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IMPORTANCE In adults undergoing hip fracture surgery, regional anesthesia may reduce
postoperative delirium, but there is uncertainty about its effectiveness.

OBJECTIVE To investigate, in older adults undergoing surgical repair for hip fracture, the
effects of regional anesthesia on the incidence of postoperative delirium compared with
general anesthesia.

DESIGN, SETTING, AND PARTICIPANTS A randomized, allocation-concealed, open-label,
multicenter clinical trial of 950 patients, aged 65 years and older, with or without preexisting
dementia, and a fragility hip fracture requiring surgical repair from 9 university teaching
hospitals in Southeastern China. Participants were enrolled between October 2014 and
September 2018; 30-day follow-up ended November 2018.

INTERVENTIONS Patients were randomized to receive either regional anesthesia (spinal,
epidural, or both techniques combined with no sedation; n = 476) or general anesthesia
(intravenous, inhalational, or combined anesthetic agents; n = 474).

MAIN OUTCOMES AND MEASURES Primary outcome was incidence of delirium during the first 7
postoperative days. Secondary outcomes analyzed in this article include delirium severity,
duration, and subtype; postoperative pain score; length of hospitalization; 30-day all-cause
mortality; and complications.

RESULTS Among 950 randomized patients (mean age, 76.5 years; 247 [26.8%] male), 941
were evaluable for the primary outcome (6 canceled surgery and 3 withdrew consent).
Postoperative delirium occurred in 29 (6.2%) in the regional anesthesia group vs 24 (5.1%) in
the general anesthesia group (unadjusted risk difference [RD], 1.1%; 95% Cl, -1.7% to 3.8%;
P = .48; unadjusted relative risk [RR], 1.2 [95% Cl, 0.7 to 2.0]; P = .571). Mean severity score
of delirium was 23.0 vs 24.1, respectively (unadjusted difference, -1.1; 95% Cl, -4.6 to 3.1).

A single delirium episode occurred in 16 (3.4%) vs 10 (2.1%) (unadjusted RD, 1.1%; 95% ClI,
-1.7% t0 3.9%; RR, 1.6 [95% Cl, 0.7 to 3.5]). Hypoactive subtype in 11 (37.9%) vs 5 (20.8%)
(RD, 11.5; 95% ClI, -11.0% to 35.7%; RR, 2.2 [95% Cl, 0.8 to 6.3]). Median worst pain score was
0 (IQR, 0to 20) vs O (IQR, O to 10) (difference 0; 95% Cl, O to 0). Median length of
hospitalization was 7 days (IQR, 5 to 10) vs 7 days (IQR, 6 to 10) (difference O; 95% Cl, O to
0). Death occurred in 8 (1.7%) vs 4 (0.9%) (unadjusted RD, -0.8%; 95% Cl, -2.2% to 0.7%;
RR, 2.0 [95% Cl, 0.6 to 6.5]). Adverse events were reported in 106 episodes in the regional
anesthesia group and 102 in the general anesthesia group; the most frequently reported
adverse events were nausea and vomiting (47 [44.3%] vs 34 [33.3%]) and postoperative
hypotension (13 [12.3%] vs 10 [9.8%]).

CONCLUSIONS AND RELEVANCE In patients aged 65 years and older undergoing hip fracture
surgery, regional anesthesia without sedation did not significantly reduce the incidence of
postoperative delirium compared with general anesthesia.
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nurban China, the age-standardized incidence of hip frac-

ture was 177 per 100 000 women and 99 per 100 000 men

in 2016, although total absolute numbers of hip fractures
in persons aged 55 years and older increased about 4-fold
between 2012 and 2016 due to population ageing.! Nearly all
patients with hip fractures undergo surgical treatment, which
requires regional neuraxial block or general anesthesia using
systemic anesthetic agents.

Postoperative delirium is an acute neuropsychiatric syn-
drome associated with increased morbidity, mortality, and
health care cost. Delirium occurs frequently in older people
after hip fracture surgery? and is associated with preventable
hospital morbidity® and mortality.

Predisposing factors include age, cognitive impairment,
frailty, and complex comorbidities while emergency surgery,
pain, and psychotropic medications are important precipitat-
ing factors.* Anesthetic drugs have been linked with the de-
velopment of postoperative delirium,” although the patho-
physiology remains unclear.

General anesthesia was associated with an increased risk
for postoperative delirium in a large population-based cohort
study of older adults.® Systematic reviews and meta-analyses”®
of randomized clinical trials found no evidence that the use
of regional or general anesthesia influences the incidence of
postoperative delirium. However, the certainty of the evi-
dence was rated as very low using the Grading of Recommen-
dations, Assessment, Development, and Evaluations (GRADE)
framework.® Limitations of previous randomized trials in-
clude the lack of standardized diagnosis of postoperative de-
lirium, excluding patients with existing dementia and de-
lirium, inconsistent reporting of sedation used in regional
anesthesia groups, out-of-date anesthetic practice, small
sample size, and poor reporting, which prevented adequate as-
sessment of the risk of biases such as randomization and blind-
ing of assessors.1%:1!

In the RAGA (Regional Anesthesia vs General Anesthesia)
multicenter, randomized clinical trial, it was hypothesized that
in older patients undergoing surgical repair for hip fracture,
regional anesthesia compared with general anesthesia would
reduce the incidence of postoperative delirium.

Methods

Trial Design

We conducted this pragmatic, randomized, allocation-
concealed, open-label, parallel-group, multicenter trial at 9 uni-
versity teaching hospitals in southeastern China. The trial pro-
tocol and statistical analysis plan were designed by the trial
investigators and are available online (Supplement 1 and
Supplement 2). The trial was sponsored by the Second Affili-
ated Hospital and Yuying Children's Hospital of Wenzhou Medi-
cal University; it was approved by the research ethics commit-
tee of both institutions (No. 2014-02) and by the institutional
review board at each participating center. Written consent was
obtained from patients, their next of kin, or a legal represen-
tative. Trial oversight was provided by the independent trial
steering committee and data monitoring and ethics commit-
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Key Points

Question In older adults undergoing surgical repair for hip
fracture, does regional anesthesia reduce the incidence of
postoperative delirium compared with general anesthesia?

Findings In this randomized clinical trial that included 950 older
adults, the incidence of postoperative delirium in regional
anesthesia without sedation was 6.2% vs 5.1% with use of general
anesthesia, a difference that was not statistically significant.

Meaning Regional anesthesia compared with general anesthesia
did not significantly reduce the incidence and severity of
postoperative delirium in older adults undergoing fragility hip
fracture repair.

tee whose members reviewed accruing outcome and safety
data 3 times throughout the trial.

Trial Participants

Patients aged 65 years and older with a fragility hip fracture
(femoral neck, femoral head, intertrochanteric, or subtrochan-
teric fracture), American Society of Anesthesiologists (ASA)
physical status I to IV (I [healthy], II [mild systemic disease],
III [severe systemic disease], IV [severe systemic disease that
is a constant threat to life]), and scheduled for surgical repair
were eligible for the trial. Patients were excluded if they had
multiple trauma or fractures, contraindications for regional or
general anesthesia, malignant hyperthermia, or were en-
rolled in another randomized clinical trial.

