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Volatile Versus Total Intravenous Anesthesia on
Postoperative Delirium in Adult Patients Undergoing
Cardiac Valve Surgery: A Randomized Clinical Trial
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Shun-Hui Dai, BSN,* and Hai Yu, MD, PhD*

BACKGROUND: The effect of anesthesia regimens on postoperative delirium after on-pump
cardiac valve surgery is yet undetermined. This study aimed to evaluate the effect of volatile
anesthesia compared with propofol-based total intravenous anesthesia (TIVA) on the occur-
rence of delirium after on-pump cardiac valve surgery.

METHODS: This randomized clinical trial was conducted at a university academic hospital in
China, from February 2019 to January 2021. Patients scheduled for on-pump cardiac valve
surgery or combined valve with coronary artery bypass grafting (CABG) surgeries were randomly
assigned to receive anesthesia maintenance with either a volatile anesthetic (sevoflurane or
desflurane) or propofol-based TIVA. The primary outcome was the incidence of delirium dur-
ing the first 7 days after surgery, assessed using the confusion assessment method for the
intensive care unit (ICU). The secondary outcomes included duration of delirium, subtypes of
delirium, 30-day mortality, pain score, major morbidity (including cerebral infarction, respiratory
failure, and pneumonia), duration of mechanical ventilation, and lengths of ICU and hospital
stay. The statistical analysis of the primary outcome variable was by Pearson’s 2 test.
RESULTS: Among the 684 patients analyzed (mean age, 53.8 years; 381 [55.7%] women), 676
were assessed for the primary outcome. Postoperative delirium occurred in 63 of 337 (18.7%)
patients receiving volatile anesthesia versus 76 of 339 (22.4%) patients receiving propofol-
based TIVA (relative risk, 0.80; 95% confidence interval [CI], 0.55-1.16; P = .231). There were
no significant differences between the groups in any of the secondary outcomes.
CONCLUSIONS: Among patients undergoing on-pump cardiac valve surgery, anesthesia main-
tenance with a volatile agent did not result in significantly fewer occurrences of postoperative
delirium than propofol-based TIVA. (Anesth Analg 2022;00:00-00)

KEY POINTS

Question: Dose volatile anesthesia reduces the occurrence of delirium after on-pump cardiac
valve surgery when compared with intravenous anesthesia?

- Findings: Compared with propofol-based intravenous anesthesia, anesthesia maintenance
with a volatile agent did not result in fewer cases of postoperative delirium in patients under-
going on-pump cardiac valve surgery.

- Meaning: Our data did not provide sufficient evidence that the choice of volatile or intrave-
nous anesthesia affects the risk of developing delirium after on-pump cardiac valve surgery.

GLOSSARY

ASA = American Society of Anesthesiologists; CABG = coronary artery bypass grafting;
CAM = confusion assessment method; Cl = confidence interval; CONSORT = Consolidated
Standards of Reporting Trials; COPD = chronic obstructive pulmonary disease; CPB = cardio-
pulmonary bypass; ERAS = Enhanced Recovery after Surgery; EuroSCORE = European System
for Cardiac Operative Risk Evaluation; ICU = intensive care unit; IQR = interquartile range;
ITT = intention to treat; MAC = minimal alveolar concentration; NRS = numerical rating scale;
NYHA = New York Heart Association; POD = postoperative delirium; PP = per protocol;
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Anesthesia Regimen and Delirium After Valve Surgery

RASS = Richmond Agitation-Sedation Scale; RBC = red blood cell; RHD = rheumatic valve disease;
RR = relative risk; SD = standard deviation; TIVA = total intravenous anesthesia; VA = volatile

anesthesia

cardiac surgery with cardiopulmonary bypass

(CPB) annually. Among adult cardiac surgery
patients, valve surgery is the most common proce-
dure, which represents an important patient popu-
lation that merits investigation and consideration.!
Despite advances in surgical techniques, anesthetic
management, and perioperative care, morbidity
related to cardiac surgery is still high.?

Postoperative delirium (POD) is a frequently
observed complication after cardiac surgery with
an incidence of 26% to 52%,® characterized by dis-
turbances of consciousness, attention, cognition, or
perception.* Patients with valve replacement appear
at higher risk of POD than patients subjected to coro-
nary artery bypass grafting (CABG) alone.’ Notably,
patients who experience delirium have an impaired
recovery, prolonged hospital stay, functional and cog-
nitive decline, a higher incidence of morbidity and
mortality, and increased costs.® Interventions in dif-
ferent surgical settings (both cardiac and noncardiac
surgeries) have shown that a reduction in delirium
can result in improved clinical outcomes and lower
costs.”” With the rapid evolution of perioperative
medicine and improved insights into delirium and its
determinants, preventive and therapeutic strategies
are highly needed.

Although general anesthesia is the standard anes-
thetic technique in cardiac surgery, there is varied
evidence regarding the anesthesia regimens and post-
operative outcomes. Several meta-analyses and stud-
ies evaluated the impact of anesthesia regimens on
mortality and morbidity related to cardiac surgery and
reported mixed results.'>'* However, these studies
did not report the effect on delirium. Even so, a meta-
analysis of 13 randomized trials in patients undergo-
ing cardiac surgery revealed that volatile anesthesia
(VA) provided better cerebral protection than total
intravenous anesthesia (TIVA).?> Additionally, limited
evidence suggests that VA can reduce the levels of bio-
chemical markers of brain injury and the incidence of
postoperative neurocognitive dysfunction in patients
undergoing cardiac surgery.'® However, a recent sys-
tematic review did not find that volatile anesthetics
might reduce the occurrence of delirium after cardiac
surgery.”” Unfortunately, all of the published stud-
ies have significant limitations that impeded definite
conclusions. The differences between the 2 anesthesia
regimens with respect to the risk of acute brain dys-
function or cognitive impairment after cardiac valve
surgery are unclear.

In China alone, more than 180,000 people undergo
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Accordingly, this randomized clinical trial was
conducted to evaluate the effect of VA compared with
propofol-based TIVA on the occurrence of delirium
after on-pump cardiac valve surgery. It was hypoth-
esized that VA as a maintenance type of anesthesia
would reduce the incidence of delirium within the
first 7 postoperative days.

