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Key points

• Anaesthesia for neonates requiring emergency
laparotomy should take place in specialized units.

• Multidisciplinary team working with preoperative
optimization and good communication ensures
best possible outcome.

• Surgerymay need to take place in the neonatal unit.

• Ensure blood is available and checked in the theatre
blood fridge before starting the laparotomy.

• Meticulous attention to fluid management, blood
loss, temperature control, and analgesia is essential.

The anaesthetic handling of neonates undergoingmajor abdom-
inal surgical procedures is one of the most demanding tasks that
can confront an anaesthetist. It requires excellent technical skills
and also specific knowledge about the differences of neonatal
physiology and pharmacology.1

For the purposes of this article, neonates include children up
to age of 28 days of life, but could also include older children who
were born pre-term (<37 weeks).

While the conduct of paediatric and neonatal anaesthesia
should be evidence-based, the anaesthetic handling of major
surgery in neonates has, unfortunately, not been the focus
for any large-scale randomized clinical trials. Nevertheless, ex-
trapolation from evidence and experience in dealing with such
patients togetherwith regular auditing and reflections ofmorbid-
ity andmortalitymeetings is the bedrock of neonatal anaesthetic
practice. Although the 2011 NCEPOD2 report recognized that

perioperative mortality in children was much lower than adults,
it also noted that the vast majority of such deaths occurred in in-
fants aged <1 yr and that neonates with necrotizing enterocolitis
(NEC) accounted for 33.1% (103/311) of deathswith the suggestion
that some deaths were caused by delay in diagnosis and oper-
ation. The true incidence of NEC is not really known due mainly
to variations in case definitions, nor is the picture for long-term
outcomes clear. A national attempt to clarify this has started
March 2013 (until February 2014) by the British Association of
Paediatric Surgeons Congenital Anomalies Surveillance System,
https://www.npeu.ox.ac.uk/baps-cass/surveillance/ne. Other na-
tional audits that have been carried out by the same body include
gastroschisis, meconium ileus, oesophageal atresia, and Hirsch-
sprung’s disease.

The concept of managed clinical networks is well established
in theNHS; however, less than half of NHS hospitals are currently
part of a paediatric clinical network and few such networks in-
cluded paediatric anaesthesia. Despite this, it would be unusual
to operate on these neonates outside tertiary referral centres that
care for these children routinely.

Indications for surgery
Most of the conditions necessitating a laparotomy in the neonate
are true ‘medical emergencies’ but do not necessarily require im-
mediate surgical intervention. All will needmedical optimization
before surgery, but the time allowed for such preparation will
vary as to the aetiology of the abdominal condition (Table 1).

Logistics
Most conditions are uncommon and treatment in specialist
centres enables concentration of appropriate resources and
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expertise. Co-morbidity is common, particularly in the pre-term
or low birth weight infant. Some conditions will warrant in utero
transfer to the specialist neonatal surgical unit. Nearly, all infants
will require nursing on a neonatal intensive care unit (NICU).

A multidisciplinary team of surgeons, anaesthetists, neona-
tologists, haematologists, radiologists, cardiologists, obstetri-
cians, nurses, and other healthcare professionals experienced
in dealing with extremely small infants will provide the best
outcome.3

Consent needs to be full and informed. If the parents are in
another hospital, witnessed phone consent will suffice. In the
unfortunate situation where the surgical condition is incompat-
iblewith life and the laparotomy serves to confirm this suspicion,
then it is desirable that there is consultant neonatal support for
the surgeon taking this difficult decision.

Preoperative assessment and optimization
General history

A detailed history should focus on identifying risk-associated
conditions which will either forewarn the anaesthetist or allow
for optimization of the child. Pregnancy, delivery, birth weight,
Apgar scores, post-conceptual age, and gestational age are all un-
modifiable but nevertheless of importance. Problems encoun-
tered since birth, especially previous trips to theatre are
important guides to anticipating anaesthetic challenges. Any
transfer of a sick neonate, even to the transport incubatormay re-
sult in cardiovascular and respiratory instability. A repeat lapar-
otomy can be notoriously bloody because of adhesions
compounded by coagulopathy and it is essential that a close
eye is kept on blood loss and that packed cells, platelets, and
FFP are available and checked in the nearest blood fridge to
theatre.

