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Background: Hemodynamics and cardiac function are
major concerns during cardiac surgery. Many factors
including sternal closure can cause hypotension.
Objective: To find incidence and risk factors of hypotension
during sternal closure in cardiac surgery

Methods: A prospective cohort study was done at
Ramathibodi hospital. During March to December 2014,
adult patients underwent cardiac surgery were enrolled
into our study. Blood pressure before sternal retractor
removal, after sternal retractor removal, during sternal
wiring and after sternal closure were recorded. Decreasing
of systolic blood pressure more than 10%, bolus dose of
vasopressor needed or increasing inotropic infusion rate
was defined as hypotension.

Results: Eighty five of 120 patients were defined as
hypotension and mostly occurred in stage of sternal
wiring. None of the risk factors was statistical significant
parameter related to the hypotension either from crude or
logistic regression analysis.

Conclusion: Hypotension is a common complication
during sternal closure but we could not find its related
risk factors.
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Risk Factors of Hypotension during Sternal Closure

| uni

 fhedundiaitlalaeialiinazinninnuwila
AeUnd warniminauesinlaazanasdnadannnig
ﬂﬁﬁh
wrasdenuazialafien n1slA3y cardioplegia 351dng
HFiR NNagryiRenaen saniuAuiunuIemaRALRen
LANEUNANS (systemic vascular resistance) a mm‘wﬁﬂ
mnuﬂm‘lmmmﬂ@mLL@”m‘L@mﬂu PN AN T
ﬂ@wmmﬂmmmw gFnunsziunisguiniaen lid
mm”mmmmmm apsinemeldatneieome

m?ﬂmm”mrmmﬂﬂumm?mmmm‘lmflwuﬂu
Faa1aEinsiatuasresnn s A s NN TIE
28992 la AINAIUNIULBINARALABALAIAIUNAN
ﬂ?mmmﬂmmmnmﬂm%mmm (Cardlac output)
AAUTI9NIN ﬁmLﬂumaafmmﬂwmummmmmulu
298N (intrathoracic pressure) vl Bunnsidasiilug
naugialaanas Analiiffunsiaendeaanaininlasie
WfikazANNALAAAAAY AIN1TANHIT8Y Adsumelli
RS wazanzinud1 nstlanszgntihanazyinli cardiac
index aARIFREIAS 7. 71uc4ﬂwc’flumv1mmmmm% WAy
NTANENUR Jogi P mwmwmiﬂmmz@num@ﬂiu@ﬂfm
Wnuasnitniu denalianusuaentiuinsiaenlu
#iqlanauiusa (end-diastolic volume) LaziBu1nIaen
depananiilasewiiannutuinaaiv’

‘].I’NﬂNﬂ’]Q"ﬂ')ﬂﬁJL@@ﬁﬁﬁ‘ﬁﬂﬂﬂ?ﬂﬂﬁuﬁ'ﬂﬂu AN
’l‘ﬁﬂ@ﬂLLWV]?J”L:Jmma‘mﬂmmvmn‘wmﬂﬂimwuwmemm
WGIvER mmmmﬂa‘vmﬂﬁmaﬂiqLmemma‘ﬂmmvmﬂ
um@nlummmmaml@%lumm mummfmmﬂu
aglunoufngls émfammmiﬂmmmnum@n‘lummm
panane Aseauliiszanndesas 1.7 0935 wﬂumﬂfgﬂ
winuazelun*®

‘mqm@mqmmmimﬂmm@ummimmva‘j@@ﬂmm
FANITNANINE mwmummmﬂmvmwﬂmm”mﬂ
wnen wammmmmwimmwmLL@‘VWLmeq
ﬂ@qnuqummmum@mmmﬂmzmwﬂmm‘z@ﬂ
NHNBNAINATD

| IEMIfAN
WaldfuniseyiRannAnznsunnIsTeassunnaie
Tupu grinnnsddelsvinnisAnwngilasane 18-80 U i
Suniseindnvialaatindantihanlulssneuiasunsus
wuulsiisasan(elective surgery) Lmz@uﬂ@miﬁéfmﬂji

a o v Yar ] A A
9]¢ Hﬂﬂ‘lﬂi{]ﬂi"]ﬂ@tiﬁﬁ“].lﬂq3‘12\1@’1‘81’]’1\1%@@ﬂL@ﬂﬂLL[ﬂ\‘ILW‘ﬂ