METHODS

Study Design

This was a single-center, pragmatic, randomized
controlled trial with 2 parallel arms. This trial was
approved by the Ethical Committee of the West
China Hospital of Sichuan University (Ethical
Committee No. 2018 [561]) and registered at the
Chinese Clinical Trial Registry (ChiCTR1900021355,
principal investigator: Hai Yu, date of registration:
February 16, 2019. http://www.chictr.org.cn/show-
proj.aspx?proj=36071.) before the first patient was
enrolled. The research was completed according to the
standards established in the Declaration of Helsinki,!8
and written informed consent was obtained from all
participants. This report followed the Consolidated
Standards of Reporting Trials (CONSORT) statement
for reporting parallel group randomized trials.'

Participants

Adult patients (ages 18 years or older) undergoing
elective on-pump cardiac valve surgery or combined
valve with CABG surgeries were enrolled. The exclu-
sion criteria were unable to communicate effectively
due to visual, auditory, or language impairments;
American Society of Anesthesiologists classification
IV or above; previous history of neurosurgery or brain
trauma, epilepsy, Parkinson’s disease, dementia,
schizophrenia, depression, or alcoholism; previous
history of using benzodiazepine, major tranquilizers,
or steroids; severe hepatic insufficiency (Child-Pugh
classification C); renal failure requiring dialysis; and
suspected of being allergic to study drugs or malig-
nant hyperthermia.

Randomization and Blinding

After written informed consent, patients were ran-
domly allocated (1:1) according to the random allo-
cation list generated by SPSS 22.0 to either the VA
group or TIVA group. The randomization codes
remained in sealed sequentially numbered opaque
envelopes and were sent to a research coordinator
of the research team the day before the surgery. The
coordinator communicated the group assignment to
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the anesthesiologist who was in charge of the patient
care but was not involved in the study. One investiga-
tor was responsible for patient screening, enrollment,
and preoperative neurological assessments. Outcome
assessors were responsible for postoperative follow-
up. Patients, surgeons, intensive care physicians, out-
come assessors, and statisticians were blinded to the
group assignment.

Interventions

Patients in the VA group received sevoflurane or des-
flurane at a minimum end-tidal concentration of 0.5
to 2 minimal alveolar concentration (MAC) during
maintenance of anesthesia, including CPB. Patients in
the TIVA group received propofol at an infusion rate
of 3 to 8 mg-kg-h! throughout the entire procedure.
Sevoflurane, desflurane, or propofol concentration,
allowed to exceed the specified rate in a short period,
was titrated to achieve a target bispectral index value
of 40 to 60.

Perioperative Management

General anesthesia was induced with midazolam,
sufentanil, and cisatracurium, combined with etomi-
date if necessary. In addition to volatile anesthetics or
propofol, anesthesia was maintained with a continu-
ous infusion of remifentanil and intermittent sufen-
tanil and cisatracurium. Patients received standard
institutional monitoring, including electrocardio-
gram, temperature, invasive blood pressure, central
venous pressure, and transesophageal echocardiog-
raphy. Pump equipment included a roller pump,
membrane oxygenator (Medtronic), and tubing sys-
tem. Nonpulsatile flow was maintained between 2.2
and 2.4 L-min™'-(m?)™". During CPB, body temperature
was maintained at 32 °C to 34 °C, and the mean arte-
rial pressure was maintained between 50 and 80 mm
Hg. After bypass, anticoagulation was reversed with
protamine.

After surgery, patients were transferred to the inten-
sive care unit (ICU) for additional care. Postoperative
care was left at the discretion of the ICU intensivist.
Extubation was considered when patients were nor-
mothermic, spontaneously breathing, conscious, and
hemodynamically stable. Patients were sedated with
a propofol or dexmedetomidine infusion until they
met extubation criteria in the ICU.

Outcome Measures

Primary Outcome. The primary outcome was the
incidence of delirium within the first 7 postoperative
days. The delirium was assessed with the confusion
assessment method for the ICU (CAM-ICU) once a
day (15:00-17:00) during postoperative days 1 to 7.
If discharged within 7 days after surgery, the last
assessment was performed on the day of discharge.
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The CAM-ICU is a specific assessment tool for patients
in ICU and has high sensitivity and specificity.’
The CAM-ICU defines delirium by 4 features: (1)
acute onset of changes or fluctuations in the course
of mental status; (2) inattention; (3) disorganized
thinking; and (4) an altered level of consciousness. If
the patients show both features of 1 and 2 and also an
additional feature of 3 or 4, he or she is suggested to be
in delirium.?! The assessment process is divided into 2
steps. The first step: assess the level of consciousness
using the Richmond Agitation-Sedation Scale (RASS);
the second step: assess the content of consciousness
using CAM-ICU. The delirium was assessed by the
CAM-ICU only when the RASS score is >—4.

Secondary Outcomes. The secondary outcomes
included duration of delirium, subtypes of delirium,
30-day all-cause mortality, pain score within the first 3
daysafter surgery, major morbidity (including cerebral
infarction, respiratory failure, and pneumonia),
duration of mechanical ventilation, and lengths of
ICU and hospital stay. The subtype of delirium can
be determined using the RASS score: hypoactive type,
RASS score <0; hyperactive type, RASS score >0; and
mixed type, the hypoactive and hyperactive types
occur alternately.”? Pain intensity was assessed using
a numerical rating scale (NRS).

