
Rezumat

Importanåa clinicã a examenului histopatologic intraoperator
extemporaneu al marginilor chirurgicale în timpul 
duodenopancreatectomiei în cancerul pancreatic

Date generale: În zilele noastre, obåinerea unei rezecåii R0 este
unul dintre cei mai importanåi factori independenåi de 
prognostic al supravieåuirii pe termen lung în managementul
cancerelor pancreatice. Scopul acestui studiu este de a evalua
importanåa clinicã a examenului histopatologic intraoperator
extemporaneu al marginilor chirurgicale pancreatice în timpul
duodenopancreatectomiei pentru cancer pancreatic.
Materiale æi metode: Am efectuat o analizã retrospectivã a
datelor culese prospectiv de la 37 de pacienåi operaåi pentru
cancer de cap de pancreas æi evaluaåi în privinåa marginilor
chirurgicale prin examen histopatologic intraoperator extem-
poraneu, în perioada septembrie 2013-august 2014 în cadrul
centrului nostru.
Rezultate: Vârsta medie a pacienåilor a fost de  64,55 ani (între
19 æi 82 ani), dimensiunea medie a tumorii a fost de 3,96 cm
(între 1,16-6,25 cm), iar numãrul mediu de ganglioni recoltaåi a
fost de 18,52 (între 9 æi 45). La examenul histopatologic intra-
operator extemporaneu un pacient a prezentat margini pozitive
(2,7%), fiind supus pancreatectomiei totale sau complementare.
Concluzii: Asigurarea unei rezecåii cu margini chirurgicale
negative intraoperator prin examen histologic extemporaneu

poate creæte rata rezecåiilor R0 în cancerul de pancreas.
Estimarea preoperatorie a marginilor tumorale prin ecoendos-
copie, tomografie computerizata sau rezonanåã magneticã în
general se coreleazã cu descoperirile intraoperatorii, însã în
cazurile suspecte este recomandat examenul histopatologic
intraoperator extemporaneu.

Cuvinte cheie: cancer pancreatic, examen histopatologic,
recidivã

Abstract
Background: Today, in the management of pancreas cancers,
achieving an R0 resection is one of the most powerful 
independent predictors of long-term survival. The aim of this
study is to assess the clinical significance of intraoperative
frozen section analysis of the pancreatic surgical margin for
pancreatic cancer during pancreaticoduodemectomy.
Material and Methods: We conducted a retrospective analysis of
prospectively collected data of 37 patients who were operated
for pancreatic head cancer and who were evaluated for surgical
margin by frozen section analysis intraoperatively, between
September 2013 and August 2014 in our center. The intra-
operative biopsy reports were compared with final pathological
reports.
Results: The mean age of the patients was 64.55(19-82) years
(range), the mean tumor size was 3.96(1.16-6.25) cm (range)
and the mean harvested lymph node number was 18.52(9-45)
(range). In the intraoperative frozen section, one patient was
positive for surgical margin (%2.7) who underwent total or
complementary pancreatectomy.
Conclusion: To secure a tumor-free margin by frozen section,
intraoperatively, may increase R0 resection rate in pancreas
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cancers. The preoperative estimation of tumor margin by
endoscopic ultrasonography, computerized tomography or 
magnetic resonance imaging mostly correlate with intra-
operative findings, however in suspected cases intraoperative
frozen section for margin determination should be performed.

Key words: pancreatic cancer, pathological examination,
cancer recurrens

IntroductionIntroduction

Tumors of the pancreas treated by pancreaticoduodenectomy
carries one of the most dismal prognoses among the gastro-
intestinal cancers despite advances in diagnostic imaging and
endoscopic modalities, resection techniques and perioperative
care (1).

The median overall survival of patients who undergo 
complete resection with negative margins ranges between 12
and 26 months. Although there are many therapeutic 
modalities for treatment of such tumors, complete surgical R0
resection is the superior treatment modality for patients with
resectable disease until more affective systemic therapy is 
discovered (2,3). This is predicated on the notion that, by
extending the degree of pancreatic resection, one will 
eventually achieve an Ro resection; the basis of the old adage
that your operation is only as good as your worst margin. 

