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KEYWORDS Abstract Background: Perioperative pain treatment in pediatrics is often insufficient. This study
Paravertebral analgesia; aimed to compare between two different analgesic procedures used for open cholecystectomy in
Epidural analgesia; pediatrics with left (LT) to right (RT) shunt.

Open cholecystectomy; Methods: 40 patients with age ranging from 2 to 5 years were submitted for elective open cholecys-
Left to right shunt tectomy procedures in congenital non-cyanotic heart diseases. After general anesthesia, they were

randomized into two groups according to the type of analgesia given, 20 patients in each group.
They were either epidural group (group A) or paravertebral group (group B). Hemodynamics
including heart rate (HR), mean arterial blood pressure (MAP), and central venous pressure
(CVP), were recorded. Pain score, arterial blood gases (ABQG), first request for analgesic require-
ment, and total postoperative consumption of fentanyl (ug/kg) were detected.
Results: Children’s Hospital Eastern Ontario Pain Scale (CHEOPS) pain score, total fentanyl
requirement and the time for first request of analgesic requirement were comparable in both groups.
Hemodynamic parameters (HR-MAP-CVP) and the oxygenation parameters in the form of arte-
rial oxygen tension (PaO;) and arterial oxygen saturation (SaO,) were significantly decreased in the
epidural group than paravertebral group as P < 0.05.
Conclusion: Both blocks have the same analgesic efficacy but the paravertebral block is superior on
epidural block in maintaining hemodynamic stability and improving the oxygenation in pediatrics
with a cyanotic heart diseases.
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meet three criteria, which are effectiveness, universal applica-
bility and safety [1].

A cyanotic heart disease, which is a group of congenital heart
defects, occurs when shunting (flowing) of blood occurs from
the left side of the heart to the right side of the heart due to a
structural defect (hole) in the interventricular septum. Patients
retain normal levels of ox-hemoglobin saturation in systemic cir-
culation. They include ASD, VSD, PDA and atrioventricular
septum defect [2]. The key pathological change is due to the
increased pulmonary vascular resistance (PVR) and pressure
secondary to increased blood flow from the left to-right shunt.
Increasing PVR and pulmonary arterial hypertension (PAH)
will lead to reversed direction of blood flow through the cardiac
defect (Eisenmenger Syndrome) and heart failure. Cardiac
defects with left-to-right shunt generally require surgical or
trans-catheter repair at an early age. The balance between pul-
monary and systemic circulation will maintain the direction of
shunt and any analgesic regimen or block technique will disturb
systemic circulation; it will lead to the reversal of shunt [3].

The site of surgery and type of surgery are important fac-
tors in determining the degree of pain. Operations involving
skin incision without muscle cutting cause a type of pain
described as soreness and dull ache, which is very sensitive to
low concentration of analgesics, whereas pain following mus-
cle cutting (as occurs in cholecystectomy surgery) is well local-
ized, exaggerated by movement especially deep breathing and
coughing and is less responsive to treatment with systemic opi-
oids, so it requires paravertebral or epidural blocks to relieve
the pain [4].

Open cholecystectomy with subcostal incision is associated
with severe postoperative pain and marked impairment of res-
piratory function.

Several studies have demonstrated benefits of regional anes-
thesia in pediatric patients undergoing surgery. Possible regio-
nal anesthetic technique for cholecystectomy includes Epidural
block, Para-vertebral block, and caudal block [5].

Epidural analgesia is an attractive choice for pediatric sur-
gery. The epidural technique is most commonly used in chil-
dren either single shot or continuous administration with the
usage of many drugs as opioids, local anesthetics, ketamine
or o2 agonist as clonidine or dexmedetomidine [6].

Para-vertebral block has undergone a renaissance in last
decade. Its use has grown to include breast surgery, renal sur-
gery, cholecystectomy and thoracotomies [7].

The touted benefits in these populations include prolonged
and effective analgesia, reduced postoperative nausea and
vomiting, with fewer postoperative respiratory complications,
shortened recovery, and reduced the stress response to surgical
procedures [8].

Despite encouraging results in adult, Para-vertebral block
has only recently been described in pediatric patients.

The aim of this study was to compare the analgesic, hemo-
dynamic, and oxygenation parameters of single shot thoracic
epidural and single shot thoracic paravertebral block after
open cholecystectomy in pediatric patients with left to right
shunt.

