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The analgesic and hemodynamic effects of dexmedetomidine and
remifentanil during chest tube removal

GAgus tupu cekilmesi sirasinda deksmedetomidin ve remifentanilin analjezik ve
hemodinamik etkileri
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Background: This study aims to investigate the effects of
remifentanil and dexmedetomidine in alleviating pain during
chest tube removal and these effects were compared in terms of
sedation levels, pulmonary and hemodynamic responses.

Methods: The study was designed as a prospective, randomized,
double-blinded study. Between February 2011 and July 2011, 41
consecutive patients (31 males, 10 females; mean age 55.7+10.3
years; range 27 to 77 years) who underwent coronary artery
bypass graft (CABG) surgery were enrolled. All chest tubes
were removed in postoperative 48" hour. The patients were
randomized into two groups as dexmedetomidine (0.5 pg/kg)
group (group D) and remifentanil (0.5 ng/kg) group (group R).
The pain and sedation levels were assessed by numerical rating
scale (NRS) and Ramsay scores. Blood pressures [systolic (SAP),
diastolic (DAP) and mean (MAP) pressures], peripheral oxygen
saturation (SpO»), respiratory rate (RR) and heart rate (HR) were
recorded before and after the agent perfusion and every two
minutes after the tube was removed.

Results: The demographic characteristics of the patients in both
groups were similar. The pain scores were lower during the
measurements which were recorded at six and 10 minutes after
chest tube removal in group D. The Ramsay scores were found to
be statistically different at all measurements following perfusion,
compared to the baseline measurements (p<0.05). Systolic
arterial blood pressure, MAP and HR were significantly lower
in group D and the difference was more pronounced statistically
with repeated measurements.

Conclusion: Dexmedetomidine provides a comparable
hemodynamic control along with better sedation and analgesia
during and after chest tube removal than remifentanil. These
effects can be provided safely without having cardiac or respiratory
depression in post-cardiac surgery intensive care patients.

Key words: Chest tube removal; dexmedetomidine; intensive care
unit.

Amag: Bu ¢aligsmada remifentanil ve deksmedetomidinin gogiis
tupt ¢ekilmesi sirasinda agri1 giderici etkileri incelendi ve bu
etkiler sedasyon seviyeleri ile pulmoner ve hemodinamik yanit-
lar agisindan karsilastirildi.

Caliyma plani: Calisma prospektif, randomize ve ¢ift kor
olarak tasarlandi. Caligmaya Subat 2011 - Temmuz 2011
tarihleri arasinda koroner arter baypas greft (KABG) cerrahisi
yapilan ardigik 41 hasta (31 erkek, 10 kadin; ort. yas 55.7+10.3
yil; dagilim 27-77 yil) dahil edildi. Tum gogus tupleri ame-
liyat sonrasi 48. saatte cekildi. Hastalar deksmedetomidin
(0.5 pg/kg) (grup D) ve remifentanil (0.5 pg/kg) (grup R)
olmak uzere rastgele iki gruba ayrildi. Agr1 ve sedasyon sevi-
yeleri numerik dereceleme skalasi (NRS) ve Ramsay skorlar1
ile degerlendirildi. Kan basinglar1 [sistolik (SAB), diyastolik
(DAB) ve ortalama (OAB)], periferik oksijen satuirasyonlari
(SpO2), solunum hizlar1 (SH) ve kalp hizlar1 (KH) ila¢ per-
fuzyonu dncesinde, sonrasinda ve tip ¢ekildikten sonra ikiser
dakika ara ile kaydedildi.

Bulgular: 1ki gruptaki hastalarin demografik ozellikleri
benzerdi. Grup D’de agr1 skorlar1 tup cekildikten sonra alt1
ve 10. dakikalarda kaydedilen dl¢iimlerinde daha dusuk-
tu. Baslangic ol¢umleri ile kargilastirildiginda, Ramsay
skorlar1 perfuizyon sonrasi tum ol¢iimlerde anlamli olarak
farkli bulundu (p<0.05). Sistolik arteriyel kan basinci, OAB
ve KH ol¢umleri grup D’de daha dusuk olup tekrarlayan
ol¢iimlerde saptanan farklilik istatistiksel olarak daha
anlaml1 idi.

Sonug: Gogus tupu ¢ekilmesi sirasinda ve sonrasinda deksmede-
tomidin, remifentanile kiyasla, daha iyi sedasyon ve analjezinin
yan1 sira, benzer hemodinamik kontrol saglar. Bu etkiler, kar-
diyak cerrahi sonrasi yogun bakim hastalarinda kardiyak veya
solunum depresyonu olmadan giivenle saglanabilir.

