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Abstract

Background Survival after pancreatic head adenocarci-
noma surgery is determined by tumor characteristics,
resection margins, and adjuvant chemotherapy. Few studies
have analyzed the long-term impact of postoperative
morbidity. The aim of the present study was to assess the
impact of postoperative complications on long-term sur-
vival after pancreaticoduodenectomy for cancer.

Methods Of 294 consecutive pancreatectomies performed
between January 2000 and July 2011, a total of 101 pan-
creatic head resections for pancreatic ductal adenocarci-
noma were retrospectively analyzed. Postoperative
complications were classified on a five-grade validated
scale and were correlated with long-term survival. Grade
IIIb to IVb complications were defined as severe.

Results Postoperative mortality and morbidity were 5 and
57 %, respectively. Severe postoperative complications
occurred in 16 patients (16 %). Median overall survival
was 1.4 years. Significant prognostic factors of survival
were the N-stage of the tumor (median survival 3.4 years
for NO vs. 1.3 years for N1, p = 0.018) and R status of the
resection (median survival 1.6 years for RO vs. 1.2 years
for R1, p = 0.038). Median survival after severe postop-
erative complications was decreased from 1.9 to 1.2 years
(p = 0.06). Median survival for NO or N1 tumor or after
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RO resection was not influenced by the occurrence and
severity of complications, but patients with a R1 resection
and severe complications showed a worsened median sur-
vival of 0.6 vs. 2.0 years without severe complications
(p = 0.0005).

Conclusions Postoperative severe morbidity per se had
no impact on long-term survival except in patients with R1
tumor resection. These results suggest that severe compli-
cations after R1 resection predict poor outcome.

Introduction

Modern treatment of pancreatic cancer has become multi-
disciplinary, but surgery still plays a pivotal role. Its overall
impact on long-term survival remains important. The ulti-
mate goal of surgery has not changed, and radical local
resection must be attempted to achieve a high RO resection
rate [1]. Until recently, a high postoperative morbidity rate
had been considered acceptable [2—4]. It must be taken into
account that operative indications have been expanded to
include, for example, routine portal vein resection. Also, an
increasing number of elderly patients with severe co-mor-
bidities are nowadays considered surgical candidates. To
offset these negative factors, advances in perioperative
medicine and centralization of pancreas surgery have had a
positive effect on mortality rates, which are currently <5 %
[5-T71.

In the current literature, postoperative morbidity rates
range widely, from 20 % up to 70 % [2, 3, 7]. Notwith-
standing that postoperative complication rates are still
high, the large range indicates significant shortcomings in
regard to assessing and reporting complications. Indeed,
until recently, there were no standardized classifications of
pancreatic fistula, postoperative bleeding complications,
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and delayed gastric emptying after pancreas resection [8—
10]. The current widely accepted Dindo-Clavien compli-
cation classification now allows grading complications
according to their severity [11]. The clinical focus of
postoperative complications has been traditionally their
consequences on the short-term course. There is also good
evidence that increased morbidity negatively affects the
patient’s quality of life. Morbidity also has an impact on
health care resources (i.e., prolonged hospital stay, higher
costs) [12-15].

When assessing long-term outcome after pancreatic
cancer resection, technical aspects of surgery and tumor
characteristics have commonly been taken into account as
risk factors influencing survival. Favorable prognostic
factors are RO resection, negative nodes, small tumor size,
and well-differentiated tumors without perineural or peri-
vascular invasion [16—18]. Moreover, postoperative adju-
vant chemotherapy has been shown to increase survival
[19, 20]. The role of postoperative complications on long-
term survival has been largely neglected until now. This is
especially true for pancreatic cancer surgery, with only a
few studies that have assessed this particular aspect.

Therefore, the aim of the current study was to assess the
impact of postoperative complications, stratified by their
severity, on long-term survival of patients after pancreatic
head resection for ductal adenocarcinoma.

