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―Case Reports―
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Pulmonary sequestration is a type of bronchopulmonary malformation defined as an isolated portion of

lung tissue with systemic arterial supply and no bronchial communication. Carbohydrate antigen 19-9

(CA19-9) has been used for diagnosis and follow-up of gastrointestinal tumors. The current study pre-

sents a rare case of intralobar pulmonary sequestration associated with the marked elevation of CA19-9.

A 39-year-old female patient was admitted to our hospital due to acute liver injury with marked eleva-

tion of serum CA19-9 (3,051.1 μmol�mL), and was then diagnosed with intralobar pulmonary sequestra-

tion after examination and surgery. After the pulmonary resection, the serum CA19-9 levels decreased

to normal ranges. We briefly reviewed the literature on elevated serum CA19-9 levels and pulmonary

sequestration since 1988. We found that serum CA19-9 levels are increased not only in patients with di-

gestive tract cancers but also in those with nonmalignant diseases such as pulmonary sequestration.

(J Nippon Med Sch 2015; 82: 211―215)
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Background

Pulmonary sequestration is a rare congenital abnormality

characterized by the presence of lung tissues that are not

attached to the pulmonary arterial blood architecture but

receive blood supply from an anomalous systemic ar-

tery1. As a result, sequestrated lung tissues fail to func-

tion in or contribute to respiration. In 1946, Pryce first

dubbed the condition “pulmonary sequestration,” which

can be divided into two types according to the morphol-

ogy: intralobar and extralobar2. Intralobar pulmonary se-

questration is typically located in the posterior basilar

segment of the lower lobe sharing a common visceral

pleura. It accounts for 75 percent of all sequestrations

and is usually diagnosed in early childhood with symp-

toms of recurrent infections, hemoptysis, or pleural effu-

sion. The extralobar variety accounts for 25% of cases.

The anomalous tissue is isolated from normal lung tissue

with its own pleural envelope and may be located in the

pericardium, in the mediastinum, as well as below the

diaphragm3.

Carbohydrate antigen 19-9 (CA19-9) was first identi-

fied by Koprowski in 19794 and is an important and well

recognized tumor marker for pancreatobiliary and gastro-

intestinal tract cancer. In addition, recent clinical investi-

gations have revealed that CA19-9 levels can also be ele-

vated in other gastrointestinal tract disorders such as be-

nign pancreatic, liver and biliary tract diseases5,6, and in

respiratory diseases such as idiopathic interstitial pneu-

monia, collagen disease-associated pulmonary fibrosis,

diffuse panbronchiolitis, and lung cancer. Therefore, the

CA19-9 is not a specific marker for gastrointestinal, pan-

creatic and biliary malignancies7,8.

There has been a growing interest in investigating the

relationship between pulmonary sequestration and ele-

vated CA19-9 since Shiota et al. first reported a case of

increased levels of CA19-9 in pulmonary sequestration in

19889. Since then, numerous investigations, mostly from

Japan, have reported cases of pulmonary sequestration

Correspondence to Keqing Shi, Department of Infectious Diseases, The First Affiliated Hospital of Wenzhou Medical University,

Ouhai District, Wenzhou, Zhejiang 325000, P.R. China

E-mail: skochilly@163.com

Journal Website (http:��www.nms.ac.jp�jnms�)



J. Dong, et al

212 J Nippon Med Sch 2015; 82 (4)

Table　1　Laboratory data obtained on admission

Hematology WBC 4.7×109 /L Virology Anti-HCV negative

Hb 132 g/L Anti-HIV negative

RBC 3.81×109 /L HBsAg negative

PLT 347×109 /L↑ HBsAb positive

HBeAg negative

HBeAb positive

HBcAb positive

Biochemistry ALT 2,563 U/L↑ Tumor markers CEA 3.3 μg/L (NV<5.0)

AST 1,139 U/L↑ CA125 32.8 U/mL (NV<35.0)

TBIL 94 U/L↑ CA19-9 3,051.1 U/mL↑(NV<37.0)

TP 64.1 g/L CA153 14.2 U/mL (NV<31.0)

BUN 2.3 mmol/L↓ AFP 2.7 ug/L (NV<20.0)

Cr 44 μmol/L

Na 140 mmol/L

K 4.34 mmol/L

Cl 102 mmol/L

Serology IgG 10.7 g/L

IgA 5.79 g/L

IgM 1.19 g/L

Complement C3 1.4 g/L

Complement C4 0.36 g/L

ANA negative

ASMA negative

AMA negative

↑abnormally high, ↓abnormally low, NV normal value

and elevated CA19-9. We present a new case of pulmo-

nary sequestration and elevated CA19-9 and have re-

viewed all reports related to pulmonary sequestration

and elevated serum CA19-9 levels since it was first re-

ported in the literature.

