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12345 Abstract 

Purpose: One-lung ventilation (OLV) may impair cerebral oxygen balance and induce 

6 postoperative cognitive dysfunction (POCD). It is unc1ear whether the 旬peof anesthetic 
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influences the incidence ofPOCD in patients undergoing OLV. This prospective study 

compared the incidence ofPOCD and intraoperative cerebral oxygen desaturation in OLV 

patients anesthetized with propofolν s sevoflurane during lung s町 ge1)人

Methods: There were 148 participants enrolled in this study and randomized equally to either 

the propofol or the sevoflurane group. Anesthesia was maintained with either propofol or 

sevoflurane combined in both groups with fentanyl and epidural anesthesia. Regional 

cerebral oxygen saturation (rS0 2)， jugular bulb venous oxygen saturation (Sj02) ラand the 

28 

29 

27 incidence of cerebral oxygen desaturation (rS02 or Sj02 < 50% or rS0 2 < 80% ofbaseline) 

30 were measured during anesthesia. Co伊itive function was assessed using seven 
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neurocognitive tests two days preoperati vely， five days postoperatively (primary outcome) ， 

36 
35 and three months postoperatively. Bivariable and multivariable regression analyses were 

37 
38 conducted to identify factors associated with POCD. 
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Results: Rates ofPOCD did not differ statistically between groups five days postoperati vely 

(propofol ， 16/72 patients; sevoflurane ， 24/72 patients; RR， 0.67; 95% CI， 0.39 to 1.15; P = 

0.14) or three months postoperatively (propofol ， 9/60 patients; sevofluran e， 12/58 patients; 

RR' 0.73; 95% CI， 0.33 to 1.59; P = 0.42). Only three subjects per group showed 

intraoperative cerebral oxygen desaturation. Multivariable regression anal ysis revealed older 

age as an independent predictor ofPOCD . 

Conclusions: No statistically significant difference in the incidence ofPOCD could be 

detected between the sevoflurane and propofol anesthesia groups. Postoperative cognitive 
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dysfunction was relatively frequent following OL V in both groups . (Registration number: 

UMIN 000002826). 
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Effets des agents anesthesiques s町 l'issue cognitive postoperatoire precoce et l'句uilibre

perop 仕atoire d' oxyg 白lecerebral chez les patients subissant une chirurgie pulmonaire : une 

6 e印dec1inique randomis 白
78901234567890123456789012345678901 
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R白ume

Objectif: La ventilation unipulmonaire (VUP) pourrait avoir un impact negatif s町

l'equilibre d'oxyg とneぬるbral et induire une dysfonction cognitive postoperatoire (DCPO). 

Nous ne savons pas si le匂rpe d'agent anesthesique influence l'incidence de DCPO chez les 

patients recevant une VUP. Cette etude prospective a compare l'incidence de DCPO et de 

desaturation peroperatoire en oxyg とnecerebral chez les patients sous VUP anesth 白ies avec 

du propofol vs du sevoflurane pendant une chirurgie pulmonaire. 

Methode : Au total ， 148 patients ont partic 中e a cette etude et ont ete randomises en deux 

groupes egaux a recevoir du propofol ou  du sevoflur 姐 e.L'anesth 白iea ete maintenue a 

l'aide de propofol ou de sevoflurane ， et l'agent de choix a ete combine a du fentanyl et a une 

anesth 白ieperidurale dans les deux groupes . La saturation en oxyg 担ecer めral regional 

(rS02) ， la sa加 ation en oxyg とneveineux au bulbe de la veine jugul aire (Sj0 2) et l'incidenc e 

42  de desaturation en oxyg とnecerebral (rS02 ou Sj02 < 50 % ou rS02 < 80 % par rapPOrt aux 
43 

44 
45 valeurs de base) ont ete mesur 記spendant l'anesthesie. La fonction cogniti ve a ete evaluee a 
46 

47 

48 

49 

50 (crit とred百valuation principal) et仕O1 SmOlS apr 白 l'operation. Des analyses de regression 
51 
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l'aide de sept tests neurocognitifs deuxjours avant l'op eration ， cinqjours apres l'operation 

bivari 白 etmulti variee ont ete realisees afm d'identifi er les facteurs associes a即時DCPO.

R白ultats : D'un point de刊 estatistique ， les taux de DCPO nもtaient pas differents entre les 

groupes a cinqjours postoperatoires (propofol ， 16/72 patients ; sevoflurane ， 24/72 patients; 
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RR， 0，67; IC 95 %， 0，39 a 1，15; P = 0，14) ou a仕ois mois postoperatoires (propofol ， 9/60 

patients; sevoflurane ， 12/58 patients; RR， 0，73ラIC95 %， 0，33 a 1，59; P = 0，42). Seuls trois 

patients par groupe ont manifeste une desaturation peroperatoire en oxyg 白ecerebral. 