Airway: history and examination

A history of airway problems including previous difficulty with
mask ventilation, grade of laryngoscopy, and size (diameter
and length) of tracheal tube is useful to know. A child whose tra-
chea has been intubated for long periods on the NICU and is now
presenting for a laparotomy and fresh tracheal intubation may
have acquired subglottic stenosis. It would be wise to have smal-
ler tubes than expected available before induction for such an
eventuality. Clearly, a diagnosis of one of the many syndromes

which carry a high risk of upper airway obstruction is significant
and needs to be elicited.

Physical examination of the airway is limited in neonates, but
obvious congenital malformations such as Pierre-Robin should
be looked for by casting a clinical eye on the child’s mouth and
neck. If the child’s trachea is already intubated then the anaes-
thetist should check the type, size, and length at the lips includ-
ing confirming position of the tip aligned with the thoracic
vertebrae T1–T2 on the most recent chest X-ray.

Respiratory: history and examination

The most likely respiratory condition that will impact the anaes-
thetic is Infant Respiratory Distress Syndrome (IRDS). This is in-
creasingly likely in infants born at <28 weeks gestation,
particularly those whose mother did not receive two doses of
steroids before delivery. Treatment of IRDS, especially the use
of surfactant, is another indicator of the severity of the lungs’
poor development and may predict ventilation problems in the
perioperative period.

Knowledge of ventilatory difficulties since birth, including the
support delivered and for how long, will be a clue to the severity
of the underlying respiratory condition, even if the child’s re-
spiratory condition currently seems reasonable. Prematurity
also increases the risk of postoperative apnoeas (POA) and a
risk assessmentmust bemade of this if there is a plan to extubate
the trachea after operation. Gestational age, post-conceptual age,
and haemoglobin concentration are inversely proportional to the
risk of POA and there is a direct risk associated with a history of
previous apnoeas. Some centres give a single preoperative dose
of i.v. caffeine (10 mg kg−1) to reduce the risk of POA, although
the evidence is lacking with modern and insoluble anaesthetic
agents.

Notemust be taken of the current level of respiratory support;
none, continuous positive airway pressure (CPAP), bi-level posi-
tive airway pressure, synchronized intermittent mandatory ven-
tilation, pressure-controlled ventilation (PCV), high frequency jet
ventilation (HFJV), oscillation, extra corporeal membrane oxy-
genation (ECMO), FIO2

, and saturations (pre- and post-ductal)
must be taken. Optimization is essential before progressing to
theatre with the proviso that surgical treatment is often the
best way to reverse the overall decline in the baby’s condition
and may be time critical.

Cardiovascular: history and physical examination

Knowledge of the baby’s cardiovascular condition at birth and
history of resuscitation since birth is important as is the history
of the current status. Congenital heart disease (CHD) can range
from the haemodynamically trivial to the critical. It is crucial to
clarify progress of any CHD since birth including treatment and
current echocardiological status. Infants whose CHD is still un-
stable may merit transfer to a unit where there is paediatric car-
diological expertise available on site; but even if this is not
possible or warranted, there needs to be consultation with a
paediatric cardiologist.

It is important to assess the degree of any cardiovascular de-
compensation, the amount of fluid resuscitation, inotropic sup-
port infusions, and the use of invasive monitoring lines
indicates the severity of the episode and adequacy of treatment.
Sepsis-induced decompensation may also cause derangements
of coagulation and necessitate transfusion of packed cells, clot-
ting factors, or platelets.

Table 1 Indications for neonatal emergency laparotomy

Urgency in taking case to
theatre

Examples

Emergency (i.e. as soon as
possible allowing for
resuscitation)

Perforated NEC
NEC failing to respond to medical

management
Intestinal perforation from any cause
Malrotation
Gastroschisis

Semi-urgent (i.e. normally
next available daytime
slot but may become an
emergency depending on
clinical condition)