Randomization and Blinding

After giving consent, eligible patients were randomized using
a web-based secure electronic central randomization system.
Randomization was stratified by center, patient age (65-80 years,
>80 years), presence or absence of preoperative delirium, and
presence or absence of preexisting dementia to ensure equal bal-
ance between treatment groups. Delirium was diagnosed using
the Confusion Assessment Method (CAM). A positive or nega-
tive result with CAM depends on 4 criteria: (1) acute onset and
fluctuating course; (2) inattention; (3) disorganized thinking; and
(4) altered levels of consciousness. The CAM is considered to
be positive for the presence of delirium if both features 1 and 2
are present, with at least one of features 3 or 4.12 Cognitive func-
tion was measured by the 30-point Mini-Mental State Exami-
nation (score range, 0-10 [severe impairment], 11-20, [moder-
ate impairment], 21-25 [mild impairment], 26-30 [normal
cognition]).!* We used this scoring and adjusted for the pa-
tient’s educational level to define preoperative cognitive dys-
function as a proxy for dementia (<24 for education less than
postsecondary education, <23 for below secondary education;
<20 for less than primary education, or <18 for illiteracy).'*!>
Participants were randomized using minimization to regional
or general anesthesia in a 1:1 allocation (Figure). Trained out-
come assessors and data collectors were blinded to group allo-
cation throughout the study.

Anesthetic Techniques
Regional anesthesia included spinal, epidural, or combined

spinal epidural techniques was provided with no sedation.
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Figure. Patient Recruitment, Randomization, and Follow-up in the RAGA Trial

2229 Patients screened for eligibility

1279 Excluded
494 Contraindications for regional or
general anesthesia
298 Multiple trauma or fractures
> 195 Declined to participate
140 Chronic hip fracture
37 Surgery was canceled
6 Withdrawn by treating physician
109 Other reasons

950 Randomized

L

476 Randomized to receive regional anesthesia
471 Received regional anesthesia
as randomized

5 Did not receive regional anesthesia
as randomized

474 Randomized to receive general anesthesia
471 Received general anesthesia
as randomized
3 Did not receive general anesthesia
as randomized (canceled surgery)

2 Withdrew consent
3 Canceled surgery

)

471 Had primary outcome data for
the primary analysis

440 Had primary outcome data for the
per-protocol analysis

31 Excluded
10 Violated and received general
anesthesia

21 Had benzodiazepines

470 Had primary outcome data for

the primary analysis
1 Withdrew consent

434 Had primary outcome data for the

per-protocol analysis
36 Excluded
27 Violated and received regional
anesthesia only
9 Had benzodiazepines

!

469 Included in analysis for 30-d mortality
2 Lost to follow-up at 30-d follow-up

464 Included in analysis for 30-d mortality
7 Lost to follow-up or withdrawn at
30-d follow-up

The type, dose, and use of nerve block were at the discretion
of the consultant anesthesiologist.

General anesthesia was induced using intravenous induc-
tion agents and maintained using intravenous or inhalational
anesthetic agents. Airway management and the choice of
modes of ventilation were selected according to the prefer-
ence of the consultant anesthesiologist who was in charge of
the patient’s care.

For both groups, the study protocol highly recom-
mended application of single injection or continuous infu-
sion of local anesthetics for peripheral nerve block tech-
niques, such as iliac fascia 3-in-1 block, femoral nerve block,
or posterior lumbar plexus block. Any medications known
to impair cognitive function, including benzodiazepines or
ketamine, were prohibited. Postoperative analgesia was pre-
scribed as per local practice.

Outcome Measures

The primary outcome was the incidence of delirium during
the first 7 postoperative days, using the CAM assessed daily
by blinded assessors during face-to-face assessment com-
bined with proximate look-back medical and nursing notes
data extraction method in the preceding 24 hours.'® Second-
ary outcomes were episodes, severity, and subtypes of
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delirium; the worst pain score over the first postoperative 7
days; length of hospitalization; 30-day all-cause mortality;
predefined criteria for adverse events; 6-month and 1-year
follow-up for delirium incidence, type, and severity; cogni-
tive function, quality of life, and mortality; and hospitaliza-
tion cost. The severity and subtypes of delirium were based
on the Delirium Rating Scale-Revised-98 for severity (score
range, O [no delirium] to 39 [highest severity of delirium])
and for hyperactive, hypoactive, or mixed subtypes of
delirium.'” The assessors for delirium assessment were fully
trained by consultant psychiatrist trial collaborators. A visual
analog scale (O [no pain] to 100 [worst pain]) was used for
pain measurement. The predefined criteria for adverse
events were nausea, vomiting or hypoxia (oxygen saturation
<88% or intermittent supplemental oxygen), or with the
events for duration more than 5 minutes, hypotension (sys-
tolic blood pressure <90 mm Hg), hypertension (systolic
blood pressure 140 mm Hg and diastolic blood pressure
>90 mm Hg), bradycardia (heart rate <60 beats per minute),
tachycardia (heart rate >100 beats per minute). All adverse
events were categorized to severity, outcome, and associa-
tion with anesthetic techniques. Analyses of economic and
follow-up data beyond 30 postoperative days are not re-
ported in this article.
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Table 1. Demographic and Clinical Characteristics at Baseline

Anesthesia, No. (%)?
Regional (n = 471)

Characteristic General (n = 471)

Age, median (IQR), y 77 (72-82) 77 (71-82)
Women 343 (72.8) 352 (74.7)
Men 128 (27.2) 119 (25.3)

Body mass index, median (IQR)®  21.5(19.1-23.6) 21.6(19.5-23.8)

Level of education

<Elementary school 286 (60.7) 282 (59.9)
Elementary school 124 (26.3) 119 (25.3)
>Secondary school 61 (13.0) 70(14.9)
Type of fracture
Femoral neck 278 (59.0) 264 (56.1)
Intertrochanteric 183 (38.9) 200 (42.5)
Subtrochanteric 8(1.7) 6(1.3)
Femoral head 2(0.4) 1(0.2)
ASA physical classification status
I, Healthy 22 (4.7) 17 (3.6)
I, Mild systemic disease 350(74.3) 363(77.1)
111, Severe systemic disease 98 (20.8) 90(19.1)
1V, Severe, life-threatening 1(0.2) 1(0.2)
disease
MMSE, median (IQR)“ 20 (15-24) 20(15-25)
Preexisting dementia 182 (38.6) 190 (40.3)
Preoperative delirium 5(1.1) 3(0.6)
Comorbid disease by system
Cardiovascular 280 (59.4) 300 (63.7)
Gastrointestinal 173 (36.8) 145 (30.9)
Urinary tract 112 (23.8) 117 (24.8)
Central nervous system 65 (13.8) 57 (12.1)
Respiratory 37(7.9) 43 (9.1)
Hematological 18 (3.8) 19 (4.0)

Abbreviations: ASA, American Society of Anesthesiologists; MMSE, Mini Mental
State Examination.

2 Values are reported as No. (%) unless otherwise indicated.
b Calculated as weight in kilograms divided by height in meters squared.

€ The maximum MMSE score is 30 points (<24 [<less than postsecondary
education], <23 [<secondary education], <20 [<primary education], or <18
[<elementary education]).

Post hoc outcomes included subsyndromal delirium (pres-
ence of any CAM features with absence of full syndromal de-
lirium) and delirium symptoms (subsyndromal delirium plus
syndromal delirium).!®

Sample Size Calculation

Observational studies in China reported that incidence of post-
operative day 3 delirium occurred between 11.1% and 23.3%.1°-2°
Allowing for 10% missing primary outcome data due to death
or missed assessments, the total sample size required 980 par-
ticipants to provide 80% power to detect a relative risk of 0.7
for the primary outcome among patients receiving regional vs
general anesthesia at an a value of 0.05 (2-sided).?! After a for-
mal review requested by the data monitoring and ethics com-
mittee, the sample size was revised to reflect a lower attrition
rate than anticipated (see eAppendix in Supplement 3). The final
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planned sample size, inflated by the actual attrition rate of 6.6%,
was 950 (475 patients in each group).