Statistical Analysis

All analyses were conducted according to the
intention-to-treat (ITT) principle. Per-protocol (PP)
analysis was also performed for the outcomes. A
descriptive analysis was applied to describe the
baseline characteristics. Standardized differences
were presented, and variables with standardized
differences >1.96 sqrt[(1/n;) + (1/n,)] were consid-
ered imbalanced.” In this study, standardized dif-
ferences 20.150 were considered imbalanced. The
frequency and percentage of missing values for each
variable were collected, analyzed, and reported as
necessary. Normality of distribution was assessed
with the Kolmogorov-Smirnov test. Continuous
variables were presented as mean (standard devia-
tion [SD]) or median (interquartile range) according
to the distribution. Independent Student ¢ or Mann-
Whitney U test was applied for between-group com-
parisons of continuous variables as appropriate.
Categorical data were presented as number with
percentage. Pearson’s > test was used for compari-
son between groups. Fisher exact test was used only
when the expected counts were <5 for at least 25% of
the cells. Time-to-event results were analyzed using
the Kaplan-Meier survival analysis, with the differ-
ence between groups tested by the log-rank test. The
heterogeneity of the treatment effect on the primary
outcome was assessed in prespecified subgroups by
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adding an interaction term to a logistic regression
model. The interaction between treatment and each
of the variables, including sex, age, education level,
history of stroke, and baseline cognition, was tested,
respectively. Sensitivity analyses included adding
patients who were comatose at all in-person assess-
ments to the delirium group because some argued
that coma was a severe form of acute brain injury.?*
The outcomes were expressed as relative risks (RRs)
with 95% confidence intervals (Cls). All analyses
were performed using SPSS Statistics version 22.0
for Windows (SPSS Inc). A 2-sided P value <.05 was
considered statistically significant with exact P val-
ues given unless P <.001.

The present study was powered to detect the dif-
ference in delirium incidence within the first 7 days
after surgery between the VA group and TIVA group.
Based on our clinical observation and published
delirium studies in the scientific literature,®?% the
incidence of delirium after cardiac surgery under
propofol-based TIVA was assumed to be 25%. The
calculated sample size was 332 patients in each group
with an 80% power (B = 0.2) and a significant level
() of 0.05 to show a 35% relative reduction (an 8.75%
absolute decrease) in the primary outcome between
the 2 arms. A previous study demonstrated that the
reduction in delirium exceeding at least one-third of
the baseline rate was considered clinically relevant.?®

Enrollment ]

Assessed for eligibility (n=1835)

Excluded (n=1137)
+ Not meeting inclusion criteria (n=1064)

+ Declined to participate (n=49)
+ Other reasons (n=24)

Randomized (n=698)

!

<
¥ [ Allocation
Allocated to the VA group (n=349) Allocated to TIVA group (n=349)
Received allocated intervention (n=341) Received allocated intervention (n=343)
Did not receive allocated intervention Did not recei\:re allocated intervention
* 5 surgeries cancelled or change to * 4 surgeries cancelled or change to
emergency surgery emergency surgery
= 3retracted informed consent = 2 retracted informed consents
A4 { Follow-Up ] X
Lost to follow-up Lost to follow-up
= 4 not evaluated delirium = 4 not evaluated delirium
l [ Analysis ] l

Intent-to-treat analysis (n=341)

Per-protocol analysis (n=332)

Discontinued intervention (n=9)

= 6 received propofol during anesthesia
maintain

= 3 received aortic surgery

Intent-to-treat analysis (n=343)

Per-protocol analysis (n=337)

Discontinued intervention (n=6)

= 5 received propofol during anesthesia
maintain

= 1 received aortic surgery

Figure 1. CONSORT diagram of study participant flow. CONSORT indicates Consolidated Standards of Reporting Trials; TIVA, total intravenous

anesthesia; VA, volatile anesthesia.
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Therefore, the present study comprised 349 patients
in each group accounting for a 5% drop-out rate.

RESULTS

Patient Characteristics

The trial was conducted between February 2019 and
January 2021, and final follow-up occurred in February
2021. During the study period, 1835 patients were
screened for eligibility, of whom 698 patients were
enrolled and randomized. A total of 14 patients
dropped out, and 4 patients in each group were miss-
ing from the primary outcome analysis due to coma.
Therefore, primary outcome data were available for
337 patients in the VA group and 339 patients in the
TIVA group (Figure 1).

The details of the demographic and clinical char-
acteristics at baseline were shown in Table 1. Of the
684 patients included, the mean (SD) age was 53.8
(11) years old and 381 (55.7%) were women. Ninety-
one (26.7%) patients in the VA group and 110 (32.1%)
patients in the TIVA group received high school edu-
cation or above. Sixty-seven (19.7%) and 50 (14.6%)
patients in the 2 groups, respectively, had baseline

impaired cognition (defined as a Mini-Cog score of
<3). In addition, the baseline comorbidities and car-
diac operative risk assessed by European System for
Cardiac Operative Risk Evaluation (EuroSCORE)
were well balanced between the groups.

Intraoperative and postoperative characteristics
were listed in Table 2. The data appeared generally
comparable between the VA and TIVA groups. The
vast majority of patients (98%) received isolated valve
surgery. Furthermore, there were no significant differ-
ences between the groups with regard to the doses of
analgesic and sedative drugs after surgery.

Primary Outcome

The delirium (excluding coma) within the first 7
postoperative days occurred in 63 of 337 (18.7%)
patients in the VA group and 76 of 339 (22.4%) in the
TIVA group. The incidence of delirium did not differ
between the 2 groups (RR, 0.80; [95% CI, 0.55-1.16]; P
= .231) in the ITT analysis (Table 3). The PP analysis,
based on actual intervention received, also showed no
significant difference in delirium occurrence between
the 2 groups (RR, 0.80; [95% CI, 0.55-1.17]; P = .248)

Table 1. Patient Characteristics at Baseline

Variables VA group (n = 341)
Age, y, mean (SD) 54.1+11.0
Female sex, n (%) 188 (55.1)
Body mass index, kg/m?, mean + SD 23.1+£3.3
Education, n (%)

Less than high school 250 (73.3)
High school or above 91 (26.7)
Current smoke, n (%) 70 (20.5%)
Hypertension, n (%) 56 (16.4)

Diabetes mellitus, n (%) 16 (4.7)
COPD, n (%) 11 (3.2)
Stroke, n (%) 25 (7.3)
Atrial fibrillation, n (%) 143 (41.9)
Chronic heart failure, n (%) 102 (29.9)
Previous cardiac surgery, n (%) 16 (4.7)
Chronic pain condition, n (%) 20 (5.9)
ASA physical status, n (%)

Il 4(1.2)

1] 337 (98.8)
NYHA classification, n (%)

| 8 (2.4)

