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 CURRENT
OPINION Day surgery regional anesthesia in children: safety

and improving outcomes, do they make
a difference?

Jeremy D. Deer, Amod Sawardekar, and Santhanam Suresh

Purpose of review

The objective of this review is to provide an overview of recent developments in pediatric regional
anesthesia and elucidate outcomes as it relates to patient safety and overall satisfaction.

Recent findings

Since the inception of the Pediatric Regional Anesthesia Network database, the acquisition of data has
enabled the pediatric anesthesiologist to extrapolate results and translate them into useful outcomes.
Despite the growing trend to provide regional anesthesia in the pediatric population, there continues to
be a paucity of available research studies to evaluate outcomes of various regional nerve blocks. This
review serves as a conduit to explore the most recent data available, in each regional anesthetic
technique, as it relates to outcomes such as analgesia, patient safety and satisfaction.

Summary

Despite the limited number of randomized controlled trials evaluating the safety of individual regional
anesthetic techniques, the growing body of data, such as presented in the Pediatric Regional Anesthesia
Network database, suggests a high degree of safety in performing various regional anesthetic modalities.
Modern medicine should continue to embrace the use of regional anesthesia, particularly in the
ambulatory setting, to reduce perioperative pain and improve patient outcomes.
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INTRODUCTION

Few studies have evaluated the characterization
and presence of postoperative pain in children in
the ambulatory setting. History has demonstrated
that in the pediatric population, hospitalized
patients exhibit a relatively high prevalence of mod-
erate-to-severe pain in the postoperative period [1–
2]. Despite the increased application of regional
anesthesia, research remains limited regarding the
comparative efficacy of various techniques in reduc-
ing postoperative pain in pediatric surgical pro-
cedures [3]. The use of ultrasound guidance and
its increasing availability continues to allow
greater access to regional techniques in the pediatric
population. Ultrasound has revolutionized our abil-
ity to safely administer nerve blocks particularly in a
population in which targeted neural structures are
often very close to other critical anatomical struc-
tures [4]. To that end, at least in the adult popu-
lation, an ultrasound-guided technique has

demonstrated a higher success rate when compared
with a nerve stimulator-guided technique [4].

In an effort to extend beyond the barriers of
limited comparable research in pediatric regional
anesthesia, the Pediatric Regional Anesthesia
Network (PRAN) was established in 2006. The aim
of PRAN is to facilitate data collection on regional
anesthesia techniques from multiple, large-scale
institutions providing primarily pediatric anesthetic
care. The PRAN database provides details regarding
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practice patterns, adverse events and complications
as it relates to regional anesthetic techniques in
the pediatric population [5

&&

]. In effect, the PRAN
database serves as an up-to-date conduit of infor-
mation in the exploration of safety outcomes as
it relates to regional anesthesia techniques in all
clinical settings. To date, the PRAN database
identifies over 100000 nerve blocks performed on
pediatric patients, with American Society of Anes-
thesiologists Physical Status classification 1 and
2 patients constituting over 80% of the total blocks
in the PRAN network [5

&&

]. As the PRAN database
continues to increase, emerging studies should
elucidate the impact that regional anesthesia has
on the pediatric population.

UPPER EXTREMITY

Upper extremity nerve blocks, as encompassed by
the PRAN database, include interscalene/parasca-
lene, supraclavicular, infraclavicular, axillary, mus-
culocutaneous, elbow and wrist. Few studies have
evaluated outcomes of upper extremity peripheral
nerve blocks in the pediatric population. The most
recent published PRAN database analysis substanti-
ates this paucity of literature by reporting only 455
upper extremity nerve blocks performed, the lowest
number of blocks of all the respective single-shot
injection groups [5

&&

]. With respect to all upper
extremity nerve blocks, failed block and inadequate
intraoperative analgesia were reported as the most
common complications, with an overall compli-
cation rate of 2% [5

&&

].

