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5 A
& A 5 o S5 AER ]'(tOXlC megacolon)°|th(3).

AX7 A< (colectomy), SFERF & (Hartmann’s opera-
tion), A ¥ A< (low anterior resection), 5338 4|<(abdominoperineal resection), &
A QA< (ultralow anterior resection), 7 =4 A& (transanal local resection), =
"2 2% (pelvic exenteration)©] 1tHFigs. 1-5).

et &0 ¢, e A7 A (complete mesocolic excision)o] B4do] tiet 2kt
oA W2 a4 FF AT} A o] UTH4). o] A2 WAYSFA H(embryologic plane)S et
A 2= PYmHo] T3E Y7 (mesentery)y} S0l ths S4] 22 (central ligation)S
AR 7 02 2Rt ol M= 7 A1} A (total mesorectal ex-

cision; ©|5F TME)7} sl a1, =t4 FF 2fdke] Zhae}h Axte|of QITk(s, 6).
2H(mesorectal envelope)2] AAIE 215l 4 o7t WS whet o2 gt A7) E ok A& 2o
SHH, 6). T=oF, €] AA| A (distal resection margin; °]sF DRM)2 th4, 278 W(intramu-
ral) &2 27 mesorectum)] TF AAHE T A Atol9] 24 A2 ou|STi(7).
TMES} =% 7 x| S (preoperative chemoradiotherapy) 7Hg°0] == HA] DRM2 7]&
9] 5 cmellA 2 cm® ZAFlow, 1-2 cme] &SI X8 /dA o] FHEojA|A] o=tk

L=nbd, %1er(8—11).

0]7/—\1% XIX]— 217\}{}

™

ZAZHEH|=(Colectomy)

B E& AAllotala} k= HRIo] 9)x]of wet = A74RPE A% (right hemicolectomy),
Q=S ARPE A& (extended right hemicolectomy), 2
my), 2= 2P A% (left hemicolectomy), =2 AP A% (extended left hemicolec-
tomy), 3]"4 A< (ileocecal resection), A7 A A< (subtotal colectomy), HA%A A< (to-
tal colectomy), ARG AZ A< (total proctocolectomy)Z U= 4= UTHFig. 1A-K).

S EAlE 2 8% Ditterminal ileum)d} "2 o] ARk &4 0= Al
eocolic anastomos1s)7} A7t AdRFA o7 J 2R o] e X T 0 &2 AREITHFg. 1A) (12).
= Airdns A 48 T, 958 4 o] AAE flah A=, 3]

o

3 A7 A< (transverse colecto-

o=7 s
ZA774 (lleocolic pedicle), =27 (right colic vessel), =+
branch of middle colic vessel)7}A] Z3}F51A] _D}(F1g 1B) (13).
H(hepatic flexure) Z-2 P Aot stad 7ol WHo] IS A9 A=, 527% Fe] 7]
742 2&ksto] AAsof ghoh(Fig. 1C) (14).
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Fig. 1. Anatomic schematic diagram of colon surgery.

A. lleocecal resection. Terminal ileum, ileocolic valve and cecum are resected, and ileocolic vessels are also ligated.

B. Right hemicolectomy. Right colon is resected, and ileocolic vessels, right colic vessels, and right branch of middle colic vessels are li-
gated.

C. Extended right hemicolectomy. It includes ligation of the middle colic vessels at their base.

D. Transverse colectomy. Transverse colon is resected, and middle colic vessels are ligated.

E. Left hemicolectomy. Left colon is resected, and left branches of middle colic vessels, left colic vessels and first braches of sigmoid ves-
sels are ligated.

F. Extended left hemicolectomy. It includes ligation of the right branches of the middle colic vessels.

G. Anterior resection (low ligation). Distal sigmoid colon and upper rectum are resected. Divisions of the inferior mesenteric artery is ligat-
ed, but left colic artery is preserved.

H. Anterior resection (high ligation). It includes ligation of the inferior mesenteric artery at its origin.

I. Subtotal colectomy. It involves resection of the entire colon excluding the sigmoid colon. lleocolic vessels, right colic vessels, middle
colic vessels, and left colic vessels are ligated.

