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Abstract: Objective: The research in this paper was to explore the mechanism of action of dexmedetomidine on he-
modynamics, analgesic and sedative effects, and postoperative delirium in elderly patients undergoing hip fracture 
surgery. Methods: A total of 120 elderly patients with hip fracture were retrospectively analyzed for clinical data and 
divided into two groups based on anesthetics: Patients in group A (n=62) were given 0.5 μg/kg dexmedetomidine 
as loading dose followed by 10 min later anesthesia induction before maintenance dose of 0.4 μg.kg-1.h-1. Patients 
in group B (n=58) were given the same amount of normal saline. The bispectral index (BIS), diastolic blood pressure 
(DBP), systolic blood pressure (SBP), heart rate (HR), Price-Henry pain score, Ramsay sedation score, postoperative 
delirium and intraoperative use of anesthetic drugs were compared between the two groups at different time points. 
Results: At T4 and T5, DBP in group A were lower than those in group B; the overall fluctuation of DBP in group A 
was smaller than that in group B. The same was true for SBP, and HR. Scores on the Price-Henry pain scale in group 
A were notably lower than those in group B as specified 10 min, 1 h, and 6 h after operation (P<0.05). Little differ-
ence was found in Post-operative Ramsay scores for sedation (P>0.05). The incidence of postoperative delirium in 
group A was 6.45% (4/62), which was lower than that of 41.37% (24/58) in group B, showing significant difference 
(P<0.05). Conclusion: Dexmedetomidine is conducive to lowering the incidence of post-operative delirium in elderly 
patients undergoing hip fracture surgery, which keeps perioperative haemodynamics and therefore ideal analgesic 
and sedative effects.
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Introduction

Postoperative delirium is clinically classified as 
acute encephalopathy syndrome. Most occurs 
3-5 days after the related surgery. The course 
of the disease is fluctuating and mainly mani-
fested as cognitive decline and attention disor-
ders, especially in elderly patients [1, 2]. In gen-
eral, the onset of postoperative delirium is 
followed by a series of cascading events that 
increase postoperative complications, patient 
disability and mortality [3].

In recent years dexmedetomidine serves as α2 
adrenoreceptor agonist. Concentrated in the 
medulla oblongata and pons α2 adrenorecep-
tor plays an important role in sympathetic sig-

naling [4, 5]. Stimulation to presynaptic α2 adr-
enoreceptor regulates the release of adrenaline 
by negative feedback. Stimulation to postsyn-
aptic α2 adrenoreceptor promotes the hyperpo-
larization of nerve cell membranes [6]. For the 
past few years, the aging of population in China 
leads to more geriatric hip fracture [7], which is 
in general treated with surgeries that unfortu-
nately causes postoperative delirium often [8]. 
Postoperative delirium increases the incidence 
of venous thrombosis, pulmonary infections, 
and bedsores, followed by complications such 
as falls, internal fixation breaking or loosening 
and even depression of the patient. Hence, sci-
entific sedation is necessary for the treatment 
and nursing of elderly patients undergoing sur-
geries [9, 10].
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In order to prevent post-operative delirium in 
elderly patients undergoing hip fracture surgery 
and maintain perianesthesia hemodynamics, 
dexmedetomidine was used in this study to test 
the effect on such disease as compared with 
the use of normal saline.