Case Report Presentation

A 39-year-old woman was referred to our hospital with

complaints of fatigue and weakness. Physical examina-

tion was normal except for yellowing of the sclera and

skin. Laboratory examinations on admission showed sig-

nificant increases in serum alanine aminotransferase

(2,563 U�L), aspartate aminotransferase (1,139 U�L), total

bilirubin (94 μmol�L) and CA19-9 (3,051.1 μ�mL) (Table

1). An initial diagnosis of acute icteric hepatitis was

made. However, the etiologies of hepatitis such as viral

infection, alcohol and hepato-toxic drugs intake, nonalco-

holic steatosis, autoimmune disease, and biliary tract dis-

eases were excluded. The cause of acute hepatitis re-

mained unclear until the patient was discharged from

hospital. During the patient’s stay in hospital, we tried to

determine why there was a significantly elevated levels

of CA19-9. To exclude the possibility of underlying diges-

tive tract malignancies, the patient underwent

esophagogastroduodenoscopy, colonoscopy, and chest

and abdominal computer tomography (CT). No abnormal

malignant lesions were found in the digestive tract, but

computer tomography of the chest showed a 27×40 mm

heterogeneous low density mass located in the left lower

lobe close to the paravertebral sulcus (Fig. 1). To further

identify this lesion, contrast-enhanced computer tomogra-

phy was performed, and the results showed two fluid

density shadows in the lesion and a suspicious funicular

vessel arising from the upper edge of the aorta and

coursing into the lesion. The presence of an aberrant ar-

tery arising from the superior border of the aorta was

confirmed after surgery. Hence, the initial diagnosis of

pulmonary sequestration was made. A left lower lobec-

tomy was performed and histological examination of the

resected tissue revealed chronic mucopurulent inflamma-

tion of the bronchial mucosa and lung tissue, as well as

micro abscess formation in the focal area, signs which are

consistent with the histology of pulmonary sequestration

(Fig. 1).

There were no significant events in the postoperative

course. Ten days after the excision of the tissue, the se-

rum CA19-9 levels dramatically declined to 756 U�mL

and returned to the normal value after 6 months (Fig. 2).
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Fig.　1　(A) Chest CT revealed a 27×40 mm heterogeneous low density 

mass located in the left lower lobe. (B) Histopathology of the re-

sected lung

Fig.　2　Serum CA19-9 levels prior to and after operation 

of pulmonary sequestration. CA19-9, carbohydrate 

antigen 19-9

Discussion

Our patient presented with acute hepatitis and an in-

creased CA19-9 level. Significant elevation of serum

CA19-9 has been reported in several publications in con-

nection with acute liver failure10, chronic viral hepatitis11

and liver cirrhosis12. However, in our patient, after one

month of treatment for acute hepatitis, the liver enzymes

recovered but the serum CA19-9 level was even higher

(5,031.5 u�mL), indicating that the elevated CA19-9 level

was not related to the acute hepatitis. There have been

no reports of any association between acute hepatitis and

pulmonary sequestration, and our case did not support

any link between acute hepatitis and pulmonary seques-

tration, either.