L'analyse de r句ression multivariee a revele qu'un age avance etait un predicteur independant 

11 deDCPO. 2345678901 1111111122 

Conclusion : Aucune difference significative d'un point de刊 estatistique n'a 低 observee

en ce qui a trait a l' incidence de DCPO entre les groupes anesth 白ies au sevoflurane ou au 

propofo 1. La dysfonction cognitive postoperatoire etait relativement f尚quente apr とsune VUP 

22 dans les deux groupes. (N田氏 rod'enregistrement : UMIN 000002826) . 
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Posioperative cognitive dysfunction (POCD) is cornmon following non-cardiac surgery . In a 

prospective multicentre tria1 of 1，218 patients undergoing non-cardiac surgery ， POCD was 

present in 26% of patients one week postoperative1y and in 10% of patients three months 

postoperative1y.l Postoperative cognitive dysfunction is associated with increased mortality 2 

and may lead to a 10ss of emp10yment and to dependence on social transfer payments;3 

therefore ， it is crucial to identify factors that increase the risk of POCD in order to establish 

appropnate preventa tJve measures. 

Older age appears to be the sむongest predictor amongst the number of potentia1 risk 

factors identified for POCD. 4 In addition to demographic ， clinical ， and intraoperative factors ， 

postoperative and hospita1-associated factors (e.g. ， stress ， pain ， and inflarnmation) may 

contribute to the deve10pment ofPOCD. 5 Recently ， Cai et al. reported that POCD in patients 

receiving inhalation anesthesia was higher than in patients receiving intravenous anesthesia ， 

particu1arly in inha1ation anesthesia patients harbouring the apo1ipoprotein Eε4 allele 

associated withAlzheirner's disease. 6 Thus ， choice of初出thesia may be an additional factor 

influencing the incidence of POCD. Severa1 additional clinica1 studies have a1so compared 

the incidence of POCD in patients undergoing intravenous vs inhalation anesthesia. 7-9 

Neverthe1ess ， these investigations w町elimited in size (n = 29-101) ， conducted in 

heterogeneous patient groups anesthetized with a variety of anesthetic agents ラand eva1uated 

using different cognitive batteries. Thus ， their results may not be applicable to other surgical 

popu1ations (e.g. ， 1ung surgery patients). 

One-lung ventilation (OL V) during lung surgery can impair cerebral oxygen balance ， 

and several studies have found that cerebra1 desaiuration increases the risk of POCD 

following non-cardiac surgery.lO -12 A previous study reported that cerebra1 oxygen saturation 

6 
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was higher in the sevoflurane anes 也esia group than in the propofol anesthesia group during 

lung surgery.13 Altematively ， a recent review found li抗leevidence for di旺erences in 

outcomes between inhalation and intravenous anesthesia during lung surge 巧λ14 The pu中ose

ofthis study was to compare the effect of sevo f1urane vs propofol anesthesia on postoperative 

neurocognitive test scores and cerebral oxygenation parameters in a population of patients 

undergoing lung sur 許可. The primary outcome was defined as the incidence of POCD on 

postoperative day five. 

Methods 

This prospectiv e randomized patient-blinded single-centre study was approve d (February 1， 

27 2007) by the Ethics Committee ofNara Medical Universit y Hospital (Kashihara ， Japan; study 
28 

29 
30 number 06-043). Wri 悦eninformed consent was obtained from al1 participants. Study 
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enrolment began afte r institutional review board approval but before UMひJregistration 

because regis 仕ation of clinical 仕ials was not required in Japan unti12009 ，同TOyears after the 

38 study was initiated. The govemment recommended regis 仕ation of all clinical trials beginning 
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in 2009. 

