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Summary

Background: Thoracotomy causes severe pain in the postoperative period.

Perioperative thoracic paravertebral block reduces pain score and may

improve outcome after pediatric cardiac surgery. This prospective study was

designed for the efficacy and duration of a single level, single injection ultra-

sound–guided thoracic paravertebral block (TPVB) for fifteen infants under-

going aortic coarctation repair.

Methods: After approval of the ethical committee and the relatives of the

patients, 15 infants who had undergone thoracotomy were enrolled in the

study. The patients received 0.5 ml�kg�1 a bolus 0.25% bupivacaine with epi-

nephrine 1 : 200 000 at T5-6 level after standard general anesthesia induc-

tion. Anesthesia depth with Index of Consciousness (IOC) and tissue oxygen

saturation with cerebral (rSO2-C) and somatic thoracodorsal (rSO2-S) were

monitored. Intraoperative hemodynamic and postoperative hemodynamic

and pain scores were evaluated for 24 h after surgery. Face, Legs, Activity,

Cry, Consolability (FLACC) score was utilized to measure postoperative pain

in the intensive care unit. Rescue 0.05 mg�kg�1 IV morphine was applied to

patients in whom FLACC was >3.
Results: The median age of the patients was 4.5 (1–11) months, and the med-

ian intraoperative endtidal isoflurane concentration was 0.6% (0.3–0.8). The
amount of remifentanil used intraoperatively was 4.5 (2.5–14) lg�kg−1�h−1.
Intraoperative heart rate and blood pressure values significantly decreased

compared with values detected at 5th, 10th, and 15th min after TPVB appli-

cation, after incision prior and after cross-clamp (P < 0.01). The median time

of first dose of morphine application after block was 320 (185–430) min. The

median morphine consumption in 24 h was 0.16 (0.09–0.4) mg�kg�1. The

median length of postoperative intensive care unit and in-hospital stay times

was 23 (1–67) h and 4 (1–10) days, respectively.
Conclusion: We believe that TPVB, as part of a balanced anesthetic and

analgesic regime, provides effective pain relief in patients undergoing aortic

coarctation repair.

Introduction

In aortic coarctation anesthesia, isoflurane has been

frequently used for both anesthetic and blood pressure

titration, and fentanyl has been used for pain control

(1). Vasoactive agents should be available to treat

sudden alterations in the blood pressure associated with

clamping and declamping of the aorta (1). Paravertebral

blockage is one of the regional techniques that provides

intense sensory blockage. It is preferred to improve the

analgesia in pediatric cardiac surgery because it is an

opioid-sparing approach, as well as it has been shown to

© 2013 John Wiley & Sons Ltd

Pediatric Anesthesia 23 (2013) 1078–1083

1078

Pediatric Anesthesia ISSN 1155-5645



be associated with lower rate of complications compared

with epidural block in recent years (2–4). Thus, the aim

of this observational prospective study was to delineate

the efficacy and duration of a single level, single injec-

tion ultrasound–guided PVB in 15 infants who under-

went repair of aortic coarctation.

Material and methods

After approval of the ethical committee and the relatives

of patients (KA11/23), a cohort of 15 patients undergo-

ing aortic coarctation repair were enrolled in the study

between February 2012 and February 2013.

After premedication with midazolam (0.05 mg�kg�1

IV), all patients were admitted to the operating room.

As part of routine practice, noninvasive blood pressure,

pulse-oximetry, and electrocardiography were moni-

tored continuously. General anesthesia was initiated

with 2 lg�kg�1�min�1 remifentanil infusion and 2 min

later propofol 2 mg�kg�1, remifentanil 1 lg�kg�1�min�1,

and rocuronium 0.6 mg�kg�1 were given for anesthesia

induction. In addition to standard monitoring, invasive

right radial artery pressure was monitored. Anesthesia

depth was monitored with Index of Consciousness

(IOC) (Morpheus Medical, Barcelona, Spain) (5). Tissue

oxygen saturation with cerebral (rSO2-C) and somatic

thoracodorsal (rSO2-S) were monitored. The rSO2-C

sensor was placed at the left side of forehead. The rSO2-

S sensor was placed on the back, with the free end ori-

ented toward the spine and the connector end to the

flank, in the thoracodorsal (T10–L2) region. Data (Pedi-

atric SomaSensor, Model SPFB, for children 4–40 kg by

Somanetics Corporation, Troy, Michigan for the IN-

VOS 5100 Cerebral Oximeter) were continuously

updated at two readings per second and average record-

ings saved at 1-min intervals. In all patients, after intu-

bation with conventional tracheal tubes, anesthesia was

maintained with isoflurane in 50% oxygen/air and con-

tinuous infusion of remifentanil (0.01–1 lg�kg�1�min�1)

