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— Abstract —

Pectus Excavatum and Operative Treatment
—14 Cases Report—

Sun Kyung, M.D.,* Chae Seong Soo, M.D.,* Lee Chul Sae, M.D.,*
~ Baek Kwang Jei, M.D.,* Kim Hark Jei, M.D.,* Kim Hyoung Mook, M.D.*

Pectus Excavatum is a congenital anomaly of the anterior chest wall with a sharp concave curvature

of the body of the sternum, from above downward and from side to side, especially just before the

junction of gladiolo-xiphoid.

We have experienced 14 cases of Pectus Excavatum with several operative procedures, i.e., Ravitch

operation in 1 case, Wada operation (Sternal turn-over) in 3 cases, Wada operation and K-wire splint in

5 cases, Modified Wada operation (Rectus Abdominis muscle pedicle attached sternal turn-over) in 5 cases.

Nearly all patients developed flail chest treated with internal fixation, and necrotic chondritis was

developed postoperatively and treated with excision and currettage in one case with Wada operation.

Follow-up Vertebral Index showed 48% preoperatively and 33% postoperatively, average decrement

of 15%.

We report 14 cases of Pectus Excavatum and their operative treatments.
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sternal turn-over) 58 5 AHA 1449 ¥5FF& &
£ 2Asld, A atEg g FAE B
¥ w3l Hpelel

=5 |
D TE E5HY FRYast a4l A= 19764
84 %5 19834 2¥7t= A 49 HABE T A
gk

o7 8 Ay ﬂ‘ii#: WA 104
A obFe] Rl
A‘i]a]-fjflu}-(Table 1).

WY 39 F42E,

ujupd] S8 A&
, W E 2512 ¢l &

A dlel A FF P

— 183 —



Table 1. Age and Sex Distribution

Age Male Female Total

0-10 6 (43%) 3 21%) 9 (64%)
11-20 2 (14%) 1 (%) 321%)
21-30 1(7%) 1(7%)
31- 1( 7%) 1(7%)
Total 10 (72%) 4 (28%) 14 (100%)
A HETE TAHAL, &5 AEY mkg AAA
R HAAHA FHE Fabspd o (Tabl 2)

< 7] 3=
HdE AYF o} OVMH _‘104 #9209, Ra-
vitch €4 ¥5§ 24 F s FF ¢52 g
A%7t 18 23ks gl vk (Table 3).

Table 2. Problems on Coming

Complaints Numbers

Depressed Sternum 14
Decreased Activity
D.O.E.

Easy to Fatigue
Depressed Emotion

NN W

K.U.H.

Table 3. Previous lllness

Past History Numbers

Frequent URI or Tonsillitis
Pneumonia

Otitis Media

Conjunctivitis

Hepatitis

Typhoid Fever

Over-term Baby (46wks)
Previous Ravitch Operation

e b e e ma W)

K.U.H.

FEEFY Fukd A4 AP, 40l (29%) ol A

4 glglew, o}% Indirect inguinal Herniag}

Entropxon_-] A=l 717 F AHAY +EER
k3l = 315l o (Table 4).

Table 4, Associated Anomaly

Defects Numbers  Treatment
Scoliosis of Thoracic Spine 1 None
Inguinal Hernia, Indirect 1 Herniorrhaphy
Bifid Uvula 1 None
Entropion 1 Blephaloplasty
A7 4, vAPA 58 $%d o A& FFE Ho)
= 73‘%7} 13# (90%) 9 2.+, ogamau A Bg Ho
4 ¢E 4L 15cedd 4] 250ccE HF  99cce]
%t
A4 224 " F¥ 40 2964 ARy H2
Hol7t 8ol 51%) A 2, F4 =1 Ao 24 ve-

rtebral index¥ 29%0l4 54%¢ E£XE no HF
48%A 2, AA=E 4 Lt Axis Deviation % count-
er-clockwise rotationo] Ao 4 R Fgom, >
e} LAH, RVH, 1° A-V block, P-pulmonale, Ant-
erior wall ischemic pattern, sinus tachycardia %
€ 2 g £ g gt A2 4 2Eeg 2o 4
A HEF Aol F4to]l 9lE 5dlel A A Hs5 A
AF 4} restrictive patterng No|: A} 28 gl
o, A4k S: splitting 2 #E 3dA 57 4 G-
rade -9 Systolic murmur® ASDE 9 4] 5t
Rt. Heart catheterizationg |85} 61} R4l A
2% 1% 3glgis}(Table 5).

