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Abstract

New trends in pediatric anesthesia for ambulatory surgery will be described.  Preoperative preparation
as well as care of pediatric patients requiring sedation outside of the operating room are emphasized.
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Pediatric Anesthesia for A m b u l a t o ry
S u r g e ry

MO S T E L E C T I V E P E D I AT R I C S U R G I C A L P R O C E D U R E S

are performed on an outpatient basis.  The ideal
anesthesia for pediatric ambulatory surg e r y
promotes rapid recovery, provides adequate
postoperative analgesia, and avoids postopera-
tive nausea and vomiting.

While total intravenous anesthesia (TIVA )
has become popular for adult outpatient anes-
thesia, it is not frequently utilized with pedi-
atric patients, because of the difficulty in estab-
lishing intravenous access in children who are
awake.  However, the discomfort of intravenous
line placement may be minimized by the use of
E M L A cream (eutectic mixture of 2.5% lido-
caine and 2.5% prilocaine) applied 45 minutes
prior to venipuncture.  EMLA cream also re-
duces the pain of other procedures involving
needlesticks, such as lumbar punctures or the
repair of minor lacerations.  Because of their
s y n e rgistic effect, a combination of a seda-
tive/hypnotic agent with an opioid provides a
smooth anesthetic and reduces the individual
a g e n t ’s total dose.  Propofol is ideally suited for
T I VA, because of its rapid onset and termina-
tion of effect.  Because of their larger volume of
distribution and faster clearance, pediatric pa-
tients require higher bolus and infusion
doses/body weight compared to adults (1).
Propofol reduces the incidence of nausea and
vomiting, particular after emetogenic proce-
dures such as otological or ophthalmological

s u rg e r y.  In addition, emergence delirium is un-
common after propofol (2).

The new, ultra-short-acting narcotic,
remifentanil, has been used in pediatric anes-
thesia (3).  The blood-brain equilibration is
prompt, accounting for its rapid onset.  Since it
is rapidly hydrolyzed by plasma esterases to in-
active metabolites, its duration of action is not
influenced by hepatic or renal clearance.  Its
context-sensitive half-time, the time required
for a 50% decrease in plasma concentration fol-
lowing an infusion regimen designed to main-
tain a constant plasma concentration for a spe-
cific period of time, is approximately 3 minutes
irrespective of dosing and duration of infusion
( 4 ) .

Since the primary narcotic effect of
remifentanil ends so quickly, other modalities
of postoperative pain relief must be utilized.
Postoperative analgesia can be provided by a
number of drugs, including acetaminophen, a
potent non-steroidal anti-inflammatory agent
such as ketorolac, a longer-acting narcotic such
as fentanyl or morphine-sulfate, or supplemen-
tal local and regional nerve blocks.  A c e t a-
minophen is effective for postoperative pain re-
lief, but it must be given in adequate doses
(e.g., 40 mg/kg rectally) (5).  Nerve blocks are
particularly useful after orthopedic and surg i c a l
procedures below the umbilicus or on an ex-
t r e m i t y.  Caudal and epidural techniques, as
well as inguinal, penile, axillary, and femoral
nerve blocks, have been used successfully in
pediatric patients.  Preemptive local and re-
gional anesthesia leads to smoother emerg e n c e ;
the incidence of nausea and vomiting is de-
creased, since narcotics are avoided (6).

Because of its ease of administration, in-
halation anesthesia is still the technique most
widely practiced for pediatric patients.  T h e
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minimum alveolar concentration (MAC) of the
anesthetic that prevents movement as a re-
sponse to skin incision in 50% of patients in-
creases after the first month of life, peaks at ap-
proximately 6 months and progressively de-
clines throughout childhood until adulthood.
Depth of anesthesia can easily be controlled by
changing inspired concentration and manipulat-
ing minute-ventilation and/or total fresh gas
f l o w.  Inhalation anesthetics are cleared rapidly;
this rapid recovery may lead to emerg e n c e
delirium, particularly if pain relief is inade-
quate (7, 8).  Sevoflurane is the most widely
used new volatile anesthetic for children.  Be-
cause of its low blood-gas solubility as well as
the high minute-ventilation to functional resid-
ual capacity (FRC) ratio in children, sevoflu-
rane has a rapid onset of action.  Sevoflurane
has a low incidence of airway irritability and
minimal cardiovascular side effects.  In con-
trast, desflurane leads to an unacceptable inci-
dence of airway complications when used to in-
duce anesthesia.