Material and methods

Material

A total of 120 elderly patients with hip frac- 
ture admitted to our hospital during January 
2018-January 2020 were retrospectively ana-
lyzed for clinical data and divided into two 
groups based on anesthetics: Patients in group 
A (n=62) were given 0.5 μg/kg dexmedetomi-
dine as loading dose followed by 10 min later 
anesthesia induction before maintenance dose 
of 0.4 μg.kg-1.h-1. 29 patients in group B (n=58) 
were given the same amount of normal saline. 
(1) Inclusion criteria: patient with age ≥ 65 
years; >24 on preoperative MMSE scale; did 
not use any drugs affecting delirium before the 
surgery; was classified as ASA I-II; was free of 
severe cardiovascular and cerebrovascular or 
respiratory diseases. The research in this pa- 
per was approved by the Ethics Committee of 
Yichun People’s Hospital. All patients have 
signed the informed consent. (2) Exclusion cri-
teria: patient who was allergic to drugs; or has 
existing mental and cognitive dysfunction; or 
has a history of recovery from abnormal anes-
thesia; or has been using long-term sedative 
medication; or has severe hepatic and renal 
dysfunction.

Methods

No use of drugs for the two groups of patients 
before surgery. In the operating room, intrave-
nous access was rapidly available so as to 
closely monitor Bispectral index (BIS), diastolic 
blood pressures (DBP), systolic blood pressure 
(SBP), and heart rate (HR). Following local anes-
thesia, a catheter was placed in the left radial 
artery for invasive blood pressure monitoring. 
Patients in group A were given 0.5 μg/kg load-
ing dose from 2 mg of dexmedetomidine hy- 
drochloride injection (Manufacturer: Heng Rui 
Pharmaceutical Co., Ltd. Approval number: 
SFDA H20090248 Specification: 2 ml: 200 ug) 
in 50 ml normal saline, followed by 10 min later 
anesthesia induction before maintenance dose 
of 0.4 μg.kg-1.h-1. Patients in group B were given 

the same amount of normal saline. The anes-
thesia induction in both groups: 0.08 mg/kg 
vecuronium bromide (Approval No.: SFDA H20- 
133079 Manufacturer: Yichang Humanwell 
Pharmaceutical Co., Ltd. Specification: 4 mg), 
1.5 mg/kg propofol injection (Approval No.: 
SFDA H20010368 Manufacturer: Xi’an Libang 
Pharmaceutical Co., Ltd. Specification: 10 ml: 
100 mg), 0.4 μg/kg sufentanil citrate injection 
(Approval No.: SFDA H20054171 Manufac- 
turer: Yichang Humanwell Pharmaceutical Co., 
Ltd. Specification: 1 ml: 50 μg), 0.02 mg/kg 
midazolam injection (Approval No.: SFDA H10- 
980025 Manufacturer: Jiangsu Nhwa Phar- 
maceutical Co., Ltd. Specification: 2 ml: 10 mg 
× 5). The induction continued for 5-10 min dur-
ing which 5 ml/kg hydroxyethyl starch sodium 
chloride injection (Approval No.: SFDA H20- 
103246 Manufacturer: Fresenius Kabi (Bei- 
jing) Specification: 500 ml: 30 g) was used for 
dilatation. In the absence of special circum-
stances, 1-2 ml.kg-1.h-1 sodium lactate Ringer’s 
solution (Approval No.: SFDA H20057107 
Manufacturer: Cisen Pharmaceutical Co., Ltd. 
Specification: 500 ml/bottle) was applied. If 
the blood pressure was <30% of the basal 
value, 0.1 mg/kg ephedrine hydrochloride 
injection (Approval No.: SFDA H20133025 
Manufacturer: Shandong Luoxin Pharmaceu- 
tical Co., Ltd. Specification: 2 ml: 15 mg) was 
sued. If the heart rate was <50 beats/min, 0.2-
0.5 mg atropine sulfate injection (Approval No.: 
SFDA H31021172 Manufacturer: Shanghai 
Harvest Pharmaceutical Co., Ltd. Specification: 
1 ml: 0.5 mg) was used. If the blood pressure 
was >30% of the basic value, 0.5 μg.kg-1.h-1 
nitroglycerin injection (Approval No.: SFDA 
H20073990 Manufacturer: Beijing Yanjing 
Pharmaceutical Co., Ltd. Specification: 1 ml) 
was pump injected in addition to regulation of 
dose of nitroglycerin based on the patient’s 
blood pressure. The standard disposable laryn-
geal mask airway connected to the ventilator 
offered volume-controlled breathing. Appro- 
priate tidal volume and breathing frequency 
kept the PetCO at 30-40 mmHg. By propofol 
BIS was maintained as 40-60. At the same 
time, the patients were intravenously injected 
with 0.1-0.3 μg/kg sufentanil (Approval No.: 
SFDA H20054171 Manufacturer: Yichang Hu- 
manwell Pharmaceutical Co., Ltd. Specifica- 
tion: 5 ml: 250 µg × 5) intermittently to hold  
the intraoperative heart rate at 55-80 beats/
min and the blood pressure within the range  
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of ±30% of the basic value. Before suturing and 
incision operations, patients were intravenous-
ly injected with 50 mg Flurbiprofen Axetil injec-
tion (Approval No.: SFDA H20041508 Ma- 
nufacturer: Beijing Tide Pharmaceutical Co., 
Ltd. Specification: 5 ml: 50 mg × 5/box). Half an 
hour before the end of the operation, dexme-
detomidine pumping was stopped and when 
the patient woke up, the laryngeal mask was 
removed.

