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Table 1. Patient characteristics

Normal Impairment Pval
(n = 55) (n = 14) ame

Age (yrs) 551 = 128 489 £ 134 0.114
Sex (M/F) 21/ 34 8/ 6 0.161
Height (cm) 160.1 + 9.6 1665 = 9.6 0.030
Weight (kg) 584 + 120 674 = 10.0 0.012
Education level (yr) 95 £ 5.7 74 £ 57 0.295
LVEF (%) 621 £ 11.7 616 £ 74  0.889
CPB duration (min) 141 + 48 117 £ 40 0.092
ACC duration (min) 99 + 36 88 + 36 0.292
OP duration (min) 281 + 83 262 = 59 0.420
Aprotinin 35 (64%) 5 (36%) 0.074
Atheroma grade > 2 (n) 9 (16%) 0
Combined disease (n)

diabetes mellitus 4 (7%) 0

smoking 6 (11%) 1 (7%)

COPD 1 (2%) 0

PAOD 1 (2%) 1 (7%)

renal dysfunction 4 (7%) 0

hepatic dysfunction 3 (5%) 0

CVA or TIA 5 (10%) 1 (7%)
Time to extubation (hour) 15.7 £ 85 174 + 16.1 0.585
ICU stay (day) 23 12 25 £ 17 0.669
In-hospital stay (day) 155 £ 11.0 12.0 £ 6.6 0.249

Values are expressed as mean = SD or number of the patients.
LVEF, left ventricular ejection fraction, CPB, cardiopulmonary
COPD, chronic

bypass; ACC, aortic cross clamp; OP, operation;

obstructive pulmonary disease; PAOD, peripheral artery occlusive
disease; CVA, cerebral vascular accident; TIA, transient ischemic

attack; ICU, intensive care unit.
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Table 2. Incidence of decrease in rSO2 below critical values

Normal Impairment P-value

Nadir r50:; < 40% 19/ 55 (35%) 3/ 14 (21%) 0523

rS0O2 < 40% duration = 5 min 19/ 55 (35%) 2/ 14 (14%)  0.124

\

\

rSO2 < 50% duration = 5 min 29/ 49 (59%) 11/ 13 (85%)  0.112

v

SO 20% drop duration = 5 min 12/ 31 (39%) 3/ 8 (38%)  0.64

Values are expressed as number of the patients (%). Impairment,
patients develope post-operative cognitive dysfunction; rSOs,
regional cerebral oxygen saturation.

Table 3. Duration of decrease in rSO» below critical values

Normal Impairment P-value

Nadir rSO: (%) 422 + 94 422 + 36 0.989
rSOz < 40% duration (min) 202 £ 574 14 + 29 0.269

SO, < 50% duration (min) 64.0 + 88.2 355 + 345 0.979
SO, 20% drop duration (min) 180 + 351 282 + 41.3 0.804

+
[+

+
+

+

Values are expressed as mean = SD. Impairment,
patients develope post-operative cognitive dysfunction; rSO?2,
regional cerebral oxygen saturation.

_11_



Table 4. Relationship between rSO- and the incidence of cognitive impairment

R o v
rSO2 < 40%  duration < 5 min 12/ 48 (25%)
duration = 5 min 2/ 21 (10%) 0.124
rSO; < 50%  duration < 5 min 2/ 22 (9%)
duration = 5 min 11/ 40 (28%) 0.112
rSO> 20% drop duration < 5 min 5/ 24 (21%)
duration = 5 min 3/ 15 (20%) 0.64

Values are expressed as number of the patients (99).

Impairment, patients develope post-operative cognitive dysfunction;

total N, total number of patients demonstrated each rSO2 values;
rSO2, regional cerebral oxygen saturation.