until the end of surgical procedures with the aim of

keeping IOC values within 40–60 and heart rate and

blood pressure within the 30% range. Heart rate and

blood pressure increase over 10% following surgical

incision was accepted as failed block. The body tempera-

ture of the children was allowed to drift to 35°C during

coarctation repair under the cross-clamp, and normo-

thermia was maintained following the removal of the

clamp. Nitroglycerin (Perlinganit�) infusion was used at

the rate of 0.5–2 lg�kg�1�min�1 to treat sudden increase

in the blood pressure during the operative periods, and

also during the first 24 h of the postoperative period. All

patients were planned to be extubated at the end of sur-

gery. None of the patients waited for more than 30 min

in the operation room for extubation. The patients were

extubated when they woke up and started to breathe

spontaneously in normal respiratory rate and with tidal

volume greater or equal to half the normal tidal volume

for their age. The other criteria for extubation were

stable hemodynamics, uneventful intraoperative course

and normal arterial blood gas values.

All TPVB were performed by a single anesthesiologist

(AT) with the patient in the lateral decubitus position

and left side facing upward. We used ultrasound-guided

approach for paravertebral block except for the first

four patients in whom the L€onnqvist technique was used

(6). Ultrasound-guided (The Sonosite HST is a hockey

stick ultrasound transducer probe. The Sonosite HST

has a frequency range from 5 to 10 MHz and compati-

ble with: Sonosite 180 Plus/Titan) approach was per-

formed as follows: The Desired thoracic vertebral level

(T5-6) is marked by means of counting the vertebra

prominens (C7). Under sterile conditions, transducer is

placed at a point approximately 2 cm lateral to the tip

of the spinous process in the vertical orientation with

alongside the probe in an ‘out-of-plane’ technique

(Figure 1). After a sonographic view demonstrating the

pleura and transverse process was obtained, and the nee-

dle was advanced into the paravertebral space until the

pleural border has been reached. As loss of resistance to

saline is felt, the saline injection was detected on

the ultrasound image. Then, the patients received a

bolus of 0.5 ml�kg�1 0.25% bupivacaine with

epinephrine 1 : 200 000 at T5–6 thoracic level.
Systolic arterial blood pressure (SABP), heart rate

(HR), arterial oxygen saturation (SpO2), IOC values,

and SctO2-c and SctO2-s values were recorded at the

following times: pre-induction, after induction, before

TPVB, after TPVB (at the 2nd, 5th, 10th, and 15th min)

after skin incision, before, during, and after aortic

clamp, and after extubation. At the end of surgery, pro-

cedure duration, analgesic (remifentanil), fluid volume,

vasodilator, and inotrope consumption were recorded.

At the end of surgery, all patients received acetamino-

phen, 20 mg�kg�1, in the form of a rectal suppository,

later to be followed by same doses every 6 h. After the

operation, patients were transferred to the intensive care

unit (ICU). Postoperative pain was measured by the

behavioral FLACC score (7) and monitored for 24 h.

The scores were documented at 0, 1/2, 1st, 2nd, 4th, 8th,

12th, 24th h during the postoperative 1st day in ICU.

Systolic arterial pressure and heart rates were recorded

at the same time intervals. FLACC score was assessed at

predetermined time points and in case of apparent

patients’ discomfort during the first postoperative 24 h.

0.05 mg�kg�1 IV morphine was administered to patients

in whom FLACC>3. The duration of postoperative
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analgesia was defined as the interval between PVB and

the first dose of supplemental administration of a rescue

opioid analgesic. The incidence of complications and

adverse reactions were also recorded.

Statistical analyses were performed with SPSS soft-

ware (Statistical Package for the Social Sciences, version

9.05, SSPS Inc, Chicago, IL, USA). All variables were

given as the median (range) or n (%). The Friedman test

followed by the Wilcoxon signed-rank test was used for

nonparametric values. A value of P < 0.05 was accepted

as statistically significant.

Results

In seven of 15 patients co-existing pathologies were

present (VSD in 2; PDA in 4, and ASD in one patient).