2. Patients and methods

This prospective randomized controlled study was conducted
from January 2015 to June 2015 at Mansoura Children

University Hospital on pediatric patients of ASA II and III
who had to undergo elective open cholecystectomy. This study
was carried out after approval of the Local Ethical Committee
and a written informed consent was obtained from all the par-
ents of patients. It was conducted on 40 patients with age
group ranging from 2 to 5 years submitted for open cholecys-
tectomy in non-cyanotic heart diseases. Patients with local sep-
sis, or with history of anaphylaxis to local anesthetics,
coagulation disorders, neurological disorders, were excluded
from the study.
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In the preoperative visit, all patients included in the study
were evaluated by clinical, biochemical and radiological inves-
tigations. Patients’ weight and vital signs were noted down. In
the preoperative room all patients were premeditated with
intramuscular 0.05-mg/kg midazolam and 0.02-mg/kg atropine
sulphate 15 min before induction of general anesthesia. Elec-
trocardiographic (ECG), peripheral oxygen saturation (SpO»)
and noninvasive blood pressure (NIBP) were monitored. Anes-
thesia was induced by inhalation of sevoflurane at 8% MAC
which decreased gradually down to 2% MAC carried by
100% oxygen, with loss of consciousness; a peripheral intra-
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venous indwelling cannula 22G will be inserted, then the neu-
romuscular blockade was facilitated by cisatracurium 0.15 mg/
kg to allow tracheal intubation with appropriate sized endotra-
cheal tube. Anesthesia was maintained with air and O, (60:40)
and along with 2% sevoflurane to control the depth of anes-
thesia. This was associated with incremental doses of cisatra-
curium at 0.1 mg/kg to maintain muscle relaxation. Patients
were mechanically ventilated and the end-tidal CO, was mon-
itored by capnograph. A radial artery catheter was inserted in
the non-dominant hand under complete aseptic condition to
monitor the arterial blood pressure and blood gases sampling
during the entire procedure. A central venous catheter was
inserted via the right internal jugular vein under complete
aseptic condition for central venous pressure monitoring. A
urinary catheter was placed to monitor urine output and
nasopharyngeal temperatures were continuously monitored.
The patients were randomized by computer randomization
program into one of two groups each one included 20 patients

[4].

2.1. Group A (Epidural group)

Patient was put in the lateral position; the desired insertion
level was determined by ultrasound guidance using a 2—
5MHz curved array probe (Sonosite M-Turbo; Sonosite
Inc., Bothell, Washington, USA). The T8-T9 intervertebral
level was determined on the basis of the ‘counting-up’ method
from the last rib. The probe was oriented in a sagittal direction
and placed at the level of the 12th rib in a parasagittal plane
2 cm from the midline. The probe was moved in cephalad
direction and the ribs were counted up until the eighth rib
was reached. The probe was then directed medially to identify
the dura matter at the T8-T9 intervertebral space, and a skin
mark was placed to identify the correct level of the block. The
block was performed under complete aseptic conditions and
after sterilization of the back. The puncture was performed
via paramedian approach, at the T8-T9 interspace in all
patients, with a 22G needle (B. Braun Melsungen AG). The
epidural space was identified by the loss of resistance tech-
nique. 0.5 ml/kg of 0.25% bupivacaine and 1 pg/kg fentanyl
were injected in the epidural space after giving the test dose.

2.2. Group B (Paravertebral group)

Starting with paravertebral space at the T1 level and proceed-
ing caudally to T8 a touchy needle was inserted perpendicular
to the skin in an in-plane approach relative to the ultrasound
transducer toward the paravertebral space. The needle was
advanced under direct vision in a cephalic orientation to punc-
ture the superior costotransverse ligament at the desired level.
We used the hydrolocation technique by injecting 0.5-1 ml sal-
ine to localize the needle tip and confirm proper placement in
paravertebral space by observing anterior displacement of the
parietal pleural upon injection. A volume 0.5 ml/kg of 0.25%
bupivacaine and 1 pg/kg fentanyl was injected slowly after neg-
ative aspiration as a paravertebral block.

In both groups patients were turned supine and ventilation
was managed as volume controlled ventilation with the follow-
ing criteria (TV 8 ml/kg, RR 20 per min I:E ratio 1:2) until the
end of surgery as the patients were allowed to take sponta-
neous respiratory attempts.

At the end of surgery they were reversed with 50 pg/kg
neostigmine and 20 pg/kg of atropine and were extubated.

Procedure was considered failed if there was unsatisfactory
post-operative analgesia with CHEOPS pain score greater
than 4 at the first assessment. These patients were given intra-
venous narcotics in the form of fentanyl 1 pg/kg to relieve their
pain.

