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What We Already Know about This Topic

• There are controversies about the value of processed electroen-
cephalogram (e.g., Bispectral Index [BIS]) guided anesthetic man-
agement for the prevention of postoperative delirium

• It is unclear whether reducing depth of anesthesia by the use of 
sedation with regional anesthesia decreases the risk of postopera-
tive delirium compared to the use of general anesthesia

What This Article Tells Us That Is New

• This prospective single-center trial randomized patients undergo-
ing spine surgery to spinal anesthesia with targeted sedation to 
BIS greater than 60 to 70 versus general anesthesia without BIS 
guidance

• There was no difference in the incidence of postoperative delirium 
between randomized groups in the trial

• Future studies are needed to determine whether these findings can 
be replicated at other centers and whether the results differ by 
cognitive status

Postoperative delirium is common in older adults after 
surgery, with estimates of 10 to 50% depending on the 

type of surgery.1–3 Although previously thought to be tran-
sient with few long-term effects, it is now recognized that 
postoperative delirium is associated with important sequelae, 
including increased duration of hospitalization,4,5 decreased 
functional status,6,7 and cognitive decline.8,9 Despite its sig-
nificance, there are few effective treatment strategies, and so 
prevention of delirium is paramount.3

In the intensive care unit, reducing the level of sedation 
has been associated with less delirium.10 However, in the 
operating room, it is unclear whether a parallel strategy to 
reduce depth of anesthesia and anesthetic exposure is effec-
tive, as the results of previous trials have been promising, but 
conflicting.11–16 One limitation is that most previous studies 
were conducted in patients undergoing general anesthesia 
with the goal of limiting excessive depth of anesthesia and 
anesthetic exposure,11–14 and the effectiveness of strategies 
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Background: Reducing depth of anesthesia and anesthetic exposure may 
help prevent delirium, but trials have been conflicting. Most studies were 
conducted under general anesthesia or in cognitively impaired patients. It 
is unclear whether reducing depth of anesthesia beyond levels consistent 
with general anesthesia reduces delirium in cognitively intact patients. The 
authors’ objective was to determine whether a bundled approach to reduce 
anesthetic agent exposure as determined by Bispectral Index (BIS) values (spi-
nal anesthesia with targeted sedation based on BIS values) compared with 
general anesthesia (masked BIS) reduces delirium.

Methods: Important eligibility criteria for this parallel-arm randomized trial 
were patients 65 yr or greater undergoing lumbar spine fusion. The interven-
tion group received spinal anesthesia with targeted sedation to BIS greater 
than 60 to 70. The control group received general anesthesia (masked BIS). 
The primary outcome was delirium using the Confusion Assessment Method 
daily through postoperative day 3, with blinded assessment.

results: The median age of 217 patients in the analysis was 72 (interquartile 
range, 69 to 77). The median BIS value in the spinal anesthesia with targeted seda-
tion based on BIS values group was 62 (interquartile range, 53 to 70) and in the 
general anesthesia with masked BIS values group was 45 (interquartile range, 41 to 
50; P < 0.001). Incident delirium was not different in the spinal anesthesia with tar-
geted sedation based on BIS values group (25.2% [28 of 111] vs. the general anes-
thesia with masked BIS values group (18.9% [20 of 106]; P = 0.259; relative risk, 
1.22 [95% CI, 0.85 to 1.76]). In prespecified subgroup analyses, the effect of anes-
thetic strategy differed according to the Mini-Mental State Examination, but not the 
Charlson Comorbidity Index or age. Two strokes occurred among patients receiving 
spinal anesthesia and one death among patients receiving general anesthesia.

conclusions: Spinal anesthesia with targeted sedation based on BIS values 
compared with general anesthesia with masked BIS values did not reduce 
delirium after lumbar fusion.
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to avoid general anesthesia and target lighter sedation has 
not been well studied. Although two additional trials did 
examine the benefits of lighter sedation during hip fracture 
surgery under spinal anesthesia, the results may not be gen-
eralizable to most older adults undergoing surgery, since a 
substantial number of patients were cognitively impaired.15,16

Thus, there is a clear need to establish whether reducing 
depth of anesthesia and anesthetic exposure (beyond levels con-
sistent with general anesthesia) can reduce delirium after sur-
gery in a representative population of older adults. This question 
is highly applicable since many of the most common surger-
ies in older adults can be performed using neuraxial/regional 
approaches.17 Lumbar spine fusion surgery is one such surgery 
that is among the top five most frequent surgeries in older 
adults,17 with an estimated incidence of postoperative delirium 
of 10 to 30%.18–20 Therefore, we conducted a randomized prag-
matic trial in older patients undergoing lumbar spine surgery, 
with the hypothesis that a bundled approach to reduce anes-
thetic agent exposure as determined by Bispectral Index [BIS] 
values (spinal anesthesia with targeted light sedation based on 
BIS values) compared with general anesthesia with masked BIS 
values would reduce the incidence of postoperative delirium.