Intestinal obstruction provided there is
no evidence of perforation or
peritonitis, for example, anorectal
malformations, Hirschsprung’s
disease, duodenal atresia, midgut
atresia, duplication cysts, Meckel’s
diverticulum
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The cardiovascular system should be examined thoroughly
particularly focusing on volume status by noting heart rate
(HR), arterial pressure (AP), capillary refill, core/peripheral tem-
perature, and urine output. Metabolic acidosis may indicate con-
tinued poor perfusion, but also dead or critically ischaemic gut.
The i.v. fluid regime should be documented and blood glucose
noted and treated if <3 or >11 mmol litre−1. Babies who have
not responded fully to fluid resuscitation should ideally be
assessed by echocardiography. Some units will commence
inotropes if the mean AP (MAP) is <30 mm Hg while others use
an MAP which is numerically less than the gestational age in
weeks as their guide. Signs of poor perfusion would be a trigger
for the use of inotropes regardless of the AP. Choice of inotrope
depends on the clinical situation. It would be prudent to com-
mence these before transfer to theatre if there is a suggestion
that the child may decompensate. It is much easier to increase
the rate of an infusion already in progress than to draw up and
commence such an infusion in the middle of an operation.

Current venous access should be noted. Two peripheral can-
nulae, preferably sited in the upper limbs to enable inspection
is the minimum requirement, but care must be taken to be sure
that they are functioning well and secure before surgery starts
as it will be difficult to resite cannulae once the baby is fully
draped. Peripherally inserted central catheters (PICC lines)
should only be used for large fluid boluses in extenuating circum-
stances, but i.v. maintenance infusions should be continued to
ensure line patency. Occasionally, it will be necessary to obtain
central venous access either percutaneously or surgically to
ensure secure venous access.

Investigations

• Haemoglobin: neonatal haemoglobin values are considerably
higher (17–24 g dl−1) thannormal adult values and it is import-
ant to know the starting haemoglobin in order to help decide
the threshold for commencing blood products.

• Coagulation: platelet counts are similar to normal adult values
in termneonates (250–300×109 litre−1) but are frequently lower
in premature neonates (50–150×109 litre−1). Platelet function is
generally normal unless the child is septic. Prolonged pro-
thrombin time and activated partial thromboplastin time
compared with adults values may not indicate a bleeding
tendency and must be viewed in the clinical context. Check
that vitamin K has been administered, if not then give before
surgery commences.

• Cross-match: packed red cells must be available and checked
before commencing surgery. Clotting factors and platelets
should be ordered with haematology consultation.

• Electrolytes and blood gas: formal laboratory analyses are prefer-
able for electrolytes; arterial blood glass gives an assessment of
respiratory function and shunt; capillary blood gases can be
used for pH, bicarbonate, base excess, and glucose. All devia-
tions should be corrected before surgery if possible.

• ECHO and chest X-ray: Asmentioned previously, it is important
to check the position of the tracheal tube and the current car-
diac status.

Perioperative management
Preparation

While the baby is being optimized, time may be used to get the
theatre and the staff ready for surgery. Staff who are familiar
with the challenges of these patients should be on hand to

support the anaesthetist and surgeon. In addition to the requisite
airways, laryngoscopes, tubes, drugs, andfluids, it is important to
prepare appropriate monitoring for a neonate. Warming devices
for both the neonate (e.g. under body forced air warmer) and in-
fused fluids (e.g. co-axial fluid warmer) together with increasing
the ambient theatre temperature will help minimize the inevit-
able heat loss that neonates suffer during a laparotomy. Minim-
izing exposure during induction and surgery is essential: warmed
Gamgee or similar insulating material is useful for this.

The need for adequate, reliable monitoring, from before in-
duction and throughout the procedure is especially important
in neonates because of access difficulties but also the inevitable
interference with the monitoring equipment because of surgical
intervention. Monitoring should include pulse oximetry, capno-
graphy, non-invasive AP, ECG, glucose, and core body tempera-
ture. Position the baby to allow access to a peripheral pulse and
a body part to test capillary refill. A precordial stethoscope will
give confirmation of breath sounds and HR.

The transfer of these often critically ill neonates can be chal-
lenging and should be undertaken either by the anaesthetic or
NICU teams with full monitoring and access to emergency
drugs and equipment. CPAP-dependent babies are usually intu-
bated on NICU before transfer to theatre. Infants already needing
some form of ventilatory support before operation are likely to
continue this need after surgery, and generally, it would be un-
wise to plan an immediate postoperative extubation.