18 gL

TaaRnaanTladeuaeilsznis 1w nauaansld

fmmmmum@mvmwmmm wazlAsunsssiumNgan
wuuiiaga Inanisidenldunsyiuaanuidn ansesu
?”UUMQI@LL@”M@@@L@@@ 29N UNATANNTLTUN 78N
ﬂJuﬂ‘LIQ'mLIELILLWVIEIWT‘LINW]@U@LL@N‘]JQEIIHLLG]Z\]“’?’]EI
} mwmmiuumm@mmiﬂmmNﬂwiml,m B8] LA
i @21g9 ASA physical status ‘Emﬂi:mmmmgmﬂ
Vi e AnusulaTings A9Rnenuaedla (creatinine
clearance) sLAUAMNINTUIIARA NANTATIATIR MR8
ARUBARINTNVUR (echocardiogram) ATNAINITNUDNY
Wlalunsiuiden (ejection fraction; EF) N19zmaNumy
Lﬁﬂmiuﬂ@mq\l (pulmonary hypertension) tszdRnsuents
UszdRnduilerivlarnaaennielu 90 Ju viselduntihan
AULiN NYHA classification way EURO SCORE

Tuindeyaseudrenisdidnlsun ﬂmmmmamm
Jrely Lfmﬂumimmm eIy Lq@ﬂumﬂmmmﬂ@mm”
Walafies mummm?vwmﬁmmwL@@ﬂh mumu.a”
Ll?fmmmmmmvmmvuum%LL@vmfﬂmL@@mwhn@u
wazuastanszpnuiinen ﬂ?mmm@mmmmmvmw
mmmlﬂnumLmzﬂ?‘mm‘ummamLmzmuﬂi;ﬂ@mm
AeaN lATLITEUINeHNAR U5u1ms tidal volume Mg n13le
bolus vasopressor j‘wd’mﬂmm:’,@ﬂmﬁ’mﬂ

dsilanszgnuinansinnistiuiin systolic blood
pressure, diastolic blood pressure, mean arterial
pressure, CVP VB P,‘;\ pressure, LAY mean airway
pressure Imﬂ‘]ﬁ:&ﬁﬂ 4 A5 (T1-T4)

T1 A APTununnawetsanenszgnuEnen
(sternal retractor) RN

T2 fig m‘Vl‘]_Iu‘VlﬂVimL'ﬂ’]ﬁfm’]\‘mi"’mﬂﬁu’]@ﬂ@@ﬂ 19479

T3 A0 mwuuwnmmvmummﬂmm”mnumaﬂ

T4 g mwuumﬂwmﬂmm”mﬂwmﬂﬂ 1 U9

mﬂfmmmmmum@mmmmmﬂmﬁs@m“ 10 289
mmlﬂu mmﬁmmﬂummimu bolus vasopressor

suintlansegnutihen vise mmmmmmmmvmmmu

mimmvmamL@fawmﬂmm”mﬂum@ﬂ Angtlugilas
fiinmny ﬂ'ﬂll@uL@’ﬂﬁWlﬁl’]?vMQ’]\‘m']‘iﬂﬂﬂi‘wﬂﬂ‘lﬂuﬂ'ﬂﬂ
mmmm@@nimmmﬂ@ﬂo 1 WHesangidewiudonig
Lﬂ@ﬁmmﬂwmmmmum@mwmL@nuﬂﬂumﬂwn@u
funsunssindinviala f NENAEIHANTINL UL mmwrﬂ@
LL@""ﬂ'JE]’J“"ﬂWIJ@x‘iNﬂ'JEﬂ@ LL@”mﬂmﬂfmmmmmmumm
1550 bolus vasopressor i‘”m%‘lﬂmm”mﬂﬁu’mﬂ 38
L‘ﬂﬂ\‘iLWN“IJWW]EIWH?“’M%T“"LIUMQGLWLL@”M@@@L@@@M@QH@
ﬂi”mﬂﬂu’]‘ﬂﬂ PUILANNINNNIZANAUAFINA1IN
m@m“wuwmlur:’ﬂumsmumqmmnmmlumﬁnm
ﬂa‘muﬂsmmmmﬂuﬂugmﬂ

WAAT 2561; 44(1) * Thai J Anesthesiol 2018; 44(1)



o

wanal s35ui15ans uazau

e Thanyalak Thamjamrassri, et al.

