












































































































































































































































































































































































































































































































































































































































Bedside Ultrasonography in the Critically I1l Patient

care), ultrasonography of the IVC offers clear advantages over
invasive measures of CVP. Emergency medicine literature on
this subject is emerging, most notably a recent study by Nagdev
et al, which found that emergency physicians were able to ac-
curately predict which patients had a CVP lower than 8 mm Hg
based on a bedside sonographic assessment (using visual estima-
tion) with sensitivity 0f 91% (95% CI, 71%-99%) and specific-
ity of 94% (95% Cl, 84%-99%).**

In order to visualize the IVC, place a curvilinear or micro-
convex transducer in the subxiphoid area, directed perpendicu-
lar to the floor. As is the convention in emergency medicine

Longitudinal view of the IVC, showing the right atrial border
to the left side of the image. The diameter of the IVC should
be assessed at a point about 3 cm caudal to the right atrial
junction. Image courtesy of Arun Nagdev, MD,
ACMC-Highland.

Longitudinal view showing a very narrow IVC, defined as
“flat”—suggestive of a volume-depleted patient. Image
courtesy of Arun Nagdev, MD, ACMC-Highland.

ultrasonography, the transducer indicator should point to the
patient’s right. Identify the round, hypoechoic (dark) aorta
to the left of the patient’s spine, the eccentrically shaped hy-
poechoic IVC to the right of the spine, and the bright thoracic
spine deep relative to those structures in this transverse/axial
plane.

Next, tilt the cable end of the transducer to the patient’s left,
centering the [VC in the image field. With the IVC at the cen-
ter of the screen, rotate the transducer clockwise 90° to view the
IVC longitudinally. Visualize the right atrium contracting at
the cephalic termination of the IVC (Figure 20-13).

From here, the goal is to visually estimate the change in IVC
diameter (collapse of near field wall toward far field wall) with
normal respiration (or with positive-pressure ventilation) at a
point approximately 3 ¢m distal to the junction with the right
atrium, or at about the level of the right renal vein takeoff.
The degree to which the IVC collapses is believed to correlate
with intravascular volume status. The degree of collapse of the
[VC has been described as the “caval index”—that is, a collapse
of the IVC of more than 50% of its normal size would indicate a
caval index above 0.5. The relationship of IVC collapse to CVP
is as follows:

* IVC collapse of more than 50% (caval index above 0.5)
suggests a CVP of less than 8 cm H,0, a hypovolemic
state;

» [VC collapse of less than 50% (caval index below 0.5)
suggestsa CVD of less than 10 cm H,0, a hypervolemic
state.

A particularly dehydrated patient can show a frankly “flac”

appearing IVC, which is demonstrative of volume depletion

Normal lung, showing two comet tails (arrows) visible
on this static image. Lung sliding and comet tails, being
dynamic findings, are difficult to appreciate in static
images.
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(Figure 20-14). Treatment hinges on clinical presentation and
desired clinical endpoint.

KEY POINT

Physiology of IVC collapse: In a spontaneously breathing
patient, the relatively negative intrathoracic pressure
of inspiration draws blood from the IVC into the thorax,
resulting in a transient decrease in the caliber of the IVC.

In some cases, the [VC may not appear to change with the
respiratory cycle. A so-called plethoric IVC suggests elevated
right atrial pressure. The differential diagnosis includes massive
pulmonary embolus, tamponade, significant pulmonary hyper-
tension, volume overload with cardiac dysfunction, restrictive
heart disease, intrinsic positive end-expiratory pressure, tension
pneumothorax, or any cause of elevated intrathoracic pressure.
(This finding should prompt the physician to obtain a bedside
echocardiogram if it has not been done already.)

