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Quantification of Pancreatic Stiffness on
Intraoperative Ultrasound Elastography and
Evaluation of its Relationship With
Postoperative Pancreatic Fistula
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“Soft pancreas” has often been reported as a predictive factor for postoperative
pancreatic fistula (POPF) after pancreatectomy. However, pancreatic stiffness is judged
subjectively by surgeons, without objective criteria. In the present study, pancreatic
stiffness was quantified using intraoperative ultrasound elastography, and its relevance
to POPF and histopathology was investigated. Forty-one patients (pancreatoduodenec-
tomy, 30; distal pancreatectomy, 11) who underwent intraoperative elastography during
pancreatectomy were included. The elastic ratio was determined at the pancreatic
resection site (just above the portal vein) and at the remnant pancreas (head or tail).
Correlations between the incidence of POPF and patient characteristics, operative
variables, and the elastic ratio were examined. In addition, the relationship between the
elastic ratio and the percentage of the exocrine gland at the resection stump was
investigated. For pancreatoduodenectomy patients, main pancreatic duct diameter < 3.2
mm and elastic ratio < 2.09 were significant risk factors for POPF. In addition, the elastic
ratio, but not main pancreatic duct diameter, was significantly associated with the
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percentage of exocrine gland area at the pancreatic resection stump. Pancreatic stiffness
can be quantified using intraoperative elastography. Elastography can be used to
diagnose “soft pancreas” and may thus be useful in predicting the occurrence of POPF.
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Postoperative pancreatic fistula

D espite current advances in surgical techniques,
pancreatectomy is a very difficult procedure
associated with the risk of multiple postoperative
complications. The morbidity and mortality are
reported to be 20-50% and 1-5%, respectively.' In
particular, a postoperative pancreatic fistula (POPF)
can sometimes lead to life-threatening complica-
tions, such as hemoperitoneum and sepsis. The
worldwide incidence of POPF is reported to be 5-
50%. Several predictive factors for POPF have been
reported to date, and, of these, “soft pancreas” has
often been mentioned.”* However, in all of these
reports, evaluation of pancreatic stiffness has de-
pended on subjective judgment by the surgeon,
without objective parameters as criteria.
Elastography has recently been developed to
enable real-time visualization of the relative stiffness
of tissue elasticity, and its usefulness in various
clinical disciplines for tumor diagnosis and differ-
ential diagnosis has been described.” In gastroen-
terology, evaluation of liver fibrosis and diagnosis of
pancreatic tumors and chronic pancreatitis using
endoscopic ultrasound (EUS) have been reported,®”
but the use of elastography in surgery has not been
reported. An objective assessment of pancreatic
stiffness as a predictive risk factor for POPF can
help in choosing the intraoperative surgical tech-
nique and in planning the postoperative manage-
ment strategy. Therefore, in the present study,
pancreatic stiffness was quantified using intraoper-

Table 1 Clinical characteristics of patients with pancreatectomy

ative ultrasound elastography, and its relevance to
POPF and histopathology was investigated.

Patients and Methods

This study included 41 patients who underwent
intraoperative elastography during pancreatectomy
at our hospital between July 2010 and February
2013. The patients were recruited into the study
before surgery and agreed to enroll in this study.
The protocol and study design of the present trial
were approved and conducted according to the
guidelines of the Ethics Committee at our hospital.

The pancreatectomy procedures were standard-
ized using the same methods. For pancreatoduode-
nectomy (PD), pancreatic anastomosis was
performed by duct-to-mucosal, end-to-side pancrea-
tico-jejunostomy in all enrolled patients. A pancre-
atic duct stent tube was inserted. For distal
pancreatectomy (DP), the main pancreatic duct
was ligated, and the pancreatic stump was closed
in a “fish-mouth” fashion. POPF was evaluated
according to the criteria of the International Study
Group of Pancreatic Fistula (ISGPF).® Incidence of
POPF was evaluated with respect to various patient
and operation factors.

For measurement of pancreatic stiffness, a real-
time tissue elastography measurement system,
EZU-TE3 HITACHI EUB-7500 (Hitachi Medical
Systems, Tokyo, Japan), was used for ultrasound

Operative time, min, median (range)
Intraoperative blood loss, mL, median (range)

590 (265-855)
870 (35-4280)

600 (510-810)
890 (340-2680)

415 (265-855)
500 (35-4280)

Characteristics Total (n = 41) PD (n = 30) DP (n =11)
Male sex, n (%) 29 (70.7) 19 (63.3) 10 (90.9)
Age, y, median (range) 71 (43-82) 71.5 (43-81) 71 (59-82)
BMI, kg/m? median (range) 21.1 (16.2-28.7) 20.5 (17.6-28.7) 21.1 (16.2-26.7)
HbAlc, %, median (range) 54 (41-9.2) 5.5 (4.7-9.2) 54 (4.1-6.9)
PFD test, %, median (range) 58.3 (12.6-96.1) 59.3 (12.6-85.4) 53.8 (17.0-96.1)
Main pancreatic duct, mm, median (range) 2.7 (1.5-10.7) 2.6 (1.5-10.7) 2.8 (2.1-9.9)

