
Vol.:(0123456789)

Drugs & Aging (2021) 38:441–450 
https://doi.org/10.1007/s40266-021-00846-6

ORIGINAL RESEARCH ARTICLE

Feasibility of Intranasal Dexmedetomidine in Treatment 
of Postoperative Restlessness, Agitation, and Pain in Geriatric 
Orthopedic Patients

Panu Uusalo1,2   · Suvi‑Maria Seppänen1,2 · Mikko J. Järvisalo1,2

Accepted: 19 February 2021 / Published online: 16 March 2021 
© The Author(s) 2021

Abstract
Objective  The aim of this study was to report preliminary data on the use of intranasal dexmedetomidine to treat postopera-
tive restlessness, agitation, and pain in 23 patients aged > 70 years and undergoing orthopedic surgery.
Background  Postoperative agitation and delirium are common among older adult patients undergoing orthopedic surgery. 
Most preparations used to treat agitation and delirium carry a risk for adverse events such as respiratory failure. Moreover, 
mere opioid therapy may be insufficient in treatment of pain. Dexmedetomidine, an α2-adrenoreceptor agonist with sedative 
and analgesic properties, has been shown to reduce opioid requirement and reduce postoperative delirium in older adults.
Methods  We studied the use of post-operative intranasal dexmedetomidine in a retrospective study cohort of geriatric patients 
undergoing orthopedic surgery. Primary outcomes included alterations in heart rate (HR), mean arterial pressure (MAP), 
respiratory rate (RR), peripheral oxygen saturation (SpO2), Modified Richmond Agitation and Sedation Score (mRASS), 
and opioid consumption following dexmedetomidine administration.
Results  We identified 23 patients with a mean (SD) age of 79.9 (7.5) years who received dexmedetomidine 100 µg intra-
nasally postoperatively. After dexmedetomidine administration, HR decreased by 10.4 (3.7) beats/min (95% CI 2.9–17.8; 
p = 0.004) and MAP by 16.2 (4.4) mmHg (95% CI 7.3–25.1; p < 0.001). HR decrease was significant at 2 h and MAP 
decrease at 1, 2, and 3 h following dexmedetomidine administration. Dexmedetomidine administration was associated with 
significant reductions in opioid consumption (p < 0.001) and mRASS score (p < 0.001). SpO2 and RR remained unchanged.
Conclusions  These preliminary findings suggest that intranasal dexmedetomidine reduces opioid consumption without 
causing respiratory depression and may be used to treat postoperative restlessness, agitation, and pain in geriatric patients. 
However, hemodynamic effects of dexmedetomidine may require close observation for 3 hours following administration in 
older adult patients.
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Key Points 

Intravenous dexmedetomidine has been shown to have 
anti-delirium and analgesic-sparing effects in older 
adults undergoing surgery.

Administration of intranasal dexmedetomidine is effec-
tive for the treatment of postoperative restlessness, agita-
tion, and pain in geriatric patients undergoing orthopedic 
surgery.

Hemodynamic changes related to intranasal dexme-
detomidine require observation for 3 hours following 
administration in older adult patients.

http://orcid.org/0000-0001-5120-8854
http://crossmark.crossref.org/dialog/?doi=10.1007/s40266-021-00846-6&domain=pdf


442	 P. Uusalo et al.

1  Introduction

Dexmedetomidine is a relatively new drug that acts by acti-
vating α2-adrenoceptors. It has been registered for intensive-
care sedation and procedural sedation in adult patients. In 
addition to its sedative property, dexmedetomidine exerts 
analgesic and antiemetic effects. In comparison with other 
analgesic and sedative agents, dexmedetomidine has mini-
mal effects on respiration.

There is a growing body of evidence suggesting that intra-
operative use of dexmedetomidine decreases the risk and 
occurrence of perioperative delirium in older adults. Moreo-
ver, recent studies have suggested that intraoperative dexme-
detomidine infusion is associated with lower incidence of 
postoperative acute kidney injury, diminished opioid con-
sumption, and shorter extubation time and hospital stay in 
older adult patients [1]. It may also improve the quality of 
the first night’s sleep following surgery [2–4].

Postoperative intravenous dexmedetomidine has been 
suggested to reduce the risk of delirium in surgical patients, 
particularly following cardiac surgery, whereas no such 
data are available on intranasal administration [5]. Perio-
peratively administered intranasal dexmedetomidine has 
mostly been studied in pediatric populations, and data on 
adult patients are scarce [6, 7]. Intranasal dexmedetomidine 
exerts high bioavailability in healthy volunteers [8] but use 
of this administration route has not been previously studied 
in a postoperative setting in adult patients.

