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ABSTRACT

Aim. This study aimed to evaluate the pharmacodynamics of dexmedetomidine in elderly cardiac patients.
Material and Methods. Twelve patients of 60 years or older and need for analgesia after surgery or as a result
of critical health conditions were included into our study. Dexmedetomidine was administered intravenously as
a continuous infusion without the initial dose. At the beginning the infusion was started at the rate of 0.7 pg/kg/h
and then it was continued in the range of 0.17-1.39 pg/kg/h according to desired level of sedation. Information
about heart rate, systolic, diastolic and mean arterial blood pressure, bispectral index and cardiac index were
collected a few minutes before, during and in 12 hours after infusion of dexmedetomidine.

Results. The hemodynamic data as well as BIS level were collected from 12 patients. The duration of
dexmedetomidine infusion was less than 9 hours. For each patient the reduction in blood pressure and heart rate
compared to the value before dexmedetomidine infusion was observed. We did not observe bradycardia in any
patient. Appropriate sedation level was achieved using only dexmedetomidine and ranged from 60 to 80. In only
2 cases it was necessary to give a single dose of another sedative.

Conclusions. To conclude, in the patients' population involved in the study, which included older cardiac patients
dexmedetomidne has been shown as a sedative agent which enabled to achieve desire level of sedation in the
recommended ranges without episodes of bradycardia, however hypotension events were noted.
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Introduction . L
receptor activation causes sedation similar to natural

Dexmedetomidine (dex) is a newly discovered drug
that has gained great popularity in neuroanesthesia,
intensive care unit (ICU) and cardiac anesthesia in
recent years. It was approved in 1999 by the FDA as
a short-acting sedative. In Europe, it was introduced to
health care in 2011 [1, 2]. Dexmedetomidine is a highly
selective a2-adrenergic receptors agonist with high
affinity for the a2-receptor (a2/al 1600:1) compared
with clonidine (a2/a1 200:1), which makes it a complete
a2 agonist [3, 4]. Dexmedetomidine by a2-adrenergic

sleep, which helps in the early postoperative period
[5, 6]. It also exhibits analgesic, anxiolytic and seda-
tive effects without causing severe respiratory depres-
sion. Sedative action is responsible for the stimulation
of receptors located at the sinus of the upper part of
the brain stem [7]. Analgesic activity consists of a cen-
tral component — stimulation of receptors in the brain
stem and hind corners of the spinal cord, and periph-
eral — stimulation of the receptors in the nerve roots of
the posterior nerve roots [8].
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Dexmedetomidine is a highly lipophilic drug. After
i.v. administration it shows rapid distribution with bio-
logical half-life (t,5) in the distribution phase being
of 6 min. The drug is 94% bound to plasma proteins.
Metabolism occurs as a result of direct conjugation
to glucuronic acid and cytochrome P-450 isozymes.
Ty in the elimination phase equals 2 h. The drug is in
95% excreted in the urine, 4% in the feces in the form of
metabolites [3, 9, 10].

Unique action allows for sedation without caus-
ing excessive sedation (cooperative sedation), diffi-
cult to achieve by other drugs. Drug administration is
particularly useful in situations where there is a need
for awareness during sedation [11]. The sedation com-
bined with the analgesic effect without respiratory
depression is used at the time of weaning from ven-
tilation therapy, after long-term use of other sedative
medicinal products, and in the elderly or other severe
illness. Sedation and diminution in muscle tone is well
tolerated in patients with withdrawal syndrome and
delusional syndromes after major and long-term sur-
gical procedures such as extracorporeal cardiac sur-
gery [9]. This action reduces psychomotor excitability
and has cardioprotective activity. Reduction of muscle
tremor is used to control chills while cooling the body
as well as for hypothermia. Because of its different
mechanism of action, it can also be given in terminal
illness as a supplement to other painkillers and seda-
tives. Dexmedetomidine has also promising results
in patients with pulmonary hypertension undergoing
mitral valve replacement [11].

