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Preface

In the tradition of the first six editions, this seventh edition of the Manual of
Pediatric Anesthesia is designed as a concise but comprehensive pocketbook
guide to pediatric anesthesia practice. We are honored and excited to join with
the Springer Publishing family of anesthesia texts to produce this latest edition.
Since its inception, this has been a book to be carried in the pocket or available
on the desk for handy reference. With this edition, Springer will add an online
version for even easier immediate pocketsize reference.

The Manual outlines the important considerations when anesthetizing
infants and children, describes management problems, and presents a course of
action for treating many of your pediatric patients. Each chapter also directs you
to further reading. For the resident in training, it provides a compact but com-
prehensive source of current information concerning pediatric anesthesia
practice.

The three authors have a combined total of more than a century of clinical
experience in providing perioperative care for children of all ages having all
types of surgical procedures. In recent years, our practices have extended outside
the operating room to care for children having a wide variety of medical and
minor surgical procedures as well as to provide pain management throughout
the hospital.

In preparing this edition of the Manual, we have compiled an evidence-based
approach based on the literature and fused this with our own experiences to
synthesize optimal clinical strategies for each scenario. The information pre-
sented has been reviewed by all three authors and a consensus reached on con-
troversial topics. In many instances, we recommend a course of action for a
given clinical situation. When we do this, it is based on what has worked well for
us. However, we recognize that others may have different ideas, approaches, and
constraints on their practices that may require them to adapt to ensure a suc-
cessful outcome.

It is now over 35 years since the first edition of this book appeared. Many
changes in our practice have occurred during this time. Some occurred in
response to the expanding scope of pediatric surgery; others resulted from the




vi Preface

progressive introduction of new anesthesia drugs and technologies, plus new
visions of what constitutes optimal pediatric anesthesia care. It is satisfying that
many of these changes were a result of the simultaneous proliferation of clinical
investigations relating to anesthesia care for infants and children. We are now
able to practice evidence-based anesthesia care much of the time.

Yet still, questions remain. The current debate regarding the safety of the use
of general anesthetics in the very young child demonstrates that we must con-
stantly be ready to meet new challenges and accept possible new concepts if we
are to continue to deliver safe care to our youngest patients.

Children remain the most rewarding patients to manage. There is great satis-
faction in the successful management of the tiny infant, the reticent child, or the
many other children that you will meet in your practice. We hope that our hand-
book will help you to achieve this satisfaction.

Buffalo, NY Jerrold Lerman
Quincy, MA Charles J. Coté
Blaine, WA David J. Steward
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2,3-DPG 2,3-diphosphoglycerate

EACA Epsilon-aminocaproic acid

EBV Estimated blood volume
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Extracellular fluid
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LDH Lactate dehydrogenase
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Obstructive sleep apnea
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Arterial oxygen pressure

Postanesthesia room
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Patient-controlled analgesia

Patient controlled epidural analgesia
Partial pressure of carbon dioxide (PaCO, arterial car-
bon dioxide; PetCO, end-tidal carbon dioxide)
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Protamine neutralization factor
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SBE
SCIWORA
SGOT
SIADH

SNP
SpO2
SSEP
SVR
TCI
TEE
TEF
TGA
TIVA
TLC
URTI
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VAE
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Pulmonary vascular resistance

Perfusion
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Retinopathy of prematurity
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Target controlled infusion
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CHAPTER [

Foundations of Pediatric
Anesthesia

PSYCHOLOGICAL ASPECTS OF ANESTHESIA
FOR CHILDREN

Hospitalization and/or medical procedures can have profound emotional
consequences for infants and children. Some children demonstrate behavior
disturbances that persist long after the event. The extent of the upset is deter-
mined by several factors, the most important of which is the child’s age.

Infants younger than 6 months of age are not upset by separation from par-
ents and readily accept a nurse as a substitute mother. From a psychological
viewpoint, this is probably a good age for major surgery, although prolonged
separation may impair parent-child bonding.

Older infants and young children (6 months to 5 years) are much more upset
by a hospital stay, especially with separation from family and home; ambulatory
surgery is much less upsetting. Separation of a preschool-age child from their
parents at the time of surgery, even ambulatory surgery, is a stress that requires
consideration. Explanations of procedures and the need for them are difficult at
this age, and, not surprisingly, these children show the most severe behavior
regression after hospitalization.

