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Abstract

Aim: In this study, we aimed to investigate the factors related to postoperative mortality after pancreatoduodenectomy in our clinic.
Materials and Methods: Patients who underwent pancreatoduodenectomy due to a periampullary region tumor between 2010 and
2019 were included in the study. Mortality that occurred within 30 days after PD was defined as postoperative mortality and groups
were formed according to this definition Group 1(Postoperative Mortality) and Group 2(No mortality). The demographic and clinical
features, laboratory parameters, and tumor features of the patients were compared between the groups. Risk factors for mortality
were analyzed by univariate analysis and multivariate logistic regression analysis.

Results: 155 patients participated in our study. We found our postoperative mortality rate as 11.6%. Accordingly, Group 1 consisted
of 18 and Group 2 consisted of 137 patients. The sex was similar (p: 0.235). The average age was higher in Group 1 than 2 (71.2 vs
63.7, p:0.013). Tumor localizations were similar in groups (p:0.275). Lymph node positivity was similar in the groups (50% vs 41.6%,
p:0.333). The pancreatic fistula was higher in Group 1, but not statistically significant (33% vs 18.2%, p:0.119). Preoperative white
blood cell count (9490 mm?® vs 8050 mm?®) and neutrophil count (6898 mm? vs5442 mm?) were higher in Group 1. In multivariate
analysis, no parameters were single-handedly risk factors.

Conclusion: No factor was found to be effective alone in the development of mortality after pancreaticoduodenectomy. We think that

postoperative mortality may decrease by revealing the factors in the preoperative, intraoperative and postoperative periods.
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INTRODUCTION

Pancreatic cancer is the 11" most common cancer in
the world and the fourth leading cause of cancer-related
deaths (1,2).

Periampullary region tumors include tumors originating
from the pancreatic head, the lower end of the ductus
choledochus the ampulla vateri, and the duodenum
adjacent to the ampulla. Pancreaticoduodenectomy (PD)
is the preferred treatment for patients with a periampullary
tumor and resectable disease. Despite improvements
in surgical technique, patient selection, and advances
in perioperative care, PD is still associated with high
morbidity and mortality (3). Population-based studies in
recent years have shown that the morbidity of PD varies
from 20% to 40% and mortality rates from 2.8% to 10.2%
(4-9).

In recent years, studies using large, national databases
have shown that many factors contribute to perioperative

mortality in patients undergoing pancreatic resection.
Important morbidity markers include old age, male sex,
being overweight and obese, daily life activities within 30
daysbeforesurgery,chronicobstructive pulmonary disease
(COPD), steroid use, bleeding disorders, leukocytosis,
high serum creatinine and hypoalbuminemia. Important
determinants of 30-day mortality are male sex, bleeding
disorders, COPD, hypertension, neoadjuvant radiation
therapy, more than 10% weight loss, an ASA score over
3, over 400 Brinkman index, a body mass index over 25,
over 11,000 white blood cell count, less than 120,000
platelet count, increased serum creatinine level and
hypoalbuminemia. Also, low hospital volume is strongly
related to worsening results after resection (4,10,11).

Understanding the risk factors for potential morbidity and
mortality following pancreatic cancer surgery, determining
the changeable ones among these factors, and taking
necessary measures are important for the prevention of
postoperative mortality. Although, the factors that are
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expected to be associated with mortality, they are not
effective alone. It can come together to increase mortality
rates. For this reason, considering the patient as a whole
while performing the patient assessment may prevent
mortality.

In this study, we aimed to investigate the factors related to
mortality associated with pancreatoduodenectomy in our
clinic over a 10-year period and discuss our findings in the
light of the literature.

MATERIALS and METHODS

In our study, 172 patients who underwent
pancreatoduodenectomy due to a periampullary region
tumor (ampulla, distal choledoch, pancreas head,
duodenum) between 2010-2019 were included. Seventeen
patients under the age of 18, whose records could not be
reached and those with a pathological diagnosis other than
adenocarcinoma were excluded. A total of 155 patients
were included. The clinical records, pathology and surgery
reports of the patients were retrospectively analyzed
from the patient files and the hospital automation system
database.

