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Abstract

Background: Situs inversus (SI) is a relatively rare occurrence in patients with pancreatic
adenocarcinoma. Pancreatic resection in these patients has rarely been described. CT scan imaging
is a principle modality for detecting pancreatic cancer and its use in S| patients is seldom reported.

Case Presentation: We report a 48 year old woman with S| who, despite normal CT scan 8
months earlier, presented with obstructive jaundice and a pancreatic head mass requiring a
pancreaticoduodenectomy. The surgical pathology report demonstrated pancreatic
adenocarcinoma.

Conclusion: Sl is a rare condition with concurrent pancreatic cancer being even rarer. Despite
the rarity, pancreaticoduodenectomy in these patients for resectable lesions is safe as long as
special consideration to the anatomy is taken. Additionally, radiographic imaging has significantly
improved detection of early pancreatic cancer; however, there continues to be a need for

improved detection of small neoplasms.

Background

Situs inversus (SI) occurs as the result of congenital chro-
mosomal aberrations and results in reversal of the right to
left orientation of the internal organs. The incidence of
this phenomenon is approximately 1 in 10,000 [1]. Pan-
creatic adenocarcinoma is an aggressive malignancy and is
the 4 most common cause of cancer-related deaths in the
USA [2]. Previous authors have described pancreaticodu-
odenectomy procedures in patients with SI. Macafee
noted 30 case reports of cancers in SI patients since 1966
including four cases of pancreatic adenocarcinoma, three
cholangiocarcinomas and two periampullary cancers
prior to 2006 [3]. They also report that there is no data to
suggest that SI patients are at increased risk of malignancy.
Since that time there have been no new reported cases of
pancreaticoduodenectomy in SI patients. We present a

case of a patient with SI who developed a pancreatic mass
and biliary obstruction requiring a pancreaticoduodenec-
tomy despite having a normal CT scan 8 months prior to
the development of symptoms.

A pancreas protocol CT scan of the abdomen is considered
the single best study to evaluate for pancreatic neoplasms;
however, it has limited ability to detect small lesions [4].
Early detection is the key to offering a potentially curative
resection yet radiologic signs are often subtle and there are
few reports describing the time interval between CT scan
evidence and the development of pancreatic cancer. Our
patient had a CT scan 8 months prior to the diagnosis of
pancreatic cancer which showed some mild pancreatic
atrophy, however she did not have evidence of a mass at
that time.
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Case Presentation

A 48 year old Hispanic female presented to the emergency
room with vague abdominal pain and new onset jaun-
dice. Her stated past medical history was significant for
diabetes mellitus, hypertension and asthma. Upon physi-
cal examination she was alert, afebrile and displayed sig-
nificant jaundice. Abdominal examination revealed
epigastric pain and a left upper quadrant mass. An ultra-
sound of the abdomen was performed to evaluate for gall-
bladder pathology, cholelithiasis and/or biliary tract
dilation. Upon sonographic evaluation, it was noted that
her intra-abdominal organs were not located in the nor-
mal anatomic position, including her liver in the left
upper quadrant. A chest radiograph also revealed dextro-
cardia and the diagnosis of situs inversus (SI) was con-
firmed. Mild gallbladder wall thickening was noted as
well as significant extrahepatic biliary duct dilation. Due
to the level of jaundice and presumed biliary obstruction
an ERCP was attempted, but was unsuccessful due to dif-
ficulty with cannulation of the inverted ampulla of Vater.
The ampulla was also noted to be significantly protruding
into the lumen of the duodenum, thus prompting a CT
scan of abdomen. A 4.2 cm pancreatic head mass was dis-
covered (Figure 1). Upon review of the electronic medical
record, the patient had a previous CT scan of the abdomen
8 months earlier for vague abdominal pain which showed

Figure |

Diagnostic CT scan. CT scan obtained 8 months later
when the patient presented with jaundice and a bulging
Ampulla of Vater on ERCP. A new 4.2 cm mass is now
present in the pancreatic head, obstructing the common bile
duct.
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mild atrophy but no evidence of a pancreatic mass (Figure
2). Her serum CA19-9 (586 U/mL) was also elevated rais-
ing the suspicion for pancreatic cancer.