Those babies who need highly sophisticated respiratory sup-
port such as HFJV or nitric oxide (NO) therapy will need careful
consideration as to the best place for the operation. As the surgical
team will get the best conditions for the laparotomy in the paedi-
atric theatre, themedical team should aim towean to convention-
al ventilation, if only for the short period of the operation. Some
units have the ability to provide NO or HFJV in the operating thea-
tres. Otherwise, itmay be necessary, if the infant is too unstable to
transfer, to operate in the NICU. Thiswould also be true, of course,
in those infants who are ECMO dependent. Surgery and anaesthe-
sia on the NICU requires urgent and meticulous preparation.
Issues include adequate space, lighting, equipment, and tech-
nique modification. A flexible, well organized, and experienced
team who communicate well will produce the best results.

Induction of anaesthesia

Critically ill intubated babies should be transferred straight into
theatre. For those babies transferred awake, the use of the anaes-
thetic room will allow for parental presence during induction
of anaesthesia if desired; however, some anaesthetists feel that
induction in theatre is the safer option, reducing the risks
associatedwith secondary transfer.Most infants needing a lapar-
otomywill have a nasogastric tube in situ aspiration before induc-
tion is recommended even if it has been on free drainage. Moving
the baby from side to side during this manoeuvre will maximize
the amount of gastric content removed.

Standard pre-oxygenation can be difficult to perform but is
still recommended in neonates. The median time necessary to
achieve an end-tidal oxygen concentration of ∼90% using a tight-
fitting mask and 6 litre min−1 oxygen flow is 40 s (range = 20–50 s),
and therefore, a pre-oxygenation period of 60 s is recommended.4

However, it should be remembered that desaturation (SpO2
<90%)

can occur very rapidly particularly in those with abnormal lung,
because of the high basal metabolic rate and reduced functional
residual capacity.

Anaesthesia can be induced i.v., by inhalation, or bya combin-
ation of inhalation and i.v. techniques.
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Effective and safe pharmacotherapy is dependent upon an
understanding of the clinical pharmacokinetic (PK) and pharma-
codynamic (PD) properties of the drugs used. Besides age-
dependent differences in PK and PD, differences in adverse
effects should also be considered.5 Theminimal alveolar concen-
tration for inhalation agents is lower in neonates than in infancy
as is their tolerance to high concentrations. It is feasible to cause
an already sick neonate to decompensate cardiovascularly with
liberal quantities of sevoflurane.

Thiopental can be used in conjunction with an opioid, for
example, fentanyl to induce anaesthesia. However, the terminal
half-life of thiopental is very long in premature and newborn
babies and this can result in prolonged emergence from anaes-
thesia and also an increased risk of POA. This will only be rele-
vant if extubation is planned. The PK profile of propofol has
been outlined in infants and small children and is a useful alter-
native to thiopental in the neonate.1

Airway management

Tracheal intubation is mandatory for a safe and effective airway.
Muscle relaxation facilitating atraumatic intubation is achieved
using either a non-depolarizing (e.g. atracurium) or the depolar-
izing neuromuscular blocking agent, succinylcholine. Neonates
are more sensitive to the effects of non-depolarizing neuromus-
cular blocking agents, but their volume of distribution is greater,
so generally the dosing of these drugs is similar to adults. There
are questions about the efficacy of rapid sequence induction in
neonates as the application of cricoid pressure may cause an
inferior view of the larynx.

A detailed discussion on the optimal techniques for mask
ventilation, laryngoscopy, and tracheal intubation are beyond
the scope of this article, but careful preparation and close atten-
tion to detail will maximize the chances of successful intubation
at the first attempt.