Outcome measures

(1) BIS, DBP, SBP, and HR were measured 
respectively at T1 (entering the surgery room), 
T2 (after the injection of normal saline or the 
loading dose of dexmedetomidine), T3 (after 
laryngeal mask wearing), T4 (10 min since the 
start of the surgery), T5 (upon the laryngeal 
mask was removed), and T6 (when leaving the 
surgery room).

(2) Price-Henry pain scale [11]: which was 
applied at 10 min, 1 h, 6 h, 24 h, and 48 h 
respectively after surgery. 0, no pain when 
coughing; 1, cough with pain; 2, no pain at rest 
but feel pain when in deep breath; 3, mild pain 
at resting state; and 4, acute pain at resting 
state.

(3) Ramsay score for sedation [12]: which was 
applied at 10 min, 1 h, 6 h, 24 h, and 48 h 
respectively after surgery with a total score of 
1-6. 1, dysphoria; 2, cooperative; 3, responsive 
to instructions with unclear pronounce; 4, 
arousable sleeping; 5, slow in reacting to call-
ing; 6, in anesthesia or deep sleep and non-
responsive to calling.

(4) Postoperative delirium [13, 14]: strictly fol-
lowing the evaluation criterion: (1) acute onset 
with and fluctuating condition; (2) inattention  

U was applied. Enumeration data was express- 
ed in [n (%)]. Comparison between groups was 
performed by X2 test. P<0.05 indicated statis- 
tical significance.

Results

Comparison of general data in both groups

No significant difference was found between 
the two groups in gender, age, BMI, MMSE 
score and other general information (P>0.05) 
(Table 1).

Comparison of BIS in both groups

BIS in group A recorded at T1, T2, T3, T4,  
T5, and T6 were 96.52±2.16, 90.75±3.25, 
56.96±6.12, 50.42±5.19, 88.96±8.15, and 
96.52±2.63, respectively. These were no dif-
ferences from those in group B: 96.59± 
2.12, 90.82±3.22, 55.86±7.15, 49.99±6.15, 
90.12±8.25, and 95.96±2.99 separately (P< 
0.05). For both groups, BIS at T3 and T4 was 
reduced and significantly different from that at 
T1 (P<0.05) (Figure 1).