As older adult patients have a high incidence of periop-
erative restlessness and agitation and are prone to adverse 
effects of standard analgesic and sedative agents, it would 
be invaluable to find additional options for treating postop-
erative pain in this challenging patient group. Therefore, we 
aimed to retrospectively evaluate the usefulness of intranasal 
dexmedetomidine for postoperative restlessness, agitation, 
and pain in older adult patients undergoing orthopedic sur-
gery at an academic medical center during a 1-year study 
period.

2 � Methods

2.1 � Patient Population

We retrospectively identified consecutive patients aged > 
70 years, undergoing orthopedic surgery between Octo-
ber 2019 and October 2020, and receiving a single dose 
of intranasal dexmedetomidine 100 μg postoperatively for 
postoperative restlessness, agitation, or pain in an orthope-
dic postoperative care unit of a tertiary university hospital. 
Patients with hourly recordings of blood pressure, heart rate 
(HR), respiratory rate (RR) and peripheral oxygen saturation 

(SpO2) before and at least 5 h following administration of 
intranasal dexmedetomidine were included in the study.

We excluded patients receiving other sedatives for delir-
ium or agitation within 6 h prior to or after dexmedetomi-
dine administration, patients with unstable hemodynamics 
and respiration, patients requiring vasoactive agents at the 
time of or 6 h prior to dexmedetomidine administration, 
patients with contraindications for administration of dexme-
detomidine (i.e., advanced atrioventricular block [grade 2 or 
3] unless paced, uncontrolled hypotension, acute cerebrovas-
cular conditions, or prior hypersensitivity to the active sub-
stance), and patients with insufficient recordings of hemo-
dynamic and respiratory parameters. Eligible patients were 
identified, and patient data were retrieved from the patient 
database of Turku University Orthopedic Hospital, Finland.

2.2 � Drug Administration

Intranasal dexmedetomidine (100 μg/mL) was administered 
using a LMA MAD Nasal™ device in the surgical ward by 
registered nurses educated on the administration technique. 
The patients were kept in a semi-recumbent position, their 
nasal passages were cleaned and 50 µg (0.5 mL) doses of 
dexmedetomidine hydrochloride were administered to both 
nostrils.

2.3 � Pharmacodynamic Assessment

We recorded HR, mean arterial pressure (MAP), SpO2, RR, 
and fraction of inspired oxygen (FiO2) before dexmedeto-
midine administration and hourly up to 5 h following dex-
medetomidine administration. Modified Richmond Agita-
tion and Sedation Scale (mRASS) [9] was used to assess 
the level of restlessness and sedation. Baseline mRASS was 
recorded before dexmedetomidine administration and lowest 
mRASS value was obtained within 4 h after dexmedetomi-
dine administration. Pain was assessed by recording cumula-
tive opioid consumption in morphine equivalent doses for 6 
h preceding and for 6 h following dexmedetomidine admin-
istration, respectively.

2.4 � Statistics

Our primary outcome measures were to evaluate the changes 
in MAP, HR, SpO2, and RR from the baseline value within 5 
h of dexmedetomidine dosing, cumulative opioid consump-
tion 6 h before and 6 h after dexmedetomidine dosing, and 
mRASS at dexmedetomidine administration and lowest 
value of mRASS within the following 4 h of dexmedetomi-
dine dosing. Secondary outcomes were time between sur-
gery and dexmedetomidine administration, time to mobi-
lization after dexmedetomidine administration, and FiO2 
during dexmedetomidine administration. The Shapiro-Wilks 
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test (p > 0.05) was used to assess normality assumptions. 
Student´s paired t tests were used to assess the change in 
vital signs at five different time points compared with the 
baseline value for normally distributed variables and Steel-
Dwass test for skewed variables. Nominal data were tested 
using chi-square analysis. p Value < 0.05 (two-tailed) was 
considered statistically significant. When the normality 
assumption was not met, median difference and 90% confi-
dence interval (CI) were calculated with bootstrap analysis. 
The results are expressed as mean values with standard devi-
ations (SD), and as medians with interquartile ranges (IQR) 
when the normality assumption was not met. The analyses 
were performed with JMP Pro 13.0 for Mac (SAS Institute 
Inc., Cary, NC, USA).

