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Analysis of Risk Factors in Poststernotomy Sternal Wound Infection and
Mediastinitis after Open-heart Surgery

Wonho Chang, M.D.*, Han Gyu Park, M.D.*, Hyunjo Kim, M.D.*, Wook Youm, M.D.*

Background: With the purpose of identifying significant risk factors in poststernotomy sternal wound infection and
mediastinitis, we underwent a retrospective analysis of the whole patients operated on at the our department of
cardiovascular surgery for the two years. Material and Method: From March 2001 to March 2003 at the depart-
ment of cardiovascular surgery, medical school of Soonchunhyang University, major sternal wound infections had
been developed in 12 (9.76%) of 123 consecutive patients. These patients underwent open-heart procedure through
a midline sternotomy and survived long enough for infection to appear. For this group of patients, we evaluated
possible risk factors such as age, sex, diabetes mellitus, chronic obstructive pulmonary disease, obesity, interval
between hospital admission and operation, type of surgical procedure, elective or emergency surgical procedure,
reoperation, duration of surgical procedures, duration of cardiopulmonary bypass, amount of blood transfused, post-
operative blood loss, chest reexploration, rewiring of a sterile sternal dehiscence, duration of mechanical ventilation,
and days of stay in the intensive care unit and analyzed these factors. Result: Analysis represented that age,
sex, diabetes mellitus, type and mode of surgical procedure, reoperation, duration of operation, duration of cardio-
pulmonary bypass, and interval between hospital admission and operation were not significantly associated with
wound infection. For all other predisposing factors, p-values of less than .05 were demonstrated. Eight emerged as
significant: early chest reexploration (p=0.001), sternal rewiring (p<(0.0001), chronic obstructive pulmonary disease
(p<0.0001), blood transfusions (p<0.05), postoperative bleeding (p=0.008), days of stay in the intensive care unit
(p<0.0001), duration of mechanical ventilation (p=0.001), and obesity (p=.003). Conclusion: Contamination of pa-
tients may occur before, during, and after the operation, and any kind of reintervention may predispose the patient
to wound infection.

(Korean J Thorac Cardiovasc Surg 2003;36:583-589)
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Table 1. Incidence of major sternal wound infections after
open-heart procedure by type of operation

. Infected Non-infected
Operation (n=123) patients (%) patients (%) Total
CABG (n=72) 10 (13.9%) 62 (86.1%) 72 (100%)
Valve operation n=27) 1 (3.7%) 26 (96.3%) 27 (100%)
CABG + Valve (n=2) 0 (0.0%) 2 (100.0%) 2 (100%)
CHD repair (n=18) 1 (5.6%) 17 (94.4%) 18 (100%)
*Others (n=4) 0 (0.0%) 4 (100.0%) 4 (100%)

*Others include repair of aortic dissection, replacement of as-
cending aortic aneurysm, repair of ruptured of sinus of Valsalva
and coronary ostioplasty; CABG=coronary artery bypass grafting;
CHD=congenital heart disease.
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Table 2. Result and isolated péthogens from wound culture
of poststernotomy wound infection

Result S.aureus P'. . . ... Klebsiella Total
aeruginosa epidermidis

Healing 3 1 1 2 7

Sinus tracts 1 1 0 0

Poor cosmesis 1 1 1 0 3

Total 5 3 2 2 12
(41.6%) (25.0%) (16.7%) (16.7%) (100%)

All pathogens of S.aureus were resistant to Methicillin
(MRSA).

[ Paoststernotomy wound infection (n=12)—|

Vacuum-assisted
closure (n=10)
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& closure (n=2)
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Fig. 1. Treatment of poststernotomy sternal wound infection.
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Table 3. Predisposing factors for major sternal wound infec-
tions after open-heart procedure by univariate analysis |

. No. of
Noncgntlnous Nq. of infected %. of p-value
variables patients patients patients
Sex 153
Male 70 9 12.85
Female 53 3 5.66
Procedure 473
Valve operation 27 1 3.70
CABG 72 10 13.89
CHD repair 18 1 5.55
Other 4 0 0.00
Emergency .340
Yes 4 1 25.00
No 119 11 9.24
Reexploration .001
Yes 6 4 66.66
No 117 8 6.83
Rewiring .000
Yes 6 5 83.33
No 117 7 598
Reoperation .656
Yes 10 1 10.00
No 113 11 9.73
DM 064
Yes 33 6 18.18
No 90 6 6.66
COPD .000
Yes 8 5 62.50
No 115 7 6.08