Dexmedetomidine reduces the fluctuation of 
DBP 

DBP at T1, T2, and T3 in group A were 68.45± 
6.12 mmHg, 65.25±9.15 mmHg, and 63.95± 
8.56 mmHg respectively. DBP at T1, T2, and T3 
in group B were 68.12±6.09 mmHg, 65.29± 
9.06 mmHg, and 63.98±8.53 mmHg respec-
tively. By contrast, DBP at T4 and T5 in group  
A: 64.15±8.15 mmHg, 68.02±8.88 mmHg, 
were notably different from those in group B: 
85.69±9.15 mmHg, 83.69±9.36 mmHg (P< 
0.05). At T6, DBP in group A was 77.45±8.18 
mmHg, which was not different from that in 
group B (78.02±8.06 mmHg) (P>0.05). Over- 
all, the fluctuation of DBP in group A was  
smaller than that in group B with significant dif-
ferences (P<0.05) (Figure 2).

Table 1. General data of patients in both groups [n 
(%)]/(

_
x  ± sd) 

Item Group A 
(n=62) 

Group B 
(n=58) t/X2 P

Sex (case) M 36 (58.06) 32 (55.17) 0.051 0.821
F 26 (41.94) 26 (44.83) 

Age (year) 72.15±0.28 72.06±0.22 1.378 0.174
BMI (kg/m2) 22.15±0.85 22.19±0.82 0.185 0.854
MMSE (score) 28.56±1.28 28.69±1.15 0.413 0.681

or absent-minded; (3) messy mind and  
disordered; (4) significant changes in con-
sciousness. In addition to (1) and (2), (3)  
or (4) indicated delirium.

Statistics

SPSS 22.0 was used for statistical analy-
sis. Measurement data were expressed  
as mean ± standard deviation where tho- 
se following the normal distribution were 
subject to t test; otherwise Mann-Whitney 
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Dexmedetomidine reduces the fluctuation of 
SBP 

SBP at T1, T2, and T3 in group A were 
136.58±10.25 mmHg, 134.69±10.22 mmHg, 
and 112.58±8.63 mmHg respectively. SBP at 
T1, T2, and T3 in group B were 134.56±10.28 
mmHg, 135.02±10.26 mmHg, and 128.69± 
8.76 mmHg respectively. By contrast, SBP at  
T4 and T5 in group A: 120.12±8.02 mmHg  
and 130.12±8.88 mmHg, were notably lower 
than those in group B: 149.96±9.69 mmHg  
and 150.12±9.98 mmHg (P<0.05). At T6, SBP 
in group A was 134.52±9.16 mmHg, which  
was not different from that in group B 
(134.59±9.11 mmHg) (P>0.05). Overall, the 
fluctuation of SBP in group A was smaller th- 
an that in group B with significant differences 
(P<0.05) (Figure 3).

Dexmedetomidine reduces the fluctuation of 
HR 

HR at T1, T2, and T3 in group A were 75.15± 
8.16 beats/min, 62.98±6.12 beats/min, and 
61.08±8.15 beats/min respectively. HR at T1, 
T2, and T3 in group B were 75.19±8.22 beats/
min, 63.05±6.09 beats/min and 62.01±8.13 
beats/min respectively. By contrast, HR at T4 
and T5 in group A: 62.13±5.12 beats/min and 
70.15±4.52 beats/min, were notably lower 
than those in group B: 88.18±6.68 beats/min 
and 86.12±7.58 beats/min. At T6, HR in group  
A was 76.52±2.12 beats/min, which was not 
different from that in group B (76.98±2.18 
beats/min) (P>0.05). Overall, the fluctuation of 

Figure 1. BIS of patients in both groups. BIS at T1, 
T2, T3, T4, T5, and T6 showed little differences be-
tween the two groups, P>0.05.

Figure 2. DBP of patients in both groups. DBP at T1, 
T2, and T3 showed little differences between the two 
groups, P>0.05; The same was true for DBP reported 
at T6. DBP at T4 and T5 in group A were smaller than 
those in group B, P<0.05. * indicates P<0.05 as 
compared with group B.

Figure 3. SBP of patients in both groups. SBP at T1, 
T2, and T3 showed little differences between the two 
groups, P>0.05; The same was true for SBP reported 
at T6. SBP at T4 and T5 in group A were smaller than 
those in group B, P<0.05. * indicates P<0.05 as 
compared with group B.

