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Objective: This study aimed to compare the body composition, dietary
intake and serum levels of vitamins and minerals, and exocrine pancreatic

function in patients late after pancreaticoduodenectomy (PD) and healthy

subjects.

Methods: Fifteen patients (PD group) who had undergone PD over

1 year before the study and 15 health volunteers (control group) were in-

cluded in the study. All volunteers underwent dietary intake evaluation, body

composition, laboratory data, exocrine pancreatic function by elastase-1, and
13carbon (13C )-labeled triglycerides in breath tests. The PD group subjects

also underwent upper gastrointestinal endoscopy and small intestinal bacte-

rial overgrowth analysis.

Results: Nutrient intake was adequate, and there were no differences in
body mass index and mineral serum levels between the groups. The PD

group showed lower serum levels of retinol, >-tocopherol, and ascorbic acid.

Small intestinal bacterial overgrowth occurred in 39% of the patients. Fecal

elastase-1 was lower in the PD group. The PD group had a higher 13C peak

time; the cumulative label 13C recovery in 7 hourswas similar in both groups.

Conclusions: Fecal elastase-1 decreased, and the excretion of 13C in
breath was similar to healthy controls. Although the data point toward an

adaptation in the absorptive capacity of fats, A, C, and E hypovitaminosis

indicate that some absorptive insufficiency persists late after PD.
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Pancreaticoduodenectomy (PD) has been performed to treat
malignant and benign diseases.1,2Mortality rates after pancre-

atic resection have reduced gradually3 because of improvements
in surgical techniques, as well as in postoperative care and central-
ization of surgery to high-volume centers.4,5Quality of life decreases
if there is an impairment of the pancreatic exocrine function
during the postoperative period.6 Pancreaticoduodenectomy may
result in pancreatic insufficiency, manifested clinically as an in-
creased frequency of bowelmovementswith increased fat in 72-hour
stool collection,7 as well as a necessity of pancreatic enzyme re-
placement.8Although a huge variety of tests for the assessment of

pancreatic function is available, the diagnosis of pancreatic exo-
crine insufficiency can be difficult because there are methodo-
logical limitations of direct and indirect tests.

Direct tests such as secretin-caerulein remain as the criterion
standard, but they require gastroduodenal intubation to collect pan-
creatic juice, an invasive, time-consuming, and expensive procedure.9

Among the different indirect tests to assess the pancreatic func-
tion, measurements of N-benzoyl-L-tyrosyl-p-aminobenzoic acid,
plasma pancreatic polypeptide, and amino acid consumption tests
were abandoned over time.10However, fecal elastase-1 or 13carbon
(13C)-mixed triglyceride tests are being endorsed by a growing num-
ber of studies published in recent years.10

The fecal elastase-1 is a human-specific protease synthesized
by the pancreatic acinar cells,11 whose secretion has a good cor-
relation with amylase, lipase, and trypsin.12 The breath test using
mixed triglyceride labeledwith the stable 13C isotope is based on the
principle that intestinal triglyceride absorption requires prior hydro-
lysis by lipase to produce free fatty acids and monoacylglycerol.13

After intestinal absorption, the 13C-marked fatty acids are metab-
olized in the liver producing 13CO2, which is released in breath.
Therefore, the increase in 13CO2 concentrations in breath is cor-
related to intestinal lipid digestion and absorption.13 Some inves-
tigations assessed pancreatic secretion by fecal elastase-111,14,15 and
the absorptive function by 13C-labeled mixed triglyceride breath
test in patients undergoing different types of pancreatic resection.11

Most studies conducted with patients who underwent PD
emphasized body composition.16Y18 In cases in which the out-
come is satisfactory, the weight returns to previous values in late
postoperatory.16Y18 On the other hand, although the patients did
not present any evidence of severe nutritional risk, there was a
deficiency of micronutrients such as iron, selenium, carotene, and
vitamins A and D.8,14