Interventional radiology was able to perform a percutane-
ous transhepatic cholangiogram and place an external bil-
iary catheter to decompress her biliary system. The patient
subsequently underwent a pancreaticoduodenotomy and
pathology showed moderately differentiated pancreatic
ductal adenocarcinoma T3, NO, Mx (American Joint Com-
mittee on Cancer Stage I1a) (Figure 3). Follow-up CT scan
5 months post-operatively showed no evidence of recur-
rent cancer.

Conclusions

Patients with SI generally present with a mirror image of
their abdominal anatomy. During embryogenesis, the
normal asymmetry of adult anatomy develops through
three main pathways described by Kosaki and Casey [5].
The first utilizes lateralization of initially midline struc-
tures beginning with the rightward movement of the heart
tube at developmental day 23, followed by the abdomen
with stomach rotation beginning at 35 days and the rota-
tion of the small and large intesting completing by day 77.
Secondly, there is asymmetric regression and remodelling
of embryonic veins. The third mechanism involves the
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Figure 2

Pre-diagnosis CT scan. Consecutive CT scan slices dem-
onstrate Sl and mild atrophy of the pancreatic head but no
mass present 8 months prior to her diagnosis of pancreatic
cancer. The CT scan was obtained to evaluate abdominal
pain.
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Figure 3

Intra-operative photograph prior to reconstruction.
Abdominal contents noted to be inverted. Liver positioned in
the right upper quadrant. Prolene stay sutures mark the cut
edge of the pancreas. Bulldog clamp is occluding the common
hepatic duct. Superior mesenteric vein and portal vein ori-
ented to the patient's left.

continuation of early developmental asymmetry as exhib-
ited by the development of the bronchial tree. About 20-
25% of SI cases are associated ciliary dyskinesia syn-
dromes and respiratory symptoms as part of the complex
known as Kartagener syndrome [6], however, the cause of
Sl is currently unknown [7]. Mutations in genes responsi-
ble for lateralization and polarizations as well as altera-
tions in the TGF-B family gene, Nodal and in the
transcription factor HNF-3B are possibly involved in the
process [5].

The safety of performing pancreaticoduodenectomy in SI
patients has been established in prior reports by Macafee
and Bilimoria. Special care must be exercised to identify
the presence of several associated anatomic abnormali-
ties, such as a midline gallbladder or liver, rotational
abnormalities of the small and large intestine, interrup-
tion of the inferior vena cava, truncation of the pancreas
or ipsilateral location of the aorta and IVC [8]. These find-
ings are more common in patients who present with
polysplenia and SI and can be identified with a thorough
review of CT scans preoperatively and careful intra-opera-
tive examination of the abdominal cavity [9].

Computed tomography (CT) is the most widely available
and best-validated modality for imagining patients with
pancreatic adenocarcinoma. It carries a sensitivity for
diagnosis of 89-97% [10]. Legmann has reported that CT
scan detected 100% of tumors greater than 15 mm in size
but only 67% of tumors 15 mm or smaller [4]. Bronstein
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reported that only 77% of pancreatic tumors 2 cm or
smaller were detected [11]. Imaging from our patient ini-
tially revealed no evidence of mass, however 8 months
later she was found to have a 4.2 cm tumor. This could
represent either an unusually rapid presentation of a pan-
creatic mass or simply exhibit a case of CT imaging being
unable to detect a small lesion. In light of the patient's
abdominal pain at time of initial presentation, her symp-
toms may have been attributed to the pancreatic pathol-
ogy or another biliary etiology (cholelithiasis). At the time
of detection, however, the patient was a surgical candidate
and underwent a successful pancreaticoduodenectomy.
Her operation was performed using the six-step method
described by Evans et al [12,13].