Complete tumor extirpation with negative margin status is
regarded as an important principle of surgical oncology 
influencing overall survival (4,5). For that reason, intraoperative
frozen section analysis of margins of resection has been
obtained traditionally by many pancreatic surgeons. A positive
intraoperative frozen section usually gives rise to extending
resections of tumor-bearing tissues, especially at the pancreatic
and biliary margins. However, the impact of negative margin
status on overall survival remains to be clarified (6,7).

In the literature, there is no evidence of routine application
of intraoperative frozen section analysis for surgical margins
during pancreaticoduodenectomy except in doubtful cases in
which it may increase the possibility of R0 resection. With the
advent of perioperative diagnostic imaging and endoscopic
modalities, it is also possible to plan the surgical treatment in
an effective way which may cause to decrease the need for
intraoperative frozen section analysis (8-10).

The aim of this study is to investigate the effectiveness and
necessity of frozen section analysis of surgical margins during
pancreaticoduodenectomy.

Material and MethodsMaterial and Methods

Patients

Between September 2013 and August 2014, 37 pancreatic
tumor patients treated by pancreaticoduodenectomy were
enrolled in the study (Table 1). Patients with ampullary

tumors, and patients who received neoadjuvant therapies
were excluded from the study. All patients with lack of evi-
dence for unresectability underwent surgical exploration.
Metastatic diseases, involvement of superior mesenteric and
celiac arteries were accepted as criteria of unresectability.
Pylorus preserving pancreaticoduodenectomy was performed
by a single surgeon in standard fashion. The extent of the
pancreatic resection was defined before the surgery accord-
ing to the diagnostic imaging and endoscopic data, and
modified during the surgery according to frozen section
analysis of the surgical margins. PD was performed in a stan-
dard fashion, as previously described. The most oncological-
ly important part of the operation was the final step involv-
ing division of the pancreas and completion of the mesen-
teric and retroperitoneal dissection by removing all soft tis-
sue to the right of the adventitia of the SMA, ie, the SMA
margin. Tangential or segmental resection of the SMV, PV,
or SMPV confluence was performed when the operating sur-
geon could not separate the pancreatic head and/or the
uncinate process from the SMPV confluence without leav-
ing gross tumor on the vein or risking a venotomy. After tak-
ing the specimen out of the patient, all margins were marked
with sutures. Sutures were placed to the neck of the pancreas
(pancreatic surgical margin), to the uncinate process with
retroperitoneal part of the pancreas (retroperitoneal – unci-
nate surgical margin), and to common bile duct/common
hepatic duct (biliary surgical margin). The specimen was
sent to frozen analysis room and waited until the response
declared. If the margins were negative, the reconstruction
process was performed.

But positive intraoperative margins necessitate extended
resections to obtain a negative margin. A permanent section
analysis was also performed to all frozen section evaluations.

The data of the patients including age, gender, and patho-
logical analysis of both frozen and permanent sections were
recorded.

Pathologic assessment

All resection specimens were dissected and reported by the
same pathologist. On receipt of the specimen from the 
operating room the surgical margins of the pancreatic neck,
bile duct, duodenum and the retroperitoneal pancreatic area
are examined macroscopically and the tissue is submitted for
frozen section analysis (Fig. 1). Complete en face sections
through the pancreatic and common bile duct margins were

Table 1. The demographic date of our patients

Age(mean) 64.55 (19-82)
Gender F/M 20/17
Mean lenfadenopaty 18,52 (9-45)
Mean tumor diametre 3,96 (1,16-6,25)
Tumor localization

Pancreatic head 33 (%89,1)
Periampullary 4 (%10.9)                
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sampled. The duodenum and bile duct are opened along its
way The retroperitoneal margin of the pancreatic dissection
area including the vascular groove is inked. Five resection 
margins were examined at paraffine blocks: Proximal gastric /
duodenal margins, distal duodenal margin, pancreatic distal
margin (Fig. 2 A), common bile duct margin and retroperi-
toneal uncinate margin (Fig. 2 B). The opened duodenum and
bile duct were examined for the location of the tumor and its
relation to adjacent structures. Wirsung duct was also opened
if possible. Representative tissue samples were taken. The
regional nodes were sampled also which were grouped as 
follows: Superior lymph nodes (superior to head and body of
pancreas); inferior lymph nodes (inferior to head and body of
pancreas); anterior lymph nodes (anterior pancreatico-
duodenal, pyloric, and proximal mesenteric lymph nodes); 
posterior lymph nodes (posterior pancreaticoduodenal, 
common bile duct or pericholedochal and proximal mesen-
teric nodes) and splenic lymph nodes. WHO 2010 classifica-
tion and TNM staging were used at final pathology reports.

