Int J Clin Exp Med 2014;7(12):5882-5885
www.ijcem.com /ISSN:1940-5901/1JCEM0002652

Original Article
Impact of dexmedetomidine versus propofol on cardiac
function of children undergoing laparoscopic surgery

Hongbin Gu?, Jinfen Liu?, Chi Wu?

1Department of Anesthesiology, Shanghai Children’s Medical Center, Shanghai Jiaotong University School of Medi-
cine, Shanghai 200127, China; 2Department of Pediatric Cardiothoracic Surgery, Shanghai Children’s Medical
Center, Shanghai Jiaotong University School of Medicine, Shanghai 200127, China

Received September 20, 2014; Accepted November 25, 2014; Epub December 15, 2014; Published December
30, 2014

Abstract: Objective: To compare the different outcomes of dexmedetomidine (Dex) vs. propofol combined with sevo-
flurane in children’s laparoscopic surgery by noninvasive continuous cardiac output monitoring (NICOM). Methods:
Twenty-eight ASA class I-ll children scheduled for elective laparoscopic surgery under general anesthesia of intra-
venous and inhalation were randomly divided into two groups by computing random numbers’ generation. Group D
(Dex + sevoflurane + remifentanil) received an infusion of Dex 1 ug/kg bolus for induction over minutes, and then
a maintenance dose of Dex 0.01 yg/kg.min was administrated. Group P (propofol + sevoflurane + remifentanil)
received an infusion of propofol 2 mg/kg bolus for induction, and then a maintenance dose of 100 pg/kg x min was
administrated. Cardiac function were recorded and analyzed by NICOM. The value of heart rate (HR), systolic arterial
blood pressure (SABP), cardiac index (Cl), cardiac output (CO) and stroke volume (SV) were compared between the
two groups among following four time points: T1 is before induction, T2 is before artificial pneumoperitoneum, T3
is during artificial pneumoperitoneum, T4 is 15 minutes after artificial pneumoperitoneum. Results: There was no
significantly difference between Group D and P except for HR at T2 and T3. All of the statistical values had no sig-
nificant differences between two groups at T1 and T4 (P > 0.05). There were significant differences of HR at T2 and
T3 in Group D. Conclusions: Compared with propofol, the combination of Dex in children undergoing laparoscopic
surgery shows better inhibition on HR.
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Introduction propofol combined with sevoflurane in chil-
dren’s laparoscopic surgery by noninvasive con-
Technological advances have allowed laparo- tinuous cardiac output monitoring (NICOM).
scopic surgery to be increasingly used in pedi-
atric surgical patients worldwide [1]. Lapa-
roscopic surgery on children needs quick anes-
thesia effect and revival without significant
complications. Dexmedetomidine (Dex) is a
selective and potent o -adrenoceptor agonist,
with hypnotic, analgesic and sympatholytic
properties [2, 3]. It has been suggested that
combining Dex to other anesthetic agents
resulted in more balanced anesthesia and a
significant drop in the incidence of postopera-
tive nausea and vomiting [4]. Many countries
used it in critical care and clinical anesthesia

Materials and methods
General information

The study was approved by the local ethical
commission, and all participants were informed
with consent forms by parents. Twenty-eight
class I-Il children (18 males; 10 females) sched-
uled for elective laparoscopic surgery were
included in our study. The age of children ranged
from 24 to 120 months, and weight ranged
from 14 to 45 kg.

with favorable outcomes [5], but very few stud-
ies validate its application on pediatric patients
[6, 7]. The study aimed to compare the differ-
ent outcomes of dexmedetomidine (Dex) vs.

Under general anesthesia of intravenous and
inhalation, participants were randomly divided
into two groups by computing random numbers’
generation, and each group has 14 cases.
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Table 1. Clinical characteristic of 28 ASA |-l children

Group Gender (M/F) Year (Y) Height (cm) Weight (kg) Body surface area (m?)
Group D 12/2 5.18 + 3.14 110.50 + 19.34 22.5+9.94 0.90 £ 0.29
Group P 6/8 6.35 + 4.56 116 + 32.45 20.45 + 11.56 0.95 +0.24
Table 2. Comparison of cardiac function indexes

Pre-pneumoperitoneum Pneumoperitoneum Post-pneumoperitoneum

Baseline cardiac function

cardiac function

cardiac function cardiac function

Group D Group P Group D Group P Group D Group P Group D Group P
HR (/min) 115+ 33 107 £ 21 86 + 15# 121 + 36* 88 + 35# 109 + 22* 98 + 26# 122 + 37
SV (ml/beat) 322+56 34.7+6.3 34.1+6.5 352+78 31.1+93 29.8+6.6 336+6.4 35.1+72
Cl (L/min/m?) 395+1.1 3.86+0.98 411+21 392+12 423+1.0 392+13 3.89+099 3.96+1.05
CO (L/min) 3.89+0.98 3.76 £ 1.02 398+1.1 3.85+13 412 +1.2 394+092 388+095 3.65+0.98
SABP (mmHg) 83.5+23.3 98.4 +19.2 85.2+21.3 842+243 865+216 965+223 93.3+20.2 85.6+234

Footnotes: #Significantly statistical differences between Group D and baseline cardiac function, P < 0.05; *Significantly statistical differences between Group D and

Group P, P < 0.05.

