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EXPERIMENTAL STUDY

The effects of dexmedetomidine on pulmonary artery pressure 
in experiment
Unal Y1, Pampal HK1, Arslan M1, Demirel CB1, Alkan M2

Department of Anaesthesiology and Reanimation, Gazi University Medical Faculty, Ankara, Turkey. 
marslan36@yahoo.com

Abstract: Aim: The primary purpose of this study is to assess the effects of dexmedetomidine (DEX) infusion on pul-
monary artery pressures (PAP), heart rate (HR), and mean arterial pressure (MAP) in pigs. The secondary purpose 
is to evaluate whether DEX infusion via the pulmonary artery has any benefi cial effect over the peripheral IV route. 
Materials and methods: Sixteen healthy male pigs (25–35 kg) scheduled for laparoscopy training were used 
in this study. The animals were randomly allocated into two groups: Group I (n = 9): A loading dose of 1μg/kg 
DEX was administered over 10 minutes followed by an infusion of 0.5 μg/kg/hr for one hour via the pulmonary 
artery catheter. Group II (n = 7): A loading dose of 1 μg/kg DEX was administered over 10 minutes followed by 
an infusion of 0.5 μg/kg/hr for one hour via the peripheral venous catheter. Mean PAP, HR, MAP, SpO2, and 
ETCO2 were recorded at 5, 10, 15, 30, 45, and 60 minutes after the initiation of the DEX infusion. 
Results: Heart rate and MAP were similar in both groups at all time points. Also, neither the HR nor the MAP 
deviated from the basal values in Groups I and II at any time point. The mean PAP values were similar in Groups 
I and II, and in Group I, the mean PAP values were similar to Group I’s basal value at all time points. However, 
in Group II, the mean PAP values at 5, 45, and 60 minutes were signifi cantly lower than Group II’s basal value 
(p = 0.023, p = 0.041, p = 0.015, respectively). 
Conclusion: DEX infusion did not elevate the mean PAP and the results from the administration of DEX through 
the peripheral vein and pulmonary artery were similar (Tab. 3, Ref. 13). Text in PDF www.elis.sk.
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A specifi c α-2 adrenergic receptor agonist dexmedetomidine 
(DEX) is used for sedation and as an analgesic during the anes-
thesia process. It produces sympatholysis through the activation 
of the α-2 postsynaptic adrenergic receptors of the central ner-
vous system and sympathetic nerves, which leads to decreased 
norepinephrine turnover, central sympathetic outfl ow, heart rate, 
and blood pressure. However, it produces both vasoconstriction 
of the α-2 receptors on vascular smooth muscle cells and vasodi-
latation through the stimulation of the α-2 receptors on vascular 
endothelial cells (1, 2). It also shows analgesic properties through 
the activation of α-2-adrenergic receptors of the spinal cord’s dor-
sal horn, inhibiting the release of substance P (3).

Although it has been used in several clinical procedures, such 
as procedural sedation, an addition to general anesthesia, treat-
ment of arrhythmias, and withdrawal symptoms from opioids and 
benzodiazepines (2), there is limited data about how DEX affects 
pulmonary artery pressures (PAP). 

In a study performed by Chrysostomou et al (4), the use of DEX 
alone or in combination with a low dosage of conventional seda-
tives and analgesics was well tolerated and provided an adequate 
level of sedoanalgesia in both intubated and non-intubated infants 

and neonates after cardiac surgery (4). The results of the study by 
Lazol et al (2) conducted in 22 children undergoing surgery for 
congenital heart disease suggest that postoperative DEX infusion 
for sedoanalgesia was not associated with any increase in PAP. 

The primary purpose of this study is to assess the effects of 
DEX infusion on PAP, HR, and MAP in pigs. The secondary pur-
pose is to evaluate whether DEX infusion via the pulmonary artery 
has benefi cial effects over peripheral infusion. 

