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Editor’s key points

† Hernial sac traction, as
occurs in hernia surgery,
can cause undesired
haemodynamic changes.

† This study investigated
the analgesic effects of
adding caudal
dexmedetomidine, an a2

agonist, to bupivacaine.

† Caudal dexmedetomidine
reduced the need for
ketamine rescue
analgesia.

† There was an increase in
sedation and a reduction
in postoperative fentanyl
consumption in patients
receiving
dexmedetomidine.

Background. Caudal bupivacaine is widely used for inguinal hernia repair in children, but
often cannot totally eliminate responses to hernial sac traction. The current study
examined whether supplementation of caudal bupivacaine with dexmedetomidine could
achieve better results.

Methods. Sixty children aged 12–72 months undergoing unilateral inguinal hernia repair
received standardized premedication with midazolam, i.v. ketamine anaesthesia, and
then were randomly assigned to receive either bupivacaine 0.25% (1 ml kg21; Group B)
or bupivacaine plus dexmedetomidine (1 mg kg21; Group BD). The response to hernial sac
traction was defined as an increase in heart rate or systolic arterial pressure by .20%,
and was treated with ketamine rescue (2 mg kg21). After the surgery, fentanyl was
administered as needed with a nurse-controlled analgesia pump.

Results. Only one subject in Group BD (3.33%) needed ketamine rescue, as opposed to 13
subjects in Group B (43.33%; P,0.001). The first fentanyl injection occurred at a much later
time point in Group BD (median: 860 vs 320 min in Group B; P,0.001). Total fentanyl
consumption of fentanyl was significantly lower in Group BD [2.5 (1.2) vs 6.9 (1.6) mg
kg21 24 h21 in Group B; P¼0.008].

Conclusions. The addition of dexmedetomidine to caudal bupivacaine could reduce the
response to hernial sac traction, and prolong the duration of postoperative analgesia in
children undergoing inguinal hernia repair.
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Single-shot caudal anaesthesia is widely used for inguinal
hernia repair in children.1 2 In order to achieve an effective
caudal block, local anaesthetic agents must often be given
at the maximum recommended dosage. To maximize the ef-
ficacy and extend the duration of analgesia, caudal bupiva-
caine may be co-administered with other agents such as
epinephrine, clonidine, midazolam, ketamine, neostigmine,
morphine, tramadol, fentanyl, and sufentanil.3 4 Dexmedeto-
midine is a specific a2 adrenergic receptor agonist with seda-
tive, anxiolytic, and analgesic properties which enables it to
prevent emergence agitation in children.5 6 Recent studies
suggested that caudal administration of dexmedetomidine
could prolong postoperative pain relief in children,7 8 but
the perioperative effects of caudal dexmedetomidine have
not been adequately examined.

The current study is a randomized, double-blinded clinical
trial, and its aim was to examine whether supplementation
of caudal bupivacaine with dexmedetomidine can eliminate
the responses to hernial sac traction.

Methods
The current study was approved by the Institutional Ethics
Committee. Written informed consents were obtained from
parents of all subjects. The study was registered at the
Chinese Clinical Trial Registry (http://www.chictr.org; ID:
ChiCTR-TRC- 11001785). Sixty children (ASA status I, age:
12–72 months) undergoing elective surgery to repair unilat-
eral inguinal hernia were randomly assigned into two groups
using a computer-generated randomization table (Fig. 1).
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Exclusion criteria included developmental delay, bleeding
diathesis, exposure to aspirin within 1 week before the
surgery, known allergy to any of the study drugs, congenital
anomaly of the lower back, any signs of local infection in the
caudal area, systemic illnesses, or common cold.

All subjects received oral midazolam (0.5 mg kg21) 30 min
before anaesthesia. The surgery started between 8:00 a.m.
and 9:00 a.m. Subjects were hydrated with a multiple elec-
trolytes infusion (Baxter Healthcare, China) at a rate of
6 ml kg21 h21. Penehyclidine hydrochloride (0.01 mg kg21)
was administered by i.v. injection to inhibit respiratory secre-
tion. Ten minutes later, patients received i.v. ketamine at
2 mg kg21. Oxygen was delivered at a rate of 5 litre min21

(FIO2¼1.0). The children were placed in the left lateral decubi-
tus position, and a single-dose caudal block was achieved via
a 22 G caudal needle.