2.5 � Adverse and Serious Adverse Events

Bradycardia (HR < 40/min), hypotension (MAP < 65 mmHg 
exceeding a 1-h duration or any MAP < 60 mmHg), exces-
sive sedation (mRASS < − 3), hypoxia (SpO2 < 92%), 
hypoventilation (RR < 10/min or < 8/min if baseline RR was 
< 10/min), nausea, or vomiting within 6 h of dexmedetomi-
dine administration were considered as adverse events. Loss 
of consciousness, or need for vasopressor infusion, assisted 
ventilation, or intubation were considered as serious adverse 
events.

3 � Results

Twenty-three consecutive eligible patients were included 
in the study (Supplemental Fig. 1, see Electronic Supple-
mentary Material). Patient characteristics and demographic 
data are shown in Table 1. A total of 14 patients required 
norepinephrine therapy (median dose 0.014 µg/kg/h [IQR 
0.000–0.022]) to avoid intraoperative hypotension in the 
operating room. The median (IQR) time to dexmedetomi-
dine administration following the completion of surgery was 
11 (10–14) h and the mean (SD) weight-adjusted dose of 
intranasal dexmedetomidine was 1.29 (0.24) µg/kg.

During the 5-h observation period, dexmedetomidine 
decreased HR by 10.4 (3.7) beats/min (95% CI 2.9–17.8; 
p = 0.004) and MAP by 16.2 (4.4) mmHg (95% CI 7.3–25.1; 
p < 0.001). After dexmedetomidine administration, MAP 
was significantly lower at 1, 2, and 3 h (p ≤ 0.01 for all 
comparisons) and HR at 2 h compared with baseline val-
ues (p = 0.03) (Table 2, Fig. 1 and Fig. 2). SpO2 and RR 
remained unchanged from baseline during the observation 
period (p > 0.20 for all comparisons) (Table 2, Figs. 3 and 
4). The decreases in HR or MAP were not associated with 
the weight-adjusted dexmedetomidine dose, age, or opioid 
consumption.

The cumulative 6-h opioid requirement was significantly 
reduced after dexmedetomidine administration compared 
with the 6-h cumulative opioid administration before dex-
medetomidine (median difference − 0.24 mg/kg; 95% CI 
− 0.63 to 0.02; p = 0.005). (Fig. 5) The decrease in opioid 
consumption was negatively associated with age (p = 0.01), 
but not with weight, body mass index (BMI), gender, or the 
weight-adjusted dexmedetomidine dose. Cumulative opioid 
consumption following dexmedetomidine administration 
was negatively associated with HR (β = 0.596; p = 0.02; 
loge opioid consumption).

Patients were more sedated after dexmedetomidine dos-
ing and mRASS decreased in all patients (median difference 
− 2; 95% CI 2–4; p < 0.001) (Fig. 6). Baseline mRASS 
was not associated with the anesthesia method employed, 
duration of anesthesia, or used anesthetic. mRASS change 
was not associated with age, weight, height, BMI, gender, 
or weight-adjusted dexmedetomidine dose.

Median (IQR) time to patient mobilization after dex-
medetomidine administration was 11 h (8–12) but was not 
applicable for two patients due their baseline condition.

Hypotension related to intranasal dexmedetomidine 
administration was observed in three patients within 3 h 
of dexmedetomidine administration. Two patients required 
one to two single doses of ephedrine to increase MAP > 
65 mmHg. No other adverse or serious adverse events were 
recorded.

4 � Discussion

This preliminary report suggests that use of intranasal dex-
medetomidine is feasible for treatment of postoperative agi-
tation and/or refractory pain in the surgical postoperative 
care unit. Although plenty of literature exists addressing 
the efficacy of dexmedetomidine for prevention of postop-
erative delirium in older adults [10, 11] and as an adjunct 
for multimodal analgesia [12, 13], use of dexmedetomidine 
outside the operating room or intensive care unit has not 
been previously studied in older adult patients. Intranasal 
dexmedetomidine may allow for the use of sedation outside 
the intensive care unit, safely, when hourly monitoring for 3 
h following administration can be arranged.

Patients undergoing orthopedic surgery are often older 
and at high risk for adverse drug effects and development 
of postoperative delirium. Older patients are susceptible 
to unwanted side effects of medications due to age-related 
changes in pharmacokinetics and pharmacodynamics. Poly-
pharmacy is also a common phenomenon among older adult 
patients, further increasing risk for adverse drug effects [14]. 
Age-related changes in physiology and comorbidities lead 
to limited compensatory mechanisms and consequently 
the ability to deal with possible side effects of drugs is 
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compromised. Clearance of dexmedetomidine is not influ-
enced by age but the sedative effect appears to be more 
prominent in older adults [15]. In the geriatric population, 
an adequate level of sedation may be achieved with lower 
doses of dexmedetomidine [16].