Note, however, that patients on positive-pressure ventilation
have a reversed relationship of I VC diameter to inspiration be-
cause positive pressure during inflation/inspiration of lungs re-
sults in [VC distention. Critical care studies have shown a some-
what more complex relationship of IVC diameter to respiration
because of chest wall mechanics and intraabdominal pressure
changes with the positive-pressure respiratory cycle. In short, an
IVC that distends more than 15% with positive-pressure venti-
lation represents a patient who is likely to be fluid responsive.
A patient who has no significant increase in [VC diameter with
positive pressure is less likely to benefit from fluids.>* Given
these small tolerances, this time-consuming determination
must be measured with screen calipers using static images. The
literature supporting this approach is sparse.?"?*%*

Volume-overloaded patients who have had previous treat-
ment with vasodilators or diuretics may demonstrate significant

Another “lung point” sign. The arrow indicates the point at
the pleural interface where sliding lung is seen on the left
side of the screen (with three comet tails), with adjacent
absence of lung to the right of this point. Image courtesy of
Seric Cusick, MD, University of California, Davis.
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IVC collapse (despite having significant fluid volume), yielding
a false—positive interpretation.

KEY POINT
Reassess the IVC after interventions to assess response to
therapy.

Lung Examination

Increasingly, emergency physicians are using ultrasonogra-
phy to evaluate lung pathology. The most established applica-
tions include detecting the presence or absence of pleural slid-
ing, identifying pneumothorax or unventilated lung (as with
mainstem intubation), and imaging the costophrenic angles to
reveal pleural effusion.

Routinely, pneumothorax is diagnosed with plain radio-
graphs of the chest, which can be time-consuming and insensi-
tive. [nterestingly, the sensitivity of ultrasonography for detec-
tion of pneumothorax appears to rival that of standard chest
radiographs, while computed tomography remains the gold
standard.” Patient positioning (such as a supine trauma patient)
can obfuscate the radiographic findings of pneumothorax. Al-
though radiographic imaging is the best means for determining
pneumothorax size, ultrasonography can offer a suggestion of
pneumothorax size if the “lung point” can be seen.

Pneumothorax Evaluation

Begin by using the linear transducer (a microconvex trans-
ducer can also be used). Orient the transducer longitudinally on
the patient. Beginning at the second or third intercostal space,
visualize the bright, hyperechoic pleura between the ribs (the

FIGURE 20-17.

Lung ultrasound image showing no lung sliding. Ribs (R),
seen in transverse section, display distal shadowing. The
bright white line (arrow) is the pleura without comet tails or
signs of sliding.
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ribs appear as bright, semicircular surfaces with shadowing dis-
tally). Compare the affected with the unaffected side. Image the
lung in two or three different interspaces.

Lungs, being air filled, show very poorly on ultrasound; the
pleura, however, is easily appreciated as hyperechoic lines be-
tween rib shadows. Once the pleura has been identified, look
for “lung sliding”—the appearance, at the interface of the pleu-
ral layers, of the visceral pleura sliding back and forth with res-
piration. The presence oflung sliding is a normal finding, as the
pleural surfaces slide freely against one another. An additional
finding in the normal lung, although it is subtle in some pa-
tients, is the appearance of brightly hyperechoic, round “beads,”
with linear far-field artifacts that slide side-to-side with respira-
tion; these are called comer tails (Figures 20-15 and 20-106).

The absence of lung sliding (that is, the pleura appears as a
stationary hyperechoic line during respiration) suggests pneu-
mothorax (Figure 20-17). However, this finding lacks some
specificity, as the absence of sliding also can be noted in a non-
ventilated lung. Additionally, the absence of sliding can be seen
occasionally in patients with severe bullous lung disease and has
been reported in cases of severe infiltrate and acute respiratory
distress syndrome.?*?