Mortality that occurred within 30 days after PD was
defined as postoperative mortality and groups were
formed according to this definition: Group 1 (Mortality
present) and Group 2 (No mortality). Demographic and
clinical data such as sex, age, presence of comorbid
disease, American Society of Anesthesiologists (ASA)
score, and tumor localization; laboratory parameters such
as complete blood count, albumin, bilirubin and tumor
markers (CEA, CA19.9); pathological features such as
tumor differentiation, stage, diameter, number of dissected
and metastatic lymph nodes, presence of positive lymph
node; postoperative follow-up data such as the presence
of non-pancreatic fistula complications, duration of
postoperative hospital stay, 30-day postoperative survival,
local recurrence status, current clinical status, cause of
exitus, and total survival time were analyzed. In addition,
independent risk factors were evaluated in univariate and
multivariate analysis.

In terms of postoperative complications, patients
with pancreatic fistula, wound infection, evisceration,
intraabdominal abscess, intraabdominal hemorrhage,
anastomosis leakage were considered to have
complications. Intraabdominal abscess was defined as a
collection that appears on computed tomography (CT) and
needs drainage. Wound infection was considered purulent
drainage from the incision. As the definition of pancreatic
fistula, the drain fluid amylase value observed on the 3rd
day after PD being 3 times higher than the serum amylase
value or the amylase value determined as the upper limit
by the hospital laboratory (12). Postoperative bleeding
was determined according to the data of the International
Pancreatic Surgery Working Group (13).

Patients were staged according to the American Joint
Committee on Cancer (AJCC) TNM staging system. TNM
2010 and 2016 systems were used.

All patients underwent respiratory physiotherapy (triballs
spirometry) 24 hours before the operation and 1gr of
Cefazolin within 60 minutes before the operation. Low
molecular weight heparinized venous thromboembolism
(VTE) prophylaxis was performed. The patients were given
post-hospital VTE prophylaxis.

All patients were evaluated at the hepatobiliary tumor
council before the operation.

Statistical analysis

SPSS 23.0 (IBM Corp., Armonk, N.Y., USA) package
program was used for statistical analysis of the data.
Categorical measurements were summarized as numbers
and percentages, and continuous measurements were
summarized as mean, deviation, and minimum-maximum.
Pearson's Chi-squared test was used to compare
categorical variables. In comparing the continuous
measurements between the groups, the distributions were
checked and independent student t-test analysis was
applied to the binary variables. Cox regression was used
for multivariate evaluations. Statistical significance level
was taken as 0.05 in all tests.

RESULTS

155 patients participated in our study. We found our
postoperative mortality rate as 11.6%. Accordingly, Group
1 consisted of 18 and Group 2 consisted of 137 patients.
In the groups, male sex was dominant (55.6% and 67.2%,
respectively) and the groups were similar (p: 0.235). The
average age was higher in Group 1 than 2 (71.2 vs 63.7, p:
0.013). Presence of comorbid disease was similar (44 vs
46%, p:0.390). The most common ASA score was ASA 2
in Group 1 (55.6%) and ASA 1 in Group 2 (46%) (p:0.425).

Table 1. Characteristics of patients

Group 1 (n:18) Group 2 (n:137)

n(%) n(%)
Sex
Male 10 (55.6) 92 (67.2)
0.236
Female 8 (44.4) 45 (32.8)
Age 71.27£16.25 63.79111.18 0.013
(22-93) (22-91)
Additional disease
Absent 10 (55.6) 67 (48.9) 0.390
Present 8 (44.4) 63 (46.0)
ASA Score
1 6 (33.3) 63 (46.0) 0.425
2 10 (55.6) 54 (39.4)
3 2(11.1) 20 (14.6)
Tumor localization
Ampulla 9(50.0) 55 (40.1) 0.275
Duodenum 1(5.6) 1(0.7)
Ductus choledochus 2(11.1) 23(16.8)
Pancreas 6(33.3) 58 (42.3)

ASA American Society of Anesthesiologists
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Tumor placement was most commonly in the ampulla
in Group 1 (50%), and pancreas in Group 2 (42.3%), and
localizations were similar in groups (p: 0.275). The
demographic and clinical characteristics of the patients
are shown in Table 1.