Il 115 (33.8)

11l 209 (61.5)

v 6 (1.8)

\Y 2 (0.6)
Ejection fraction, %, median (IQR) 62 (55-67)
EuroSCORE, median (IQR) 1 (1-3)
Mini-Cog test, n (%)

<3 67 (19.7)

>3 273 (80.3)
The FRAIL scale, n (%)

Prefrail 123 (36.3)

Frail 11 (3.2)

TIVA group (n = 343) Standardized difference?®

53.4 +11.2 0.063
193 (56.3) -0.024
23.1+3.2 0

233 (67.9) 0.118
110 (32.1)

64 (18.7%) -0.045
47 (13.7) 0.076
25 (7.3) -0.110
10 (2.9) 0.017
30 (8.7) -0.052
125 (36.4) 0.113
98 (28.6) 0.029
18 (5.2) -0.023
21 (6.1) -0.008
2 (0.6) 0.063
341 (99.4)

6 (1.8) 0.188
108 (31.7)

207 (60.7)

17 (5.0)

3(0.9)

63 (57-67) -0.146
1(1-3) 0.114
50 (14.6) 0.136
293 (85.4)

129 (37.6) 0.109
18 (5.2)

Data are presented as the mean (SD), median (IQR), or number (percentage).

Abbreviations: ASA, American Society of Anesthesiologists; COPD, chronic obstructive pulmonary disease; EuroSCORE, European System for Cardiac Operative
Risk Evaluation; IQR, interquartile range; NYHA, New York Heart Association; SD, standard deviation; TIVA, total intravenous anesthesia; VA, volatile anesthesia.
aStandardized differences were calculated using Cohen d, and the difference in means or proportions was divided by the pooled SDs. Standardized differences

>0.150 were considered imbalanced.
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Table 2. Intraoperative and Postoperative Data

Variables VA group (n = 341) TIVA group (n = 343) Standardized differences
Intraoperative data
Duration of surgery, min, median (IQR) 237 (205-273) 236(206-275) -0.061
CPB time, min, median (IQR) 113 (92-149) 115(90-145) -0.019
Aortic cross-clamp time, min, median 82 (63-106) 82(62-109) 0.006
(IQR)
Type of surgery, n (%)
Single valve 284 (83.3) 296 (86.3) 0.093
Multiple valves 35 (10.3) 26 (7.6)
Valve and CABG 7(2.1) 5 (1.5)
Valve and other procedures?® 15 (4.4) 16 (4.7)
Intraoperative blood transfusion, n (%)
RBC 51 (15.0) 52 (15.2) -0.006
Plasma 18 (5.3) 19 (5.5) -0.009
Platelet 57 (16.8) 56 (16.3) 0.013

Postoperative data
Use of analgesic drugs, n (%)

Sufentanil 10 (2.9) 10 (2.9) 0

Morphine 205 (60.1) 182 (53.1) 0.142
Use of sedative drugs, n (%)

Midazolam 40 (11.8) 34 (9.9) 0.061

Propofol 255 (74.8) 233 (67.9) 0.153

Dexmedetomidine 133 (39.0) 122 (35.6) 0.070

Antipsychotic (haloperidol or olanzapine) 11 (3.2) 8 (2.3) 0.055
Postoperative blood transfusion, n (%)

RBC 109 (32.0) 93 (27.1) 0.108

Plasma 42 (12.3) 43 (12.5) -0.006

Platelet 14 (4.1) 18 (5.2) -0.052

Data are presented as the mean (SD), median (IQR), or number (percentage).

Abbreviations: CABG, coronary artery bypass grafting; CPB, cardiopulmonary bypass; IQR, interquartile range; NYHA, New York Heart Association; RBC, red blood
cell; TIVA, total intravenous anesthesia; VA, volatile anesthesia.

aValve and other procedures included valve repair/replacement combined with ventricular septal defect repair, atrial septal defect, or ascending aorta repair.

Table 3. Clinical Outcomes in the ITT Analysis

Variables VA group (n = 341) TIVA group (n = 343) RR (95% CI) P value
Primary outcome
Delirium, n (%) 63/337 (18.7) 76/339 (22.4) 0.80 (0.55-1.16) 231
According to type of surgery, n (%)
Single valve 46/281 (16.4) 63/293 (21.5) 0.72 (0.47-1.09) 117
Multiple valve 11/34 (32.4) 6/26 (23.1) 1.59 (0.50-5.09) 429
Valve and CABG 3/7 (42.9) 3/4 (75.0) 0.25 (0.02-3.77) .545
Valve and other procedures 3/15 (20.0) 4/16 (25.0) 0.75 (0.14-4.10) >.99
Secondary outcomes
Delirium length, d, median (IQR) 1 (1-2) 1 (1-2) — .293
Subtypes of delirium, n (%)
Hypoactive type 52/63 (82.5) 67/76 (88.2) 0.64 (0.25-1.65) .347
Hyperactive type 5/63 (7.9) 6/76 (7.9) 1.0 (0.29-3.46) >.99
Mixed type 6/63 (9.5) 3/76 (3.9) 2.56 (0.61-10.69) .299
All cause 30-d mortality, n (%) 3(0.9) 3(0.9) 1.00 (0.20-5.02) .994
Coma within the first 7 d after surgery, n (%) 4 (0.9) 4 (0.9) 1.00 (0.20-5.02) >.99
Cerebral infarction, n (%) 8(2.3) 3(0.9) 2.72 (0.72-10.35) 142
Respiratory failure, n (%) 39 (11.4) 35 (10.2) 1.14 (0.70-1.84) .604
Pneumonia, n (%) 82 (24.0) 83 (24.2) 0.99 (0.70-1.41) .963
Pain score, median (IQR)
NRS at first day 3 (2-5) 3 (2-5) - .723
NRS at second day 2 (2-4) 2 (2-3) - .198
NRS at third day 2 (1-3) 2 (1-3) - .320
Mechanical ventilation time, h, median (IQR) 16 (11-22) 15 (11-22) - .893
ICU stay, h, median (IQR) 49 (41-86) 56 (40-76) - .880
Hospital stay, d, median (IQR) 7 (6-9) 7 (6-9) - .738

Data are presented as the median (IQR) or number (percentage).
Abbreviations: CABG, coronary artery bypass grafting; Cl, confidence interval; ICU, intensive care unit; IQR, interquartile range; ITT, intensive to treat; NRS, numeri-
cal rating scale; RR, relative risk; TIVA, total intravenous anesthesia. VA, volatile anesthesia.
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(Supplemental Digital Content 1, Table 1, http://
links.lww.com/AA /E77).