Since 2008, practice guidelines published by
American Society of Regional Anesthesia and Pain
Medicine supported the safety and efficacy of plac-
ing peripheral nerve blocks under general anesthesia
in the pediatric population [6

&

,7
&

]. The notable
exception to this practice guideline was the inter-
scalene brachial plexus block. However, Taenzer
et al. [7

&

] evaluated data from the PRAN network
in 2014 comparing the incidence of adverse events
and complications related to interscalene blocks in
patients under general anesthesia. This investi-
gation found that the overall risk of neurologic or
cardiovascular complications in interscalene blocks
performed under general anesthesia was not statisti-
cally different from those performed awake. The rate
of adverse events in the use of interscalene blocks
were reported as zero percent when 98% of these
blocks in anesthetized patients were performed
under ultrasound guidance [5

&&

]. The prior notion
that interscalene nerve blocks cannot be performed
safely in an anesthetized pediatric patient is not
supported by current evidence.

LOWER EXTREMITY

Studies comparing the efficacy of lower extremity
peripheral nerve blocks remain relatively scant (less
than six exist). These historical studies have
suggested that the use of lower extremity peripheral
nerve blocks results in lower pain scores and less
postoperative opioid consumption. At present, no
comparative study exists evaluating the efficacy of
lower extremity peripheral nerve blocks in the
pediatric population. In an article published by
Kuo et al. [8], examining data from 1996 to 2006
prior to the establishment of the PRAN database,
Kuo demonstrated that there was a marked increase
in the number of peripheral nerve blocks performed
in the ambulatory orthopedic population. Lower
extremity nerve blocks tripled during this period
(2.2–9.2%), whereas neuraxial techniques declined
(1.1–0.4%). These data were obtained from results
taken from the Centers for Disease Control and
Prevention’s National Health Survey and may in
fact represent an evolving trend in the future utility
of pediatric lower extremity regional anesthesia.

The current PRAN database identifies lower
extremity nerve blocks as lumbar plexus/psoas com-
partment blocks, fascia iliaca, femoral, sciatic, pop-
liteal fossa, saphenous and other/unspecified.
Historical analysis of the PRAN data, as presented
by Polaner et al. [5

&&

], demonstrated a 1% compli-
cation rate in the lower extremity group. The high-
est complication rate occurs in the lumbar plexus/
psoas compartment block with a complication rate
of 8%. The highest complications were described as

KEY POINTS

� The PRAN database continues to elucidate a high
degree of safety in supporting the utilization of regional
anesthetic techniques in the pediatric
ambulatory setting.

� Current data are suggestive that the use of peripheral
nerve blocks is safe in children, few comparative
studies exist in order to compare outcomes.

� Current data provide strong support that truncal blocks
such as the ilioinguinal/hypogastric, rectus sheath, TAP
and paravertebral are safe and effective techniques
when compared with other modalities of pain control.

� The use of PNCs in the ambulatory setting allows the
benefit of extended analgesia that would minimize the
risk of hospitalization secondary to poor pain control.

� The use of neuraxial techniques remains safe and
efficacious in providing analgesia; however, the
application of a newer modality (ultrasound guidance)
should enhance utility and improve future outcomes.

Ambulatory anesthesia
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failed block, inadequate analgesia or abandoned
block. Given the relatively high number of lower
extremity blocks performed and the likely contin-
ued increased use in outpatient ambulatory
orthopedic procedures, studies characterizing the
outcomes of lower extremity peripheral nerve
blocks will be necessary.

TRUNCAL

Truncal nerve blocks are performed in various sur-
gical procedures, but their utility may diminish in
the ambulatory setting for peripheral nerve blocks
such as the paravertebral block. However, a recent
meta-analysis by Hamill et al. [9

&&

] indicated that
the use of a rectus sheath block and transversus
abdominis plane (TAP) block reduced both pain
and opiate use in children. Therefore, it is prudent
to evaluate truncal blocks and their potential use in
the pediatric ambulatory surgical setting especially
as the utility of neuraxial techniques decreases with
increasing age and body size.

For the purposes of the PRAN database, truncal
nerve blocks are identified as TAP block, rectus
sheath blocks, ilioinguinal/iliohypogastric nerve
blocks and paravertebral. The PRAN database
indicates an overall complication rate for truncal
nerve blocks of 0.3%. Failed block/inadequate anal-
gesia, abandoned block and vascular puncture were
identified as the most common complications.