AnsAnEA Tl prospective cohort study mnmﬂ.ﬁ‘u
fayarindas Tudthadiuau 30 e wmwﬂqwmma‘
mm‘tmﬂuhmimﬂﬂmLL@vm%wmmuI@mmmmmq.,,
ANFARnANSaTa 26. YTummvmmﬂqw‘lmm‘mﬂm
LL@‘,,'Wﬂ@ Wenszudnansenga Alannaifinn1azmanumis
denandly 1.65 mwmﬂ@wiﬂmmmeﬂ@ml,m
Wialafiau (relative risk= 1.65) WaAWINUARINa
Tnadaenisszfuainuidesis 95% uazdiuialunis
VRGO 80% NUFAHEdN3334Y 124 AL

Tunsdmszideyaldldsunsy SPSS for window
version 20.0 NAgaLNNINITATtFaTesdaya LuLlAng
Ineldans Kolmogorov- Smlrnov Test LAY Lﬂ_ﬁ‘?;l‘j_lwm‘i_l
AYNNLANANITD9ANLRAY (mean) wazdauiliesiu
NIMTFIU(SD) M‘?‘@ﬁ’]ﬁﬁﬂg’m (median) A interquartile
range?23483/a demographic characteristics ANHIATIR
Student t-test 1138 Mann-Whitney-U test Auiuansue
mim”@wmm@mm LL@V‘LM@M Chi-square test 4138
Fisher exact test iadumniladeitinasaninz AL
L@'ammizmwﬂmniz@ﬂum@ﬂ TneinauaLili relative
risk WAz 95% confidence interval wazld Multivariate
logistic regression Lﬁ@muauﬁw'ﬁwmmﬂ@%mu
AN p-value Haandn 0.05 wapINNTladAtyneana

NaNSANY |

duaelunsAnmen 120 318 Heneiedy 63 U 1y
filhennefeuay 69 dauluniialadaainainnsalunig
fuiaens 5a8ay 66 § EURO SCORE Hasndnvizawinfiu
2 (Table 1) guqsdaulunurdunisfauienig
Lﬁu@ﬂmﬁﬂmﬁmmhuﬁm faaaz 65 unsHsnalag
irFoslenvivlaifiensandan dilheFenas 58 la5unns
dogmalamaiFunsuinndi 8 NaaanIFAatiIuinga
7iia ideal body weight (IBW) TasenszFuszuLiala
wazuasalaanninisldiesiigane dopamine (Table 2)

#msnsinn1ag mmmumfamm@’mmiﬂmmvmn
wiende B uifauiuanu fusneitudiniud
AaLa1 sternal retractor 880 (T1) WLIERIINTFAANINE
mmmm@@mmwuuammiumw T3 mammvmmimu
anilanszgnuiinen Imawumq ANNFLA AR A
¥aeaz 24 wazwuInszudenistlavtnen Aoy unnd
ﬁmmﬁm’mﬁ%ﬂuﬁmlﬁ bolus vasopressor Nefaeay
58 Lu@wmimq@’mm@’mmmm‘wwummwmwﬂfm
¥aeaz 71 NNz mmmum@mmmﬂmiﬂmm‘vmﬂﬁmﬂﬂ
(Table 3)

Qa/

Lﬁ@mwmummﬁmﬁuﬁ’swdwLLrﬁi@zﬁTf;LLﬂiﬁmﬁ
Nan1zaNAaenAiszdnetlanszgnutiien Tagld
chi square test wudnladlfudsladuiudriuniafianiog
AuAulainAtat19lTad1Ayn19ad@ (Table 4)
atelsfimuanzidulMaansoutls 5 dade szney
gl aguInndn 65 1 AuaNnsnaasialalunisiy
wonatflunusiuevidautunn (EF < 0.3) 1#5usnsysu
szuuialauazuasnidanneuinnisilaninen lasunis
taemnelasiag tidal volume/IBW ratio >8 wazil mean
airway pressure 1711N97 10 cmH O L‘Wﬂwmimqmm
muwuﬁivmwﬁ@wmmun‘unmnmmqvmmmum@m
mmnma‘ﬂmmm@ﬂimlm multiple logistic regression
Lummﬂmuﬂ@mmumm p-valve tiaeindn 0.2

aeinalsinu i memmﬂm:mfm multiple logistic
regression Wi wudlaiflfladelandanuduiusiuns
AanzanuaulainaednedldaacdAynieana

