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The effect of airway obstruction on systolic arterial and central venous pressure during
sedation in patients undergoing total knee replacement

Kwan-Sik Park, Dae-hee Kim, Bong-Ki Moon, Yong-duck Park*, and Yun Jeong Chae

Department of Anesthesiology and Pain Medicine, School of Medicine, Ajou University, Suwon,
*Department of Anesthesiology and Pain Medicine, Seoul Veterans Hospital, Seoul, Korea

Background: Severe respiratory variations of systolic arterial and central venous pressure (CVP) may increase the risk of embolic

event in orthopedic patient.

As airway obstruction during sedation can cause this respiratory variation, we evaluated the degree of

variations of systolic blood (SBP) and CVP during airway obstruction period.

Methods:

Fifteen females who had obstructed airway during total knee replacement (TKR) were included for the study.

After

regional anesthesia were established, SBP and CVP variations were analyzed according to the three periods; baseline, obstruction,

and airway, respectively. Calculated CVP variables were similar to SBP variables as below: 4SBP =
- InSppagir (minimal value at inspiration), % 4SBP =

expiration)
and negative inspiratory CVP (NIC) were also measured.

EXpmax (maximal value at

(4SBP/ Expmay) * 100. The frequencies of pulsus paradoxus (PP)

Results: At obstruction period, 4SBP was 21.7 mmHg and 93.3% of patient had PP. Also, 4CVP was 19.3 mmHg and 100%
of patient showed NIC. % 4CVP (140%) was larger than % 4SBP (16%). And 4CVP was inversely correlated with baseline and
obstruction SBP and % 4CVP was also inversely correlated with baseline CVP at obstruction period.

Conclusions:

During airway obstruction in sedated TKR patients, variations of CVP are larger than those of SBP. So we have

to monitor CVP continuously as well as SBP so as not to increase the possible risk of respiratory of variation. (Korean J Anesthesiol

2009; 57: 38~43)
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Table 1. Demographic Data

Age (yr) 648 + 5.1 (56—72)
Weight (kg) 68.1 + 5.1 (59—81)
Height (cm) 1543 + 45 (147—163)
BMI (kg/m?) 286 + 1.3 (26.1-31.2)

Values are mean + SD and range. BMI: body mass index.
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Table 2. Responsiveness Scores of the Modified Observer’s Assess-
ment of Alertness/Sedation Scale

Response Score level

Responds readily to name spoken in normal tone
Lethargic response to name spoken in normal tone 4
Responds only after name is called loudly or repeatedly 3
Responds only after mild prodding or shaking 2
1
0

5 (Alert)

Does not respond to mild prodding or shaking
Does not respond to noxious stimuli
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Fig. 1. Respiratory variation of systolic arterial pressure (SBP) and
central venous pressure (CVP) after airway obstruction. EXpmax
means maximal value during expiration period and InSppdr means
minimal value during inspiration period. 4SBP is difference be-
tween EXpmax and Insppgir. CVP values are measured at Z-point
which time is approximately same with upstroke point of arterial
waveform.
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Table 3. Clinical Data at Airway Obstruction Period
RR (bpm) 73 + 08 (5—11)
Ce-RFT (ng/ml) 0.8 + 04 (04—1.5)
Ce-PPF ( 1 g/ml) 0.7 £ 05 (0.3—1.7)
OAAS score 19 £ 06 (1—3)

Values are mean + SD and range. RR: respiratory rate, Ce: effect
site concentration, RFT: remifentanil, PPF: propofol, OAAS: Ob-
server’s assessment of alertness/sedation.