In recent years, the TAP block has increased in
popularity in order to provide analgesia after
pediatric surgeries involving the abdominal wall
(e.g. laparoscopic surgery). The variability in success
of theTAPblockhasbeenassociatedwithanumberof
factors including anatomic site of injection (posterior
placement demonstrating longer duration of analge-
sic action) and volume or dose of local anesthetic
used (higher doses appear to prolong analgesic
duration and decrease need for additional analgesics
in first 24h postop) [10–16]. The most recent data
indicate an overall complication rate of 0.3% with
failed block or inadequate analgesia as the most
common complication. Regardless of its low compli-
cation rate, the utility of the TAP block in the
pediatric outpatient setting may be deemed to be
limited given that those surgical procedures inwhich
it may demonstrate the most benefit (cholecystec-
tomy and appendectomy) are likely to be not well
suited for the ambulatory surgical setting [13].

The use of the rectus sheath block has demon-
strated effective analgesia for midline abdominal
procedures such as umbilical hernia repair
[9

&&

,17]. Of the reported rectus sheath blocks in
the PRAN database, a complication rate of 0% is
identified. Hamill et al. [9

&&

], in a recent systematic

review, demonstrated that the use of the rectus
sheath block and transversus abdominis plane block
lowered morphine requirements 6–8 h postopera-
tively, decreased immediate pain scores and delayed
time to rescue analgesia. Given the relative efficacy
of the rectus sheath block combined with its low
complication rate, this block may prove particularly
useful in ambulatory surgery in improving analgesic
outcomes and patient satisfaction.

Ilioinguinal/iliohypogastric nerve blocks have
been shown to be efficacious in anesthesia for
ipsilateral groin surgery. The use of an ultrasound-
guided technique compared with the use of
anatomic landmarks for the placement of the ilioin-
guinal/iliohypogastric block results in less post-
operative rescue analgesia administered and
perceived block success [18–21]. The repeated suc-
cess of the ilioinguinal/iliohypogastric nerve block
in relation to postoperative pain outcomes allows
for greater utility in groin surgeries when neuraxial
techniques are less desirable or contraindicated. The
PRAN database shows an overall complication rate
of 0.4%. The most commonly identified compli-
cations for the ilioinguinal/iliohypogastric block
are abandoned block and failed block or inadequate
analgesia and vascular puncture [5

&&

].
Other truncal blocks that are increasing in

popularity, but whose utility may prove limited in
the ambulatory setting, is the paravertebral nerve
block. The use of the paravertebral block improved
outcomes (reduced pain scores) in inguinal hernia
surgery when compared with control groups, cau-
dal, or ilioinguinal nerve blocks [22–24]. In her
review article on the paravertebral block, Wardhan
[25

&

] highlights the increasing utilization of and
improved outcomes from the use of the paraverte-
bral block when compared with other methods
(control group and thoracic epidurals) for breast
surgery, thoracic surgery and pectus excavatum
repair. These surgical cases are unlikely to be per-
formed in the ambulatory setting. Paravertebral
blocks have, historically, carried a higher compli-
cation rate when compared with other truncal
blocks [26]. The PRAN data presented by Polaner
et al. [5

&&

] in 2012 demonstrated a 7% complication
rate, but total case volume for paravertebral blocks
was low. The majority of those complications were
because of failed/inadequate analgesic block or
adverse drug reaction. Current analysis of the most
recent PRAN database is needed in order to compare
the complication rate as the number of paraverte-
bral blocks has likely dramatically increased. As the
focus continues to redirect efforts to utilize better
analgesic efforts than our past, the popularity and
utility of blocks such as the paravertebral will likely
continue to increase.
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PERIPHERAL NERVE CATHETERS
Peripheral nerve catheters (PNCs) have the unique
capacity to provide prolonged analgesia than what
is provided by a single-shot peripheral nerve
block. This has the potential to allow children
who have painful procedures to have same day
surgery, or avoid prolonged hospitalization because
of uncontrolled pain. However, there are a limited
number of reports with regard to safety in the use of
PNCs in children. Walker et al. [27