Statistics

Chi-square tests were used to compa1re categorical variables.
Independent t tests and Mann-Whitney tests were used to
evaluate continuous variables. A P value of less than 0.05
was considered statistically significant.

ResultsResults

The mean ±SD age was 64.55(19-82) years. There were 17
men and 20 women,  27 of patients presented with pancre-
atic cancer located to the head and uncinate process,4 with
distal common bile duct and duodenum, 6 with IPMN .
Data concerning demographic properties of the patients and
localization of tumors are reported in Table 1. The mean

tumor size was 3.96(1.16-6.25) according the final patholog-
ical examination. The average number of lymph nodes
extracted was 18.52(9-45). All final pathologies were report-
ed ductal adenocarcinoma of the pancreas and ampullary in
which  6 arising from IPMN.

Frozen section analysis revealed in one patient with IPMN
surgical margin positivity and the patient underwent total pan-
createctomy. The final patological reports were revealed no
margin positivity for other patients.

DiscussionDiscussion

The incidence of pancreatic cancer has continued to increase
dramatically worldwide. Although we can not report any sta-
tistical study data for our country, it is the fourth leading cause
of cancer-related deaths in USA. Pancreatic cancer continues
to portend a poor prognosis with a 5 years survival of less than
5% despite advances in diagnostic imaging, endoscopic diag-
nosis and staging, resection techniques, and perioperative care
(11). Most of the pancreatic cancers involve the head of the
pancreas with earlier presentation of jaundice due to obstruc-
tion of the pancreatobiliary system. Among the other tumors
of the periampullary region, duodenal and distal common bile
duct cancers also tend to present with jaundice in an earlier
stage. Therefore, an effective surgical treatment which includes
complete extirpation of the tumor with negative margins is
going to be an important factor for long-term overall survival. 

Operative resection remains the only potential cure for 
periampullary tumors. Also patients who underwent surgical
resection have better survival. Unfortunately, even with curable
complete resection, tumor tends to recur locally (12,13). The

Figure 1. The specimen from the operating room the surgical 
margins of the pancreatic neck (C,D,E,F), bile duct (G),
duodenum (H) and the retroperitoneal pancreatic area (I) 
are examined macroscopically and the tissue is submitted
for frozen section analysis

Figure 2. HEx40, Pancreatic neck margine; microscopical negative
and tumor free (A), Retroperitoneal uncinate(SMA)  
margine; tomor so close to the surgical margine (B)
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impact of margin status in local recurrence has come under
question. Raut and colleagues evaluated 360 consecutive
patients in whom PD was performed for adenocarcinoma.
Patients who underwent an R1 resection has a median overall
survival of 21.5 months compared with 27.8 months in patients
who underwent an R0 resection (14). Moreover, the recurrence
in pancreatic cancers and periampullary tumors invading the
pancreatic tissue after surgery depends on mostly to the surgical
margin status and the tumor specific issues, especially 
infiltrating nature of the tumor and its aggressive tumor 
biology (14).

Preoperative, adequate and reliable examination with 
effective preoperative evaluation is thought to be essential to
shorten the time and improve the quality of surgery. By that
way, it is also possible to make a definitive surgical decision
preoperatively (15). Radiological and endoscopic findings for
local invasion with size of the tumor located in or invading to
the pancreas should be taken into account for the decision of
intraoperative frozen section analysis. In addition to determi-
nation of resection margin for the tumors located at the 
pancreas, frozen section analysis can be considered standard of
care in distinguishing cystic neoplasm from pseudocyst and in
confirming pancreatic duct margin as tumor-free in intraductal
papillary mucinous neoplasms (6,9,10,16). Good surgical 
technique may eliminate the need for intraoperative frozen
section analysis for the tumors without local invasive 
properties. In the present study, it was shown that positive 
pancreatic surgical margin could only be seen in 1/37 of the
cases. Other margins were negative in all cases. However, it is
better to perform the analysis to get negative margins in 
selected cases in which preoperative evaluation raises doubt.