Lung sliding can be difficult to discern in some cases; em-
ploying “movement mode” (abbreviated “M-mode”) on the
ultrasound machine can increase sensitivity. In M-mode, data
from a single vertical slice of the image (usually displayed as
a vertical green line on first press of the M-mode button) are
displayed in the y-axis over time (time = x-axis). Represented
in this way, the normal finding is “the beach” or “the seashore
sign”—a linear appearance in the upper part of the image
(“waves”) with granularity (“sand”) below the level of pleura.
Such alinear finding in M-mode represents a structure with no
significant movement relative to the y-axis, as one would ex-
pect with the soft tissues of chest wall, assuming the operator is
holding the transducer immobile against the chest. In a normal

FIGURE 20-18.

Normal lung seen on M-mode: the “seashore sign.” Note
linearity above the bright, white pleural interface, with
granularity deep to this line. Life is good on the beach.

lung, however, side-to-side motion at the pleural interface and
below results in a grainy artifact deep to the level of the pleura,
representing a sand-like artifact (Figure 20-18). Hence, the sea-
shore—the normal finding, and a good place to be.

Linearity below aswell asabove the pleural interface suggests
the absence of pleural movement on the side being examined—
“waves” but no “sand.” This has been called the “stratosphere
sign” (Figure 20-19).

Be sure to image both sides of the chest in all patients—Dboth
to increase sensitivity and to make a reasonable comparison to
discern what may appear to be a vaguely abnormal finding. The
absence of sliding will be seen only in the interspaces where the
pneumothorax is located. Consequently, small pneumothora-
ces—or those in locations difficult to image (apical or medial
in particular)—are poorly detected by ultrasound.” The overall
sensitivity of ultrasonography for pneumothorax appears to be
better than 90%.*

Increase specificity with the “lung point” sign. Finding the
interface of sliding lung and absence of sliding in a single inter-
space, the so-called lung point, is a highly specific finding for
pneumothorax (reportedly with specificity as high as 100%)®
and suggests the “edge” of the pneumothorax—the point at
which the pleura separates at the chest wall. This information
can help the physician estimate the size of the pneumothorax as
well (Figures 20-16 and 20-20).

Pleural Effusion

In the critically ill patient, pleural effusion or hemothorax
can also be readily identified. With the patient supine, place the
transducer in the midaxillary to posterior axillary line within
the 8th to 11th interspaces. Fluid will appearblack (hypoechoic)
between the white (hyperechoic) pleura. The physician can
quickly image the pleural interface to assess for an intrathoracic
collection of fluid (Figure 20-21).

The appearance of pneumothorax on M-mode: the
“stratosphere sign.” Linearity predominates, giving an
appearance of “waves” without any “beach.” No one wants
to be lost at sea.
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Abdominal Aorta Examination

This examination is similar to the IVC examinarion. Select
a curved abdominal-type or microconvex transducer. With the
patient supine, place the transducer in the epigastric area, aim-
ing perpendicular to the floor. Turn your attention to the aorta
at this level, imaging it in the transverse plane. Interposed bowel
markedly decreases image quality, such that you may initially
see nothing. Apply steady pressure (this may take some time,
and patience will be rewarded) to displace bowel from between
the transducer and the aorta. Follow the aorta down o the level
of the aortic bifurcation (at about the umbilicus), paying atten-
tion to the size of the aorta and its appearance. Then rotate the
transducer 90° to view the aorta in its longitudinal plane. In
obese patients, it may be easier to start imaging from the umbi-
licus as the aorta may be more superficial here, contrary to what
one might expect.

Measure the aorta from outer wall to outer wall. An aortic
diameter larger than 3 cm is technically aneurysmal, and a di-
ameter wider than 5 cm should cause more immediate concern,
especially if the patient is symptomatic. There may be a mural
thrombus in the vessel, which appears gray, in contrast to black
blood. If the vessel is not aneurysmal, and if clinical suspicion
is suggestive, look for an intimal flap. Color-flow technology
may elucidate flow on either side of the flap and can demon-
strate perfusion to branching vessels, which can contribute to
prognostic considerations in the management of a patient with
an acurte dissection.