CABG=Coronary artery bypass graft; CHD=Congenital heart
disease; DM=Diabetes mellitus; COPD=Chronic obstructive
pulmonary disease.
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Table 4. Predisposing factors for major sternal wound infec-
tions after open-heart procedure by univariate analysis I

Continuous Noninfected Infected

variables patients patients p value
Age (1) 54441525 57141380 NS
BMI (kg/m) 2384389 2754566 <0005
Operative 419.0+151.54 4967+163.00 NS
time (min)
Duration of 90.1+7720  7542+11468 NS
CPB (min) -
Blood 2384144035 5800452688 <005
transfusion (ml) N
Blood loss (ml) ~ 470.8+375.90 801.7+637.76 <0.05
Time in ICU (d)  3.1+3.29 14542617  <.001
Mechanical 23044685  83.6+13523 <.001
ventilation (hr)
Interval between
admission and 9.7%£9.78 114731 NS

operation (d)

*Data are shown as the meanztstandard error; BMI=Body
mass index (kg/mz); CPB=cardiopulmonary bypass; ICU=inten-
sive care unit.

& 95 2437} W49
Zerl A58 A9E 39 9

WA T BE HEswle A3E Baw 34

ot Aeke- g9l vh(Table 2).

Ast gAel 44
o A8 7¢]
loiAl o3
ToZ 9%tk
oz s &
SRV
ol glel %

327t 27

gl ¥ o oft
i)
N
>.

r%nﬁ.;‘-?:&mi—i
© e ¢

1)
ofN
Eh)

>
Jz fe ot

A P

1 o

e €7 F7,

il
o
£
5
>
)

ol
2
;O
2,

fol & HolA 2
'E-‘ ZWH%‘P*

o
(<)
3 gnd ffe T
x 53k
Y

of ot ¥
N
A

ot
X
4

i
ﬂ)~1_4
)
oot
)
o,
py T
(A
ol k.

¢

NN R O T

o o

Aok

)

N

N

4

e

2

e

oX

o F
o pot m}:l ofo

o o

2

AL

Az

30

an)

i
&
iy
"
ofot
i
B

>
o

ket

b
i
o
et -
B
1o
ol rx
o
2

)

ofit -‘OP
N
N

o

2

r tf'

Ho

o,
of

o flo
o,

o

sy

R

b
°

xQ

lo

3

=~
>
T N
=
o
i
A
oft
o
o
2
R}
ri
4
wek
ot
£
b
o ~

A ok ofN o

o2
to,
T

Jo

o,
et r-?l"

_)(1',

o,

il

o

2

O,

4

Ach

I
Aol
Lot o 8 ol

% ZRFAE HArKTable 4).

re
A
2
oot
i
)
)
i
i‘ N‘O
©
ofo
rot
2
22
e
o
r T

1

olot
o
|o
o
re
of
o
ok
ofN
o,
=
o e
Y=Y
=N
Mg tu o

L
lo o <L fr
2
2
5
)3
i
[

o

2

N

@ oy B0

1 %oy
FE,),
i
Erlr
Hﬁr
—‘Q)
=
sk
W

R

Nr}n:igl-ﬂ

St off nfy L ofy

e
24
gk
N
1-4 ]
nf
rL
Tg
fo
b
o)

o
a?
rZ,
bt

dobA %s A wol
A% gobA 2 914

Rl
S
N >,
ofrt F
ol N
o 2 %
f =
) uy
2 r\r
o
N
L
o,
é
SEgE
o [T 2 X0
=
o »
2
32
o od

A o
»

(U 1}
AN R oofN
X0,
el
]
bt
ox
-4
rdy
1o,
E
_}L
S
ol
Hir
22

dlA] 4% & FI7eol ) 2AEG 0 ol A}“&*& s
z}b T HE e 28 FE F ohdA Ay FAey
7] @og oz g oH -v—ZiZ] %‘5& 3 EHA & Hol