_12_



Table 5. Hemodynamic data

Group T1 T2 T3 T4 T5
rS0, Lt Normal 62+10 56+ 11 58 +11 54+ 11 54+ 10
(%) Impairment 65 + 11 59«11 609  54+8  53+8
SO, Rt Normal 61+10 54+10 56 +10 53+10  53+9
(%) Impairment 68 + 117 58 + 111 59+ 9 547 526
SvOs Normal 81 £ 9 76 = 10 73 £ 15
(%) Impairment 82 £ 15 78 £ 6 74+ 7
PaCO: Normal 33 £ 4 36 + 6 36 £ 6+ 36 £ 4 36 + 3
(mmHg)  Impairment 34 + 3 34+2  38+:8 34+ 3" 36 + 3
PaO:  Normal 274 + 64 345 + 43 345 + 43' 242 + 87 210 + 78"
(mmHg)  Impairment 281 + 58 344 + 41 318 + 35 268 + 74 235 + 72
Glucose  Normal 114 + 20 159 + 68 217 + 74 182 + 55 127 + 44
(mg/dl) Impairment 114 = 15 147 + 53 207 + 39+ 180 + 48Jr 155 + 58
Hct Normal 30 £ 4 24 + 3+ 24 * 3+ 25 £ SJT 25 + SJT
(%) Impairment 34 + 3* 26 + 4*’7\ 26 £ 3«, 27 + 3*’7\ 28 £ SJT
c1 Normal 29 + 07 33+ 08 33 +07
(L/min/m” Impairment 29 * 0.6 3.0 =07 3.0 £ 08
MBP  Normal 7211 e4+7  64+10 7010 74 + 10

(mmHg) Impairment 74 + 13 68 + 10 63 £ 13 74 + 10 81 + 15
Temp. Normal 363 £ 0.6 335 £ 0.9* 356 t 0.81 363 £+ 04 364 + 05
(C) Impairment  36.6 + 05 338 + 07 358 + 08 364 + 03 366 + 0.4
Values are expressed as mean * SD. rSO2, regional cerebral
oxygen saturation; Lt, left; Rt, right; SvO; mixed venous oxygen
saturation; Hct, hematocrit; CI, cardiac index; MBP, mean systemic

blood pressure; Temp., rectal temperature. T1, before bypass; T2,
during the bypass;, T3, 10 minutes after rewarming, T4, after
bypass; T5, after sternum closure. ', p > 0.05 between the two

groups; ' ,p > 0.05 compared to values at T1 in each group.

_13_



IV.

|

ol

B
,mﬂ

o
ATl
°]

ol "o

=

A,

SE R

Aol 4 Ay s 3
Aol 24%9] BAbol A vhebuie

Rt

3

I

-

L

ol

g/]

¢}

-

-

A A7)
A A 7] %5

(e}

e}
T

2= 2=
T =

| =

pas
4

2o o}

B
L

o

-—

m

1

o]
pil

=
=

1}
Aol A 1) A7)

e

2
b2 4
g molA

[¢]

F

P

j
_

Trail Making Test<}

=R

23 Ao A9

1

R

af

)

5} A
7}
ol 7} 249% 9] BFApol AWk

[¢]

5]

©
]

hyx

o} 3}l A

Aol A1 ]

Al
™
,__’G‘_

ZAA 9] 20%014 A

-

L

O] .[;"_'10.11
gl

rol 7+

(e}

A

A

2= 2=
T =

[¢)

Ard g

=

]

S
fis

]

&
Grooved Pegboard Testol A% %

)i

=

15 ol
[e]

914 7] %5

] 7

Xg/\
Fabria

4
2 4) a8z MMSE A

]

3) o7

sl

S
=i

o

F

£
3l

7t
= 19
Hy

Akol

of

14 7)%5 4

o
f

o

B

bol A

)

al

el
il
ol

)

~
X

s
R

10

ol

7F =

3

3

gl A

o
LS

AT

g/]

7]
T

[E74s!

o

7} 4

s
a

3}

Al E A Sk

@ A

Ao ol

R

Aol A

R

e}

=

L

t}

1

R

A ol A

R

e}

=

= =

3]