Preoperative white blood cell count (9490 mm? vs 8050
mm?) and neutrophil count (6898 mm? vs 5442 mm?) were
higher in Group 1. Lymphocyte count (p:0.702), platelet
count (p:0.106), hemoglobin level (p:0.238), albumin level
(p:0.754), total bilirubin (p:0.363), CEA level (p:0.790), and
Ca 19.9 level (p:0.673) were similar between the groups.
Laboratory parameters are shown in Table 2.

Table 2. Laboratory parameters

Group 1 (n:18)  Group 2 (n:137)

Meantsd Meanzsd P
(min-max) (min-max)

9499.44+3937.32 8050.43+2650.35 0.042
(5000-18390)  (1430-18000)

6898.88+3605.57 5442.71+2318.17 0.021
(3130-15000)

1646.114576.22

WBC mm?®

Neutrophil mm?
(840-12650)

Lymphocyte mm? 1716.27+746.92 0.702

(710-2700) (460-4630)
Platelet mm? 334.72+¢158.28  292.75+938.57 0.106
(159-690) (92-608)
Hemoglobin gr/dl 13.0512.03 12.50£1.79  0.238
(9.8-17.7) (7.4-16.7)
Albumin gr/dl 3.4740.66 3.5310.71 0.754
(2.3-4.6) (1.4-4.9)
Total bilirubin mg / dL 4.42+5.57 5.9917.01 0.363
(0.2-20) (0.1-34)
Preoperative CEA ng/ml. 5.26%11.87 4.52+11.02  0.790
(0.01-52.2) (0-87.4)
Preoperative Ca 19.9 U/ml 735.5£1042.96 585.23+1455.75 0.673
(2-3166) (1-9683)

WBC-White Blood Cell

Both groups mostly had poorly differentiated tumors
(38.9% vs 53.3%, p: 0.208). T2 stage (50%) was more
common in Group 1, and T3 stage (50.4%) was more
common in Group 2 (p: 0.657). Lymph node positivity was
similar in the groups (50% vs 41.6%, p: 0.333). The number
of dissected and metastatic lymph nodes were similar in
the groups (9.1 vs 10.64, p: 0.330) and (1.27 vs 0.99, p:
0.528), respectively. Tumor diameters were similar (2.41
cm vs 2.26 cm, p: 0.600). Postoperative complication
rates were similar (33% vs 28.5%, p: 0.428). The presence
of pancreatic fistula was higher in Group 1, but not

statistically significant (33% vs 18.2%, p: 0.119). Tumor
characteristics and postoperative follow-up results are
shown in Table 3.

Table 3. Characteristics of tumor and postoperative outcomes

Group 1 Group 2
(n:18) (n:137) p
n (%) n (%)
Differentiation
Well 7(38.9) 28(20.4)  0.208
Moderate 4(22.2) 36 (26.3)
Poor 7(38.9) 73(53.3)
il
T1 2(11.1) 12(8.8) 0.657
T2 9 (50.0) 56 (40.9)
T3 7(38.9) 69 (50.4)
N
NO 9(50.0) 80 (58.4) 0.333
N1 9 (50.0) 57 (41.6)
Number of total dissected 9.145.18 10.646.35 0.330
lymph nodes (min-max) (2-26) (1-42) :
Metastatic lymph node 1.27+2.21 0.99+1.73 0528
number (min-max) (0.0-8.0) (0-11) :
Lymph node positivity
Negative 9(50.0) 80 (58.4) 0.333
Positive 9(50.0) 57 (41.6)
_ 2414130 226115  0-600
Tumor diameter
(0.7-5.0) (0.4-6.5)
Postoperative complication
Present 6(33.3) 39 (28.5) 0.428
Absent 12 (66.7) 98 (71.5
Pancreatic Fistula
Present 6(33.3) 25(18.2) 0.119
Absent 12 (66.7) 112 (81.8)
Survival Function
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Figure 1. Overall survey graphics

3067



Ann Med Res 2020;27(12):3065-70

The mean survival was 34.97+3.73 (27.65-42.30) months
itis shown in Table 4 and Figure 1.