Table 4. SBP and CVP Changes during Three Periods

Baseline Obstruction Airway
4SBP (mmHg) 82 33 217 +63” 119 + 38%
% 4SBP (%) 64 24 158 +48” 95 + 28"
ACVP (mmHg) 62 =20 193 + 277 132 + 48"
% ACVP (%) 76.6 + 25.7 139.6 = 18.1° 832 + 26.19

Values are mean = SD. SBP: systolic blood pressure, CVP: cen-
tral venous pressure, 4: pressure difference between expiratory
peak and inspiratory nadir, % 4: percentage of pressure difference
to expiratory peak pressure. “P < 0.05 compared with the base-
line, Yp < 001 compared with the baseline, 9P < 001 com-

pared with the obstruction.
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Fig. 2. Systolic arterial pressure (SBP) difference between expira-
tion and inspiration cycle during airway obstruction period.
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Fig. 3. Central venous pressure (CVP) difference between expira-
tion and inspiration cycle during airway obstruction period. Most
of inspiratory values of CVP are negative during airway obstruc-
tion.

Table 5. Prevalence of Pulsus Paradoxus and Negative Inspiratory
CVP

Baseline Obstruction Airway
PP 4 (26.7) 14 (93.3)" 9 (60.0)
NIC 2 (13.3) 15 (100.0)” 4 26.7)”

Values are number of patient and proportion. PP: pulsus para-
doxus, NIC: negative inspiratory CVP. “P < 0.01 compared with
the baseline, "P < 0.01 compared with the obstruction by the
McNemar test.

™ 4SBP, % 4SBP, ACVP, %ACVP B%F 7]|=#H2)A] K
ok u| Al ZEsAAR JAX] FEo R I EEA k%
I % ACVPEbe] Z|AX] FFoE 3]55] 9 ch(Table 4).

7144 E<¢ke] ACVPE baseline SBP (r = —0.55, P =
0.034) Bl obstruction SBP (r = —0.61, P = 0.015)2} <Ju]9}
SAZRBAZL ek w7l =S Fke] % ACVP
baseline CVP (r = —0.631, P = 0.012)%} 9Ju]gE S4
A A7E At

A=
h
L
T

ok
N
2
Hd
2

2,
i)
<k
2
ox
o
s

fo

ok
of
£ d

41

Park et al : Z1gell 2% 7| #H|fo] I3 v}

sleg A8

a3t 2el
Qo] AEtets &
%o]. 2 A o],;q] NS A Zo|E A3}y

O v vo

BB BMI7} 25 kg/m’

yl
gﬂ,
)
A
)
o2
>
ofrt
lo
>
5 ofo
ok

HAdef Et OP‘/]E} 0434 %Z*]%
FE Aol FoJst= cytochrome P-450
Fe T ASEE ARA
7Ht!:17<4 o2 th2A o] TF7]

AHSIE £ Al B4 %ELAT skl i 4
<34 E9F B3] TFTelo] HALS Folof et
2] A H}-Zf—] i’"ﬁ‘ %X]

[¢)
ok &, %_‘7111‘-‘?3’.01] o8l wAe F74U S-h(negative intra-

thoracic pressure, NIP)< #HE2 AZEo] HE Y S4&
ZHsle] MYE JEE S UE FYSA wrEC
[2,10]. 2} ofF] 7}A] o] & 7 E7} FolA AL =H 45

W A %A Fwdel osl NIPE 27 Ha

Aetolut F74 tiaol A4 kel Agwlo] Aelut
dae e zeelel $AARY AUBFE FAA2
cHiLL. ZARA e ALH $449 e 44
FA9 A= WAL 2usiel AnHow 444 Qa3
FE LA Hebd AR A5 §AF Fal 9
4 9712 fAE Aol Faslt.

7)o ofg] Al#|Agto|) AN wAHY A A%
221 484 grH14]. Lee S-2[15] BMI 30 kg/m® ©|4-2
vluk 2zl 46%0ll4 7lo]mo] HhAEI L Hashel o)
olWl ol A= 93%9] &PXMM 7)o o] wk é‘ shoict. o
= TKR 3459 BMIZ} =& &

A el NP 15 gdtel B8 MER ng 2
o2 AZR B9lniol gk Al 10 Folske] w3
AARE BB Bl ol JunFel Ass xefel
of AYFFe] AFZA Aolue 2aAY 4 9k T
A 10 F3 oleh WS A dWskel it AeA o
on] ol QIToAE Bglui Aol vl Fope Folel
of ARt 5 mmHg o 4ol HEZ §Aste] AL
o o8 Feke Has e T oa AR wHE
s WAl Eak Aol oW T wAlRE & 4
e},