Materials and Methods
Patients and Data Collection

A database including more than 150 items for each patient
who underwent pancreas resection at the Department of
Visceral Surgery, University Hospital of Lausanne
(CHUV) has been established. Patients who were operated
on from 2000 to 2008 were retrospectively entered, while
patients operated since 2009 were prospectively entered.

Only patients who underwent pancreatic head resection
for pancreatic ductal adenocarcinoma from January 2000 to
July 2011 were included. Among the 294 patients regis-
tered, 101 pancreaticoduodenectomies (PDs) for pancreatic
ductal adenocarcinomas were identified and selected for
further analysis. Not included were all cases of ampullary
adenocarcinoma, common bile duct adenocarcinoma,
duodenal cancer, and resections for benign disease. Also
excluded were patients who underwent total pancreatec-
tomy and pancreatic left resection. Patients who died dur-
ing hospitalization for PD were excluded because this
study focused solely on the outcome of patients surviving
the index operation.

Survival data were obtained by reviewing hospital
records and/or the local tumor registry or by direct
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contacting the individual patient. Informed consent was
obtained from all patients. The local ethics committee
approved the study.

Assessment of Postoperative Morbidity and Mortality

Postoperative mortality was defined as patient death during
the first 30 days postoperatively or during hospitalization
following pancreatic head resection. Postoperative mor-
bidity was assessed with the focus on postoperative sur-
gery-related complications that were identified according
to most recent international definitions [8—10]. Postopera-
tive nonsurgical morbidity was also recorded taking into
account every event that deviated from the normal opera-
tive course. Postoperative complications were defined as all
medical and surgical complications that occurred during
the hospitalization for PD.

Specific definitions for surgical complications were
used: pancreatic fistula—any measurable volume of fluid
from a drain on or after postoperative day (POD) 3 with an
amylase level more than three times the serum amylase
activity [8]; delayed gastric emptying—inability to return
to a standard diet by the end of the first postoperative week
or prolonged (>4 days) nasogastric intubation [10]; hem-
orthage—blood loss from a drain or nasogastric tube,
transfusion >3 units packed red blood cells, or the need for
invasive treatment [9]. Other postoperative complications
recorded were intraabdominal infection (fluid or abscess),
wound infection, bile leak, gastric leak, small bowel
obstruction, portal vein thrombosis, and cholangitis.

Complications were graded according to their severity
on a validated five-point scale (grades I, II, Illa—b, IVa-b,
V) [11]. Complications requiring treatment under general
anesthesia or intensive care unit treatment—graded IIIb to
IVb—were defined as severe complications.

Pathologic staging was performed according to the
American Joint Committee on Cancer guidelines on TNM
staging (www.cancerstaging.org). Surgical margins were
assessed and considered R1 if microscopic tumor invasion
was present at the resection margin.

Definitions of Risk Factors

Alcohol intake was estimated and classified according to
national guidelines (www.sfa-ispa.ch, Swiss Federal
Commission for Alcohol Problems): Regular daily alcohol
consumption should be limited for men and women to
<25 g of pure alcohol. Smoking was defined as active
smoking at the time the pancreatic cancer was diagnosed or
a positive smoking history. Jaundice was defined as the
clinical signs of yellow colorization of the skin and eyes as
well as bilirubin levels >2 mg/l (34 umol/L). Any
unwanted weight loss that occurred simultaneously or
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within 3 months prior to the diagnosis of pancreatic cancer
was assessed as a risk factor (“weight loss”).

Data Analysis

The impact of complications and their severity on long-
term outcome was assessed. If a patient had several com-
plications, the one with the highest grade was chosen for
further analysis. The patients were then stratified according
to resection margin status (RO vs. R1/2). Student’s 7 test,
the Xz test, and Fisher’s exact test were used for the uni-
variate analysis to detect the patient’s operative or patho-
logic factors that could predict the occurrence of
postoperative complications.