Side effects of dexmedetomidine are mainly lim-
ited to hemodynamic changes. These include hyper-
tension, bradycardia and hypotension due to pre-and
post-synaptic activation of the a2 receptor, which
causes vasospasm. Furthermore, it has been shown
that dexmedetomidine alleviates stress responses,
thus creating a more stable hemodynamic profile dur-
ing surgery or induction of anesthesia. In case of over-
dosage atrioventricular block | degree, bradycardia and
hypotension had been seen. Co-administration of dex-
medetomidine with anesthetics, sedatives, hypnotics
and opioids may increase observed effects [9, 11].

Aim

The aim of the study was to evaluate the pharmacody-
namics of dexmedetomidine in elderly cardiac patients.
Cardiac patients require comprehensive interdisciplin-

ary teamwork to ensure the best possible outcome.
Perioperative care is to carefully select sedatives to
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provide comfort to the patient, while avoiding physi-
ological stress and heart instability [1].

Material and Methods

The study was conducted among intensive care
patients in clinical hospital after approval of protocol
by institutional Bioethics Committee. The approval
number was 213/13 and 572/16. The inclusion crite-
ria were: age — 60 years or older and need for analgo-
sedation after surgery or as a result of critical health
conditions. We excluded patients that were younger
than 60 years and/or have hemodynamic instability.
Dexmedetomidine (Dexdor, Orion Pharma Poland Sp.
z.0.0.) was administered in continuous infusion with-
out a loading dose. The infusion was started at the
rate of 0.7 pg/kg/h and was continued in the range
0.17-1.39 pg/kg/h according to desired level of seda-
tion. Information was recorded about heart rate (HR),
systolic, diastolic and mean arterial blood pressure
(SBP, DBP and MAP), bispectral index (BIS), cardiac
index (Cl) a few minutes before, during and in 12 hours
after infusion of dexmedetomidine. BIS was monitored
by Philips Medical Systems B.V (Netherlands) and Cl
by FloTrac System (Edwards Lifescences, USA). All
the parameters were recorded every hour during the
infusion as well as in any case when other drug which
might have influenced collected parameters was
administrated, e.g. noradrenalin, midazolam, ephe-
drine, propofol.

Bradycardia and hypotension were monitored
among the patients as the pharmacodynamics of dex
and potential side effects of the drug.

Heart rate was measured in bites per minutes (bpm)
and blood pressure in millimetres of mercury (mmHg).
Bradycardia was defined for the heart rate less than
40 bites per minutes. Hypotension was defined for
systolic blood pressure less than 80 mmHg and dia-
stolic blood pressure less than 50 mmHg. Bradycardia
and/or hypotension was defined also when the fall by
at least 30% compared to baseline value was noticed
(heart rate and/or blood pressure, respectively) [12].

Bispectral index was used to assess the level of
consciousness. It is a parameter to measure brain
activity and is based on electroencephalogram. BIS is
used to estimate the level of sedation and anaesthesia.
BIS values ranged between 0 (no cortical activity) and
100 (completely awake). The values between 40 and 60
signified general anaesthesia, whereas for adequate
sedation in ICU BIS should remain in the range 60-80
[13,14].



Cardiac index is a cardiac output (CO) indexed to
body surface area (BSA). Cardiac output is the sum
of the systemic flow per minute and calculated by the
product of heart rate and stroke volume. The cardiac
index reference range for elderly patients is 2.2-3.8 L/
min/m? [15]. According to study performed by Catter-
mole at al [16], reference range of Cl is 1.88-4.71 L/
min/m?. They offered this range for healthy patients
over 60. In our study we used the norm given by Cat-
termole et al.

Results

12 patients were enrolled to the study, 10 of which were
postsurgical patients. Table 1 lists patients' demo-
graphics and characteristics of dexmedetomidine infu-
sion. The monitored hemodynamic parameters e.g.
DBP, SBP, MAP, HR, Cl as well as BIS were also present-
ed (Table 2). The duration of dexmedetomidine infusion
was less than 9 hours. In each patient a decrease in
heart rate and blood pressure was calculated by com-
paring the values of these parameters before and dur-
ing the infusion (Table 2). During the study period any
episodes of bradycardia were not observed among the
patients. However, in 8 patients incidents of hypoten-
sion were observed. In one case the administration of
noradrenalin was needed whereas in the other dosage
changes ensured the adequate hemodynamic stability.