Hofel o3 $37] Wl
A7 A=
o]H-] 04:?.4 E;ﬂo]

FAA 4
B9lu7} A= of
wolupgAe] AR



Vol. 57, No. 1, July 2009

ERRE ERE

= Ao
A AR Fubste] ARYE = F57F Wyl wiEell A+
el 2FAZEE 71 EHAA] F7] Et B 57
ke F71Hel &L oy VMo FUTTEZaA
oflA Adat Aste] fHES FA wErH3]. TKR Akl
AE BBA 7% dAiAogte A T9k aAHXA
etk Fav) AdH T NEE Fole HURle
g g drk vlE 49 gAdo] =evgte EAlsle &
7% o) AsteiEE adEE ZUEdA As] AetA
+ o] oby7] wiFell FEAQ 7% syt 2F] o
Ae 7hE7] 4ok webd FE24Q) 71 Eddsl e A=
7ol Agkstal agste Zlo| shadelel Feslt.
=4 d%bl Zaiput ozt BE ZhAtellA F7IA

TN T

Aol ABE Sehe AR A @Al Ak
Frke] R uAwog AgEe] 379 {7 Aol
g5 g wstE 2ae 5 Adrhle,17]. 7I=H#A &
FF700l W ol Wi Wil TKR T Bed
AR FEAQ AW, AME, £ I Go] LX)
A olgslol Aoz AAHE A% e, Sl o
B AEAA7 AR gIde] B FERA F ANz A
Tr2ES AWES 3 14 iy shaulE EHE
A1718F sk o 8 o AR whEkA Ad e 9
Yol £ FE=A Folv 53] 7= ﬂ el A73E A
of gt} mat iAW HFe} FPHoz HaH cvpe H
34 E(140%)7} SBP2] 314 % (16%) EEP 27] wjiel o]

% QVPRIAE SBP B ohuek CVp stel B3 A

£H9l AL destele A4

1= A Al 2 A9l FhEsE o] AAG X8
ol =] Hrh B9upd Fe wAstE vlmsde] U9l
= A7E o 3ol »F% T Advk AA, E=AQ A
71%2] o]t} xyg:g_ Aol A 71 =39 59 A
7} Faste] 471= HolAE 7157} =2 4 9l
o T FEES W}~ ez Aoz At o

TFollA 7k &3 Jlsdd] £ 770 (uvulopalatine
area)©] 7]554]5»117} A8} 5 (tetroglossal area) ©]s}ol|A+= &

218, o2l AF SELES EaeAR e s
s wiell $717F HA Y SAS Ak 71ERA7
Yo AL M A4S AT B0 ¢ A1

s FRsAY A

sl S, A4
FAA THAA 2]
Al L el 2AE
EAEae 44 Sol thehdeh1920) oId
ke HaAAT AYAE FoleAL

/}jl-

1

E
-

42

Korean J Anesthesiol

P70 2S B4 8T & Yok A, Eui A S
A ARGS HAs] AEHA ke Aol vehts TF
T3 ARl % BH2 eel 2Aoldp1). ol A
g Adste] APst 2 Aol gt A4S 2
Suz ujel Solg Fojeto] AT AE ZAAAT o
QM= kA S ALgsl X EE 5 EAo] ) oM ot
A A B A

ok o
o
=2

1(“
_Nl..
Wy =
ot
_l
o
ﬁ.
ﬁ.
)
2 ¢
_f‘.:
% ﬂ

Eul
N
kr
lo,
2
n‘.
mlo
do ¢
)
2
-
oN
ol
i

FA17)(oral airway)
ALsA ==
FAd0z 8
AZE ), ol A~
7129 iy *‘J:HFHZ]&} 7o oy oA A 7]
So gt AR B9 HuEA} B Ak F
olebe = olslolE NIPS| Aol Bxkel vj HahE
ZAAA ARl MAZTHE 9L Aolgla ZA= )

n 4R ok
N
2
rO
)
r_h

ﬂl

a2y 71=R7A7] A F % 4CVPRE 71X 2 3 5d A
= A ) 2dA 7120 ARt okt dojdt
Hol Bz Na% m Yol gl Ed] 7= A
Auigkel ol AY E dFe FE AL = AA
o w571 dsh 7l+u=!l»ﬂ AR e FAR ke =7]e]