The median survival and overall survival rates were
determined using Kaplan-Meier survival curves. Overall
survival was defined as the time span from the index
operation to the date of death for any reason. The log-rank
test was used for comparison of different variables. Sig-
nificant parameters on univariate analysis were taken into
account for subsequent multivariate analysis using Cox’s
proportional hazard regression. Differences were consid-
ered significant at p < 0.05. The mean follow-up time was
1.7 &+ 1.4 years.

Results
Complications

There were 101 PDs performed in 57 men and 44 women
with a mean age of 68 years (range 39-85 years) for
pancreatic ductal adenocarcinoma. The early mortality rate
related to the index operation (grade V complications, in-
hospital mortality) was 5 % (n = 5). These five patients
were excluded from further analysis of long-term outcome
(Table 1).

A total of 58 patients were found to have complications.
Hence the overall complication rate was 57 % (58/101
patients with complications grades I-IV). Among the 101
patients, 16 (16 %) developed severe postoperative com-
plications (grades IIIb, IVa, IVb). The distribution of the
grades and types of complications is shown in Table 1.

Length of Hospital Stay and Complication-Related
Delay of Adjuvant Treatment

Length of hospital stay (LOS) after the index operation was
strongly correlated with the occurrence and severity of
postoperative complications. The overall median LOS was
18 days (mean 22 =+ 12 days, range 8-72 days), which
was similar to those without severe complications (median
17 days, mean 18 £ 8 days, range 845 days). In the case

of severe postoperative complications (grades III, IV), the
mean hospital stay was significantly prolonged, up to
39 &+ 17 days (p < 0.0001). The mean LOSs stratified by
the severity of complications were 18, 23, and 25 days for
complications of grades I, II, and Illa, respectively, com-
pared to 38, 37, and 42 days for grades IIIb, Iva, and IVb.
These data clearly show increased LOS for patients with
severe postoperative complications.

Of the 96 patients who survived the index operation, 45
(47 %) benefited from postoperative adjuvant treatment.
The proportions of patients who did or did not receive
adjuvant treatment after encountering severe postoperative
complications was equal: In all, 8 (50 %) patients with
severe postoperative complications had adjuvant chemo-
therapy, as did 36 (45 %) patients without severe postop-
erative complications (p = 0.8). However, the patients
with severe complications experienced a significantly
prolonged interval between PD and the beginning of
adjuvant chemotherapy (mean 82 days, median 76 days)
compared to patients with no or minor complications
(mean 55 days, median 49 days) (p = 0.0051).

Risk Factors

As shown in Table 2, there were no specific preoperative or
intraoperative risk factors that were related with the pos-
sible occurrence of severe postoperative complications.
Patients with preoperative co-morbidities (smoking, alco-
hol abuse, cardiac or pulmonary disease, diabetes mellitus)
were not at increased risk for postoperative severe com-
plications. In addition, neither the type of reconstruction of
the pancreaticoenteric drainage nor the need of a vascular
resection was associated with an increased risk for severe
complications.

Analysis of Long-Term Survival

The median survival of the overall patient group was
1.4 years (range 0.3-8.9 years), and the 1-, 3-, and 5-year
survival rates were 66, 30, and 15%, respectively. Among
the various factors that have been analyzed, N status and R
status were statistically significant risk factors with a
negative impact on long-term survival. Long-term survival
of patients with severe complications was 1.2 years com-
pared to 1.9 years for patients without severe complica-
tions—of note, the difference was not statistically
significant (Table 3). A multivariate analysis showed that
only RO resection was a significant predictor of survival
[hazard ratio (HR) 0.59; 95 % confidence interval (CI)
0.35-1.00; p = 0.05). In a subgroup analysis assessing
long-term survival of patients with RO versus R1 resection
and the occurrence of severe complications, patients with
R1 resections and severe complications had significant
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Table 1 Morbidity after pancreaticoduodenectomy for ductal ade-
nocarcinoma (n = 101)

Table 2 Potential parameters influencing occurrence of severe
postoperative complications