(

(

(

Elastic ratio, median (range)

1.95 (1.4-6.56)

1.97 (1.4-6.56) 1.98 (1.65-4.07)

PD, pancreatoduodenectomy; DP, distal pancreatectomy.
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Table 2 Postoperative pancreatic fistula outcomes

HATANO

Total (n = 41) n (%)

PD (n = 30) n (%) DP (n = 11) n (%)

Postoperative pancreatic fistula 18 (43.9)
Grade A 9 (22.0)
Grade B 6 (14.6)
Grade C 3(7.3)
Mortality 1(2.4)

11 (36.7) 7 (63.6)
4 (13.3) 5 (45.5)
4 (13.3) 2(18.2)
3 (10.0) 0 (0.0)
1(3.3) 0(0.0)

PD, pancreatoduodenectomy; DP, distal pancreatectomy.

elastography. Measurements were performed intra-
operatively by the same examiner at the pancreatic
dissection site (just above the portal vein), at the
pancreatic head, and at the pancreatic tail site. The
mean value of 3 measurements at each site was
used. Elastic ratio measurements were based on our
previously reported studies using same method as
for the spleen and liver.® As for the elastic ratio, the
mean values of 2 measurement results at the
dissection site and at the remnant pancreatic site
were used for analysis.

Specimens were stained with hematoxylin-eosin
for examination. Slides from the resection stump
were selected from the specimen slides in all cases.
The ratio of the exocrine gland area to the total area
of the stump tissue specimens was measured in a
double-blind manner by two pathologists and one
gastroenterological surgeon. This was based on
previous reports by Mathur et al.’ Patients were
classified by the percentage of exocrine gland area
into the following three groups: the poor group (<

Table 3 Univariate analysis of the risk factors for POPF

25%), the rich group (> 75%), and the moderate
group (intermediate values).

Results

For the total 41 patients (29 men, 12 women), the
median patient age was 71 years (43-82 years). The
operative procedure was pancreatoduodenectomy
(PD) in 30 patients and distal pancreatectomy (DP)
in 11. Table 1 shows the patients” background and
surgical characteristics for each operative procedure.

In the PD group, POPF developed in 11 (36.7%),
and in the DP group, POPF developed in 7 (63.6%)
based on the ISGPF criteria (Table 2). In the PD
group, main pancreatic duct (MPD) diameter was
significantly smaller and the elastic ratio was
significantly lower in the POPF group (Table 3).
On the other hand, in the DP group, no significant
differences were observed for any variables between
the POPF and non-POPF groups.

The optimal cut-off values for MPD diameter and
elastic ratio to predict the POPF for the PD group

PD (n = 30) DP (n = 11)
POPF (+) POPF (—) POPF (+) POPF (-)
Clinical factors (n=11) (n=19) P value n=7) n=4) P value
Male sex, n (%) 9 (81.8) 10 (52.6) 0.1 7 (100) 3 (75) 0.2
Age, y, median (range) 73 (58-81) 70 (43-80) 0.6 68 (59-81) 73 (71-82) 0.2
BMI, kg/m?, median (range) 22 (18.6-25.7)  19.8 (17.6-28.7) 0.4 21.1 (18.2-23.5)  22.2 (16.2-26.7) 0.7
Pancreatic cancer, n (%) 2 (18.2) 7 (36.8) 0.3 3 (42.9) 3 (75) 0.3
HbA1lc, %, median (range) 5.5 (5.0-7.4) 5.4 (4.7-9.2) 0.5 5.3 (5.0-6.6) 5.6 (4.1-6.9) 0.6
PFD test, %, median (range) 61.1 (43.9-82.3) 55.2 (12.6-85.4) 0.4 58.3 (33.9-96.1) 45 (17.0-52.2) 0.1

Main pancreatic duct, mm,
median (range)
Operative time, min, median (range)
Intraoperative blood loss, mL,
median (range)
Elastic ratio, median (range)

2.3 (1.6-3.6)
595 (535-810)

1510 (400-2250)

3.6 (1.5-10.7) 0.02*
605 (510-735) 0.9

870 (340-2680) 0.6
1.82 (1.53-2.23)  2.22 (1.4-6.56) 0.03*

4(2.1-9.9)
380 (265-855)

2.6 (24-32) 02
468 (380-590) 03

450 (35-4280)
1.98 (1.67-2.18)