NPO Guidelines and Pre o p e r a t i v e
L a b o r a t o ry A s s e s s m e n t

One of the most unpleasant aspects of pre-
operative preparation for parents and children
has been the required blood tests and the direc-
tives regarding feeding and fluid intake.
Changes in these have recently been introduced.

Measurement of hematocrit is particularly
important for infants less than 6 months old,
since there is a high incidence of unrecognized
anemia, which may be a risk factor for periop-
erative apnea and cardiac arrest (9).  Patients
over the age of 6 months with no pre-existing
medical disease (such as sickle-cell anemia, di-
abetes, renal or hepatic failure) require no pre-
operative laboratory studies (10).

Reducing the time of preoperative fasting
diminishes the extent of dehydration and possi-
bility of hypotension on induction of anesthesia
( 11).  This must be balanced against the risk of
aspiration of gastric contents in the periopera-
tive period.  However, numerous studies have
failed to document an increased risk of periop-
erative aspiration in healthy patients when fast-
ing guidelines were relaxed (12, 13).  For this
reason, the American Society of A n e s t h e s i o l o-
gists (ASA) adopted new guidelines on periop-
erative fasting in October 1998 (14).  T h e s e
guidelines allow for the intake of clear liquids
until 2 hours before the planned procedure,
breast-milk until 4 hours before the planned

procedure, and infant formula, milk or a light
meal until 6 hours before the procedure.  Wi t h
these guidelines, there is less stress on parents
to keep a toddler happy during the preoperative
p e r i o d .

Sedation outside the OR

Minor surgical procedures performed out-
side the operating room, invasive diagnostic or
therapeutic procedures, and non-invasive diag-
nostic studies requiring the patient to remain
immobile for extended periods of time require
sedation for a majority of pediatric patients.
Although anesthesiologists are providing this
service more frequently, there are not enough
anesthesiologists for all patients.  Many insur-
ance carriers are unwilling to reimburse physi-
cians for these services.  To safeguard pediatric
patients, the American Academy of Pediatrics
first issued guidelines for the elective use of
conscious sedation, deep sedation, and general
anesthesia in 1985; these guidelines were up-
dated in 1992 (15).  In 1996, the American So-
ciety of Anesthesiologists issued “Practice
Guidelines for Sedation and Analgesia by Non-
anesthesiologists” (16).  The American College
of Radiology (17) and the American College of
E m e rgency Room Physicians (18) have also is-
sued guidelines for sedation, as have various
other subspecialty groups like critical care, car-
d i o l o g y, gastroenterology and endoscopy.  T h e
Joint Commission on Accreditation of Health-
care Organizations (JCAHO) has appointed the
anesthesia department as the watchdog in every
institution to assure that sedation is performed
appropriately and safely (19).  The JCAHO de-
fines conscious sedation as “a state that allows
patients to tolerate unpleasant procedures while
maintaining adequate cardiorespiratory func-
tion and the ability to respond purposefully to
verbal commands.”  Unfortunately, in pediatric
patients, conscious sedation is rarely achiev-
able.  Patients must be sedated and monitored
by appropriately trained individuals, and back-
up systems must be available to quickly manage
any complication.  The JCAHO standards dic-
tate that standards that are applicable to the ad-
ministration of general anesthesia are also ap-
plicable to children undergoing sedation (19).

The institutional performance-improvement
system approves physicians and sedation proto-
cols and monitors compliance and complica-
tions (20).  In a prospective review of 11 4 0
cases of pediatric sedation by non-anesthesiolo-
gists, the sedation failure rate was 13.2% and
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oxygen desaturation occurred in 5.5% of the
cases.  Higher A S A classifications and age less
than 1 year old were significant risk factors for
complications (20).  Another prospective case
study of 1180 cases reported a 2.3% complica-
tion rate; 50% of the reported adverse events
were oxygen desaturation (21).  Despite the in-
stitution of sedation-analgesia protocols in all
hospitals as mandated by JCAHO, there is wide
variability in the training and expertise of the
practitioners performing these procedures.  In a
review of 17,500 computed tomography (CT)
scans of the head, performed in pediatric emer-
gency rooms and requiring conscious sedation,
only 73% of the practitioners had training in this
technique, and 10% were unaware of the na-
tional guidelines (22).  In order to provide a
higher standard of care, dedicated teams in
many institutions have been established to pro-
vide sedation to children.  A retrospective re-
view of one of these services demonstrated a
12% complication rate, most frequently oxygen
desaturation, apnea, airway obstruction, and
mild hypotension (23).  This alarmingly high
frequency of complications occurred because
the sedation protocol allowed non-anesthesiolo-
gists to use drugs that had been restricted to use
only by anesthesiologists.  In many of these sit-
uations, general anesthesia was administered by
non-anesthesiologists.  For this reason, the re-
port by Lowrie et al. (23) was severely criticized
by Krane (24), Yaster and Maxwell (25), and
Means et al. of the Section on Anesthesiology of
the American Academy of Pediatrics (26).
Lowrie et al. replied to these criticisms (27).