Anahtar sozciikler: Gogus tupu ¢ekilmesi; deksmedetomidin; yogun
bakim tnitesi.
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Chest tubes are routinely used after cardiac
surgery in order to facilitate fluid and air drainage
postoperatively. In more conservative practice, the
tubes are removed on the second or third day after
surgery as the postoperative drainage ceases and the
lungs are fully expanded.!M Unfortunately, patients
frequently have pain associated with chest tube
removal. Several pharmalogical [non-steroidal anti-
inflammatory drugs (NSAIDS), morphine, fentanyl,
propofol, etc.)*%! or non-pharmalogical (deep
breathing relaxation exercises)]'’”! methods have been
recommended to alleviate the pain caused by this
procedure.

Remifentanil is a potent synthetic pL-opioid receptor
agonist with a rapid onset and short duration of action
due to its metabolism by nonspecific esterases.® It is
widely used for the sedation of intensive care patients.
Dexmedetomidine is a highly selective alpha-2
(0-2) adrenergic agonist that has recently been
gaining popularity. The primary aim of this study
was to compare the efficacy of remifentanil and
dexmedetomidine for alleviating pain both during and
after chest tube removal. The secondary aims were to
evaluate tolerability in terms of sedation, respiratory
rate, oxygen saturation (OS), heart rate, and arterial
pressure.

PATIENTS AND METHODS

The institutional ethics committee approved the study,
and written consent was obtained from each patient
for their participation. The study was conducted in a
prospective, randomized, double-blinded fashion, and
50 patients who underwent elective isolated coronary
bypass surgery were enrolled. In addition, all of the
patients were informed about the chest tube removal
procedure preoperatively. Patients were excluded if
they lacked the ability to understand and speak the
Turkish language, had an ejection fraction (EF) of
<40%, or had left bundle branch block , hepatic, renal,
or pulmonary failure. A neurological disorder, chronic
opioid usage, allergies to opioids or paracetamol, a
prolonged need for mechanical ventilation, or the
need for vasoactive drug support. In addition, patients
under the age of 30 or over the age of 90 were also not
included.

All of the patients were operated via a median
sternotomy. The left internal thoracic artery (LITA) was
harvested from each participant, and the left pleurae
were opened. Furthermore, the patients were operated
on using cardiopulmonary bypass (CPB). Two chest
tubes were inserted, and a 36F silicone mediastinal tube
(Bigakcilar, Istanbul, Turkey) was placed at the midline

2-3 cm inferior to the sternotomy incision. A 32F
silicone left thoracic tube (Bigakcilar, Istanbul, Turkey)
was also placed at the anterior axillary line through
the fifth intercostal space. All of the tubes were fixed
with 2/0 silk sutures and removed at the postoperative
48" hour. The patients were randomized into two
groups by a closed envelope method. In group D,
dexmedetomidine (Precedex™ 200 pug vial, Hospira
Inc., Lake Forest, IL, USA) was administered at a dose
of 0.5 pg/kg in 100 mL saline solution for 10 minutes
with a perfusion pump. One vial was used for each
patient. In group R, remifentanil (Ultiva 1 mg vial,
GlaxoSmithKline, Brentford, Middlesex, UK) was
also administered at the same dosage. Both drugs were
administered via the peripheral venous route, and the
venous line was flushed with 10 mL saline solution
after the perfusion was finished. All of the patients
had nasal oxygen delivered at 2 L/minute, and they
were coached regarding what to expect regarding the
levels of pain before and after the perfusions. In order
to compare the efficacy of the two drugs, the pain
levels were assessed using a numerical rating scale
(NRS) that ranged from zero to 10 with O representing
no pain and 10 unbearable pain.”! Additionally, the
Ramsay sedation scale (RSS) was used to assess the
sedation levels of the patients as follows: 1= anxious
and agitated, restless, or both (1 point), 2= cooperative,
oriented, and tranquil (2 points), 3= responds to
command only (3 points), 4= brisk response (4 points),
5= sluggish response (5 points) and 6= no response
(6 points)]." The following parameters were also
noted: arterial pressure measurements [systolic (SAP),
diastolic (DAP) and mean (MAP)], respiratory rate
(RR), peripheral oxygen saturation (SpO»), and heart
rate (HR). These measurements were made at the
following time points: Tj: before perfusion of the
drugs; To: at the end of the perfusion of the drugs; T3:
after the first chest tube removal; Ty: after the second
chest tube removal; Ts: the second minute after chest
tube removal; Te: the fourth minute after chest tube
removal; T7: the sixth minute after chest tube removal;
Ts: the eighth minute after chest tube removal; and To:
the 10™ minute after chest tube removal. To ensure that
the patients benefited from conventional analgesia, all
received 75 mg diclofenac sodium (Diclomec/ampoule,
Abdi Ibrahim Ila¢ Sanayi ve Tic. A.S, Istanbul, Turkey)
intramuscularly within the last 24 hours. None of them
received any additional analgesia in the two hours prior
to the chest drain removal. A separate registrar who
was blinded to the group of patients recorded all of the
parameters.