The patient involved in this case report had a CT scan per-
formed 8 months prior to the presentation and diagnosis
of pancreatic cancer. The initial scan was interpreted as
normal and during this short interval there was obvious
progression to pancreatic adenocarcinoma. This unique
clinical scenario is not well described, particularly in cases
involving variant anatomy. Gangi et al. reported their
institutional experience with abdominal CT scans and its
use to detect pancreatic cancer before its clinical diagno-
sis[14]. In their report, radiologists reviewed CT scans in
pancreatic cancer patients that were obtained before his-
tologic diagnosis and CT scans in control subjects. The
scans were divided into groups on the basis of the time
interval preceding cancer diagnosis (0-2, 2-6, 6-18, or> 18
months). Radiologists agreed that CT findings definite or
suspicious for pancreatic cancer were present in 50% of
the scans obtained 2-6 and 6-18 months before the diag-
nosis of pancreatic cancer, but noted such CT findings in
only 7% of the scans obtained more than 18 months
before diagnosis.

CT can detect a significant proportion of asymptomatic
incidental pancreatic tumors before the clinical diagnosis
of pancreatic cancer. Pancreatic duct dilatation and cutoff
are early findings associated with the development of pan-
creatic cancer and can be detected on CT with a high
degree of reproducibility. These finding as well as mass
effect and atrophic parenchyma can be particularly impor-
tant in detecting pancreatic tumors which can present as
isoattenuating on CT [15,16]. Retrospective review of our
patient's CT scan did show some pancreatic atrophy
which may have been a sign of early pancreatic cancer.
However, atrophy alone can be found in numerous
benign pancreatic conditions and prospective use of sub-
tle radiographic signs need further refinement.

Improved detection of smaller pancreatic lesions will
undoubtedly improve our ability to detect and potentially
cure early stage pancreatic neoplasms [17]. There contin-
ues to be improvement in detection modalities with the
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development of contrast-enhanced ultrasound and opti-
cal coherence tomography which uses infrared light to
produce images showing promise as potential future
imaging adjuncts [18].

SI is a rare condition with concomitant pancreatic cancer
being even rarer. Despite the rarity, pancreaticoduodenc-
tomy can be safely and successfully performed in these
patients who present with rescectable disease provided
careful consideration to the anatomy is made [19]. Radio-
logic detection of early stage pancreatic cancer is para-
mount to improving survival as surgical resection offers
the only chance of long-term cure and special attention
needs to be paid in patients with aberrant anatomy.
Despite the recent improvements, a reliable means to
detect of smaller pancreatic tumors is necessary if early
detection of this aggressive malignancy is to translate into
improved survival.

Competing interests
The authors declare that they have no competing interests.

Authors' contributions
ELS and CJW reviewed the literature and wrote the case
report.

Informed Consent

Written informed consent was obtained from the patient
for publication of this case report and accompanying
images. A copy of the written consent is available for
review by the Editor-in-Chief of this journal.

Acknowledgements
Chitra Chandrasekhar M.D., for her assistance reviewing and selecting the
appropriate radiographic images.

References

I.  DouardR, Feldman A, Bargy F, Loric S, Delmas V: Anomalies of lat-
eralization in man: a case of total situs inversus. Surg Radiol
Anat 2000, 22:293-297.

2. Jemal A, Siegel R, Ward E, Hao Y, Xu ], Thun M]: Cancer Statistics,
2009. CA Cancer ] Clin 2009, 59:225-249.

3.  Macafee DA, Armstrong D, Hall RI, Dhingsa R, Zaitoun AM, Lobo
DN: Pancreaticoduodenectomy with a "twist': the chal-
lenges of pancreatic resection in the presence of situs inver-
sus totalis and situs ambiguus. Eur J Surg Oncol 2007, 33:524-527.

4. Legmann P, Vignaux O, Dousset B, Baraza A, Palazzo L, Dumontier |,
Coste ], Louvel A, Roseau G, Couturier D, Bonnin A: Pancreatic
tumors: comparison of dual-phase helical CT and endoscopic
sonography. AJR Am | Roentgenol 1998, 170:1315-1322.