An association between pulmonary sequestration and

elevated serum CA19-9 levels has been reported by sev-

eral Japanese investigators since it was first identified by

Shiota in 1988. In order to better understand our case, we

conducted electronic searches of pulmonary sequestration

and elevated serum CA19-9 levels in medical databases

worldwide. We found 15 clinical cases, which are sum-

marized in Table 2. These reported cases included 11 fe-

males and 5 males with an average age of 40 years (20―
64 years), suggesting higher morbidity in women than in

men. Moreover, the majority (80%) of the cases were of

intralobar sequestration, which reflects the higher occur-

rence of intralobar sequestration than extralobar seques-

tration. The average serum CA19-9 levels in these re-

ported cases was 1,060.7 U�mL (range: 73.8 U�mL to

3,051.1 U�mL), making our case the highest reported se-

rum CA19-9 levels. Steinberg et al. claim that higher lev-

els of serum CA19-9 (>1,000 U�mL) indicate gastrointesti-

nal tract cancer, especially with a specificity of more than

99% for pancreatobiliary cancer13. However, no malignan-
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Table　2　Pulmonary sequestration complicated with elevated CA19-9 levels in the literature

Author (year) Sex Age Type
CA19-9 
levels

Case feature
Healing 

time

Shiota et al (1988) Female 38 intralobar 1,000 U/mL First reported case 5 months

Uyama et al (1989) Female 23 intralobar 992 U/mL With calcification and elevated CEA NA

Kugai et al (1996) Male 34 extralobar 395 U/mL With aspergillosis 42 days

Nakamura et al (1997) Female 39 intralobar 2,418 U/mL With elevated CA125 and NCC-ST-439 142 days

Ishii et al (1997) Female 20 intralobar 539.1 U/mL With elevated CEA, and SLX 1 months

Sekiya et al (1999) Female 44 intralobar 1,911 U/mL With aspergillosis and elevated CA125 and CEA 2 months

Yagyu et al (2002) Male 29 intralobar 496.2 U/mL With elevated CA125 4 months

Armbruster et al (2004) Female 64 extralobar >250 U/mL Intra-abdominal sequestration 2 months

Matsuoka et al (2006) Female 62 intralobar 73.8 U/mL Misdiagnosed as lung cancer 1 month

Fontana et al (2007) Female 40 extralobar 2,900 U/mL NA 2 months

Ambiru et al (2009) Male 62 intralobar >500 U/mL NA NA

Morikawa et al (2011) Female 32 intralobar 105.3 U/mL With aspergillosis 1 month

Ahn et al (2012) Male 29 intralobar 300 U/mL With bronchiectasia NA

Komatsu et al (2014) Female 41 intralobar 728 U/mL With ovarian cysts and elevated CA125 2 months

Han et al (2014) Male 48 intralobar 790.6 U/mL With left upper abdominal bloating 2 months

Present study Female 39 intralobar 3,051.1 u/mL With highest levels of CA19-9 6 months

NA=not available, CA19-9=carbohydrate antigen 19-9, CEA=carcino embryonic antigen, CA125=cancer antigen 125

cies were detected in these reported cases after various

examinations, although one patient was misdiagnosed

with lung cancer14. In the majority of the reported cases,

immunohistochemical staining of CA19-9 in resected

tissue was also performed, demonstrating local CA19-9

in the bronchial and alveolar epithelia of sequestrated

lung9,15―19.

The exact mechanism of elevated CA19-9 in pulmonary

sequestration is not clear. According to the literature,

there are two possible explanations: one is that CA19-9

might be synthesized and secreted by normal bronchial

epithelial cells in the sequestrated lung, which then

gradually enter the blood stream20; the other is that lung

epithelial cells chronically infected with Aspergillus or

other pathogens cause the proliferation of bronchial epi-

thelial cells and synthesis of CA19-921. Our patient was

not tested for Aspergillus species, so infection could not

be confirmed. However, histological examination of re-

sected tissues revealed chronic mucopurulent inflamma-

tion of the bronchial mucosa and the formation of micro

abscesses, which may indicate a microbial infection.

Moreover, confirmation of infection with aspergillosis has

been reported in three patients22―24, leading us to suspect

that the elevated CA19-9 level in our patient was due to

aspergillosis infection. Alternatively, CA19-9 could have

first synthesized and accumulated in the lesion and then

been transferred into the bloodstream through the mu-

cosa of the cyst walls, leading to a high level of CA19-9.