The data was collected prospectively in a
database. The continuous data was compared using
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an independent t-test, and a chi-square or Fisher’s
exact test was employed to compare the discreet data
where appropriate. The pain levels and sedation scores
were compared with the Mann-Whitney U test for
the measurements at the same time points. The cost
of the drugs used was also compared with the Mann
Whitney U test. In addition, the power of the study
was calculated prospectively by accepting a median
NRS pain score reduction of 2 cm as being a clinically
meaningful reduction in pain for this procedure.
The previous literature™* that focused on patients
with chest drains in situ indicated that the standard
deviation (SD) for the visual analog scale (VAS) pain
scores on chest tube removal was approximately 2 cm.
Therefore, taking a type 1 error of 0.05 and a type 2
error of 0.15, each group needed to have 18 patients to
detect this level of difference with 85% power.

RESULTS

Originally, 50 patients were enrolled in the study, but
nine of them were excluded (five from group D and
four from group R). Two of these were not included
because of prolonged ventilator support, six because
of the need for vasoactive drugs, one because of renal
failure. The demographic characteristics of the two
groups were similar. In group R, 14 patients were
male (70.0%) and six were female (30.0%) while in
group D, 17 patients were male (81.0%) and four were
female (19.0). The difference between the groups was
not statistically different (p=0.484). The average ages
in group R were 55.0+12.9 (range, 30-77); whereas
they were slightly older for group D at 56.4+7.4 (range,
41-70) (p=0.664). Furthermore, the body mass indices
(BMIs) were 25.5+3.2 for group R (range, 20-30)
and 26.5+2. for group D (range, 41-70), which was
statistically insignificant (p=0.250).

The comparisons of pain and sedation scores are
summarized in Table 1. The target pain reduction was
achieved in all of the patients. The pain scores were
significantly lower in group D at the T7 (p=0.033)
and T9 (p=0.033) time points. The sedation scores
were higher in group D at all of the time points, but
the median values were similar, and the differences
became more pronounced with repeated measurements.

The hemodynamic and respiratory parameters are
summarized in Tables 2 and 3, respectively. The
systolic and mean blood pressures were significantly
lower in group D, and the differences became more
pronounced with repeated measurements. The average
heart rates were also significantly lower in group D in
all of the measurements. Although it was not clinically
significant, the average OS levels were significantly
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higher in group D after perfusion (T2) and after the
removal of each drain (T3 and Ty) (Table 3). However,
when we compared the respiratory rates, no statistical
significance was found, and none of the patients had
respiratory depression (Table 3). The average cost of
the drugs was 29.9 Turkish liras (TL) for remifentanil
and 40.5 TL for dexmedetomidine, and the difference
in cost was statistically significant (p=0.0001).

DISCUSSION

The most important finding in this study was the
achievement of better sedation and analgesia levels
with remifentanil and dexmedetomide, but comparable
control of hemodynamic parameters was achieved
only with the latter drug, which could lead to more
favorable outcomes in patients that might have serious
hemodynamic disabilities in such a clinical setting.

Chest tube removal, which is routinely performed
after cardiac surgery, is a painful procedure. Gift
et al.'"'! reported that a burning or pulling sensation
were common after the procedure, but pain was the

Table 1. Median values of the analgesia and sedation
scores

Time NRS p Ramsay p
T
Group D 3 2
0.276 1.000
Group R 3 2
T2
Group D 0 2
Group R 0 0.281 2 0.001
T3
Group D 0 2
Group R 1 0.078 2 0.021
Ty
Group D 2 2
Group R ) 0.524 2 0.011
Ts
Group D 0 2
Group R 0 0.215 ) 0.021
Te
Group D 0 3
Group R 0 0.069 > 0.0001
T7
Group D 0 3
Group R N 0.033 2 0.0001
Tg
Group D 0 3
0.069 0.0001
Group R 0 2
To
Group D 0 3
. .0001
Group R ) 0.033 > 0.000