Materials and Methods

Study Design

The research protocol was approved by the Mercy Medical 
Center (Baltimore, Maryland) Institutional Review Board 
(No. 2015-45). The trial was registered at ClinicalTrials.gov 
(NCT03133845, Principal Investigator Charles Brown). The 
initial protocol was released by the investigators to ClinicalTrials.
gov on October 23, 2015. Due to quality control issues (in par-
ticular, the specificity of some outcomes, most notably post-
discharge secondary outcomes that are not reported in this 
manuscript), the protocol was not formally registered and 
released to the public until April 2017, so the formal registration 
was retrospective to the start of the trial. The primary aim and 
outcome as reported in this manuscript have been unchanged 

since the initial submission to ClinicalTrials.gov on October 
23, 2015. However, the secondary delirium outcomes (delirium 
severity and number of days of delirium) were not formally 
added to the trial registration until April 2017, although these 
outcomes were collected since the start of the trial as part of the 
study protocol. Other changes in enrollment criteria and sam-
ple size calculation are described below. Participants provided 
written informed consent. The SHaping Anesthetic techniques 
to Reduce Postoperative delirium (SHARP) study was con-
ducted as a single-center prospective randomized controlled 
superiority trial with two parallel groups. The protocol was 
published near the end of the trial to summarize the conduct of 
the trial and provide the final statistical plan.21

Participants

Patients were approached before scheduled surgery by a 
research coordinator to evaluate eligibility and obtain informed 
consent. Inclusion criteria were (1) age 65 yr or greater; (2) 
undergoing lumbar spine fusion; (3) expected surgery dura-
tion less than 3 h; (4) under the care of a participating surgeon; 
and (5) ability to understand and comply with study proce-
dures. Exclusion criteria were (1) contraindications to spinal 
anesthesia (e.g., severe aortic stenosis, anticoagulant therapy); 
(2) body mass index greater than 40 kg/m2; (3) previous L2–
L5 full lumbar fusion; (4) communication issues precluding 
baseline assessments; (5) baseline dementia or Mini-Mental 
State Examination less than 24; (6) psychiatric disease pre-
cluding cooperation with sedation; and (7) surgeon or anes-
thesiologist preference for either anesthetic approach for any 
reason due to clinical considerations. Delirium was not for-
mally assessed, although all patients were assessed for capacity 
to consent. Patients were enrolled between September 2015 
to May 2019. Eligibility criteria were expanded after the study 
began to allow slightly younger patients, a higher body mass 
index, and longer duration of surgery. The specific criteria that 
were changed were a decrease in the lower age limit from 70 
yr to 65 yr, an increase in the upper limit of body mass index 
(from 35 kg/m2 to 40 kg/m2), and an increase in the upper 
limit of anticipated surgery duration (from 2 h to 3 h).

randomization and Assignment of Intervention

A computer-generated simple randomization list with 1:1 
allocation was created by a research nurse before the study. 
For allocation concealment, assignments were placed in sealed 
opaque envelopes, which were sequentially handed to clini-
cians after randomization, before entering the operating room.

Intervention and control

The intervention group received spinal anesthesia with 
targeted depth of anesthesia based on BIS values. The BIS 
monitor is approved to monitor depth of anesthesia and dis-
plays a unitless number (0 to 100) derived from processed 
electroencephalogram waveforms. BIS values between 
40 and 60 are consistent with general anesthesia.22 In the 
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intervention group, spinal anesthesia was obtained using 
intrathecal injection of bupivacaine (10 to 15 mg) or lido-
caine. Patients received sedation with propofol (25 to 150 
mcg · kg–1 · min–1), targeted to a BIS greater than 60 to 70. 
However, the anesthesiologist was instructed to prioritize 
clinical concerns if depth of sedation needed to be increased.

In the control group, patients received general anesthesia with 
an endotracheal tube. Anesthesia induction was with propofol 
(1 to 2 mg/kg) or etomidate, maintenance with a volatile anes-
thetic, muscle relaxation with a nondepolarizing muscle relaxant, 
and analgesia with fentanyl (generally 2 to 5 mcg/kg titrated) or 
hydromorphone and/or morphine. Patients on baseline opioids 
could receive additional opioids based on clinical criteria. For 
patients under general anesthesia, the anesthetic provider was 
masked to BIS values unless there was a clinical need.

masking

Delirium outcome assessors were masked to the interven-
tion. Postoperative data were abstracted from the electronic 
medical record by staff masked to the intervention. Patients, 
surgeons, and anesthesiologists were not masked, because it 
is impossible for the anesthetic technique to be masked to 
treating physicians or patients. Statisticians and investigators 
involved in data analysis were masked.

Perioperative management

Perioperative care was based on established clinical proto-
cols. Patients could receive intrathecal morphine during 
spinal anesthesia at the discretion of the anesthesiologist, 
or by direct intraoperative injection at the discretion of 
the surgeon. Postoperative analgesia was with fentanyl or 
hydromorphone patient-controlled analgesia, with transi-
tion to oxycodone or other oral opioids as tolerated.

Outcomes and Other covariates

Delirium was assessed once daily during the first 3 postoperative 
days in the hospital using the validated Confusion Assessment 
Method23 (sensitivity, 94 to 100%; specificity, 90 to 95%). For 
purposes of missing data, daily in-hospital assessments were not 
considered missing if the patient was discharged from the hospi-
tal on that day and not available for assessment. The Confusion 
Assessment Method included formal tests of cognition (Mini-
Mental State Examination,24 Calendar Reverse Months, 
Shortened Digit Span Forward/Reverse, and Delayed Word 
Recall tests) as well as questions for nurses, clinicians, and fam-
ily. Patients who refused an assessment and no delirium assess-
ment could be made were considered to not have delirium for 
that assessment. The primary outcome was incident delirium as 
defined by any positive assessment during hospitalization. A chart 
review for delirium was also conducted using validated meth-
ods to supplement in-person assessments.25 Secondary outcomes 
included delirium duration and severity (Delirium Rating Scale-
Revised 98).26 Covariate information was collected from baseline 
assessments, patient report, and the medical record. Instrumental 

activities of daily living were measured at baseline.27 Number of 
surgical levels included the range of involved vertebrae.