Table 4. Overall survival time (monhts)

Average Mean * sd Median Mean * sd
(min-max) (min-max)

34.97+3.73 (27.65-42.30) 15.01.48 (12.08-17.91)

None of the parameters evaluated in univariate and
multivariate analyzes were independent risk factors for
mortality. It is shown in Table 5.

Table 5. Univariate and multivariate analysis of factors associated

with postoperative 30-day mortality in periampullary tumors

Measurements Univariate Multivariate
P HR (95% - Cl) p

Age Group

<65 1.00

> 65 0.068 2.482 (0.885-6.964) 0.084
Sex

Male 1.00

Female 0.382 1.520 (0.600-3.852) 0377
Localization

Ampulla 1.00 0.405

Duodenum 0.503 3.321(0.421-26.213)  0.255

Ductus choledochus ’ 0.561(0.121-2.594)  0.459

Pancreas 0.641(0.228-1.800)  0.398
Differentiation

Poor 1.00 0.233

Moderate 0.462 1.236 (0.978-1.625)  0.355

Well 1.345(0.811-1.435)  0.442
T

T1 1.00 0.669

T2 0.663 0.918(0.198-4.248) 0.913

T3 0.606 (0.126-2.918)  0.532
N

NO 1.00

N1 0549 1.327 (0.527-3.343) 0549
Postoperative
complication

Yes 1.00

No 0.709 0.828 (0.311-2.207) 0.706
ASA score

1 1.00 0.399

2 0.397 1.924 (0.699-5.293)  0.205

3 1.049 (0.212-5.196)  0.954
Tumor diameter

Below 2 0.888 1.00 0.887

2 and over 0.934 (0.362-2.409)
WBC

Below 10 0.267 1.00 0.243

10 and over 1.849 (0.659-5.186)
Neutrophil

Below 7 0.197 1.00 0.177

7 and over 1.963 (0.737-5.231)

Hemoglobin
Below 12 0.133 1.00 0.159
12 and over 2.221(0.731-6.748)
Albumin
Below 3.5 0.626 1.00 0.626
3.5 and over 0.795 (0.315-2.002)
Bilirubin
Below 5 0.389 1.00 0.398
5 and over 0.655 (0.246-1.747)
Pancreatic fistula
No 0.190 1.00 0.170
Yes 1.986 (0.745-5.291)
Cal19.9
Below 100 0.657 1.00 0.658

100 and over 1.234 (0.487-3.126)

None of the parameters evaluated in univariate and
multivariate analyzes were independent risk factors for
mortality. It is shown in Table 5.

DISCUSSION

PD is the only valid curative treatment of periampullary
region tumors (14). The biggest problems in PD surgery
are the complexity of the surgical procedure and the high
morbidity and mortality rates due to the operation. In the
1970s, postoperative hospital mortality was reported to
be over 25% in many series (15,16). Today, this rate has
decreased dramatically in postoperative hospital mortality
and is reported between 2.8% and 8.1% (4-8). We found
this rate as 11.6% in our series.

In the modern era, significant advances in diagnostic
methods, patient selection, post-operative care, and many
aspects of experience gained in pancreatic surgery have
contributed significantly to the dramatic increase in the
reliability of this surgery.

Early postoperative mortality, which is the evaluation of
the first 30 days reported by ACS-NSQIP, is an important
parameter in determining the quality of pancreatic surgery
aw).

