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Abstract
Pancreatic resection is the only potentially curable treatment for pancreatic
malignancies. Most of these malignancies occur in the aged population. In the
past, these procedures were associated with significant morbidity and mortality.
We herein reviewed recent advances in the knowledge of the physiological and
immunological aspects of the aging process and improvements in the surgical
techniques that have changed this scenario. We conclude that with appropriate
selection, aged patients will outcomes similar to those of young patients, even
after major pancreatic surgery.
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Introduction
Pancreatic resection is currently the only curative treatment
for pancreatic and biliary malignancies. Most of these malignancies
occur mainly in aged patients [1]. In the past, pancreatic resection
in the aged population was associated with increased morbidity
and mortality rates of around 30% [2-4]. Indeed, aged patients have
increased susceptibility to infection after surgical procedures [5].
Some recent reports, however, have shown that appropriate
patient selection, establishment of good preoperative nutritional
conditions, and appropriate management of the immunological
and physiological changes that occur in the aged may reduce the
morbidity and mortality associated with pancreatic resection [1],
several other surgical procedures [6-9], and systemic inflammation
in this population [10].

Aging and Systemic Inflammation
Aging is reportedly associated with a low-grade inflammatory state
called inflammaging, which is characterized by higher production of
proinflammatory cytokines than in younger patients [11].
Some studies have shown delayed increases in cytokine
concentrations in aged patients after surgery [11]. We have also
observed a delayed inflammatory response in aged patients who have
undergone surgical procedures.
It is of paramount importance to consider that systemic
inflammation is characterized by organ-specific alterations that may
contribute to the increased morbidity in the aged population. In fact,
we recently demonstrated that in a rodent model of acute pancreatitis,
intestinal damage was much more severe in aged animals and was
associated with increased bacterial translocation [12].
Such organ-specific alterations were further demonstrated in
an experimental model of lung injury under conditions of systemic
inflammation, in which the alterations were more severe in aged
animals. The aged animals exhibited higher inducible nitric oxide
synthase expression and lower extracellular superoxide dismutase
expression than did young animals [13].
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This low-grade inflammatory state is further documented by
observation of monocyte activation and hypercytokinemia in aged
patients following surgical interventions [14]. It has also been
shown that mitogen-stimulated peripheral mononuclear cells in
aged patients produce significantly higher levels of tumor necrosis
factor (TNF)-α, interleukin (IL)-6 and IL-1-β than do those in young
patients [15].

Molecular Mechanisms of Age-Related LowGrade Inflammatory State
Although several studies have been performed, the molecular
mechanisms involved in inflammaging remain poorly understood.
Involvement of the poly(ADP-ribose) polymerase-1 gene in
inflammation and the aging process [16], the higher splenic tissue
concentration of α-2A adrenergic receptors and phosphodiesterases,
and the increased CD14 and toll-like receptor-4 expression in
aged animals with sepsis are also associated with this increased
inflammatory state in aged humans [17]. In a previous study of gene
expression in aged patients with sepsis, we found disturbances in genes
related to oxidative phosphorylation and mitochondrial function in
peripheral neutrophils and considered that these disturbances may
interfere with the neutrophils’ antimicrobial function [18].

Evaluation of the Aged Patient
When evaluating whether an aged patient is a candidate for
pancreatic resection, we must use various biomarkers that will
help to determine if the patient is fit for the procedure. One of
these biomarkers is the patient’s walking speed. A previous study
demonstrated an association between slower walking speeds and
higher mortality rates [19]. Body composition (high body mass
index) is also associated with age-related diseases, and a higher risk
of mortality is associated with increased body fat and an increased
waist circumference (>94cm for men and >77cm for women [20].
Certain inflammatory biomarkers of the aging process, such as IL-6,
IL-1-β, TNF-α, and C-reactive protein, are associated with various
biophysical markers such as grip strength and gait speed, and may be
used to evaluate the functional status of an aged patient [21]. Novel
biomarkers are currently being evaluated and may be used in the
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future to better evaluate aged patients.

Pancreatic Resection in Aged Patients
Several recent studies of the feasibility of major pancreatic
resection in the aged population have demonstrated that with
appropriate perioperative management, aged patients may have
outcomes similar to those of younger patients. Several reports have
also shown that even more aggressive pancreatic resection in aged
patients with vascular involvement is feasible without increased
mortality [22].
A recent study unexpectedly found that aged patients undergoing
very aggressive procedures such as modified Apple by pancreatic
resection may have an even better prognosis than younger patients
[23].
We
studied
214
patients
who
had
undergone
pancreaticoduodenectomy in our center. The patients were divided
into two groups based on age: Group I (patients aged <70 years)
and Group II (those aged ≥70 years). The overall incidence of
complications in Group II was 42.85%, while that in Group I was
28.5% (Table I). The overall incidence of complications among all 214
patients who underwent pancreaticoduodenectomy was 31.77%. All
patients survived to the surgical procedure.