Materials and methods

Following the approval of the Ethics Committee for Animal Re-
search at Gazi University, 16 healthy 4–5 month old, 25–35 kg male 
pigs that were scheduled for laparoscopy training course were used 
in this study. After intramuscular sedation with ketamine (15mg/
kg) and xylazine (2 mg/kg), the pigs’ ear veins were cannulated, and 
5mL/kg of normal saline infusion was started for all the animals. Pe-
ripheral oxygen saturation (SpO2), HR, MAP, and end-tidal carbon 
dioxide (ETCO2) (following endotracheal intubation) were measu-
red. Following the administration of thiopental sodium (7 mg/kg), 
all the pigs were intubated without a neuromuscular blocker, and 
mechanical ventilation was initiated to maintain ETCO2 at 30–35 
mmHg. Anesthesia was managed using 1 % isofl urane in oxygen/air 
(50 %/50 %). The right internal jugular vein was surgically explored 
after upright positioning, and a pulmonary artery catheter (four-lumen 
thermodilution catheter, 8F, 110 cm; Abbott Laboratories, Zwolle, the 
Netherlands) was placed using the waveform monitoring technique.
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After the mean PAR, HR, MAP, ETCO2, and SpO2 basal values 
were recorded, the animals were randomly allocated into two groups: 
• Group I (n = 9): A loading dose of 1μg/kg of DEX was admin-

istered for 10 minutes. This dose was followed by an infusion 
of 0.5μg/kg/hr for one hour via a pulmonary artery catheter.

• Group II (n = 7): A loading dose of 1μg/kg of DEX was adminis-
tered for 10 minutes. This infusion was followed by an infusion 
of 0.5μg/kg/hr for one hour via a peripheral venous catheter.
The mean PAP, HR, MAP, ETCO2, and SpO2 were identifi ed 

and recorded at 5, 10, 15, 30, 45, and 60 minutes after the initia-
tion of the DEX infusion. 

The animals were left for the laparoscopy training course after 
all the study protocols were recorded. At the end of the course, all the 
animals were euthanatized using a high dose of thiopental sodium. 

Statistical analysis 
The statistical analyses were performed using SPSS 17.0 soft-

ware and p < 0.05 was considered statistically signifi cant. Varia-
tions in PAP, MAP, and HR parameters between study groups were 
assessed using the Kruskal-Wallis test. The Bonferroni-adjusted 
Mann-Whitney U-test was conducted after a signifi cant Kruskal-
Wallis to determine which group differed from the other. PAP, 
MAP, and HR parameters were analyzed using repeated-measures 
analysis of variance (ANOVA) with Bonferroni’s adjustment. The 
results were expressed as mean±standard deviation (mean±SD) 
and minimum–maximum (min–max). 

Results

All the pigs had comparable ages and body weights. The heart 
rate and MAP were similar in both groups at all time points. Also, 
HR and MAP of Groups I and II did not deviate from the basal val-
ues at any time point (Table I). The mean PAP values were similar 
in Groups I and II at all time points. The mean PAP values at all 
time points were similar to the basal value in Group I. However, 
in Group II, the mean PAP values at 5, 45, and 60 minutes were 
signifi cantly lower than the basal values (p = 0.023, p = 0.041, p 
= 0.015, respectively). 

Discussion

In the current study, the effects of DEX administered through 
either a peripheral vein or pulmonary artery on HR, MAP, and 
MPAP were comparable. A biphasic cardiovascular response is a 
well-known haemodynamic effect of DEX. After a 1μg/kg bolus 
dose of DEX, the initial response in healthy adults is a transient 
increase in BP, due to the stimulation of vascular smooth muscle 
α-2 receptors, followed by a refl ex decrease in HR (5). Hammer et 
al (6) reported a similar biphasic response in children after a bo-
lus dose of DEX. Potts et al (7) recommended a small bolus dose 
of 0.5 μg/kg DEX over 10 minutes to avoid these haemodynamic 
changes. Although the bolus dose of DEX used in our study was 
two times the dose used in the Potts et al. study, the infusion time 
was 10 minutes. The slow bolus dose infusion rate prevented the bi-
phasic response to DEX in our study, which is similar to Potts et al. 