Figure 4. HR of patients in both groups. HR at T1, 
T2, and T3 showed little differences between the two 
groups, P>0.05; The same was true for HR reported 
at T6. HR at T4 and T5 in group A were smaller than 
those in group B, P<0.05. * indicates P<0.05 as 
compared with group B.
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HR in group A was smaller than that in group B 
with significant differences (P<0.05) (Figure 4).

Dexmedetomidine increases the Price-Henry 
pain score 

The scores in group A were lower than those in 
group B at 10 min, 1 h, and 6 h after operation 
(P<0.05). Little difference was found in scores 
at 24 h and 48 h after operation between the 
two groups (P>0.05). As compared with the 
score recorded 10 min after surgery, those 
reported 6 h, 24 h, and 48 h after surgery in- 
creased (P<0.05). As compared with the score 
recorded 10 min after surgery, there was no 
significant change in the pain score of group B 
at 6 h, 24 h and 48 h after surgery (Table 2).

Dexmedetomidine decreases Ramsay score 
for sedation 

As compared with the score recorded 10 min 
after surgery, those reported 6 h, 24 h, and 48 

h after surgery decreased for both groups 
(P<0.05). Overall the Ramsay scores for seda-
tion in the two groups did show remarkable dif-
ferences (P>0.05) (Table 3).

Dexmedetomidine reduces postoperative 
delirium 

The incidence of postoperative delirium in gr- 
oup A was 6.45% (4/62), lower than 41.37% 
(24/58) in group B (P<0.05) (Table 4).

Discussion

Although the specific mechanism of postopera-
tive delirium has not been fully explicated in 
clinic, some studies have shown that the basal 
forebrain cholinergic system plays a very impor-
tant role in the regulation of cognitive functions 
such as attention, learning and memory, and 
pathogenesis of postoperative delirium may be 
the dysfunction of neurotransmitter [15, 16]. 
Damages to different cholinergic channels may 
cause various symptoms. Impaired cholinergic 
function, for example, in the brainstem and 
frontal cortex leads to disturbance of consci- 
ousness, while impaired cholinergic system in 
the basal ganglia causes memory loss [17]. 
Clinical studies have also shown that inflamma-
tory responses and cholinergic systems may be 
the common pathways in delirium [18]. In addi-
tion, parasecretion of melatonin and gluta-
mate, excess dopamine, and cholinergic defi-

Table 2. Price-Henry pain scores of patients in both groups (
_
x  ± sd) 

Group 10 min after 
surgery

1 h after 
surgery

6 h after 
surgery

24 h after 
surgery

48 h after 
surgery

Group A (n=62) 0.96±0.08* 1.32±0.05* 1.96±0.03#,* 2.42±0.21# 2.69±0.25#

Group B (n=58) 2.78±0.32 2.68±0.15 2.85±0.36 2.58±0.63 2.72±0.29
t 30.675 47.749 13.722 1.338 0.430
P 0.000 0.000 0.000 0.786 0.689
Note: #indicates P<0.05 as compared with that reported 10 min after surgery; *indicates P<0.05 as compared with that in 
group B.

Table 3. Ramsay score for sedation of patients in both groups (
_
x  ± sd) 

Group 10 min after 
surgery

1 h after 
surgery

6 h after 
surgery

24 h after 
surgery

48 h after 
surgery

Group A (n=62) 2.96±0.25 2.63±0.22 2.15±0.19# 2.05±0.16# 1.96±0.12#

Group B (n=58) 2.92±0.28 2.55±0.28 2.09±0.13# 1.98±0.18# 1.92±0.15#

t 0.584 1.235 1.418 1.594 1.144
P 0.561 0.222 0.162 0.116 0.257
Note: #indicates P<0.05 as compared with that reported 10 min after surgery.