To our knowledge, there have been no reports on the evalu-
ation of the pancreatic function simultaneously with different ap-
proaches to nutritional assessment in patients who had undergone
PD with pancreaticojejunostomy and standard techniques of duct-
to-mucosa anastomosis with internal stenting. The purpose of this
studywas to compare the body composition, dietary intake, vitamin
and mineral serum levels, and exocrine pancreatic function by
elastase-1 and 13C-labeled triglyceride breath tests in patients late
after PD and healthy control subjects.
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2000 to 2010. Subjects who had undergone surgery over 1 year
before the study andwith no clinical evidence of tumor recurrence
were eligible for this study. Twenty-five patients were deceased,
and 17 individuals had inconsistent registration data and/or were
impossible to contact. Eight patients were excluded because they
were receiving postoperative adjuvant chemotherapy. Two subjects
refused to participate, and 4 individuals had residual or recurrent
neoplastic disease. The control subjects were selected among the
employees of the institution or among healthy individuals who at-
tended a public program of physical activity.

The final casuistic included 15 patients (PD group) who had
undergone PD (Table 1) and 15 health volunteers (control group),
which presentedmean (SD) of 61 (13) versus 55 (14) years (P= 0.23)
and 87% versus 71% of males (P = 0.36), respectively. Upper
gastrointestinal endoscopywas performed by the same endoscopist.
In 8 patients, it was possible to reach the pancreaticojejunal anas-
tomosis, and none of the patients presented obstructions in the
pancreaticojejunal and hepaticojejunal anastomoses.We performed
an assessment of body composition and food intake and analysis
of routine laboratorial data in all volunteers. The evaluation of
pancreatic fecal elastase-1 and absorption of 13C was made in all
patients (PD group); 7 healthy volunteers (control group) were ran-
domly chosen for these tests.

Surgical Procedures
The PD was performed by a single team, using the standard

techniques. All patients who underwent PD had undergone the
resection of the pancreatic head, duodenum, biliary duct, and gall-
bladder. According to an individual evaluation performed during
surgery, the antrum and pylorus were preserved (n = 9) or resected
(n = 6). The same procedures were performed in all patients who
included the following: (a) single-loop pancreatic and biliary re-
construction, (b) pancreatojejunostomy, (c) duct-to-mucosa anasto-
mosis using interrupted suturing with polypropylene 5-0 suture,
and (d) internal pancreatic duct silicone stent (6 to 10 french,
around 10 cm). When the subjects were analyzed according to the
digestive tract reconstruction technique, we could not find any
differences in the evaluated parameters. Because of this, post-
erior statistical analysis was conducted on all individuals who
underwent PD, regardless of antrum and pylorus preservation.

Body Composition and Dietary Intake
The analysis of the composition of the habitual diet was

based on the Semi-Quantitative Food Frequency Questionnaire,
which assesses the food intake for the previous 6 months. The di-
etetic data were processed by specific software (NutWin 1.5 Pro-
fessional Software; Federal University of São Paulo, São Paulo,
Brazil). None of the patients used vitamin or mineral supplements
during the 6 months before the study.

The individuals were questioned about the changes in their
body weight between the perisurgical period and at the time of the
study. Anthropometric measurements were done using standard
techniques. Body impedance analysis was performed using a bio-
electrical impedance analyzer (Biodynamics BIA 450 Bioimpedance
Analyzer; Biodynamics Corporation, Shoreline, WA). A single re-
searcher collected these data to minimize interobserver variation.

Nutritional and Routine Clinical Laboratorial
Assessment

Blood samples were taken from all the volunteers after a
12-hour fasting period. Routine tests included serum glucose,
hemoglobin level, mean corpuscular volume, total lymphocyte
counts, liver enzymes, total protein, albumin, transferrin, plasmatic
lipids, and C-reactive protein. Iron, zinc, and copper were analyzed
by atomic absorption flame spectrophotometry (Perkin Elmer 3110;
Perkin-Elmer, Waltham, MA). Folic acid and cyanocobalamin
were determined by chemiluminescent enzyme immunoassay
(IMMULITE kit; Siemens Healthcare Diagnostics Products Ltd,
Gwynedd, North Wales, United Kingdom). Ascorbic acid was
measured by colorimetric reaction with 2,4-dinitrophenylhydrazine
and spectrophotometric detection. Determination of retinol and
>-tocopherol was accomplished by ultraviolet high-performance
liquid chromatography.