Kl %X}E«l 4 "d‘d% 7‘°é‘¥l£i BIldle 7t 9

AR o

2A] Vacuum-assisted closure ¥HA]-&-
& DFLUE A ANE AL S Ao

i
rE
1
%
a2
Mo
i
lo
of\
fo
A
i h
2

oltH10]. B Z 23l7] Z9H A5
=7} Fohe RIE Qleii1,12)

TE €719 Fioll oA F93 dBAe] gk
HBazb 9lom[1,13-15], o] AFNAE & £7)d] u
2 2 EY fo3 Hol= gl

S FEL AN SRS AA T HIET} Eos

w39 Haeke 2 $93 ol AT 5 gl
A rH14,16].

|

4n“
#h

o



7IA ZFe Hzrt 2H EB_?{P A¥ 53 718A
ANE AR A polle e AdIAE 4HA &

tH4,13,17-20]. Breyer®] Hatof] ofsbm 244]7F o]4ke] 7]
A T35S AW e 7B LA 299 ARE
2k gheka gheb10]. & A A vHA A =1 A g
Ak gk A Aade] wEst A Jehg A% 99
AA T Qo] Qlekst 37t

oY W B4 Ad Jer ok E AAEE Aol £9
g Qg v Ao vehyth AAdZ Agt 25
kgm’ o] 4o 2 ZolAFE 74919 Yo Frhe Huv}
9l o u]u]—o] T 71-0301] A-ELLQL: gL olu] 7|&E
ab ok AR del 4Ez AAdAE 2 gt U
G FAEAAANE 2 HES f-28 Kol WA fr
ddct. F4o] "zt vbyd A% %’i LA Soll Al F
AMEg ol &3 MAEE AW B¢ & 24 HJEJ}
HaEa QIAE of¥l odoll A= AlRAghA ol AL A

O

mlo

r\r

A AN A7 262 NS Aol AT Al A
5| =9ieHe).

FRAL AYADE ol BE $¢ F Aol LAY
Aol glek. AYAEZ, $¢ F HEY Y, $F A
F2 ¢ 3%, HEUY FHol ABA AAE 52 7]
ATE Bzt oo AeF BASH B Al F2
A4 A 57 23 A7 Y2oeH1A19). Bge] FUA

A A7 Zke] AAAA HY MAE Foll 23 FA el
o3t a9 7hsAel sobdlgka STl

o' FioAE 7% AZE Fo3% A= Hisln
24eh(1,16]. Miholic F-& d %1‘1_ HAA fojAle W

Astg oy Breyer T AEJAAREA Y KAl e] glckar
H3slodeH10). Al&rsiA % 7|5 Agsto] FAIT
< Fole AL 7c}°§% Eghste] ohE S E9 ool
'5‘-9—?} 4otk & A|7to]l ZolF o ubel el A
9] 993 7}5Ale] ZolAH ol olF] 71A P2 =
89le] # = 9ich |

SE F LAD WHTE 4o % FUY)
d] &)

N

e lo to
_1
-!°P

e
rn £3 AAES Bogo 3
@ % vk AT 4 AANE AW QA D 5 9
chial =8 292 Ja Y49 AT z
2 ATl A & e £ Wel v
o f9le® A4 5 ekl

AS) 3 A Y S gk BAsh BT £l
¥ FE 490l FL ARRA AGATHE NI

fr
i}
e
e
(o
ﬂ
ﬂ
o
ﬂi
3
iC
o i
Y
)
o
x
fr

i

S Q|
2349 2 48499 A9YA

i

O

QAR B AL 4% F A9 ¢35 A3 2
A9 HEske $2% Aol7t

RSl A4 5% AHS 7H ARelA AWEE A%
$& SeA70) oo Aol delEE 28o] I £ 9
ow zAe] £AsbsHol W Erh e S WA A
A A7l 2 t& 797} wrH1,11]. Culliford £9] B3
ol Slsh A5E A 4% F 7w Foa Bae

a Qo14]. Mlhohc T2 g BAof o) A4

o A3ES AW WS AN S Qo] ASES AU
A 7rde S8 ¥R A7 u} 9ok

erel 48 wat A4k 7ol AR deiA %
BHILI9L $49) AT} Bdar £4 = 28] B
o} AAFL melshs Aol Het B oo 4ug