The infusion of dex started after the surgery, it was
39 (+ 20) minutes after stop of sevoflurane admin-
istration and 226,5 (+ 51,8) minutes after premedica-
tion with propofol. In one patient values were above
60, in 3 patients they were less than 60. In two cas-
es 5 mg midazolam was given less than one hour (45
and 55 minutes) before beginning of dexmedetomidine
administration and as the result the baseline values of
BIS were affected. Adequate sedation dex infusion was
started 15 minutes after end of sevoflurane adminis-
tration so that the baseline BIS could have been affect-
ed by the anesthesia period. At the start of infusion BIS
level was maintained by using only dexmedetomidine
in the range between 60 and 80. In only 2 cases it was
necessary to give a single dose of another sedative
(midazolam or propofol). However, it caused decreas-
ing BIS values below 60. Bispectrac index values dur-
ing dex infusion were presented on Figure 1.

Cardiac index was registered in 11 patients. In gen-
eral, there was a reduction in cardiac index following
commencement of dex infusion when compared to the
baseline. In two patients there were also such episodes
during continued administration of dex, necessitating
adjustment of the rate of infusion (Table 2, Figure 2). In
two patients before start of dex infusion Cl was above
references values (7, 6 and 5.6) and during infusion ClI
was reduced to normal range (average values: 2.7, 3.8
and 3.7, respectively).

Table 1. Demographic characterization of patients. Results are expressed

as number or median with range

Parameter [Unit]

Number or Median [Range]

Male/Female 11

Age [years] 64.5[61-79)

Weight [kg] 74.5 [55-85]

Height [cm] 169 [160-177]

Infusion time [minutes]

287.5[220-505]

Total dose of dexmedetomidine [ug]

276.35 [142.40-602.40]

Mean ratio of infusion [ug/kg/h]

0.83[0.46-1.15]

Use of inotropes during infusion [yes/no] 1M

Table 2. Hemodynamic and pharmacodynamic (BIS) parameters of dexmedetomidine infusion (mean

values with standard variation for all subjects)

Parameter [unit] Baseline' During infusion  Afterinfusion % changes®
Bispectral index 68,01 11,0 67,7110,2 82,8169 1,0
Systolic blood plessure [mmHg] 14604360  117,3+239  1152+109 19,7
Diastolic blood plessure [nmHg] 72,0+17,0 59,1+10,6 58,0+8,8 179
Heart rate [bpm] 90,0+ 18,0 71,396 7401116 20,8
Cardiac index [L/min/m?] 39+1,7 294107 29+0,8 25,6

'just before the start of the infusion

2 percentage change of the mean value of the infusion period compared to the baseline
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Figure 1. Bispectral index values for each patient before and during dex infusion
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Figure 2. Cardiac index values for each patient before and during dex infusion
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Figure 3. Heart rate values for each patient before and during dex infusion
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Figure 4. Systolic blood pressure values for each patient before and during dex infusion
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Figure 5. Diastolic blood pressure values for each patient before and during dex infusion

Discussion

Our results showed that dexmedetomidine may have
stabilizing effect on blood pressure and heart rate in
postoperative period in ICU. Dexmedetomidine has
a binary effect: on one side it decreases blood pres-
sure response to surgical stress and on the other
hand minimizes surge in blood pressure and heart rate
during operation and postoperative ICU. The use of
a2-agonists aims at blunting the hemodynamic stress
response. Dexmedetomidine is a good sedative agent
in cardiac patients as it is a sympatholytic and reduces
heart rate [17].

In the study group, the recommended dosage of
dexmedetomidine was sufficient to maintain postoper-
ative sedation. During the entire period of dexmedeto-
midine infusion, deep sedation was maintained. Differ-
ence between the baseline value of BIS and the aver-
age value of dex infusion was small — 1%. It was due to
short time from end of sevoflurane administration and
beginning of infusion. Baseline value for each patients
was in the range 52-83 denoting deep sedation. Dex
administration caused maintaining the appropri-
ate level of sedation for ICU. It is very important that
it is possible to keep deep sedation (BIS in the range
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60-80) using only dexmedetomidine. In the present
study in three cases baseline BIS value was below 60.
Two of them received additionally 5 mg midazolam 45
and 55 minutes before beginning of dexmedetomidine
infusion and one patient had started infusion only 15
minutes after end of sevoflurane administration.