In the studies in the literature, they are united in the
opinion that an increase in the hospital volume decreases
mortality and morbidity (7,18,19). However, in contrast
to these views, in a study by Nathan et al. in 2009, they
concluded that the effect of the surgeon's patient volume
was not significant (20). The effect of hospital volume on
surgical outcomes has attracted the attention of surgeons,
and in a study by Sosa et al., hospitals were divided into
3 groups based on the number of pancreatic resections
performed each year, these were low scale (<5 procedures
/ year), medium scale (5-19 procedures / year) and high
scale (> 20 procedures / year). In this study, hospital
mortality was reported as 18.8% for low-scale hospitals,
6.9% for medium-scale hospitals and 0.9% for high-scale
hospitals (20). According to NCCN 2016, a high-volume
center is described as a center where PD was performed
over 20 cases per year (22). In their analysis, Macedo,
F. 1. B et al. found that the surgeon's annual number of
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cases would also affect the results, and showed that the
results of the surgeon with more than 6 cases per year
were better (23). According to this definition, our hospital
is in the middle-scale class with an annual number of
17.2 PD performed. Although our mortality rate seems to
be high for a medium-scale hospital, we have seen that
our mortality rates have decreased in our cohort in recent
years. In a complex surgery such as PD, experienced
selection, preoperative patient evaluation, technical
skills and postoperative patient care are also important
in the performing center. In the literature, one reason for
the reduction of mortality and morbidity in high-volume
hospitals is that complication management is performed
more effectively in these centers (24).

Understanding the relationship between age and
complications is important for counseling patients.
However, it remained unclear whether there was
an age value at which the risk of complications
increased significantly. In the series of Yuan, F et al,
pancreaticoduodenectomy after age 72 was found to be
associated with longer hospital stay and higher costs
related to more postoperative complications and deaths
(25). McMillan M. T et al. found an age of 85 and over
to be a strong independent risk factor for postoperative
mortality (OR (95% Cl) 7.0 (1.2—42.5), p: 0.033) (26). In
the group developing mortality in the Greenblatt, D. V. et al
series, the average age was 5 years higher (68.7 vs 63.9, p:
0.001) and an age above 80 was independent risk factor in
their studies (26). In our series, the mean age was higher
in patients with mortality, similar to the literature (71.27
vs 63.79, p: 0.013). When we formed groups based on the
age 65, being over 65 was not an independent risk factor.

Pancreatic cancers are the most common among
periampullary tumors. In a study of 207 patients
by Pomianowska et al., the frequency of pancreatic
carcinoma was 33%, of ampulla vateri carcinoma was
25%, of distal choledochal carcinoma was 28% and of
duodenum carcinoma was 14% (28). In our series, it
was most frequently seen with pancreas and ampulla.
Tumor localization was not associated with postoperative
mortality in our series.

Routine preoperative laboratory tests can assist
surgeons in identifying patients at high risk of morbidity
and mortality after pancreaticoduodenectomy. The
importance of preoperative albumin, bilirubin, hemoglobin
and white blood cells have been proven in many studies
(8,23,29,30). Although serum albumin level may also be
affected by acute factors such as trauma and surgical
stress, it is associated with postoperative bad results as
a marker of disease and malnutrition (31). In their cohort,
Gleeson, E. M et al. found an albumin value below 3.5 g / dI
[OR (95% CI) 1.80 (1.36—2.37) p <.001] as an independent
risk factor for post-PD mortality (29). Kimura W et al found
in their 8575-case series that serum albumin levels <2.5 g
/ dL were associated with postoperative 30-day mortality
and in-hospital mortality (4).

Leukocytosis is a nonspecific marker for the systemic
inflammatory condition. While systemic inflammation is

a protective response in the body, it is associated with
humoral and cellular components that result in vascular
injury and ultimate organ dysfunction. Surgical trauma
inflammation worsens the situation in patients with pre-
existing systemic inflammatory conditions associated
with adverse outcomes (32,33). Kimura W et al. found
that white blood cell counts above 11,000 / pL were
associated with postoperative 30-day mortality and in-
hospital mortality (4). While albumin levels were similar
in our series, the number of white cells and neutrophils
were higher in the group with mortality. When we analyzed
these parameters in multivariate analysis, they were not
independent risk factors.