Sample Size

At the start of the trial, we assumed a delirium incidence of 
40% in the control group (general anesthesia with masked 
BIS values) and a 50% reduction in the intervention group, 
based on previous studies.15,18 Further, we assumed a 4 to 6% 
dropout or crossover. With these assumptions, 190 patients 
would be needed to show a difference in incidence of delir-
ium at a 0.05 significance level with a power of 0.8. After 
the first year of data collection, the delirium incidence was 
noted to be less than predicted, and so the sample size was 
increased to at least 218, based on a revised assumption of 
delirium incidence (40% to 35% in the control arm) and 
similar assumptions regarding 50% reduction in delirium in 
the intervention group and 4 to 6% dropout.

Statistical Analysis

The primary analysis was based on the intention to treat prin-
ciple (patients included in the group to which randomized). 
For the primary outcome, incident delirium, both the abso-
lute difference and relative change were computed. The chi-
square test was used to compare proportions with the primary 
outcome between groups. Secondary outcomes were com-
pared using Wilcoxon rank sum tests. Normally distributed 
variables are reported using mean ± SD, and nonnormally 
distributed variables are reported using mean and interquartile 
range. Adjusted analyses were conducted with multivariable 
logistic regression to account for potential confounding, first 
with prespecified adjustment for age, education, and cognitive 
score28 and second with adjustment for additional variables 
associated with delirium in bivariate analyses. As-treated anal-
yses were also conducted (patients included in the group to 
which they received treatment). Standard diagnostics, includ-
ing goodness of fit, influence, and collinearity, were examined 
for all regression models. BIS data were downloaded from 
the monitor after surgery and were analyzed in several ways, 
including the mean ± SD and minutes below or above clin-
ically relevant cutoffs (BIS less than 40 and BIS greater than 
55), based on the methodology of previous studies.11,16

Prespecified subgroup analyses were conducted based on 
stratification by age (less than 75 vs. 75 yr old or greater), Charlson 
Comorbidity Index (0 vs. 1 or greater), and baseline cognition 
(Mini-Mental State Examination less than 27 vs. 27 or greater), 
with cutoffs chosen based on biologic relevance and/or to have 
anticipated sufficient number of patients in the subgroups.16,29,30 
Post hoc, we examined four subgroups identified based on dif-
ferences in bivariate analyses. Relative risks were calculated 
within each subgroup, and 95% CIs were generated using the 
percentile method via a bootstrap procedure (5,000 bootstrap 
samples). The hypothesis that the intervention would have dif-
ferential effect based on subgroups was formally tested using a  
P value for interaction, without adjustment for other covariates. 
SAS v9.4 (USA) was used. Formal interim analyses were to assess 
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recruitment, safety events, and dropout, but not efficacy, and a Data 
Safety and Monitoring Board monitored study conduct and safety. 
There were no prespecified stopping criteria, and enrollment ceased 
when the target sample size was obtained. In all analyses, P < 0.05  
was considered significant, and all hypothesis testing was 
two-tailed.

results
A patient flow diagram is shown in figure 1. Of 799 patients 
screened from September 8, 2015, to May 6, 2019, 111 
patients were randomized to spinal anesthesia with targeted 
sedation based on BIS values, and 108 patients were random-
ized to general anesthesia with masked BIS values. Reasons 
that patients were not enrolled and randomized are listed in 
figure 1. Enrollment was stopped upon accrual of enrollment 
goals. Among patients randomized to spinal anesthesia with 
targeted sedation based on BIS values, an adequate level of 
spinal anesthesia could not be obtained in seven patients, 
and these patients crossed over to receive general anesthe-
sia. Among patients randomized to general anesthesia with 
masked BIS values, two patients withdrew after randomiza-
tion, and one patient crossed over to receive spinal anesthesia.

baseline Patient characteristics

The median age of patients in this study was 72 yr (inter-
quartile range, 69 to 77), 38% were male, and the median 
Mini-Mental State Examination score was 29 (interquartile 
range, 27 to 29). Patients rated their average preoperative pain 
as a median of 7 (interquartile range, 5 to 8) and their current 
pain as a median of 3 (interquartile range, 1 to 6). Patient 
characteristics were generally similar in the two arms of the 
study (table 1). However, the Charlson Comorbidity Index 
was slightly higher and there were more patients with a pre-
vious myocardial infarction and atrial fibrillation in the spinal 
anesthesia with targeted sedation based on BIS values group.

Perioperative characteristics and Separation in bIS 
Values

Intra- and postoperative characteristics are described 
in table  2 (intention to treat) and Supplemental Digital 
Content table 1 (http://links.lww.com/ALN/C700; as 
treated). Overall, the median length of surgery was 128 min 
(interquartile range, 106 to 159), the median number of spi-
nal levels was 3 (interquartile range, 2 to 4), and the median 
estimated blood loss was 300 ml (interquartile range, 200 to 
460). In the spinal anesthesia with targeted sedation based 
on BIS values group, the median dose of bupivacaine was 
14 mg (interquartile range, 12.5 to 15), and the maximum 
propofol infusion rate was a median of 80 mcg · kg–1 · 
min–1 (interquartile range, 75 to 100). Among patients who 
received general anesthesia, desflurane was predominantly 
utilized. Patients in the general anesthesia with masked BIS 
values group received more fentanyl and less IV fluids.

