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Final Lecture

Segmental Anatomy and Sublobar Resection of the Lung

Takamasa ONUKI
Department of Surgery I, Tokyo Women's Medical University

In the field of thoracic surgery, limited surgery is gaining popularity for the treatment of malignant dis-

eases. The last lecture compared the actual condition of lung segments, as observed through thoracoscopes used

during segmentectomy of early detected tumors with the pattern of lung segmentation obtained through simu-

lation. Based on the discussion of the last lecture, it could be concluded that segmentectomy and multi-sub-

segmentectomy have the same surgical concept.

Key Words: segmentectomy, multi-sub-segmentectomy, lung anatomy
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YORIFLETH L. HFTIE, BEOELAIL L
TR SNz, JE HRCT % Compact Disc (ZHEW:
b0k, EHICER, #ZTF9, DICOM @ %
TOEIERE, BEOADEFERIZLT, ER/SY
TVREL TS, FMSHT SN AT,
BEFANTOHRIZIZEFFEHRD A -7 HRCT £
BHY, FREMETLIET, BEORYEVE
Bivitws, 20#, CITRY? & w)k—A A —
F v 7 b THRCT B EOREL, Ml % M
DI U7-AEEW L & Sz, Foien, K, EE
DT =5 R GENMENFAN, Ay2alY
(http://metaseq.net/en/indexhtml) & v 9 4 ~
Y=ty NEDIRILET T -2 MEH, B{HEERRP
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ELTHW (Fig ). Then—E DY AT HE
i, #ROEHZITCODEABLT WS,

FREETIBR & W/ & OEFBIZ VA YIRS (X IEYIRR,
LRIV, BBXEEYER, SHEXIEYER=
X IpRE)

1. BIERDOKREZIZOWT

FIEYIBROE SI3EH L7 EAR 2RI E Y g
72D ETH L, LRT 2010 % 1 A ~2011 4 12
AW REREEGE T I S, BEREMEME, =i
PERGRESS, RRYEL & & A bR BREUE 103
B, XIRUIBREZ 115 61TH - 72 EEE (E4E
OWEFEREE) T, ATE I 30 mm+14 mm, #%
EZ19mm+10 mm (FH=SD) THY, KEY)
FAEI O &K S IEATEHY46 mm = 13 mm, £% %337 mm
+12mm (CF¥+SD) T, EEED HEUHEALE
BIIXBUBRE NS oz, BEEMNSVWER
BEIBREOMA L DL CBIRS N, LD/ wE]
ThefTsiz7zd k£ 2 5ni: (Fig 2).
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Fig. 2
The relationship between tumor diameter and length
of skin incision made during lobectomies and segmen-
tectomies performed at our department from Jan. 2011
to Dec. 2012.
@ : lobectomies (103 cases), O: segmentectomies (115
cases).
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Fohs.
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1. XIS EE|OESR
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FMAFIE S N, SELHEE, BOTHRFE, WPk
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R E DB ZH- K TLEIC R > TE . Jack-
son, Huber A% 1943 4E 12 KIS S DFEHER 72 45716k
MR E2RERY, TR FThLoBHIIFETLLELRN
Brock 2SHUMZ 2 ) KIICO W T OEBHAEDI S
N7z, Zhzezl), HRIZBWTHORABLAELN %
EN7z. 2% O Boyden (ZHFVEHE & —H#E 12
SR OIER TR T TOFE L W0 2 HX
BOREXOFFE T TR, Ba, Ala, Vakl
X E TOREL, MBFIRICD IS T 58U
WEeoF720 RIETH, WIBIEHEOEIR L i