Sedation protocols must also be reviewed
by the pharmacy and therapeutics (P&T) com-
mittee at each institution to assure appropriate
dosing for pediatric patients.  For non-painful
procedures, chloral hydrate is still the most
widely used sedative in pediatrics.  Sedation
failure may be avoided by the use of adequate
induction doses (50–100 mg/kg orally).  Pento-
barbital (2 mg/kg IV to a maximal dose of 5– 6
mg/kg) is commonly used for diagnostic radiol-
ogy when patients are monitored by a nurse.
Midazolam administered via the oral, rectal, in-
travenous, or intranasal route is frequently used
in combination with a narcotic such as mor-
phine sulfate, fentanyl or meperidine, or keta-
mine in sub-anesthetic doses.  The advantage of
a benzodiazepine-narcotic combination is the
availability of specific antidotes in case of
overdose.  Intravenous general anesthetics have
a high potential for respiratory complications,
and therefore should generally be used only by

anesthesiologists.  However, these agents may
be safely used in intubated and ventilated pa-
tients by non-anesthesiologists.  For painful
procedures, the addition of local anesthesia may
allow reduction in the dose of sedatives.  A d e-
quate pain relief in the initial stages of repeated
painful diagnostics (e.g., lumbar puncture) may
prevent later escalation of sedative require-
ments (28).  EMLA can be extremely useful for
these indications and in the emergency room.

Patient safety remains the most important
mandate for anesthesiology.  New developments
in pediatric anesthesia, which hold the promise
of enhancing patient and parent comfort, always
need to be evaluated to identify and prevent any
increased risk.  Adherence to national sedation
guidelines, institutional protocols approved by
the anesthesia department and P&T c o m m i t t e e ,
along with the appropriate monitoring capabili-
ties allows pediatric sedation to be performed
safely and effectively by non-anesthesiologists
in areas outside the operating rooms.  Oversight
by the institutional performance improvement
and quality assurance committees acts as an ad-
ditional safeguard.  The accepted techniques
have all gone through extensive clinical trial
and/or scientific scrutiny.  The risk of anesthesia
is the lowest it has been since the introduction of
general anesthesia into clinical practice anesthe-
sia in 1842; however, this safety record can be
maintained only if a physician-anesthesiologist
is involved in the care of the patients requiring
anesthesia (29).

R e f e re n c e s

1. Short TG, Aun CS, Tan P, et al. A prospective evaluation of
pharmacokinetic model controlled infusion of propofol in
paediatric patients. Br J Anaesth 1994; 72:302– 3 0 6 .

2. Aun CS, Short TG, O’Meara ME, et al. Recovery after propofol
infusion anaesthesia in children: Comparison with propofol,
thiopentone or halothane induction followed by halothane
maintenance. Br J Anaesth 1994; 72:554– 5 5 8 .

3. Lynn AM. Remifentanil, the paediatric anaesthetist’s opiate?
Paediatr Anaesth 1996; 6:515– 5 2 2 .

4. Hughes MA, Glass PSA, Jacobs JR. Context-sensitive half-time
in multicompartment pharmacokinetic models for intra-
venous anesthetic drugs. Anesthesiology 1991; 76:334– 3 4 1 .

5. Birmingham PK, Tobin MJ, Henthorn TK, et al. Tw e n t y - f o u r
hour pharmacokinetics of rectal acetaminophen in children:
An old drug with new recommendations. A n e s t h e s i o l o g y
1997; 87:244– 2 5 2 .

6. Broadman LM, Rice LJ. Neural blockade for pediatric surg e r y.
In: Cousins MJ, Bridenbaugh PO, editors. Neural blockade.
Philadelphia: Lippincott-Raven; 1998. pp. 615– 6 3 8 .

7. We l b o rn LG, Hannallah RS, Norden JM, et al. Comparison of
e m e rgence and recovery characteristics of sevoflurane, des-
flurane and halothane in pediatric ambulatory patients.
Anesth Analg 1996; 83:917– 9 2 0 .