Statistical Analysis

The statistical analysis plan is available in Supplement 2, and
has been previously published.?? Patients were analyzed ac-
cording to their randomization group in the full analysis set
(all patients randomly assigned to receive either anesthetic
technique were included). Categorical data were presented as
frequencies and percentages and analyzed using 2-tailed x2
tests or the Fisher exact test. Relative risks (RR) with 95% CIs
were calculated using the log-binomial model for the categori-
cal variables. Continuous variables were presented as means
and SDs if normally distributed and medians and IQRs if not.
Groups were compared with the t test if normally distributed
and the Mann-Whitney test if not. We conducted post hoc
analyses for using linear and logistic mixed-effects tech-
niques to assess anesthesia treatment group on the incidence
of postoperative delirium and 4 prespecified secondary out-
comes (episodes, severity, subtypes of delirium, and 30-day
mortality), as well as the post hoc outcomes of subsyndromal
delirium and delirium symptoms. The fixed effects of these
models were anesthesia treatment group, age, preoperative de-
lirium, and preexisting dementia. Possible differences be-
tween centers was taken into consideration and each center
was treated as a random effect in a post hoc analysis. Abso-
lute risk difference (RD) and mean or median differences are
reported with 95% CIs. Because of the potential for type I error
due to multiple comparisons, findings for analyses of second-
ary outcomes should be interpreted as exploratory.

We performed a per-protocol analysis and prespecified sub-
groups analyses that matched the stratified variables (cen-
ters, age, preexisting dementia, and preoperative delirium).
Any differential effects were assessed by adding the variable
for the interaction of the subgroup with the treatment group
to the models. Noimputation techniques were applied for miss-
ing data. All statistical tests were 2-sided and a P value less than
.05 was considered to be statistically significant. Statistical
analyses were performed using R (R software 3.5.3).

. |
Results

Participants
The flow of patients through the trial is detailed in the Figure.
Recruitment took place between October 2014 and Septem-
ber 2018 from 9 centers in university teaching hospitals in
southeast China (eTable 1 in Supplement 3). Thirty-day
follow-up for the last participant ended in November 2018.
Among the 2229 participants screened for eligibility, 950
consented and were randomly assigned to receive regional
anesthesia (n = 476) or general anesthesia (n = 474). In each
group, 471 patients underwent surgery. Primary outcome
data were available for 471 participants in the regional anes-
thesia group and 470 participants in the general anesthesia
group (Figure). The details of the anesthetic techniques used
are shown in the eFigure (Supplement 3), the number of pro-
tocol violations are shown in the Figure, and the details of the
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Table 2. Intraoperative Characteristics of Patients Undergoing Hip Fracture Surgery and Regional vs General Anesthesia

Anesthesia Risk difference (95% Cl)
Adjusted for age,
preoperative delirium, Unadjusted
Regional General preexisting dementia,  relative risk

Characteristic (n=471) (n=471) Unadjusted?® Adjusted for center and center (95% ClI)
Surgery approaches, No. (%)

Closed reduction 203 (43.1) 209 (44.4) 1 [Reference]

and internal fixation®

Open reduction 268 (56.9) 262 (55.6) -1.3(-4.1t07.2) 0 0 1.0(0.9to1.1)

and internal fixation
Duration of anesthesia, 2.0(1.6-2.5) 2.0(1.7-2.5) 0(-0.1t00.1)
median (IQR), h©
Technical level of surgeons, No. (%)

Senior 432 (91.7) 420(89.2) 1 [Reference]

Junior 39(8.3) 51(10.8) -2.5(-6.2t01.1) 3.4(-8.1t00.8) -3.3(-8.4t01.1) 1.2(0.9t0 1.5)
Technical level of anesthesiologists,
No. (%)

Senior 197 (41.8) 223 (47.3) 1 [Reference]

Junior 274 (58.2) 248 (52.7) 5.5(-0.1t012.4) 59(0to11.3) 6.2 (-0.4t012.6) 0.9(0.8t01.0)
Intraoperative hypotension, No. (%)¢ 149 (31.6) 369 (78.3) -46.7 (-52.4t0-41.6) -47.4(-53.2t0-0.0) -47.6(-53.6t0-0.1) 2.6(2.3t03.1)

Medicated, No. (%)® 124 (83.2) 305 (82.7) 0.6 (-6.1 t0 6.0) 0 0(0to0) 1.0(0.7to 1.4)
Blood transfusion, No. (%) 69 (14.6) 70(14.9) -0.2(4.3t05.2) -0.1(5.3t04.1) 0.1(4.9t05.2) 1.0(0.8t01.2)

2 Data are presented as risk differences for categorical outcomes using logistic
mixed model, relative risks for categorical outcomes using log-binomial model,
and mean (using linear mixed model) or median differences (using
Mann-Whitney test) for continuous outcomes.

®Indicates the manipulation of the bone fragments of a fracture without open

incisions and internal fixation is applied usually using K-wires to stabilize
the fracture.

¢ Defined as the interval from administration of anesthetic to discharge from
postanesthesia care unit.

9 Defined as either systolic blood pressure lower than 90 mm Hg, an intraoperative
decrease in systolic blood pressure of 30% or greater, or a decrease in blood
pressure that the anesthesiologist decides requires treatment.

¢ Indicates participants experiencing intraoperative hypotension who required
vasoactive drugs or fluids.

drug uses and dosage are shown in eTable 2 (Supplement 3)
for regional anesthesia and in eTable 3 (Supplement 3) for gen-
eral anesthesia.

Overall baseline and clinical characteristics of patients
(Table 1) and the majority of intraoperative characteristics
(Table 2) were well balanced between groups. However, there
was a 2.5-fold increase in number of patients who experi-
enced intraoperative hypotension in the general anesthesia
group (369 [78.3%]) compared with the regional anesthesia
group (149 [31.6%]), with an unadjusted risk difference (RD)
of 46.7% (95% CI, 41.6% to0 52.4%; P < .001), and after adjust-
ing for age, preoperative delirium, preexisting dementia and
random center effects, the difference remained significant (RD,
47.6% [95% CI, 10% to 53.6%]; P < .001).

Primary Outcome

The number of participants experiencing incidence of de-
lirium on 1 or more occasions during the first postoperative 7
days was 29 (6.2%) in the regional anesthesia group com-
pared with 24 (5.1%) in the general anesthesia group (unad-
justed RD, 1.1% [95% CI, -1.7% to 3.8%]; P = .48; unadjusted
relative risk [RR],1.2[95% CI, 0.7 t0 2.0]; P = .57). In a post hoc
analysis adjusting for center, the RD was 1.0% (95% CI, -2.3%
t04.4%; P = .51; Table 3). Per-protocol analysis produced a simi-
lar result for primary outcome (unadjusted RD, 1.1% [95% CI,
-2.0% to 4.3%]; unadjusted RR, 1.2 [95% CI, 0.7 to 2.1]; eTable 4
in Supplement 3). Subgroup analyses showed no significant in-
teraction between the treatment groups and patient sub-
groups (eTable 5 in Supplement 3).
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Secondary Outcomes