School-age children are usually less upset by separation and more concerned
with the surgical procedure and its possible mutilating effect. They often have
the wildest misconceptions of what their surgery involves. In contrast, adoles-
cents fear the process of narcosis, the loss of control, of waking up during the
surgery, and the possibility of not being able to face the process calmly. It is for
these reasons that providing as much information as possible is essential, along
with assuring them that they will not awaken during anesthesia and feel the pain
of surgery and that they will awaken at the end.

The type and extent of the surgery is an important factor. Major surgery,
craniofacial surgery, and amputation of a limb are especially distressing, and
appropriate psychiatric support is essential. Surgery of the genitalia in particu-
lar may have important psychological implications in children over 18 months
of age.

© Springer International Publishing Switzerland 2016 1
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Factors other than age also influence the child’s emotional response. For
example, a prolonged hospitalization is much more disturbing than a brief
admission, although the former has been mitigated in part by having parents
“live in” with their children during hospital stays. Ambulatory surgery usually
has a negligible emotional effect on most children, whereas repeated hospitaliza-
tions and surgeries may cause significant psychological disturbance; a previous
bad experience may be long remembered.

Children vary in their responses to impending hospitalization or medical
intervention. Some seek information and participate keenly in preparation pro-
grams; they have an active coping style. These children are likely to benefit from
psychological preparation and can be expected to cooperate. Others maintain an
air of disinterest; they have an avoidant coping style (the “silent child”). Children
in the latter group may not benefit and indeed may be further sensitized by
efforts at psychological preparation. They may benefit more from an effective
anxiolytic premedication (see later discussion).

Psychological Preparation

Preoperative psychological preparation is very important and has been clearly
demonstrated to benefit the children. In most cases, the parents prepare the chil-
dren for surgery, although the extent to which the children can be prepared is
determined by the child’s age. The basic objective is to explain to the child in
simple, understandable, and reassuring terms what will happen at the hospital.
Older children and adolescents should be prepared well in advance, as soon as
hospitalization is arranged. Younger children should not be prepared too far in
advance—it is unnecessary and will be a continuing source of worry for them.
Rather, they should be prepared a day or so beforehand.

Hospital tours, puppet shows, and/or audiovisual presentations should be
available, as all have been shown to be beneficial. Videotapes are most useful and
may be loaned to parents. In some centers, prehospital preparation programs for
children have been televised via community television stations on a weekly basis.
In this way, a whole population of children can be prepared for the possibility of
hospitalization, rather than just those scheduled for surgery. Many older chil-
dren (older than 5 years) benefit from preoperative information about the oper-
ation itself, how much it will hurt afterward and for how long, and what will be
done to ease the pain.
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Meeting with the Parents

Being unable to choose parents for your patients, you must make do with those who come
with the child ... ; it would be abnormal if they showed no anxiety

Mellish (1969)

Parents are playing an increasingly active role in the perioperative care of
their children; many expect to be present at induction of anesthesia and in the
recovery room. However, some parents are more anxious than others, and this is
readily perceived and may further upset the child. Good preparation of the par-
ents reduces parental anxiety and indirectly helps the child.

There are many factors that influence the extent of parental anxiety when a
child requires surgery. Even parents of children with only minor problems may
initially be very anxious. Complete explanations and good communication with
the medical and nursing teams usually do much to reduce their anxiety level. In
particular, it is important to describe to parents how their child could respond
during induction of anesthesia (eyes rolling up, movements of the arms and
legs, and turning of the head) and to reassure them that these are normal
and expected responses.

Obtaining Consent

The anesthesiologist is placed in a difficult situation when obtaining informed
consent for general anesthesia; providing information on all the potential risks
before a minor surgical procedure might well be expected to increase the level of
anxiety of the parents. Parents benefit from an appropriate discussion of the
risks of anesthesia in that this fulfills their own needs of responsibility and
understanding. The parents should be permitted to dictate the extent of the
information they wish to be given. Most parents of healthy children having
minor procedures accept that there are risks and prefer to have the opportunity
to discuss these risks. Such discussions should, of course, be outside the earshot
of the young child.