Hydrogen Breath Tests
After fasting overnight and being on a low-fiber diet for at

least 1 day, the individuals from the PD group underwent the test.
Hydrogen concentrations were measured in parts per million (ppm)
with a gas chromatograph (Modelmicrolyzer; QuinTron,Milwaukee,
WI). A hydrogen breath sample was obtained at baseline before
the intake of a solution containing 80 g glucose dissolved in 300mL

TABLE 1. Characteristics of Patients Who had Undergone PD Surgery

Case Sex Age, y Time Elapsed After Surgery, mo Histopathologic Diagnosis TNM* Classification

1 Male 69 30 Pancreatic head carcinoma pT3N0Mx

2 Male 57 65 Carcinoma of papilla of vater pT1N1Mx

3 Male 80 119 Carcinoma of papilla of vater pT3N0Mx

4 Male 58 20 Carcinoma of papilla of vater pT2N0M0

5 Male 61 120 Carcinoma of papilla of vater pT2N0M0

6 Male 79 108 Carcinoma of papilla of vater pT1N1M0

7 Male 60 52 Neuroendocrine tumor Not applicable
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water. Hydrogen in end-expiratory breath samples was analyzed
every 10minutes for 180minutes. The breath tests indicated small
intestinal bacterial overgrowth when there was at least 1 H2 peak
(920 ppm increase) above the baseline value.

Fecal Elastase-1 Test
Stool samples were frozen at j 20-C until analysis. Fecal

elastase-1 levels were determined with an enzyme-linked immuno-
sorbent assay by elastase-1 ELISA kit (Bioserv Analytics and
Medical Devices Ltd, Rostock, Germany). The results were
expressed as fecal elastase-1 concentration inmicrogram per gram
of stool. Fecal elastase-1 levels of less than 100 Hg/g stool were
indicative of severe exocrine pancreatic insufficiency, from 100 to
200 Hg/g of moderate pancreatic insufficiency, and greater than
200 Hg/g of normal exocrine pancreatic.19

13C-labeled Mixed Triglyceride Breath Test
The pancreatic enzymes were withdrawn for at least 5 days

before testing in 2 patients who previously used this substitution
therapy (27,000 and 36,000 U/d). The 13C-mixed triglyceride test
had been performed after a 12-hour overnight fasting. The subjects
received a test meal, which consisted of 200mL tea, 60 g toast with
18 mL olive oil, and 200 mg 13C-mixed triglycerides (Cambridge
Isotope Laboratories, Andover, MA). This test meal contained
approximately 20 g fat, and no other drinks or foods were allowed
during the experiment. Breath samples were collected via a
straw in 10-mL breath sample containers (Vacutainer; Becton
Dickinson UK Ltd, Oxford, United Kingdom). Basal breath
samples were obtained before the meal, and postprandial breath
samples were collected every hour for 7 hours. The 13C/12C ratio
of carbon dioxide was analyzed with an isotope ratio mass spec-
trometer (Europa Scientific Isotope Ratio Mass Spectrometers
20Y20; Sercon, Crewe, England) and calculated as $ value with
regard to Pee Dee Belemnite international limestone standard.
The increase in 13C content with regard to the baseline value of
the initial breath sample was expressed as atom percentage in
excess. We noted the time when percentage maximum was
reached (time of peak), and we calculated the cumulative per-
centage of label recovered in the breath over 7 hours (percentage
dose 13C cum 7 hours).17 Pancreatic insufficiency was considered
when cumulative percentage of label recovered was lower than
5% 7 hours after ingesting 13C-mixed triglycerides.11