The incidence of multiple episodes of postoperative delirium
was similar, occurring in 13 (2.8%) participants in the regional
anesthesia group and 14 (3.0%) in the general anesthesia
group (unadjusted RD, 1.1%; 95% CI, -1.7% to 3.9%; RR, 1.6;
95% CI, 0.7 to 3.5). Comparisons between the regional anes-
thesia group and the general anesthesia group were similar
for incidence of hyperactive delirium (55.2% vs 66.7%; unad-
justed RR, 1.0 [95% CI, 0.5 to 2.0]), for hypoactive delirium
(37.9% vs 20.8%; unadjusted RR, 2.2 [95% CI, 0.8 to 6.3]),
and for mixed motor agitation (6.9% vs 12.5%; unadjusted
RR, 0.7 [95% CI, 0.1 to 4.0]) (unadjusted RD, 11.5%; 95% CI,
-11.0% to 35.7%) (Table 3). There were no significant differ-
ences between the regional anesthesia and general anesthe-
sia groups for the worst severity of delirium score (mean
[SD], 23.0 [7.76] vs 24.1[7.26]; unadjusted risk difference, -1.1
[95% CI, -4.6 to 3.1]), the worst pain score (O [IQR, O to 20] vs
0 [IQR, 0 to 10]; median difference, 0 [95% CI, O to 0]), and
length of hospitalization (7 days [IQR, 5 to 10] vs 7 days [IQR,
6 to 10]; median difference, O [95% CI, O to O]). The summary
distribution of pain scores in the first 3 days after surgery is
presented in eTable 6 in Supplement 3. All-cause 30-day
mortality was 8 (1.7%) in the regional anesthesia group com-
pared with 4 (0.9%) in the general anesthesia group, showing
no significant difference (unadjusted RD, -0.8% [95% CI,
-2.2% to 0.7%]; unadjusted RR, 2.0 [95% CI, 0.6 to 6.5];
Table 3). Per-protocol analysis yielded similar results
(eTable 4 in Supplement 3). After adjustment for either center
or age, preoperative delirium, preexisting dementia, and
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Table 3. Primary and Secondary Outcomes

Anesthesia, No./total No. (%)

Risk difference (95% Cl)

Adjusted for age,

preoperative delirium, Unadjusted
Regional General® preexisting dementia,  relative risk
(n =471) (n=471) Unadjusted Adjusted for center and center (95% Cl)

Primary outcome

Postoperative delirium 29/471(6.2) 24/470 (5.1) 1.1(-1.7t0 3.8) 1.0(-2.3t04.4) 0 1.2 (0.7 t0 2.0)
P value 48 51 .64 .57
Secondary outcomes

No. of postoperative delirium episodes®

1 16/471 (3.4) 10/470 (2.1)
2 5/471(1.1) 10/470(2.1)
23 8/471(1.7) 4/470(0.9)
Delirium Rating Scale-Revised-98, 23.0(7.76) 24.1(7.26)
mean (SD), score?
Subtypes
Hyperactive 16/29 (55.2) 16/24 (66.7)
Hypoactive 11/29(37.9) 5/24 (20.8)
Mixed motor agitation 2/29 (6.9) 3/24(12.5)
30-Day mortality, No./total No.(%) 8/469 (1.7) 4/464 (0.9)
Worst pain score VAS, median (IQR)® 0(0to 20) 0(0to 10) 0
Days of hospitalization, median (IQR) 7 (5to 10) 7 (6to 10) 0

1.1(-1.7t03.9)

-1.1(-4.6t03.1)

11.5(-11.0t0 35.7)

-0.8(-2.2t00.7) 0 0

1.0(-1.9t03.9) 0 1.6 (0.7 to 3.5)
0.5(0.2t0 1.5)
2.0(0.6 t0 6.6)

-1.1(-4.8t02.1) -1.2(-5.3t03.1)

0.0(-0.0t034.2)  0.0(-0.6t024.0) 1.0 (0.5 t0 2.0)
2.2(0.8t06.3)
0.7 (0.1t0 4.0)

2.0(0.6t06.5)

Post hoc outcome
13/442 (2.9) 17/447 (3.8)
42/471(8.9) 41/470(8.7)

Subsyndromal delirium®
Delirium symptoms, No./total No.(%)°

-0.9(-3.1to0 1.5) 0 0
0.2(-3.9t04.0)

0.8(0.4t01.6)
-0.1(-4.5t03.6) 0 1.0(0.7to 1.5)

Abbreviations: CAM, Confusion Assessment Method; VAS, visual analog scale.
2 Values are reported as No./total No. (%) unless otherwise indicated.

bThere is 1 missing data point in the general anesthesia group. Data are
presented as risk differences for categorical outcomes using logistic mixed
model, relative risks for categorical outcomes using log-binomial model, and as
mean (using linear mixed model) or median differences (using the
Mann-Whitney test) for continuous outcomes.

¢ Postoperative delirium episodes were defined as discrete CAM-positive
calendar days; if there were discrete CAM-positive calendar days on day 2 and
4 postoperatively, this counted as 2 postoperative delirium episodes. If the
CAM-positive calendar days were consecutive (eg, days 1, 2, and 3), this was
defined as 3 episodes.

dSeverity of postoperative delirium was reported using the highest value of the
Delirium Rating Scale-Revised-98 during the first 7 days for each patient, and
subtypes correspond to the severity scores. Delirium Rating Scale-Revised-98
score range, O to 39 with higher scores reflecting a worse condition. A score
greater than15 supports a diagnosis of delirium.

€ VAS score range, O to 100, and the measurement of VAS was taken from the
highest value (worst pain score) over 7 days.

f Subsyndromal delirium was defined as the presence of any CAM features in
the absence of full syndromal delirium.

& Delirium symptoms: subsyndromal plus syndromal delirium.

center, there continued to be no significant differences
between groups in number of episodes, subtypes, severity of
delirium, and 30-day mortality.

Post Hoc Outcomes

The incidence of subsyndromal delirium occurred in 13 par-
ticipants (2.9%) in the regional anesthesia group compared with
17 participants (3.8%) in the general anesthesia group, with no
significant difference between groups (unadjusted RD, -0.9%
[95% CI, -3.1% t0 1.5%]; unadjusted RR, 0.8 [95% CI, 0.4 t0 1.6]),
and there was no significant difference the incidence of de-
lirium symptoms in the regional anesthesia group (42 [8.9%])
vs in the general anesthesia group (41[8.7%]) (unadjusted RD,
0.2% [95% CI, -3.9% to 4.0%]; unadjusted RR, 1.0 [95% CI, 0.7
to 1.5; Table 3).

Adverse Events

The overall rate of reported adverse events was 17.6% in the
regional anesthesia group compared with 16.8% in the gen-
eral anesthesia group. Table 4 shows the similar distributions

JAMA Published online December 20, 2021

and patterns of episodes of serious adverse events and af-
fected organ systems. Three patients experienced acute myo-
cardial infarction, acute left heart failure, and acute gastric per-
foration in the regional anesthesia group, and 2 patients had
lung infection and stroke in the general anesthesia group. The
severity and outcome of adverse events and their association
with the anesthetic techniques are presented in eTable 7 in
Supplement 3.

|
Discussion

In this multicenter randomized clinical trial, regional anes-
thesia without sedation compared with general anesthesia did
not significantly reduce the incidence of postoperative de-
lirium during the first 7 days postsurgery in patients older than
65 years with fragility hip fracture. The severity, frequency of
episode or subtypes of 7-day postoperative delirium, worst pain
score, length of hospitalization, or 30-day all-cause mortality
were not significantly different.
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This trial has a number of strengths in comparison with pre-
vious studies.?1°-23 First, to our knowledge, this trial is the larg-
est study involving regional anesthetic without sedation for
hip fracture surgery with postoperative delirium as an out-
come, and it had a low risk of selection bias through strict al-
location concealment. The patients were enrolled from 9 sur-
gical centers for hip surgery in large university teaching
hospitals in southeastern China and treat a population that rep-
resents a typical hip fracture population in Asia.