The average BIS value in the spinal anesthesia with targeted 
sedation based on BIS values group was higher than in the 

general anesthesia with masked BIS values group (median of 62 
[interquartile range, 53 to 70] vs. 45 [interquartile range, 41 to 
50]; P < 0.001). The median duration of BIS less than 40 was 
substantially lower in the spinal anesthesia with targeted seda-
tion based on BIS values group compared to the general anes-
thesia with masked BIS values group (3 min [interquartile range, 
0 to 22] vs. 68 min [interquartile range, 22 to 102]; P < 0.001).

effect of the Intervention on Postoperative Delirium and 
Other Outcomes

The overall incidence of delirium was 22% (48 of 217). Out of 
544 opportunities for delirium assessments for nondischarged 
patients, 509 in-person assessments were completed, and 24 
assessments were refused by patients. Two patients refused all 
assessments. In the intention to treat analysis, there was no sig-
nificant difference in the incidence of delirium in the spinal 
anesthesia with targeted sedation based on BIS values group 
(25.2% [28 of 111]) compared with the general anesthesia with 
masked BIS values group (18.9% [20 of 106]; P = 0.259), abso-
lute difference, 6.4% (95% CI, –4.6 to 17.4%), and relative risk, 
1.22 (95% CI, 0.85 to 1.76). When a chart review delirium 
method was used to supplement the in-person assessments, 
there was no significant difference in the incidence of delirium 
in the spinal anesthesia with targeted sedation based on BIS 
values group (27.9% [31 of 111]) compared with the general 
anesthesia with masked BIS values group (23.6% [25 of 106];  
P = 0.465). Similarly, there was no difference by group in the 
incidence of delirium for each individual postoperative day 
or in maximum delirium severity score (table 3 [intention to 
treat]; Supplemental Digital Content table 2, [http://links.lww.
com/ALN/C700; as treated]). The incidence of delirium was 
also not different between groups when adjusted for variables 
associated with delirium in bivariate analyses (Supplemental 
Digital Content table 3, http://links.lww.com/ALN/C700).

Duration of recovery in the postanesthesia care unit was 
similar between the two groups, but pain at postanesthesia care 
unit discharge was lower in the spinal anesthesia with targeted 
sedation based on BIS values group compared with the general 
anesthesia with masked BIS values group (median, 4 [inter-
quartile range, 1 to 5] vs. median, 5 [interquartile range, 3 to 7]; 
P = 0.004). There were two strokes in the spinal anesthesia with 
targeted sedation based on BIS values group, and there was one 
death in the general anesthesia with masked BIS values group. 
Other complications by randomization group are listed in 
table 2 (intention to treat) and Supplemental Digital Content 
table 1 (http://links.lww.com/ALN/C700; as treated).

Prespecified Subgroup Analyses
There were three prespecified subgroup analyses, based on 
cutoffs of the Mini-Mental State Examination, the Charlson 
Comorbidity Index, and age, with forest plot results by the 
primary intention to treat analysis shown in figure 2. (The 
forest plot for the as treated analysis, as well as an expanded 
description of the numbers of events in each subgroup, 
are shown in Supplemental Digital Content figure 1 and 
Supplemental Digital Content table 4, respectively, http://
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links.lww.com/ALN/C700). Baseline Mini-Mental State 
Examination did moderate the effect of the intervention 
(P interaction = 0.009). Specifically, for patients with Mini-
Mental State Examination less than 27, the incidence of delir-
ium was less in the spinal anesthesia with targeted sedation 
based on BIS values group compared to the general anesthesia 
with masked BIS values group (17.7% [3 of 17] vs. 43.5% [10 
of 23]). On the other hand, for patients with Mini-Mental 
State Examination 27 or greater, the incidence of delirium 
was greater in the spinal anesthesia with targeted sedation 
based on BIS values group versus the general anesthesia with 
masked BIS values group (26.6% [25 of 94] vs. 12.1% [10 
of 83]). There was no difference in the effect of the inter-
vention (i.e., no interaction) based on the other prespecified 
subgroups of age strata (less than 75 vs. 75 yr old or greater) or 
Charlson Comorbidity Index (0 vs. 1 or greater). Several other 
subgroup analyses were chosen post hoc (sex, education, use of 
short-acting opioids at baseline, and administration of intrathe-
cal morphine during surgery; fig. 2). Intrathecal morphine did 
modify the effect of the intervention in the intention to treat 

analysis (P interaction = 0.029) but not in the as treated analysis  
(P interaction = 0.088). Specifically, for patients who did not 
receive intrathecal morphine, the incidence of delirium in the 
intention to treat analysis was less in the spinal anesthesia with 
targeted sedation based on BIS values group compared to the 
general anesthesia with masked BIS values group (8.8% [3 
of 34] vs. 20.4% [10 of 49]). On the other hand, for patients 
who did receive intrathecal morphine, the incidence of delir-
ium was greater in the spinal anesthesia with targeted seda-
tion based on BIS values group versus the general anesthesia 
with masked BIS values group (32.5% [25 of 77] vs. 17.5% 
[10 of 57]).

risk Factors for Delirium

In bivariate analyses, male sex, lower Mini-Mental State 
Examination score, higher Charlson Comorbidity Index, 
preoperative short-acting opioid medication, longer sur-
gery, and increased postoperative pain were among the 
variables associated with delirium (Supplemental Digital 

Fig. 1. consolidated Standards of reporting Trials (cONSOrT) diagram. A patient flow diagram is shown.
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Content tables 5 and 6, http://links.lww.com/ALN/C700).  
In adjusted models (Supplemental Digital Content table 3,  
http://links.lww.com/ALN/C700), only lower Mini-
Mental State Examination score remained independently 
associated with delirium. The administration of intrathecal 
morphine was also associated with delirium in the adjusted 
model, but not in the bivariate comparison.

discussion

The results of this trial demonstrate that spinal anesthesia 
with targeted sedation based on BIS values compared with 
general anesthesia with masked BIS values does not reduce 
the incidence of delirium in lumbar spine surgery patients.