Group ‘BD’ received: bupivacaine 0.25% (1 ml kg21) com-
bined with dexmedetomidine 1 mg kg21 in normal saline 1
ml (the concentration of dexmedetomidine is no more than
1 mg ml21) (Group BD; n¼30); Group ‘B’ received: bupivacaine
0.25% (1 ml kg21) with normal saline 1 ml (Group B; n¼30).
The operation started 15 min later, and was carried out by
the same surgeon. The block was deemed as successful if
the increase in heart rate (HR) or systolic arterial pressure
(SAP) in response to skin incision was ≤20%. HR, ECG, and
peripheral oxygen saturation were monitored continuously.
Non-invasive arterial pressure was monitored every 5 min.

Adequate intraoperative analgesia was defined by haemo-
dynamic stability, as reflected by ≤20% fluctuation of HR
or SAP from the preoperative baseline. Inadequate anaesthe-
sia was defined as .20% increase in HR or SAP upon hernial
sac traction, and was treated with a rescue dose of ketamine
(2 mg kg21). An intraoperative decline of HR and SAP by
.30% from the preoperative value was defined as hypoten-
sion and bradycardia, respectively, and was managed ac-
cordingly with fluid bolus, ephedrine injection, and/or
atropine. No other anaesthetics, analgesics, sedatives, or
antiemetics were allowed during the operation. At the con-
clusion of the operation, patients were awakened and trans-
ported to a post-anaesthesia care unit (PACU).

Postoperative pain was assessed by an experienced nurse
who was unaware of the patient’s allocation using Children’s
and Infant’s Postoperative Pain Scale (CHIPPS),9 every 2 h for
the first 6 h, every 3 h for the following 12 h, and once at 24
h. Fentanyl (i.v. bolus of 0.5 mg kg21, with a 60 min lockout
period) was administered as needed (if the CHIPPS exceeded
3) using a nurse-controlled analgesia pump. Sedation was
assessed using a sedation score: 0, awake, alert; 1, mild sed-
ation, easy to rouse; 2, asleep, easy to rouse; 3, moderate
sedation, unable to remain awake; 4, difficult to rouse. The
emergence time was defined as the time from the end of
surgery to eye opening on calling the children’s name.
Quality of night rest was assessed as previously described.10

Side-effects of postoperative analgesia were also recorded.

Assessed for eligibility
(n = 60)

Randomized (n = 60)

Excluded (n = 0)
Not meeting inclusion 
criteria (n = 0)

Group BD (n = 30) 
0.25% bupivacaine 1 ml kg–1 + dexmedetomidine
1 µg kg–1 + normal saline 1 ml

Ketamine rescue (n = 13)
Without ketamine 
rescue (n = 17)

Group B (n = 30)
0.25% bupivacaine 1 ml kg–1

+ normal saline 1 ml

Ketamine rescue (n = 1)
Without ketamine 
rescue (n = 29)

Evaluation of anaesthesia time, 
emergence time, postoperative 
consumption of fentanyl, and 
postoperative pain scale (n = 30)

Evaluation of anaesthesia time, 
emergence time, postoperative 
consumption of fentanyl, and 
postoperative pain scale (n = 30)

Traction of hernial sac 

Fig 1 The study design: a CONSORT style diagram.
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Statistical analysis

The primary endpoint of the study was the proportion of the
children who needed ketamine rescue. Before the study, the
number of patients required in each group was determined
after a power calculation according to data obtained from
our previous studies. The calculation of sample size revealed
that at least 29 patients in each group would be required for
appropriate study with a¼0.05 and a power of 0.8. Data are
presented as mean or median with range or 95% confidence
interval (CI) as appropriate. Student’s t-test or the Mann–
Whitney U-test was used as appropriate. Categorical data
are presented as absolute numbers (%) and were analysed
with a x2 analysis. Fisher’s exact test was used as appropri-
ate. P,0.05 was considered statistically significant.

Results
The two groups did not differ in gender, age, body weight,
and duration of surgery (Table 1). The caudal block was
deemed successful (≤20% increases in HR or SAP upon skin
incision) in all 60 subjects.

Thirteen subjects (43.3%) in Group B needed ketamine due
to inadequate anaesthesia as reflected by .20% increase in
HR or SAP upon hernial sac traction. The emergence time for
the 13 patients receiving ketamine rescue was significantly
longer than that in subjects without ketamine rescue [16.4
(3.1) vs 4.1 (1.4) min; P,0.001]. All patients in Group B who
did not receive any ketamine rescues had a similar emer-
gence time to those in Group BD [4.1 (1.4) vs 3.4 (1.2);
P¼0.112; Table 1]. Only one subject (3.33%) in Group BD
needed ketamine rescue with a P-value of ,0.001 compared
with in Group B (Table 1). The emergence time in Group BD as
a whole was significantly shorter than that in Group B [9.9
(4.6) vs 3.6 (1.6) min; P¼0.006].