Second, the trial applied well-validated assessment tools
for diagnosis of delirium and for diagnosis of severity and sub-
types of delirium.?* The outcome assessors were specifically
trained by local psychiatrists to accurately apply these assess-
ment tools prior to the trial and remained blinded to partici-
pants' group allocations during the trial.

Third, the trial had broad inclusion criteria, including pre-
operative dementia and delirium to enhance generalizability,
a pragmatic approach to reflecting the current real-world an-
esthetic practice while precluding the use of sedation within
regional anesthesia and other medications known to cause cog-
nitive impairment.

The mean age of this trial’s participants (77 years) was sub-
stantially younger compared with cohorts from other coun-
tries (mean age, 84 years).?>2¢ Recently, a multicenter, ran-
domized clinical trial (the REGAIN trial)?” reported, as a
secondary outcome, an incidence of delirium of 20% at 60
postoperative days, which was similar between spinal anes-
thesia and general anesthesia groups. However, almost all pa-
tients in the regional anesthesia group received sedation, 23%
of whom received ketamine and 44% received midazolam,
which have strong associations with delirium.?® Only 30% of
REGAIN trial participants, compared with 80% of this trial’s
patients, were ASA physical status of II or less, which is asso-
ciated with a lower risk postoperative delirium compared with
higher ASA status (RR, 0.56 [95% CI, 0.51 to 0.59]; P < .001).2°
Also of note, frailty, which is a major risk factor for delirium,
is reported to be lower in China than other low- to middle-
income countries and the USA. In addition, the trial popula-
tion mainly came from rural China, which reports lower frailty
prevalence than in urban areas.3° These reasons may explain
the lower comparative incidence of delirium in this trial.

In Chinese culture, postoperative care, including nurs-
ing, nutrition, breathing exercises, and physiotherapy, is of-
ten provided by close family members. In a randomized clini-
cal trial of older adults undergoing major noncardiac surgery
in China,?! postoperative delirium occurred in 2.6% of partici-
pants who received the Tailored, Family-Involved Hospital
Elder Life Program intervention compared with 19.4% in the
usual care control group. The intervention prevented 16.7% of
patients from developing postoperative delirium. Decline in
physical and cognitive functions during hospitalization was sig-
nificantly lower in patients in the intervention group; the ef-
fect was sustained 30 days after discharge and the length of
hospitalization was significantly reduced (12 vs 16 days;
P <.001).

This trial’s 30-day mortality was lower than cohorts from
other countries,>? which is consistent with the low incidence
of delirium in this trial. It is not uncommon that the event rates

jama.com
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Table 4. Adverse Events®

Anesthesia, No. (%)

Regional General
(n = 471) (n=471)
No. of adverse events episodes 106 102
Digestive system
Nausea and vomiting 47 (44.3) 34 (33.3)
Abdominal pain 2(1.9) 1(1.0)
Diarrhea 0 1(1.0)
Acute gastric perforation 1(0.9) 0
Cardiovascular system
Postoperative hypotension 13(12.3) 10 (9.8)
Hypertension 4(3.8) 13(12.8)
Arrhythmia 3(2.8) 4(3.9)
Chest pain 3(2.8) 2(2.0)
Acute
Myocardial infarction 1(0.9) 0
Left heart failure 1(0.9) 0
Respiratory system
Hypoxemia 11(10.4) 13(12.8)
Lung infection 0 1(1.0)
Central nervous system
Headache and dizziness 2(1.9) 4(3.92)
Stroke 0 1(1.0)
Other
Shivering 11(10.3) 11(10.8)
Skin allergy 4(3.8) 1(1.0)
Numbness in the back 1(0.9) 0
Pharyngodynia 0 1(1.0)
Mild burns of skin 0 1(1.0)
Cerebrospinal fluid leak? 0 1(1.0)
Hematoma in neck 1(0.9) 0
Hyperglycemia“ 0(0) 1(1.0)
Urinary retention 0 1(1.0)
Anemiad 1(0.9) 0

@ Adverse event data were obtained by site trial staff from medical records.

b Cerebrospinal fluid leak was as result of epidural puncture in general
anesthesia combined with epidural.

 The elevated blood glucose is clinically significant compared with the baseline
value, which is judged by the investigator.

9|ndicated by a hemoglobin level lower than 81g/L.

in randomized clinical trials are much lower than reported in
the literature.?®33 Furthermore, the lack of a national stan-
dard in hip fracture management in China prevents examin-
ing whether there was any effect of evidence-based periopera-
tive care on therisk of delirium beyond the avoidance of drugs
known to impair cognitive function.?® In the UK, it is notable
that the national clinical guidelines and best practice tariffs on
time to surgery, nutrition, and geriatric assessment and reha-
bilitation may have contributed to the recent improvements
in patient outcomes.?*

Guideline committees have cautiously recommended
that regional anesthesia should be administered unless
contraindicated.?>3” However, the evidence underpinning
these recommendations has been very weak due to the lack
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of sufficiently powered randomized clinical trials.>* The re-
sults of this trial suggest such recommendations were prema-
ture. The International Fragility Fracture Network Delphi con-
sensus and the management of hip fractures 2020 guideline
by the Association of Anaesthetists of Great Britain and Ire-
land consider the careful delivery of anesthesia may be of
greater importance than the type of anesthesia delivered and
recommend that “anesthesia should be administered accord-
ing to agreed standards at each hospital, using age-
appropriate doses, with the aims of facilitating early patient

remobilization, reenablement and rehabilitation”.23-38-3°

Limitations

This trial has several limitations. First, the incidence of post-
operative delirium diagnosed using the Confusion Assess-
ment Method varies between 22% and 50% in Western
populations?*4° and a much lower 3-day postoperative de-
lirium incidence reported in the Chinese population of 11.1%
t0 23.3%.19-2° The sample size for this trial was calculated based
on a conservative estimate of 26% from the data relevant to
the Chinese population.?? However, the observed incidence
of postoperative delirium of 5.1% to 6.2% was much lower than

Regional vs General Anesthesia and Postoperative Delirium Following Hip Fracture Surgery in Older Patients

expected, and it was considered unlikely that the trial could
achieve the anticipated 30% relative reduction with statisti-
cal significance. Historically, the definitions of delirium and
the exact time points at which the participants were evalu-
ated have varied widely or were unclear, and incidence has pre-
viously been reported to range from 0.9% to 54%.'° The lower
than expected incidence of postoperative delirium likely re-
flects predisposing factors from age, ASA physical status, cul-
ture, and health care system rather than underestimation, al-
though missed diagnoses cannot be ruled out. Second, the
majority of participants were recruited from a single hospi-
tal, and although recruiting center was included in a post hoc
analytic model as a random effect, the influence of the out-
comes from 1 hospital may still persist.

. |
Conclusions

In patients aged 65 and older undergoing hip fracture sur-
gery, regional anesthesia without sedation did not signifi-
cantly reduce the incidence of postoperative delirium com-
pared with general anesthesia.

ARTICLE INFORMATION
Accepted for Publication: December 1, 2021.