The results of this study add to several studies exam-
ining whether titrating depth of anesthesia and anesthetic 
exposure compared with usual care can reduce delirium. 
Early trials in general anesthesia patients suggested that a 
strategy to reduce anesthetic exposure based on BIS values 
could reduce delirium.11,12 Based on these and other studies, 
delirium guidelines have recommended depth of anesthe-
sia monitoring may be considered.1 However, the recent 
large trial reported no difference in delirium in patients 
randomized to a strategy of avoiding excessive anesthetic 
exposure and burst suppression on the electroencephalo-
gram.14 Similarly, the results of the current study demon-
strate that a bundled approach to reduce anesthetic agent 
exposure as determined by BIS values does not reduce the 

table 1. baseline Patient characteristics

 
total  

(n = 217)*

General anesthesia  
with Masked BiS  
values (n = 106)

Spinal anesthesia with  
targeted Sedation Based on  

BiS values (n = 111)

Age (yr), median (interquartile range) 72 (69–77) 72 (69–76) 73 (69–78)
male, n (%) 83 (38.2) 35 (33.0) 48 (43.2)
race, n (%)
 White 197 (90.8) 93 (87.7) 104 (93.7)
 black 20 (9.2) 13 (12.3) 7 (6.3)
education college or higher, n (%) 104 (47.9) 49 (46.2) 55 (49.5)
Living arrangement, at home, n (%) 203 (94.4) 95 (91.3) 108 (97.3)
mini-mental State examination,† median (interquartile range) 29 (27–29) 28 (27–29) 29 (27–29)
Instrumental Activities of Daily Living,‡ median (interquartile range) 13 (12–14) 13 (12–14) 13 (12–14)
comorbidities, n (%)    
 Previous stroke 3 (1.4) 2 (1.9) 1 (0.9)
 Hypertension 157 (72.4) 74 (69.8) 83 (74.8)
 Atrial fibrillation 12 (5.5) 2 (1.9) 10 (9.0)
 congestive heart failure 1 (0.5) 0 (0) 1 (0.9)
 myocardial infarction 20 (9.2) 5 (4.7) 15 (13.5)
 Peripheral vascular disease 9 (4.1) 1 (0.9) 8 (7.2)
 chronic obstructive pulmonary disease 22 (10.1) 10 (9.4) 12 (10.8)
 Tobacco (previous) 73 (33.6) 33 (31.1) 40 (36)
 Diabetes 54 (24.9) 25 (23.6) 29 (26.1)
 chronic kidney disease 38 (17.5) 15 (14.2) 23 (20.7)
ASA Status,§ median (interquartile range) II (II–III) II (II–III) II (II–III)
charlson comorbidity Index,∥ median (interquartile range) 1 (0–1) 0 (0–1) 1 (0–1)
Hemoglobin (g/dl), mean ± SD 13.5 ± 1.3 13.6 ± 1.2 13.5 ± 1.4
baseline medications    
 Aspirin, n (%) 21 (9.8) 12 (11.5) 9 (8.1)
 β-blockers, n (%) 56 (26) 21 (20.2) 35 (31.5)
 calcium channel blockers, n (%) 51 (23.7) 22 (21.2) 29 (26.1)
 Angiotensin-converting enzyme inhibitors, n (%) 43 (20) 17 (16.3) 26 (23.4)
 Angiotensin II-receptor blockers, n (%) 49 (22.8) 26 (25) 23 (20.7)
 Statin, n (%) 109 (50.7) 55 (52.9) 54 (48.6)
 Selective serotonin reuptake inhibitors or serotonin and  

norepinephrine reuptake inhibitors, n (%)
39 (18.1) 20 (19.2) 19 (17.1)

 Other psychotropic medication, n (%) 23 (10.7) 9 (8.7) 14 (12.6)
 Short-acting opioids, n (%) 106 (49.3) 44 (42.3) 62 (55.9)
current pain,# median (interquartile range) 3 (1–6) 3 (1–7) 3 (0–5)
Average pain,# median (interquartile range) 7 (5–8) 7 (5–8) 8 (5–8)

*All variables were complete (n = 217) except the following: Instrument Activities of Daily Living, ASA score (n = 211), current and average pain (n = 212), living status (n = 203), all 
baseline medications (n = 215), hemoglobin (n = 216). †mini-mental State examination scores range from 0 to 30, with higher scores indicating better performance. ‡Instrumental 
Activities of Daily Living scores range from 0 to 14 with higher scores indicating better functional status. §For non–brain dead surgical patients, ASA scores range from I to V with 
higher scores indicating greater comorbidities. ∥The charlson comorbidity Index ranges from 0 to 33, with higher scores indicating greater risk of long-term mortality. #Pain is rated 
on a scale of 0 to 10, with higher scores indicating more pain.
ASA, American Society of Anesthesiologists; bIS, bispectral Index.
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incidence of delirium in older adults undergoing lumbar 
spine fusion surgery.