Patients were eligible for inclusion in the study if they were scheduled for elective 

lung surgery and were 20-85 yr of age. Additional inclusion criteria were American Society 

of Anesthesiologists physical status 1-111 ， fluency in Japanese ， ability to rea d， and absence of 

serious hearing or visual impairments that would preclude neuropsychological testing. The 

fol1owing exclusion criteria were applied: interstitial lung disease or lung fibrosis ， pregnancy 

or possibility of pregnancy ， a history of neurological or mental illness ， baseline Mini Mental 

State Examination (1¥仏 1SE) score below 24， renal ins u:ffi cien cy (serum creatinine in excess 

7 



14q4144-Rd of 1.5 mg.dL-l) ， active liver disease (aspartate aminotr 国 lsferase in excess of 40 U.dL- 1)， or 

documented coagulopathy (prothrombin time > 15 sec ， activated partial thromboplastin time 

6  > 32 sec ， or platelet count < 150 ，000 ・μL- 1).
78901234567890123456 

11111111112222222 
The patients were randomly allocated to receive either total in仕avenous anesthesia 

with propofol or inhalation anesthesia with sevo :fl urane. A computer-generated blocked 

randomization list was used to separate patients into two equal treatment groups. Allocation 

concealment was assured by the use of numbered sealed opaque envelopes . The emolment of 

participants and random allocation were conducted independently by different staff members ラ

and the envelopes were drawn by anesthesiologists not involved in this study. The attending 

surgical anesthesiologists were not blinded to the anesthetic agents. All anesthetic procedures ， 

28 
27 except cannulation of the jugular vein ， were performed by anesthesiologists not involved in 

29 
30 this study ， and the anesthetic dose was also chosen independently by anesthesiologists not 
1234567 3333333 

involved in this s加dy. All the operations were performed by the same surgical team. 

Cognitive function was assessed two days preoperativel~兆五ve days postoperativel ぁ

38 and three months postoperatively using a battery of seven neuropsychological tests: the 
901234567890123456789012345 344444444445555555555

666666 

MMSE ， Trail Making Test (P訂臼AandB) ラDigit Span (forward and backward) ， and 

Grooved Pegboard Test (dominant and non-dominant hands).15 ，16 As described previously ， 

POCD was defined as a decline of> 20% from preoperative test scores in at least 同'oof

seven tests. 17 Cognitive function was assessed by the same anesthesiologist blinded to group 

allocation and not involved in intraoperative managemen t. All cognitive tests were performed 

in the same hospital room. 

Before induction of anesthesia ， a thoracic epid 班 alcatheter was inserted between 

thoracic 5-6 or 7-8 intervertebral spaces. Beginning before general anesthesia ， regi onal 

8 
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cerebral oxygen saturation was continuously monitored on the left and right sides ofthe 

patien t's forehead using an INVOSTM 5100 oximeter (Somanetic 民Troy ，MI， USA). 

Elec 仕ocardiogram ，oxygen saturation ， invasive arterial pressure ， end-tidal carbon dioxide ， 

bladder tempera 同re，租dbispec 回 1index (BIS) (Aspect ， BIS Monitor A・2000 ;Nihon 

Kohden ， Tokyo ， Japan) were continuously monitored during anesthesia. In the propofol group ラ

anesthesia was initiated with a target-controlled infusion (target concentration ， 3-4μg' mL- 1) 

ofpropofol and bolus administration offentanyl (2.0-2.5μg ・kg勺.In the sevoflurane group ， 

anesthesia was initiated with bolus adminis 仕組onof propofol (ト2mg'kg -1) and fentanyl 

(2.0 ・2.5μg ・kg- 1).Rocuronium (0.6-0.9 mg・kg- 1)was administered in both groups to facilitate 

仕acheal intubation . 

A left-sided double-lumen endotracheal tube (Portex ⑧ Blue Line ⑧Endobronchial Tube; 

29 
30 Smith Medical Japan ， To匂ro，Japan) w部 inserted ，and the correct position confirrned using a 
31 

32 

33 

34 

35 仕eatment group ， plus fentanyl and epidural anesthesia in both groups. The target blood 
36 
37 

flexible bronchoscope . Anesthesia was maintained with propofol or sevoflurane according to 

38 concerr むation of propofol and expired concentration of sevoflurane were adjusted to keep the 
9012345678901
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BIS score within 40-60. The fraction of inspired oxygen was maintained at 1.0 following 

anesthesia induction ， and the lung protective s往ategy of low tidal volume and positive 

end-expiratory pressure (PEEP) was applied during OLV in accordance with the 

recommended ventilation s仕ategy for lung surgery.18 Pressure-controlled ventilation with 4-5 

cm H20 PEEP was used for both two-lung ventilation and OLV For two-lung ventilation ， the 

tidal volum e was set at 8-10 mL・kg-1(predicted body weight) ， and the respiratory rate was 

adjustedωmaintain arterial partial pressure of carbon dioxide (PaC02) at approximately 40 

mmH g. For OLY， the tidal volume was set at 5-6 mL・ kg-1(predicted body weight) ， and the 

9 
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respiratory rate was set at 10-20 breaths .min- 1. During OLV， peak inspiratory pressure was 

maintained く 35 cmH20. 