A

A7e) A3zt ol Ry

L

g Fqste]

4
m

<

o
N

el

Baog urh gley o] A7

-

L

5 A
- 14 -

o]

B ol o

19 &
ol

A

Sl

=

7

[¢}

upo]



°]

=

bol A A5

°©

Q

°]-§

=

=

74 5 7] == = 2] (transcranial Doppler)

o~ =
=

871 2)

o)
AN

¢

o

N
]

[~
"o

o

ol

~
o8

o

B

o
oo

s
)
Nro

ju—
0

149)

0]

-
L

= =2

e

REIREE

=
=

s

'y

ol

B

]

=
&

—

==
=1

.AO
o

~
freal
frenl
il
ar

o] 9@ A9 75%0 A 4

Mo

9l t}. Moraca

=
T

o
_ZMO

HE

el

% 71 (SPECT, single photon emission computed tomography)olA =

~
o

Ho

Nro
)
~
Top
|

A Iskesen

ki3

et

i

21017 o}
2177]% 9

Foh= Aol

7]

ol F&7lel 7t

[¢)

.

-

R

HA

)

MMSEl A e & ®<l

= A A

Ao
=13
-
=

[¢]
Aot w Ay

Aol A

-

o vzl A5 A7
o

Z}oll 4 P300 auditory-evoked potential®] 4=

Fol7h glvkm
3 52g

1A 7]
B

Al
=
a3l
h
[e)

A
Aol A
|2t 4
ol g} ¢

p2s
Folom,

2kl

9

i

of W=7 g o

o] 7
o] Wolxm MMSE=ZA]

sheach,

G

=
-

2|

o
=

]

Fol o], A= @7)3ha HAA A A 2n|
X

°©

°©

a2 7) 5 2t} Weissrock 52 MMSE

o] A ¢
(verbal short-term memory)

ol 7 Ay

A~
=
X
T

Zo]_
2PN
al
aL

o)

i
&

ol

o A=

=
=

[e)
R4

1 &t

e

of 2] 3j

il
Ay

s
Mo

.. 20 .
t}. Bokerilas <" Trail

g

7}

) ek 3

Making Testyt Grooved Pegboard Testoll Al el

o)

21 %) 5= o 52

1

R

_15_



N

& d (psychomotor slowing)< <% % 1

o

o

4r

op

b ool Ak o

)
“

= MRET a9

A et
%A,

B H YA o) o)

F9 o), 28y Trail

]

glthaL

Making Test®} Grooved Pegboard Test
neurobehavioral assessment©ol] A A A gt

)

o
e

ol
~H

1995d Concensus on

-
L

w

)

~
;OO

-

:AL

i
o

TH

=
)

X

—
o

R
X

El

==
[=%

o

M

e

B

=K

4

i
e

il

.
"o

—_—

=
=
L

<0
o
=

B/

oy

il
a]

3
oF
]

or

oo
)
Ko
BH
<!

3l

X
)

B/

gl

B

.
o
.

Nk
o)
Ho

o

!

SR K

o3
P

5

=
T

g

s

ol

g

Z

| <]

N
=

g2} oll 4 methylprednisolone

&

| A Q1 aprotinin®] 7

NJo
7ol

ﬁO

f

i vhA T Abel 9

el a7

< AT

aprotitnin

g ol A

A

ol

oo

aprotinin A}

)
B!