Hemodynamics including HR, MAP, CVP, were recorded
immediately after the induction of anesthesia, which is consid-
ered as basal value, at 15 min after induction of general anes-
thesia, then every 30nim till the end of surgery and
postoperatively at 1, 4, 8, 16, 24 h.

Pain score was assessed postoperatively at 1, 4, and 8.16,
24 h. For first request for analgesic requirement, total postop-
erative consumption of fentanyl was calculated.

Oxygenation parameters in the form of O, tension, O, sat-
uration and carbon dioxide parameter in the form of CO, ten-
sion were detected intraoperatively at 15 min after induction of
general anesthesia then every 30 nim till the end of surgery and
postoperatively at 1, 4, 8, 16, 24 h.

We assess the possibility of postoperative complications as
nausea, vomiting, pruritus, urine retention and neurological
defects.

3. Statistical method

The power of this clinical trial was retrospectively calculated
using G power analysis program version 3 using post-hoc
power analysis type II error protection of 0.05 and effect size
conversion of 0.8, total sample size of 40 patients 20 patients
in each group produced a power of 0.79.

The statistical analysis of data was done by using excel pro-
gram for figures and statistical Package for social Science (S
PSS‘Inc‘Chicago‘IL‘USA) program version 16. To test the
normality of data distribution Kolmogorov—Smirnov test
was done and only significant data revealed to be nonparamet-
ric. Unpaired Student’s r-test was used for between-group
comparisons of numerical variables ‘if its assumptions were
fulfilled’ otherwise for non-parametric, ‘the Mann—whitney
test was used. The statistical analysis and description of data
were done in the form of mean (£SD) for quantitative data.
Any difference or change showing probability (P) less than
0.05 was considered statistically significant at confidence inter-
val 95% (see Table 1).

4. Results

The patient’s demographics and duration of surgery had no
significant changes in both groups (Table 2).

This study demonstrated that there was statistical signifi-
cant decrease in HR and MABP in epidural group compared
with paravertebral group at 45 min after performing the block,
75 min until end of surgery intraoperatively and at 1h, 4h,
8 h, 16 h and 24 h postoperatively; additionally, CVP showed
a significant decrease at 45 min after performing the block,
75 min until end of surgery intraoperatively and at 1 h and
4 h postoperatively (Figs. 1-3).

Regarding CHEOPS pain score, total fentanyl requirement
was 4.66 + 2.09 ug/kg/24 h in epidural (group A) comparing
with 4.93 + 2.37 ng/kg/24 h in paravertebral (group B) and
the time for first analgesic requirement was 18.42 + 2.04 h in
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Table 1 Children’s Hospital Eastern Ontario Pain Scale (CHEOPS) [9]. (Recommended for children 1-7 years old) — A score greater

than 4 indicates pain.

Item Behavioral Definition
Cry No cry 1 Child is not crying
Moaning 2 Child is moaning or quietly vocalizing silent cry
Crying 2 Child is crying, but the cry is gentle or whimpering
Scream 3 Child is in a full-lunged cry; sobbing; may be scored
with complaint or without complaint
Facial Composed 1 Neutral facial expression
Grimace 2 Score only if definite negative facial expression
Smiling 0 Score only if definite positive facial expression
Child verbal None 1 Child not talking
Other complaints 1 Child complains, but not about pain, e.g., I want to see
mommy” of “I am thirsty”
Pain complaints 2 Child complains about pain
Both complaints 2 Child complains about pain and about other things,
e.g., “It hurts; I want my mommy”
Positive 0 Child makes any positive statement or talks about
others things without complaint
Torso Neutral 1 Body (not limbs) is at rest; torso is inactive
Shifting 2 Body is in motion in a shifting or serpentine fashion
Tense 2 Body is arched or rigid
Shivering 2 Body is shuddering or shaking involuntarily
Upright 2 Child is in a vertical or upright position
Restrained 2 Body is restrained
Touch Not touching 1 Child is not touching or grabbing at wound
Reach 2 Child is reaching for but not touching wound
Touch 2 Child is gently touching wound or wound area
Grab 2 Child is grabbing vigorously at wound
Restrained 2 Child’s arms are restrained
Legs Neutral 1 Legs may be in any position but are relaxed; includes gentle
swimming or separate-like movements
Squirm/Kicking 2 Definitive uneasy or restless movements in the legs and/or
striking out with foot or feet
Drawn up/Tensed 2 Legs tensed and/or pulled up tightly to body and kept there
Standing 2 Standing, crouching or kneeling
Restrained 2 Child’s legs are being held down

Table 2 Patients” demographics and duration of anesthesia.