To obtainjugular venous blood samples ， a 19G long elastic catheter (EVTL-MR 19G 

150 mm RB; Hakko ， Tokyo ， Japan) was inserted into the rightjugular bulb after induction of 

anesthesia. The position was verified by radiography in the operating room. Art erial and 

jugular bulb venous blood samples were obtained before OLV ， 15 and 60 min after onset of 

OLV ， and 15 min after termination ofOLV. The following parameters were measured using 

an ABL 725 blood gas analyzer (Radiometer ， Copenhagen ， Denmark): arterial oxygen 

saturation ， jugular bulb venous oxygen saturation (SjU2) ， arterial partial pressure of oxygen 

(Pa02) ， and PaC02 ・Cerebr aldesaturation was defined as 1) an absolute Sj0 2 < 50% at any 

28 

29 

27 point before OLV ， 15 min after the onset ofOLV ， 60 min after the onset ofOLV ， or 15 min 

30 after the termination of OLV; or  2) an absolute regional cerebral oxygen satura tion (rS0 2) < 
1

23
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6 

50% for at least 15 sec at any  one ofthe same measur ement time points ; or 3) a reduction in 

rS0 2 toく 80% ofbaseline for at least 15  sec at any  one ofthe same measurement time 

points. 10，19-21 omts. 

&α!tistic αlαnalysis 

The sample size was det ermined based on our prelimina 可 study evalu atin g POCD five days 

after surgery and on a pre vious study. 9 We assumed that the incidence of POCD could be as 

high as 30% in the sevoflurane group and 10% in the propofol groUp.22 Considering a 20% 

difference in incid ence to be clinicall y signifi cantラ144 patients would be needed to achie ve a 

statistical power ofO.8 with a type 1 error ofO.05. To compensate for withdrawals ， 148 

patients were enrolled in the study . 

10 
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Bivariable and multivariable regression analyses were used to identif シthe

predictors ofPOCD. Following identification of candidate factors by univariate regression ， 

all variables with P < 0.2 were included in the multivariable regression analysis along with 

age and sex (which were included in the univariate analysis ， although not significant). 

The statistical software program SPSS ⑧ version 11 was used for power 

analysis (SPSS Inc. ， Chicago ， IL， USA); Sta tFlex version 6 software was used for 

univariate and multivariable analyses (Artech Inc. ， Osaka ， Japan) ， and Prism 6 

software was used for other analyses (GraphPad So立ware ，Inc.， La Jolla ， CAラUSA).

Dichotomous variables were compared by Chi square or Fisher's exact tests ， and depending 

on the data distribution ， results are presented as mean (s臼ndard deviation [SD]) or median 

[interquartile range]. Values ofrS02 and Sj02 were compared between groups by同To-way

30 analysis ofvariance and apost hoc tes t. All reportedP values are two sided. 
31 

32 

33 

34 

35 Results 
36 

37 
38 From March 2007 to January 2013 ， we contacted a1l288 patients scheduled for elective lung 
901234567890123456789012345 344444444445555555555666666 

S町 gery at Nara Medical Universi 句T，Nara ， Japan. One hundred five  pati ents refused to 

participate ， and 35 patients either did not meet all the inclusion criteria or met at least one of 

the exclusion criteria. Consequently ， 148 patients were enrolled in this study and randomi zed 

equally to the sevoflurane or propofol group. Two patients who were initially accepted in the 

sevoflurane group were excluded 企omthe analysis. One withdrew prior to surgery ， and the 

other was excluded because of unsuccessful jugular vein cannulation during surgery. Two 

patients in the propofol group were also excluded. One withdrew prior to surgery ヲand surge 巧r

11 
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for the other patient w錨 cance l1ed. Data for 144 patients were inc1uded in the fmal analysis 

(Fig. 1) 

Patient demographics ， baseline clinical characteristics ， and surgical data are shown in 

Table 1. The durations of anesthesia and s町gery were longer in the propofol group than in the 

sevoflurane group ， and the median dose of intraoperative fentanyl was higher in the propofol 

group than in the sevoflurane group. Hemodynamic variables ， BIS values ， bladder 

temperature ， and arterial blood gas parameters are presented in Table A (available as 

Elec 仕onic Supplementary Material). Postoperative tests for the five-day time point were 

conducted on postoperative day 5 (range ， 5-5) ， while the tests for the three-month time point 

were conducted on day 88 (range ， 78-94) . Al1 patients had uneventful intraoperative and 

postoperative courses. 