—
o

9] rSO.9 a7}

A AEdAZE v

Nfo

&
+

|
ﬂyl
w
)
of
Nlo

o)

o
H

o)

.
O

)

Aot A

-
L

=13
=

A of o)

o 15O & FA=

,17 rSO2

AA7 =

ko3
T

2= 2=
T =

ul
-1

P

b ovkel

3
pul

F A9 =Es AHAE

oo

3|

P 2 AdAE 50%

2] &

7IEA 9] 80% uy

=
=

=

7ol

_

gk

. Yaos & rSO.7F 40% mwko @ wold A

al

_16_



Akt st #9k 2E dAFZEARE EuE £ d7elAME S0,
7F 50% wIRE 40% wwk, 71E A 9] 80% o]st® 5% o] 4w &
Zpe] RlImob rSO.9F A7 5o Aokl dHAdE Walste] ®Hoko
u, Aol AT el ol WMeEe] v 9= Aol glth
A AT, AAFHFTH =Hfo] HEzH AT Hu
v AAAFREEolY, Ho FF Ee gAY Wt 7]Qdgttd o
of Ata I 289 d#¥S UElE 1507 ol & dSetvl= o
da g Ao Az

Aapol A Aot AAFa ol AT AAo] xolrk v A2 F
A Apol= Lot Fofel A FA7E ¥ Bok7] WEd Aem A
At Fe A dnEasiAe] Aojm Qs Aded T Fol
o o FmtEad A ozt AR Aom AzhE =, Feofd
oA svtEASAZ W Aom wFo] FutEAIA ] Aol
o Aol o7k dite]l GFE mAAE 2 Aoz HA
o3 g dgedlAes 22 Aeesd Folk= S0, ghol 7IEA
2 3EA 42 AL AvEALAA Fa dd vste] U dH=

o
FA 7] Mo Az
S
o

AT gARE A4 Bae S AAw, FE F ANFAE
s wob AA7Se) WE HBS FAY & Ao, G AN
@ol Furd B9 F7} Aol A FARY ASA4E A 2B
4s 5+ U

_17_



il
of-

ar
1o

~

.AO
W

o rSO-.7}

Apaje) WA W

ki3

AA7 s

A AP A E rSO2=

e

]

50% ©]

7

_18_



b

M
rol

al

1. Ivanov J, Weisel RD, David TE, Naylor CD. Fifteen-year trends
in risk severity and operative mortality in elderly patients

undergoing coronary artery bypass graft surgery. Circulation
1998;97:673-680.

2. Gardner TJ, Horneffer PJ, Manolio TA, Pearson TA, Gott VL,
Baumgartner WA, et al. Stroke following coronary artery bypass
grafting: a ten—year study. Ann Thorac Surg 1985;40:574-58]1.

3. Roach GW, Kanchuger M, Mangano CM, Newman M,
Nussmeier N, Wolman R, et al. Adverse cerebral outcomes after
coronary bypass surgery. multicenter study of perioperative
ischemia research group and the ischemia research and education
foundation investigators. N Engl J] Med 1996;335:1857-1863.

4. Newman MF, Kirchner JL, Phillips-Bute B, Gaver V, Grocott H,
Jones RH, et al. Longitudinal assessment of neurocognitive function
after coronary artery bypass surgery. N Engl J Med
2001,;344:395-402.

5. Richard FM, Bill IW. Normothermic versus hypothermic
cardiopulmonary bypass: central nervous system outcome. J
Cardiothorac Vasc Anesth 1996;10:45-53.

6. Pugsley W, Klinger L, Paschalis C, Treasure T, Harrison M,
Newman S. The impact of microemboli during cardiopulmonary
bypass on neuropsychological functioning. Stroke 1994,;25:1393-1399.

7. Diegeler A, Hirsch R, Schneider F, Schilling LO, Falk V, Rauch
T, et al. Neuromonitoring and neurocognitive outcome in off-pump
versus conventional coronary bypass operation. Ann Thorac Surg
2000;69:1162-1166.

8. Hammon JW Jr, Stump DA, Kon ND, Cordell AR, Hudspeth AS,
Oaks TE, et al. Risk factors and solutions for the development of
neurobehavioral changes after coronary artery bypass grafting. Ann
Thorac Surg 1997,63:1618-1628.

9. Bruggemans EF,Van Dijk JG, Huysmans HA. Residual cognitive
dysfunctioning at 6 months following coronary artery bypass graft
surgery. Eur J Cardiothorac Surg 1995;9:636-43.