An important consideration in interpreting previous stud-
ies is that in most trials, all patients received general anes-
thesia. The pertinent comparisons were general anesthesia 
versus deeper general anesthesia, and the benefits of lighter 

anesthesia could not be examined. This is an important gap 
since critical care guidelines recommend that mechanically 
ventilated patients in the intensive care unit benefit from 
light sedation,31 a level of consciousness that is substantially 
more alert than general anesthesia. Two trials in hip fracture 
surgery patients under spinal anesthesia examined benefits 

table 2. Perioperative and Postoperative characteristics by randomization Group

 
overall  

(n = 217)*

General anesthesia  
with Masked BiS  
values (n = 106)

Spinal anesthesia with  
targeted Sedation Based  
on BiS values (n = 111) P value

Intraoperative
 Duration of surgery (min), median (interquartile range) 128 (106–159) 130 (110–163) 123 (102–154) 0.262
 Number of levels, median (interquartile range) 3 (2–4) 3 (2–3) 3 (2–4) 0.425
 Anesthetic management     
  Spinal anesthesia arm     
   bupivacaine dose (mg), median (interquartile range) 14 (12.5–15) Not applicable 14 (12.5–15) Not applicable
   maximum propofol infusion (mcg · kg–1 · min–1), median  

   (interquartile range)
80 (75–100) Not applicable 80 (75–100) Not applicable

  General anesthesia arm     
   Desflurane, n (%) 82 (37.8) 77 (72.6) Not applicable Not applicable
  Intrathecal morphine, n (%) 134 (61.8) 57 (53.8) 77 (69.4) 0.018
  Intrathecal morphine (mg), median (interquartile range) 0.2 (0.2–0.2) 0.2 (0.2–0.2) 0.2 (0.2–0.2) 0.019
  Fentanyl, n (%) 203 (93.5) 100 (94.3) 103 (92.8) 0.643
  Fentanyl (mcg), median (interquartile range) 150 (100–250) 200 (150–250) 100 (100–100) < 0.001
  Hydromorphone, n (%) 43 (19.8) 40 (37.7) 3 (2.7) < 0.001
  Hydromorphone (mg), median (interquartile range) 1.5 (1–2) 1.3 (1–2) 2 (1–2) 0.449
  midazolam, n (%) 69 (31.8) 33 (31.1) 36 (32.4) 0.837
  midazolam (mg), median (interquartile range) 2 (2–2) 2 (2–2) 2 (2–2) 0.554
  Phenylephrine, n (%) 50 (23.0) 23 (21.7) 27 (24.3) 0.646
  Phenylephrine (mcg), median (interquartile range) 300 (200–650) 300 (50–450) 250 (150–750) 0.611
  ephedrine, n (%) 140 (64.5) 68 (64.2) 72 (64.9) 0.913
  ephedrine (mg), median (interquartile range) 20 (10–33) 25 (13–40) 20 (10–30) 0.055
  Fluids administered (ml), median (interquartile range) 2,000 (1,700–2,700) 2,000 (1,400–2,600) 2,050 (1,900–2,950) 0.006
  estimated blood loss (ml), median (interquartile range) 300 (200–460) 300 (200–500) 300 (200–400) 0.648
  Packed erythrocyte transfusion, n (%) 4 (1.8) 1 (0.9) 3 (2.7) 0.622
  Lowest mAP (mm Hg), median (interquartile range) 59 (52–64) 59 (51–64) 60 (52–64) 0.672
 Average bIS, median (interquartile range) 51 (44–63) 45 (41–50) 62 (53–70) < 0.001
 Duration of bIS < 40 (min), median (interquartile range) 22 (1–76) 68 (22–102) 3 (0–22) < 0.001
 Duration of bIS > 55 (min), median (interquartile range) 31 (16–92) 20 (13–30) 87 (34–110) < 0.001
 Duration of PAcU (min), median (interquartile range) 119 (75–164) 119 (75–169) 118 (75–160) 0.530
 Pain score at PAcU discharge, median (interquartile range) 4 (2–6) 5 (3–7) 4 (1–5) 0.004
Postoperative
 IcU admission, n (%) 4 (1.8) 0 (0) 4 (3.6) 0.122
 Duration of hospitalization (days), median (interquartile range) 3 (2–3) 3 (2–3) 3 (2–3) 0.087
 maximum pain on postoperative day 1 (0–10), median (interquartile  

 range)
8 (7–10) 8 (7–10) 8 (7–10) 0.413

 complications,† n (%)
  Stroke 2 (0.9) 0 (0) 2 (1.8) 0.498
  Atrial fibrillation 1 (0.5) 0 (0) 1 (0.9) 1.000
  congestive heart failure 0 (0) 0 (0) 0 (0) Not applicable
  myocardial infarction 1 (0.5) 0 (0) 1 (0.9) 1.000
  Sepsis 0 (0) 0 (0) 0 (0) Not applicable
  Pneumonia 2 (0.9) 0 (0) 2 (1.8) 0.498
  Urinary tract infection 18 (8.3) 9 (8.5) 9 (8.1) 0.919
  Pulmonary embolism or deep venous thrombosis 2 (0.9) 1 (0.9) 1 (0.9) 1.000
  Acute kidney injury 1 (0.5) 0 (0) 1 (0.9) 1.000
  Fall 0 (0) 0 (0) 0 (0) Not applicable
  reoperation 1 (0.5) 0 (0) 1 (0.9) 1.000
  In-hospital death 1 (0.5) 1 (0.9) 0 (0) 0.488