The effect of dexmedetomidine on postoperative recovery 
has mainly been studied using intravenous administration 
[17, 18]. The intranasal route is a highly effective way to 

administer medications, as hepatic first pass metabolism can 
be bypassed, and systemic bioavailability is therefore high. 
Intranasal administration is often chosen on grounds of bolus 
dosing and easier administration compared with intravenous 
administration. Furthermore, intranasal administration lacks 
the risks of losing the administration route and needle inju-
ries for staff, even if the patient is uncooperative.

Table 1   Patient characteristics

BMI body mass index, IQR interquartile range, SD standard deviation

Age, mean (SD) 79.9 (7.5)
BMI, mean (SD) 28.1 (5.2)
Male/female, n 11/12
Weight-adjusted dexmedetomidine dose (μg/kg), mean (SD) 1.31 (0.25)
Time to dexmedetomidine administration from surgery (h), median (IQR) 11 (10–14)
Fraction of inspired oxygen during dexmedetomidine administration (%), median (IQR) 25 (21–28)
Spinal anesthesia/general anesthesia, n 17/6
Time of surgery (min), median (IQR) 102 (68–141)
Time of anesthesia (min), median (IQR) 179 (116–184)
Patients requiring intraoperative norepinephrine, n 14
Intraoperative norepinephrine dose (µg/kg/min), median (IQR) 0.014 (0.000–0.022)
Procedure performed, n
 Total hip arthroplasty 8
 Total knee arthroplasty 9
 Hip fracture 3
 Laminectomy 1
 Total shoulder arthroplasty 2

Comorbidities, n
 Hypertension 18
 Atrial fibrillation 8
 Hypothyreosis 7
 Diabetes mellitus 6
 Hypercholesterolemia 6
 Asthma 6
 Coronary artery disease 4
 Alzheimer disease 3

Table 2   Hemodynamic and respiratory parameters

Data are shown as mean and standard deviation
SpO2 peripheral oxygen saturation
*p < 0.05, **p < 0.01, ***p < 0.001 compared with baseline

Baseline Time from index administration

1 h 2 h 3 h 4 h 5 h

Heart rate (bpm) 74 (14) 69 (12) 67 (12)* 68 (12) 68 (11) 69 (10)
Mean arterial pressure (mmHg) 90 (12) 75 (11)*** 76 (13)*** 79 (15)** 83 (14) 86 (12)
Oxygen saturation (SpO2) 95 (3) 95 (2) 95 (3) 95 (2) 95 (3) 96 (2)
Respiratory rate (1/min) 14 (4) 15 (4) 16 (4) 15 (4) 15 (4) 15 (3)
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The hemodynamic effects of dexmedetomidine may be 
attenuated by extravascular dosing compared with intrave-
nous administration [19]. In two studies comparing phar-
macodynamic effects of intranasal and intravenous admin-
istration in healthy adult volunteers, hemodynamic effects 
emerged more rapidly after intravenous administration but 
no difference in the magnitude of MAP and HR decreases 
were observed between the groups [8, 20]. A previous study 
suggested that even intranasal administration of dexmedeto-
midine might lead to detrimental hemodynamic effects in 
older adults [21], but contrary to our study, dexmedetomi-
dine was administered intraoperatively together with other 

anesthetics. In the present study, intranasal dexmedetomi-
dine had a slight lowering effect on both blood pressure and 
heart rate as expected. The maximal effect on blood pressure 
was observed 1–2 h after administration of intranasal dexme-
detomidine. Two patients required one to two single doses 
of ephedrine for hypotension, which suggests that careful 
observation of hemodynamics for at least 3 h after adminis-
tration of intranasal dexmedetomidine in geriatric patients 
is warranted. Weight-adjusted mean dexmedetomidine dose 
in our study was 1.31 µg/kg, which is similar to intranasal 
dexmedetomidine dosages used in previous adult studies [7, 
21]. Perhaps an even smaller amount of dexmedetomidine 

Fig. 1   Heart rate (beats per 
min) after administration of 
intranasal dexmedetomidine 
(*p < 0.05)

Fig. 2   Mean arterial pres-
sure after administration of 
intranasal dexmedetomidine 
(*p < 0.05)
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might suffice for older adults, which in turn would probably 
result in even less hemodynamic side effects.

The time to mobilization was relatively long compared 
with the sedative and hemodynamic effects of intranasal 
dexmedetomidine, which usually last only up to 3–4 h [8]. 
However, older orthopedic surgery patients are usually 
mobilized at the earliest on the first postoperative morning 
[22] and most of the patients in our study cohort received 
dexmedetomidine during the first postoperative night. Con-
sidering the pronounced effects that dexmedetomidine may 
cause in older adults, maintaining patients in a supine or 
semi-recumbent position at for least 5 h after administration 
of intranasal dexmedetomidine can be recommended.