Table 5. Preoperative Laboratory Findings

Laboratory Findings Numbers
Chest PA" : Cardiac Shifting to Left 8 (57%)
E.K.G. : Left Axis Deviation 4 (29%)

Counter-clockwise Rotation 2 (14%)
PF.T. : Restrictive Pattern 2 (14%)
Rt. Heart Catheterization: Negative 1( 7%)

K.U.H.

4%y o2, A oo A bilateral submammary
incisiong A} &3tg o, 2 F 1844 Ravitch £4
o ¢J§ funnel cocstoplasty g 4A|g3lg o, 1}iu] A
13¢ofl 41 Wadags4o] ¢4t sternal turn-over® |3
&5l cl. Wadas4lel 9§ 9wy 5 Simple sternal
o] &% A $-7} 3#, sternal turn-over¥
st FEF 3HY

Rectus muscle pedicle atta-

turn-overg&
Z §lHol K-wire splintg
o A% A9} 59,
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ched sternal turn-over (Moditied Wada op) & o] &
T A7 54 dolen, 71944 Ravitch op F A
% funnel chest 18 © 4}~ g Moditied Wada op. &
2389 v} (Table 6).

Table 6. Operative Treatment

ble 8).
% ¥ Hemo-vac® 1 W= 3d# AAsIg o,
chest tubef 974 flail chestr} 44" aj7}x F
Fo 22 EH o fx3lg.om, tube A A4 7R
G AE AHEsHd ok
FT Y 71 3Fdelgled,
g Vertebral Indexs 4 1 48%dl 4]

TEF 45 A ¥
TEF 33

Name of Operation Numbers
P %2 AT 14%9 2H4asd 2ol F9oH(Table 9).
Ravitch 1( 7%)
Wada 3 (21%) Table 8. Assisted Ventilation
Wada + Splint 5 (36%) Op. Name Average Time
Modified Wada 5* (36%)
(Rectus Pedicle) Ravitch 6 His
Total 14 (100%) Wada 11 Hrs 13 Mins
Wada + Splint 7 Hrs 15 Mins
. Modified Wada 5 Hrs 54 Mins
TF G4 sdlel A FF Fu el 7] Fo) L4 5o
29 FARE S, o)) FIHL ke S 5] Ly Average 7 Hrs 41 Mins
F st $EaPol4 ZAAD o 2A FEY AR
i3 & #Hglen, 4 F subcutaneous hematoma K.U.H.
2l seroma #}x & ¢ & Hemo-vacg 4 x5}t
4% 179 F uAd A5 2 YFes A4 B Table 9. Vertebral Index
ZARES AT A S5 2 1 glend, simple Op. Name Preop. Postop. Decrease
Wada op. & A3 18lell 4 % 8 A4 7 3
3} %9 o] Pseudomonas infection-g 5ul3t Necrotic Ravitch 44% 36% 8%
chondritisﬂ wdsel 4 AEF, PY F A48 Wada 66% 40% 26%
4F 29 A 2 jesd $48 B4z Sasg Wada + Splint 35% 25% 10%
r;}. (Table 7) Modified Wada 46% 32% 14%
Table 7. Postoperative Course Average 48% 33% 15%
Complications Numbers Treatment K.UH.
Pneumothorax
Immediate 5 Intraop. Tube Insertion | ot
Late
Hemothorax, late 1 Closed Thoracostomy o £u Aw .
= = A El A2 A A E
Pneumonia or 4 Tracheal Toilet TR —?1 x _“0“ =8 e A '")é 71
Atelectasis F e, FT YA b B Peeln. &3
Anemia 5 Transfusion 22, FEAS AL 7 A4EY SR 4 EE
Necrotic 1 Excision & Currettage 95 FAeE 5TAE 53¢ U £ A4
Chondritis* o] 43} 2} 9ol HE Zow FEA FBL ¥o|d,
Al

* 3 months after Wada op.