NRS: Numerical rating scale.
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Table 2. Hemodynamic parameters

Group SAP DAP MAP HR
Mean+SD p Mean+SD )4 Mean+SD p Mean+SD P

T

Group D 131.2+17.2 71.1£11.6 91.8+10.1 101.5+9.0

Group R 128.0+16.1 0.543 73.5+10.1 0493 91.2+11.7 0.858 108.7+10.0 0.021
T>

Group D 116.7+16.8 66.5+10.7 82.9+11.6 96.6+9.3

Group R 119.8+14.1 0.536 69.3£10.2 0401 87.2+9.8 0.214 102.0+6.7 0.039
T3

Group D 109.8+18.5 63.5+11.8 76.4+12.2 94.0+11.6

Group R 120.0£14.6 0.058 71.1£11.1 0.041 86.3+10.2 0.008 101.2+8.7 0.032
Ty

Group D 112.2+14.8 65.5+11.6 79.3%£12.6 94.1x11.4

0.072 0.195 0.040 0.018

Group R 120.9+15.2 70.3+11.5 o 87.1+£10.9 101.9+8.5
Ts

Group D 109.7+£16.0 62.0+11.7 78.8+13.1 93.6+9.3

Group R 122.5+12.6 0.007 68.9+11.9 0.067 86.4+10.1 0.046 100.8+7.9 0.1t
Te

Group D 102.1x£14.4 60.1£6.4 72.7+8.7 92.0+£9.0

Group R 116.3+13.5 0.002 68.4+10.0 0.003 83.8+9.7 0.0001 99.6+8.7 0.009
T7

Group D 103.1+17.5 62.1£8.7 76.8+11.5 91.2+9.8

Group R 119.2+12.0 0.002 66.6+8.4 0.103 83.8+8.9 0.037 99.5+8.1 0.005
Tg

Group D 105.1+13.3 64.4+9.0 75.0«11.1 91.2+8.5

0.00 .0356 0.046 0.006

Group R 118.1+13.3 3 67.5£11.6 82.7+11.6 99.2+8.9
To

Group D 102.3+11.3 61.2+8.1 74.1+10.2 91.3+8.5

Group R 118.2+14.1 0.0001 65.8+11.2 0.143 82.3+11.4 0.021 98.7+8.7 0.009

SAP: Systolic arterial pressure; DAP: Diastolic arterial pressure; MAP: Mean arterial pressure; HR: Heart rate; SD: Standard deviation.

most frequent complaint. Opioids have been used as
analgesics in these patients, but the results have not
always been satisfactory.'” Considering the drawbacks
of opioids, different approaches have been tried by
other authors.>*¢7”1 Remifentanil is one of the most
widely used agents for this purpose, and it has been
recommended for its efficacy and short duration of
action.?® Therefore, we used remifentanil as our
positive control group in order to evaluate the effects
of dexmedetomidine, a well known agent used for
intensive care sedation.

Oneofthe moststriking features of dexmedetomidine
is the attenuating need for opioid analgesia.!'! Herr et
al.l also reported that dexmedetomidine had similar
effects on the various blood pressures, and it was
accompanied by a decreased need for morphine.
In contrast to their study, we used lower doses of
dexmedetomidine and aimed for relatively lower
sedation scores since the patients in our study had
already been extubated. In spite of this, the sedation

scores were higher in group D. Dogan et al.!'"*! reported
that dexmedetomidine provided a rapid onset of
sedation in monitored anesthesia patients, thus lending
credence to the positive effects of this drug.

Along with the analgesic and sedative effects,
dexmedetomidine also favorably affected the
hemodynamics, which subsequently caused a decrease
in the rate of myocardial ischemia (MI).l'3!¢ Table 2
outlines the similar positive hemodynamic effects in
our study, which were more prominent with the systolic
and mean blood pressures and HRs. The hemodynamic
benefits of this drug have been attributed to the
decrease that occurs in the plasma catecholamine
levels through the central sympathetic system.!'”! In
addition, we utilized dexmedetomidine in order to
have better control of the hypertension in the patients
without the occurrence of hypotensive periods. Giinay
et al.'¥ also showed that dexmedetomidine provided
better hemodynamic stability compared with esmolol
during intubation.
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Table 3. Respiratory parameters