*All variables were complete except bupivacaine and propofol dose in the spinal anesthesia group (n = 101), bIS values (n = 192), and postoperative day 1 pain (n = 216). †Some 
patients experienced multiple complications, apart from urinary tract infections. One patient in the general anesthesia group had a pulmonary embolism and died. One patient in the 
spinal anesthesia group had a stroke, myocardial infarction, and pneumonia.
bIS, bispectral Index; IcU, intensive care unit; mAP, mean arterial pressure; PAcU, postanesthesia care unit.
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of intraoperative “light” sedation.15,16 However, the results of 
these two studies were conflicting, and moreover, the elderly, 
frail, and cognitively impaired populations may not be gener-
alizable to most older adults undergoing surgery. Thus, there 
has been a clear need to determine whether reducing depth 
of anesthesia beyond general anesthesia could reduce delir-
ium in a generalizable population of older adults. This ques-
tion is highly relevant since many surgeries can be performed 

with neuraxial or regional approaches. The SHARP study 
addressed this question in a pragmatic manner and demon-
strated no delirium reduction in patients treated with spinal 
anesthesia with targeted sedation based on BIS values com-
pared with general anesthesia with masked BIS values.

One of three preplanned subgroup analyses showed 
different effects of the intervention according to baseline 
cognition. Specifically, for patients with Mini-Mental State 

table 3. effect of the Intervention on Postoperative Delirium

 
General anesthesia with  

Masked BiS values (n = 106)
Spinal anesthesia with targeted  

Sedation Based on BiS values (n = 111) P value

Any delirium, n (%)* 20 (18.9) 28 (25.2) 0.259
Number of days of delirium, among delirious patients, median  

 (interquartile range)
1 (1–3) 1 (1–2) 0.224

Delirium by postoperative day*
 Day 1, n (%) 7 (6.6) 15 (13.5) 0.092
 Day 2, n (%) 15 (14.2) 22 (19.8) 0.267
 Day 3, n (%) 11 (10.4) 14 (12.6) 0.606
maximum delirium severity score as measured by Delirium rating  

 Scale–revised-98,† median (interquartile range)*
4 (3–6) 5 (3–8) 0.276

maximum delirium severity score as measured by Delirium rating Scale–revised-98 by postoperative day*
 Day 1, median (interquartile range) 3 (2–6) 4 (3–7) 0.088
 Day 2, median (interquartile range) 3 (1.5–5) 3 (2–6) 0.354
 Day 3, median (interquartile range) 3 (1–5) 3 (1–6) 0.960

*Out of 544 opportunities for delirium assessments for nondischarged patients at assessment, 509 in-person assessments were completed, and 24 assessments were refused by 
patients. A total of 215 patients had a postoperative assessment with the confusion Assessment method and Delirium rating Scale-revised-98 (two patients refused all assessments 
and were considered to not have delirium). For each postoperative day, the number of patients with a confusion Assessment method and Delirium rating Scale-revised-98 evaluation 
among the number of nondischarged patients at assessment was 199/217 (postoperative day 1), 190/198 (postoperative day 2), and 120/129 (postoperative day 3).
†Delirium rating Scale–revised-98 severity scores range from 0 to 39, with higher scores indicating greater severity of delirium.

Fig. 2. Subgroup analyses of the primary outcome of incident delirium. Subgroup analyses based on intention to treat analyses with the 
primary outcome of incident delirium. Prespecified subgroup analyses were conducted based on stratification by age, charlson comorbidity 
Index, and baseline cognition. Post hoc, four subgroups were identified based on differences in bivariate analyses. The effect of anesthetic 
approach (relative risk [95% cI]) is presented separately in each subgroup to define the effect of the intervention in that particular subgroup. 
The interaction term is a test of significance for whether the effect of anesthetic approach is statistically different between subgroups. rapid 
release opioids refer to baseline opioids. relative risk less than 1 favors spinal anesthesia with targeted sedation based on bispectral Index 
values. relative risk greater than 1 favors general anesthesia with masked bispectral Index values.
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Examination less than 27, there was less delirium in the spinal 
anesthesia with targeted sedation based on BIS values group, 
while for patients with Mini-Mental State Examination 27 
or greater, there was less delirium in the general anesthe-
sia with masked BIS values group. The results of this sub-
group analysis are qualitatively similar to a subgroup analysis 
reported in a trial of depth of sedation in hip fracture surgery 
patients.16 In this trial in which the median Mini-Mental 
State Examination score was 24, the subgroup of healthy 
patients with a Charlson Comorbidity Index score of 0 to 
1 (but not higher) had less delirium with a light versus deep 
sedation strategy. Thus, in both the hip fracture trial and the 
current trial, patients who were relatively healthy but with 
impaired cognition derived benefit from lighter sedation. 
These results need to be considered hypothesis-generating 
since they were subgroup analyses. One potential explana-
tion is that cognitively impaired patients are more sensitive 
to anesthetic depth, perhaps due to underlying neurodegen-
erative disease.32–35 On the other hand, it is not entirely clear 
why cognitively intact patients benefited from general anes-
thesia with masked BIS values. The overall risk of delirium 
was less in these patients, as would be expected. Future stud-
ies should examine anesthetic strategies to reduce depth of 
anesthesia in cognitively impaired older adults, although the 
logistics of enrolling a sufficient number of eligible patients 
would be challenging. A post hoc analysis also showed that the 
administration of intrathecal morphine was independently 
associated with delirium and modified the effects of the 
intervention such that in patients who received intrathecal 
morphine, there was less delirium in the general anesthesia 
with masked BIS values group. Previous work has suggested 
that intrathecal morphine was associated with less postop-
erative delirium,36 while in our study, patients who received 
intrathecal morphine had more delirium, and the finding of 
this post hoc analysis should also be considered exploratory.