Published Online: December 20, 2021.
doi:10.1001/jama.2021.22647

Author Affiliations: Department of Anesthesiology
and Perioperative Medicine, The Second Affiliated
Hospital and Yuying Children's Hospital of Wenzhou
Medical University, Wenzhou, Zhejiang, China (T. Li,
J. Li, Jin, Smith, Lian); Clinical Research Unit, The
Second Affiliated Hospital and Yuying Children’s
Hospital of Wenzhou Medical University, Wenzhou,
Zhejiang, China (T. Li, Jiang); Department of
Anesthesiology and Perioperative Medicine, Ningbo
No. 6 Hospital, Ningbo, Zhejiang, China (Yuan);
Department of Anesthesiology and Perioperative
Medicine, The First Affiliated Hospital of Wenzhou
Medical University, The First Provincial Wenzhou
Hospital of Zhejiang, Wenzhou, Zhejiang, China
(Jinze Wu); Nottingham Clinical Trials Unit,
University of Nottingham, Nottingham, United
Kingdom (Daniels); Birmingham Clinical Trials Unit,
University of Birmingham, Birmingham, United
Kingdom (Mehta); Department of Anesthesiology
and Perioperative Medicine, Taizhou Hospital of
Zhejiang Province, Taizhou, Zhejiang, China (Wang);
Warwick Clinical Trials Unit, University of Warwick,
Warwick, United Kingdom (Yeung); University
Hospitals of Birmingham NHS Foundation Trust,
Birmingham, United Kingdom (Yeung, Melody,
Smith); Institute of Inflammation and Ageing,
University of Birmingham, Birmingham, United
Kingdom (Jackson, Smith); Department of
Anesthesia and Critical Care, Lishui Municipal
People’s Hospital, Lishui Central Hospital, and Fifth
Affiliated Hospital of Wenzhou Medical College,
Lishui, Zhejiang, China (Yao); Department of
Anesthesia and Critical Care, Lishui City People's
Hospital, Lishui, Zhejiang, China (Jimin Wu);
Department of Anesthesia and Critical Care, Hwa
Mei Hospital, University of Chinese Academy of
Sciences, Ningbo No. 2 Hospital, Ningbo, Zhejiang,
China (Chen).

JAMA Published online December 20, 2021

Author Contributions: Drs Ting Li and Smith had
full access to all of the data in the study and take
responsibility for the integrity of the data and the
accuracy of the data analysis.

Concept and design: T. Li, J. Li, Daniels, Yeung, Jin,
Smith, Lian.

Acquisition, analysis, or interpretation of data: T. Li,
J. Li, Yuan, Jinze Wu, Jiang, Daniels, Mehta, Wang,
Jackson, Melody, Yao, Jimin Wu, Chen, Smith, Lian.
Drafting of the manuscript: T. Li, J. Li, Jinze Wu,
Jiang, Daniels, Mehta, Jin, Yao, Jimin Wu, Smith,
Lian.

Critical revision of the manuscript for important
intellectual content: Yuan, Jiang, Daniels, Mehta,
Wang, Yeung, Jackson, Melody, Chen, Smith, Lian.
Statistical analysis: Jiang, Mehta, Smith.

Obtained funding: T. Li, J. Li, Jin, Smith, Lian.
Administrative, technical, or material support: T. Li,
Yuan, Jinze Wu, Wang, Melody, Yao, Jimin Wu,
Chen, Smith, Lian.

Supervision: J. Li, Daniels, Mehta, Yeung, Smith,
Lian.

Conflict of Interest Disclosures: Dr Daniels reports
receipt of a grant from the National Institutes for
Health Research (NIHR). Mr Mehta reports receipt
of a grant from the NIHR. Dr Yeung reports receipt
of a grant from the NIHR. Dr Jackson reports
receipt of grants from the NIHR, UK Research
Innovation (UKRI) and the Medical Research
Council (MRC) UK. Mrs Melody reports receipt of a
grant from the NIHR. Dr Jin reports receipt of the
Zhejiang Science and Technology Award and a grant
from the National Natural Science Foundation of
China. Dr Smith reports receipt of grants from the
NIHR, UKRI, the MRC UK, and the National Natural
Science Foundation of China; and the NIHR Senior
Investigator Personal Award. No other disclosures
were reported.

Funding/Support: This trial was funded by
Recruitment Program of Global Experts, China;
Zhejiang Province Basic Public Welfare Research
Project (LGF21H250004); Zhejiang Health and
Family Planning Commission Programme

(2014PYAQ15); an NIHR Senior Investigator Award;
the Health Commission of Zhejiang Province;
Zhejiang Provincial Department of Science and
Technology; and sponsored by the Second
Affiliated Hospital and Yuying Children's Hospital of
Wenzhou Medical University.

Role of the Funder/Sponsor: The funders and
sponsor had no role in the design and conduct of
the study; collection, management, analysis, and
interpretation of the data; preparation, review, or
approval of the manuscript; and decision to submit
the manuscript for publication.

Group Information: A full list of members of Trial
Management Group, Trial Steering Committee, Data
Monitoring and Ethics Committee, and participating
sites are provided in eAppendices 2, 3, and 4 in
Supplement 3 and in Supplement 4.

Data Sharing Statement: See Supplement 5.

REFERENCES

1. Zhang C, Feng J, Wang S, et al. Incidence of and
trends in hip fracture among adults in urban China:
a nationwide retrospective cohort study. PLoS Med.
2020:17(8):e1003180. doi:10.1371/journal.pmed.
1003180

2. YangY, Zhao X, Dong T, Yang Z, Zhang Q,
Zhang Y. Risk factors for postoperative delirium
following hip fracture repair in elderly patients:

a systematic review and meta-analysis. Aging Clin
Exp Res. 2017;29(2):115-126. doi:10.1007/s40520-
016-0541-6

3. Inouye SK, Bogardus ST Jr, Charpentier PA, et al.
A multicomponent intervention to prevent delirium
in hospitalized older patients. N Engl J Med. 1999;
340(9):669-676. doi:10.1056/
NEJM199903043400901

4. Steiner LA; LA. Postoperative delirium, part 1:
pathophysiology and risk factors. Eur J Anaesthesiol.
2011;28(9):628-636. doi:10.1097/EJA.
0b013e328349b7f5

jama.com

© 2021 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a University of Nottingham User on 12/23/2021


https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2021.22647?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.22647
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2021.22647?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.22647
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2021.22647?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.22647
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2021.22647?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.22647
https://dx.doi.org/10.1371/journal.pmed.1003180
https://dx.doi.org/10.1371/journal.pmed.1003180
https://dx.doi.org/10.1007/s40520-016-0541-6
https://dx.doi.org/10.1007/s40520-016-0541-6
https://dx.doi.org/10.1056/NEJM199903043400901
https://dx.doi.org/10.1056/NEJM199903043400901
https://dx.doi.org/10.1097/EJA.0b013e328349b7f5
https://dx.doi.org/10.1097/EJA.0b013e328349b7f5
http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.22647

Regional vs General Anesthesia and Postoperative Delirium Following Hip Fracture Surgery in Older Patients

5. Moller J, Cluitmans P, Rasmussen L, et al.
Long-term postoperative cognitive dysfunction in
the elderly ISPOCD1 study. Lancet. 1998;351(9106):
857-861. doi:10.1016/50140-6736(97)07382-0

6. Ravi B, Pincus D, Choi S, Jenkinson R,
Wasserstein DN, Redelmeier DA. Association of
duration of surgery with postoperative delirium
among patients receiving hip fracture repair. JAMA
Netw Open. 2019;2(2):e190111-e190111. doi:10.
1001/jamanetworkopen.2019.0111

7. Patel V, Champaneria R, Dretzke J, Yeung J.
Effect of regional versus general anaesthesia on
postoperative delirium in elderly patients
undergoing surgery for hip fracture: a systematic
review. BMJ Open. 2018;8(12):e020757. doi:10.
1136/bmjopen-2017-020757

8. Guay J, Parker MJ, Gajendragadkar PR, Kopp S.
Anaesthesia for hip fracture surgery in adults.
Cochrane Database Syst Rev. 2016;2(2):CDO00521.
doi:10.1002/14651858.CDO00521.pub3