Group D (Dex + sevoflurane + remifentanil) rece-
ived an infusion of Dex 1 pg/kg bolus for induc-
tion over 10 minutes, and then a maintenance
dose of Dex 0.01 pg/kg.min was administrat-
ed. Group P (propofol + sevoflurane + remifent-
anil) received an infusion of propofol 2 mg/kg
bolus for induction, and then a maintenance
dose of 100 pg/kg.min was administrated.
Exclusion criteria were as follows: renal insuffi-
ciency, hepatic insufficiency, pulmonary infec-
tion, abnormal chest X ray or electrocardiogram
before surgery, allergic to drugs, obesity or
extreme thinness, hematological or metabolic
disorders, etc.

Anesthetic methods

Pediatric patients were fated for 6 hours before
surgery, and all cases underwent laparoscopic
surgery under general anesthesia. Patients we-
re routinely monitored with electrocardiogram,
Sp0,, and NBP. Midazolam (0.1 mg/kg, i.v.) was
injected into the patients via peripheral veins,
and then NICOM (Cheetah Medical. Version
0-71) was used to monitor heart rate (HR), sys-
tolic arterial blood pressure (SABP), cardiac
index (Cl), cardiac output (CO) and stroke vol-
ume (SV). Rocuronium 0.6 mg/kg + remifent-
anil 1 pg/kg + Dex 0.1 ug/kg.min were admin-
istrated to Group D over 10 min. Propofol 2 mg/
kg + rocuronium 0.6 mg/kg + remifentanil 1
ug/kg were administrated to Group P for intro-
duction. After successful intubations, anesthe-
sia machine was connected to the patient
(70%-100% oxygen mixed air, maintained flow
1.5-2.5 L/min, maintained respiratory rate
12-20 bpm, airway pressure 10-30 c¢cm H,0,
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maintained vital volume 10-15 ml/kg, main-
tained EtCO, 30-35 mmHg). Intraoperative ad-
ministration was based on 4-2-1 principle,
intraoperative loss, blood loss and type, and
breathing machine was regulated to maintain
electrolyte balance. For Group D, Dex 0.01 ug/
kg.min + 2.5% sevoflurane + remifentanil 0.3
pug/kg.min were used to maintain anesthesia
level. For Group P, propofol 100 pg/kg x min +
2.5% sevoflurane + remifentanil 0.3 ug/kg x
min were used to maintain anesthesia level.
Intraoperative pneumoperitoneum pressure
was 8-12 mmHg, and CO, flow was 2 L/min. Pre-
pneumoperitoneum was defined as from intro-
duction to pneumoperitoneum. Post-pneum-
operitoneum was defined as from pneumoperi-
toneum to revival.

Statistical analysis

Excel 6.0 and SAS6.12 were used to analyze
data. Shapiro-Wilk method was used to analyze
measurement data, X + s was used to present
the data if they followed Gaussian distribution.
For the comparison of cardiac function indexes
between the two groups, Mauchly’s Test of
Sphericity was used to detect high correlations.
If P> 0.05 (meet Huynh-Feldt criteria), ANOVA
was used to analyze the data. If P < 0.05 (high
correlation), the data was analyzed by repeat-
ing variance measurement. Group t test was
used to analyze the comparison of measure-
ment data between the two groups. Chi-
squared test was used to analyze the compari-
son of enumeration data between the two
groups. P < 0.05 was considered as statistical
significant.
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Table 3. Time phase of laparoscopic surgery on 28 ASA I-ll children NICOM (Cheetah Medical,

Pre-pneumoperito- Pre-pneumoperitone- Post-pneumoperito-

USA) is a noninvasive CO mon-

Group neum phase (min) um phase (min)
Group D 22.5+8.9 16.6 £ 6.5
Group P 9.6 £ 4.8* 14.1+5.3

neum (min) itoring method, which is not
26.5 + 12.6% affected by body move, cir-
20.8 + 13.3 cumstance changes, humidity

Footnotes: *Significantly statistical differences between Group D and Group P, P <

0.05.
Results

A total of 28 ASA I-ll children (male 18 cases;
female 10 cases) scheduled for elective laparo-
scopic surgery were included in the study (Table
1). The average year was (5.43 £ 3.65) years,
and the average weight was (21.35 + 10.54)
kg. The average height was (106.75 + 28.35)
cm, and the average body surface area was
(0.86 + 0.23) m2 There were 18 cases of
oblique inguinal hernia, 10 cases of appendici-
tis, and 2 cases of varicocele. Liver function,
kidney function, and cardiopulmonary function
were all normal without anesthetic contraindi-
cation. Chest X ray and electrocardiogram
showed no abnormal results.