Dexmedetomidine has been shown to affect the
patients’ hemodynamic parameters. On the Figures
3-5 a decrease is visible of blood pressure and heart
rate values after start of infusion. However, we have
not reported any bradycardia episodes in patients. Hui
et al [18] reported clinically significant bradycardia dur-
ing simultaneous administration of dexmedetomidine
and fentanyl. We didn't find this relationship using dex
in combination with oxycodone or morphine, heart rate
did not differ between patients who were administered
opioids and patients that were administered another
analgesics. Nevertheless, we reported in 8 patients
episodes of hypotension and in 2 cases the hypoten-
sion was followed by too deep sedation (BIS below 60).
In all these three cases dex infusion was stopped and
patients were recovered from sedation. No other seda-
tive agent was given instead because there weren't
any further indications to continue sedation in these
patients.

In all patients the infusions were during the day,
and the parameters after the infusion were measured
in the afternoon, in the evening and at night. In these
periods the pressure is normally more than 10 mmHg
at night lower than in the day [19]. In our opinion, this
might had an effect on the median of blood pressure
and heart rate after stopping the infusion however to
make a conclusion on this field circadian rhythmicity
of the physiological parameters should be included in
the protocol of further studies.

During the infusion, a significant decrease in Cl
(25,6%) was observed when compared the baseline
value to the average value of the infusion period. In
two patients, Cl values were above the reference range
before the infusion of dexmedetomidine, and then dur-
ing the infusion period they fell to the references values
whereas at the end of the infusion increased again to the
above the references values. Further studies are needed
to assess the relation between dexmedetomidine and
cardiac output in which the influence of this hemody-
namic parameter on the drug elimination clearance
should be also taken into account. Lower cardiac output
may potentially decrease the elimination rate of the drug
and as a result increase its pharmacological effect [20].

In conclusion, in our patients' population includ-
ing elderly cardiac patients, dexmedetomidine has
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been shown as a drug which given as the only sedative
agent enabled to achieve desire level of sedation in the
recommended ranges (60-80 of BIS) without any epi-
sodes of bradycardia. However hemodynamic param-
eters should be closely monitored during the infusion,
because hypotension events were reported.

Acknowledgements

This project was supported by the grant 2015/17/B/NZ7/
03032 founded by Polish National Science Centre.

Conflict of interest statement
The authors declare no conflict of interest.

Funding sources
There are no sources of funding to declare.

References

1. Peterson C, Hall M. Pro: Dexmedetomidine Sedation
Should Be Used Routinely for All Post-Cardiac Surgical
Patients in the Intensive Care Unit. Journal of Cardiot-
horacic and Vascular Anesthesia. 2016 Oct;30(5):1419-
1421.

2. [Internet] European Medicines Agency. Assesment
Report Dexdor. 2011. http://www.ema.europa.eu/docs/
en_GB/document_library/EPAR_-_Public_assess-
ment_report/human/002268/WC500115632.pdf [cited
1.12.2017].

3. Karol M, Maze M. Pharmacokinetics and interac-
tion pharmacodynamics of dexmedetomidine in
humans. Bailliere's Clinical Anaesthesiology. 2000
June;14(2):261-269.

4. Hashemian M, Ahmadinejad M, Mohaerani SA,
Mirkheshti A. Impact of dexmedetomidine on hemo-
dynamic Changes during and after coronary artery
bypass grafting. Annals of Cardiac Anaesthesia. 2017
Apr-Jun;20(2):152-157.

5. Akin A, Bayram A, Esmaoglu A, Tosun Z, Aksu R, Altuntas
R, Boyaci A. Dexmedetomidine vs. midazolam for pre-
medication of pediatric patients undergoing anesthesia.
Paediatr Anaesth. 2012 Sep;22:871-876.