_19_



10. Braekken SK, Reinvang I, Russell D, Brucher R, Svennevig JL.
Association between intraoperative cerebral microembolic signals
and postoperative neuropsychological deficit. ] Neurol Neurosurg
psychiatry 1998;65:573-576.

11. Anne DE, Tania AW, Christof H, Manfred H. Early
neurobehavioral disorder after cardiac surgery: a comparative
analysis of CABG and valve replacement. ] Cardiothora Vasc
Anesth 2001;15:15-19.

12. Olsen KS, Svendsen LB, Larsen FS. validation of transcranial
near—infrared spectroscopy for evaluation of cerebral blood flow
autoregulation. J Neurosurg Anesth 1996;8 280-285.

13. Henson LC, Calalang C, Temp JA, Ward DS. Accuracy of a
cerebral oxymeter in healthy volunteers under conditions of
isocapnic hypoxia. Anesthesiology 1998;88:58-65.

14. Endoh H, Honda T, Komura N, Shibue C. A comparative study
of transcranial doppler sonography and near-infrared spectroscopy
for the assessment of cerebrovascular CO: reactivity. Masul
1998;47:1090-1095.

15. Holtschuh M, Woertgen C, Metz C, Brawanski A. Comparison
of changes in cerebral blood flow and cerebral oxygen saturation
measured by near infrared spectroscopy after acetzolamide. Acta

Neurochi 1997;139:58-62.

16. Katz ES, Tunick PA, Rusineck H, Ribakove G, Spencer FC,
Kronzon I. Protruding aortic atheromas predict stroke in elderly
patients undergoing cardiopulmonary bypass: experience with
intraoperative transesophageal echocardiography. J] Am Coll Cardiol.
1992 ;20:70-7.

17. Taillefer MC, Denault AY. Cerebral near-infrared spectroscopy
in adult heart surgery: systemic review of its clinical efficacy. Can
J Anesth 2005;52;79-87.

18. Yao FS, Tseng CC, Ho CY, Levin SK, Illner P. Cerebral
oxygen desaturation is associated with early postoperative
neuropsychological dysfunction in patients undergoing cardiac
surgery. J Cardiothora vasc Anesth 2004,18:552-558.

19. Lewis MS, Maruff P, Silbert S, Evered LA, Scott DA. The
sensitivity and specificity of three statistical rules for the

_20_



classification of post-operative cognitive dysfunction following
coronary artery bypass graft surgery. Acta Anesthesiol Scand
2006;50:50-57.

20. Bokeriia LA, Golukhova EZ, Polunina AG, Davydov DM,
Begachev AV. Neural correlates of cognitive dysfunction after
cardiac surgery. Brain Research Review 2005;50:266-274.

21. Svenarud D, Persson M, van der Linden ]J. Effect of CO2
insufflation on the number and behavior of air microemboli in
open—heart surgery: a randomized clinical trial. Circulation
2004,109:1127-1132.

22. Dalmas JP, Eker A, Girard C, Flamens C, Neidecker J, Obadia
JF et al. Intracardiac air clearing in valvular surgery guided by
transesophageal echocardiography. J Heart Valve Dis
1996,;5:553-557.

23. Abu-Omar Y, Balacumaraswami L, Pigott DW, Matthews PM,
Taggart DP. Solid and gaseous cerebral microembolization during
off-pump, on—-pump, and open cardiac surgery procedures. ] Thorac
Cardiovasc Surg 2004,127:1759-1765.

24. Moraca R, Lin E, Holmes JH, Fordyce D, Campbell W, Ditkoff
N et al. Impaired baseline regional cerebral perfusion in patients
referred for coronary artery bypass. ] Thorac Cardiovascular Surg
2006;131:540-546.

25. Iskesen I, Yilmaz H, Yildirim F, Selcuki D. Opening the cardiac
chambers does not make any difference in p300 measurement.
Heart Surg Forum 2006;9:770-773.