Statistical Analysis
Data analyses were performed with the Statistica software

(version 8.0; StatSoft Inc, Tulsa, OK). Variables with normal dis-
tribution were analyzed by Student t test and reported as mean
(SDs). Variables with nonnormal distribution were analyzed by
Mann-Whitney U test and reported as median values and range.
The level of significance (>) was set at 0.05

RESULTS

Body Composition and Dietary Intake
The patients who underwent PD presented weight loss of

20 (range, 7Y35) kg when compared with the habitual weight in
perisurgical period. However, at the moment of evaluation, they
recovered a mean (SD) of 91% (11%) of the patients who un-
derwent PD lost weight. There was no statistical difference in
body mass index (mean [SD], 25 [4] vs 27 [4.0] kg/m2, P = 0.09)
and in fat body mass (19 [4] vs 21 [5] kg, P = 0.34). On the other
hand, the PD group presented lower lean mass (mean [SD],
45 [11] vs 55 [10] kg,P = 0.03) than the control group. The patients
who underwent PD presented a higher intake of energy, iron, zinc,
copper, vitamin B12, and folate than the healthy controls (Table 2).

Routine Laboratory Evaluation and Nutritional
Status Laboratory Assessment

The routine laboratory examinations were within the refer-
ence values, except for higher serum alkaline phosphatase (mean
[SD], 295 [150] U/L) and C-reactive protein (median, 0.26 [range,
0.06Y2.61] mg/dL) in the PD group. Iron, copper, and zinc serum
levels were similar among the study groups and within the refer-
ence range, whereas serum retinol, >-tocopherol, and ascorbic acid
levels were lower in the patients who underwent PD in comparison
with the controls (Table 3). Regarding the reference range, serum
vitamin A levels were normal in all patients, whereas serum vita-
min E and C levels were low in 12 and 13 patients, respectively.

Hydrogen Breath Tests
It was not possible to perform hydrogen breath tests in

2 patients because 1 of them had diabetes mellitus and the other
had dumping syndrome immediately after ingesting the glucose
solution. Among the 13 patients, 5 presented excessive expiratory
H2, which was indicative of small intestinal bacterial overgrowth.

TABLE 2. Nutrient Intake in Patients Who had Undergone PD (PD Group) and Healthy Volunteers (Control Group)

PD Group (n = 15) Control Group (n = 15) P

Total energy, kcal 2676 (477) 2109 (602) G0.01

Protein, % ED 16 (2) 16 (3) 0.53

Lipid, % ED 31 (5) 31 (7) 0.80

Carbohydrate, % ED 54 (6) 51 (6) 0.13

Iron, mg 20 (5) 14 (5) G0.01

Zinc, mg 13 (3) 9 (3) G0.01
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Fecal Elastase-1 Test
Figure 1 shows that fecal elastase-1 concentrations were lower

in the PD group than in the control group (median, 159 [range,
50Y500] vs 500 [421Y500] Hg/g feces, P G 0.01). All control
group subjects presented fecal elastase-1 higher than 200 Kg/g.
Seven subjectswho underwent PD presented fecal elastase-1 levels
lower than the reference from a total of 15. Those subjects were
considered as having severe insufficiency (n = 4) and mild exo-
crine insufficiency (n = 3).

13C-labeled Mixed Triglyceride Breath Test
The subjects who underwent PD presented a higher time to

reach 13C peak values (mean [SD], 6.0 [1.4] vs 4.6 [1.3] hours,
P = 0.03) than healthy controls (Fig. 2A), which indicates late
absorption of triglycerides. Seven hours after ingesting the 13C, the
cumulative recovered 13C was similar in both groups (mean [SD],
10.2% [3.7%] vs 13.3% [4.2%], P = 0.09; Fig. 2B). No healthy
controls had pancreatic exocrine insufficiency when the diagnosis
was based on a 7-hour cumulative 13C dose lower than 5%.