Secondary Outcomes

Secondary outcomes were listed in Table 3. Delirium
duration was 1 (1-2) day in the VA group and 1 (1-2)
day in the TIVA group (P = .293). In both groups,
the most common type of delirium was hypoactive,
which accounted for 85.6% of the total delirium cases.
Furthermore, we did not find any significant differ-
ence between the 2 groups in any of the secondary
outcomes, including 30-day all-cause mortality, pain
score, cerebral infarction, respiratory failure, and
pneumonia. Likewise, the duration of mechanical
ventilation, lengths of ICU, and hospital stay were
similar in both groups. Importantly, the results of the
PP analysis were in agreement with those results in
the ITT analysis (Supplemental Digital Content 1,
Table 1, http:/ /links.Ilww.com/AA /E77).

In the preplanned exploratory subgroup analysis
of primary outcome, there was no significant inter-
action between the treatments and the subgroups
(sex, age, education level, history of stroke, and
baseline cognition) (Figure 2). Because of the stan-
dardized differences of New York Heart Association
(NYHA) classification >20.150, a post hoc subgroup
analysis of NYHA classification was conducted.
The specific results were shown in Supplemental

Digital Content 1, Table 2, http://links.lww.com/
AA/E77. Sensitivity analyses were considered when
the patients who could not be assessed for delirium
because of coma were assumed to have incident
delirium, which showed there was no significant dif-
ference in delirium incidence between the groups.
Additionally, time to delirium onset did not signifi-
cantly differ between the groups (log-rank P = .254)
(Figure 3).

DISCUSSION

In this trial, we found no evidence that intraopera-
tive anesthetic maintenance regimen with a volatile
anesthetic in adults undergoing cardiac valve surgery
with CPB can reduce the incidence of POD when com-
pared with propofol-based TIVA.

Previous meta-analyses and consensus opinions
had suggested that the use of volatile anesthetics dur-
ing cardiac surgery, compared to intravenous anes-
thetics, would improve survival and reduce the risk
of postoperative complications such as postoperative
pulmonary and myocardial injury.!®* Recently, the
MYRIAD Study Group found that volatile anesthetics
may reduce the risk of myocardial infarction and car-
diac mortality (cardiogenic shock and arrhythmias) at
1 year in patients undergoing elective, isolated CABG
surgery.”’ However, the neuroprotective effects of
volatile agents remain unclear, especially the effect on

No.of patients With
POD/Total No.of Patients

Relative Risk P value for
VA group TIVA group (95%Cl) interaction
Overall 63/337 76/339 ’ 0.80(0.55-1.16) 0.23
Sex
Female 38/187 51/191 T 0.70(0.43-1.13) 49
Male 25/150 25/148 — 0.98(0.54-1.81) '
Age 35/270 /289 E
< 65yr 57 —— 0.61(0.38-0.96)
Seayr 28/67 19/50 i 1.17(0.55-2.48)  0-10
Education i
Lower than high school 55/246 60/231 — 0.82(0.54-1.25)
High school or above 8/91 16/108 . I 0.55(0.23-1.36) 0.62
Stroke
Yes 6/25 9/30 0.74(0.22-2.46) 0.20
No 57/312 67/309 I 0.81(0.54-1.20) ’
Mini-Cog score
<3 18/65 14/49 0.96(0.42-2.18) 0.62
=3 45/272 62/290 —i ] 0.73(0.48-1.12) -
[ I I 1
0 1 2 3
" VABetter  TIVA Better

Figure 2. Subgroup analyses of the primary outcome. Relative risk along with 95% CI in each subgroup and P values for interaction between
subgroups are presented. Cl indicates confidence interval; POD, postoperative delirium; TIVA, total intravenous anesthesia; VA, volatile

anesthesia.
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100
—— VA group
X 80 —— TIVA group
3 log-rank. P=0.254
Q 60
Y
o
S 40
=
2
o 20 ] o
o —
0 | T | T | |
0 1 2 3 4 5 6 7
Postoperative days
No. at risk
VA group 331 331 278 260 264 260 256 253
TIVA group 334 334 273 260 252 250 249 248

Figure 3. Kaplan-Meier curve describing showing cumulative delirium incidence over postoperative days 1 to 7. The log-rank test indicates
no significant difference between the VA group and TIVA group. POD indicates postoperative delirium; TIVA, total intravenous anesthesia; VA,

volatile anesthesia.

delirium. In addition, previous research in delirium
primarily focused on CABG. As far as we know;, this is
the first clinical trial to assess the prevalence of delir-
ium in valve surgery patients. Therefore, we consider
that the trial has several strengths. First, there is a rela-
tively large sample size compared to previously pub-
lished trials. Second, our trial is pragmatic and aimed
at conducting in real-world settings, which means not
interfering with clinical practice to ensure generaliz-
ability of trial results. Third, we only included valve
surgery, and the effects of the type of surgical proce-
dure on clinical outcomes were minimized. Fourth,
the delirium was assessed with the CAM-ICU within
the first 7 postoperative days, as recommended by the
expert consensus.*

In this trial, we failed to demonstrate a significant
difference regarding the primary outcome between
the 2 anesthesia regimens. The discrepant findings
between the current trial and previous studies might
partially be explained by the duration of propofol use
and the choice of primary outcome. The trial by Schoen
et al’! involving 128 patients undergoing on-pump
cardiac surgery compared the effect of different gen-
eral anesthetics on postoperative cognitive function.
They found that sevoflurane-based anesthesia was
associated with significantly better postoperative cog-
nitive results. However, their data seemed to be weak-
ened by the fact that patients of both groups received
propofol during CPB. In another study by Royse et
al,*? desflurane was associated with a reduced inci-
dence of early postoperative cognitive dysfunction in
patients receiving CABG, while no difference in delir-
ium when compared with propofol. Additionally, a
prospective randomized controlled study is ongoing

8 www.anesthesia-analgesia.org

(clinicaltrials.gov identifier, NCT03729011), which
enrolls elderly patients undergoing cardiac surgery
with CPB. The new findings could help complement
and refine our interpretations.