During the first 4 h after the surgery, analgesia was ad-
equate in all subjects of both groups. However, during the
next 20 h, the number of subjects with satisfactory analgesia
decreased in both groups, but at a much slower rate in Group
BD. The pain score was significantly lower in Group BD

Table 1 Subject characteristics and intraoperative clinical data. Data are presented as mean (SD), or as frequency (%). *P,0.05 vs Group B. #P,0.05
vs subgroup of ketamine rescue. Group B: bupivacaine alone; Group BD; bupivacaine plus dexmedetomidine

Group B (n530) Group BD (n530) P-value

Gender

Male 21 (70%) 22 (73%)

Female 9 (30%) 8 (27%)

Age (months) 41.4 (15–70) 42.6 (14–69)

Weight (kg) 14.8 (4.4) 13.9 (4.5)

Duration (min)

Surgery 27.6 (8.9) 26.3 (9.4) 0.547

Anaesthesia 52.2 (10) 46.2 (5.5) 0.007*

Ketamine

Rescue 13 (43.33%) 1 (3.33%) ,0.001*

Without rescue 17 (56.67%) 29 (96.67%)

Emergence time (min)

Ketamine rescue 16.4 (3.1) 14.6 0.062

Without ketamine rescue 4.1 (1.4) 3.4 (1.2) 0.112

P-value 0.043# ,0.001#
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Fig 2 CHIPPS score after the surgery. *P,0.01 vs Group B.
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Fig 3 Sedation score after the surgery in the two groups. Sed-
ation score: 0, awake, alert; 1, mild sedation, easy to rouse; 2,
asleep, easy to rouse; 3, moderate sedation, unable to remain
awake; 4, difficult to rouse. *P,0.01 vs Group B.
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(P,0.01 vs Group B; Fig. 2). The sedation score was signifi-
cantly higher in Group BD at all time points (P,0.01 vs
Group B; Fig. 3). The median time to first fentanyl injection
was significantly longer in Group BD (860 min, 95% CI:
720–1040 vs 320 min, 95% CI: 240–380 min in Group B,
P,0.001; Fig. 4). Total fentanyl consumption was significant-
ly lower in Group BD [2.5 (1.2) vs 6.9 (1.6) mg kg21 24 h21 in
Group B, P¼0.008; Table 2].

The two groups did not differ in the incidence of vomiting.
Quality of night rest was better in Group BD [2.2 (0.8) vs
1.3(0.6) in Group B, P¼0.03; Table 2]. One subject in each
group required bladder catheterization. No hypotension,
bradycardia, or bradypnoea (SpO2

,95%) was noted.

Discussion
We have demonstrated that supplementation of caudal bupi-
vacaine with dexmedetomidine (1 mg kg21) reduced the
haemodynamic response to hernial sac traction in children

undergoing inguinal hernia repair. The drug combination
also significantly prolonged the duration of postoperative
analgesia.

Caudal anaesthesia is common, safe, and effective but
may not adequately block the haemodynamic response to
peritoneal traction during lower abdominal surgery at con-
ventional doses. Increasing bupivacaine dosage, however,
could potentially lead to increased toxicity and inadvertent
high block.11

a2 Adrenergic receptor agonists could prolong the dura-
tion of action of bupivacaine and improve the quality of
analgesia,7 8 by causing local vasoconstriction7 and increasing
the potassium conductance in Ad and C fibres.12 13 They may
also potentiate the action of local anaesthetic by entering
the central nervous system either via systemic absorption or
by diffusion into the cerebrospinal fluid and reacha2 receptors
in the superficial laminae of the spinal cord and brainstem,14 or
indirectly activating spinal cholinergic neurones.15

A previous study in rabbits suggested that epidural injection
of dexmedetomidine at a dose of 4.8–6.1 mg kg21 and a con-
centration of 10 mg ml21 could cause neurotoxicity and de-
myelinate oligodendrocytes in the white matter.16 However,
studies in children indicated that neuraxial administration of
dexmedetomidine at no more than 2mg kg21 and a concentra-
tion of no more than 2mg ml21 does not cause neurotoxicity.7 8

Although accumulating evidence demonstrates the safety of
dexmedetomidine as a caudal or epidural adjunct for human
beings, acting as a caudal additive, the risk or the benefit for
its use still need to receive adequate attention.17 Indeed,
another animal study suggested that dexmedetomidine
could provide neuroprotective effects through activating a2

adrenergic receptors, imidazoline 1 and 2 receptors.18

The sedative effects of dexmedetomidine are mainly at-
tributable to stimulation of the a2 adrenoceptor in the
locus coeruleus.13 19 Results from the current study indicate
that supplementation of bupivacaine anaesthesia with dex-
medetomidine could provide more satisfying levels of post-
operative sedation than bupivacaine alone.