Treatment of postoperative agitation and restlessness in 
the ward setting poses a genuine challenge for healthcare 
professionals. Evidence considering the efficacy of phar-
macologic interventions on postoperative delirium is lack-
ing and current guidelines primarily recommend the use of 
non-pharmacologic interventions [23, 24]. Pharmacologi-
cal management of agitation usually includes neuroleptic 
agents (mainly haloperidol) and benzodiazepines. Fragile 
geriatric patients are more prone to haloperidol side effects 
such as extrapyramidal symptoms, QT-prolongation, and 
fatal arrythmias [25]. Use of benzodiazepines may result in 
memory impairment, respiratory depression, and delirium 
[26]. In most cases, patients cannot be constantly monitored 

Fig. 3   Peripheral oxygen satura-
tion (SpO2) after administration 
of intranasal dexmedetomidine

Fig. 4   Respiratory rate (1/min) 
after administration of intrana-
sal dexmedetomidine
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Fig. 5   Cumulative opioid 
consumption as oral morphine 
equivalents 6 h before and 6 h 
after administration of intrana-
sal dexmedetomidine

Fig. 6   Modified Richmond 
Agitation and Sedation Score 
(mRASS) before and after 
administration of intranasal 
dexmedetomidine
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in the ward setting, which would be required for safe admin-
istration of these medications.

Compared with traditional analgosedative agents, dex-
medetomidine has little effect on respiration [27, 28], and 
in the present study we found that RR and SpO2 remained 
unchanged after administration of intranasal dexmedeto-
midine. However, recent studies have shown that sedation 
with dexmedetomidine increases airway collapsibility and 
decreases hypoxic ventilatory response similarly to propofol 
in healthy volunteers [29, 30]. Thus, observation of respira-
tory parameters is required, especially when administering 
dexmedetomidine to patients with obstructive sleep apnea.

Opioids have traditionally been the cornerstone of post-
operative analgesia following orthopedic surgery. There is 
increasing concern of opioid-induced adverse effects world-
wide [31], and especially in older adults these undesirable 
effects are pronounced. Opioids are associated with an 
increased risk for postoperative delirium in older adults [32], 
but on the other hand, postoperative pain also has a negative 
effect on mental status and anxiety and should therefore be 
prevented and treated actively [33]. When contemplating 
postoperative analgesic regimens for geriatric patients, car-
egivers must balance efficacy with the incidence of inter-
actions and adverse effects of medications [34]. Analgesic 
effect of dexmedetomidine is well established and prior stud-
ies suggest that dexmedetomidine in the intranasal form has 
an opioid-sparing effect [7, 35]. As with prior studies, nasal 
dexmedetomidine reduced opioid consumption consider-
ably in our study. Use of dexmedetomidine as part of multi-
modal analgesia could be particularly beneficial for geriat-
ric patients, concurrently reducing the need for opioids and 
improving postoperative pain management.

Retrospective design, limited number of patients, and lack 
of controls are the main limitations of this study. Although 
we included consecutive patients receiving intranasal dex-
medetomidine to avoid any selection bias, patients without 
hourly monitoring of vital parameters, patients with con-
comitant sedative medication, and patients receiving vaso-
active medication prior to dexmedetomidine administration 
were excluded from the analyses. Another limitation was 
imperfect recording of pain scores, which is why we were 
not able to include them in the analysis. Also, postoperative 
delirium was not assessed using validated delirium assess-
ment methods such as the Confusion Assessment Method 
for the Intensive Care Unit (CAM-ICU). Our goal was not 
to confirm the safety of intranasal dexmedetomidine in an 
older adult population, but rather to investigate the feasibil-
ity of this approach in the ward during postoperative care.

Further studies are warranted to address the safety and 
feasibility of intranasal dexmedetomidine use in a ward set-
ting more precisely. A prospective study with a larger patient 
population is needed to confirm these preliminary findings. 
We suggest that additional studies examining the optimal 

dose of intranasal dexmedetomidine for older adult patients 
should be performed to find the lowest effective dose.

5 � Conclusion

These preliminary findings suggest that intranasal dexme-
detomidine has little effect on respiration and is a possible 
option for treatment of postoperative restlessness, agitation, 
and pain in geriatric patients undergoing surgery. However, 
hemodynamic changes related to intranasal dexmedeto-
midine administration need to be taken into account and 
observed in older adults.
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