&&

] recently pub-
lished a report from the PRAN on 2074 PNCs used in
pediatrics. They found an overall incidence of com-
plications of 12.1%, mostly attributed to catheter
dislodgement and block abandonment/failure
[27

&&

]. More importantly, serious complications
were determined to be 0.04%, with no events
of long-term neurologic problems and no local anes-
thetic systemic toxicity. Gurnaney et al. [28] also
reported comparable complication rates (overall
and serious) in a report of 1492 PNCs. Ecoffey
et al. [29] looked at 1164 PNCs and reported two
cases of catheter complications, with neither having
long-term sequelae. Although there have been cases
of transient neurologic morbidity in the adult
literature, there has not been any reports of perma-
nent neurologic injury from PNCs in pediatrics.
Practitioners sometimes hesitate to use PNCs to
provide analgesia to an operative extremity because
of the risk of masking clinical signs of acute com-
partment syndrome. In a recent practice advisory
from ESRA/ASRA, this was addressed to determine
that current literature does not support that regional
anesthesia increases the risk of acute compartment
syndrome in children [30

&

]. It was noted that
for continuous infusions, concentration of local
anesthetics should be limited to 0.1%. Current avail-
able evidence encourages clinicians to use PNCs
without fear of serious complications, but also warns
that significant management hurdles still exist in
providing a streamlined, efficient experience for
the patient.

The overall experience of several surgical pro-
cedures in the ambulatory day setting has been
improved for children with the routine use of
regional anesthetics and PNCs. Children born with
limb abnormalities or femur angulation deformities
often need soft tissue and bone repair. The utiliz-
ation of a single-shot regional nerve block has
allowed better perioperative pain control and
improved overall experience. The implementation
of the PNC has augmented this positive experience
at home with minimal use of oral pain medications
and associated side-effects. This is similar for
patients undergoing varus and valgus deformity
repairs. PNCs have also made it possible for children
to undergo anterior cruciate ligament and medial

patellofemoral ligament injury repair in the
outpatient surgery setting. Prior to the implementa-
tion of peripheral regional anesthesia for pain con-
trol supplementation, pediatric patients were risked
by (or disadvantaged by) getting admitted to the
hospital just to avail themselves of parenteral
analgesia.

Although more rigorous clinical studies need
to be undertaken, clinicians should utilize PNCs
in the appropriate setting for extended analgesia
in a safe and efficacious manner. Clinicians
should be prepared to overcome the current hurdles
of using PNCs, particularly regarding issues of
catheter disconnect or block failure. In addition, a
low concentration of local anesthetic should be used
when possible (0.1% ropivicaine or bupivicaine) to
provide sensory analgesia without motor block,
with the theoretical benefit of minimizing fall risk.
This will also decrease the total dose of local anes-
thetic a patient receives, reducing the risk of local
anesthetic toxicity. Within such parameters, PNCs
can effectively be used to optimize patient’s
perioperative experience.

NEURAXIAL REGIONAL ANESTHESIA

Neuraxial blockade in the form of single-shot caudal
blocks is common in providing analgesia for
urogenital and lower extremity orthopedic pro-
cedures. Caudal blockade allows the clinician to
provide a regional anesthetic with a high success
rate combined with a lowmorbidity. A review of the
available PRAN data showed an overall compli-
cation rate of 1.9%, which included a block failure
rate of 1% [31

&&

]. Newer modalities including imag-
ing with ultrasonography are available to aid guid-
ance, but most clinicians utilize a landmark-based
approach with a loss of resistance technique, allow-
ing expeditious completion of the block.