There was no significantly statistics difference
between Group D and P except for HR at T2 and
T3. All of the statistical values had no signifi-
cant differences between two groups at T1 and
T4 (P > 0.05). There were significant differenc-
es of HR at T2 and T3 in Group D (Table 2). Pre-
pneumoperitoneum, pneumoperitoneum, and
post-pneumoperitoneum durations were inclu-
ded in Table 3.

Discussion

Recently, laparoscopic surgery has been in-
creasingly used in pediatric patients with mer-
its of minimal trauma, quick recovery and so
on. However, whether pneumoperitoneum indu-
ces cardiopulmonary changes is still controver-
sy. It has been suggested that CO will increase
firstly and then decrease as the abdominal
pressure increases. When abdominal pressure
increases to 7.5 mmHg, CO increases; when ab-
dominal pressure increases to 15 mmHg, CO
decreases to baseline pressure; when abdomi-
nal pressure increases to 30 mmHg, CO
decreases under baseline pressure [8]. Thus,
abdominal pressure will not evidently inhibit
CO, but increase CO. That is to way, the differ-
ent cardiac indexes observed in the study can
be considered that it is due to different anes-
thesia scheme.
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and electrode. Frequency ch-
ange is independent on ampli-
tude of great vessel pulse, but
highly correlated with blood volume and flow, in
other words, stroke volume [9, 10]. NICOM has
been found equivalence in CO and SV com-
pared with pulse contour analysis (PICCO PC)
coupled to transpulmonary thermodilution
(PICCOTD) [14]. In a multicenter study, TDbased
CO and NICOM were highly correlated (r = 0.78,
P < 0.0001) and did not differ significantly from
each other (P = 0.55) in the intensive care
units; Results in the cardiac catheterization
laboratory were similar (r = 0.71, P < 0.001; P =
0.28 NICOM versus TD) [12]. The above data
showed that NICOM for adult patients is consis-
tent with other conventional methods in mea-
suring CO. In pediatric patients, CO is highly
correlated with age, weight, and mean artery
pressure. There is significant differences in CO
among < 10 kg, 10-20 kg, > 20 kg pediatric
patients. CO is normal in > 20 kg pediatric pat-
ents, but CO is under normal range in many
pediatric patients < 20 kg, and a few limita-
tions have been observed in newborn patients
[13]. The participants in the study were non-
newborn patients, so the accuracy and stability
of NICOM was reliable and convincing.

Dex is a selective and potent a,-adrenoceptor
agonist, with a short half-life period (2 h) The
o,/a, activity ratio is 1300-1620: 1, which is
higher than that of clonidine (220:1). Continuing
administration of low-concentration Dex will
induce low blood pressure, but high-concentra-
tion (1 ug/ml) is a vasoconstrictive agent, indu-
cing increasing blood pressure [6, 7]. Dex has a
strong selectivity with a controllable anesthe-
sia depth, which can reduce the administration
of other anesthetics [14]. Compared to propo-
fol, Dex can stabilize blood pressure and heart
rate, and prevent postoperative adverse reac-
tions [15]. Thus, the study aimed to compare
the different outcomes of Dex vs propofol com-
bined with sevoflurane in children’s laparoscop-
ic surgery by NICOM.

The study found no significant changes of car-
diac function indexes in Group D compared
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with baseline values, except lower HR and
minor increased MBP. Lower HR in Group D did
not meet the criterion of bradycardia in clinic.
Similarly, increased MBP in Group D did not
meet the criterion of hypertension. The HR
changes observed in the study might be due to
low-concentration Dex activating «, receptor,
and the central sedation effect might be due to
the inhibition on sympathetic nerves resulting
in lower HR. Meanwhile, we found that Dex had
little impact on CO, but stronger impact on
blood pressure compare to propofol. In theory,
low-concentration Dex will notinduce increased
but decreased blood pressure. The increased
blood pressure observed in the study might be
due to surgical procedure and pneumoperito-
neum. This circumstance was more complicat-
ed and evident in Group D. The differences of
pre- pneumoperitoneum phase between the
two groups were due to incubation prior to load
dosage. The differences of post-pneumoperito-
neum indicated slower revival in Dex Group.

In pneumoperitoneum phase of laparoscopic
surgery for pediatric patients, 1) cardiac func-
tion is stable like other previous studies; 2) Dex
scheme in the study has little impact on cardiac
function and pediatric patients tolerate pneu-
moperitoneum of laparoscopic surgery. 3) in
the respect of cardiac function, Dex can be an
alternative anesthesia agent like propofol.
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