Table 4. Incidence of postoperative delirium 
in both groups [n (%)]
Group Cases Incidence 
Group A 62 4 (6.45)*

Group B 58 24 (41.37) 
X2 10.218
P 0.001
Note: *indicates P<0.05 as compared with that in group 
B.
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ciency are also related to delirium [19, 20]. 
Elderly people are prone to postoperative delir-
ium due to poor body resistance, weakened 
functions of various organs, combined with 
basic diseases such as diabetes and hyperten-
sion, in addition to the unsatisfactory postop-
erative pain control effects and insufficient 
sleep [21]. Patients of advanced age or com-
bined with cerebral disease that causes de- 
clined central acetylcholine and therefore poor-
er bioclock, alertness, learning and memory 
also are prone to postoperative delirium [22].

Hip fractures are common in the elderly. How- 
ever, the often used surgical treatment gives 
rise to post-operative delirium which has a sig-
nificant impact on recovery. By scholars in gen-
eral anesthesia studies, BIS monitoring the 
depth of anesthesia reduces the dose of pro- 
pofol by 21% and lowers the incidence of post-
operative delirium as well as cognitive dysfunc-
tion [23]. Postoperative delirium caused by cir- 
culatory instability was ruled out.

Dexmedetomidine, considered as an imidazole 
derivative, is the dextroisomer of medetomi-
dine that serves in stable hemodynamics, anti-
sympathetic, anti-stress response, analgesia, 
anti-anxiety, and sedation, with slight respira-
tory depression [24, 25]. In this study, the over-
all fluctuations of DBP, SBP and HR in group  
A were less than those in group B (P<0.05), 
suggesting that dexmedetomidine could have 
effectively held the hemodynamics in patients. 
This may be explained by the fact that dexme-
detomidine imposes two-way regulation on the 
cardiovascular system, that is, the initial dose 
of dexmedetomidine affects directly α2 adreno-
receptor to give rise to temporary increased 
blood pressure and reduced heart rate reflex, 
and following the continuous low-dose mainte-
nance dosage, the heart rate and blood pres-
sure can be reduced by actions on sympathetic 
nerves and nervi vagus. In general, dexmedeto-
midine holds stable hemodynamics without 
respiratory depression. It is safe in anesthesia 
maintenance, induction and analepsia related 
to middle-aged and elderly patients [26]. The 
results showed that Price-Henry pain scores in 
group A were lower than those in group B at  
10 min, 1 h, and 6 h after surgery (P<0.05), 
suggesting that dexmedetomidine is beneficial 
for reducing postoperative pain. Postoperative 
pain is one of the causes of postoperative sle- 
ep dysfunction, which is closely correlated with 
postoperative delirium and irritability. The inci-
dence of postoperative delirium in group A in 

the study was 6.45% (4/62), lower than 41.37% 
(24/58) in group B (P<0.05). This further dem-
onstrates the effectiveness of dexmedetomi-
dine in the treatment of hip fracture in the 
elderly and helps to reduce the incidence of 
postoperative delirium. The underlying mecha-
nism could be the analgesic effect of dexme-
detomidine when it binds with central and spi-
nal dorsal horn α2 adrenoreceptors. Besides, 
dexmedetomidine exerted synergistic effect 
with sufentanil so as to improve the analgesic 
effects, which reduced the dosage of sufen- 
tanil.

To sum up, dexmedetomidine is conducive to 
reducing the incidence of post-operative deliri-
um in elderly patients undergoing hip fracture 
surgery, which keeps hemodynamics and there-
fore ideal analgesic and sedative effects.

The small sample size in this study determined 
the bias in the results. Further studies with larg-
er sample size and more comprehensive analy-
ses are warranted.

Disclosure of conflict of interest

None.