Figure 1: Schematic model of the inflammatory response in the bowel of
young and aged patients undergoing major pancreatic surgical procedures.

Several reports have shown that pancreatic resection in aged
patients can be safely performed. A recent review found that patients
aged ≥80 years had an increased incidence of postoperative mortality,
morbidity and cardiac complications. However, comparison of only
patients without differences in preoperative co morbidities revealed
no increase in morbidity or mortality among patients aged ≥80 years
[24].

Another important factor in the aged population is the increased
bacterial translocation observed in these patients. Indeed, intestinal
mucosal atrophy, epithelial tight junction damage, and increased
bacterial populations have been observed in aged animals [31]. Our
previous experimental study showed that in the presence of systemic
inflammation, such as in acute pancreatitis, significantly higher
bacterial translocation with increased numbers of bacterial colonies
was present in the pancreas of aged animals. This was associated with
a more severe local intestinal inflammatory response that included
elevated expression of the COX-2 gene and decreased expression
of tight junction protein genes [12]. Enteral deprivation can lead to
increased expression of proinflammatory cytokines in the intestinal
mucosa with epithelial damage and bacterial translocation [32]
(Figure 1).

Age alone is not an independent risk factor for complications;
however, patient selection must be performed carefully [1, 25-27].
In a recent study, no differences were observed in the incidence of
complications or in the overall morbidity and mortality rates between
patients aged <75 and ≥75 years [24].

Therefore, aged patients requiring pancreatic surgery must
undergo a very short preoperative fast and a short period of
postoperative enteral deprivation. Early enteral nutrition has
been shown to decrease the incidence of postoperative infectious
complications in patients undergoing liver resection [33].

Thus, pancreatic resection can be recommended in aged patients
if the presence of co morbidities and the surgeon and hospital
volumes related to pancreatic resection are taken into account.
Surgeon volume is inversely related to operative mortality for several
procedures, including pancreatic resection [28].

Enteral deprivation leads to a shift in the intestinal micro biota to
predominantly Gram-negative Proteobacteria. This shift is associated
with an increase in expression of proinflammatory cytokines within
the mucosa, including interferon-γ and TNF-α. A concomitant
loss of epithelial growth factors leads to a decrease in epithelial cell
proliferation and increased apoptosis. The resulting loss of epithelial
tight junction proteins contributes to intestinal barrier dysfunction.
These mechanisms identify potential protective strategies against
complications associated with total parenteral nutrition, such as
modification of luminal bacteria, blockade of proinflammatory
cytokines, or growth factor replacement [32].

The technical aspects of pancreatic resection, mainly pancreatic
head resection, are important clues to the success of the procedure,
especially in aged patients. Refinement of the dissection technique
and reduction of tissue damage and bleeding are important in any
procedure and are of particular importance in the aged patient.
The technical aspects of reconstruction after pancreatic duodenal
resection are also critical for the success of the procedure.
Our approach to reconstruction is based on the use of an isolated
jejunal loop for the pancreatic enteric anastomosis with an emphasis
on technical aspects and details [29]. This technique involves
diversion of the pancreatic juice from the biliary secretion and may
contribute to reducing the severity of pancreatic fistulas and their
secondary complications [30]. It may therefore reduce morbidity,
which is extremely important in aged patients.
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Therefore, in aged patients undergoing pancreatic resection, we
always leave an enteral feeding tube in place to begin enteral nutrition
Table 1: Pancreaticoduodenectomy in patients <70 and ≥70 years (personal
data).
Age
70 yrs
< 70 yrs

Number of patients

Number of complications (%)

49

21 (42.85)

165

47 (28.5)

p = 0.0577 (chi-square test).
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as soon as 24 hr after surgery, avoiding parenteral nutrition in this
population.

Conclusion
Age is not an independent risk factor for complications or mortality
following major pancreatic resection. A thorough understanding of
the physiological and immunological characteristics of aging will
allow for careful patient selection and use of the best available surgical
techniques, providing aged patients with outcomes similar to those of
younger patients, even after major pancreatic surgery.
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