Notably, we focused on the patients receiving car-
diac valve surgery and found that the rate of delir-
ium was 20.6%. The previous study revealed that
compared to CABG, the patients undergoing valve
surgery exhibited a high incidence of delirium.’
Compared with other similar studies, our study pop-
ulation has its own characteristics. The subjects of
our study are mainly rheumatic valve disease (RHD)
patients, accounting for about 80% of the total cases.
The data of 3343 RHD patients from different coun-
tries have revealed that this patient population is
young and mainly women.® In addition, the previous
meta-analysis showed that low education level and
malnutrition are positively correlated with the risk of
RHD, which are also risk factors for delirium.?* The
characteristics of our study population were in line
with RHD patients. In our study, the mean age was
53.8 years, 55.7% were women. Additionally, 71.8% of
the patients had less than a high school degree, while
17.3% of the patients had college education or above.
Overall, these findings provide additional informa-
tion for future research, especially related to surgical
patients with RHD.

In fact, we had hoped that the results were closer to
real-world situations, and thus, some aspects of peri-
operative management were left to the discretion of
the medical staff. We did not restrict the use of mid-
azolam and dexmedetomidine. Midazolam was rou-
tinely used during cardiac surgery in our hospital due
to its hemodynamic profiles. In previous guidelines,
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benzodiazepines were not recommended for routine
premedication and perioperative use because of the
increased risk of POD.? Of note, the current Enhanced
Recovery after Surgery (ERAS) Society guidelines did
not provide a recommendation either for or against the
use of benzodiazepines,* which may reflect a lack of
enough supportive evidence. Regarding dexmedeto-
midine, a meta-analysis has believed the beneficial
effects of perioperative administration for reduc-
ing the incidence of delirium after cardiac surgery.?”
However, a recent multicenter study, including 798
patients receiving cardiac surgery, failed to confirm
these results.® Another factor that may have influ-
enced the results of our trial was the use of propofol
in some patients during the ICU stay, which may lead
to the weakening of the potential beneficial effect of
volatile anesthetics. Practice variability in periopera-
tive care was minimized with a protocolized cardiac
surgical environment, and preservation of random-
ization would be expected to minimize confounding
from any anesthetic practice difference. There was no
statistical difference regarding the use of midazolam,
dexmedetomidine, propofol, and other medicines
between the 2 groups.

There are several limitations in this study. First,
we only investigated the incidence, duration, and
subtype of delirium. But, the severity of delirium
was not assessed, and the difference between the
2 groups remained unknown. Second, this was a
single-center trial with a restrictive conclusion,
which may generate some limitations on generaliz-
ability. The results should be replicated in a larger
multicenter trial. Third, delirium is sudden severe
confusion due to rapid changes in brain function.
Intermittent assessment may underestimate the
incidence of delirium. Recently published research
recommended that delirium assessment should be
performed twice a day, which is helpful for iden-
tification and treatment.* Nevertheless, the daily
routine test is still an acceptable method to diagnose
delirium at present.*

In summary, among adult patients undergoing car-
diac valve surgery with CPB, the administration of
volatile anesthetics for anesthesia maintenance, com-
pared with propofol-based TIVA, did not decrease the
incidence of delirium within the first 7 postoperative
days. 58
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8] ICUARMEFERT 8] . BT RASSTF4r Al LA 2 5 %
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>0 AR, (RIGERAI A IR B ke, 2

P 5t B R FH BBV 2 R (NRS)EAT VP .

2R

BT 0 At # AR AR P = a7 R AT 1 . X &
RAWHAT T3 ZPP) M. KRBk
IR FELRRFIE . P2 bR ZE ST, ARifEfb ZE 7 AR
E>1.96 v [(1/n) +  (I/mAEINNEAFHET . >
AW FAN NI UEAL ZE 7 =0.150 AP BEAAR
AR IR AN H oy el esE, b, FRTED
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Smirnoviy 50 BEAT PEAL . SRR EAR YR 2 A AIME
(PR 22 [SD E AL E (VY 43 7 2070 DR s o 14k
A g 2 18] b e 2R FH ST 27 28 5 536 B Mann -
Whitney

UREES . R TER DUE 8RN BRih x 2

ZH 18] EL SR FHARR 56 - Fisherks B kS 36 AN 7E 22 725%
M40 A A S <SR A o B[] -
A5 5K HKaplan-

Meier A7, 2H1E %2 5 K Hlog-

rank 556 . 7E TSGR 2 R 4H b R4S VR 7 R X
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Z IR HAER, AR, FR, BE KT, %
oS RN, A AT T I BRI A BT
TR AE T I VAL TR AL T B RS 1 RS N5
B, KN NN B R — P ™ 5 1) 2 i
1’50 24

2t HL2L95% B AT X [H] (ci) AR XS AU (RRs) K am o T
1 15 #1 #B 2 48 F Windows (SPSS
Inc)ISPSSHt 1122, 0" AN HEAT 1Y o — DAL PIE <.
0.05¥ NN EA Gt X, FRIEP <.001.