In recent years, various investigations carried out to 
reduce the surgical margin positivity. Especially, the use of
neoadjuvant treatment programs that employ gemcitabine-
based chemotherapy regimens followed by chemoradiation
increases the likelihood of subsequent margin-negative resec-
tion in borderline resectable pancreatic cancer (5). The impact
of margin status study by frozen section analysis in patients
who are radiologically operable without any doubt has not
studied yet. There were many conflicting results with regard to
the impact of surgical margin on overall survival of the tumors
located at the periampullary region, especially pancreatic 
cancers. Although the deleterious effect of positive surgical
margin on overall survival has been shown (4-7), others have
had lack of such correlation (2,13,14). It was also shown that
extended resections after positive surgical margin has had no
effect on survival after pancreaticoduodenectomy (13).
Therefore, effect of both positive surfical margin and extended
resections after positive sırgical margin on the surgical 
treatment of tumors of the periampullary region should be 
clarified by future studies.

In our study, pancreaticoduodenectomy with intraoperative
frozen section analysis was performed in 37 consecutive radio-
logically proved operable pancreatic and periampullary cancer
patients. Positive result for intraoperative frozen section 
analysis was seen only in one patient with an incidence of
2.7%. However, the incidence of positive surgical margin 

during pancreaticoduodenectomy was reported to be up to 10-
20% (5,7,13,17). It was thought that this low rate might be a
cause of the accordance between preoperative evaluation for
defining the size, geometry, and extent of the tumor, and 
surgical technique for increasing the possibility of R0 resec-
tion. With careful patient selection, state-of-the-art imaging,
and proper surgical technique, R2 resections can be largely
avoided.

In one of the patient the pathologic study revealed margin
positivity incompatible with radiological findings. In the study
9 patients were reported to be borderline resectable by preop-
erative radiological study. But the frozen section analysis for
these patients were negative for surgical margins. The only
margin positive patient was the one with 4.5 cm tumor in
diameter in pancreatic head.

ConclusionConclusion

In conclusion routine intraoperative biopsies are not necessary
for pancreatic and periampullary tumors. But to determine the
appropriate cut line and prevent recurrence, for patients with
doubtful margins according complementary imaging modali-
ties, an intraoperative frozen section histology analysis can be
needed. This decision can be set according intraoperative 
surgical properties of the tumor, the experience of the surgeon,
the size of the tumor and associated pancreatitis. Related to
this subject further detailed studies should be done concerning
the subgroups we mentioned above.

ReferencesReferences

1. Cleary SP, Gryfe R, Guindi M, Greig P, Smith L, Mackenzie
R, Strasberg S, Hanna S, Taylor B, Langer B, Gallinger S.
Prognostic factors in resected pancreatic adenocarcinoma:
analysis of actual 5-year survivors. J Am Coll Surg 2004
May;198(5):722-31.

2. Raut CP, Tseng JF, Sun CC, Wang H, Wolff RA, Crane CH,
Hwang R, Vauthey JN, Abdalla EK, Lee JE, Pisters PW, Evans
DB. Impact of resection status on pattern of failure and sur-
vival after pancreaticoduodenectomy for pancreatic adenocar-
cinoma. Ann Surg 2007 Jul;246(1):52-60.

3. Liszka L, Pajak J, Zielinska-Pajak E, Golka D, Mrowiec S,
Lampe P. Different approaches to assessment of lymph nodes
and surgical margin status in patients with ductal adenocarci-
noma of the pancreas treated with pancreaticoduodenectomy.
Pathology 2010 Feb;42(2):138-46.

4. Schmidt CM, Glant J, Winter JM, Kennard J, Dixon J, Zhao
Q, Howard TJ, Madura JA, Nakeeb A, Pitt HA, Cameron JL,
Yeo CJ, Lillemoe KD. Total pancreatectomy (R0 resection)
improves survival over subtotal pancreatectomy in isolated
neck margin positive pancreatic adenocarcinoma. Surgery
2007 Oct;142(4):572-8.

5. Neoptolemos JP, Stocken DD, Dunn JA, Almond J, Beger
HG, Pederzoli P, Bassi C, Dervenis C, Fernandez-Cruz L,
Lacaine F, Buckels J, Deakin M, Adab FA, Sutton R, Imrie C,
Ihse I, Tihanyi T, Olah A, Pedrazzoli S, Spooner D, Kerr DJ,
Friess H, Büchler MW; European Study Group for Pancreatic
Cancer. Influence of Resection Margins on Survival for
Patients With Pancreatic Cancer Treated by Adjuvant
Chemoradiation and/or Chemotherapy in the ESPAC-1



450

Randomized Controlled Trial. Ann Surg 2001 Dec;234(6):758-
68.