In general, the anesthesiologist should rely on some well-established general
principles in dealing with anxious parents. An approach that has been found
most helpful in decreasing parental anxiety is one built on genuine warmth and
friendliness, empathy, and understanding. Parents like to be listened to; discus-
sions should allow ample time for questions and for the parents to express their
concerns and ideas about the child and the proposed anesthesia process. Parents
are reassured after a clear and thorough discussion of the plan for preoperative
anxiolysis, how their child will be anesthetized, monitored (and the information
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the monitors will provide), and provided with postoperative pain relief. A video-
taped explanation may be helpful, but should be augmented by a personal
interview. An overall discussion of risks, in particular those specific to their
child, helps to place risk in perspective. Assurance that their child’s anesthesia
will be specifically designed with their child’s safety and the surgeon’s needs in
mind also helps to relieve anxiety. Every parent will be pleased if you communi-
cate the message, “We will design your child’s anesthetic with his/her medical
issues and the needs of the surgeon in mind. We will be with your child at all the
times during the anesthetic!” (see Chap. 4 for further discussion re: consent).

Parental Presence at Induction

Although many parents express a desire to be present at induction of anesthesia
for their child, a large body of evidence has demonstrated that while parental
presence at induction of anesthesia (PPTIA) may reduce parental anxiety, it has
either no effect or less effect than other strategies (i.e., midazolam) in reducing
the child’s anxiety. Practitioners and institutions vary widely in embracing PPIA;
some only permit PPIA under special circumstances, whereas others allow all
parents to be present. The entire surgical team must endorse adopting PPIA. We
believe that parents should be educated regarding their role and responsibilities
at the induction through a presurgical education program (e.g., by video dem-
onstration or attending a class). Such a practice will reduce disruptions and
outbursts at induction, at a time when all attention should be focused on the
child. Certainly, many parents of handicapped children or of children with life-
threatening disease (e.g., cancer) can often be of great assistance to the anesthe-
siologist during the induction. Many parents are calm and supportive of their
child and benefit from participating in the induction process. Having the child
sit on their parent’s lap while the parent hugs their child and holds their arms at
the side allows the parents to feel that they are part of the process in a supportive
way, while a mask is gently applied to the child’s face.

The overanxious parent requires special consideration. Excessive anxiety is
often of multifactorial origin and may not be entirely related to the child’s pres-
ent surgical condition. These parents may not reduce their anxiety levels from
additional information about the forthcoming procedure. An anxious parent
who insists on remaining with the child may do more harm than good and may
increase the child’s anxiety level. Such anxious parents should be counseled and
excluded if possible. Adequate preoperative sedation of the child may help them
to agree to this course. Certainly, there is no benefit for parental presence for a
neonate or infant who is not fearful of strangers due to their young developmen-
tal level or for the child in need of a rapid sequence induction. It must be clear
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that parental presence during induction is a privilege given at the discretion of
the anesthesiologist in what you deem to be for the best interests of the child and
the child’s safety.

The Anesthesiologist and the Child

Anesthesia, and particularly the induction period, is recognized to have the poten-
tial to cause psychological trauma. Studies indicate that anesthesiologists vary in
their ability to relate to children and minimize this upset. An empathic approach to
the child before and during medical procedures is preferred (e.g., “This may be a
little uncomfortable and I know you are scared, but we are going to do all we can to
help and it will soon be over. We don’t mind if you cry”). The alternative directive
approach (“Hold still and be big and brave”) is generally condemned.

Premedication with an oral anxiolytic is beneficial in decreasing anxiety dur-
ing separation, increasing cooperation during induction, and decreasing post
hospitalization behavior disturbance.

Caution should be exercised in caring for the silent child who has an avoidant
coping style, especially the child who must undergo repeat procedures because
such a child may not respond as well to routine preparation methods. Some may
respond more favorably if they are allowed to continue with their avoidant cop-
ing pattern but are given a well-chosen preoperative medication.

Preparing Infants and Children for an Operation

1. Try to meet the young child with the parents so that the child can see them
accept you.

2. Direct most of your attention at all times to the child, even if he or she is
developmentally delayed. Try to maintain eye contact; it helps to sit along-
side the child, on the floor if necessary.

3. Talk to the child in simple terms that the child can understand. Children
who are old enough to understand and who have not had surgery previ-
ously should be informed that they will feel they were anesthetized for as
long as it takes to “blink,” but the surgery will be finished.

4. Pay special attention to the silent child and recognize that he or she may be
very upset. Consider the use of a suitable sedative premedication if not oth-
erwise contraindicated.

5. Explain all the procedures to be undertaken in clear and simple terms while
avoiding unnecessary and alarming details. Some children may ask about
the operation: try to help them understand what is to be done, using
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drawings if necessary. Older children in particular may be scared and grossly
overestimate the extent of the procedure. They must be reassured, for
instance, about the small size of the incision. They may benefit from pre-
medication (see p. 52).