ERBHEOI T2 L CEBEMNEEICR-> 2B T
WFge& ATV, IR 1955 48 [XIsEIRR ] % HikRY,
I'FiZ [Roentgenologic Anatomy of the Lung| #*
B2 L, ZOZoRNZ0HOMOBEHO/NL4 TV
o TWwW5b, E512, Tkeda HIFBHRE L
BHFEY, HEXIRA 5 & 512, i X, o i X
FCOREXNEIBETEDLIHI1TRD, b
Wb fmashEE Ry, BEMW, 7, SMlzEET
BIEFETHHEBNIIHAT D HEEZRERLTY
5. TOBROEZHHHEMEOILED D), REXD
TEHEDOHE R 25 L T L WIFRZSREHEOHEO
XIS, #KIROBA B AH K B> 72 (Fig. 3
f).
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Rz, ZEXLABEXOMICHS] LML TV 2.
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HNTHED =ZARZMERSE C 2 &IERAITZ
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BXODEREED LFIZOWT, &K Mishk
DEFTERARD LT, PRUI—EWNIIHIEE
HHTXLZDOTIREERT.
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Fig. 3
A proposed simple bronchial rotation model showing the relationship between the bronchi
and the pulmonary arteries in the left upper lobe during the early embryonic period (right).
Image of subsegments based on the prevailing pattern of the bronchial tree in the left up-
per lobe (left). It indicates that autonomously occurring bronchial growth may increase the
number of prevailing patterns at the segmental level, which may be physically limited by
factors such as the shape of thorax.
A: A stereotype branching allowing the bronchi and the pulmonary arteries to branch into
two, first individually and then in different directions, resulting in four tree branches with
the axis shown in blue color. B: With the growth of bronchi in the thorax, if the bronchus
with the blue color axis slightly rotates in an anti-clockwise manner, the forward branch
becomes bronchus lingularis superior (B%), resulting in the lingular segmental mediastinum
type. C: With the growth of bronchi in the thorax, if the bronchus with the blue color axis
slightly rotates in the clock-wise direction, the forward branch becomes B3, resulting in
the lingular segmental interlobar type. The star marks surrounded with blue color show
the location of the straddled bronchi. LMPA refers to the left main pulmonary artery. The
numbers “1+2" indicate apicoposterior; “3", anterior; ‘4", lingular superior; and ‘5",
lingular inferior segment, respectively.
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B ZE > TE 2 KEMEkE, EEORITILORE
2~ 553003 2 iR LATRH CHAE SN B 2 0%
WZEFPHLNTWS, LarL, —20REZ, &
BXEBENIZ20DRORFKOMENNRAE % 5 FH
PGP LROBECHFEX, —R, fido [RE
i&%ﬁ%i%&%%#%&k%if TRTOMHE
BT, FVHoTwas| ZEEFETHINICEZ
b5, FIT, ZOXREZLMBROKHD S 3 KT
H3& % Sharing Structure & %&fHF (Fig. 4), Onuki
5, ok, ERotFIizowTE 2 (Fig
5, Fig.6), Blx DfTH o7 S2 Dk LETH DR
BXOGEEPMET A A AR LPEITHL L
L7,

2. i EED 2 DOfEIROE

EMEES, EXBEFEXIBOG 5205, HX
BOMBIIRY LERE X ORMZET LT 5 E
KIREDIRMERRE! (M-2) & EFEM»S0MT 5F
XA RIERIR (IL-B) 12 B2 A TE B, &
N —MITIE R LA VAS, IRREAREDF T
BRCHION S BEHFNEETH L.

3. ZAM_EED Sharing Structure (22T
LD L) —EREZ B WIZHBEIRF U
EXOXMAHEX I AT 5 3 RckEED il
MDERLN D B B 2> % KIS YIRS < v 72 400 FEBI
Dty Iab— 3 YVl cRNL (Fig 4).
5L, REUAZIZRL, LETOIMEBREAEX
RO TET HEHAIC—FH L TRD SNz FEFIC
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Fig. 4 Reconstructed images of the bronchi and pulmonary arteries of the typical cases

having the sharing structures in the left and right upper lobes

Dark yellow color indicates the bronchus; dark red, the pulmonary artery; yellow, the
segmental bronchi shared with the pulmonary arteries; orange-red, the pulmonary arter-
les straddled bronchi and shared segmental bronchi. Green star mark indicates the bron-
chus straddled by the artery. The letters “c” and “d” refer to “cranial” and “dorsal”,
respectively.