Address correspondences to: Fang Lu, Department 
of Anesthesiology, Yichun People’s Hospital, No. 
1061, Jinxiu Avenue, Yiyang New District, Yichun 
336000, Jiangxi, China. Tel: +86-15070567901; 
E-mail: mbgyy0@163.com

References

[1]	 Palanca BJA, Wildes TS, Ju YS, Ching S and 
Avidan MS. Electroencephalography and deliri-
um in the postoperative period. Br J Anaesth 
2017; 119: 294-307.

[2]	 Nazemi AK, Gowd AK, Carmouche JJ, Kates SL, 
Albert TJ and Behrend CJ. Prevention and man-
agement of postoperative delirium in elderly 
patients following elective spinal surgery. Clin 
Spine Surg 2017; 30: 112-119.

[3]	 Meyburg J, Dill ML, Traube C, Silver G and von 
Haken R. Patterns of postoperative delirium in 
children. Pediatr Crit Care Med 2017; 18: 128-
133.

[4]	 Sottas CE and Anderson BJ. Dexmedetomi-
dine: the new all-in-one drug in paediatric an-
aesthesia? Curr Opin Anaesthesiol 2017; 30: 
441-451.

[5]	 Cozzi G, Norbedo S and Barbi E. Intranasal 
dexmedetomidine for procedural sedation in 
children, a suitable alternative to chloral hy-
drate. Paediatr Drugs 2017; 19: 107-111.

[6]	 Jun JH, Kim KN, Kim JY and Song SM. The ef-
fects of intranasal dexmedetomidine premedi-

mailto:mbgyy0@163.com


Mechanism of action of dexmedetomidine

6709	 Int J Clin Exp Med 2020;13(9):6703-6709

cation in children: a systematic review and 
meta-analysis. Can J Anaesth 2017; 64: 947-
961.

[7]	 Su B, Newson R, Soljak H and Soljak M. Asso-
ciations between post-operative rehabilitation 
of hip fracture and outcomes: national data-
base analysis. BMC Musculoskelet Disord 
2018; 19: 211.

[8]	 Mattisson L, Bojan A and Enocson A. Epidemi-
ology, treatment and mortality of trochanteric 
and subtrochanteric hip fractures: data from 
the Swedish fracture register. BMC Musculo-
skelet Disord 2018; 19: 369.

[9]	 Sieber FE, Neufeld KJ, Gottschalk A, Bigelow 
GE, Oh ES, Rosenberg PB, Mears SC, Stewart 
KJ, Ouanes JP, Jaberi M, Hasenboehler EA, Li T 
and Wang NY. Effect of depth of sedation in 
older patients undergoing hip fracture repair 
on postoperative delirium: the STRIDE ran-
domized clinical trial. JAMA Surg 2018; 153: 
987-995.

[10]	 Numan T, van den Boogaard M, Kamper AM, 
Rood PJT, Peelen LM and Slooter AJC; Dutch 
Delirium Detection Study Group. Recognition 
of delirium in postoperative elderly patients: a 
multicenter study. J Am Geriatr Soc 2017; 65: 
1932-1938.

[11]	 Price RHM, Graham C and Ramalingam S. As-
sociation between viral seasonality and meteo-
rological factors. Sci Rep 2019; 9: 929.

[12]	 Poropat F, Cozzi G, Magnolato A, Monasta L, 
Borrometi F, Krauss B, Ventura A and Barbi E. 
Teaching pain recognition through art: the 
Ramsay-Caravaggio sedation scale. Ital J Pedi-
atr 2018; 44: 20.

[13]	 Patel V, Champaneria R, Dretzke J and Yeung J. 
Effect of regional versus general anaesthesia 
on postoperative delirium in elderly patients 
undergoing surgery for hip fracture: a system-
atic review. BMJ Open 2018; 8: e020757.

[14]	 Flanigan PM, Jahangiri A, Weinstein D, Dayani 
F, Chandra A, Kanungo I, Choi S, Sankaran S, 
Molinaro AM, McDermott MW, Berger MS and 
Aghi MK. Postoperative delirium in glioblasto-
ma patients: risk factors and prognostic impli-
cations. Neurosurgery 2018; 83: 1161-1172.