Pulmonary sequestration is uncommon, with an esti-

mated incidence in 0.15% to 1.7% of patients world-

wide25. Despite its rarity, these lesions are considered to

be of clinical importance. Standard treatment for pulmo-

nary sequestration is resection, which is often accom-

plished by video-assisted thoracoscopic surgery. Among

16 reported cases, 13 had an average healing time of 2.8

months and 9 reported that the serum CA19-9 levels rap-

idly decreased to normal range surgery within 1 or 2

months of surgery. However, our patient took 6 months

to recover to a normal level, which might have been be-

cause of the higher initial levels of CA19-9.

To the best of our knowledge, this is the first report of

an elevated serum CA19-9 level in a patient with acute

hepatitis and pulmonary sequestration. The reported

cases of pulmonary sequestration and elevated CA19-9

levels indicate that CA19-9 is not a specific marker of di-

gestive tract cancers, although it could be a diagnostic

marker of pulmonary sequestration. However, not all pa-

tients with pulmonary sequestration have elevated serum

CA19-9 levels. An understanding of the mechanism of

CA19-9 elevation in pulmonary sequestration will clarify

the correlation between CA19-9 and pulmonary seques-

tration. In conclusion, we have reviewed the literature

and reported on a patient with pulmonary sequestration

and an elevated levels of CA19-9, a diagnostic marker for

gastroenterologists and pulmonologists. Elevated serum

CA19-9 might be a helpful adjunctive marker to identify

pulmonary sequestration when CT-scans do not reveal

anomalous systemic vessels.

Acknowledgements: We thank Professor Yuewen Gong from



Pulmonary Sequestration Presenting Elevated CA19-9

J Nippon Med Sch 2015; 82 (4) 215

University of Manitoba for his helpful review of the manu-

script.

Conflict of Interest: The authors declare no conflict of inter-

est.

References
1．Mathew S, Erozan YS: Pulmonary sequestration―a diag-

nostic pitfall: a case report. Diagn Cytopathol 1997; 16:

353―357.

2．Pryce DM: Lower accessory pulmonary artery with in-

tralobar sequestration of lung; a report of seven cases. J

Pathol Bacteriol 1946; 58: 457―467.

3．Rosado-de-Christenson ML, Frazier AA, Stocker JT, Tem-

pleton PA: From the archives of the AFIP. Extralobar

sequestration: radiologic-pathologic correlation. Radio-

graphics 1993; 13: 425―441.

4．Koprowski H, Steplewski Z, Mitchell K, Herlyn M, Her-

lyn D, Fuhrer P: Colorectal carcinoma antigens detected

by hybridoma antibodies. Somatic Cell Genet 1979; 5:

957―971.

5．Jalanko H, Kuusela P, Roberts P, Sipponen P, Haglund

CA, Makela O: Comparison of a new tumour marker, CA

19-9, with alpha-fetoprotein and carcinoembryonic anti-

gen in patients with upper gastrointestinal diseases. J Clin

Pathol 1984; 37: 218―222.

6．Lin MS, Huang JX, Yu H: Elevated serum level of carbo-

hydrate antigen 19-9 in benign biliary stricture diseases

can reduce its value as a tumor marker. Int J Clin Exp

Med 2014; 7: 744―750.

7．Kodama T, Satoh H, Ishikawa H, Ohtsuka M: Serum lev-

els of CA19-9 in patients with nonmalignant respiratory

diseases. J Clin Lab Anal 2007; 21: 103―106.

8．Gupta MK, Arciaga R, Bocci L, Tubbs R, Bukowski R,

Deodhar SD: Measurement of a monoclonal-antibody-

defined antigen (CA19-9) in the sera of patients with ma-

lignant and nonmalignant diseases. Comparison with car-

cinoembryonic antigen. Cancer 1985; 56: 277―283.

9．Shiota Y, Kitade M, Furuya K, Ueda N: A case of intralo-

bar pulmonary sequestration with high serum CA19-9

levels. Acta Med Okayama 1988; 42: 297―300.

10．Halme L, Karkkainen P, Isoniemi H, Makisalo H, von Bo-

gulawski K, Hockerstedt K: Carbohydrate 19-9 antigen as

a marker of non-malignant hepatocytic ductular transfor-

mation in patients with acute liver failure. A comparison

with alpha-fetoprotein and carcinoembryonic antigen.

Scand J Gastroenterol 1999; 34: 426―431.