There was no significant difference in the incidence of POCD between the propofol 

and sevoflurane groups five days postoperatively [16 of72 (22%) patients vs 24 of72 (33%) 

patients ， respectively; risk ratio (RR) ， 0.67; 95% confidence interval (CI) ， 0.39 to 1.15; P = 

38 0.14]. Twenty-six of 144 patients were lost to fol1ow-up three months postoperatively (12 
9012345678901234456789012345 344444444445555555555666666 

patients in the propofol group and 14 patients in the sevoflurane group); consequently ， 118 

patients were analyzed three months postoperatively (Fig. 1). Again ， there was no significant 

difference in the incidence of POCD between the propofol and sevo f1urane groups [9 of 60 

(15%) patients vs 12 of58 (21%) patients ， respectively; RR， 0.73; 95% CI， 0.33 to 1.6; P = 

0.42). In the propofol group ， three of 16 patients who showed POCD five days 

postoperatively were lost to  fol1ow-up three months postoperatively. Of the 13 remaining 

patients ， fo町 still showed POCD at three months postoperatively. In the sevoflurane group ， 

four of 24 patients who showed POCD five days postoperatively were lost to follow-up three 

12 
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months postoperatively . Of the 20 remaining patients ， eight still showed POCD at three 

months postoperatively . The median scores on all seven cognitive tests 紅 eshown in Table 2 

for both anesthesia groups. 

There were no significant differences in Pa02 and PaC02 values between the two 

groups at any measurement time point (Table A， available as Electronic Supplementary 

Material). Simila r1y， there were no significant differences in rS02 and Sj02 values at the 

defined measurement time points among 出ePOCD-positive propofol ， POCD-negative 

propofol ， POCD-positive sevoflurane ， and POCD-negative sevoflurane subgroups -as 

defined five days postoperatively (Fig. 2). The incidence of cerebral desaturation (rS02 or 

Sj02 < 50% or a reduction in rS02 to < 80% ofbaseline) did not differ between the propofol 

and sevoflurane groups (three patients or 4% vs three patients or 4%， respectively; RR， 1.0; 

30 95% CI， 0.21 to 4.8; P = 1.0). 
31 

32 

33 

34 

35 surgery . Multivariable regression analysis revealed age as the only m勾orindependent 
36 

37 
38 predictor ofPOCD (Table 3). 
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On univariate analysis ， age was a significant factor associated with POCD after lung 

Discussion 

There is still considerable debate over whether specific anesthetics increase the risk of POCD 

in non-cardiac surgery patients. Moreover ， postoperative cognitive function of lung surgery 

patients may be particula r1y sensitive to certain anesthetics if the substances influence 

intraoperative cerebral oxygen balance. A reduction in POCD was identified five days 

following surgery was noted among patients receiving propofol (RR ， 0.67 ; 95% CI， 0.39 to 

1.15). A difference of this size might be of clinical significance but did not reach statistical 

13 
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slgm 白cance. The incidence of cerebral oxygen desaturation 侭R，1.00; 95% CI， 0.21 to 

4.79; P = 1.00) was similar in propofol- or sevo f1ur・ane-based anesthesia groups. At three 

6 months ， POCD was relatively frequent in both groups [21 of 118 (18%)] ， underscoring the 
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potential for long-lasting POCD in non-cardiac surgery patients. Nevertheless ， we found no 

corresponding difference in POCD between anesthetic trea むnent groups (RR ， 0.73; 95% CI， 

0.33 加 1.59; P = 0.42) three months postoperatively. Age was the predominant inf1uence on 

the risk ofPOCD ， which is consistent with several previous studies. 

Postoperative cognitive dysfunction is associated with greater mortality after 

non-cardiac surgery.2 Although several mechanisms have been proposed ，5 POCD etiology is 

still unclear . According to the report ofthe Second Intemational Perioperative Neurotoxici 旬

Workshop ， there is stil1 considerable controversy over whether specific anesthetic agents 

increase the risk ofPOCD _23，24 Nonetheless ， POCD is relatively common after general 

anesthesia. 25 Several prospective 7-9 and re仕ospective studies have compared the incidence of 

POCD after intravenous vs inhalation anesthesia. Enlund et al. compared the incidence of 

POCD in 29 orthognathic surgery patients anesthetized with propofol vs iso f1urane ，7 whereas 

Rohan et al. compared the incidence of POCD in 30 patients undergoing cystoscopic or 

hysteroscopic surgery and anesthetized with propofol vs sevo f1urane. 8 Both studies reported 

no significant differences in the incidence of POCD between the in仕avenous and inhalation 

anesthetic groups. Nevertheless ， both patient groups were likely too small to detect a modest 

but clinically relevant difference. In contrast ， the current study of 144 patients was designed 

to detect a difference in this range ， even in cases of subtle deficits. To accomplish this 

objective ， we used multiple cOgI山 ive tests probing different domains ， including MMSE 

