

stage

27/49 (55) 20/32 (76) 7/17 (42) 0.03

Perineural

infiltration present

20/53 (38) 14/34 (41) 6/19 (32) 0.54

Vascular infiltration

present

14/50 (28) 10/34 (29) 4/19 (21) 0.28

Negative margins 42/48 (87) 26/31 (84) 16/17 (94) 1

Values in parentheses are percentages

Age < 74 

Age >74 

Time after surgery (months) 

S
ur

vi
va

l 

0.0

0.2

0.4

0.6

0.8

1.0

0 20 40 60 80 100

+ censored

Fig. 1 5-year survival of the two age groups after PD
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Fig. 2 a Yearly distribution of PD. b Yearly number of PDs

performed during the study period
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par with results from high-volume centres [19, 20]. Mor-

bidity was similar to that described in large series and

similar in both groups, including a pancreatic fistula rate of

18.8 % [8, 19–21].

The process of patient selection, surgical procedure, and

postoperative care has been standardised for over a decade,

especially following the last recorded mortality. This con-

sists of protocol-based investigations followed by formal

preoperative MDT discussions. The surgical procedures are

performed by two senior surgeons working together along

with experienced assistants. Surgical and intensive care

teams collaborate actively in the postoperative management

along with experienced nursing staff. Good gastroenterology

and interventional radiology services are readily available

after hours and are vitally important in management of

complications. Excellent telemedicine support is available

for local and overseas consultations. The successful and

timely management of significant postoperative complica-

tions is a critical indicator of the quality of services provided

at any hospital and impacts significantly on the patient out-

comes [22]. This was amply illustrated in the current series

with the successful management of the patients with sig-

nificant postoperative complications (two major pancreatic

leaks, one biliary leak, and two postoperative haemorrhages)

depending on the availability of significant resources:

interventional radiology, interventional gastroenterology,

expert anaesthetic, and good ICU management along with

surgical expertise in early recognition and management.

Importance of good interventional radiology support cannot

be overstated. Sohn et al. [23] reported that 44 % of patients

undergoing pancreatectomy had some type of interventional

radiologic procedure. High-quality intensive care facilities

are a cornerstone for achieving good outcomes. Many PD

patients and most with postoperative complications will

require ICU management and presence of a specialist in-

tensivist at the bedside. ICU staffing and safe practices make

a difference in patient care in this regard [24].

A policy of close observation and early intervention is

the norm for all complex surgeries if complications are

suspected. Emick and colleagues [22] conclude that expe-

ditious identification and management of complications

prevent them from being fatal. This is borne out by the fact

that the morbidity rates for PD remain high at *40 % [8]

even in high-volume hospitals, but the mortality rates are

very low. It can be logically argued that better under-

standing and early management of complications is

strongly associated with reduced mortality.

It is our belief that quality infrastructure along with

good clinical and surgical expertise and adherence to the

aforementioned protocol based standardisation of all

aspects of patient care is critically important to obtain good

patient outcomes. In short, if the system processes at high-

volume centres can be replicated in low-volume centres

with good surgical expertise, equivalent outcomes can be

achieved.

Elderly patients present a further challenge in complex

surgical procedures. Age [74 years is an independent risk

factor for increase in morbidity and perioperative mor-

tality according to the recent NSQIP publication [11]. A

number of other studies concur that elderly patients

undergoing PD have higher morbidity and mortality rates

[25, 26]. An increasing number of elderly people are

treated in Australian hospitals. This is reflected by the

median age of 71 years in this series, which is signifi-

cantly more than that reported in some large series [19].

The proportion of patients more than 74 years undergoing

PD was 35.85 %—much higher than that reported in

high-volume hospitals [27]. It is important to evaluate

results in this age group in low-volume tertiary centres. In

the current series, although there was no statistical dif-

ference in the hospital mortality in the elderly age group,

there was a definite trend towards increased morbidity.

These findings are similar to those reported from high-

volume centres [2, 3, 10, 28]. Operating times, blood loss,

and transfusion rates were at par with those at high-vol-

ume centres [29].

Median survival for patients with malignant pathology

was 14 months. Oncological clearance was at par with

international standards. Margin positivity and lymph node

yield are important prognostic markers in this respect.

A R0 clearance was achieved in 85 % patients overall, and

this was consistent across both age groups. Microscopic

margin positivity has been reported to be *25 % even in

the highest-volume centres [30]. Margin positivity is

inversely proportional to survival, and La Torre et al. [30]

suggest that margin status rate after PD should be consid-

ered a measure of quality for selection of hospitals dedi-

cated to pancreatic surgery.

Standard nonextended lymphadenectomy is most com-

monly performed in the western world. In this series, the

median number of lymph nodes sampled was 8 (range

1–27) and was similar in both age groups. An average yield

of 10–15 lymph nodes is the accepted standard for a

curative resection in PD [31–33]. The role of extended

lymphadenectomy is debatable and most studies have not

shown any survival advantage [29, 34]. Survival results

similar to high-volume centres even in the elderly can thus

be expected based on these prognostic markers.

The results of our series are encouraging. Whilst cen-

tralisation for complex surgery is logical to obtain the best

outcomes, our study shows that replicating the system

processes at high-volume centres makes it possible to

achieve good outcomes in low-volume centres with ade-

quate expertise. This is a good alternative when centrali-

sation is not feasible due to geographic and logistic

reasons.
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Limitations

This is a single-centre study performed on partly retro-

spective data. Patient numbers are small. We consider the

retrospective nature of this study as an advantage, because

this reflects the significance of systems already in place at

our centre. Specific alterations to the existing systems for a

trial setting can potentially influence outcomes in such

studies (Hawthorn effect).

Conclusions

PD can be safely performed in a low-volume, specialised

unit at centres where the amenities and processes at high-

volume centres can be replicated.
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