The “lung point” sign. Long arrow indicates the point at
the pleural interface where sliding lung is seen on the right
side, with adjacent absence of lung to the left of this point.
Short arrows indicate the movement of this interface when
seen in real time. Image courtesy of Zareth Irwin, MD,
University of California, Irvine.
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KEY POINT

A frequent misconception is that aortic rupture can be
detected by ultrasonography. In fact, most ruptures occur
into the retroperitoneum, an area that cannot be visualized
with ultrasonography.

Cardiac Arrest Evaluation

In a patient without palpable pulses, echocardiography may
suggest a cause of circulatory collapse (such as pericardial effu-
sion with tamponade or hypovolemia), just as in patients with
pulses. A key consideration is that detection of pulses during a
cardiac arrest is difficult. In fact, physicians often incorrectly
detect the presence or absence of pulses during cardiac arrest.”’
By visualizing the contractile function of the heart, the physi-
cian may find organized cardiac activity in a pulseless patient,
which should prompt aggressive resuscitative efforts in appro-
priate clinical instances. Cardiac standstill, defined as complete
absence of cardiac activity, indicates a more dismal prognosis,
which can bolster the decision to discontinue resuscitative mea-
sures.’ M-mode can be used to better discern subtle cardiac
movement and in patients in whom cardiac windows are some-
what limited.

The examination may be performed using the parasternal or
subxiphoid view during pulse checks in CPR.* The subxiphoid
view may be useful (particularly for detecting pericardial effu-
sion) during chest compressions, especially as recent advanced
cardiovascular life support advances have stressed the impor-
tance of minimizing interruptions. An algorithm for such an
approach to bedside ultrasonography in non-arrhythmogenic
cardiac arrest has been proposed.”

Image of the right costophrenic angle, showing the superior
edge of the liver with an adjacent hypoechoic pleural
effusion. Note the dark appearance of the effusion in
contrast to the more heterogeneous echogenicity of the
lung parenchyma, seen to the left of the screen (unlabeled).
Image courtesy of Arun Nagdev, MD, ACMC-Highland.
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Conclusion

Ultrasonography allows rapid identification of pathology
and provides a means of reassessment after therapeutic inter-
ventions in critically ill patients. Applications for critical care
ultrasonography continue to be discovered and investigated.
As skill with ultrasonography in the emergency department in-
creases, so will the sophistication of our studies and the quality
of our instruments.
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CHAPTER 21

The Ditficult Emergency Delivery

Jennifer V. Pope and Carrie D. Tibbles

IN THIS CHAPTER

Assessment of the laboring patient

Preparing for precipitous delivery

Management of delivery complications

The perimortem cesarean delivery

Introduction

The arrival of a woman in labor in an emergency department
is an anxiety-provoking event for all involved. Many women
who present to the emergency department in labor have had
little or no prenatal care, increasing the risk of complications to
both mother and fetus."* The goal of this chapter is to review
the assessment of a woman in labor, the steps in a precipitous
delivery, and the management of complications associated with
a vaginal delivery.

Triage of the Pregnant Patient in Labor

Because the emergency department is a suboptimal place for
a delivery, interhospital transfer of patients in labor should be
considered carefully. The Emergency Medical Treatment and
Labor Act (EMTALA) requires that all patients have a medical
screening examination. Although labor can be an emergency
medical condition, stabilization does not necessarily mean de-
livery in each case. As is the case for other emergency medical
conditions, the transferring physician must certify that the ben-
efits of transfer outweigh the risks. Emergency physicians must
be aware of their hospitals’™ policies and resources for laboring
patients. The triage of pregnant patients in labor is summarized
in Figure 21-1.

PEARLS
The physician who initiates an interhospital transfer must
certify that the benefits of transport outweigh the risks.

Under EMTALA guidelines, stabilization of a pregnant
woman who is having contractions does not automatically
mean delivery of the baby.