In the current study, the strongest and most consistent delir-
ium risk factor was lower Mini-Mental State Examination 
score. These results are consistent with other studies examin-
ing risk factors for delirium3 and highlight the importance of 
cognitive testing for risk stratification. Overall, pain and pain 
treatment were important, with baseline short-acting opioids 
and maximum postoperative pain being associated with delir-
ium. These results highlight the balance of treating pain while 
minimizing deliriogenic opioid medication.3,37

There are several strengths of this study. The SHARP trial 
used a unique study design to compare spinal anesthesia with 
targeted sedation based on BIS values versus general anesthesia 
with masked BIS values in cognitively intact older adults. The 
intervention was pragmatic, conducted at a community-based 
hospital, and achieved a separation in BIS values. The research 
group is experienced in assessing postoperative delirium. 
Although the study sample was older adults undergoing spine 
surgery, results are likely generalizable to a number of surgeries 
for which general or neuraxial/regional anesthesia is appropriate.

There are several limitations. The intervention was bundled, 
and it is unclear which aspect (light sedation, spinal anesthesia, 

or propofol) was most responsible for the subgroup effect. 
The doses of propofol that were used were relatively high, the 
sedation protocol was pragmatic, and a formal observer assess-
ment of sedation was not used. Thus, a number of patients 
in the spinal anesthesia with targeted sedation based on BIS 
values group had BIS values below the target of 60 to 70, and 
this may have biased the results toward the null. Additionally, 
BIS may not be an accurate measure of depth of anesthesia in 
older adults. However, the majority of patients had BIS values 
that exceeded the upper limit of 55 that has been advocated to 
prevent awareness during general anesthesia.38,39 The bundled 
approach also did not permit the use of other sedative agents, 
such as dexmedetomidine, and future studies are needed to 
examine potentially beneficial effects of dexmedetomidine 
in this population. The study was powered for a large effect 
size, based on a previous study,15 and we revised the estimate 
of delirium incidence due to a lower incidence than origi-
nally expected. However, the overall incidence of delirium 
was still below the expected incidence in the power calcula-
tion, and so the study was underpowered. Nevertheless, given 
the observed effect, it is unlikely that a larger study would 
demonstrate a benefit in the intervention group. We assessed 
delirium only once daily, and some cases may have been 
missed. Thus, imprecision of the outcome assessment and/or 
misclassification may have biased the results. Patients in the 
spinal anesthesia with targeted sedation based on BIS values 
had more cardiac and vascular disease at baseline, although the 
baseline Mini-Mental State Examination was slightly higher 
than the general anesthesia with masked BIS values group. 
Perioperative management aside from the intervention was 
based on established protocols, and this introduced hetero-
geneity into the study. There was crossover between study 
arms in eight patients, largely due to obtaining adequate spi-
nal anesthesia in patients with degenerative spine disease, and 
this is a source of bias. However, results were similar in inten-
tion to treat and as treated analyses. The Mini-Mental State 
Examination is a general screen of cognition and is limited 
by ceiling effect and educational biases.40 Further, the distinc-
tion between a Mini-Mental State Examination score above 
and less than 27 may not be clinically meaningful, and so the 
results of the subgroup analyses should be considered hypoth-
esis-generating. Finally, the trial was not formally registered 
in ClinicalTrials.gov until 2017 due to quality control issues, 
although the initial protocol with the aim and primary out-
come of this manuscript was submitted in October 2015.

In conclusion, the results of the SHARP study demon-
strate that spinal anesthesia with targeted sedation based on 
BIS values does not reduce delirium in older adults under-
going lumbar spine surgery. Further studies are needed 
to examine optimal anesthetic strategies in cognitively 
impaired patients, who are at high risk for delirium.
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Dr. Alan Van Poznak Slides the Musical into the  
Medical Syringe!

Gentleman, scholar, and lifelong Cornellian, Alan Van Poznak, M.D. (hugging Dr. Kathryn McGoldrick, upper 
left), famously developed methoxyflurane in the 1960s with longtime colleague Joseph Artusio, M.D. Proving 
his inventive mind was not limited to the lab bench, he combined pieces from two precisely cut syringes and 
created a musical masterpiece—the syringe slide whistle (right)! Once again, fortune favored the prepared 
mind. Apprenticed to a pipe-organ builder in his teens, Dr. Van Poznak was able to recognize the instru-
mental potential in the cylindrical syringe. While serenading pediatric patients at the New York Hospital, he 
taught anesthesia residents both Bernoulli and Venturi principles just before closing lectures with Cornell’s 
school song (bottom). To learn how this little whistle sang its way into the hearts of the Big Apple Circus and 
Late Night TV hosts, watch the full interview of Dr. Van Poznak by former student Kathryn McGoldrick, 
M.D. (hugging Dr. Van Poznak, upper left), in the Wood Library-Museum’s John W. Pender Collection of the 
Living History of Anesthesia (https://www.woodlibrarymuseum.org/library/living-history). (Copyright © 
the American Society of Anesthesiologists’ Wood Library-Museum of Anesthesiology.)

Melissa L. Coleman, M.D., Penn State College of Medicine, Hershey, Pennsylvania, and Jane S. Moon, M.D., 
University of California, Los Angeles, California.
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