9. Guyatt GHOA, Oxman AD, Vist GE, et al; GRADE
Working Group. GRADE: an emerging consensus on
rating quality of evidence and strength of
recommendations. BMJ. 2008;336(7650):924-926.
doi:10.1136/bm;j.39489.470347.AD

10. O'Donnell CM, McLoughlin L, Patterson CC,

et al. Perioperative outcomes in the context of
mode of anaesthesia for patients undergoing hip
fracture surgery: systematic review and
meta-analysis. Br J Anaesth. 2018;120(1):37-50. doi:
10.1016/j.bja.2017.09.002

11. Aldecoa C, Bettelli G, Bilotta F, et al. European
Society of Anaesthesiology evidence-based and
consensus-based guideline on postoperative
delirium. Eur J Anaesthesiol. 2017;34(4):192-214.
doi:10.1097/eja.0000000000000594

12. Zou Y, Cole MG, Primeau FJ, McCusker J,
Bellavance F, Laplante J. Detection and diagnosis of
delirium in the elderly: psychiatrist diagnosis,
confusion assessment method, or consensus
diagnosis? Int Psychogeriatr. 1998;10(3):303-308.
doi:10.1017/S1041610298005390

13. Folstein MF, Folstein SE, McHugh PR.
“Mini-mental state” a practical method for grading
the cognitive state of patients for the clinician.

J Psychiatr Res.1975;12(3):189-198. doi:10.1016/
0022-3956(75)90026-6

14. Wang Z, Zhang M, Qu G, Chen J, Zhao J. The
application of the Chinese version of Mini Mental
State Examination. Shanghai Psychiatry Medicine.
1989;7(3):108-111.

15. Official Home of UK Legislation. Medicines for
Human Use (Clinical Trials) Regulations 2004.
Accessed November 30, 2021. https://www.
legislation.gov.uk/uksi/2004/1031/pdfs/uksi_
20041031_en.pdf

16. Gao F, Melody T, Daniels DF, Giles S, Fox S.

The impact of compliance with 6-hour and 24-hour
sepsis bundles on hospital mortality in patients with
severe sepsis: a prospective observational study.
Crit Care. 2005;9(6):R764-R770. doi:10.1186/cc3909
17. Huang M-C, Lee C-H, Lai Y-C, Kao Y-F, Lin H-Y,
Chen C-H. Chinese version of the Delirium Rating
Scale-Revised-98: reliability and validity. Compr
Psychiatry. 2009;50(1):81-85. doi:10.1016/j.
comppsych.2008.05.011

jama.com

18. Sepulveda E, Leonard M, Franco JG, et al.
Subsyndromal delirium compared with delirium,
dementia, and subjects without delirium or
dementia in elderly general hospital admissions and
nursing home residents. Alzheimers Dement (Amst).
2016;7(1):1-10. doi:10.1016/j.dadm.2016.11.002

19. Tan G, Guo XY, Luo AL, Huang YG, Xu JQ.
Epidemiological survey on postoperative delirium in
elderly noncardiac surgical patients. Med J Peking
Union Med Coll Hosp. 2011;2(4):319-325. doi:10.
3969/j.issn.1674-9081.2011.04.008.

20. WangB, Zhang QL, Jun LI, Liu SY. Risk factors
of post-operative delirium and cognitive
dysfunction in elderly patients undergoing hip joint
replacement surgery. Journal of Clinical
Anesthesiology. 2013;29:785-788. Accessed
December 15, 2021. https://oversea.cnki.net/KCMS/
detail/detail.aspx?dbcode=CJFD&dbname=
CJFD2013&filename=LCMZ201308028&
uniplatform=0VERSEAS_EN&v=WTfrC30ft_
WYpCnMQ379p_1
AB6d9XO0li6yytr3rUi2hGGA7dyaDIDB5mCibINOrE

21. Chan MTV, Cheng BCP, Lee TMC, Gin T; CODA
Trial Group. BIS-guided anesthesia decreases
postoperative delirium and cognitive decline.

J Neurosurg Anesthesiol. 2013;25(1):33-42. doi:10.
1097/ANA.0Ob013e3182712fba

22. LiT, Yeung J, Li J, et al; RAGA-Delirium
Investigators. Comparison of regional with general
anaesthesia on postoperative delirium
(RAGA-delirium) in the older patients undergoing
hip fracture surgery: study protocol for a
multicentre randomised controlled trial. BMJ Open.
2017;7(10):e016937. doi:10.1136/bmjopen-2017-
016937

23. ChuanA, Zhao L, Tillekeratne N, et al. The
effect of a multidisciplinary care bundle on the
incidence of delirium after hip fracture surgery:

a quality improvement study. Anaesthesia. 2020;75
(1):63-71. doi:10.1111/anae.14840

24. Trzepacz PT, Mittal D, Torres R, Kanary K,
Norton J, Jimerson N. Validation of the Delirium
Rating Scale-revised-98: comparison with the
delirium rating scale and the cognitive test for
delirium. J Neuropsychiatry Clin Neurosci. 2001;13
(2):229-242. doi:10.1176/jnp.13.2.229

25. White SM, Moppett IK, Griffiths R. Outcome by
mode of anaesthesia for hip fracture surgery: an
observational audit of 65,535 patients in a national
dataset. Anaesthesia. 2014;69(3):224-230. doi:
10.1111/anae.12542

26. Coburn M, Sanders RD, Maze M, et al;

HIPELD Study Investigators. The hip fracture
surgery in elderly patients (HIPELD) study to
evaluate xenon anaesthesia for the prevention of
postoperative delirium: a multicentre, randomized
clinical trial. Br J Anaesth. 2018;120(1):127-137. doi:
10.1016/j.bja.2017.11.015

27. Neuman MD, Feng R, Carson JL, et al; REGAIN
Investigators. Spinal anesthesia or general
anesthesia for hip surgery in older adults. N Engl J
Med. 2021;385(22):2025-2035. doi:10.1056/
NEJMoa2113514

28. Weinstein SM, Poultsides L, Baaklini LR, et al.
Postoperative delirium in total knee and hip

Original Investigation Research

arthroplasty patients: a study of perioperative
modifiable risk factors. Br J Anaesth. 2018;120(5):
999-1008. doi:10.1016/j.bja.2017.12.046

29. Wu J,YinY, Jin M, Li B. The risk factors for
postoperative delirium in adult patients after hip
fracture surgery: a systematic review and
meta-analysis. Int J Geriatr Psychiatry. 2021;36(1):3-
14. doi:10.1002/gps.5408

30. Woo J, Zheng Z, Leung J, Chan P. Prevalence of
frailty and contributory factors in three Chinese
populations with different socioeconomic and
healthcare characteristics. BVIC Geriatr. 2015;15(1):
163. doi:10.1186/512877-015-0160-7

31. Wang YY, Yue JR, Xie DM, et al. Effect of the
tailored, family-involved hospital elder life program
on postoperative delirium and function in older
adults: a randomized clinical trial. JAMA Intern Med.
2020:180(1):17-25. doi:10.1001/jamainternmed.2019.
4446

32. Metcalfe D, Zogg CK, Judge A, et al Pay for
performance and hip fracture outcomes: an
interrupted time series and difference-in-
differences analysis in England and Scotland. Bone
Joint J. 2019;101-b(8):1015-1023. doi:10.1302/0301-
620X.101B8.BJJ-2019-0173.R1

33. Parker MJ, Griffiths R. General versus regional
anaesthesia for hip fractures: a pilot randomised
controlled trial of 322 patients. Injury. 2015;46(8):
1562-1566. doi:10.1016/j.injury.2015.05.004