Morbidity No. %
Total no. 58 57.0
Complication grade
I 10 9.9
I 21 20.8
Ila 11 10.9
IIIb 9 8.9
IVa 3 3.0
IVb 4 4.0
Severe complications (>IIIb)
No 80 79.0
Yes 16 16.0
Type of complication
Delayed gastric emptying 21 20.8
Wound infection 19 18.8
Extraabdominal infection 19 18.8
Pancreatic fistula 9 8.9
Hemorrhage 9 8.9
Intraabdominal infection 8 7.9
Portal vein thrombosis 3 3.0
Cholangitis 4 4.0
Respiratory failure 6 5.9
Small bowel obstruction 3 3.0
Cardiac 3 3.0
Pulmonary embolism 3 3.0
Gastric leak 2 2.0
Bile leak 2 2.0
Others 2 2.0

worse outcome (2.0 years vs. 0.6 years, p = 0.0005)
(Table 4; Fig. 1). Corresponding trends were identified for
NO and N1 stages, although they did not reach statistical
significance.

Discussion

Successful treatment of pancreatic ductal adenocarcinoma
is nowadays not based solely on surgery but also on on-
cologic treatment using chemotherapy alone or combined
chemoradiation. Nevertheless, complete tumor resection
with attenuated morbidity must be attempted in all patients
with resectable disease. The current trial has been per-
formed to assess the impact of postoperative complications
stratified according to their severity on long-term survival
after pancreatic head resection for cancer. It demonstrated
that morbidity after PD is high (57 %), and that severe
postoperative complications (grade IIIb to IVb) occurred in
16 % of patients. Long-term survival was predominantly
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Variable No severe Severe pr
complications complications
(n = 80) (n = 16)

Age (years) 67 67 0.89

Age 1.0
>70 years 34
<70 years 46

Sex 0.78
Male 44 10
Female 36 6

Smoking 0.77
No 54 10
Yes 26 6

Alcohol abuse 0.24
No 70 12
Yes 10 4

Cardiac co-morbidity 0.51
No 61 14
Yes 19 2

Pulmonary co-morbidity 0.36
No 73 13
Yes 7

Diabetes mellitus 0.52
No 62 11
Yes 18 5

BMI (kg/m?) 25 25 0.74

Weight loss 0.42
No 46
Yes 34

Jaundice 0.76
No 21 5
Yes 59 11

Biliary stent 0.26
No 35 6
Yes 45 10

ASA 0.35
I 4 2
I 56 11
11 18 3
v 1 0

Operating 361 382 0.39
time (min)

Vascular reconstruction 0.37
No 59 10
Yes 21 6

Pancreatic anastomosis 0.58
PJ 46 11
PG 33 5

T stage 0.36
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Table 2 continued

Variable No severe Severe p
complications complications
(n = 80) (n = 16)
Tl 2 1
T2 15 1
T3 54 10
T4 7 3
N stage 0.45
NO 14 1
N1 66 15
R status 0.27
RO 52
R1 28
Tumor differentiation
Well 11 2
Moderate 46 8
Poor 17 4 0.90

BMI body mass index; PJ pancreaticojejunal; PG pancreatogastric

determined by tumor-related factors, such as N-stage and R
status. Postoperative complications per se had no impact on
survival, but they contributed to a worse prognosis when
they were in patients at risk for early tumor recurrence (i.e.,
in case of incomplete tumor resection, R1/2).

The traditional approach to looking at complications is
based on a short-term perspective and therefore is focused
on the hospital LOS, costs, and consumption of health care
resources [13—15]. Also, complications are often used as a
surrogate parameter to estimate the quality of surgery.
More recently, the long-term consequences of complica-
tions with their possible impact on quality of life, use of
adjuvant treatment, and most importantly survival time has
gained more attention as hitherto underestimated issues. In
most series, the impact of complications has been assessed
as an additional endpoint, among others, and some recently
published trials were focused on that particular aspect as
the primary point of interest [1, 6, 11, 21-26]. The results
have been somewhat controversial.