Table 1 summarizes demographic and descriptive

median and range of data. A successful paravertebral

block was noted in 14⁄15 patients (93%). A failed block

was noted in the second patient in whom heart rate and

blood pressure were increased 40% from basal measure-

ment along with IOC, which increased from 40 to 78

level at the time of incision. The TPVB was applied by

the same anesthetist in single application (except for 2

cases) in the median duration of 4 (0.5–5) min. Bloody

tap was not encountered in any patient. In all of our

cases, 22 G, 5-cm-injection needle was inserted at the

5th–6th thoracic level lateral to the spinal process. The

needle was inserted 1.7 (1.2–2) cm laterals to the midline

of spinous process.

Table 2 shows that the mean values of intraoperative

variables. When the hemodynamic parameters through-

out the operative periods were observed, the heart rate

values at the post TPVB 5th, 10th, 15th, at the time of

incision, before, during, and after aortic clamp

decreased significantly compared with baseline value.

Also in the same time periods, except for the results

obtained during cross-clamp time, the systolic blood

pressures decreased significantly compared with baseline

values (P < 0.01). Dopamine infusion was initiated at

the time of incision in four patients. Throughout the

operation, brain and somatic SctO2 values were similar

to the baseline values (Figure 1). The median endtidal

isoflurane concentration was measured as 0.6% (0.3–
0.8). The intraoperative remifentanil consumption was

4.5 (2.5–14) lg�kg�1�h�1. All patients except for 3rd, 5th

and 9th patients were extubated at the end of the opera-

tion. The ages of these patients were 2, 8, and 2 months,

respectively. These patients were extubated at the post-

operative 2th, 3rd and 11th h in the ICU, respectively.

Table 3 demonstrates the mean values of postopera-

tive variables. The hemodynamic parameters including

Table 1 Demographic and descriptive data

Number of patients 15

Age, months 4.5 (1–11)

Sex M/F 10/5

Duration of surgery, min 120 (100–180)

Duration of Cross-Clamp, min 27 (23–30)

Dose of remifentanil administered

intraoperatively, lg�kg�1�h�1

4.5 (2.5–14)

Dose of morphine administered

postoperatively, mg�kg�1�day�1

0.16 (0.09–0.4)

Data are presented as median (range).

Figure 1 Ultrasound-guided paravertebral block

in an ‘out-of-plane’ technique.
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heart rate and systolic blood pressure measured during

ICU stay were found to be similar with that of

obtained at the time of ICU admission. In only one

patient (7%), FLACC score was above 3 at the postop-

erative 185th min. The median time of block duration

was 320 (185–430) min. Supplemental administration of

morphine was 0.16 (0.09–0.4) mg�kg�1 IV in the first

postoperative 24 h, and nitroglycerin (Perlinganit�)

was used in six patients for hypertension treatment

during the ICU stay in the first postoperative day. One

patient was re-intubated in ICU due to pneumothorax

and was extubated at the postoperative 8th h. The med-

ian ICU stay time was 23 (1–67) h, and the mean

in-hospital stay time was 4 (1–10) days.

Discussion

In our study, we found that single injection ultrasound–
guided TPVB was highly effective in pain control treat-

ment during operation and in the first postoperative

24 h in patients who underwent aortic coarctation repair

through thoracotomy. Thoracotomy produces one of

the most intense postoperative pain experiences (8,9).

The pain is multifactorial in origin; the post-thoracot-

omy pain derives from the surgical wound, the disrup-

tion of the ribs and intercostal nerves, the damage to the

chest wall and the pleura, and the presence of thoracot-

omy tubes (10). Therefore, inadequately-treated postop-

erative pain compromises respiratory function and may

result in adverse effects in children undergoing aortic

coarctation repair. Numerous studies have demon-

strated that, in adult patients, after thoracotomy, the

most favorable outcomes were obtained when adequate

analgesia was provided by paravertebral block (11–14).
It is reported that paravertebral block procedure is tech-

nically easy to learn and as effective as epidural block

(13,14). It also improves patient’s well-being in terms of

reduction in opioid use, postoperative nausea and vom-

iting, less urinary retention, improved hemodynamic

changes, early discharge, prevention of pulmonary func-

tions, and improvement in oxygenation and reduction in

stress response (13,14).

In the preliminary studies that evaluated the effect

of paravertebral block on post-thoracotomy pain, the

paravertebral catheters were introduced under direct

vision after thoracotomy in pediatric patients (2,3,15).