. Do not use the phrase “put you to sleep”—this may worry some children if

they recall a family pet that never came back! It may also cause them to
worry that they might wake up from their “sleep” when the operation starts
or while it is still in progress.

. Do not present the child with unpleasant and difficult choices. For example,

avoid questions such as, “Do you want the needle or the mask?” Tell the child
what you intend to do and then try to meet any special requests (e.g., “I do
not want a needle, I want to go to sleep with the mask” or “I'd like to hold the
mask myself”). For inhalational inductions, let the child select a flavor to
apply to their anesthesia mask.

. Avoid uncovering the child more than necessary to complete the physical

examination; many children get upset at being disrobed.

. Many distraction strategies reduce children’s anxiety preoperatively as well

as premedication including iPad tablets, hand-held computer games, televi-
sion and cartoons, video glasses, music, and magic. Clowns are also effective
but are much less practical for many facilities. Allow the child to continue
using the distraction strategy until anesthesia is induced.

Allow the young child to bring a favorite toy or other security object to the
operating room (OR). Label the toy with the child’s name; if it is a doll, sug-
gest that perhaps the doll should also get a cast or a dressing applied during
the operation. If the child is able, let him or her walk hand in hand to the OR
rather than be carried or wheeled: children are quite independent and feel
more at ease walking.

If appropriate, allow those parents who are judged to be calm and support-
ive to accompany their child during the induction. If this is not possible,
both the child and the parents may be helped by premedicating the child
(e.g., oral midazolam, see p. 52). The parents are much more satisfied if
their child separates from them very well sedated. It is sometimes useful to
start an intravenous infusion away from the OR with the parents present,
especially for handicapped or developmentally delayed children. The intra-
venous route can then be used for both premedication (e.g., midazolam)
and/or induction of anesthesia as soon as the child is in the OR. Some prefer
to use local analgesia to insert the intravenous cannula; topical anesthetic
cream is ideal if it can be applied well in advance (see p. 634).

Select the most appropriate induction technique for each child and proceed
without delay. Do not allow the child to wait on the OR table longer than is
absolutely necessary to apply the basic monitors: a pulse oximeter may be
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the only monitor that can be maintained during induction of anesthesia in
a combative child.

13. Talk to the child throughout to explain or distract him or her as “magic
laughing gas” (70 % nitrous oxide) is administered. Add 8 % sevoflurane to
complete the induction.

14. Ensure that all extraneous noises and conversations are excluded during this
time. Only one person should be talking to the child. Quiet soothing music
may help.

15. An empathic approach should be used to prepare the child. Small children
who are crying during venipuncture can often be calmed by telling them,
“We will put on a Band-Aid in a minute”

16. Tell the child what to expect during the recovery, where recovery will take
place, what discomfort they may experience, and for how long. Carefully
explain such items as eye patches, nasogastric tubes, and catheters as neces-
sary and that they will be inserted while the child is anesthetized. A urinary
catheter may look like a giant worm to an unprepared child! Assure the
child that any pain will be treated.

17. Discuss in detail the plan for postoperative pain relief with both the family
and the child.

Postoperative Care

The parents should be reunited with their child as soon as it is practical—before
the child awakens, if possible. It is imperative that the parents are cautioned that
if an emergency occurs in the recovery room, they will be returned to the parent
waiting room until it is appropriate for them to return. Every effort should be
made to provide good, but safe, analgesia. Regional nerve blocks, opioid infu-
sions, patient-controlled analgesia, epidural opioids, and all ancillary techniques
used in adults should be considered, discussed with the parents, and provided
for infants and children when appropriate. A discussion of what the parents can
expect postoperatively at home and the need for postoperative oral analgesics is
also important.

In the intensive care unit (ICU), the child’s problems are similar to those for
adults: pain, lack of sleep, and, later, boredom. In addition, children have their
own special concerns, such as separation from the family. Special attention
should be directed to pain relief, regular visitation by the parents, and provision
of toys, games, and other distractions (e.g., television, computer games) as the
child’s condition improves. Parents of children in the ICU benefit by being kept
very well informed of their child’s condition and progress, and they must also be
continuously updated on the treatment plans for their child.
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CHAPTER [

Anatomy and Physiology

CENTRAL NERVOUS SYSTEM

The central nervous system in the neonate differs from that in the older child:
the myelination of nerve fibers is incomplete, and the cerebral cortex is less
developed; its cellular elements continue to increase during the first years of life.
Reflexes not seen in older children may be elicited. Neonatal spinal reflexes are
more generalized and the threshold is lower. In the preterm, brainstem-evoked
potentials are prolonged, and the normalization of these coincides with matura-
tion of respiratory control mechanisms.

