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Summary The pancreatic function diagnostant (PFD test) and fecal 

chymotrypsin test were performed simultaneously in patients after pancre-

atic surgery, and findings for both tests were analyzed. The p-
aminobenzoic acid recovery rate in the PFD test and the chymotrypsin 

activity in stools decreased after pancreatectomy, particularly after 

extended radical pancreaticoduodenectomy. Chymotrypsin activity in 
stools, measured by the fecal chymotrypsin test after extended radical 

pancreaticoduodenectomy, was significantly lower than the normal level. 
The D-xylose output in the extended radical group was significantly (p< 
0.05) lower than that following conventional pancreaticoduodenectomy. 

The results allow the conclusion that the absorption factor must be taken 

into account when evaluating the pancreatic exocrine function by the 
PFD test.
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   Pancreaticoduodenectomy is classified into two types. One is an extended 
radical pancreaticoduodenectomy, which includes massive regional pancreatec-
tomy [1], resection of the nervous plexus of the superior mesenteric artery, 
retroperitoneal lymph node dissection, and sleeve resection of portal vein [2]; and 
the other is a conventional pancreaticoduodenectomy. Some patients develop 
malnutrition following extended radical pancreaticoduodenectomy, due to pancre-
atic insufficiency and abnormal absorption [3]. It is, therefore, important for the 
nutritional management of these patients to measure postoperative pancreatic 
exocrine insufficiency [4] and to compare pancreatic exocrine function with
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respect to changes in absorption after these two types of pancreaticoduodenectomy 
have been performed. 

   There are two tubeless methods that can be used to detect pancreatic exocrine 
insufficiency in postoperative patients. One is the pancreatic function diagnostant 

(PFD test, Bentiromide test) [5], and the other is the fecal chymotrypsin test 
(FCT) [6]. The FCT directly measures chymotrypsin activity remaining in the 
stool, whereas the PFD test evaluates the chymotrypsin activity in the duodenum 
according to rate of recovery of p-aminobenzoic acid (PABA) from the urine. 
PABA released from peptides is absorbed through the small intestine, and thus it 
is important to evaluate the absorption of PABA. It is possible to evaluate such 
absorption by the D-xylose test, which is a kind of clinical absorption test. In this 

paper we report our experience using PFD, FCT, and D-xylose test in patients after 
pancreatic surgery.

MATERIALS AND METHODS

   A total of 57 patients were evaluated, and of these 32 underwent pan-
creaticoduodenectomy for pancreaticoduodenal malignancy; 12 underwent side-to-
side pancreaticojejunostomy for chronic pancreatitis; 8 underwent distal pan-
createctomy for cancer of the pancreatic tail or chronic pancreatitis; and 5 under-
went total pancreatectomy for pancreatic cancer. Pancreatic function tests were 

performed in patients within 10 months to 1 year after surgery. Nutritional control 
was favorable, and there were no signs of cancer recurrence. Fifty-three healthy 
volunteers were chosen as controls. 

   The patients undergoing pancreaticoduodenectomy were divided into 2 

groups according to the extent of resection. One group consisted of patients who 
underwent extended radical pancreaticoduodenectomy [1] (extended radical 

group, n =10) which included about 60% pancreatectomy, resection of the nervous 
plexus of the superior mesenteric artery, retroperitoneal lymph node dissection, 
and sleeve resection of the portal vein. The other group consisted of patients who 
underwent conventional pancreaticoduodenectomy (40% pancreatectomy) without 
resection of the nervous plexus or lymph node dissection (conventional group, n-
22). 
   After complete withdrawal of all gastrointestinal drug treatment for 2 days, 

patients and volunteers fasted overnight. Five grams of D-xylose and one ampoule 
(0.5 g) of bentiromide containing 169 mg of PABA (Eisai Co. Ltd., Tokyo) were 
administered orally at the same time. Only oral intake of water was allowed, and 
urine was collected during the first 6 h following administration of the D-xylose 
and bentiromide. The levels of D-xylose in urine were expressed as total output 

(grams). The PABA levels in urine were measured by the DACA (p-dimethyl 
amino cinnamaldehyde) method [7], and the results were expressed as a percent-
age of the administered dose. Stools were collected the following day and fecal 
chymotrypsin activity was measured with a fecal chymotrypsin test kit (Boehringer
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Mannheim, Mannheim) [6]. Fecal chymotrypsin activity was expressed as interna-
tional units (U) in 1 g of feces. 