DISCUSSION
In our series, the patients who underwent PD presented body

mass index and A, C, and E vitamin serum levels lower than the
healthy subjects, although intake was similar or higher than the
controls. Almost half of the patients who had undergone pancreatic
resection presented pancreatic exocrine insufficiency by elastase-1
test. However, the 13C-labeledmixed triglyceride breath test showed
that the patientswho underwent PDpresented a higher time to reach
the lipid absorption peak. After 7 hours, all but 1 of the patients
presented normal lipid absorptive capacity.

In this study, the percentage of patients who underwent PD
that presented a decrease on fecal elastase-1 concentrations was
similar to those found in other studies.11,14,15,20Y23Although 50%
of our patients presented low fecal elastase-1 excretion, breath
13CO2 levels were normal in most of the cases, indicating that de-
spite having decreased enzyme production, they were able to ab-
sorb and metabolize lipids properly. Using the breath 13CO

Bacteria are able to metabolize monosaccharides or disac-
charides, amino acids, dipeptides, and fatty acids that are unab-
sorbed.25 In the present study, we cannot dismiss the hypothesis
that there was bacterial overgrowth and that this is responsible for
the metabolization of 13C-mixed triglycerides. This could result in
late production of 13CO2 in patients who underwent PD, thus
justifying a higher time to reach 13C peak values than the healthy
controls. However, it is described that disturbed normal motility
after surgery could result in false-positive hydrogen breath tests.26

Although the quantitative culture of upper gut aspirates is invasive
and cumbersome,25 this method could clarify whether there is
small intestinal bacterial overgrowth in patients who underwent PD
and its interference in breath tests.

The large individual variability (13.3%Y73%) on the incidence
of exocrine pancreatic insufficiency after PD18,27,28 may be as-
cribed to the extent of the resection and to the techniques of recon-
struction of the remnant pancreas into the gastrointestinal tract.28

Pancreatic exocrine insufficiency was less frequent when pancreas
anastomosis was performed in the jejunum (pancreatojejunostomy)
rather than in the stomach (pancreatogastrostomy).15,29 In this
context, the low occurrence of exocrine pancreatic insufficiency
observed in this study can be ascribed to the efficiency of duct-to-
mucosa pancreaticojejunal anastomosis, a technique used in our
casuistic.

The interpretation of the result from the nutritional assess-
ment in patients who have altered exocrine pancreatic function
should comprise the possibility of compensatory measures in the
food intake and changes in the digestive and absorptive processes.

TABLE 3. Serum Levels of Vitamins and Minerals in Patients Who had Undergone PD (PDGroup) and Healthy Volunteers (Control
Group)

PD Group (n = 15) Control Group (n = 15) P Reference Range

Iron, Hg/dL 94 (27) 108 (27) 0.19 40Y160

Copper, Hg/dL 99 (26) 99 (28) 0.99 70Y140

Zinc, Hg/dL 82 (21) 89 (13) 0.30 50Y120

Vitamin B12, pg/mL 331 (127) 441 (170) 0.07 174Y878

Folic acid, ng/mL 14 (6) 14 (5) 0.82 3Y17

Retinol, Hmol/L 1.7 (0.6) 2.1 (0.5) 0.05 1.04Y2.43

>-Tocopherol, Hmol/L 16 (7) 26 (7) G0.01 2Y27

Ascorbic acid, mg/dL 0.25 (0.13) 1.22 (0.61) G0.01 0.6Y2.0

Data are presented as mean (SD).
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These hypotheses explain the normal anthropometric values.8,16,18

The intestinal adaptive response to pancreatic insufficiency may
differ from nutrient to nutrient, justifying the punctual biochemi-
cal deficiencies, such as low serum vitamin B12, folate, and iron in
patients who underwent PD.27,30 Liposoluble vitamin deficiency
is a predictable consequence when absorptive capacity of lipids is
compromised,14 and abnormal serum vitamin E levels have been
documented after PD,8 even after routine multivitamin supple-
mentation.31 It is possible that the small intestinal bacterial over-
growth observed in the 5 patients may have contributed to reduce
serum vitamins C and E, apart from retarding 13C peak values.