26. Weissrock S, Levy F, Balabaud V, Thiranos JC, Dupeyron ]JP,
Steib A. Interest of the mini mental state examination to detect
cognitive defects after cardiac surgery. Ann Fr Anesth Reanim
2005;24:1255-1261.

27. Murkin JM, Newman SP, Stump BA, Blumenthal JA. Statement
of consensus on assessment of neurobehavioral outcome after
cardiac surgery. Ann Thorac Surg 1995;59:1289-1295.

28.Gao L, Taha R, Gauvin D, Othmen LB, Wang Y, Blaise G.
Postoperative cognitive dysfunction after cardiac surgery. Chest
2005;128:3664-3670.

_21_



29. Royston D, Levy JH, Fitch ], Dietrich W, Body SC, Murkin
JM, et al. Full-dose aprotinin use in coronary artery bypass graft
surgery: an analysis of perioperative pharmacotherapy and patient
outcomes. Anesth Analg. 2006;103:1082-1088.

30. Frumento RJ, O'Malley CM, Bennett-Guerrero E. Stroke after
cardiac surgery: a retrospective analysis of the effect of aprotinin
dosing regimens. Ann Thorac Surg 2003;75:479-483.

31. Harmon DC, Ghori KG, Eustace NP, O’Callaghan SJ, O’'Donnell
AP, Shorten GD. Aprotinin decreases the incidence of cognitive
deficit following CABG and cardiopulmonary bypass: a pilot
randomized controlled study. Can J Anaesth 2004;51:1002-1009.

_22_



Abstract
Cognitive dysfunction after valvular heart surgery

Dae Hee Kim

Department of Medicine
The Graduate School, Yonsei University

(Directed by Professor Youn-Woo Lee)

Background: Postoperative cognitive  dysfunction commonly
develops after cardiac surgery and often persists after several
yvears. Unlike in congenital heart surgery or coronary artery bypass
surgery, little has been studied about the cognitive dysfunction in
valvular hear surgery. Cerebral oximetry noninvasively measures
regional cerebral oxygen saturation (rSO:) and a number of studies
have demonstrated a significant correlation between changes in
intraoperative rSQO: values and postoperative cognitive dysfunction.
We, therefore, investigated the incidence of early postoperative
cognitive dysfunction and its relationship with intraoperative rSO:
values in patients undergoing valvular heart surgery.

Method: Sixty-nine patients undergoing elective valvular heart
surgery without preexisting neurological disease were enrolled.
Neurocognitive evaluation was performed with Mini—-Mental State
Exam (MMSE), Trail-Making Test (Part A), and Grooved
Pegboard Test at 1 day before surgery and 7th postoperative day.
Cognitive dysfunction was defined as 20% decrease in individual
test scores compared to preoperative scores. During surgery, rSO»
was continuously monitored and the incidence and duration of
decrease in rSO2 values were recorded as follows; 1) decrease in
absolute rSO; values to less than 50% and 2) 40% and 3) a 20%
decrease compared to Dbaseline value, which are regarded as
clinically significant.

Results: Fourteen patients (24%), 8 at Trail-Making Test (Part
A), 4 at Grooved Pegboard Test, and 2 at both tests, demonstrated
postoperative cognitive dysfunction. However, no one showed
dysfunction at MMSE. The incidence and duration of decrease in
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rSO; values below the predefined 3 cutoff values were not
associated with the incidence of cognitive dysfunction. In addition,
they were also similar between patients with and without cognitive
dysfunction.

Conclusion: The incidence of postoperative cognitive dysfunction
in valvular heart surgery was about 20% in this study, which was
lower than the values previously reported in coronary artery
bypass graft surgery. Changes in rSO: during surgery was not
predictive for postoperative cognitive performance 1in patients
undergoing valvular heart surgery.

Key Words : wvalvular heart surgery, cognitive dysfunction,

cerebral oximeter
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