6. Wiczling P, Bartkowska-Sniatkowska A, Szerkus O et
al. The pharmacokinetics of dexmedetomidine dur-
ing long-term infusion in critically ill pediatric patients.
A Bayesian approach with informative priors. J Pharma-
cokinet Pharmacodyn. 2016;43:315-324.

7. Xu B, Zhou D, Ren L, Shulman S, Zhang X, Xiong M. Phar-
macokinetic and pharmacodynamics of intravenous
dexmedetomidine in morbidly obese patients undergo-
ing laparoscopic surgery. J Anesth. 2017 Dec;31:813—
820.

8. Afonso J, Reis F. Dexmedetomidine: current role in
anesthesia. Rev Bras Anesthesiol. 2012 Jan-Feb;62:118—
133.

9. Weerink MAS, Struys MMRF, Hannivoort LN, Barends
CRM, Absalom AR, Colin P. Clinical pharmacokinet-
ics and pharmacodynamics of dexmedetomidine. Clin
Pharmacokinet. 2017 Aug;56:893-913.

10. Bienert A, Ptotek W, Wiczling P, Warzybok J, Borowska
K, Buda K, Kulinska K, Billert H, Kaliszan R, Grzeskowiak



11.

12.

13.

14.

15.

16.

E. The influence of age and dosage on the pharma-
codynamics of dexmedetomidine in rabbits. JMS.
2014;83:108-115.

Gerlach AT, Dasta JF. Dexmedetomidine: an updated
review. Ann Pharmacother. 2007 Feb;41:245-252.
Huang Z, ChenY, Yang Z, Liu J. Dexmedetomidine Versus
Midazolam for the sedation of patients with non-invasive
ventilation failure. Intern Med. 2012 Sep;51(17):2299-
2305.

Duarte LT, Saraiva RA. When the bispectral Index (Bis)
can give false results. Rev Bras Anestesiol. 2009
Mar-Apr;59(1):99-109.

Coleman RM, Tousignant-Laflamme Y, Ouellet P, Paren-
teau-Goudreault E, Cogan J, Bourgault P. The use of the
bispectral index in the detection of pain in mechanical-
ly ventilated adults in the intensive care unit: A review of
the literature. Pain Res Manag. 2015 Feb;20(1):33-7.
Carlsson M, Andersson R, Bloch KM, Steding-Ehrenborg
K, Mosén H, Stahlberg F et al. Cardiac output and car-
diac index measured with cardiovascular magnetic res-
onance in healthy subjects, elite athletes and patients
with congestive heart failure. J Cardiovasc Magn Reson.
2012 Jul;14(1):51-57.

Cattermole GN, Leung PYM, Ho GYL, Lau PWS, Chan
CPY, Chan SSW et al. The normal ranges of cardiovas-
cular parameters measured using the ultrasonic cardiac
output monitor. Physiol Rep. 2017 Mar;5(6):€13195.

. Arora D, Mehta Y. Recent trends on hemodynamic mon-

itoring in cardiac surgery. Ann Card Anaesth. 2016
Oct-Dec;19(4):580-583.

18.

20.

Hui C, Cardinale M, Yegneswaran B. Significant Brady-
cardia in Critically Ill Patients Receiving Dexmedeto-
midine and Fentanyl. Case Rep Crit Care. 2017;2017:
4504207.

. Buyukkaya E, Erayman A, Karakas E, Bugra Nacar A, Kurt

M, Buyukkaya S et al. Relation of red cell distribution
width with dipper and non-dipper hypertension. Med
Glas (Zenica). 2016 Aug;13(2):75-81.
Dutta S, Lal R, Karol MD, Cohen T, Ebert T. Influence of
cardiac output on dexmedetomidine pharmacokinetics.
J Pharm Sci. 2000 Apr;89(4):519-27..

Acceptance for editing: 2017-11-10
Acceptance for publication: 2017-12-23

Correspondence address:

Justyna Ber

Department of Clinical Pharmacy and Biopharmacy
Poznan University of Medical Sciences, Poland

14 $w. Marii Magdaleny Street

61-861 Poznan, Poland

phone: +48 61 6687837

fax: +48 61 6687855

email: justyna.ber@ump.edu.pl

Dexmedetomidine PD in cardiac patients

271