A Aok olela A Aol B Fe FRAAE
Agtch w8 58 AL S DAY W
A7 S5 QeHI]

38 SoR A% SF ANFE AWY B9l Yol
£ A% 2E g4 dool o 298 DA
2 S 2A118, AE S A S 5
o vhA )%l w33 N} B
AELREE R
_9_01- ’“ 11;}‘

ATARE BWA %
2 A BA FEEEE
A9 Aol deHIzl FTAUYL AL SEPA
EOE $¢ 718 AQEE vl g Aze 9
Hoz A8l Ak §EY LA e Ao
A%, 99 2 AAS olelv] WRR ¥F 44 7
o Fe% oz FFI WA GAE B
U FT FUAE 9 2 Who| aTHH, o|UY
FA B NES 3F 5 YEF m ol FrHIO)
vol7ha ol@g $ebg Tl vl Adeln AN
N 87 a9,

o rlo

=

11
1

¢
Of
-

E

M

T AN 299 001 ¢ Foh} FL FE ¥ 5
o ol el AL = ek FE B4 Y9 AF A7)
923 TARE By, 487 3 AU 23 94 7
Ag A% FU £, FE 22 Ev 5L 3
ol A4 AHHAG Gl A% AT Aol B 2
& QIeHBOL $44 871 Foll EAkLE AFoh) F8A

— 587 —



HEQx
2003,36:583-589

4 924, aAG FPAA X 2ol A4 E 8ATE
93 B4 AAE 949 Aol D 4 o). o2l
el 98E Fol7l AL 0 Hs4e 2
WA oA FEAT FRAAY AP T
A Bel7t o) FolAoker ek

S ¥ AT AL

a
|
fru
re
ok
Of
of
(N
lo

& ogst7] e

o =
© AR HIEE =Y T e AEAAEE vE Y
e Zlo] Fodln] HFHOZ olF L3l =70l A
F A5 ¥ 7 Ade A Ag ubgolof g1l

e {3 B3 AV A 2l 4o e
Fa3 Aol &5 49 A A} A WA S
AR A e oA F ' AYIAR AL F
Art.

A7 4aE EUE FEFEAMNEE o83 MEES
Alegst 5 A wAQ) AFgdes Q3 g uls
9337 A e g A vk 3R] |73 A
Soeleh wrA HaiA A4 dAEY = A FY) A
& A g 9 U3le] Hedtt wg ¢4 F AAsl A
&3 g €718 AT ER ¢ F 2EFE A4
o] o ¥ FEE U o] FE, S5 AMEY Hl
55 433 S AQ7IE dEste Aol Faw)
o},

% 2 g

re

1. Sarr MG, Gott VL, Townsend TR. Mediastinal infection
alter cardiac surgery (collective review). Ann Thorac Surg
1984;38:415-20.

2. Barois A, Grosbuis S, Simon N, et al. Treatment of media-
stinitis in children after cardiac surgery: a study of 20
cases. Intensive Care Med 1978;4:35-41.

3. Bruniaux J, Gilbert G, Witchitz J, et al. Mediastinites aigues
suppurees avec hemocultures positives dans la suite de la
chirurgie cardiovasculaire. Ann Chir Thorac Cardiovasc 1974,
13:25-8.

4. Grossi EA, Culliford AT, Krieger KH, et al. A survey of
seventy-seven major infectious complications of median ster-
notomy: a review of 7,949 consecutive operative procedures.
J Thorac Cardiovasc Surg 1985;40:214-20.

5. Pedro A. Catarino, FRCS, Martin H, et al. High-pressure
suction drainage via a polyurethane foam in the manage-
ment of poststernotomy mediastinitis. Ann Thorac Surg 2000;
70:1891-5.

6. A. A. Peivandi, W. Kasper-Konig, E. Quinkenstein, A et al.
Risk factors influencing the outcome after surgical treatment
of complicated deep sternal wound complications. Cardio-
vasc Surg 2003;11:207-21.

7. Rosendorf LL, Daicoff G, Baer H. Sources of gram-negative
infection after open-heart surgery. J Thorac Cardiovasc Surg
1974,67:195-201.