Table 1 Demographic data

Parameters N (%)
Sex

Male 83 (69.17%)

Female 37 (30.83%)
Age (y), mean £SD 63.4 £11.24
Body weight (kg), mean +SD 61.33£11.23
Height (cm), mean +SD 160.6 £7.97
BMI (kg/m?), mean +SD 23.61 +3.85
Diabetes 55 (45.83%)
Insulin usage 8 (15%)
Renal impairment 28 (23.33%)
Creatinine clearance, mean +SD 60.45 +28.65
On hemodialysis 2 (10%)

Preoperative ejection fraction

Good 69 (57.50%)

Moderate 35 (29.17%)

Poor 10 (8.33%)

Very poor 6 (5%)
Recent myocardial infarction 29 (24.17%)
Angina at rest 7 (5.83%)
EUROSCORE*

<2 80 (66.67%)

>2 40 (33.33%)
Previous cardiac surgery 3(2.5%)
MAP (mmHg), mean +SD 94.8 £10.2
Heart rate (bpm), mean +SD 75 +£11.01
Hemoglobin (g/dL), mean +SD 12.51 £2.67

*European System for Cardiac Operative Risk Evaluation

BMI = Body mass index, MAP = Mean arterial pressure
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Table 2 Perioperative factors

Parameters N (%)
Type of surgery
Isolated coronary artery bypass graft 78 (65%)
Single-non coronary artery bypass graft 33 (27.5%)
More than one operation 9 (7.5%)

Muscle relaxant
Rocuronium
Cisatracurium
Others
Tidal volume/ideal body weight (mL/kg), mean +SD
Mean airway pressure, mean +SD
Blood loss (mL)
<500
500-1000
>1000
Packed red cell (unit), median (IQR)
Fresh frozen plasma (unit), median (IQR)
Pooled-leukocyte poor platelet concentrate (unit), median (IQR)
Crystalloid (mL)
<1500
>1500
Colloid (mL) (n=6), median (IQR)
Urine output (mL), median (IQR)
Cardiopulmonary bypass use
Cardiopulmonary bypass time (min), median (IQR)
Clamp time (min), median (IQR)
Operation time (min), median (IQR)

Drug use before sternal closure

69 (57.5%)
48 (40%)
3 (2.5%)

8.33 1.68+
91.84+

21 (17.5%)
92 (76.7%)
7 (5.8%)
1(1-5)

2 (2-4)

4 (4-8)

28 (23.3%)
92 (76.7%)
0 (0-1000)
250 (30-3250)
94 (78.3%)
118 (61-394)
94 (20-361)
315 (180-480)

Dopamine 74 (61.7%)
Adrenaline 37 (30.83%)
Milrinone 30 (25%)
Dobutamine 49 (40.8%)
Norepinephrine 6 (5%)
Table 3 Incidence of hypotension
Stage Hypotension
N (%)

T1--> Hypotension at T2
T1--> Hypotension at T3
T1--> Hypotension at T4

Hypotension that require increased infusion rate of inotropic/vasopressor

Hypotension that require bolus dose of Vasopressor
All indication

14 (11.67%)
29 (24.17%)
20 (16.67%)
10 (8.33%)
69 (57.5%)
85 (70.83%)
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Table 4 Effects of variables on hypotension using univariate analysis

Variables Total (%) Hypotension (%) RR (95% CI) p-value

Sex 0.93(0.72-1.21) 0.59
Male 83 (69.17) 60 (72.3)
Female 37 (30.8) 25 (67.6)

Age 1.19(0.95-1.49) 0.13
<65 54 (45) 42 (77.8
>65 66 (55) 43 (65.2

Body mass index 0.85-1.37) 0.51
>25 36 (30) 27 (75)
<25 84 (70) 58 (69)