Anesthesia-induced developmental neurotoxicity has been demonstrated in
some neonatal animal models, but the significance of this to humans remains
uncertain and will be difficult to fully determine. Meanwhile, appropriate anes-
thesia and analgesia should be provided to all young children.

Sensitivity to Pain

Until quite recently, little was understood of the ability of infants and small chil-
dren to appreciate pain. As a result, there was an unfortunate tendency to ignore
the need for analgesia during painful procedures, even during and after surgical
operations. It is now well established that neonates, including those born pre-
maturely, may have increased sensitivity to pain and will react to it with tachy-
cardia, hypertension, increased intracranial pressure, and a neuroendocrine
response that exceeds that reported in adults. Infants demonstrate measurable
behavioral responses to pain (e.g., crying, grimacing, restlessness); these res-
ponses have been used as a basis for pain scoring systems. Evidence suggests that
infants who are subjected to painful procedures (e.g., circumcision) without
adequate analgesia may experience an increased sensitivity to pain as older chil-
dren. This has been attributed to the persistence of alterations in the infant’s
central processing of painful stimuli. Control of intraoperative and postopera-
tive pain, by modifying stress responses, may possibly even improve survival in
infants with critical illness. It is for these reasons that we provide optimal
analgesia or anesthesia for all infants and children during and after any painful
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procedure with the same care as we do for adults. As children grow from infancy
into early childhood, their pain threshold remains reduced compared with that
of older children or adults.

CRANIUM AND INTRACRANIAL PRESSURE

The skull is less rigid in infants than in adults. As a result, an increase in the
volume of its contents—Dblood, cerebral spinal fluid (CSF), and brain tissue—
can be accommodated to some extent by expansion of the fontanelles and sepa-
ration of the suture lines. Palpation of the fontanelles can be used to assess
intracranial pressure in infants. Intracranial pressure (ICP) increases with age
ranging from 0—6 mmHg in infants to 13—15 mmHg in adolescents.

CEREBRAL BLOOD FLOW AND INTRAVENTRICULAR
HEMORRHAGE

Autoregulation of cerebral blood flow (CBF) is impaired in sick neonates, ren-
dering CBF pressure dependent. The threshold below which autoregulation of
CBF is impaired is unknown, although some hold that this threshold (mean BP)
is the gestational age in mmHg. Hypotension may lead to cerebral ischemia, and
pressure fluctuations are transmitted to the capillary circulation. In the preterm
infant, the cerebral vessels are very fragile, especially in the region of the germi-
nal matrix overlying the caudate nucleus. Rupture of these vessels leads to intra-
cerebral hemorrhage, which often extends into the ventricular system as an
intraventricular hemorrhage (IVH).

Small preterm infants are very prone to IVH, which usually occurs during the
first few days after birth and is a leading cause of mortality and morbidity; sur-
vivors have a high incidence of cerebral palsy, mental retardation, hydrocepha-
lus, and psychiatric disorders. Potential predisposing factors to IVH include
hypoxia, hypercarbia, hypernatremia, fluctuations in arterial or venous pres-
sure, low hematocrit, overtransfusion, and rapid administration of hypertonic
fluids (e.g., sodium bicarbonate, dextrose).

The anesthesiologist should avoid precipitating these factors in the small pre-
term infant: airway manipulations, including awake tracheal intubation, and
suctioning have been shown to increase blood pressure and anterior fontanelle
pressure to similar extents, similar to coughing as well. “Awake” intubation
should be avoided whenever possible (even though a definite relationship
between “awake” tracheal intubation and IVH has never been established). If the
airway is known or appears to be difficult to secure or maintain by facemask,
then an “awake” or preferably sedated tracheal intubation is a reasonable choice.
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If an awake tracheal intubation is planned, topical analgesia to the mouth and
palate (using weight-appropriate doses of local anesthetic [see p. 142]) may
attenuate the infant’s physiologic responses.