Ventilation

Controlled ventilation can be challenging in the neonate under-
going laparotomy, especially as theatre ventilators lack the
sophistication of those on the neonatal intensive care. The situ-
ation is compounded by surgical retractors, lack of access, even
visibility of the baby’s chest, and the detrimental effects of an-
aesthesia to lung and pulmonary vascular mechanics. The ideal
mode of ventilation should maintain adequate and consistent
tidal volume and minute ventilation at low airway pressures.6

This will ensure oxygenation and reduce the risk of barotrauma
and intracerebral bleeds. PCV with adequate paralysis and a
high ventilatory frequency will reduce the risk of ‘fighting the
ventilator’ which can lead to barotrauma. PEEP should help in
preventing collapse of smaller airways and atelectasis. Monitor-
ing adequacy of ventilation can be difficult as the capnography
trace cannot be relied on to give a clear square trace which mir-
rors alveolar carbon dioxide as in adults because of relatively
large dead space in neonates. Capillary gases (or arterial if
available access) may help guide the anaesthetist to optimize
ventilation but the preoperative condition must be considered,
especially in infants who have chronic retention of carbon diox-
ide. Permissive mild hypercapnia (PaCO2 between 6 and 7 kPa)
which allows a reduction in tidal volumes and peak inspiratory
pressures may be the lesser of two evils. Pulse oximeter readings
should be in the mid-90s and hyperoxia avoided to reduce the
risk of retinopathy and bronchopulmonary dysplasia in pre-
term infants.

Cardiovascular

Most neonates presenting for a laparotomy will have already
been resuscitated and have maintenance i.v. fluids in progress.
Continuing the same maintenance regime will allow the anaes-
thetist to focus on the ongoing losses but regular blood capillary
glucose measurements should be performed to ensure that the
stress of the surgery together with dextrose containing mainten-
ance i.v fluids do not make the patient hyperglycaemic. The re-
duction in the rate of the maintenance fluids may be necessary
but completely stopping i.v infusions via PICC lines should be
avoided as it will lead to clotting within the line and loss of this
important vascular access.

Ongoing losses can be divided into insensible loss and blood
loss. It is quite feasible for a neonate undergoing laparotomy
to lose 8–10 ml kg−1 h−1 through evaporation and this should be
replaced using warmed lactated Ringer’s solution. Constant
vigilance of cardiovascular status (HR, AP, cap refill, and core/
peripheral temperature) will guide this fluid administration.

Decision-making for the administration of packed cells is
more difficult. There is no consensus on appropriate transfusion
triggers and the volume of blood to be transfused. Total blood vol-
ume should be estimated before surgery (Table 2); knowledge of
the starting haemoglobin, gestational age, and co-morbidities are
important factors in making the decision to transfuse. Weighing
swabs and measuring suction loss will give a rough estimate of
the blood loss, but it is likely that this may be a considerable
underestimation when there is blood on the surgical drapes.
Account must be taken for wet and contaminated swabs. In add-
ition, when the volumes are so small, it is possible that a relative-
ly large percentage of the blood volume will be lost before the
swab is even weighed. An experienced eye on the surgical field
and the scrub nurses table can give an early warning that trans-
fusion is likely.

In the sick neonate, many will consider transfusion at 10%
total blood loss depending on starting haemoglobin, co-morbidity,
and the stage of the procedure. This may be only 15 ml or less
in the smallest babies. Haematocrit may also be used as a guide
but not be solely relied on. A recent review suggests that a haemo-
globinof 12–14 gdl−1 serves as auseful target for transfusion in the
intraoperative period.7

In very small infants, it is safer to actively syringe in boluses of
fluid/packed red cells or use infusion pumps rather than leave
them to drip in passively which may lead to fluid overload. This
will also allow immediate response to rapid blood loss. It is also
imperative to remember that the haematocrit of the blood lost is
only about half that of the packed cells being administrated so a
rough formulawould be to transfuse 1ml packed cells for every 2
ml blood loss with the difference made up by lactated Ringer’s or
blood products such as FFP and sometimes 4.5% albumin.

Analgesia and postoperative care

A multimodal approach to analgesia is required. Regional
analgesia in the form of a caudal or lumbar epidural provides
excellent intra- and postoperative analgesia, but may not be ap-
propriate in the presence of intra-abdominal sepsis. Without

Table 2 Blood volumes

Age Blood volume (ml kg−1)

Premature 100
Term neonate 90
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this, opioids will be needed either as an i.v. infusion or bolus; i.v.
paracetamol provides background simple analgesia and should
be continued after operation. Care must be taken to reduce the
total dose of local anaesthetics, opioids, and paracetamol as neo-
nates lack mature liver enzymes for the efficient metabolism of
drugs.