J. Total abdominal colectomy. Entire colon is resected and ileocolic vessels, right colic vessels, middle colic vessels, left colic vessels and
sigmoidal vessels are ligated.

K. Proctocolectomy. Entire colon, rectum and anus are resected.

L. Hartmann’s operation. Distal or sigmoid colon is resected and diverting colostomy or ileostomy is made.

https://doi.org/10.3348/jksr.2021.0004n 729
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(splenic flexure) ©l'5A171A] H}. 53], I3 A4l T4 thd(greater omentum)2t ]t
Y A< (gastroepiploic arcades)& We} = F-9] "o Hold 7Hs/go] U710l 2ty
‘_l =0
E

235 1B 9P A% (omentectomy)©] REEA] H 2514 Hth(Fig. 1D) (13).
= AR 42 9% YA (distal transverse colon), H| % THE EL%¥ staa%
(proximal descending colon)oll Yx|s+ Z2] HA|=S 9sto] AP, SA%S 1(midd1e
colic vessel)9] 2= 22|e} 4= 2% FUES xdlsto] AASHH(Fig. 1E, F) =
o FEAHO] x5+ ZU4S A A =H | A5 (superior rectal artery)2t OPF—H SAR
S (inferior mesenteric artery; ©]5} IMA)2] Y27} o] Ax|Hck(Fig. 1G, H) (13).
AoPddAlee ool F 3 ol AU =2 %e] ol A HME o= A
o, LEAYS BESIHA 2] A%S FAlstA "ohFig. 1) (14). D288 Ae2 tig -
A g HAlHs 2108 A2 By o] 314 Wek} Z3HEE /AJoHA "t o] &4l it
2P Aol A bl 9= 73 F=2 A=, A9 g (ulcerative colitis)°lH 7+
-85S (familiar polyposis)°] tHE2] Q1 oflo[th(Fig. 1]) (13).
A2 e g A4S A7 dAlshks sAlow, A 275 A "ok
o] &A1 AV i 7154 8559 AT X 5Rolth S (5%-10%)2 AFLE

(0.29)9] Rl== Wouh dofo] AAz 4he] ol A7) Eojx|#)| HrkFig. 1K) (13).

o>~1

_\;

StERI=(Hartmann’s Operation)

SER SE SFOR HE AAEAS B TEYA WA AR
verting colostomy)&- 3/dh= Zolth(Fig. 11) (11). O]ZjEEJr% SR S|
Ao} =Z(leakage) oLt Hakd, s EFo] TR LollA] AlgE 4= o] 2 22 FRT A

37} Q= Ay Re] WPOPOM“H&%%P 42 S B 2l 2 243 A2 53

Fig. 2. Anatomic schematic diagram of rectal surgery.

A. Abdominoperineal resection. In this procedure, distal colon, rectum, anal canal and anus are removed,
and permanent colostomy is created.

B, C. Low anterior resection (B: low ligation, C: high ligation). Unlike abdominoperineal resection, anal canal
and anus are preserved. Note the difference in the location of ligation of the inferior mesenteric artery be-
tween the two surgical methods.
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23| S2E = (Abdominoperineal Resection; APR)

B3 28 &-2 YR 2t 2 def(anal sphincter) 2-2 &8 (levator ani mus-
cles)oll T Haol U= 74 A== &o|th(15). Fake] Foktg HEg 4= gl]of 4] &
o] /5] Hojx|A| Hrt. o] 0] A9, BHE} 3 ZH FROZ LroA AIPETH(1e). B
H2o| &2 2R dud dl o AAet A7 hH S wet Bl E ke o' Qoks
o, S| IFEollA A7g7take] viel & WA Erk(Figs. 2, 3) (11, 13). 23 2] 4<%,
okt Bty ek et e o] vhe|wn ) ojuf ) 72 &34 H(obturator inter-
nus muscle)¥} 272} (coccygeus muscle) T3] 2] Aol A Eel=|A] Hrk(17). S £3]
S 7A| % (extralevator abdominoperineal resection) 3 22} 2.ejofl 714A| 3 8]

& ohs A2 ofo] SIS RS wi AlYCHFig. 3B) (18). BF 35 Axle &2

ol
nr

(¢}

H

3

Fig. 3. Subtype of abdominoperineal resection.
A, B. Unlike classical abdominoperineal resection (A), extralevator abdominoperineal resection (B) aims to
achieve complete excision of the levator ani muscle surrounding the mesorectum adjacent to the cancer.