AW BERMVAEMTIVAAR G TR NIEZ K
AR ZE S . MRIRTRATIIE AR E2 R0} 25 SRk o
RIVEZW T, >
LR A AR TIVAIR YT R OIEFARGEZR
HERABE N25%. AR E VR3320, T
FH80% (B =
0.2), BF/KF(a)N0.05, FHHPH T Lk /AH*
T 35% (LR U0 8.75%) o SR I — THHIF 78 2 1 ,
Ve R AR PRI R 1 2 1 /
BN ARG IR ST, 28

[ Enrollment J

Assessed for eligibility (n=1835)

Excluded (n=1137)

+ Not meeting inclusion criteria (n=1064)
™ + Declined to participate (n=49)

+ Other reasons (n=24)

Randomized (n=698)

l

v

[ Allocation

)

Allocated to TIVA group (n=349)

Allocated to the VA group (n=349)

Received allocated intervention (n=341)

Did not receive allocated intervention

= 5 surgeries cancelled or change to
emergency surgery

=  3retracted informed consent

Received allocated intervention (n=343)

Did not receive allocated intervention

= 4 surgeries cancelled or change to
emergency surgery

= 2 retracted informed consents

- { Follow-Up ] :

Lost to follow-up Lost to follow-up

= 4 not evaluated delirium = 4 not evaluated delirium
l [ Analysis | l

Intent-to-treat analysis (n=341)

Per-protocol analysis (n=332)

Discontinued intervention (n=9)

= 6 received propofol during anesthesia
maintain

= 3 received aortic surgery

K1, W93 5FFHKICONSORTE . CONSORT NI 156 i)
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Intent-to-treat analysis (n=343)

Per-protocol analysis (n=337)

Discontinued intervention (n=6)

= 5 received propofol during anesthesia
maintain

= 1 received aortic surgery
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FEZGIS BN IV GE T2 A PR A0 WA 1. 7ESH
A IF684451 i Hh, ~FIJ(SD)FER N53.8(11) %, H
HH38141(55.7%) N &ttt . VAZLI1(26.7%)FITIVA
H110%1(32.1%) Bz Bz mh LA B . g iR
53 5 67151(19.7%) F15011(14.6%) A FE 25

INEN T RE 52 45 (Mini-

CogiPT4r<343). LA,  FHRRIHCHE T A KU A
F 45 (EuroSCORE) VYAl (143 2 353 A0 il - A XU
TE P 40 2 TR -l ~P 4T o

AR AR JGHEE S W2, VAZETITIVAL R HIE K
BOHY . 45K 2 BURF (98%) 52 T IS I T A
o BN, AR5 BRIV 25 A A R e B 3 2=
o

ESES2E S

VAZH337% 35 7 6361(18.7%) K A 18 (LT B
), TIVAZ339%1 3 F A 7641(22.4%) K A 1%
WS 2 R AR Z R TG B U(RR,
0.80;[95% 1l {5 X [], 0.55-1.16];P

231) . RRIEEZHISESF T, PP tht o, ﬂﬁ?%gﬁ
BERF AR ZZZSRR, 0.80;[95% ci, 0.55-1.17];P =
0.248)

Kl BFEILLNFL

AREVAL(n=341) TIVAZL(n = 343)%E#, y, THI(SD) 54.1+11.0 53.4+ 11271, n(%) 188(55.1) iz R
193(56.3)K FHIEHL, kg/m2, “F#J+£SD23.1+3.323.1E32HFFEE, n (%)
0.063
i LR 250 (73.3)233 (67.9)
-0.024
R R LA E91(26.7) 11032 ) HURMIH, n(%) 70(20.5%) 64(18.7%) i ML, n(%) 56(16.4)
47(13.7)BERI, n (%) 16 (4.7) 25 (7. 3) COPD, n(%) 11(3.2) 10Q2.9)H1 4, n(%) 25(7.3) 0
30(8.7)B W, n(%) 143(41.9) 125(36.4/18 10 11563, n(%) 102(29.9) 98(28.6)BEAEUAETF A, n(%)
16(4.7) 18(5.2) B MEFRETE L, n (%) 20 (5.9) 21 (6.1) ASAGAARSL, n (%) 0118
li4(1.2)2(0.6) -0.045
111 337 (98.8) 341 (99.4) NYHAZ} 4, n (%) 0.076
i8(2.4) 6 (1.8) -0.110
Ii 115 (33.8) 108 (31.7) 0.017
-0.052
0.113
0.029
i
209 (61.5) 207 (60.7)
v
6(1.8) 17 (5.0)
v
2(0.6) 3 (0.9)
Sy E, %, FRIE(IQR) 62 (55-67) 63 (57-67) EuroSCORE, H7#(IQR) 1 (1 -3) 1 (1 - 3) Mini- -0.146
Cog test, n (%)
0.114
<3 67(19.7) 50(14.6)=3 273(80.3)293(85.4) A B, n (%)
0.136

preweak 123 (36.3) 129 (37.6)

RE511 (3.2)18 (5.2)

HdE UL E(SD) . AL AL (IQR) B (H /7 L) & ow

A5 ASA, 3 BRI T 1 2 18 1 SEL S 2 o s WO Co I T AR USSPl R SGIQR, T AZ I NYHA, - LR oI H 25 SDFRHEZE TIVA, KRB VA, #K

PRI -

off i Cohen dit SEARUEMZE S, A5 T BLLGI ) 22 7 B LIC 4R (S Ds o ARAEZE 57 =0.150 BN AR AT I -
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K2 AR LARJEBR

A VAZ4L(n = 341) TIVAZ4(n = 343) FRAEAL 2 5
A Bkt
FAREFAE], min, HHE(IQR) 237 (205-273) 236(206-275) -0.061
%JBHﬂtﬂ, HME, FEIQ 113 (92-149) 115(90-145) -0.019
7R tic2E AT IR], e/ ME, H{E 82 (63-106) 82(62-109) 0.006
(iqr)

FAREH, n (%)

LN 284 (83.3) 296 (86.3) 0.093
ZNE 35(10.3) 26 (7.6)

I 1T HICABG 7@2.1) 5(1.5)

W R 15 (4.4) 16 (4.7)

AR, n (%)

2L 51 (15.0) 52 (15.2) -0.006
E TR 18 (5.3) 19 (5.5) -0.009
TR 57 (16.8) 56 (16.3) 0.013
ENEVig

BURAE TS BL(n (%))

FEFRJE 10 (2.9) 10 (2.9) 0
e e 205 (60.1) 182 (53.1) 0.142

I AERTE D, n (%)

I I 40 (11.8) 34(9.9) 0.061
S 255 (74.8) 233 (67.9) 0.153
S5 ATk 133 (39.0) 122 (35.6) 0.070
QR PR 24 GRUIR e B BT 11(3.2) 8(2.3) 0.055

ARJEHIL, n (%)

ARk 109 (32.0) 93 (27.1) 0.108
E TR 42 (12.3) 43 (12.5) -0.006
JiiIRANYe 14 (4.1) 18 (5.2) -0.052

R DT RIE(SD). H RIS (IQR) B (F 4 ) F R
455 :CABG, FURENAKSE M HIACPB, AMEMIQR, DU ELNYHA, 21290082 RBC:ALANNLTIVA, 2Bk VA, $5 R LRI
RGN A TR ORI S/ B A = A MRS . b AR IE st ks = .