5. Kosaki K, Casey B: Genetics of human left-right axis malforma-
tions. Cell & Developmental Biology 1998, 9:89-99.

6. Tang DN, Wei M, Liu YN, Qiao JC, Zhu MW, He XW: Liver trans-
plantation in an adult patient with situs inversus: A case
report and overview of the literature. Transplantation Procedings
2008, 40:1792-1795.

7. Aylsworth AS: Clinical aspects of defects in the determination
of laterality. America Journal of Medical Genetics 2001, 101:345-355.

8. Fulcher AS, Turner MA: Abdominal manifestations of situs
anomalies in adults. Radiographics 2002, 22:1439-1456.

9.  Oakes DD: Esophagectomy in patients with polysplenia: tech-
nical considerations. | Clin Gastroenterol 1997, 24:92-96.

http://www.wjso.com/content/7/1/98

10. Wong JC, Lu DS: Staging of pancreatic adenocarcinoma by
imaging studies. Clin Gastroenterol Hepatol 2008, 6:1301-1308.

1. Bronstein YL, Loyer EM, Kaur H, Choi H, David C, DuBrow RA, Bro-
emeling LD, Cleary KR, Charnsangavej C: Detection of small pan-
creatic tumors with multiphasic helical CT. AJR Am J Roentgenol
2004, 182:619-623.

12.  Evans DB, Pisters PW: Novel applications of endo GIA linear
staplers during pancreaticoduodenectomy and total pancre-
atectomy. Am | Surg 2003, 185:606-607.

13.  Evans DB, Pisters PW, Lee JE: Pancreaticoduodenectomy. In
Mastery of Surgery Fifth edition. Edited by: Fischer JE. Philadelphia: Lip-
pincott Williams & Wilkins; 2006.

14. Gangi S, Fletcher |G, Nathan MA, Christensen JA, Harmsen WS,
Crownhart BS, Chari ST: Time interval between abnormalities
seen on CT and the clinical diagnosis of pancreatic cancer:
retrospective review of CT scans obtained before diagnosis.
AJR Am | Roentgenol 2004, 182:897-903.

15.  Prokesch RW, Chow LC, Beaulieu CF, Bammer R, Jeffrey RB Jr: Iso-
attenuating pancreatic adenocarcinoma at multi-detector
row CT: secondary signs. Radiology 2002, 224:764-768.

16.  Ahn SS, Kim M), Choi ]Y, Hong HS, Chung YE, Lim JS: Indicative
findings of pancreatic cancer in prediagnostic CT. Eur Radiol
2009, 19(10):2448-55.

17. Horton KM, Fishman EK: Adenocarcinoma of the pancreas: CT
imaging. Radiol Clin North Am 2002, 40:1263-1272.

18.  Kwon RS, Scheiman JM: New advances in pancreatic imaging.
Curr Opin Gastroenterol 2006, 22:512-519.

19. Bielecki K, Gregorczyk M, Baczuk L: Visceral situs inversus in
three patients. Wiad Lek 2006, 59:707-709.

Publish with Bio Med Central and every
scientist can read your work free of charge

"BioMed Central will be the most significant development for
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
« available free of charge to the entire biomedical community
« peer reviewed and published immediately upon acceptance
« cited in PubMed and archived on PubMed Central
« yours — you keep the copyright

Submit your manuscript here:

O BioMedcentral
http://www.biomedcentral.com/info/publishing_adv.asp

Page 4 of 4

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11236325
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11236325
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19474385
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19474385
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17081721
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17081721
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17081721
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9574609
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9574609
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9574609
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12432114
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12432114
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9077725
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9077725
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18948228
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18948228
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14975959
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14975959
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12781900
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12781900
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12781900
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15039161
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15039161
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12202711
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12202711
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12202711
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19415290
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19415290
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12479710
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12479710
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16891882
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17338134
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17338134
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Case Presentation
	Conclusion

	Background
	Case Presentation
	Conclusions
	Competing interests
	Authors' contributions
	Informed Consent
	Acknowledgements
	References