@

7‘}// ﬂll” bty

Qv
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Fig. 4. Subtype of low anterior resection.

A, B. Low anterior resection (A) is performed for cancer located in upper-middle rectum. Generally, it is per-
formed when the cancer is situated more than 5 cm away from the dentate line. In contrast, ultralow anteri-
or resection (B) is performed for cancer located in the lower rectum, approximately 2 to 5 cm away from the
dentate line.
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AR =2 O u

£ % o 212 =5t Z1917lo] thalAts ok ko] 9l AlelE, e B
HAIE] 79 P BPEARAS) ZRs Aol B 44 F A% 1T} 7hs Aol el o
9)

A9k, eI5t 2] o] 2| A E 7o 2 F-5o] F/g= A Frh(18-20).

X 2| M4 K|= (Low Anterior Resection; LAR)

A AW &L G2 LS HESH= £&2, 597 (stapling device) 2 AMHE3Ho] %
Hr} AgiRo] gt AFS A2 T B A7) WU stump)S THETE £5 o] BRER
7o) AoHEg BESRC(Fig. 48), B30l 7oAl BRlg Zoln dueng §7] 9l

I whaReh 9| 215t AAIS o) 5AIRITH(16).

A X @ M LEF|= (Ultralow Anterior Resection; ULAR)
EAAIAALE AN ST oA 2 Pora g st doln, R

(anal verge)ellA] 2-5 cm A= Goi 3l ofgfZe] Z7geto] Q& uff Al HTHFig. 4B) (21). HA| 4~
&2 55 1} 355 o= o A=t H5 aHolAl= ol Al atE i uh A uy

-

IMA and inferior mesenteric vein)o| A2=| 31 2127} 5w (mesorectal plane)2} %2737t
o] vhe| =] A ). 335 IFgolM = A T2 A i) vhejel ool = A B2
o] A, 221 G B3-S shAY @717 3R F&(leostomy)©] o] Fo| A A] HTH21).

—

A2 2 AHF|=(Transanal Local Resection)

AR A& ZAo] S ALNTL), 277t YxAS TE5HA] @2 7-9(N0) Al3YH
o} AREA QI M2 = F9Fe] 3717} 3 emBE ot 2hon, A% S8|9] 30% TS
AQJo] lal, ZJuhtlZ(submucosa)ell =3H=| 11, Hxd Zolo] ZA7} gle
9). o] €Al A7 A% (total mesorectal excision)i RIS p&7] He FAIG
420] AFY-E(perioperative mortality)¥} %, B =74, A
S Z0)7] 9ol =YEATH22). o5 1Y F TS 2T o BlS MEEA E 1 em =] &

=

‘g e matslo] Allsfof gtth(22). 22Ut 4

Solizo] thepgo 2 Q18] 44 1 TINOR 2ghie 27glo] 2% We7lo| = T2 52 T3z
ko 797} glom, 4 WAISHE B 79 Aol S@lrt krhod), nebd, olefe 790

X2 A4 (radical resection)®} = 2&Htx] B (adjuvant therapy) S 128 4>
Al o] 22 A HA&e] H-Foms A/ T, A AAY, Hxd T W
1/3 (lower third of the submucosa, sm3 level) -2} ‘FolRli= o|th9, 22). =4 AA|& o] &

HEFARRO| 45502+ 7] T2 -2 T30l s &= AUl Z8-9-0lth24).
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Fig. 5. Anatomic schematic diagram
of pelvic exenteration.

In this procedure, all the pelvic organs
are removed. It can be performed
when advanced rectal cancer invades
adjacent structures such as the pros-
tate, seminal vesicles, and bladder in
males, or the uterus and posterior vag-
inal wallin females.

>

)
e 18 o2k

F e e PHolth(2527). =3, SR 84 EE2 T4 02 AESh Aol M =
Feoh ?F 7HA] ' o2 of AX| AL 91TH(28).

T 8AEe2 284 or e a4e] oy Aehe Arfskal ik 7]o] dF £ HE
|75, AR ) Zuh & Bt o] 2| A EA] "rk(Fig. 5). ol2{3h FR eIt Al
QIal ojghet AFFEC] =2 A= ABA AH(29).