In PD, the loss of the biliopancreatic sphincter and the pos-
sible retrograde and slow contraction movement in the excluded
loop32 may result in enteric reflux into the biliary tract, liver, and
pancreas. These mechanisms can lead to bacterial contamination
and inflammation in the liver and biliary tract,33Y36 which justify
the elevated alkaline phosphatase and C-reactive protein in this
study. Regardless of a possible decrease in the absorptive capacity
of nutrients, the inflammatory and oxidative stress could justify
the deficiency of antioxidant vitamins C and E in patients who
underwent PD.37

The limitation of this study was the small sample size, jus-
tified by the strict inclusion criteria and survival rate of patients
who had undergone PD, once high local recurrence rates in com-
bination with the early metastatic spread lead to low survival rates
after resection.38 In this context, our study’s sample size is similar
to that in works, which included only late postoperatory patients
who underwent PD.14,15,27 We were cautious enough to exclude
patients with recurrent tumor activity and those with short elapsed
time after surgery, which may compromise the critical analysis of
the results.

Among the strengths of this study, we may point out the
standardization of surgical techniques, including pancreaticojejunal
anastomosis,39 the exclusion of the biasing related to digestive tract

clinical and nutritional status. This consideration is valid for mini-
mally invasive surgery for PD,41 where the limitations of the sur-
gical approach may require changes in the surgical technique that
may result in a greater loss of pancreatic function.

In conclusion, after 12 months or more after PD, the patients
had their body composition preserved but presented low serum
>-tocopherol and ascorbic acid levels. Although fecal elastase-1
excretion is reduced in almost half of the patients, the absorptive
capacity of lipids (as evaluated by 13C-labeled mixed triglycer-
ide breath test) was satisfactory in most of them. It is possible
that mild/moderate insufficiency is not detected by the 13C-labeled
mixed triglyceride breath test, but it may be enough to lead to
vitamin deficiency. Clinical and research priorities should be
focused on a deeper understanding of the adaptive mechanisms of
absorptive capacity after PD. It would also be interesting to eval-
uate the impact of venous vitamin supplementation on the health
and quality of life of patients who undergo PD. Regardless of
the absorptive capacity of lipids in late postoperative period,
the obtained data point out that the patients need specific vitamin
supplementation.
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35. Kemp R, de Araújo WM, de Castro AA, et al. Influence of biliary

drainage on the repair of hepatic lesions in biliary fibrosis. J Surg Res.

2011;169:e127Ye136.

36. dos Santos JS, Kemp R, de Andrade MF, et al. Influence of biliary

anastomosis on recovery from secondary biliary cirrhosis. Eur J

Gastroenterol Hepatol. 2012;24:1039Y1050.

37. Traber MG, Stevens JF. Vitamins C and E: beneficial effects from

a mechanistic perspective. Free Radic Biol Med. 2011;51:1000Y1013.

38. Diener MK, Knaebel HP, Heukaufer C, et al. A systematic review and

meta-analysis of pylorus-preserving versus classical

pancreaticoduodenectomy for surgical treatment of periampullary and

pancreatic carcinoma. Ann Surg. 2007;245:187Y200.

39. Shukla PJ, Barreto SG, Fingerhut A, et al. Toward improving uniformity

and standardization in the reporting of pancreatic anastomoses: a new

classification system by the International Study Group of Pancreatic

Surgery (ISGPS). Surgery. 2010;147:144Y153.

40. Lieb JG 2nd, Draganov PV. Pancreatic function testing: here to stay for

the 21st century. World J Gastroenterol. 2008;4:3149Y3158.

41. Ammori BJ, Ayiomamitis GD. Laparoscopic pancreaticoduodenectomy

and distal pancreatectomy: a UK experience and a systematic review

of the literature. Surg Endosc. 2011;25:2084Y2099.

Muniz et al Pancreas & Volume 43, Number 3, April 2014