11．Bertino G, Ardiri AM, Calvagno GS, Malaguarnera G, In-

terlandi D, Vacante M, Bertino N, Lucca F, Madeddu R,

Motta M: Carbohydrate 19.9 antigen serum levels in liver

disease. Biomed Res Int 2013; 2013: 531640.

12．Singhal A, Lander E, Karachristos A, Daly E, Dowling P,

Patel V, Maloo M, Jain A: Elevation of CA 125 and CA 19-

9 in patients with end-stage liver disease. Int J Biol Mark-

ers 2012; 27: e147―e151.

13．Steinberg W: The clinical utility of the CA 19-9 tumor-

associated antigen. Am J Gastroenterol 1990; 85: 350―355.

14．Matsuoka H, Nohara H: Pulmonary sequestration with

high levels of tumor markers tending to be misdiagnosed

as lung cancer. Jpn J Thorac Cardiovasc Surg 2006; 54:

117―119.

15．Yagyu H, Adachi H, Furukawa K, Nakamura H, Sudoh

A, Oh-ishi S, Tsuchida F, Kishi K, Saitou M, Matsuoka T:

Intralobar pulmonary sequestration presenting increased

serum CA19-9 and CA125. Intern Med 2002; 41: 875―878.

16．Armbruster C, Kriwanek S, Feichtinger H, Armbruster C:

Intra-abdominal sequestration of the lung and elevated

serum levels of CA 19-9: a diagnostic pitfall. HPB (Ox-

ford) 2004; 6: 45―48.

17．Ambiru S, Nakamura S, Fukasawa M, Mishima O, Kuwa-

hara T, Takeshi A: Intralobar pulmonary sequestration as-

sociated with marked elevation of serum carbohydrate

antigen 19-9. Ann Thorac Surg 2009; 88: 2010―2011.

18．Komatsu H, Mizuguchi S, Izumi N, Inoue H, Oka H, Sue-

hiro S, Nishiyama N: Pulmonary Sequestration Presenting

Elevated CA19-9 and CA125 with Ovarian Cysts. Ann

Thorac Cardiovasc Surg 2014; 20 Suppl: 686―688.

19．Han P, Luo Y, Tian D, Yan W, Liu J, Chang Y, Xie H, Wei

W, Huang H: Pulmonary sequestration presenting with

left upper abdominal bloating and marked elevation of

serum carbohydrate antigen 19-9: A case report. Oncol

Lett 2014; 7: 1493―1496.

20．Matsuoka Y, Endo K, Kawamura Y, Yoshida T, Saga T,

Watanabe Y, Koizumi M, Nakashima T, Konishi J, Yama-

guchi N, Yatani R: Normal bronchial mucus contains high

levels of cancer-associated antigens, CA125, CA19-9, and

carcinoembryonic antigen. Cancer 1990; 65: 506―510.

21．Ahn YH, Song MJ, Park SH: Intralobar Pulmonary Se-

questration Showing Increased Serum CA19-9. Tuberc

Respir Dis (Seoul) 2012; 72: 507―510.

22．Kugai T, Kinjyo M: [Extralobar sequestration presenting

increased serum CA19-9 and associated with lung asper-

gillosis―an unusual case]. Nihon Kyobu Geka Gakkai

Zasshi 1996; 44: 565―569.

23．Sekiya M, Chiba A, Ienaga H, Ueki J, Hasunuma K, Taka-

hashi H, Dambara T, Miyamoto H, Uekusa K, Fukuchi Y:

[Intralobar pulmonary sequestration presenting increased

serum CEA, CA 19-9, and CA 125, and associated with

asymptomatic pulmonary aspergillosis]. Nihon Kokyuki

Gakkai Zasshi 1999; 37: 433―437.

24．Morikawa H, Tanaka T, Hamaji M, Ueno Y: A case of as-

pergillosis associated with intralobar pulmonary seques-

tration. Asian Cardiovasc Thorac Ann 2011; 19: 66―68.

25．Weinbaum PJ, Bors-Koefoed R, Green KW, Prenatt L: An-

tenatal sonographic findings in a case of intra-abdominal

pulmonary sequestration. Obstet Gynecol 1989; 73: 860―
862.

(Received,

(Accepted,

September

February

11, 2014)

16, 2015)