The inguinal region receives sensory innervation from the
ilioinguinal/iliohypogastric nerves and the genitofemoral
nerves. All these nerves are derived from the spinal nerve
roots at T12–L2 level.20 As a part of the parietal peritoneum,
the hernial sac also receives a segmental innervation to-
gether with the abdominal wall.21 To achieve complete an-
aesthesia for inguinal hernia repair, afferent blockade must
be complete at the T6 through L2. Using real-time ultrasound
scanning, Lonnqvist and his team confirmed in their research
that the median level of cranial spread directly after the
caudal block (with 1.5 ml kg21, ropivacaine 0.2%) was T10

(range T12–T9). At 15 min after the caudal injection, the
cranial level can be increased to a median level of T8

(range T11–T4), and the cranial level of sensory block was
in median T4 (range T10–T3). Thus, even at a relatively high
dose of 1.5 ml kg21 of caudal ropivacaine, a sensory block
up to T6 is unlikely to be achieved.22 This may explain the
fact that a significant proportion of the subjects receiving
bupivacaine alone still responded to hernia sac traction,
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Fig 4 Kaplan–Meier analysis showing the proportion of children
who did not require fentanyl rescues during the postoperative
period.

Table 2 Postoperative clinical data. Data are presented as mean
(SD), or as frequency (%). Quality of night rest: 1, normal sleep; 2,
occasionally interrupted; 3, frequently interrupted; 4, awake.9

*P,0.05 vs Group B

Group B Group BD P-value

Total consumption of fentanyl
(mg kg21 24 h21)

6.9 (1.6) 2.5 (1.2) 0.008*

Quality of night rest 2.2 (0.8) 1.3 (0.6) 0.03*

Incidence of vomiting [n (%)] 2 (6.67) 2 (6.67) 1

Urinary retention [n (%)] 1 (3.33) 1 (3.33) 1
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despite apparently sufficient dosing. The better intraoperative
analgesia observed in Group BD is most probably caused
by the central nervous system effects of dexmedetomidine
and possibly a synergic or additive action with i.v. ketamine.
Previous research demonstrated that the small volume (0.5
ml kg21) of local anaesthetic was insufficient to carry the clo-
nidine (another a2 adrenoreceptor agonist) to the spinal cord
when used in combination caudally. Since the sacral nerve
routes are much more difficult to penetrate than lumbar
nerve routes, the analgesic action of clonidine in this site is
often very small. Therefore, the caudal addition of clonidine
may be ineffective if a volume of only 0.5 ml kg21 is adminis-
tered.23 24 So we choose 1 ml kg21 as the volume of local an-
aesthetic, a commonly used volume in previous published
research, to perform our study.

Bradycardia and hypotension are the most common
adverse effects of i.v. a2 adrenoreceptor agonists, but
appear to be less pronounced in children than in adults.7 8

These problems could also be readily managed with
volume expansion, sympathomimetic drugs, or both.7

In conclusion, caudal bupivacaine in combination with
dexmedetomidine provided a more satisfactory level of an-
aesthesia than bupivacaine alone in children undergoing in-
guinal hernia repair. This drug combination also extended
the duration of postoperative analgesia. We speculate that
dexmedetomidine could also be useful for other types of
surgery that involves manipulation of the peritoneum in
children.
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22 Lundblad M, Eksborg S, Lönnqvist PA. Secondary spread of caudal
block as assessed by ultrasonography. Br J Anaesth 2012; 108:
675–81

23 Hansen TG, Henneberg SW, Walther-Larsen S, Lund J, Hansen M.
Caudal bupivacaine supplemented with caudal or intravenous
clonidine in children undergoing hypospadias repair: a double-
blind study. Br J Anaesth 2004; 92: 223–7

24 Sharpe P, Klein JR, Thompson JP, et al. Analgesia for circumcision
in a paediatric population: comparison of caudal bupivacaine
alone with bupivacaine plus two doses of clonidine. Paediatr
Anaesth 2001; 11: 695–700

Handling editor: L. Colvin

BJA Xiang et al.

424

D
ow

nloaded from
 https://academ

ic.oup.com
/bja/article/110/3/420/248988 by guest on 11 April 2024



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /JPXEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /JPXEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