DeOliveira et al. validated the Dindo-Clavien classifi-
cation of complications in a large series of pancreatic
resections at Johns Hopkins Hospital. Despite the fact that
no statistically significant correlation between the type and
severity of complications with long-term survival could be
detected, patients with a grade IV pancreatic fistula had a
worse outcome than patients with grade II and III pancre-
atic fistulas [11]. Another randomized controlled trial from
the same institution evaluated the role of extended retro-
peritoneal lymphadenectomy for periampullary adenocar-
cinoma. It found that although increased morbidity was
observed in patients with an extended resection the long-

Table 3 Potential parameters influencing long-term survival after
pancreaticoduodenectomy (n = 96)

Parameter Median survival (years) P

Sex 0.40
Male 1.8
Female 1.3

Age 0.29
<70 years 1.3
>70 years 1.8

Smoking 0.12
No 1.9
Yes 1.1

Alcohol abuse 0.90
No 1.3
Yes 2.0

ASA 0.52
I 3.0
1T 1.7
1 1.1
v -

T stage 0.076
T1 -
T2 1.8
T3 1.3
T4 0.9

N stage 0.018
NO 34
NI 1.3

Tumor differentiation 0.52
Well 2.5
Moderate 1.4
Poor 1.1

R status 0.0376
RO 1.6
R1 1.2

Tumor size (mm) 0.44
<30 1.8
>30 1.2

Adjuvant chemotherapy 0.82
No 1.6
Yes 1.4

Severe complications 0.06
No 1.9
Yes 1.2

ASA: American Society of Anesthesiologists

term survival remained unchanged [21]. It can be specu-
lated whether a possible oncologic benefit of a more radical
resection may be reversed by more complications. Patients
who were included in the ESPAC-1 trial were separately
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Table 4 Effect of complications on significant parameter of survival
after pancreaticoduodenectomy

Parameter Median survival (years) P
No severe Severe
complications complications
R status
RO 1.4 1.7 0.98
R1 2.0 0.6 0.0005
N status
NO 6.9 1.2 0.33
N1 1.3 1.3 0.17

assessed regarding whether the type of surgery and the
occurrence of complications had a negative impact on
survival and the beneficial effects of adjuvant radioche-
motherapy. However, no such negative impact could be
detected [22].

In contrast, at least six studies reported a worse survival
caused by the occurrence of postoperative complications,
even if definitions of the severity of complications in three
studies were lacking [1, 24, 25]. One recent study assessed
complications with the Dindo-Clavien classification and
found that severe postoperative complications (grades III
and IV) predicted worse long-term survival, whereas
overall postoperative complications had no significant
influence [23]. Two other studies did not evaluate the
impact of complications directly, but the absence of post-
operative bile leaks and low systemic inflammatory
response predicted a better outcome after resection of
pancreatic adenocarcinoma [6, 26].

Long-term survival after surgery for pancreatic ductal
adenocarcinoma is influenced by many factors. For
example, tumor-related aspects play a pivotal role (i.e.,
tumor size and invasion, lymph node affection, tumor
differentiation, perineural or vascular invasion, resection
margins) [16, 18, 20, 27]. Of note, the presence of tumor
cells within 1 mm of the resection margin is considered a
R1 resection [28, 29]. Adjuvant chemotherapy is nowadays
accepted as a valuable treatment option to prolong survival
(ESPAC, German multicenter study) [22, 30, 31]. In our
series, N-stage and R status were statistically significant
predictive factors that had a major impact on outcome,
whereas tumor differentiation, adjuvant chemotherapy and
severe complications did not change long-term survival in
the overall patient group. However, patients with incom-
plete tumor resection (R1 or R2) who are at increased risk
for early tumor recurrence had a shortened long-term sur-
vival if severe complications were piggybacked.