Assessment of the Laboring Patient

After 20 weeks gestation, any woman with complaints of
abdominal pain, back pain, or vaginal bleeding or discharge
should be assessed for active labor.** Methods for assessing the
laboring patient are described in Figure 21-2. Perform a focused
history and physical, including information about gestational
age and parity. If the patient does not know the gestational age,
it can be estimated based on the date of her last menstrual pe-
riod (Nigele rule’), fundal height, and ultrasonography.

PEARLS
N&agele rule = first day of last menstrual period + 9 months +
7 days®

Measure the fundal height with a tape measure from the
pubic symphysis to the top of the fundus. The measurement
in centimeters roughly estimates the gestational age in
weeks. Fundal height at the umbilicus represents about 20
weeks’ gestation.
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Triage of the pregnant patient in labor

Can this patient be safely transported
to labor and delivery?

Early labor Delivery is imminent High risk

Y

Prepare for emergency

Transfer to labor and delivery Stat transport (if possible)

department delivery

Assessment of the pregnant patient in labor

Assessment of the laboring patient

Mother Fetus
Y Y Y

History Physical Examination Physical Examination
Gestational age ABCs Sonogram

Parity Fundal height Fetal head position

Rupture of membranes Sonogram Fetal heart rate 120-160 bpm
Contractions Sterile bimanual examination Amniotic fluid
Symptoms of preeclampsia or speculum examination

Medical history
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To differentiate berween true and false labor, ask specific
questions regarding possible rupture of membranes, vaginal
bleeding or mucus plug, timing of contractions, and the urge
to push. In the brief review of systems, it is also important to
ask about fevers, headache, visual changes, significant edema,
and right upper quadrant pain in order to assess for potential
complications from infection or eclampsia. Obtain a medical
and surgical history, information about use of medications, and
an allergy history.

Perform a physical examination, starting with vital signs,
airway, breathing, and circulation. Next, measure the fundal
height and determine the position of the fetus. It is estimated
that the frequency of malpresentation ar 32 weeks is as high as
15% and decreases to 4% at term.® If time permits, Leopold
maneuvers may be attempted to determine fetal lie. These ma-
neuvers are sensitive and specific when performed by an expe-
rienced clinician.® For emergency physicians who do not rou-
tinely perform Leopold maneuvers, ultrasonography is a more
useful tool to determine the position of the head, location of the
placenta, presence of amniotic fluid, and fetal heart rate.

If there is no reported significant vaginal bleeding and the
patient appears to be in active labor, perform a sterile bimanual
examination to determine cervical dilation, effacement, and fe-
tal station. Cervical dilation refers to the diameter of the cervix.
Cervical effacement, or thinning of the cervix, is described as a
percentage of normal length of the cervix (about 2 cm)—from
0% to 100%. Fetal station refers to the level of the present-
ing part compared with the maternal ischial spine. Presentation
above the ischial spine is referred to as —1 station. Presentation
at the ischial spine is 0 station. If the presenting part is below
the ischial spine, the scenario isa +1, +2, or +3 station.” A patient
who is 10 cm dilated, 100% effaced, and at +3 station has an
impending delivery. If there is significant vaginal bleeding, do
not perform a bimanual examination because bleeding might
indicate placenta previa or abruption. If either is suspected, im-
mediately transfer the patient to labor and delivery for a possible
cesarean delivery.’

A sterile speculum examination can be performed to visual-
ize the cervix and determine if amniotic fluid is leaking. Am-

TABLE 21-1.

Equipment for emergency delivery

Sterile gloves and gown

Cleaning solution

Two hemostat clamps

Scissors

Bulb syringe

Red-topped blood collection tube (cord blood)

Infant warmer

Neonatal resuscitation equipment

niotic fluid will turn nitrazine paper yellow to blue and, when
smeared on a glass slide, will form crystals in a ferning pzlt[ern.3
If amniotic fluid is present, the presence or absence of brown
staining is important to note: meconium contamination occurs
in 20% of vaginal deliveries, and fetal aspiration of meconium
can cause severe neonatal distress.”®

PEARLS

When examining the cervix, recognize that the cervix can
lie inferior to the head when the head is engaged, making
the assessment more challenging. Run your hand along the
head until you reach the cervix.