T2 AF A A w4 A oz flail chestr}
urg skl o, o]9 internal fixationg ¢ s+ Ben-
net MA-I volume type respirator® ¥ % ZE2 4
Halg o, FE 48 AL TAZ 41E o]l e) (Ta-

gk A% F34% (manubrium) 7}z T gsl r:}

utal ¥l ¥ = Ochsner 9 De Backey? S ¢&}dd
0.059% A xol™, 4:18 Harl 48tz » 33}
gz, Haller 35 Jxlo] 38 wivlw B wshed .
w4 el oy W AA @k AEEE sha

A4 ool AZHL gom ), Ay 2A4F Ao
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2 $F B0 AAU” FL YA ALY 2
A& % A4 A3l Wolzhe Aol AT,
#) o] = Flesch!® 9} Mullard $o &) 5F AF
o W4 Tk Lgo) el AEHL gk

g W g BEo) Ead 4T SE
A B9 whol 4ol YR AAHA, F8 £F
o @Eo] o Aldtq & 44 59 4L HE FL
Ao & Hol 5 F3| FHsbL U

A4 7199 Fu NEE, Haller® Bof &3y
8%, Wada® ol 93ld 9.5%2 23S glow,
WY A T8 A A%EY 73 o2 Marfan's sy-
ndrome, club toot, syndactylism, klippelfeil syn-
drome So] muEglon®? A4 A4 e
X% 1.64% 2 ASD, VSD, TOF %] XEgso] Q)
o,

FA402E, fFobrlde AY dod AR el
vl T §EY AP o gl FY A
3 F el g FAAH AlAA Fado] FFeg, A
ez, e A7E 4 2 A Ad, 48 254
o A, FAR STl et =g §EY
A 5o wlz} Asthenic habitusi} ¥8 £23 e &
Azl A, A4 A A2 2 W F57 F
£ 5o £, AR Y AFHY hidel HE £¥
AR Z4Y Fe uW, Axdz4 RBBB &2
ST-T segment?] w]5o]4 w3}, #75 A4 res-
trictive pattern $-& nd ¢ glon, e 444
o AlubEoko] AAalolA Bt 2wfo]4t FAHTE B
2E gov®, oy HIEL JYe] AL F B
AEAY £FRdn b,

T2 218y HSony, Asta APFHA iy
718, B4 A=A 5 A, Add 75 e 54
& F 5 doerd®, 49 A Glenn'?Y
% 3~54 o)Al AFWale Aol =AY HHAo]
Ha, vladd 9 JlsH o FL AFE Holmz 3
~4A8 ASsE A e stgler, Wada® §9
A $-E 3~TA Aolzt g ZAe] 4 A3 Ale¥
Aol JFFE kx| SEvtm gz, A Fo g3
frot7lel Foo] fradsld HAs= A4 FFEFFHY
g H8 Al 27 R0 34014 A=A
Foia et

T ozt 19114 Meyer!s} 8 4% 14
< A EF oldl A8 s} wyo] 21 Hglo 2
oA 2 £FE £ 9ok A Ravitch ¢4 022
FER FF 599 5FAF ¢ 539 dA FF
9 sk AN F AL = wheld, FEF HA}

& flail chest®} 74 ¥ A4R FF 2L A4
I 3} steinmann pino]i} kirschner wire spl-
intE 43t ¢ F 3~6/0 Y =l AAsE ¥y
T s, L g gPoze A4 W
A4 713 ZFd ML s}535e pigeon chestel
5 Agstsd welxn, % d¥9L 2~547 $¢
I gw'®. Haller 3¢ £4% Wy & 2839 82%
o £3E 2gohn ¥, LAY ASE 164
Ravitch ¢4 & A-g3le w353 =gk 23F 1ok
& Wadag4q o2, FF F& e £ Ste-
rno-Manubrio Junctiong Hzlslz FTF HARLE
en-bloco & Autsld AAEF AFEE FA o= 180°
turn-over A7 ¥ F4 F9 o AnA A7 &= el
2 g Py g A ARz € F
Adsl = FF Ee] WAEE Aol o, wld
A4 T2 Ao T costoplastyd FAlol AFFe
24 HEY £ 03, AT FFEFY ASle dAdA
7 F ERE Zol oA, ¢ F 1479 foll-
ow-up studyel 4 90% o149 F¢& AIAE £ + I
S gep, & Ao A% 136l 4 47 Wadag
Aoz AT uh, A oA ST gt F}E R
o Fgovt, YdFeA gL F AL FTH
d 0o F718] FEE X 4 ek o]y duE 4
# A7 FF sl K-wire splintg: 4 3]st
+% F 1Y A AAGE ALE 5ol TGS
32 FFo 9 el ©E Avascular Necrosis
Do) wukx] ¥ x| &= o2 Rectus Abdominis mu-
scle pedicleg 32417 A FTL Wb A)7l = o]
Wada o] & As]le] FF2 viabilityd] & &
F5 3 Fgx, FEAAYHES o e FAHAHH
3 rusglen®, & ade A4 bellA 4l
=&te] nbEE wg 238 & o Ao
7eb o2, Brown 5% g FF3 FAY
Aole] ol FFE AA D A4 F5] HA Sl 2
gl on, ol& 14lAl 53| 3~6HY Ael9] dHe]
ol olm, F& wyo] Zhkdlehe Aol g+
% T ztd TL JE ¢ FHETEEY wg e
39%A4 2aH T, & 449 2§ e Wadad
¢ &Y 1614 seroma T4 F AL A4E
%3] pseudomonas infectiond 54tgt Necrotic ch-
ondritis7t Qglovt HAg A2 A= oY
dato e % A 3~54 AFH F4A Fo YW A
A+g] A3} transverse submammary incisiong A}
23 5% "%, en-blocke 2 HA g FF& Neo-
mycin-bacitracin-polymyxin B solutione] ».34]7]
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£ Wy, £¢ F o 24 wf& 31 Hemo-vac
€ Axgo 2y A 5 A