After operation, ventilated neonates can be nursed using a
morphine infusion which serves to provide analgesia and toler-
ance to the ventilator. Extubated infants should be nursed in a
high dependency area by a trained paediatric or neonatal nurse.
Nurse-controlled analgesia (NCA) provides a safe and reliable
method of pain relief (Table 3). It is essential that hourly record-
ing of pain scores and vital signs aremade and recorded with es-
calation of care according to local protocols. The paediatric pain
team who are responsible for training and education of all doc-
tors and nurses looking after patients using NCA and epidural in-
fusion devices will review regularly in most units.

Conclusion
Surgical and anaesthetic care for neonates requiring laparotomy
is best delivered in units which have the multidisciplinary sup-
port for these challenging patients and performs these opera-
tions on a regular basis. A logical approach to preoperative
optimization, meticulous attention to detail with perioperative
anaesthetic concerns, and postoperative nursing on an NICU,
PICU, or occasionally on a highly skilled paediatric surgical
ward will achieve the best results.
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Explanatory notes
1. Gestational age, post-conceptual age and haemoglobin are in-

versely proportional to the risk of POA. There is a direct risk
with history of apnoeas. There is no associationwith ethnicity.

2. The dose of depolarizing neuromuscular blocking agents is
similar to adults. Neonates are more sensitive to them, but
their volume of distribution is greater. The MAC for inhala-
tional agents in neonates is lower than in infancy and they
do not tolerate high concentrations of sevoflurane which
can cause decompensation.

The terminal half-life of thiopental is prolonged which
can delay emergence from anaesthesia and can increase the
risk of POA. In neonates, morphine NCA background is
lower than in children, typically being 0.2 ml h−1 (4 μg kg−1

h−1). Higher backgrounds may be tolerated by neonates who
are not opioid naïve.

3. Estimated blood volume in a premature baby is 100 ml kg−1.
Although 10% blood loss is a trigger to consider transfusion,
this will depend on the starting haemoglobin, co-morbidity,
and the stage of the procedure. Blood loss should be replaced
on 1ml packed cells to 2ml blood loss ratio. Haemoglobin va-
lues are 17–24 g dl−1 in neonates. It is essential that vitamin K
is given before surgery as all neonates are deficient due to
minimal placental transfer.

4. Neonates on ECMO will have their operation on the neonatal
unit as these critically ill babies cannot be moved to theatre.
Neonates on CPAP should be intubated on the neonatal unit
before transfer to theatre to ensure a safe and secure airway.
PEEP ismandatory to help prevent collapse of smaller airways
and atelectasis. Permissive hypercapnia is tolerable to reduce
peak inspiratory pressure which may cause barotrauma. Hy-
peroxia can contribute to retinopathy of prematurity.

Table 3 Perioperative analgesia regimens

Mode of analgesia Drug and dose Comment

Opioid infusion (ventilated
neonate)

Morphine 1 mg kg−1 in 50 ml 5 or 10% dextrose or 0.9% sodium
chloride, to run at 0–2 ml h−1 (0–40 μg kg−1 h−1)

Double or triple concentration infusions
may be needed in fluid-restricted
neonates

Nurse-controlled analgesia Solution as above, typical settings are 0.2 ml h−1 background
infusion (0.4 μg kg−1 h−1, 0.5 ml bolus (10 μg kg−1) and 20 min
lockout interval

May need to be increased in neonates who
are not opioid naïve

Epidural—sited as close to the
surgical level as possible

0.1–0.3ml kg−1 h−1 of 0.1% bupivacaine or 0.125% levobupivacaine Usually run for 48 h

Co-analgesia Paracetamol i.v.
32–36 weeks 7.5 mg kg−1

8 hourly
Term 10 mg kg−1

4–6 hourly

Maximum doses
25 mg kg−1 day−1

30 mg kg−1 day−1

Anaesthesia for neonatal emergency laparotomy

198 BJA Education | Volume 15, Number 4, 2015

D
ow

nloaded from
 https://academ

ic.oup.com
/bjaed/article/15/4/194/305759 by guest on 16 M

ay 2023

www.access.oxfordjournals.org
www.access.oxfordjournals.org
www.access.oxfordjournals.org
www.access.oxfordjournals.org


<<
  /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
  /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 /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /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

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