Group SpO2 RR
Mean+SD p Mean+SD p

Ti

Group D 97.5+2.0% 26+7

Group R 96.6+2.6* 0118 2244 0.062
T>

Group D 97.0+£1.9* 23+6

Group R 96.4+2.7* 0.029 20+3 0.058
T3

Group D 97.0£1.3* 24+5

Group R 96.6+2.4* 0.013 20+4 0.194
Ty

Group D 97.1+1.4% 25+5

Group R 96.7+£2.6* 0.007 21+4 0.396
Ts

Group D 97.2+1.3* 24+6

Group R 96.9+2.2% 0.071 21+4 0.267
Te

Group D 97.3+1.4* 24+6

Group R 97.0+2.2% 0.146 21+4 0.294
T7

Group D 97.3+1.4% 24+5

Group R 97.1+2.1% 0.192 21+3 0.052
Ts

Group D 97.4+1.4% 24+5

Group R 97.2+2.5% 0.051 20+3 0.023
To

Group D 97.0+1.4%* 24+5

Group R 97.0+£2.0* 0.254 2143 0-125

SpO2: Oxygen saturation; RR: Respiratory rate; SD: Standard deviation;
* Percent.

Venn et al.l'" reported that dexmedetomidine
sedation had a positive effect on the respiratory system
in post-cardiac surgical patients. In our study, the
respiratory parameters were analyzed according their
relationship with patient discomfort, and the most
prominent differences were noted after the perfusion
and after the removal of each drain. These outcomes
may be explained by the comfort provided by the
analgesic and the sedative effects of dexmedetomidine.
None of the patients had OS levels of lower than 90%. In
fact, both remifentanil and dexmedetomidine were safe
in terms of respiratory depression, which was defined
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as having a respiratory rate of less than 8 or 10 breaths
per minute.”” However, it could be argued that the use
of remifentanil is almost always associated with some
level of respiratory depression. In order to avoid such a
complication, we tried to use the lowest dose possible.
Although there were significant differences between
the groups, the target NRS and RSS scores were
achieved in all patients. The differences in the repeated
measurements, especially after Tg, may be explained
by the shorter half-life of remifentanil compared with
dexmedetomidine. Similarly, Demirhan et al.”?!! showed
that dexmedetomidine provided sedation and anesthesia
after thoracotomies without respiratory depression
while also decreasing the need for opioid analgesia.

We preferred to administer the drugs via intravenous
perfusion. Although bolus usage has been reported,™
administering the loading dose with a perfusion pump
is preferred, especially for dexmedetomidine.”” In
addition, a fixed dose regimen was analyzed in this
study. Other authors reported that they titrated the
dose according to the RSS scores.>?! We saw no need
for this since the procedure was fast, and our results
confirmed that adequate analgesia and sedation took
place. Another potential drawback may have been
the small number of patients in our study. Barnard et
al.”¥ analyzed seven important studies in this field
and found that almost all of them had small sample
sizes. Thus, it appears that most studies in this field
are underpowered. Some studies on this topic have
included groups which were not uniform in order to
receive data related to different treatment regimens.
However, as previously explained, our analysis was
designed to achieve 85% power of analysis; therefore,
the groups were uniformly distributed. The number
of excluded patients also did not adversely affect our
analysis. Another potential objection might concern
the evaluation of the arterial blood gas analysis in these
patients since this could have contributed to the results
of the respiratory analysis of the groups. However,
we did not want to measure the blood gases at the
indicated time durations in order to be less invasive.

Nevertheless, several drawbacks were apparent
in this study. First, the study population was highly
selective with relatively large numbers of exclusion
criteria, but these criteria were essential in order to
avoid complications and to assess the analgesia and
sedation effectively. In addition, the timing of the chest
tube removal could be argued. Many centers prefer to
remove the chest tubes within 24 hours. As a training
center, our surgical team prefers to remove the drains
on the second postoperative day, and there were no
complications related to the time of chest tube removal
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in any of our patients. Another possible drawback was
that dexmedetomidine is significantly more expensive
than remifentanil. As of October 2012, the cost of
remifentanil for a single patient was 29.9 TL, whereas
it was 40.5 TL for dexmedetomidine. This fact may
constitute a major handicap that will prohibit or limit
the use of dexmedetomidine.

Conclusions

We believe that dexmedetomidine is similar
to remifentanil in that it provides comparable
hemodynamic control with added sedation and
analgesia during and after chest tube removal. In
addition, dexmedetomidine can be administered safely
without cardiac or respiratory depression in post-
cardiac surgery ICU patients.
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