34. Shelton C, White S. Anaesthesia for hip fracture
repair. BJA Educ. 2020;20(5):142-149. doi:10.1016/
j.bjae.2020.02.003

35. Griffiths R, Alper J, Beckingsale A, et al;
Association of Anaesthetists of Great Britain and
Ireland. Management of proximal femoral fractures
2011: Association of Anaesthetists of Great Britain
and Ireland. Anaesthesia. 2012;67(1):85-98. doi:10.
1111/j.1365-2044.2011.06957.x

36. National Institute for Health and Care
Excellence. Hip fracture: management Published
June 22, 2011. Accessed December 12, 2020.
https://www.nice.org.uk/guidance/cg124/
resources/hip-fracture-management-pdf-
35109449902789

37. Scottish Intercollegiate Guidelines Network.
Management of hip fracture in older people.
Published June 2009. Accessed December 12,
2020. https://pdf4pro.com/cdn/part-of-nhs-
quality-improvement-scotland-2531e4.pdf

38. Griffiths R, Babu S, Dixon P, et al. Guideline for
the management of hip fractures 2020: guideline
by the Association of Anaesthetists. Anaesthesia.
2021;76(2):225-237. doi:10.1111/anae.15291

39. White SM, Altermatt F, Barry J, et al.
International Fragility Fracture Network Delphi
consensus statement on the principles of
anaesthesia for patients with hip fracture.
Anaesthesia. 2018;73(7):863-874. doi:10.1111/anae.
14225

40. Marcantonio ER, Flacker JM, Wright RJ,
Resnick NM. Reducing delirium after hip fracture:
arandomized trial. J Am Geriatr Soc. 2001;49(5):
516-522. doi:10.1046/j.1532-5415.2001.49108.x

JAMA Published online December 20, 2021

© 2021 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a University of Nottingham User on 12/23/2021

E9


https://dx.doi.org/10.1016/S0140-6736(97)07382-0
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamanetworkopen.2019.0111?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.22647
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamanetworkopen.2019.0111?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.22647
https://dx.doi.org/10.1136/bmjopen-2017-020757
https://dx.doi.org/10.1136/bmjopen-2017-020757
https://dx.doi.org/10.1002/14651858.CD000521.pub3
https://dx.doi.org/10.1136/bmj.39489.470347.AD
https://dx.doi.org/10.1016/j.bja.2017.09.002
https://dx.doi.org/10.1097/eja.0000000000000594
https://dx.doi.org/10.1017/S1041610298005390
https://dx.doi.org/10.1016/0022-3956(75)90026-6
https://dx.doi.org/10.1016/0022-3956(75)90026-6
https://www.legislation.gov.uk/uksi/2004/1031/pdfs/uksi_20041031_en.pdf
https://www.legislation.gov.uk/uksi/2004/1031/pdfs/uksi_20041031_en.pdf
https://www.legislation.gov.uk/uksi/2004/1031/pdfs/uksi_20041031_en.pdf
https://dx.doi.org/10.1186/cc3909
https://dx.doi.org/10.1016/j.comppsych.2008.05.011
https://dx.doi.org/10.1016/j.comppsych.2008.05.011
https://dx.doi.org/10.1016/j.dadm.2016.11.002
https://dx.doi.org/10.3969/j.issn.1674-9081.2011.04.008
https://dx.doi.org/10.3969/j.issn.1674-9081.2011.04.008
https://oversea.cnki.net/KCMS/detail/detail.aspx?dbcode=CJFD&dbname=CJFD2013&filename=LCMZ201308028&uniplatform=OVERSEAS_EN&v=WTfrC30ft_WYpCnMQ379p_1AB6d9X0Ii6yytr3rUi2hGGA7dyaDIDB5mCib1N0rE
https://oversea.cnki.net/KCMS/detail/detail.aspx?dbcode=CJFD&dbname=CJFD2013&filename=LCMZ201308028&uniplatform=OVERSEAS_EN&v=WTfrC30ft_WYpCnMQ379p_1AB6d9X0Ii6yytr3rUi2hGGA7dyaDIDB5mCib1N0rE
https://oversea.cnki.net/KCMS/detail/detail.aspx?dbcode=CJFD&dbname=CJFD2013&filename=LCMZ201308028&uniplatform=OVERSEAS_EN&v=WTfrC30ft_WYpCnMQ379p_1AB6d9X0Ii6yytr3rUi2hGGA7dyaDIDB5mCib1N0rE
https://oversea.cnki.net/KCMS/detail/detail.aspx?dbcode=CJFD&dbname=CJFD2013&filename=LCMZ201308028&uniplatform=OVERSEAS_EN&v=WTfrC30ft_WYpCnMQ379p_1AB6d9X0Ii6yytr3rUi2hGGA7dyaDIDB5mCib1N0rE
https://oversea.cnki.net/KCMS/detail/detail.aspx?dbcode=CJFD&dbname=CJFD2013&filename=LCMZ201308028&uniplatform=OVERSEAS_EN&v=WTfrC30ft_WYpCnMQ379p_1AB6d9X0Ii6yytr3rUi2hGGA7dyaDIDB5mCib1N0rE
https://oversea.cnki.net/KCMS/detail/detail.aspx?dbcode=CJFD&dbname=CJFD2013&filename=LCMZ201308028&uniplatform=OVERSEAS_EN&v=WTfrC30ft_WYpCnMQ379p_1AB6d9X0Ii6yytr3rUi2hGGA7dyaDIDB5mCib1N0rE
https://dx.doi.org/10.1097/ANA.0b013e3182712fba
https://dx.doi.org/10.1097/ANA.0b013e3182712fba
https://dx.doi.org/10.1136/bmjopen-2017-016937
https://dx.doi.org/10.1136/bmjopen-2017-016937
https://dx.doi.org/10.1111/anae.14840
https://dx.doi.org/10.1176/jnp.13.2.229
https://dx.doi.org/10.1111/anae.12542
https://dx.doi.org/10.1016/j.bja.2017.11.015
https://dx.doi.org/10.1056/NEJMoa2113514
https://dx.doi.org/10.1056/NEJMoa2113514
https://dx.doi.org/10.1016/j.bja.2017.12.046
https://dx.doi.org/10.1002/gps.5408
https://dx.doi.org/10.1186/s12877-015-0160-7
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2019.4446?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.22647
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2019.4446?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.22647
https://dx.doi.org/10.1302/0301-620X.101B8.BJJ-2019-0173.R1
https://dx.doi.org/10.1302/0301-620X.101B8.BJJ-2019-0173.R1
https://dx.doi.org/10.1016/j.injury.2015.05.004
https://dx.doi.org/10.1016/j.bjae.2020.02.003
https://dx.doi.org/10.1016/j.bjae.2020.02.003
https://dx.doi.org/10.1111/j.1365-2044.2011.06957.x
https://dx.doi.org/10.1111/j.1365-2044.2011.06957.x
https://www.nice.org.uk/guidance/cg124/resources/hip-fracture-management-pdf-35109449902789
https://www.nice.org.uk/guidance/cg124/resources/hip-fracture-management-pdf-35109449902789
https://www.nice.org.uk/guidance/cg124/resources/hip-fracture-management-pdf-35109449902789
https://pdf4pro.com/cdn/part-of-nhs-quality-improvement-scotland-2531e4.pdf
https://pdf4pro.com/cdn/part-of-nhs-quality-improvement-scotland-2531e4.pdf
https://dx.doi.org/10.1111/anae.15291
https://dx.doi.org/10.1111/anae.14225
https://dx.doi.org/10.1111/anae.14225
https://dx.doi.org/10.1046/j.1532-5415.2001.49108.x
http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.22647