The question then arises: How can these clinical observa-
tions can be explained? First, severe complications delay the
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«Fig. 1 Effect of severe complications on survival and function of R
status. a Entire cohort. b RO resections. ¢ R1 resections

timely beginning of adjuvant chemotherapy. In our series, a
median delay of 27 days was observed in patients with severe
complications: The median time to adjuvant chemotherapy
was 86 days with severe complications and 49 days without
severe complications. The time between surgery and the
beginning of adjuvant chemotherapy was only 46 days in the
ESPAC-1 trial, and chemotherapy was found to prolong sur-
vival [22]. Effective management of postoperative compli-
cations necessitates resources of experienced, high-volume
centers. Indeed, the effects of hospital and surgeon case vol-
umes on mortality after pancreatic resection is well docu-
mented [7, 32-35]. Second, mortality related to complications
can occur with a delay of several weeks. For example, major
visceral arterial bleeding caused by a ruptured pseudoaneu-
rysm has been described up to 30 weeks after the index
operation and hence represents a late sequela of pancreatic
fistula [36, 37]. Third, impaired caloric intake and maldiges-
tion due to exocrine pancreatic insufficiency may induce
significant malnutrition. Such patients remain particularly
susceptible to infections. Fourth, persisting postoperative
weakness impairs regularly ambulation, and patients remain
in bed even when they discharged home. Thrombosis for-
mation and an increased risk of pulmonary embolism are
important consequences. Fifth, a significant number of
patients are not able to stop smoking. Active smoking pro-
motes tumor recurrence and infectious complications [38]. All
these aforementioned risks may be responsible for general
immunosuppression, causing more infections and, even
worse, reducing tumor suppression capacity with earlier
tumor recurrence or metastasis formation.

Underestimated features are the pathophysiologic
effects of postoperative complications. Postoperative sys-
temic inflammatory response syndrome (SIRS) depends on
the duration and magnitude of surgical interventions [39].
Severe postoperative complications can set off a SIRS with
high levels of markers of inflammation or infection, such as
C-reactive protein (CRP), procalcitonin, and interleukins.
Jamieson et al. demonstrated that systemic inflammatory
responses with increased CRP levels predicted the outcome
after pancreas head resection for ductal adenocarcinoma
[26]. Postoperative inflammatory response certainly affects
the host-versus-tumor response and possibly tumor biol-
ogy, which could be deleterious particularly after incom-
plete resection [40].

Conclusions

Postoperative morbidity, in particular severe complica-
tions, has a deleterious effect on long-term survival after

pancreatic head resection for cancer. Its role may have
been underestimated so far, and more attention must be
given to its prevention and effective treatment.
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flicts of interest.

References

1. Howard TJ, Krug JE, Yu J et al (2006) A margin-negative RO
resection accomplished with minimal postoperative complica-
tions is the surgeon’s contribution to long-term survival in pan-
creatic cancer. J Gastrointest Surg 10:1338-1345 discussion
1345-1336

2. Schafer M, Mullhaupt B, Clavien PA (2002) Evidence-based
pancreatic head resection for pancreatic cancer and chronic
pancreatitis. Ann Surg 236:137-148

3. Buchler MW, Wagner M, Schmied BM, et al (2003) Changes in
morbidity after pancreatic resection: toward the end of comple-
tion pancreatectomy. Arch Surg 138:1310-1314; discussion 1315

4. Buchler MW, Kleeff J, Friess H (2007) Surgical treatment of
pancreatic cancer. ] Am Coll Surg 205:S81-S86

5. Ziegler KM, Nakeeb A, Pitt HA et al (2010) Pancreatic surgery:
evolution at a high-volume center. Surgery 148:702-709 dis-
cussion 709-710

6. Winter JM, Cameron JL, Campbell KA et al (2006) 1423 Pancrea-
ticoduodenectomies for pancreatic cancer: a single-institution expe-
rience. J Gastrointest Surg 10:1199-1210 discussion 1210-1211