If meconium is present, prepare for potential respiratory
distress in the newborn.

KEY POINTS
Perform a focused history and physical examination.

Determine fetal position and fetal heart beat.
Look for the presence of amniotic fluid.

Perform a sterile bimanual examination or sterile speculum
examination.

Preparation for Delivery

Emergency physicians should know where their depart-
ment’s delivery kit is located. The equipment needed for deliv-
ery is listed in Table 21-1. A neonatal warmer and resuscitation
equipment should be available. If the hospital has an obstetric
and neonatal team, the team should be contacted immediately
when the department is notified by EMS of an impending pre-
cipitous delivery.

PEARL
When a delivery is imminent, turn on the neonatal warmer so
that it can warm up.

Normal Delivery

Normal labor is divided into three stages: 1) the start of
regular contractions to full cervical dilation, 2) delivery of the
infant, and 3) delivery of the placenta.” This chaprer focuses on
the second and third stages.

During the second stage of labor, the patient should be
placed in the dorsal lithotomy position. Physicians must know
the cardinal movements of labor (Figure 21-3) in order to guide
the delivery. The head engages at the end of pregnancy (during
the first stage of labor). Flexion, descent, and internal rotation
result in the sagittal suture (crown) moving into the anterior/
posterior diameter of the pelvis.” The second stage typically
proceeds as follows:

*  Most women have the urge to push.

* Iftime permits, clean the perineal area and drape it with

sterile towels.

* Asextension of the head occurs, the perineum will start

to bulge and crowning will occur.

* [f necessary, a mediolateral episiotomy can be performed

at this time. In general, an episiotomy should be
performed only if absolutely necessary because it is
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associated with increased maternal blood loss, risk of
disruption of the anal sphincter, and delay in return of
sexual activiry.

* To minimize injury to the perineum, apply gentle
pressure on the draped perineum with one hand and
place the other hand on the presenting head to minimize
uncontrolled head movements, which can tear the
perineum.“

*  With an index finger, sweep the neck to check for a
nuchal cord. If the cord is present, attempt to gently
slip it over the infant’s head. If the cord is too tight,
apply two clamps and cut the cord between them and
continue with a rapid delivery.*’

e With the next contraction, external rotation of the head
occurs and the shoulder should follow the path of the
head. The anterior shoulder rotates under the pubic
arch. Apply gentle downward traction to deliver the
anterior shoulder.

* The posterior shoulder is then delivered with gentle
upward traction on the head.

* Finally, the body and legs are delivered.

e Use a bulb syringe to clear the infant’s airway.

* Place two clamps on the cord 3 or 4 cm from the infant
and cut berween them. Place cord blood in a sterile
vacuum blood-collection tube.?

e Stimulate and warm the infant while placing him or her
in the mother’s arms or a warmer.

e Obrain Apgar scores at 1, 5, and 10 minutes.

The third stage of delivery involves delivery of the placenta,
which can take 2 to 30 minutes. Signs of placental separation
include a gush of fresh blood, cord lengthening, and the uterus
becoming firm.” At this time, it is acceprable to apply gentle
traction on the cord while applying counterpressure just above
the symphysis to prevent uterine inversion.” Once the placenta
is delivered, inspect it to ensure complete removal. To decrease
the risk of postpartum hemorrhage from uterine atony, transab-
dominally massage the uterus and start 20 units of oxytocin in
1 liter of normal salineat 200 mL/hr.>"° Inspect the perineum,
vagina, and cervix for lacerations that need to be repaired.

KEY POINTS
Steps in normal delivery:

« Clean the perineum.

+  Apply gentle pressure to the perineum with one hand and
control delivery of the head with the other hand.