2 TKR Aol AARE she 4 7158wt ozl
dqg BAE A }L Aol Feasith o]F Tl &
E7A BAgog 7% AMEESE 74 FAA

olet. Wk 44 % Wt

kol A% e A 5
u

FARMG ASA BAt Beerl ok ARA TF
A BAge =76l WA A% PHosE 8%
+ gt

Propofol> &9 EX o g AAAA/E Holw AHAF
08—18 wgml o] &&FolA Aw, AHst 1l A4
g7Mkg-o] A Sol VeERdTh7,19,20,22]. Remifentanil
dzo2 ALA 02 pgkgmin ©]ell4 X propofol
I FHE AEA] 01 /_zg/kg/min ol Aol Al B Eo] olAEch
[23]. weF4] Hohener 52 propofol@} remifentanil S
HHEE 04—08 /Jg/rnlg‘r 0.5—1.0 ngmlZ Ah-gst= =3+
o] Aol b Agsleta slgivh24]. vt o] Aol
A BRAo|EtE Z) e £70] B ufe propofold} re

mifentanil®] FIAFEQ 0.7 gml?} 0.8 ng/mle 47—}
0.027 ng/kg/mlF} 0.023 ug/kg/min ZEZA B AEA B

flo ox |

71—7]— =



oo U2 FElA 1=z sk 8 SHHE
AEAIE WA o AekARl LA A Aol
7liﬂ Ao7| = sARE ool w3k Ade s H ok

g3 2ol A% & ek F, F oAl EFAS ol
Beasps) Ho A AR, 2ol E
A-8-5 fentanyl?} midazolam®] Aol Wit F<2F8127] 5
o 2 ool Y w & B 2l

m

AEYE 1#9 ol Hrk webd eukAz dg=
Hrloll A Ee BMIE HolAu, 17,
i ole) obl %8 W Sl sl Bl
e AgHE kAl Eit FUE
WAEe) Augol e ARG GA7E D

Fe A
z e

>

M et o J

2 fob ont

A

“

F

o
=
Z

1
4

H o of ﬂi{}

Aol
23l

ARHoz RIWAL KR ¢ APss 2
A WA F Y 7w )
/) e FageIdel | A
of $EIY B FE7 PR ohlek FAg
A% FAE Basiet,

of

rlr

REFERENCES

1. Kim HA, Kim S, Seo YI, Choi HJ, Seong SC, Song YW, et al.
The epidemiology of total knee replacement in South Korea: na-
tional registry data. Rheumatology (Oxford) 2008; 47: 88-91.

2. Hillman DR, Platt PR, Eastwood PR. The upper airway during
anaesthesia. Br J Anaesth 2003; 91: 31-9.

3. Narkiewicz K, Montano N, Cogliati C, van de Borne PJ, Dyken
ME, Somers VK. Altered cardiovascular variability in obstructive
sleep apnea. Circulation 1998; 98: 1071-7.

4. Turkington PM, Bamford J, Wanklyn P, Elliott MW. Effect of up-
per airway obstruction on blood pressure variability after stroke.
Clin Sci (Lond) 2004; 107: 75-9.

5. Kroegel C, Reissig A. Principle mechanisms underlying venous
thromboembolism: epidemiology, risk factors, pathophysiology and
pathogenesis. Respiration 2003; 70: 7-30.

6. Howie C, Hughes H, Watts AC. Venous thromboembolism asso-
ciated with hip and knee replacement over a ten-year period: a
population-based study. J Bone Joint Surg Br 2005; 87: 1675-80.