4% T 9AH o2 WYt flail cheste] 3lo]4
Ravitche] A+ 4 4% 35, A o 744
¥ 54 Ekgl oo 4 u} internal tixation$ 3151}
sk, & 249 HALE 3 2429 TFORE
4751 ventilatory distresse] £4 % F9 gas
24 49 3 5& JEeE 2z 3FE A48y
o}
ol 4e wylog ¢ AAHF A HT Y4 A1
L FEF 109 oW E SbEsh, HAE 4~6F7L
49 AP e sjaiof 3h, oo B
5 44 AL 3~ EAA] g ook b,

¢4 AAE Add o Jehys) 34, FE9
AEE AsA Yoz E2Pd 5 U AA, &
g A HE B A= B o= AHE
e &3 A4, we F¥ 34 A &4 A AlE
A ¢EL FH AF DAY SYP A5, Welche) 9
%} depression index® W], & ZAolA A&3 Ve-
rtebral index®2, wie F4 Fd AL FF Y
AL NFozg £33 A4, FE WSEHdoE
e A FadAAY A= 3 HwH HelA F
2719 A WEEE el Aolw, Iz H4HH
o ARsAA Frbsted 7~84 A FE 20£5%9 &
2E ZE9% (Fig. 1).
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Fig. 1. Vertebral Index

Fig. 3.

Vertebral Index =

Operative findings after completing the Modi-
fied Wada operation. After bilateral submam-
mary skin incision, the entire deformed portion
of the sternum together with the deformed
costal cartilages or ribs or both is excised
en-bloc, turned over, and resutured. In-
terrupted wire sutures on the sternum and
interrupted silk sutures on each chondral
edges were done. For sternal viability and
splinting, the attached Rectus Abdominis
muscle turned over together.

X 100 (%)

P W

T e dhthadied

16 13 70 Yeg‘;s

*The Vertebral Index indicates the percentage ratio between the

minimum sagittal diameter of the chest, measured from the posterior

surface of the vertebral body to the nearest point on the body of the

sternum (A), and the sagittal diameter of the vertebral body at the

same level (B).

range lies between the broken lines.
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B

Fig. 2. This 4 years old male patient came to the K.U.H. with the complaint of poor posture
and depressed sternum. Rt. heart catheterization was done under impression of ASD,
but showed normal findings. Funnel chest was corrected by Modified Wada operation
and discharged uneventfully on postop. 30th day. a) Preoperative Simple chest films
show somewhat laterally displaced heart to left and markedly depressed sternum (Ver-
tebral Index; 55%). b) Follow-up x-rays on postop. 30th day show still shifting to left
of heart, but much improved sternal depression (Vertebral Index; 40%).
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Fig. 4. a) the patient has a characteristic appearance
with a thin. A-P diameter of chest, depressed
anterior chest, forward thrust and round
shoulder, a hang-dog appearance, protrusion
of abdomen, and slight inspiratory paradoxical
inward motion of the sternum, preoperatively.
b) After correction of funnel chest using
Modified Wada operation, much normalized
posture is noted.

AN 2%y A5 A5, &Y 24 HEFo] 19
Helop she £ 2AY AP A dle A EFE wpgh
AT A=
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