7. Gouma DJ, van Geenen RC, van Gulik TM et al (2000) Rates of
complications and death after pancreaticoduodenectomy: risk
factors and the impact of hospital volume. Ann Surg 232:786-795

8. Bassi C, Dervenis C, Butturini G et al (2005) Postoperative
pancreatic fistula: an international study group (ISGPF) defini-
tion. Surgery 138:8-13

9. Wente MN, Veit JA, Bassi C et al (2007) Postpancreatectomy
hemorrhage (PPH): an International Study Group of Pancreatic
Surgery (ISGPS) definition. Surgery 142:20-25

10. Wente MN, Bassi C, Dervenis C et al (2007) Delayed gastric
emptying (DGE) after pancreatic surgery: a suggested definition
by the International Study Group of Pancreatic Surgery (ISGPS).
Surgery 142:761-768

11. DeOliveira ML, Winter JM, Schafer M et al (2006) Assessment
of complications after pancreatic surgery: a novel grading system
applied to 633 patients undergoing pancreaticoduodenectomy.
Ann Surg 244:931-937 discussion 937-939

12. Derogar M, Orsini N, Sadr-Azodi O et al (2012) Influence of
major postoperative complications on health-related quality of
life among long-term survivors of esophageal cancer surgery. J
Clin Oncol 30:1615-1619

13. Dimick JB, Weeks WB, Karia RJ et al (2006) Who pays for poor
surgical quality? Building a business case for quality improve-
ment. J] Am Coll Surg 202:933-937

14. Khan NA, Quan H, Bugar JM et al (2006) Association of post-
operative complications with hospital costs and length of stay in a
tertiary care center. J Gen Intern Med 21:177-180

15. Vonlanthen R, Slankamenac K, Breitenstein S et al (2011) The
impact of complications on costs of major surgical procedures: a
cost analysis of 1200 patients. Ann Surg 254:907-913

16. Benassai G, Mastrorilli M, Quarto G et al (2000) Factors influ-
encing survival after resection for ductal adenocarcinoma of the
head of the pancreas. J Surg Oncol 73:212-218

17. Van Geenen RC, van Gulik TM, Offerhaus GJ et al (2001)
Survival after pancreaticoduodenectomy for periampullary ade-
nocarcinoma: an update. Eur J Surg Oncol 27:549-557

@ Springer



1908

World J Surg (2013) 37:1901-1908

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

Garcea G, Dennison AR, Pattenden CJ et al (2008) Survival
following curative resection for pancreatic ductal adenocarci-
noma: a systematic review of the literature. JOP 9:99-132
Neoptolemos JP, Stocken DD, Friess H et al (2004) A random-
ized trial of chemoradiotherapy and chemotherapy after resection
of pancreatic cancer. N Engl J Med 350:1200-1210

Lim JE, Chien MW, Earle CC (2003) Prognostic factors fol-
lowing curative resection for pancreatic adenocarcinoma: a
population-based, linked database analysis of 396 patients. Ann
Surg 237:74-85

Yeo CJ, Cameron JL, Lillemoe KD et al (2002) Pancreatico-
duodenectomy with or without distal gastrectomy and extended
retroperitoneal lymphadenectomy for periampullary adenocarci-
noma. Part 2. Randomized controlled trial evaluating survival,
morbidity, and mortality. Ann Surg 236:355-366 discussion 366—
368

Bassi C, Stocken DD, Olah A et al (2005) Influence of surgical
resection and post-operative complications on survival following
adjuvant treatment for pancreatic cancer in the ESPAC-1 ran-
domized controlled trial. Dig Surg 22:353-363

Kamphues C, Bova R, Schricke D et al (2012) Postoperative
complications deteriorate long-term outcome in pancreatic cancer
patients. Ann Surg Oncol 19:856-863

Kang CM, Kim DH, Choi GH et al (2009) Detrimental effect of
postoperative complications on oncologic efficacy of RO pan-
createctomy in ductal adenocarcinoma of the pancreas. J Gas-
trointest Surg 13:907-914