2

oE M
R

tu

-

[e)

CT: 44 & 329 Hrlsl=g] 27 9] 94} 7]Ho|t}, CT: T2 235hHol B5lH = o]
S FeHA Lxof tisl) £ FdS AleohH, £ 8F T 54, rE s L2 =
Zslshe o 2 ARSEE YA 7IRolch =3 S7)of @hAshe thigat 217geke] Ak
E ). ZL2{uk MRI= CTol| o]o] #2402 AR 7ha3t J74d 71K
o= & 5 Mastel AUSt TS sk 7P MRS 4 Qe Stoln AZAEHE
o] g7loj & o] & H4(30, 1). g A% % F CTet MRIOAE AAlE H2o] thg-2 gla
M2 EZFol & AHo] 50| Hol 27} 3l& 4 ot BFg¥dd Al(barium enema)=
FE R 2 E% R TR S Eelsky] fsh *Poﬂ PZS He o CT
MRIECH4510H(30). FHAFETE2Y (PET-CT)Q] 745, Yubz o2 5717} o)L 2ejo]
Agho] Fstet o & AHRetel 544 At FHEchs Eﬂ 101 -850, A o] & & 2
ol ETH32).
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7| gt Z(Early Complication)
TE ’%‘%‘%0 oI5t A AFYE-S 1%-16.4%, ©]2HE-2 3500 ™, G Z0 & 9lsf o]z}

ol

T=
& She 7892 2%-5.8%0ll F9ttH(2). 271 F852 149 F= 309 ofuiell i A =
5= S50 2 A $HE(wound complication), S-5747] = B w7 4] 4 &

B =2 (anastomotic leak)o] tHEA] Q1 7] gHZo] sgHTh(33, 34).

.1

=
m

jue/e)
T -lOl'
4 e
>

Al
(=]

St

s

SHHZ(Wound Complication)

g 2% eao A 14 32 £& 29| 7 (surgical site infections)-2 ThE E-5. 4220
Hlsf 4ufjut o 2 iAehs 2oz deA Qok35). o= F-9l s WIS =W AlTto] A
of| we} Abx] o] (wound dehiscence)z} A7l &4 (incisional hernia)o] 25| ETk36).
A2) ZF T A ol o] gAatoleta 478 CTAolA BH A7 (abdominal wall incision)
ol 4471 7o) A Tt 7] A F7t Hols ZﬂOIE}(Fig. 6) (36). F5 x5 BA] ool 27t 2]
f(secondary intention wound healing)E ¢Jsl| &4 Eell 0 &2 A BIE A9 92 4%
7Flom, o] A5 g Fe HojRl o g Qs = OJ = TH37).

g egSolet. 1Al SB35 2.8%-8.4%F ARSI, o] F 75%7F A FEhRollM Ys

Ao& A QYA APYEL 1.7%-16.4%E A2 JATH39). of=2ish thg A% ~&ofAle] 2
3 = (colorectal anastomotic leakage)2 &5t A2} 7} ob4] Bgts] P2 = ghgtont
B2 AEolA &4 7|eo] A £2 5(ischemia)e 5235 YQIOE BT QITH40). ¢
RIS JFHZ, 3, &, & 5 £, A= 23 4 5o] Jlon, Adts &
A gRollAl 7 SotA| BASTh4l). £ £ I ke CTet A% s

Fig. 6. Abdominal wound dehiscence.
On a contrast-enhanced postopera-
tive CT scan performed 7 days after
total colectomy for severe slow tran-
sit constipation, separation of the ab-
dominal wall and a fluid collection is
identified along the midline incision

| (arrows).
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B9t FAIAAL B 7Hsshu, Ak o & CT7F A Ss]= AR olch CTollA A W =JA|
FUHET A8 294 58 & it of vizdeh W o® A Qlrk42). g A+tollM CT
Kol A7} 2 A2 B AFE-E(intraabdominal free fluid), &7](intraabdominal

free gas), =9 1 A9 Z-8-(perianastomotic fat stranding)°]™, E0| =7} &2 274 &2

H|'=7| &4 (Urological Injury)
27 S0l o] 8FAQl H] k7] 9] ke =BT} 3 QAtol whEm A9, Bl e HA|
< ZH = ]
)

PRt 22 pEolA sPIREREH(IMA)S] 7IAIRE drejehs 3 ZF 25 o

—

E
-

Fig. 7. Anastomotic leakage in a 68-year-old male who underwent a right hemicolectomy for cancer of the
transverse colon.