8. Stiver HG, Clark J, Kennedy J, Cohen M. Pseudomonas
sternotomy wound infection and sternal osteomyelitis, JAMA
1979;241:1034-9.

9. Weinstein RA, Jones EL, Scharzmann SW, et al. Sternal os-
teomyelitis and mediastinitis after open-heart operation: patho-
genesis and prevention. Ann Thorac Surg 1976;21:442-8.

10. Breyer RH, Mills SA, Hudspeth AS, et al. A prospective
study of sternal wound complications. Ann Thorac Surg
1984;37:412-7.

11. Miholic J, Hudec M, Domanig E, et al. Risk factors for
severe bacterial infections after valve replacement and aorto-
coronary bypass operations: analysis of 246 cases by lo-
gistic regression. Ann Thorac Surg 1985;40:224-30.

12. Stoney WS, Alford WC Jr, Burrus GR, et al. Median
sternotomy dehiscence. Ann Thorac Surg 1978;26:421-9.

13. Sanfelippo PM, Danielson GK. Complications associated
with median sternotomy. ] Thorac Cardiovascular Surg 1972;
63:419-24.

14. Culliford AT, Cunningham IM Jr, Zeff RH, et al. Sternal
and costochondral infections following open-heart surgery: a
review of 2,594 cases. J Thorac Cardiovasc Surg 1976;72:
714-20.

15. Grmoljez PF, Barner HB, Willman VL, Kaiser GC. Major
complications of median sternotomy. Am I Surg 1975;130:
679-84.

16. Engelman RM, Williams CD, Gouge TH, et al. Mediastinitis
Sfollowing open-heart surgery: review of two years’ experi-
ence. Arch Surg 19731107:772-9.

17. Scully HE, Leclerc Y, Martin RD, et al. Comparison between
antibiotic irrigation and mobilization of pectoral muscle
flaps in treatment of deep sternal infections. J Thorac Car-
divasc Surg 1985;90:523-7.

18. Serry C, Bleck PC, Javid H, et al. Sternal wound com-
plication: management and results. J Thorac Cardiovasc Surg
1980;80:861-8.

19. Ott DA, Cooley DA, Solis RT, et al. Wound complications
after median sternotomy: a study of 61 patients from a
consecutive series of 9,279. Cardiovasc Dis (Bull Tex Heart
Inst) 1980;7:104-9.

20. Hechrlein FW, Herrmann H, Kraus J. Complications of me-
dian sternotomy in cardiovascular surgery. J Cardiovasc
Surg (Torino) 1972;13:390-5.

— 588 —



S Q
FERY 9 SA4FH A99A

W3 FTUANE ol At FF 2R FAEDY RAQ ARUAE HA97) 9 A 2
9 R AT A AES BgoR Ty $ag ik BE R O 001
UL 2003 3 LA gl 4F ¢

T AMNES ol&ste] MdeEd Al 123
9 3z = 12"4«1 gl AlA T2 2 4 s o] Al e o] BH?I H ARES 4
siet gas °ieé, A, 2=, A ﬂﬂ*ﬂ“ HAZ vt 52 eIz gL F 77}2]«1
l L e %71 5, &F TE 97, AeEd AR F AL A € AL, 8%, FE
F 28% oF AMEd °:]'r, FE AT AR, 7A £F Bz AL a2l A4 A9Y
TE £4stit 2k 24 7534 %XH o), A, B9 §F, 7€ €719 &7, ATEd 9%
& AlZtelut A9 & P/\l iyl ¥ 77}21«1 717 2 22 AE%e fA% L{{r°l
3121‘4- a9 g HAEL p- value7} 05 o] O}E g AAEA Ueg 27)6 S5 ANFE
A, 2 AL, AL vitte|AY Y w4 AA%E A e AL, e T 8%
TEH, TIASE E2AN FRAA AL T A AES FE F Z.Péflr T A%
°| Al%iﬁ} 28 e 7 A ¢ T 2B 7 Fol 2AE Qo FE F fAA
Y Y AAE /‘]*B*}—“— AL FAY 7 F A4 Ao f AR A & F

»

)
J}L
frt

— 589 —