In Deutsch and Tobias’s (8) study of 80 pediatric patients rece-
iving maintenance anesthesia with either 1 MAC of sevofl urane or 
desfl urane, the addition of intravenous (IV) DEX (0.5 μg/kg) admi-
nistered over 5 min resulted in a lower HR, which was greater in pa-
tients anesthetized with sevofl urane than those receiving desfl urane. 
Although both sBP and dBP decreased following DEX, they found no 

Heart Rate 
(beat/min)

Group I
(n=9)

Group II
(n=7)

p

HRc 88.67±27.94
(68–152)

106.67±28.67
(72–135)

0.151

HR5 76.17±22.25
(52–130)

85.00±24.12
(54–106)

0.646

HR10 70.91±21.09
(46–123)

81.83±22.31
(54–113)

0.350

HR15 70.89±16.79
(49–95)

82.00±21.95
(53–114)

0.328

HR30 74.00±19.34
(49–114)

89.25±27.11
(52–117)

0.199

HR45 70.14±13.86
(52–91)

90.50±28.03
(52–119)

0.164

HR60 75.25±13.22
(53–90)

84.83±25.92
(51–122)

0.414

HRc – heart rate control value, mean±SD, (min–max)

Tab. 1. Time-dependent changes in the HR of the animals.

MAP
(mmHg)

Group I
(n=9)

Group II
(n=7)

p

MAPc 69.00±17.06
(40–94)

68.29±12.50
(53–89)

0.837

MAP5 56.36±17.77
(30–84)

59.71±15.34
(45–87)

0.791

MAP10 59.36±14.85
(38–78)

55.14±15.02
(32–78)

0.724

MAP15 58.25±13.89
(31–72)

53.43±12.56
(30–69)

0.336

MAP30 57.0±14.02
(34–82)

57.20±8.76
(47–78)

1.000

MAP45 53.00±16.16
(34–81)

56.60±12.58
(45–75)

0.524

MAP60 52.14±17.48
(31–78)

56.00±13.53
(30–69)

0.710

MAPc – Mean arterial pressure control value, mean±SD, (min–max)

Tab. 2. Time-dependent changes in the MAP of the animals.

MPAP 
(mmHg)

Group I
(n=9)

Group II
(n=7)

p

MPAPC 22.33±8.11
(10–38)

18.60±2.70
(16–23)

0.298

MPAP 5 18.50±5.21
(8–26)

15.60±2.07&
(13–18)

0.092

MPAP 10 19.56±6.27
(9–28)

16.40±2.88
(13–20)

0.298

MPAP 15 16.75±5.26
(9–24)

15.60±3.36
(11–18)

0.833

MPAP 30 18.25±4.09
(13–24)

15.20±2.59
(12–18)

0.284

MPAP 45 17.00±6.59
(11–30)

14.60±3.58*
(12–19)

0.622

MPAP 60 18.00±5.24
(12–24)

14.40±3.91*
(12–21)

0.122

MPAP C – Mean pulmonary artery pressure control value, * p < 0.05 (compared 
MPAPc), mean±SD, (min–max)

Tab. 3. Time-dependent changes in the mean PAP (MPAP) values. 
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evidence of differences in sBP and dPB between the two groups. Li-
kewise, because there was no change in the PECO2 values, there is no 
evidence that DEX had any effect on respiratory function. These data 
provided additional information about the hemodynamic and venti-
latory changes following the intraoperative use of DEX in children.