(screening) ， Trail Making Test  Part A (a仕ention) ，Trail Making Test Part B (executive 

14 
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負mction) ，Digit Span Test (ve 巾alworking memory) ， and Grooved Pegboard Test (motor 

白nction). According to a consensus statement ， the Rey Auditory Verbal Leaming Test ， Trail 

Making Test A/B ， and Grooved Pegboard Test are recommended as core components of a 

comprehensive neuropsychological ba抗ery .15In 0町 preliminary studies ， we included the Rey 

Auditory Verbal Leaming Test; however ， it was excluded from the main trial as it took a long 

time to complete and was stressful for some postoperative patients. 

We focused on lung surgery because ， according to the latest report of the Intemational 

Agency for Research on Cancer ， lung cancer is currently the most commonly diagnosed 

cancer worldwide ， and lung cancer surgeries are increasing ， even among the elderly. 

Hemmerling et al. reported that lung s町 gery with OLV is associated with a substantial 

decrease in cerebral oxygen saturation in the majority ofpatients. 26 Likewise ， Kazan et al. 

reported that 82% of 50 patients undergoing thoracic surgery exhibited a reduction in cerebral 

oxygen saturation of> 15% from their preoperative baseline _27 Iwata et al. reported that the 

incidence of cerebral desaturation during OL V for lung surgery was higher when using 

propofol-based anesthesia vs sevoflurane-based anesthesia. 13 In addition ， pre viou s studies 

have shown that in仕aoperative regional cerebral desaturation is associated with lower 

postoperative MMSE scores in lung surgery patients. 12，28 Therefore ， cerebral desaturation is 

considered a likely causative factor for POCD. A previous report 13 showed that cerebral 

desaturation was related to choice of anesthetic in OLV. Contrary to the results of Iwata et al.圃ラ

we found no significant difference in the incidence of cerebral desaturation between the 

propofol and sevoflurane anesthesia groups. Nevertheless ， desaturation was rare in both 

groups ， possibly because we applied the lung protective strategy with 100% oxygen during 

OL V. In fact ， in the aforementioned stud y， Sp02 values were maintained at around 95% ， 

15 



1 which is relatively low compared with our results. The PaC02 values were also slightly lower 
内
41JA

‘
Rd

compared with our patients. As a result ， absolute Sj02 values in our propofol group were 

6 relatively higher than in their study; consequently ， maintaining high cerebral oxygen 
789012345678 

1it

ょ

1i1i

司ム可ム苛ム司ム

1i

saturation may offset any differences due to the choice of anesthetic. As there was a low 

incidence of desaturation in both groups ， we could not clarify the correlation between 

cognitive dysfunction and cerebral desaturation. 

There are several limitations to this s加dy.First ヲitwas conducted at a single 

19 university hospital ， thereby introducing the possibility of bias in patient selection and 0123456 n4q4

勺
A

勺必勺占「

A

勺 占

possibly limiting the general applicability of our results. 29 Second ， we did  not use a double 

dummy blinding method in the selection of anesthetic agents because it was not feasible to 

28 

29 

27 reliably blind anesthesiologists in a c1inical setting. Nevertheless ， all the anesthetic 

30 procedures ， except for cannulation of the jugular vein ， were perfo 口ned by anesthesiologists 
ー ム

門，
h

「34-

1J3J1J1J 

who were not involved in this study. In addition ， the dose of drug within the protocol was 

36 
35 also decided independently by non-participant anesthesiologists. Third ， the mean duration of 

37 
38 anesthesia and surgery was significantly longer in the propofol group than in the sevoflurane 
39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

6 0 

61 

62 

63 

64 

65 

group. Nevertheless ， because the mean difference in duration was only 30 min ， we suggest 

出atthere was minimal influence on the neurocognitive test scores. Finally ， patients with 

severe lung disease ， such as interstitial lung disease or lung fibrosis ， wer e excluded from the 

study. The incidence of desaturation may be higher in such patients ， which could alter the 

incidence ofPOCD and possibly unmask a differential influence of anesthetics on cogniti ve 

function. 