CONCLUSION

A variety of regional anesthetic techniques are
available to the clinician for providing surgical anes-
thesia and postoperative analgesia to children
undergoing ambulatory surgery. Although prospec-
tive randomized trials evaluating various regional
anesthetics are limited, available data from the
PRAN network suggest that current practices are
safe and effective in children. Comparative studies
continue to support the use of regional anesthetic
techniques over historical control groups when
outcomes such as improved analgesia, safety and
perceived satisfaction are examined. The imple-
mentation of new modalities, such as the PNC, in
pediatrics allows extended outpatient analgesia,

Ambulatory anesthesia
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hence avoiding the need for hospitalization. Con-
cerns on safety in performing regional anesthesia in
children should not limit the clinician. The use of
these techniques enables a perioperative experience
that is pain free and with minimal undesirable
side-effects from the decreased use of oral opioids.
As regional anesthesia has revolutionized the way in
which we deliver perioperative care, the use of these
techniques and achievement of positive outcomes
will be instrumental in the delivery of care in the
ambulatory setting.

Acknowledgements

We would like to acknowledge the ongoing collection of
data by the PRAN database.

Financial support and sponsorship

None.

Conflicts of interest

There are no conflicts of interest.

REFERENCES AND RECOMMENDED
READING
Papers of particular interest, published within the annual period of review, have
been highlighted as:
& of special interest
&& of outstanding interest

1. Groenewald CB, Rabbitts JA, Schroeder DR, Harrison TE. Prevalence of
moderate-severe pain in hospitalized children. Paediatr Anaesth 2012;
22:661–668.

2. Hegarty M, Calder A, Davies K, et al. Does take-home pain analgesia improve
postoperative pain after elective day case surgery? A comparison of hospital
vs parent-supplied analgesia. Paediatr Anaesth 2014; 23:385–389.

3. Suresh S, Schaldenbrand K, Wallis B, De Oliveira GS Jr. Regional anaes-
thesia to improve pain outcomes in paediatric surgical patients: a qualitative
systemic review of randomized controlled trials. Br J Anaesth 2014;
113:375–390.

4. Tsui BC, Suresh S. Ultrasound imaging for regional anesthesia in infants,
children, and adolescents. Anesthesiology 2010; 112:473–492.

5.
&&

Polaner DM, Taenzer AH, Walker BJ, et al. Pediatric Regional Anesthesia
Network (PRAN): a multiinstitutional study of the use and incidence of
complications of pediatric regional anesthesia. Anesth Analg 2014;
119:395–399.

This study examines prospective data collected from PRAN database and provides
complication rates among various regional anesthetic techniques in pediatric
patients.
6.
&

Taenzer AH, Walker BJ, Bosenberg AT, et al. Asleep versus awake: does it
matter? Pediatric regional block complications by patient state: a report from
the Pediatric Regional Anesthesia Network. Reg Anesth Pain Med 2014;
39:279–283.

This study utilizes data from PRAN database to assess complications from regional
techniques performed under general anesthesia.
7.
&

Taenzer AH, Walker BJ, Bosenberg AT, et al. Interscalene brachial plexus
blocks under general anesthesia in children: is this safe practice? A report
from the Pediatric Regional Anesthesia Network (PRAN). Reg Anesth Pain
Med 2014; 39:502–505.

This study examines the safety of performing interscalene brachial plexus blocks
under general anesthesia using data from the PRAN database.
8. Kuo C, Edwards A, Mazumdar M, Memtsoudis SG. Regional anesthesia for

children undergoing orthopedic ambulatory surgeries in the United States,
1996–2006. HSS J 2012; 8:133–136.

9.
&&

Hamill JK, Rahiri JL, Liley A, Hill A. Rectus sheath and transversus abdominis
plane blocks in children: a systemic review and meta-analysis of randomized
trials. Pediatr Anesth 2016; 26:363–371.

This study compares abdominal wall blocks in terms of opiate use and pain in
patients who underwent abdominal surgery.

10. Sola C, Menace C, Rochette A, et al. Ultrasound-guided transversus abdo-
minis plane block for herniorrhaphy in children: what is the optimal dose of
levobupivacaine? Eur J Anaesthesiol 2014; 31:327–332.

11. Abdallah FW, Laffey JG, Halpern SH, Brull R. Duration of analgesic effec-
tiveness after the posterior and lateral transversus abdominis plane block
techniques for transverse lower abdominal incisions: a meta-analysis. Br J
Anaesth 2013; 111:721–735.