A, B. On a contrast-enhanced axial CT scan performed 7 days after surgery, a fluid collection and air bubble
are identified near the anastomosis site (arrows).

Fig. 8. Urologic injury in a 60-year-old male who underwent a right hemicolectomy for recurred liposarcoma of the right colon and double J
stent insertion of the right urinary tract.

A. A preoperative contrast-enhanced coronal CT scan shows the proximity of the tumor and ureter (arrow). Double J stent insertion of the
right urinary tract was planned due to the potential for ureteral injury during right hemicolectomy. Note the heterogeneously enhancing
mass involving the right psoas muscle with infiltration of the terminalileum, cecum, and right transverse abdominalis muscle.

B, C. On a postoperative contrast-enhanced coronal and axial CT scan performed 20 days after surgery, there is right hydroureteronephro-
sis (arrow in B) and abrupt narrowing of the right ureter near the tumor excision site (arrow in C). Note a possible hematoma and fluid col-
lection at the tumor excision site.
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$E 7sAdo] 71 wom, Qo] 3 s = IR A1) 5%-15%2 LA AtH4e). = 3t

(o] it
ot & 4 don, 95 AHE SHOE o|5A7 = Aol T2 AR 28atel CTY
oA £ 1%—(hydronephr051s), B0} o]t 9 ¥k AKureteral jet)2] AAo] B 4= 9lx Qi

2730 Hg}k 22 gytofjA o] 2PA| =0l B 4> UTKFig. 8) (47).

2 &3 (Lymphocele)
HEFE= YA FE0] P Ao A5l gt
Fo] Pl Zolth4). BE & F3-85 52 lkﬂ %:401] Y-S shel, oF Aol whaw =
HZA A S AR 2 2habe] 30.8%7 el A 2
CTOW HILFE APl SR By Hlxs ‘%LL} 95 2t A 2
9 595 Eol= 497t A=t o] B9 WEFE oAl ARt E5F, fI g Lol A

949}7} AZ 4= ATH(Fig. 9) (50).
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(Late Complication)
%7 %‘ o2 30 o] Foll WAYsh= T35S oJulgh
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& T %RJ% AT ZAol|A BHo] AE HolE Foll A E= i (greater omentum)©]
=

A=t
Holupe =& 5’4‘3]@‘1}(51 52). SF ol m=w EX}_E(COIOStomy) @7‘}5’4 17%, ﬁ%@r(ﬂe-

B o] A ‘?{Fﬂr A Z(end colostomy, 48.1%), ‘Q% il%—?—(end colostomy,
-

30.8%), B A7 (loop colostomy, 28.3%), T 275 (loop ileostomy, 6.2%) =2 = G7go]

£l s Ao QK 4 UTHs)

Fig. 9. Lymphocele in a 68-year-old
male who underwent a robotic inter-
sphincteric resection for rectal cancer.
On a contrast-enhanced axial CT scan
performed 1 year after surgery, there
is a cystic lesion at the right lateral pel-
P vic side wall (arrow).
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Fig. 10. Parastomal hernia in a 65-
year-old male who underwent a Hart-
mann’s operation for a disrupted colo-
anal anastomosis with necrosis of his
distal colon after LAR.

On a postoperative contrast-enhanced
CT scan performed 19 months after
the surgeries, there is protrusion of a
loop of jejunum beyond the perito-
neum at the previous ileostomy site
of the Hartmann’s operation (arrow).
It also presents an abscess in the right
abdominal wall near the previous ile-
ostomy site of the LAR (dotted arrow).
LAR = low anterior resection

Fig. 11. Small bowel obstruction due
to a parastomal adhesion after low
anterior resection and ileostomy.