1095 (460-2085) 0.3
2.39 (1.65-4.07) 0.09

PD, pancreatoduodenectomy; DP, distal pancreatectomy.
*Statistically significant: P < 0.05.
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Fig. 1 Receiver operating characteristic (ROC) curve of the
elastic ratio for postoperative pancreatic fistula. The optimal cut
off value is 2.09 (sensitivity: 0.909, specificity: 0.526), and the area
under the curve (AUC) is 0.739.

were obtained from receiver operating characteristic
(ROC) analysis. They were 3.2 mm (sensitivity 0.909,
specificity 0.579) for MPD diameter and 2.09 for the
elastic ratio (sensitivity 0.909, specificity 0.526), and
the areas under the curve (AUCs) were 0.77 and

Fig. 2 Typical histologic specimen
showing the distribution of exocrine
gland area in pancreatic resection
stumps. (A) Poor group: percentage
(distribution) of exocrine gland area is 0—
25%. (B) Moderate group: percentage
(distribution) of exocrine gland area is
26-75%. (C) Rich group: percentage
(distribution) of exocrine gland area is
76-100%. (magnification X 4, H & E
stain.)
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0.739, respectively (Fig. 1). Univariate analysis
(Table 4) showed that MPD diameter < 3.2 mm
and elastic ratio < 2.09 were significant risk factors
for POPF (P = 0.009 and P = 0.02, respectively).
However, multivariate analysis demonstrated that
neither variable was an independent factor.

Based on the classification of the percentage
(distribution) of exocrine gland area of the pancre-
atic resection stump, 9 patients had poor, 9 had
moderate, and 23 had rich exocrine gland distribu-
tion. Fig. 2 shows the distribution of exocrine gland
area in pancreatic resection stumps in a typical
histology specimen. The median elastic ratios at the
pancreatic dissection site were 2.53, 2.04, and 1.78
for the poor, moderate, and rich groups, respectively
(Fig. 3). The values were significantly different
between the poor and moderate groups (P < 0.05)
and between the poor and rich groups (P < 0.001).
On the other hand, there were no significant
differences in the median MPD diameters among
the three group (2.63 mm, 2.46 mm, and 2.78 mm for
the poor, moderate, and rich groups, respectively).

Discussion

Several studies of predictive risk factors for POPF
have been reported to date. In particular, “soft
pancreas” has often been mentioned as a significant
risk factor.”™ That a “soft pancreas” is more likely to
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Exocrine gland distribution

leak is common knowledge among surgeons. How-
ever, assessment of pancreatic stiffness is subjective
and ill-defined, based only on palpation of the
pancreatic tissue during surgery; no objective
criteria have been reported.

In the present study, the elastic ratio was
significantly associated with POPF in PD patients.
Based on this finding, we have adopted several
kinds of surgical approaches, such as modified
anastomosis of pancreatico-jejunostomy in the PD
procedure. However in DP patients, though there
was a tendency for the POPF-positive group to have
a lower elastic ratio, no significant association was
observed. Given the heterogeneity between the 2
procedures, PD and DP should be investigated at
multiple centers with a larger sample size for further
clarification.

Ganjoux et al'® examined whether soft pancreas
and fat tissue content > 10% in the pancreatic
parenchyma were independent risk factors for

Table 4 Univariate and multivariate analyses of risk factors for POPF

groups.

POPE, but they found that soft pancreas did not
correlate with fat tissue content. In the present
study, the relationships between the elastic ratio and
the histopathologic findings of the pancreas were
investigated. It was found that the elastic ratio was
significantly lower in the pancreas rich in exocrine
gland tissue. This implies that a so-called “soft
pancreas” reflected by a low elastic ratio has a high
exocrine gland content on histopathology. This is the
first study to identify this. Although the exact
mechanisms that link POPF and exocrine gland
content remain to be resolved, a greater amount of
pancreatic juice might be one of the factors
responsible for the occurrence of POPF.

In conclusion, the present study is the first to
show that pancreatic stiffness can be quantified
using intraoperative elastography, and that the
elastic ratio can be used to identify “soft pancreas,”
rendering it useful in predicting the likelihood of
POPF following pancreatectomy. An elastic ratio <

Univariate Multivariate
Odds ratio 95% CI P value Odds ratio 95% CI P value
MPD diameter < 3.2 mm 13.75 1.45-130.2 0.009 7.72 0.92-166.9 0.06
Elastic ratio < 2.09 11.11 1.18-104.8 0.02 5.39 0.58-118.7 0.14

POPF, postoperative pancreatic fistula; MPD, main pancreatic duct; CI, confidence interval.
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2.09 was a significant risk factor for POPF in the
present cohort of PD patients. For patients with a
soft pancreas or a lower elastic ratio, every effort is
needed to reduce the risk of POPF by improving
surgical procedures and perioperative patient care.
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