6. Fujii T, Kato K, Kodera Y, Kanda M, Nagai S, Yamada S,
Kanzaki A, Sugimoto H, Nomoto S, Takeda S, Morita S,
Nakamura S, Nakao A. Prognostic impact of pancreatic
magrin status in the intraductal papillary mucinous neoplasms
of the pancreas. Surgery 2012 Aug;148(2):285-90.

7. Dillhoff M, Yates R, Wall K, Muscarella P, Melvin WS, Ellison
EC, Bloomston M. Intraoperative assessment of pancreatic
neck margin at the time of pancreaticoduodenectomy increas-
es likelihood of margin-negative resection in patients with
pancreatic cancer. J Gastrointest Surg 2009 May;13(5):825-30.

8. Yelamali A, Mansard MJ, Dama R, Rebela P, Rao GV, Reddy
DN. Intraoperative pancreatoscopy with narrow band imaging:
a novel method for assessment of resection margins in case of
intraductal papillary mucinous neoplasm. Surg Endosc 2012
Dec;26(12):3682-5.

9. Mori Y, Ohtsuka T, Tsutsumi K, Yasui T, Sadakari Y, Ueda J,
Takahata S, Nakamura M, Tanaka M. Multifocal pancreatic
ductal adenocarcinomas concomitant with intraductal papil-
lary mucinous neoplasms of the pancreas detected by intraop-
erative pancreatic juice cytology. A case report. JOP 2010 Jul
5;11(4):389-92.

10. Eguchi H, Ishikawa O, Ohigashi H, Sasaki Y, Yamada T,
Nakaizumi A, Uehara H, Takenaka A, Kasugai T, Imaoka S.
Role of intraoperative cytology combined with histology in
detecting continuous and skip type intraductal cancer exis-
tence for intraductal papillary mucinous carcinoma of the pan-
creas. Cancer 2006 Dec 1;107(11):2567-75.

11. Yeo TP, Lowenfels AB. Demographics and Epidemiology of
Pancreatic Cancer. Cancer J 2012 Nov;18(6):477-84.

12. Passot G, Lebeau R, Hervieu V, Ponchon T, Pilleul F, Adham
M. Recurrences after surgical resection of intraductal papillary
mucinous neoplasm of the pancreas: a single-center study of
recurrence predictive factors. Pancreas 2012 Jan;41(1):137-41.

13. Hernandez J, Mullinax J, Clark W, Toomey P, Villadolid D,
Morton C, Ross S, Rosemurgy A. Survival after pancreatico-
duodenectomy is not improved by extending resections to
achieve negative margins. Ann Surg 2009 Jul;250(1):76-80.

14. Raut CP, Tseng JF, Sun CC, Wang H, Wolff RA, Crane CH,
Hwang R, Vauthey JN, Abdalla EK, Lee JE, Pisters PW, Evans
DB. Impact of resection status on pattern of failure and sur-
vival after pancreaticoduodenectomy for pancreatic adenocar-
cinoma. Ann Surg. 2007 Jul;246(1):52-60.

15. Porembka MR, Hawkins WG, Linehan DC, Gao F, Ma C,
Brunt EM, Strasberg SM. Radiologic and intraoperative detec-
tion of need for mesenteric vein resection in patients with
adenocarcinoma of the head of the pancreas. HPB (Oxford)
2011 Sep;13(9):633-42.

16. Nara S, Shimada K, Sakamoto Y, Esaki M, Kosuge T, Hiraoka N.
Clinical significance of frozen section analysis during resection of
intraductal papillary mucinous neoplasm: should a positive pan-
creatic margin for adenoma or borderline lesion be resected addi-
tionally? J Am Coll Surg 2009 Nov;209(5):614-21.

17. Rau BM, Moritz K, Schuschan S, Alsfasser G, Prall F, Klar E.
R1 resection in pancreatic cancer has significant impact on
long-term outcome in standardized pathology modified for rou-
tine use. Surgery 2012 Sep;152(3 Suppl 1):S103-11.