7. Irwin MG, Thompson N, Kenny GN. Patient-maintained propofol
sedation. Assessment of a target-controlled infusion system.
Anaesthesia 1997; 52: 525-30.

8. Thummel KE, Wilkinson GR. In vitro and in vivo drug inter-
actions involving human CYP3A. Annu Rev Pharmacol Toxicol
1998; 38: 389-430.

9. Sweeney BP, Bromilow J. Liver enzyme induction and inhibition:
implications for anaesthesia. Anaesthesia 2006; 61: 159-77.

43

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Park et al - Z1ell &3 7|2 #HlHe] A3 a3}
Guyton AC, Hall JE. Textbook of medical physiology. 11th ed.
Philadelphia, Elsevier. 2006, pp 471-5.

Schwartz DR, Maroo A, Malhotra A, Kesselman H. Negative pres-
sure pulmonary hemorrhage. Chest 1999; 115: 1194-7.
Thiagarajan RR, Laussen PC. Negative pressure pulmonary edema
in children--pathogenesis and clinical management. Paediatr
Anaesth 2007; 17: 307-10.

Shiomi T, Guilleminault C, Stoohs R, Schnittger 1. Leftward shift
of the interventricular septum and pulsus paradoxus in obstructive
sleep apnea syndrome. Chest 1991; 100: 894-902.

Bilchick KC, Wise RA. Paradoxical physical findings described by
Kussmaul: pulsus paradoxus and Kussmaul’s sign. Lancet 2002;
359: 1940-2.

Lee JC, Atwood JE, Lee HJ, Cassimatis DC, Devine PJ, Taylor
AJ. Association of pulsus paradoxus with obesity in normal
volunteers. J Am Coll Cardiol 2006; 47: 1907-9.

Magder S. How to use central venous pressure measurements. Curr
Opin Crit Care 2005; 11: 264-70.

Gelman S. Venous function and central venous pressure: a physio-
logic story. Anesthesiology 2008; 108: 735-48.

Boudewyns AN, Van de Heyning PH, De Backer WA. Site of up-
per airway obstruction in obstructive apnoea and influence of sleep
stage. Eur Respir J 1997; 10: 2566-72.

Blouin RT, Seifert HA, Babenco HD, Conard PF, Gross JB.
Propofol depresses the hypoxic ventilatory response during con-
scious sedation and isohypercapnia. Anesthesiology 1993; 79:
1177-82.

Nieuwenhuijs D, Sarton E, Teppema L, Dahan A. Propofol for
monitored anesthesia care: implications on hypoxic control of car-
diorespiratory responses. Anesthesiology 2000; 92: 46-54.
Kleinerman J, Sancetta SM, Hackel DB. Effects of high spinal an-
esthesia on cerebral circulation and metabolism in man. J Clin
Invest 1958; 37: 285-93.

Kim DH, Sohn BK. Target-controlled infusion of propofol for con-
scious sedation using BIS monitor. Korean J Anesthesiol 2000; 38:
3-13.

Rewari V, Madan R, Kaul HL, Kumar L. Remifentanil and propo-
fol sedation for retrobulbar nerve block. Anaesth Intensive Care
2002; 30: 433-7.

Hohener D, Blumenthal S, Borgeat A. Sedation and regional an-
aesthesia in the adult patient. Br J Anaesth 2008; 100: 8-16.
Kim WH, Ahn HJ. The interaction between remifentanil and pro-
pofol during total intravenous anesthesia and the adequate effect
site concentration. Korean J Anesthesiol 2008; 54: 139-45.
Pollock JE, Neal JM, Liu SS, Burkhead D, Polissar N. Sedation
during spinal anesthesia. Anesthesiology 2000; 93: 728-34.
Bailey PL, Pace NL, Ashburn MA, Moll JW, East KA, Stanley
TH. Frequent hypoxemia and apnea after sedation with midazolam
and fentanyl. Anesthesiology 1990; 73: 826-30.