To further prevent blood pressure fluctuations during surgery or painful pro-
cedures, adequate anesthesia and analgesia should be provided. Rapid injections
of undiluted hypertonic solutions, such as dextrose or sodium bicarbonate,
should be avoided. Care should be taken to replace blood losses accurately.
Severeanemiaand/or coagulopathy should be corrected promptly. Periventricular
leukomalacia is a major feature of persistent brain damage in small preterm
infants and may follow IVH or may be a direct consequence of prematurity,
hypoxia, ischemia, inflammation, and chronic persistent hypotension. Indo-
methacin therapy may reduce the incidence of severe IVH.

CEREBROSPINAL FLUID AND HYDROCEPHALUS

The CSE which occupies the cerebral ventricles and the subarachnoid spaces
surrounding the brain and spinal cord, is formed by choroid plexuses in the
temporal horns of the lateral ventricles, the posterior portion of the third ven-
tricle, and the roof of the fourth ventricle. Meningeal and ependymal vessels and
blood vessels of the brain and spinal cord also contribute small volumes of CSE

The choroid plexuses are cauliflower-like structures consisting of blood
vessels covered by thin epithelium through which CSF continuously exudes.
The rate of CSF formation is variable, increasing in the first two years to ~0.13
mL/min. Except for the active secretion of a few substances by the choroid
plexus, CSF is similar in composition to interstitial fluid.

CSF flow is initiated by pulsations in the choroid plexus. From the lateral
ventricles, CSF passes into the third ventricle via the foramen of Monro and
along the aqueduct of Sylvius into the fourth ventricle, each ventricle contribut-
ing more fluid by secretion from its choroid plexus. CSF then flows through the
two lateral foramina of Luschka and the midline foramen of Magendie into the
cisterna magna and throughout the subarachnoid spaces. CSF is reabsorbed into
the blood by hydrostatic filtration through the arachnoid villi, which project
from the subarachnoid space into the venous sinuses. Hydrocephalus is an
abnormal accumulation of CSF within the cranium that may be either obstruc-
tive or nonobstructive.

Obstructive hydrocephalus is caused by a blockage in the flow of CSE. It may
be communicating (e.g., when the CSF pathway into the subarachnoid space is
open, as after chronic arachnoiditis) or noncommunicating (e.g., when the flu-
id’s pathway proximal to the subarachnoid space is obstructed, as in aqueductal
stenosis or Arnold-Chiari malformation).
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Nonobstructive hydrocephalus is caused by a reduction in the volume of
brain substance, with secondary dilation of the ventricles; by overproduction of
CSF (e.g., in choroid plexus papilloma); or by diminished reabsorption of CSF
due to scarring.

EYES
Retinopathy of Prematurity

Retinopathy of prematurity (ROP), which is caused by retinal vessel prolifera-
tion and retinal detachment, is a leading cause of blindness. Improved survival
of very-low-birth-weight infants increased the incidence of this condition. ROP
is most common in neonates weighing less than 1500 g. The role of increased
oxygen levels in the blood in the etiology of ROP has long been recognized.
Limiting the inspired oxygen concentration reduces ROP but, if excessive, may
increase both mortality and the incidence of necrotizing enterocolitis. The
development of ROP is now considered to progress in stages. Preterm birth
exposes the retina to oxygen levels in the blood that are greater than those dur-
ing intrauterine development, which decreases local vascular growth factors,
interrupting the orderly vascularization to the retinal periphery. In the second
phase, the peripheral retina becomes metabolically active but with inadequate
perfusion. Hypoxic ischemic damage ensues. Inspired oxygen levels in the blood
accelerate this process and compound the situation by high levels of damaging
“reactive oxygen species.”

The clinical factors associated with ROP include hyperoxia, hypoxia, hyper-
carbia, or hypocarbia, blood transfusion, recurrent apnea, sepsis, and other sys-
temic illness. Occasionally, ROP occurs in infants who have never been given
supplemental oxygen and even in infants with cyanotic congenital heart disease.
A major multi-institutional study of tight control of oxygen administration
failed to reduce the incidence of ROP. Nevertheless, the inspired oxygen concen-
tration should be carefully controlled in all preterm infants to prevent unneces-
sary hyperoxia. Large fluctuations in inspired oxygen concentrations should be
avoided. The safe level of PaO, is now considered to be 50-70 mmHg. Monitoring
oxygen saturation at a preductal site (right hand or earlobe), maintaining the
arterial oxygen saturation (Sa0O,) at 90-95 %, and avoiding large fluctuations in
oxygen levels are recommended. On occasion, it may still be necessary to err on
the side of safety and administer greater inspired oxygen concentrations. Major
surgical procedures do not appear to predispose infants to ROP.
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