DEX has been increasingly used in the operating room as an 
addition to general anesthesia and in the ICU for sedoanalgesia. 
Off-label use of DEX for sedation and analgesia, especially after 
complex pediatric cardiac surgical procedures has gained attenti-
on. In a pioneer study by Lazol et al (2), DEX infusion elevated 
PAP in 22 pediatric patients after cardiothoracic surgery via echo-
cardiography. A signifi cant decrease from the basal value in PAP 
was found at 6 minutes and 1 hour after infusion. In the study, 
sedation using DEX infusion after cardiac surgery is a successful 
treatment for high risk patients with pulmonary hypertension (2). 

One of the sedation modalities for pediatric patients after cardi-
ac surgery in our institute is DEX infusion. The results of the studies 
evaluating the effects of DEX infusion for the treatment of pulmo-
nary hypertension are controversial, and the exact mechanism of the 
effect is unclear. Therefore, we sought to evaluate DEX infusion’s 
effects on PAP. We also evaluated whether DEX infusion via the pul-
monary artery has any benefi cial effects over the peripheral IV route. 

Our results suggest that the administration of DEX through the 
pulmonary artery or peripheral vein is not associated with an inc-
rease in pulmonary artery pressure. In fact, after its administration, 
DEX decreased MPAP at all time points. However, DEX adminis-
tered via the peripheral vein caused statistically signifi cant decre-
ases at the 5th, 45th, and 60th minutes compared to basal value. 

There are several reports on the successful use of DEX for the 
sedation of patients with pulmonary hypertension (9–11). Nathan et 
al (9) used DEX in a 16-year-old patient with pulmonary hyperten-
sion, pneumonia, and respiratory failure. Sedation with DEX relie-
ved the pleuritic pain and relieved anxiety. The authors concluded 
that sedation with DEX improved respiratory status and prevented 
endotracheal intubation without any additional adverse effects. Shi-
nohara et al (10) reported a successful management of a sedation 
procedure in a 21-year-old patient with pulmonary hypertension 
during an ilioinguinal/iliohypogastric block herniorrhaphy. But 
et al (11) showed that compared to a placebo group, the group of 
patients with pulmonary hypertension undergoing mitral valve rep-
lacement surgery that received the pre-operative administration of 
DEX decreases the fentanyl requirement and effectively decreases 
MAP, MPAP, and pulmonary capillary wedge pressure (PCWP).

The direct pulmonary artery vasodilating properties of DEX 
have not been identifi ed. The decrease in PAP during DEX infusion 
is the result of sympatholysis via the activation of α-2 adrenergic 
receptors. Snapir et al (12) also showed that the decrease in PAP 
and blood pressure following DEX infusion in healthy volunteers 
is related to the decline in the circulating cathecholamines due to 
central sympatholysis (12). Ebert et al (13) performed a study in 
volunteers, and 0.7 and 1.2 ng/ml plasma concentrations of DEX 
decreased the plasma norepinephrine concentration by more than 
50 %. The effects of DEX on PAP may be benefi cial to patients 
with elevated circulating catecholamine levels who had undergone 
cardiothoracic surgery or an exposed cardiopulmonary bypass. 

There are several limitations in the study. The subjects in the 
study did not have pulmonary hypertension, and DEX infusion 
was started under general anesthesia. Therefore, it is diffi cult to 
generalize the results of the study for patients with pulmonary hy-
pertension and for postoperative patient who received DEX infu-
sion for sedation and analgesia. Another limitation of the current 
study is the lack of data on catecholamine levels, which prevents 
us from commenting on the most possible mechanism of action of 
DEX. Also, the study does not have any data about the postopera-
tive course of the surgical procedures. 

Conclusion

In this pilot study, DEX infusion did not elevate MPAP, and 
the effects of DEX administration through the peripheral vein and 
pulmonary artery were similar. Therefore, DEX infusion may have 
potential benefi ts in patients with pulmonary hypertension. How-
ever, further studies in subjects with the pulmonary hypertension 
are needed to support our fi ndings. 
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