[15]	 Luo C and Zou W. Cerebral monitoring of an-
aesthesia on reducing cognitive dysfunction 
and postoperative delirium: a systematic re-
view. J Int Med Res 2018; 46: 4100-4110.

[16]	 Soh S, Shim JK, Song JW, Kim KN, Noh HY and 
Kwak YL. Postoperative delirium in elderly pa-
tients undergoing major spinal surgery: role of 
cerebral oximetry. J Neurosurg Anesthesiol 
2017; 29: 426-432.

[17]	 Cascella M, Muzio MR, Bimonte S, Cuomo A 
and Jakobsson JG. Postoperative delirium  
and postoperative cognitive dysfunction: up-
dates in pathophysiology, potential transla- 
tional approaches to clinical practice and fur-
ther research perspectives. Minerva Aneste- 
siol 2018; 84: 246-260.

[18]	 McNeil J, Denis AM, Michel U and Concert CM. 
Effectiveness of non-pharmacological strate-
gies for managing delirium in hospitalized 
postoperative adults: an umbrella review pro-
tocol. JBI Database System Rev Implement 
Rep 2018; 16: 594-602.

[19]	 Fukata S, Kawabata Y, Fujishiro K, Kitagawa Y, 
Kuroiwa K, Akiyama H, Takemura M, Ando M 
and Hattori H. Haloperidol prophylaxis for pre-
venting aggravation of postoperative delirium 
in elderly patients: a randomized, open-label 
prospective trial. Surg Today 2017; 47: 815-
826.

[20]	 Neuner B, Hadzidiakos D and Bettelli G. Pre- 
and postoperative management of risk factors 
for postoperative delirium: who is in charge 
and what is its essence? Aging Clin Exp Res 
2018; 30: 245-248.

[21]	 Khan BA, Perkins AJ, Campbell NL, Gao S, 
Khan SH, Wang S, Fuchita M, Weber DJ, Zar-
zaur BL, Boustani MA and Kesler K. Preventing 
postoperative delirium after major noncardiac 
thoracic surgery-a randomized clinical trial. J 
Am Geriatr Soc 2018; 66: 2289-2297.

[22]	 Yang Y, Zhao X, Dong T, Yang Z, Zhang Q and 
Zhang Y. Risk factors for postoperative deliri-
um following hip fracture repair in elderly pa-
tients: a systematic review and meta-analysis. 
Aging Clin Exp Res 2017; 29: 115-126.

[23]	 Honda S, Furukawa K, Nishiwaki N, Fujiya K, 
Omori H, Kaji S, Makuuchi R, Irino T, Tanizawa 
Y, Bando E, Kawamura T and Terashima M. 
Risk factors for postoperative delirium after 
gastrectomy in gastric cancer patients. World J 
Surg 2018; 42: 3669-3675.

[24]	 Carr ZJ, Cios TJ, Potter KF and Swick JT. Does 
dexmedetomidine ameliorate postoperative 
cognitive dysfunction? A brief review of the re-
cent literature. Curr Neurol Neurosci Rep 
2018; 18: 64.

[25]	 Li A, Yuen VM, Goulay-Dufaÿ S, Sheng Y, Stand-
ing JF, Kwok PCL, Leung MKM, Leung AS, Wong 
ICK and Irwin MG. Pharmacokinetic and phar-
macodynamic study of intranasal and intrave-
nous dexmedetomidine. Br J Anaesth 2018; 
120: 960-968.

[26]	 Vorobeichik L, Brull R and Abdallah FW. Evi-
dence basis for using perineural dexmedeto-
midine to enhance the quality of brachial plex-
us nerve blocks: a systematic review and 
meta-analysis of randomized controlled trials. 
Br J Anaesth 2017; 118: 167-181.