This provided perfect postoperative analgesia in 90–
100% of the cases (2,3,15). In these studies, a bolus of

0.25% bupivacaine 0.5 ml�kg�1 was used, and no

clinical toxic sign was shown after bolus or 24 h of

infusion. Following the block application, the local

anesthetic was shown to spread between 4th and 6th

ribs longitudinally. The technique is reliable providingT
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fewer and more favorable postoperative complications

compared with epidural anesthesia (2,3,15). However,

despite world-wide use of ultrasound-guided periopera-

tive paravertebral block application in adults, our

extensive search of the scientific literature has not

revealed any study concerning the use of this method

in a pediatric group after thoracic surgery. Only in El

Morsey’s and colleagues study, nerve stimulator

guided paravertebral block was used in the aforemen-

tioned bupivacaine doses in 10 aortic coarctation cases

(16). The authors stated that the technique provided

efficient post-thoracotomy analgesia and fewer compli-

cations when compared to epidural analgesia; how-

ever, they did not evaluate the intraoperative efficacy

of the paravertebral block in the study. In our study,

we observed that the technique has decreased the peri-

operative opioid use. We are planning to run a pro-

spective randomized study to investigate the additional

effects of the application such as providing controlled

hypotension during x-clamp, steady cardiac rhythm,

and diminished antihypertensive agent use in the ICU

during the postoperative course.

Due to these advantages, we chose to apply single-

shot PVBs to children undergoing coarctation of the

aorta surgery. In all cases, the block level was enough

for surgical procedure. In all infants, starting from the

2nd min following PVB (in accordance with the onset

time of PVB effect), the blood pressure and the heart

rate decreased progressively and reached peak values at

the 15th min and at the time of incision. In all of our

cases, 20% drop in blood pressure and heart rate that

precluded prompt intervention was only observed in 4

cases (which might be related to the bilateral sympa-

thetic nerve distribution). The remifentanil infusion was

decreased to 0.1 ml h�1 at the 5th min of TPVB as seen

in Table 2 and was only needed during cross-clamp

time. Also, in none of the patients in whom block was

successful, blood pressure, heart rate, and IOC values

increased after surgical incision. After TPVB, first res-

cue morphine was injected at 185th min, and the mean

PVB duration (time to first iv morphine application

after TPVB) was 320 min. Berta and colleagues

observed a median duration of 10 h following a single

injection PVB in their study (17). This could be related

to more intense pain related to thoracotomy. On the

other hand, in infants, supplemental administrations of

0.16 mg�kg�1 doses of morphine were needed in the

first postoperative 24 h. In 2 studies with children who

underwent thoracotomy (without regional anesthesia),

the postoperative morphine requirement was reported

as 0.02 mg�kg�1�h�1 and 0.544 mg�kg�1�day�1 (18,19).

When compared to our study, the amount of morphine

used in the postoperative 24 h was less than that of

these studies. One may conclude that the analgesic

effect of TPVB continues after the operation. A limita-

tion of the study is that our study lacks a control

group. We performed aortic coarctation repair via tho-

racotomy in infants using paravertebral block com-

bined with general anesthesia under anesthetic depth

monitoring that allows adequate intraoperative analge-

sia. The method provides minimal adverse effect and

rapid recovery. We believe that single injection ultra-

sound–guided TPVB, as part of a balanced anesthetic

and analgesic regime, provides effective pain relief.
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Table 3 Postoperative variables

Variables 0 1/2 1 2 4 8 12 24

SAB (mmHg) 121 � 13 107 � 17 113 � 17 127 � 17 124 � 16 117 � 11 116 � 12 117 � 14

HR (beat/min) 125 � 14 127 � 15 139 � 20 135 � 4 134 � 16 133 � 16 136 � 12 137 � 14

FLACC 1.9 � 1.7 1.7 � 1.1 1.8 � 1.8 1.6 � 1.3 1.3 � 1.3 1.4 � 1.2 1.0 � 1.0 1.0 � 1.0

Rescue analgesia (mg) 0.1 � 0.1 0 � 0 0 � 0 0.2 � 0.2 0.5 � 0.2* 0.3 � 0.2 0.3 � 0.2 0.3 � 0.2

Data are presented as mean � SD.

*P < 0.05. Variables were documented at 0, 1/2, 1st, 2nd, 4th, 8th, 12th, 24th h 1st day in ICU.
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