In conclusion ， there was no statistically significant difference in the incidence of 

POCD between propofol ・and sevoflurane-based anesthesia groups following lung surgeη. 
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The incidence of cerebral desaturation during surgery did not differ between the anesthesia 

groups under the lung protective respiratory s仕ategy .Larger randomized-controlled trials are 

required to determine if choice of anesthe sia influences cognitive test results in the early 

postopera 位veperiod. 
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TAB
LE 

1.
 Baseline 

characteristics 
and 
intra-operative 

data 
of 
the 
study 

patients 

Propofo1 
(n 
= 
72) 

Sevoflurane 
(n 
= 
72) 

Age 
(yr) 

69 
[63-73] 

72 
[63-72] 

Sex 
(F/M) 

23
/48 

33
/39 

BMI(k
g'm

勺
23.3 

(3.1) 
22
.7
 (3.5) 

AS
A 
grade 

(11111111) 
25
/42
/5
 

29
/40
/3
 

Duration 
of 
anesthesia 

(min) 
284 
(82) 

254 
(62) 

Duration 
of 
surgery 

(min) 
195 
(77) 

167 
(70) 

Intraoperative 
fentany1 

(μg) 
300 
[250-400] 

300 
[200-300] 

Years 
of 
education 

(yr) 
12 
[12-13] 

12 
[9-12] 

Baseline 
MM
SE
 
score 

30 
[29-30] 

30 
[28-30] 

Data 
are 
presented 

as 
median 

[interqu
arti1e 

range] 
or 
mean 

(standard 
deviation) 

as 
indicated 

. 

AS
A 

=
 
American 

Society 
of 
An
esthesiologists; 

BMI
 

= 
body 

mass 
index; 

MM
SE
 

=
 
Mini 

Mental 
State 

Examination. 
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TABLE 2. Cognitive test results of propofol and sevoflurane groups at baseline ，自ve days 

postoperatively ， and three months postoperatively 

5 days after 3 months after 
Baseline 

surgery S田 gery

h仏1SE

propofol 30 [29-30] 30 [27-30] 30 [29-30] 

sevoflurane 30 [28-30] 30 [28-30] 30 [29-30] 

TMT A(sec) 

propofol 42 [32-64] 44 [32-57] 43 [33-56] 

sevoflurane 43 [30-59] 41 [29-57] 45 [32-57] 

TMT B (sec) 

propofol 100 [78-140] 91 [72-117] 93 [71-121] 

sevoflurane 107 [76-140] 104 [81-155] 108 [73-133] 

Digit Span Forward 

propofo1 7 [6-8] 7 [6-8] 7 [5-8] 

sevoflurane 6 [5-7] 6 [5-7] 6 [5-8] 

Digit Sp姐 Backward

propofo 1 4 [3-5] 4 [3-6] 4 [3.5-5 .5] 

sevoflurane 4 [3-5] 4 [3-5] 4 [4-5.5] 

Pegboard (dominant hand) (sec) 

propofol 78 [65-94] 81 [71-98] 75 [64-91] 

sevoflurane 82 [70-102] 82 [71-103] 73 [65-92] 

Pegboard (non-dominant hand) (sec) 

propofol 85 [73 ー106] 91 [77-112] 80 [70-105] 

sevoflurane 94 [76-123] 95 [80-121] 91 [76 ー105]

POCD incidence: 16 of  72 in the propofol group ， 24 of 72 in the sevoflurane group 侭R，

0.67; 95% CI， 0.39 to 1.15; P =0.14) at 5 days after surgery ; 9 of 60 in the propofol group ， 12 

of  58 in the sevoflurane group (RR ， 0.73; 95% CI， 0.33 to 1.59; P = 0.42) at也氏emonths 

after surgery. Data are presented as medi an [interquartile range ]. 

L仏1SE = Mini Mental State Examination ; TMT A = Trail Making Test  Part A; TMT B = Trail 

Making Test Part B. 
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TAB
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3. 
Bivariable 

and
 
multivariable 

regression 
analyses 

5 
days 

after 
surgery 

3 
months 

after 
surgery 

Variab1e 
Odds 

Ratio 
(95% 

CI) 
Pva1ue 

Odds 
Ratio 

(95% 
CI) 

Pva1ue 

Bivariab1e 
predictors 

Age 
1.
08 
(1.
03 
to 
1.1
3) 

0.003 
1.
07 
(1.
02 
to 
1.
13) 

0.01 

Sex 
(ma1

巴
vs
fema1e) 

1.
23 
(0
.5
9 
to 
2.6) 

0.58 
1.
64 
(0.74 

to 
3.6) 

0.23 

An
esthetic 

agent 
(p
ropofo1 

vs 
sevoflurane) 

1.
75 
(0
.83 
to 
3.7) 

0.14 
1.
97 
(0

目
88
to 
4
.4) 