54 THE MOUNTSINAI JOURNALOF MEDICINE January/March 2002

8. Wells LT, Rasch DK. Emergence “delirium” after sevoflurane
anesthesia: A paranoid delusion? Anesth Analg 1999;
8 8 : 1 3 0 8 – 1 3 1 0 .

9. Cote CJ, Zaslavsky A, Downes JJ, et al. Postoperative apnea in
former preterm infants after inguinal hern i o r r h a p h y. A c o m-
bined analysis. Anesthesiology 1995; 82:809– 8 2 2 .

10. Steward DJ. Screening tests before surgery in children. Can J
Anaesth 1991; 38:693– 6 9 5 .

11. Liu L. Fluid management. In: Cote CJ, Ryan JF, Todres ID,
Goudsouzian NG, editors. A practice of anesthesia in infants
and children. 2nd ed. Philadelphia: W.B. Saunders; 1993. pp.
1 7 6 – 1 7 7 .

12. Read MS, Vaughan RS. Allowing pre-operative patients to
drink. Acta Anaesthesiol Scand 1991; 35:591– 5 9 5 .

13. Splinter WM, Schreiner MS. Preoperative fasting in children.
Anesth Analg 1999; 89:80– 8 9 .

14. Practice guidelines for preoperative fasting and the use of phar-
macologic agents to reduce the risk of pulmonary aspiration:
Application to healthy patients undergoing elective proce-
dures: Areport by the American Society of A n e s t h e s i o l o g i s t
Task Force on Preoperative Fasting. Anesthesiology 1999;
9 0 : 8 9 6 – 9 0 5 .

15. American Academy of Pediatrics, Committee on Drugs: Guide-
lines for monitoring and management of pediatric patients
during and after sedation for diagnostic and therapeutic pro-
cedures. Pediatrics 1992; 89:111 0 –111 5 .

16. Practice guidelines for sedation and analgesia by non-anesthesi-
ologists. Areport by the American Society of A n e s t h e s i o l o g y
Task Force on Sedation and Analgesia by Non-anesthesiolo-
gists. Anesthesiology 1996; 84:459– 4 7 1 .

17. Nelson MD, Jr. Guidelines for the monitoring and care of chil-
dren during and after sedation for imaging studies. AJR A m
J Roentgenol 1993; 160:581– 5 8 2 .

18. Baraff LJ. Conscious sedation of children. Ann Emerg Med
1994; 24:11 7 0 –11 7 2 .

19. Joint Commission on Accreditation of Healthcare Org a n i z a t i o n s :
Comprehensive accreditation manual for hospitals. Oak-
brook Terrace (IL): JCAHO; 1999.

20. Malviya S, Voepel-Lewis T, Tait AR. Adverse events and risk
factors associated with the sedation of children by nonanes-
thesiologists. Anesth Analg 1997; 85:1207– 1 2 1 3 .

21. Pena BM, Krauss B. Adverse events of procedural sedation and
analgesia in a pediatric emergency department. Ann Emerg
Med 1999; 34:483– 4 9 1 .

22. Conners GP, Sacks WK, Leahey NF. Variations in sedating
uncooperative, stable children for post-traumatic head CT.
Pediatr Emerg Care 1999; 15:241– 2 4 4 .

23. Lowrie L, Weiss AH, Lacombe C. The pediatric sedation unit: A
mechanism for pediatric sedation. Pediatrics 1998; 102:E30.

24. Krane EJ. The pediatric sedation unit: A mechanism for pedi-
atric sedation [letter to the editor]. Pediatrics 1999; 103:198.

25. Yaster M, Maxwell LG. The pediatric sedation unit: A m e c h a-
nism for pediatric sedation [letter to the editor]. Pediatrics
1999; 103:198– 1 9 9 .

26. Means LJ, Ferrari L, Mancuso TJ, et al. The pediatric sedation
unit: A mechanism for safe pediatric sedation [letter to the
editor]. Pediatrics 1999; 103:199– 2 0 0 .

27. Lowrie. The pediatric sedation unit: A mechanism for pediatric
sedation [reply to letter to the editor]. Pediatrics 1999;
1 0 3 : 2 0 0 – 2 0 1 .

28. Weisman SJ, Bernstein B, Schechter NL. Consequences of inad-
equate analgesia during painful procedures in children. A r c h
Pediatr Adolesc Med 1998; 152:147– 1 4 9 .

29. Silber JF, Kennedy SK, Even-Shoshan O, et al. A n e s t h e s i o l o g i s t
direction and patient outcomes. Anesthesiology 2000;
9 3 : 1 5 2 – 1 6 3 .