Item Group A Group B P value
Age in (months) 40 £ 12 42 £ 10 0.553
Sex (m/f) 12/8 13 /7 0.65
Body weight in (kg) 9.2 £ 4.5 10.3 £ 2.8 0.453
Duration of surgery in (min) 99.5 £ 15.6 98.1 = 19.8 0.753
Number of patients with VSD 7 B 0.443
Number of patients with ASD 10 11

Number of patients with PDA 3 4

Data are expressed as mean £ SD or number.
Group A: epidural group.

Group B: paravertebral group.

P < 0.05 is considered significant.

m/f: male to female numbers.

group A compared with 17.30 £ 2.02 h in group B, P > 0.05.
So, they were comparable in both groups (Fig. 4 and Table 3).

The oxygenation parameter in the form of PaO, and SaO,
was significantly decreased in the epidural group (group A)

than in the paravertebral group (group B) while PaCO, signif-
icantly increased in epidural group than in paravertebral group
at 45 min after induction then through the surgery and in 1 h,
4 h, 8 h, 16 h postoperatively (Table 4).
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Figure 2  Intraoperative and postoperative changes in HR in two studied groups. HR: heart rate.

Only 2 cases (10%) in the epidural group developed pruri-
tus and one case (5%) had nausea and vomiting.

5. Discussion

The results of this study demonstrated that thoracic paraverte-
bral analgesia and epidural analgesia provide comparable pain
relief after open cholecystectomy, but paravertebral analgesia
has more hemodynamic stability and a better side effect
profile.

Many years ago pain treatment in Infant and children was
of doubtful quality and effectiveness. During the last decade
pain treatment in them has been improved by knowledge
derived from studies on pain and stress [10]. Safe effective
analgesia for pediatrics undergoing major surgery remains a
challenge particularly in institution where resources are
limited.

Open cholecystectomy frequently causes severe postopera-
tive pain and significant morbidity. Atelectasis and emergency

intensive care admission have all been found to be related to
poor analgesia and consequent immobility. Postoperative pain
is thought to be the single most important factor leading to
ineffective ventilation and impaired secretion clearance after
Cholecystectomy.

Effective postoperative analgesia is believed to reduce mor-
bidity, quicken recovery, improve patient outcome and reduce
hospital costs. Thoracic epidural analgesia is commonly used
after cholecystectomy and upper abdominal surgery. However,
there are risks associated with the technique such as dural
puncture, neurological injury and paraplegia. Occasionally,
the epidural technique fails as a result of difficult anatomy
or poor technique and is contra-indicated in sepsis, coagula-
tion disorders, pre-existing neurological diseases, and difficult
thoracic vertebral anatomy [11]. In these situations, PVB offers
an attractive alternative that has few contraindications [12].

This study showed a statistically significant decrease in the
HR and MAP in epidural group than in the paravertebral
group at all times intraoperative and postoperative periods,
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Table 3 The time for first analgesic requirement in hours and total fentanyl requirement pg/kg.

Ttems

Group (A) Group (B) P value
Time to 1st analgesic requirement (hr) 18.42 + 2.04 17.30 + 2.02 0.653
Postoperative fentanyl consumption pg/kg/24th 4.66 + 2.09 493 + 2.37 0.745

Data are expressed in Mean + SD.
Group A: epidural group.

Group B: paravertebral group.

No significance: P > 0.05.

this is in agreement with Tarek Sarhan who had a study on 24
neonates, and they were randomly allocated into two groups
after general anesthesia, Group I had a single shot unilateral
thoracic paravertebral block with 1 ml/kg body weight of ropi-
vacaine 0.375% and Group II had thoracic epidural block with
1 ml/kg body weight of 0.375% ropivacaine [13].

Also these results are in accordance with those of Davis
et al. during their systemic review and meta analysis compara-
tive study of analgesic efficacy and side effects of paravertebral
and epidural block for thoracotomy [14].

This can be explained by the fact that epidural analgesia
induces bilateral somatic and sympathetic nerve block,
whereas thoracic paravertebral block is the technique of inject-
ing local anesthetic adjacent to the thoracic vertebrae close to
where the spinal nerves emerge from the intervertebral foram-
ina. This results in ipsilateral somatic and sympathetic nerve
blockade in multiple contagious thoracic dermatomes above
and below the site of injection [6].