+ Sweep the neck to check for a nuchal cord.
« Deliver the anterior shoulder.
Deliver the posterior shoulder.
Deliver the body.
+ Suction the airway.
+ Clamp and cut the cord.

+ Document Apgar score at 1, 5, and 10 minutes.

[REDRE21-3. -~ PREse e e e e e bl S
Movements of normal delivery. Mechanism of labor and delivery for vertex presentations. A. Engagement, flexion,

and descent. B. Internal rotation. C. Extension and delivery of the head. After delivery of the head, check the neck for
encirclement by the umbilical cord. D. External rotation, bringing the thorax into the anteroposterior diameter of the pelvis.

E. Delivery of the anterior shoulder. F. Delivery of the posterior shoulder. Note that after delivery, the head is supported

and used to gently guide delivery of the shoulder. Traction should be minimized. From: Tintinalli J, Stapczynski J, Ma OJ,

et al, eds. Tintinalli’'s Emergency Medicine: A Comprehensive Study Guide. 7th ed. New York, NY: McGraw-Hill; 2010:707.

Copyright McGraw-Hill, 2010. Used with permission.
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Shoulder Dystocia

Shoulder dystocia, an obstetric emergency, occurs in 0.13%
to 2% of vaginal deliveries." It is the inability to deliver the
shoulder, often when the feral head recoils back roward the
perineum (the turtle sign).!’ It occurs because the shoulder gir-
dle is in the anteroposterior position instead of the oblique posi-
tion, causing the anterior shoulder to become lodged behind the
pubic symphysis.'" Risk factors include macrosomia, marernal
obesity, and prolonged second stage of labor." One large study
reported the complications of neonatal brachial plexus injury in
20% of cases of shoulder dystocia, clavicle and humerus frac-
ture in 10.6%, and neonaral asphyxia in 8.6%."

As soon as dystocia is identified, stop the mother from push-
ing and call for help. Consider draining the bladder to make

McRoberts maneuver. The maneuver consists of removing
the legs from the stirrups and sharply flexing the thighs up
onto the abdomen, as shown by the horizontal arrow. The
assistant is simultaneously providing suprapubic pressure
(vertical arrow). From: Cunningham FG, Leveno KL, Bloom
SL, et al, eds. Williams Obstetrics. 22nd ed. New York, NY:
McGraw-Hill; 2005:515. Copyright McGraw-Hill, 2005. Used
with permission.

The Difficult Emergency Delivery

more room anteriorly; episioromy may be warranted.* As dem-
onstrated in Figure 21-4, immediately have two assistants flex
the mother’s thighs back to her chest wall (McRoberts maneu-
ver) to rotate the pubic symphysis cephalad and dislodge the
anterior shoulder. The McRoberts maneuver has been reported
to be successful in 42% of cases.” If this does not work, have
an assistant apply suprapubic pressure to attempt to dislodge
the anterior shoulder from behind the symphysis. Success rates
of these two maneuvers have been reported between 54% and
90%.""* If the shoulders are still not deliverable, a Woods or
corkscrew maneuver can be performed by pushing the posterior
shoulder 180° clockwise to make it the anterior shoulder (Figure
21-5). If this is not successful, attempr to deliver the posterior
arm by inserting a hand posteriorly and applying gentle pres-
sure at the antecubital fossa to flex the arm and sweep it over the
chest to deliver it. If none of these maneuvers is successful, the
clavicle may be fractured to diminish the width of cthe shoulder
girdle and deliver the infant.”

KEY POINTS
Shoulder dystocia:

Step 1: Stop pushing. Consider draining the bladder and
performing an episiotomy.

Step 2: Perform a McRoberts maneuver and apply
suprapubic pressure.

Step 3: Attempt a Woods maneuver.
Step 4: Deliver the posterior arm.
Step 5: Fracture the clavicle.