3o ITTo M I R 2
VAL (n=341) TIVAZL(n = 343) RR (95% CI) P{& 3= T 45 5
W%, n(%) 63/337(18.7) 76/339(22.4) 0.80(0.55-1.16). 2311R#E T A, n (%)

HLE46/281 (16. 4)63/293(21.5)0. 72(0. 47-1. 09) . 1172 [&11/34(32. 4)6/26 (23. 1) 1. 59 (0. 50-5. 09) . 429 FICABG 3/7 (42.9) 3/4(75.0)
0.25(0.02-3.77) . 545 A HABFLEFF3/15 (20.0)4/16(25.0) 0.75(0. 14-4.10) > 99 MR FELEH

WEKE, d FHAEJQR) 1(1-2) 1(1-2) - 2931EZ TR, n (%)

fIIHRR52/63 (82. 5) 67/76 (88. 2) 0. 64 (0. 25-1. 65) . 347 EA5/63 (7. 9)6/76 (7. 9) 1. 0(0. 29-3. 46) >. 99IRL6/63(9.5)3/76(3.9)2.56(0.61-
10.69). 299FTF JRF30 dFET-H, n(%) 3(0.9) 3(0.9) 1.00(0.20-5.02). 994 ARJFHI7 dFE, n(%) 4(0.9) 4(0.9) 1.00(0.20-5.02) >. 99M{HAE, n(%)
8(2.3) 3(0.9) 2.72(0.72-10.35) . 142 TE3H, (%) 39(11.4) 35(10.2) 1.14(0.70-1.84) 60441 %, n(%) 82(24.0) 83(24.2) 0.99(0.70-1.41)
9639 V43 AL E(IQR)



HIRNRS(2 - 5) 3(2 -5) - .723(2 - 4) 2(2 - 3) - .198(2 - 3) 2(1-3) — . 320LBGESH ], h, Hfz% (1QR) 16(11-22) 15(11-22) -
893N TCULERERSTE], h, P74 (IQR) 49(41-86) 56 (40-76) — . 880AMEREmT ], d, 7% (TQR) 7 (6-9) 7 (6-9) - .738

Hdi LA b AL B (IQR) B 5 (F 40 H) AR

455 :CABG, IRFNIKSE MBI ACI, BEXICU, HREMY Y 55;IQR, VU4 ALafH;ITT, @ikifyT;NRS, HEIFERE;RR, HIXKKLTIVA, 45 IKRREE
o VA, ¥ERVERREE.
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EmRWT FT I 5 BT

MBI AL, K 1 http:/
links.lww.com/AA/E77).

KL R

BT T3, VA IERZRFEER TR N1(1 -
)R, TIVAHIEZRFEENEANIN - 2)RP =
293). fEWAHH, & LSRR AUNAITE ST,

VB  SE85.6% . thAh, FRATTEA KILM

IAAEATA IR B2 B (EAE30 R RBET R . K TE4y
« BRAEZE . W v A 98 ) 7 TR AT 2 2 22

[FIRE, PAZLE A NS S (8] . TCURY [a) A4 B

B TR AHACL . BB SE, PPAOHTIISS S SITT T

R —FENFE TN, 3£ 1 http:/links.Iww.com/
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8B A5 R P RHR R L H o, 697
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2 (NYHA) 7R K pR A 72 573 =0.150, FATTEE
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A P A PRI 245 ) A o BRI 4 5 7 58 7T BARE
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ZRTBIEERE AT AL IR LA AR, L e BRI
AHEE, A O I TR R FH 42 O SRR TR 24 ] DA fe £
TEE, IR S H RAE RS, IR S5 it AL
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BT, MYRIADWFFRA AT, 5K 1 FREE ) AT BEAK
BB, OLCABGT AR B 1O NI ZEAI L
FIEBE T2 (O Y5 PR o RO ) R XU o 29

AT TNYHAS B F 5 WA b HoAgk gl S0 SR, FERYEZY AR &R VE FAANIE 2, ol
5t FEXf
No.of patients With
POD/Total No.of Patients
Relative Risk P value for
Vigroup TAgtow (95%ClI) interaction
Overall 63/337 76/339 ’ 0.80(0.55-1.16) 0.23
Sex
Female 38/187 51/191 N 0.70(0.43-1.13) 0.39
Male 25/150 25/148 —— 0.98(0.54-1.81) '
Age 35/270 1289 E
< 65yr 57 ——it 0.61(0.38-0.96)
%sir 28/67 19/50 1.17(0.55-2.48)  0-10
Education H
Lower than high school 55/246 60/231 —— 0.82(0.54-1.25)
High school or above 8/91 16/108 —i 1 0.55(0.23-1.36) 0.62
Stroke '
Yes 6/25 9/30 f 0.74(0.22-2.46) 5
No 57/312 67/309 el 0.81(0.54-1.20) -
Mini-Cog score H
<3 18/65 14/49 0.96(0.42-2.18) 0.62
=3 45/272 62/290 ——— 0.73(0.48-1.12) :
[ : | !
0 1 2 3
" VABetter  TIVA Better

Bl2. EEARVHSHr. G 7 B IWHRHXT R 95%
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100
—— VA group
® 80 — TIVA group
a log-rank. P=0.254
g 60
L
°
S 40+
t
o
S 20 —
a 1
0 T J | T | ]
0 1 2 3 4 5 6 7
Postoperative days
No. at risk

VA group 331 331 278 260

TIVA group 334 334 273 260

K3, R ASRI

264 260 256 253

252 250 249 248

TR Bk A [ Kaplan-Meier 11 28 . log-
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