On the other hand, the significant decrease in the HR and
MAP in epidural group leads to a significant decrease in
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Table 4 Oxygenation parameters and carbon dioxide parameters in two studied groups.
Item Group A Group B P value

PaO, (mmHg) Sa0, % PaCO, (mmHg) PaO, (mmHg) Sa0; % PaCO, (mmHg)

Basal 96 97 35 100 98 34 0.73
After 15 min 96 96 34 97 97 34 0.71
After 45 min 60 90" 40 86 96 35 0.003
After 75 min 63 90" 40 86 96 35 0.003
At the end of surgery 57" 89" 42”_* 88 96 34 0.001
1'h postop 65 92" 42" 98 97 33 0.000
4 h postop 65" 92" 42" 100 98 34 0.000
8 h postop 74f 94 40 101 98 34 0.012
16 h postop 79 95 41" 102 98 35 0.041
24 h postop 96 97 37 98 98 34 0.62

Data are expressed in Mean + SD.
Group A: epidural group.

Group B: paravertebral group.
Significance: P < 0.05.

PaO,: arterial oxygen tension — SaO,: arterial oxygen saturation — PaCQO, arterial CO, tension.

* Significant between two groups.

systemic vascular resistance with subsequent reversal of shunt
from left to right to become right to left with shunting of
venous blood to arterial side. This explains the statistically sig-
nificant decrease of PaO, and SaO, with increasing the degree
of cyanosis in epidural group than in PVB group [15]. These
findings are in parallel with Kaya and his associates who
reported that the neuraxial block in the form of spinal or
epidural block in these patients leads to a decrease in systemic
vascular resistance (SVR). Thus, in patients with intracardiac
shunting, this decrease in SVR results in an increase in right-
to-left shunting and a decrease in the ratio of pulmonary to
systemic blood flow, which may lead to arterial desaturation,
where a patient may develop a reversed direction of shunting
(Eisenmenger Syndrome) from left-to-right shun ¢ resulted
in decreased left-to-right flow and increased right-to-left
flow; the pulmonary to systemic flow ratio significantly
decreased [2].

This research proved that CHEOPS score and total fen-
tanyl requirement were comparable in both groups which
reflect the equianalgesic efficacy of both blocks for analgesia
of cholecystectomy, and these findings are consistent with
Cucu and his colleagues who made a study on fifty patients
who were randomized to be given either epidural (Group I)
or paravertebral (Group II) blocks. All patients received a
bolus dose of % 0.25 bupivacaine 10 ml before wound closure
and an infusion of %0.25 bupivacaine 0.1 ml/hr was started
immediately upon arrival to surgical intensive care unit. All
subjects were allowed to take supplementary doses of mor-
phine. Patients were asked to assess the pain at rest, using
visual analog scale (VAS) starting from 1 h after arrival in
the ICU and every 2 h for the first 24 h. They found that there
were no significant differences between the groups with respect
to VAS score and morphine consumption [16]. Additionally
these results are in agreement with the results of the study done
by Matthews and Govenden and Richardson and co-workers
[17,18].

On the other hand Bigler and his colleagues compared
epidural morphine and bupivacaine combination with paraver-
tebral bupivacaine in patients undergoing cholecystectomy.
They found better pain scores in epidural group due to

additional use of morphine but no difference in pulmonary
function [19].

Tarek Sarhan, Adrian, Karmakar and their associates
proved that neonatal infant pain score (NIPS) less than 4
points up to 150 min postoperatively in the epidural group
and up to 210 min in the paravertebral group. This means that
longer duration of analgesia in the thoracic paravertebral
block than thoracic epidural group. The explanation of longer
duration of thoracic paravertebral block than thoracic epidu-
ral block may be more vascularity in the epidural space than
the paravertebral space which may lead to more absorption
of local analgesic drug from the epidural space than the par-
avertebral space leading to shorter duration in epidural group
and longer one in PVB group [13.,20,21].

Finally, this research showed some complications that
related to the epidural block technique, which is in contrast
to Cucu et al. who assumed that neither technique demon-
strated pain-related complications. This discrepancy was due
to the nature of the drug used where they used bupivacaine
0.25% alone while we used bupivacaine 0.25% and opioids
in the form of fentanyl 1 pgl kg [16].

6. Conclusion

It has been shown from the study that both thoracic epidural
block and thoracic paravertebral block provide effective post-
operative analgesia following open cholecystectomy. However
in paravertebral block complications are much less compared
to thoracic epidural block and it is associated with more hemo-
dynamic stability and decreased the incidence of reversal of
shunt. Therefore it is a safe and effective technique especially
in pediatric patients with Lt to Rt shunt and deserves to be
used more widely for postcholecystectomy pain relief.

The main limitations to this study are the small number of
patients included as well as the short duration of the study.
Further studies with larger sample sizes are required to detect
any potential disadvantages or complications associated with
these block techniques, especially in patients with concurrent
diseases.
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