Raut CP, Tseng JF, Sun CC et al (2007) Impact of resection status
on pattern of failure and survival after pancreaticoduodenectomy
for pancreatic adenocarcinoma. Ann Surg 246:52-60

Jamieson NB, Glen P, McMillan DC et al (2005) Systemic
inflammatory response predicts outcome in patients undergoing
resection for ductal adenocarcinoma head of pancreas. Br J
Cancer 92:21-23

Cameron JL, Riall TS, Coleman J et al (2006) One thousand
consecutive pancreaticoduodenectomies. Ann Surg 244:10-15
Esposito I, Kleeff J, Bergmann F et al (2008) Most pancreatic
cancer resections are R1 resections. Ann Surg Oncol 15:1651-
1660

Campbell F, Smith RA, Whelan P et al (2009) Classification of
R1 resections for pancreatic cancer: the prognostic relevance of

@ Springer

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

tumour involvement within 1 mm of a resection margin. Histo-
pathology 55:277-283

Cleary SP, Gryfe R, Guindi M et al (2004) Prognostic factors in
resected pancreatic adenocarcinoma: analysis of actual 5-year
survivors. J Am Coll Surg 198:722-731

Butturini G, Stocken DD, Wente MN et al (2008) Influence of
resection margins and treatment on survival in patients with
pancreatic cancer: meta-analysis of randomized controlled trials.
Arch Surg 143:75-83 discussion 83

Van Heek NT, Kuhlmann KF, Scholten RJ et al (2005) Hospital
volume and mortality after pancreatic resection: a systematic
review and an evaluation of intervention in The Netherlands. Ann
Surg 242:781-788 discussion 788—790

McPhee JT, Hill JS, Whalen GF et al (2007) Perioperative
mortality for pancreatectomy: a national perspective. Ann Surg
246:246-253

Topal B, Van de Sande S, Fieuws S et al (2007) Effect of cen-
tralization of pancreaticoduodenectomy on nationwide hospital
mortality and length of stay. Br J Surg 94:1377-1381

Balzano G, Zerbi A, Capretti G et al (2008) Effect of hospital
volume on outcome of pancreaticoduodenectomy in Italy. Br J
Surg 95:357-362

Roulin D, Cerantola Y, Demartines N et al (2011) Systematic
review of delayed postoperative hemorrhage after pancreatic
resection. J Gastrointest Surg 15:1055-1062

Schafer M, Heinrich S, Pfammatter T et al (2011) Management of
delayed major visceral arterial bleeding after pancreatic surgery.
HPB (Oxford) 13:132-138

Hawn MT, Houston TK, Campagna EJ et al (2011) The attrib-
utable risk of smoking on surgical complications. Ann Surg
254:914-920

Talmor M, Hydo L, Barie PS (1999) Relationship of systemic
inflammatory response syndrome to organ dysfunction, length of
stay, and mortality in critical surgical illness: effect of intensive
care unit resuscitation. Arch Surg 134:81-87

Proctor MJ, Morrison DS, Talwar D et al (2011) An inflamma-
tion-based prognostic score (mGPS) predicts cancer survival
independent of tumour site: a Glasgow Inflammation Outcome
Study. Br J Cancer 104:726-734



	Severe Postoperative Complications Adversely Affect Long-Term Survival After R1 Resection for Pancreatic Head Adenocarcinoma
	Abstract
	Background
	Methods
	Results
	Conclusions

	Introduction
	Materials and Methods
	Patients and Data Collection
	Assessment of Postoperative Morbidity and Mortality
	Definitions of Risk Factors
	Data Analysis

	Results
	Complications
	Length of Hospital Stay and Complication-Related Delay of Adjuvant Treatment
	Risk Factors
	Analysis of Long-Term Survival

	Discussion
	Conclusions
	Conflict of interest
	References