A: A case having the recurrent artery and the ascending branch in the right upper lobe.
Recurrent artery and the ascending branch from the interlobar artery share S% and the
Bl and B? are straddled by both arteries. B: A case having no recurrent artery in the
right upper lobe. Two pulmonary arteries (one passes anteriorly through the B! and the
other is the ascending branch from the interlobar artery) straddle B3b and share S%a. C:
A case having no recurrent artery in the right upper lobe. Two pulmonary arteries (one
passes anteriorly through B! and the other is the ascending branch from the interlobar
artery) straddle B® and share S2 D: A case having the artery from pars mediastinalis in
the perfect lingular segment in the left upper lobe. The lingular-segment artery and the
branch of pulmonary artery from A3 detouring behind B® share S%a, and the bronchus
Bsbe is straddled by both arteries. E: A case having the lingular-segment sharing artery
in the left upper lobe. The artery from pars mediastinalis and the artery from pars in-
terlobaris share the lingular segment S4 and straddle upper division bronchus (B+2 + B3).
F:. A case having the arteries from pars interlobaris in the lingular segment in the left
upper lobe. Two pulmonary arteries from A3 and the interlobar region straddle B!*2 and
share S%a.

23, AEIZ, RA+ T Sharing Structure 3% 2 5

Holz. BELZIEBNIAR 31301 6, AL
FEIX102HTH Y, 51115 Sharing Structure %
ROGFAHZENTE. AMEEEIREEROD 5
EF (RA+) &ZWIER] (RA-) T, ZEMEET
EMAE L LR CHKB L G LETIE, RAT,
RA-® &% 512%, Sharing Structure | IFHE L 72

7o, ERiEECEIMAE ILAOEH 5123, Shar-
ing Structure I37F1E L7225, & &2 M- T Sharing
Structure 3% %> 72 (Table 1). Sharing Structure
DIENRDE CRELIZOWTIEE T 5 & A0 2
TiE, BEALBEPNLAREILIIBFEEN TV
25, R EETII MBITIE, &6 B 2BuwTni
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Fig. 5

A topologically simplified, developmental model of the proximal conductive zone of the
right upper lobe. Brinchi are shown in yellow and dark yellow colors indicate, Red and
dark red colors indicate pulmonary artery, straddled bronchus is shown in green, Blue
color refers to the bronchus of growing part.

A: At the early stage of lung development in the embryonic period, the bronchus in the
right upper lobe has simple four branches, and from the hilum, four branching pulmonary
arteries run along individual branching bronchi. B2a and B2b, which will be the subsegmen-
tal bronchi shared with pulmonary arteries later, are the separated two branches at this
stage. The light-blue part, which will be the most elongating part later, is found to be still
short between green and yellow parts at this stage. B: At the later stage of lung develop-
ment, the light-blue part elongates, and the separated two branches appear as one branch.
Therefore, four branching pulmonary arteries, which are running along the individual
bronchi, are no longer four branching arteries, and two of them will appear to share one
bronchus. C: In a mature lung, the pulmonary arteries are remodeled to expand their diam-
eters in order to reduce blood flow resistance. The pulmonary artery, which branches at
the most cranial side during the development of lungs, perfuses B?a as a recurrent artery,
and the artery, which branches at the most caudal side in the upper lobe, perfuses B as
an ascending branch.

13

Ozxt L, ILBTIE B # B Tw B IERIE R 2o
7= (Table 2)*.

4. Zhti EFEOS[OEL

Sharing Structure 25 EEELAMZIZ 4 {, LETDH
MENIR & RE LD TS HEALIZ L TRRD
bhbZ &, ZOWREHT L EEPNLREL
BEEORBEORLOUFEENH H Z & 25 HEH T
&, MoRRICHERT 2 BEHORESM 2RI
HEOWREEVHLLEEZONT. bL, £FH)THD
E55E, G EETERUKEZE TS DI
L, i EETIE MA L [LBEPEL L —3— 0%
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(Fig. 37%). #9 Thhid, MBI TIZEXA~DAE)
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W&t Db ONKEMEN e AR BRI R T 72D
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EEOFXIEER O A3 O [IERC & DR Sz

—143—



14

Fig. 6 Schematic illustration of the proposed developmental mechanism of sharing struc-
tures during the embryonic period. Sharing structures with straddled bronchus (SB) and
the branching arteries grow during the embryonic period. (a) There is a root part of
the pulmonary artery near the SB under the four branching bronchi, and the individual
branching bronchus is seen along the branching artery. (b) Two branching bronchi fac-
ing the root part of the pulmonary artery branch into a total of four bronchial trees,
which run along the arteries. (¢) The four branching bronchial trees near the arterial
root further branch into six bronchial trees. During the bronchial branching process,
only the branching artery near the root elongates, and this arterial elongation seems to
be due to the movement of the whole branching part. (d, e) As a result, the two bronchi,
at the opposite sides of the pulmonary-arterial root, are separated from the SB with elon-
gation of the branching part.