Our study has some limitations. Deficiencies during
follow-up and observation and it being a retrospective
analysis are important limitations. With prospective
randomized studies to be conducted with larger series, it
will be possible to obtain more clear and definitive results
and make guiding suggestions for the future.

LIMITATIONS

Our study has some limitations. Deficiencies during
follow-up and observation and it being a retrospective
analysis are important limitations. With prospective
randomized studies to be conducted with larger series, it
will be possible to obtain more clear and definitive results
and make guiding suggestions for the future.

CONCLUSION

In conclusion, an increase in the number of white blood
cells before the operation and age was associated with
mortality in our study. Knowing the preventable factors
before or after the operation will help us prevent a possible
mortality.

Conflict of interest: The authors declare that they have no competing
interest.

Financial Disclosure: There are no financial supports.

Ethical approval: This study was approved by the ethics committee of
Erciyes University with protocol number 2020/575.

REFERENCES

1. Ferlay J, Soerjomataram |, Ervik M, et al. GLOBOCAN
2012 v1.0, Cancer Incidence and Mortality Worldwide:
IARC Cancer Base No. 11 [Internet].Lyon, France:
International Agency for Research on Cancer; 2013.
Available from: http://globocan.iarc.fr,  Accessed
20176.

2. Ferlay J, Soerjomataram |, Dikshit R, et al . Cancer
incidence and mortality worldwide: sources, methods
and major patterns in GLOBOCAN 2012. Int J Cancer
2015;136:359-86.

3. Macedo FIB, Jayanthi P, Mowzoon M , et al. The
impact of surgeon volume on outcomes after
pancreaticoduodenectomy: a meta-analysis. J
Gastrointest Surg 2017;21:1723-31.

3069



Ann Med Res 2020;27(12):3065-70

4,

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Kimura W, Miyata H, Gotoh M, et al. A
pancreaticoduodenectomy risk model derived from
8575 cases from a national single-race population
(Japanese) using a web-based data entry system:
the 30-day and in-hospital mortality rates for
pancreaticoduodenectomy. Ann Surg 2014;259:773-
80.

Yeo CJ, Cameron JL, Sohn TA , et al. Six hundred
fifty consecutive pancreaticoduodenectomies in the
1990s: pathology, complications, and outcomes. Ann
Surg 1997;226:248-57.

Simons JP, Shah SA, Ng SC, et al National complication
rates after pancreatectomy: beyond mere mortality. J
Gastrointest Surg 2009;13:1798-805.

Balzano G, Zerbi A, Capretti G, et al. Effect of hospital
volume on outcome of pancreaticoduodenectomy in
Italy. Br J Surg 2008;95:357-62.

Yoshioka R, Yasunaga H, Hasegawa, et al. Impact of
hospital volume on hospital mortality, length of stay
and total costs after pancreaticoduodenectomy. Br J
Surg 2014;101:523-9.

Nimptsch U, Krautz C, Weber GF , et al .Nationwide
in-hospital mortality following pancreatic surgery
in Germany is higher than anticipated. Ann Surg
2016;264:1082-90.

Greenblatt DY, Kelly KJ, Rajamanickam V, et al.
Preoperative factors predict perioperative morbidity
and mortality after pancreaticoduodenectomy. Ann
Surg Oncol 2011;18:2126-35.

Hill JS, Zhou Z, Simons JP, et al. A simple risk score to
predict in-hospital mortality after pancreatic resection
for cancer. Ann Surg Oncol 2010;17:1802-7.

Bassi C, Dervenis C, Butturini G, et al. International
Study Group on Pancreatic Fistula Definition:
Postoperative pancreatic fistula: an international
study group (ISGPF) definition. Surgery 2005;138:8-
13.

Wente MN, Veit JA, Bassi C, et al Postpancreatectomy
hemorrhage (PPH)—an international study group
of pancreatic surgery (ISGPS) definition. Surgery
2007;142:20-5.

Kim CG, Jo S, Kim JS. Impact of surgical
volume on nationwide hospital mortality after
pancreaticoduodenectomy. World J Gastroenterol
2012;18:4175-8

Gilsdorf RB, Spanos P. Factors influencing morbidity
and mortality in pancreaticoduodenectomy. Ann Surg
1973;177:332-7.