A postoperative CT scan performed
24 days after the LAR shows abrupt
narrowing of the ileum near the ile-
ostomy site, diffuse dilatation of the
small bowel to more than 2.5 cm in di-
ameter, and air-fluid levels. It also iden-
tifies a beak sign (dotted arrow) and
adhesive band (arrow) near the tran-
sition zone.

(Small Bowel Obstruction)
]

A 44 0|50l sk AT E5p SASRE BYFoln], 23] ufe} g
A9E

o)

2]
A% Sz 0] 30 o]y EYshs A= AA B2F2] 5.9%, 30 o] ol sk
= oA ATH33, 54).
T8 Folsta] 242 CTolA 2917 ol 3 em o)/ S=HA tig2
SoUAl 982 243} sofd &% Aol 2] Hol g (transition point)o|H, i 27445
2 o] oig w5t 7he et £ 4= QlTk(Fig. 11) (55).

)

o] Antz o] EF ol oldo] A Aol iy} & 5ol
=
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Fig. 12. Sinus tract in a 56-year-old male who underwent low anterior resection for rectal cancer.

A, B. On water-soluble enema X-ray (A) and contrast-enhanced axial CT scans (B) performed 3 years after sur-
gery, direct communication between the sinus cavity and rectal stump is identified.

C. On a postoperative T2WI axial MR performed 3 years after surgery, an air-filled cavity (arrow) in the left
lateral pelvic wall is identified.

D. Contrast-enhanced T1 axial MR shows rim enhancement of the cavity (arrow).
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o 308 A 32 T29] =2 A2 (Fig. 13C, D)2} Q1% 43t 2954 (Fig. 12D)°]
Hol1, nhdo]al Agabrt BHAYSH 3-8 TR0l W Ala 7wt 29570 vt UehA
)

Fig. 13. Anovaginalfistula in a 78-year-old female who underwent low anterior resection for rectal cancer.
A. On a water-soluble enema X-ray performed 2 weeks after surgery, a fistula (arrow) between the vagina
and distal rectum is identified, note opacification of the cervix and uterus.

B-D. On a contrast-enhanced axial CT and MR performed 2 weeks after surgery, a fistula (arrows) between
the vagina and distal rectum is identified. Note the fluid collection of vagina and distal rectum.

Fig. 14. Anastomotic stricture in a 58-year-old female who underwent low anterior resection for rectal can-
cer. She complained of prolonged constipation and cramping lower abdominal pain after the surgery.
A, B. On postoperative axial CT scan performed 6 years after surgery, there is a focal narrowing of the colon
at the anastomotic site (arrows) and distension of the proximal colon with diffuse fecal stasis. Mural wall
thickening of the distended distal colon (dotted arrows), suggesting stercoral colitis, is also identified.
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Fig. 15. Recurrence of Crohn’s disease
in a 55-year-old female who under-
went subtotal colectomy.
Contrast-enhanced axial CT scan per-
formed 2 years after surgery shows a
focal stricture (dotted arrow) with seg-
mental asymmetric mural hyperen-
hancement (arrows) near the anasto-
mosis site, suggestive of active Crohn’s
disease with underlying fibrostenotic
change.

740

jksronline.org



JOURNAL of
THE KOREAN SOCIETY of
J Korean Soc Radiol 2024;85(4):727-745 RADIOLOGY
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Fig. 16. Local recurrence of rectal cancer in a 63-year-old male who underwent ultralow anterior resection
for rectal cancer.

A, B. Postoperative contrast-enhanced axial CT scan performed 6 months after surgery shows a loculated flu-
id collection in the presacral space with surrounding soft tissue infiltration, suggestive of abscess formation.
C, D. Postoperative contrast-enhanced axial CT scan performed 12 months after surgery shows interval de-
velopment of an enhancing solid area in the loculated fluid collection and soft tissue nodules at the presa-
cral space (arrows), suggestive of local recurrence of rectal cancer.

Fig. 17. Local recurrence of rectal cancer in a 74-year-old female who underwent low anterior resection.

A. T2-weighed axial MR performed 6 years after surgery shows an asymmetric circumferential soft tissue
mass at the anastomosis site (arrow). The mass involved the right internal and external sphincters and pu-
borectalis muscle.

B. Diffusion-weighted image with b value 1000 showing diffusion restriction of the soft tissue mass at the
anastomosis site (arrow).
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