   The findings in each group were expressed as the mean ± SD. Student's t-test 
was used to determine the significance of the difference between the means, and 
differences with p-values of less than 0.05 were taken as significant.

RESULTS

   The recovery rate of PABA in the extended group was 31 ± 14%, and this rate 
was significantly (p<0.05) lower than the 50± 17% found in the conventional 

group. The D-xylose output from the extended radical group was 0.83±0.15 g, and 
that from conventional group was 1.42±0.19g. This difference was significant 

(p <0.05). 
   The recovery rate of PABA was 54±9% and 66± 13% in the patients undergo-

ing side-to-side pancreaticoj ej unostomy and distal pancreatectomy, respectively. 
There were no significant differences between the healthy controls, the side-to-side 

pancreaticojejunostomy group, and distal pancreatectomy group. In patients 
undergoing total pancreatectomy the recovery rate of PABA was 20± 12%, and the 
D-xylose output was 093±0.22 g; both values were significantly lower than those 
for healthy controls (Table 1).

Table 1. PABA recovery rate from urine in the PFD test and D-xylose output in a 5-g

D-xylose test within 10 months to 1 year after surgery.

Values are mean ± SD,

Table 2. Chymotrypsin activity in the fecal chymotrypsin test within 10 months to 1 year

after surgery.

Values are mean ± SD,
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   Chymotrypsin activity in the stool, measured by FCT after extended radical 

pancreaticoduodenectomy, was 6.0±3.1 U/g, significantly lower than the healthy 
control level (17.6±7.8 U/g). After side-to-side pancreaticojejunostomy, chymo-
trypsin activity was 12.5± 5.4 U /g; and after distal pancreatectomy it was 18.7 ±6.3 
U/g. There were no significant differences between these two values and healthy 
control levels. In the group undergoing total pancreatectomy, FCT was 0.2±0.2 
U/g, a value significantly lower than that for the other groups (Table 2).

DISCUSSION

   The pancreozymin-secretin test was once considered to be the most reliable of 
the methods available to measure pancreatic exocrine function. This method 
required a tube to be inserted into the duodenum or jejunum that had been 
anastomosed to the pancreatic duct. It is currently practical to perform a tubeless 
test such as the PFD test or FCT in postoperative patients. The PFD test measures 
the chymotrypsin activity in the duodenum from the recovery rate of PABA from 
the urine, and the FCT directly measures the chymotrypsin activity remaining in 
the stool. In the present study, the recovery rates of PABA in the PFD test after 
total pancreatectomy were above zero. The results suggest the existence of 
extrapancreatic trypsin or chymotrypsin activity in the intestine of these patients, 

possibly originating from paneth cells [8] or some bacteria [9]. This extrapan-
creatic protease activity is one factor that must be considered when evaluating the 
findings of the PFD test. Abnormal absorption is another factor that needs to be 
considered, because PABA peptide is absorbed through the small intestine. The 
average recovery rate of PABA from urine by the PFD test decreased after 

pancreaticoduodenectomy, particularly after extended radical pancreatico-
duodenectomy. The absorbance of D-xylose by the small intestine after extended 
radical pancreaticoduodenectomy was extremely low and was significantly 
lower than that seen after conventional pancreaticoduodenectomy. This finding 
suggests that an absorption disorder may affect the recovery rate of PABA in the 
PFD test. 

    When D-xylose and PFD tests were carried out simultaneously, it was found 
that the dose of D-xylose did not interfere with PABA absorption even if PABA 
and D-xylose were simultaneously administered orally [10, 11]. We have reported 
that, in the presence of an absorption disorder, the recovery rates of PABA were 
lower than normal and that the PFD test findings improved with an improvement 
in absorption. In other words, the amount of PABA absorbed must be corrected 
for in the PFD test depending on the absorption [12]. Bornschein [13] has also 
reported that the test-specificity of the PFD test improves with the combined use 
of PABA peptide and D-xylose. A predicted PABA excretion rate can be estimated 
based on the rate of D-xylose output. The difference in PABA recovery rate 
between the measured and predicted values was defined as the pancreatic maldiges-
tion ratio [12]. We suggest that the absorption abnormalities seen with the PFD
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test may be corrected for by the D-xylose output when evaluating pancreatic 

exocrine function in patients with absorption disorders.
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