Table 1 The number of cases having RA(+) and RA(—)-types in RUL, M-
and IL-types in LUL

Total Numbers of SS Total SS
Lobe Type o 3
cases 0 1 2 3 SS cases total
RUL RA(+) o8 14 33 11 0 44 A 55 &
RA(—) 33 22 11 0 0 11w 11w
Subtotal 91 36 44 11 0 Boix 66 L&
LUL M 30 3 24 2 i AR 4 31w
IL 72 55 16 1 0 16 18
Subtotal 102 58 40 3 1 43 49
Grand total 193 94 84 14 1 98 193

RUL and LUL indicate the right and left upper lobes, respectively. RA(+)- and RA
(—)tvpes refer to RUL types with and without recurrent pulmonary artery, respec-
tively. M- and IL-types indicate LUL having lingular pulmonary artery all or partly
from pars mediastinalis, and lingular pulmonary artery all from pars inter lobaris,
respectively. SS can be defined as “Sharing Structure”. *Case has 3 sharing struc-
tures; the details of the case have been given in the text. The frequency of appear-
ance of SS in RA(+)-type was higher than that of RA(—)-type in RUL, and the fre-
quency of SS in M-type was higher than that of IL-types in LUL. &, ¥ The
numbers are significantly higher in some cases and lower in some as compared to
the theoretical values, p<<0.01 (Chi-square test).
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Table 2 The numbers of sharing structures and the
numbers of straddled location of the sharing struc-
ture in cases having RA(+)- and RA(-)-types in

RUL, and M- and IL-types in LUL

SB B! or B!+2 Bl+B3 B3 Total

RUL

RA+ 1 35 19 55

RA - 0 0 11 11

Subtotal 1 35 30 66
LUL

M 1* 23 7 31

IL 18 0 0 18

Subtotal 19 23 7 49
Total 20 58 37 115

RUL and LUL indicate the right and left upper lobes, re-
spectively. RA(+)- and RA(—)-types indicate RUL with and
without the recurrent pulmonary artery, respectively. M-
and IL-types refer to LUL having lingular pulmonary ar-
tery all or partly from pars mediastinalis, and lingular pul-
monary artery all from pars inter lobaris, respectively. SS
and SB indicate sharing structure and straddled bronchi,
respectively. B! (*2 indicates bronchus segmentum apicalis
in RUL or bronchus apicoposterior in LUL. B?® indicates
bronchus segmentum anterior. B! *2+B3 indicates B! (*2
and B3 when two segmental bronchi were straddled as ex-
plained in the definition of “straddled bronchus”. *Case
having three sharing structures.

BbDOTHhBLTHE, ERXBUIRKFICL D &L FIOH
X o/ SNs 2 L2k (Fig 6 54). X8
EVIMBIBAEIMPOHEAET L DOTIERL, &
R R ENREZOME AP THE LD
DT, BIBRED LS B % L %o zPstofd
MTHhhwlilhd b, ZHThHhLTHL,
PR EEARHE L “RKIBoOME" ICNbh b LEITR
{, RN E R UERTS E R R % i3
XThrHLEZDL. AiRLZEIIC, HBFHIBWT
b, RHAFESEMAE O P CIE S B X IR B A X I,
kLT s b WERTHY, TOREE L
T, MREZBIRLMELBHFSERIRL D, XK
WRPE L D REEYRD L L E 2TV ETRENE
v, LaL, BlziE, A0SR 300X
DPHEZHERB25, dL, Sk S ORIICH S NE
BEORA, Stk SUh DS HERIEYIRTRL,
B2 S HBRL, S RKIRIERICT B EARWE
THDFBRSTWB"EFITEZ B.
FEH

R, MRENE OS5 T b EERBISH T 5
INERARATEND & 9o 72 BRI IS
% MRess T B XIR U B D FE RS & XISy I 2 L —
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