0
.10 

Duration 
of 
anesthesia 

(hr) 
1.1 
(0.82 

to 
1.
48) 

0.53 
1.
03 
(0.75 

to 
1.
42) 

0
.86 

Intraoperative 
fentany1 

dose 
(μg

・kg-
1 )

0
.97 
(0.67 

to 
1.
41) 

0.88 
0
.98 
(0.66 

to 
1.
46) 

0
.92 

Years 
of 
education 

(> 
9 
years 

vs 
<
 10 
years) 

0.68 
(0.33 

to 
1.
41) 

0.30 
1
.4
6 
(0
.58 
to 
3
.7) 

0
.4
2 

Cerebra1 
desaturation 

(N
o 
vs 
Yes) 

0.51 
(0
.06 
to 
4.5) 

0
.54 

0.66 
(0
.07 
to 
6
.1) 

0.71 

Mu1tivariab1e 
predictors 

Age 
1.
08 
(1.
03 
to 
1.1
3) 

0
.003 

1.
08 
(1.
03 
to 
1.1
4) 

0.004 

Sex 
(ma1e 

vs 
fema1e) 

1.
6 
(0.71 

to 
3.6) 

0
.26 

2.26 
(0.93 

to 
5
.5) 

0.07 

An
esthetic 

agent 
(p
ropofo1 

vs 
sevoflurane) 

1.4
4 
(0
.66 
to 
3
.14) 

0
.36 

1.
74 
(0.75 

to 
4
.0) 

0.20 

Follow
ing 

identification 
in 
bivariable 

regression 
analysis

， variabl
es 

with 
values 

of 
P
く
0.2
were
 

included 
in 
multivariable 

regression. 
CI 
= 
confiden
ce 

interva
l
.
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Fig. 1 CONSORT flow diagram showing the progress of patients throughout the tria l. 
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19 60 min after OLV onset; and Time 4 = 15 min after OLV termination. POCD = postoperati ve 
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Fig. 2 Changes in rS0 2 and Sj02 before ， during ， and following one-lung ventilation 

(OL V). Time 0 = awake ; Time 1 = before OLV; Time 2 = 15 min after OLV onset; Time 3 = 

cognitive dysfunction; rS02 = regional cerebral oxyg en satu ration; Sj0 2 = jugular bulb 
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Table 
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(2016) 

TA
BL
EA
 

Hemodyn
amic 

and 
arterial 

blood 
gas 
values 

Before 
OL
V 

15 
min 
after 

OL
V 

onset 

BIS 
value 

propofol 
46 
(9) 

49 
(9) 

sevo
:fl
urane 

52 
(10) 

53 
(8) 

Heart 
rate 
(beat. 

min-
1 

propofol 
68 
(10) 

69 
(9) 

sevo
:fl
urane 

63 
(8) 

66 
(10) 

Mean
 

arterial 
pressure 

(rnmH
g) 

propofol 
75 
(10) 

73 
(13) 

sevo
:fl
urane 

75 
(10) 

76 
(1
4) 

Rectal 
temperature 

(o
C) 

propofol 
36.3 

(0
.4) 

36
.2 
(0
.4) 

sevo
:fl
urane 

36
.4 
(0
.4) 

36
.2 
(0
.4) 

Pa02 
(rnmH

g) 

propofol 
482 
(69) 

182 
(86) 

sevo
:fl
urane 

484 
(57) 

174 
(85) 

PaC02 
(rnmH

g) 

propofol 
43 
(4.5) 

48 
(8) 

sevo
:fl
urane 

43 
(4.7) 

47 
(7.2) 

60 
min 
after 

OL
V 

onset 48 
(10) 

53 
(9) 

70 
(9) 

67 
(9) 

77 
(11) 

75 
(11) 

36.0 
(0
.4) 

36.0 
(0.5) 

191 
(84) 

183 
(93) 

49(8.1) 

49 
(7) 
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to 
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主

15 
min 
after 

OL
V 

termmatton 

53 
(11) 

53 
(9) 

69 
(1
0) 

66 
(12) 

77 
(11) 

72 
(9) 

36
.7
 (0.6) 

36
.6
 (0
.6) 

469 
(81) 

468 
(60) 

42 
(4.8) 

43 
(5.3) 

-
-，
 

事
号

Data 
are 
presented 

as 
mean
 

(standard 
deviation). 

BIS 
= 
bispectral 

index
; 
OL
V 
= 
one-lung 

ventilation; 
Pa02 

=
 arterial 

partial 
pressure 

of 
oxygen

; 
PaC
0
2 
=
 
arterial 

partial 
pressure 

of 
carbon 

dioxide
. 