Monge JJ, Judd ES, Gage RP. Radical
pancreaticoduodenectomy: a 22-year experience with
complications, mortality rate and survival rate. Ann
Surg 1964;160:711-22.

Parikh P, Shiloach M, Cohen ME, et al. Pancreatectomy
risk calculatorr an ACS-NSQIP resource. HPB.
2010;12:488-97.

Eppsteiner RW, Csikesz NG, McPhee JT, et al. Surgeon
volume impacts hospital mortality for pancreatic
resection. Ann Surg 2009;249:635-40.

Hata T, Motoi F, Ishida M, et al Effect of hospital volume
onsurgical outcomes after pancreaticoduodenectomy.
Ann Surg 2016;263:664-72.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

3070

Nathan H, Cameron JL, Choti MA, et al. The volume—
outcomes effect in hepato-pancreato-biliary surgery:
hospital versus surgeon contributions and specificity
of the relationship. J Am Coll Surg 2009;208:528-38.
Sosa JA, Bowman HM, Gordon TA, et al. Importance
of Hospital Volume in the Overall Management of
Pancreatic Cancer. Ann Surg 1998;228:429-38.
Tempero MA, Malafa MP, Al-Hawary M, et al.
Pancreatic adenocarcinoma, version 2.2017, NCCN
clinical practice guidelines in oncology. J Natl Compr
Canc Netw 2017;15:1028-61.

Macedo FIB, Jayanthi P Mowzoon M, et al. The
impact of surgeon volume on outcomes after
pancreaticoduodenectomy: a meta-analysis. JJ
Gastrointest Surg 2017;21:1723-31.

Ghaferi AA, Birkmeyer JD, Dimick JB. Variation in
hospital mortality associated with inpatient surgery.
N Engl J Med 2009;361:1368-75.

Yuan F, Essaji Y, Belley-Cote EP, et al. Postoperative
complications in elderly patients following
pancreaticoduodenectomy lead to increased
postoperative mortality and costs. A retrospective
cohort study. International J Surgery 2018;60:204-9.
McMillan MT, AllegriniV, Asbun HJ ,etal. Incorporation
of procedure-specific risk into the ACS-NSQIP surgical
risk calculator improves the prediction of morbidity
and mortality after pancreatoduodenectomy. Ann
Surg 2017;265:978-86.

Greenblatt DY, Kelly KJ, Rajamanickam V, et al.
Preoperative factors predict perioperative morbidity
and mortality after pancreaticoduodenectomy. Ann
Surg Oncol 2011;11:2126-35.

Pomianowska E, Grzyb K, Westgaard A, et al
Reclassification of tumour origin in resected
periampullary adenocarcinomas reveals
underestimation of distal bile duct cancer. EJSO
2012;38:1043-50.

Winter JM, Cameron JL, Yeo CJ, et al. Biochemical

markers predict morbidity and mortality after
pancreaticoduodenectomy. J the American College of
Surgeon 2007;204:1029-36.

Gleeson EM, Shaikh MF, Shewokis PA, et al. WHipple-
ABACUS, a simple, validated risk score for 30-
day mortality after pancreaticoduodenectomy
developed using the ACS-NSQIP database. Surgery
2016;160:1279-87.

Gibbs J, Cull W, Henderson W,et al. Preoperative Serum
Albumin Level as a Predictor of Operative Mortality
and Morbidity: Results From the National VA Surgical
Risk Study. Arch Surg 1999;134:36-42.

Mahmood E, Knio ZO, Mahmood F, et al. Preoperative
asymptomatic leukocytosis and postoperative
outcome in cardiac surgery patients. PloS one
2017;12:1-11.

Lindner HA, Balaban U, Sturm T, et al. An Algorithm for
Systemic Inflammatory Response Syndrome Criteria—
Based Prediction of Sepsis in a Polytrauma Cohort.
Indian J Crit Care Med 2016;44:2199-07.