12. BryskinRB, LonderganB,WheatleyR,et al.Transversus abdominis plane block
versus caudal epidural for lower abdominal surgery in children: a double-blinded
randomized controlled trial. Anesth Analg 2015; 121:471–478.

13. De Oliveira GS Jr, Castro-Alves LJ, Nader A, et al. Transversus abdominis
plane block to ameliorate postoperative pain outcomes after laparoscopic
surgery: a meta-analysis of randomized controlled trials. Anesth Analg 2014;
118:454–463.

14. Long JB, Birmingham PK, De Oliveira GS Jr, et al. Transversus abdominis plan
block in children: a multicenter safety analysis of 1994 cases from the PRAN
(Pediatric Regional Anesthesia Network) database. Anesth Analg 2012;
115:1353–1364.

15. Carney J, Finnerty O, Rauf J, et al. Ipsilateral transversus abdominis plane
block provides effective analgesia after appendectomy in children: a rando-
mized controlled trial. Anesth Analg 2010; 106:882–886.

16. Suresh S, Taylor LJ, De Oliveira GS Jr. Dose effect of local anesthetics on
analgesic outcomes for the transversus abdominis plane (TAP) block in
children: a randomized, double-blinded, clinical trial. Paediatr Anaesth
2015; 25:506–510.

17. Isaac LA, McEwen J, Hayes JA, Crawford MW. A pilot study of the rectus
sheath block for pain control after umbilical hernia repair. Paediatr Anaesth
2011; 107:790–795.

18. Jagannathan N, Sohn L, Sawardekar A. Unilateral groin surgery in children: will
the addition of an ultrasound-guided ilioinguinal nerve block enhance the
duration of analgesia of a single-shot caudal block? Paediatr Anaesth 2009;
19:892–898.

19. Fredrickson MJ, Paine C, Hamill J. Improved analgesia with the ilioinguinal
block compared to the transversus abdominis plane block after paediatric
inguinal surgery: a prospective randomized trial. Paediatr Anaesth 2010;
20:1022–1027.

20. Weintraud M, Lundblad M, Kettner SC. Ultrasound versus landmark-based
technique for ilioinguinal-iliohypogastric nerve blockade in children: the implica-
tions on plasma levels of ropivacaine. Anesth Analg 2009; 108:1488–1492.

21. Lim SL, Ng Sb A, Tan GM. Ilioinguinal and iliohypogastric nerve block
revisited: single shot versus double short technique for hernia repair in
children. Paediatr Anaesth 2002; 12:255–260.

22. Splinter WM, Thomson ME. Somatic paravertebral block decreases opioid
requirements in children undergoing appendectomy. Can J Anaesth 2010;
57:206–210.

23. Boretsky K, Visoiu M, Bigeleisen P. Ultrasound-guided approach to the
paravertebral space for catheter insertion in infants and children. Pediatr
Anaesth 2013; 23:1193–1198.

24. Hall Burton DM, Boretsky KR. A comparison of paravertebral nerve block
catheters and thoracic epidural catheters for postoperative analgesia follow-
ing the Nuss procedure for pectus excavatum repair. Paediatr Anaesth 2014;
24:516–520.

25.
&

Wardhan R. Update on paravertebral blocks. Curr Opin Anesthesiol 2015;
28:588–592.

This study reviews utility and safety of paravertebral blocks.
26. Waisel DB, Mancuso TJ, Boretsky KR. Pediatric research, risk, and para-

vertebral blocks. Anesth Analg 2015; 120:987–989.
27.
&&

Walker BJ, Long JB, DeOliveira GS, et al., the PRAN Investigatiors. Peripheral
nerve catheters in children: an analysis of safety and practice patterns from
the pediatric regional anesthesia network (PRAN). Br J Anaesth 2015;
115:457–462.

This study examines the safety of PNCs in pediatric patients.
28. Gurnaney H, Kraemer FW, Maxwell L, et al. Ambulatory continuous peripheral

nerve blocks in children and adolescents: a longitudinal 8-year single center
study. Anesth Analg 2014; 118:621–627.
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