Renal impairment 1.07(0.83-1.38) 0.58
Yes 28 (23.3) 21 (75)
No 92 (76.67) 64 (69.56)

On hemodialysis 0.93(0.61-1.41) 0.74
Yes 12 (10) 8 (66.7)
No 108 (90) 77 (71.29)

Creatinine clearance 1.05(0.81-1.37) 0.67
<40 27 (22.5) 20 (7
>40 93 (77.5 65 (69.9)

Diabetes 1.00(0.79-1.26) 0.98
Yes 55 (45.8) 39 (71)
No 65 (54.2) 46 (70.76)

Insulin usage 0.84(0.57-1.24) 0.32
Yes 18 (15) 11(61.1)
No 102 (85) 74 (72.54)

New York Heart Association 0.80(0.53-1.22) 0.24
Good (1,2) 103 (85.8) 75(72.8
Poor (3,4) 17 (14.2) 10 (58.8

Angina at rest 1.00(0.62-1.63) 0.97
Yes 7(5.8) 5(71.4)
No 113 (94.2) 80 (70.79)

Preoperative ejection fraction 0.77(0.49-1.20) 0.16
Good/moderate 104 (86.7) 76 (73)
Poor/very poor 16 (13.3) 9 (56.3)

Recent myocardial infarction 1.09(0.85-1.40) 0.49
Yes 29 (24.2) 22 (75.9)
No 91 (75.8 63 (69.23)

Pulmonary hypertension 1.25(0.94-1.67) 0.28
Yes 8(6.7) 7 (87.5)
No 112 (93.3) 78 (69.64)

Heart rate 0.83(0.58-1.17) 0.24
>80 23 (19.2) 14 (60.9
<80 97 (80.8) 71(73.2

ASA status 0.94(0.72-1.22) 0.67
1 27 (22.5) 20 (7
\% 93 (77.5 65 (69.9)
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Table 4 Effects of variables on hypotension using univariate analysis (cont.)

Variables Total (%) Hypotension (%) RR (95% CI) p-value
Isolated CABG 1.03(0.81-1.32) 0.75
Yes 78 (65) 56 (71.8)
No 42 (35) 29 (69)
Single non CABG 0.92(0.7-1.21) 0.53
Yes 33(27.5) 22 (66.7)
No 87 (72.5) 63 (72.41)
Multiple surgery 1.00(0.62-1.63) 0.63
Yes 9 (7.5) 7(77.8)
No 111 (92.5) 80 (60.15)
EUROSCORE 1.03(0.81-1.31) 0.77
>2 40 (33.3) 29 (72.5)
<2 80 (66.7) 56 (70)
Cardiopulmonary bypass use 1.10(0.81-1.50) 0.49
Yes 94 (78.3) 68 (72.3)
No 26 (21.7) 17 (65.38)
Tidal volume/ideal body weight 0.83(0.66-1.04) 0.11
>8 69 (57.5) 45 (65.2
<8 51 (42.5) 40 (78.4
Vasopressor before sternal closure 1.37(0.84-2.23) 0.11
Yes 105 (87.5) 77 (77.3)
No 15 (12.5) 8 (55.55)
Mean Arterial Pressure T1<70 mmHg 1.11(0.86-1.42) 0.44
Yes 26 (21.7) 20 (76.9)
No 94 (78.3) 65 (71.42)
Mean Airway pressure>10 cmH20 0.79(0.52-1.18) 0.17
Yes 19 (15.8) 11 (57.9)
No 101 ((84.2) 74 (73.26)
CVP T1>12/PAD>18 mmHg 0.96(0.76-1.22) 0.77
Yes 49 (40.8) 34 (69.4)
No 71 (59.20) 51(71.83)
Operation time > 6hr 0.92(0.71-1.19) 0.54
Yes 39 (33.1) 26 (66.7)
No 81 (66.9) 57 (72.15)
Blood loss (mL) 1.22(0.88-1.69) 0.37
<1000 113 (94.16) 79 (69.96)
>1000 7 (5.84) 6 (85.71)

ASA = American Society of Anesthesiologists, CABG = Coronary artery bypass graft, EUROSCORE = European System for Cardiac

Operative Risk Evaluation, CVP= Central venous pressure, PAD = Pulmonary artery diastolic pressure
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