Woods corkscrew maneuver. The hand is placed behind the
posterior shoulder of the fetus. The shoulder is then rotated
progressively 180° in a corkscrew manner so that the
impacted anterior shoulder is released. From: Cunningham
FG, Leveno KL, Bloom SL, et al, eds. Williams Obstetrics.
23rd ed. New York, NY: McGraw-Hill; 2010:484. Copyright
McGraw-Hill, 2010. Used with permission.
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Umbilical Cord Prolapse

Umbilical cord prolapse occurs when the cord passes through
the cervix with or without the presenting part. The incidence
of overt prolapse (displacement of the cord into the vagina after
rupture of the membranes) in cephalic presentations is about
0.5% and higher with malpresentation."” This is a life-threaten-
ing emergency for the fetus since the presenting part compresses
the cord and cuts of f all blood flow and oxygen. If a cord is
felt or seen, immediately tell the mother to stop pushing and
lift the presenting part off the cord. Wrap any exposed cord
in moist sterile gauze. If obstetric support is available, call for
immediate cesarean section. Filling the bladder with 500 mL of
saline to elevate the presenting part has also been described.”
When obstetric support is not available and delivery is immi-
nent, manually reduce the cord and rapidly complete a vaginal
delivery.*"® In the obstetric literature, perinatal mortality rates
from umbilical cord prolapse have decreased to less than 10%
as a result of increased use of cesarean section and improved
neonatal resuscitation skills."

KEY POINTS
Umbilical cord prolapse:

+ Lift the presenting part off the cord and wait for obstetric
backup.

« Fill the bladder with 500 mL of saline to elevate the
presenting part.

Breech Presentation

Breech presentation complicates 3% to 4% of all pregnan-
cies."""® These presentations have a high rate of perinatal mor-
bidity and mortality from congenital abnormalities as well as
from complications of cord prolapse and birth trauma." Three
types of breech presentation occur: complete breech (thighs and
knees flexed), footling breech (one or both legs extended), and
frank breech (chighs flexed and knees extended)(Figure 21-6)."
The difficulcy with chese presentations is that delivery of the
legs and torso does not dilate the vaginal canal enough for the
passage of the fetal head, so the head becomes stuck. Breech

presentation is identified by vaginal examination or ultrasonog-

Management of the vaginal frank breech delivery. A. The Pinard maneuver. The operator’s hand is placed behind the fetal
thigh, putting gentle pressure at the knee and allowing delivery of the leg. B. A similar maneuver of the opposite leg.

C. The feet are grasped with the thumb and third finger over the lateral malleolus, and the second finger is placed between
the two ankles. D. With maternal expulsive efforts, the breech is delivered to the level of the umbilicus. The sacrum should
be kept anterior. E. Again, with maternal expulsive efforts, the infant is delivered to the level of the clavicles, with the
sacrum kept anterior. F. The fetus is rotated 90°, which allows visualization of the now anterior right arm. G. The arm is well
visualized, and a single digit is used to deliver it. Delivery of the opposite arm is accomplished by rotating the fetus 180° in
a clockwise direction and repeating the maneuver. H. Delivery of the fetal vertex is accomplished by placing the operator’s
fingers over the maxillary processes of the fetus, with the body kept parallel to the floor. The body should never be lifted
above parallel to prevent hyperextension of the neck. An assistant applies suprapubic pressure, aiding flexion of the fetal
head and accomplishing delivery. From: Tintinalli J, Stapczynski J, Ma OJ, et al, eds. Tintinalli’s Emergency Medicine:

A Comprehensive Study Guide. 7th ed. New York, NY: McGraw-Hill; 2010:710. Copyright McGraw-Hill, 2010. Used with

permission.
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raphy. Cesarean section is the preferred method of delivery of
these infants, but this procedure is not always feasible. Avoid
applying traction on the legs or body until the infant has deliv-
ered to the level of the umbilicus.

e Deliver one leg, followed by the other leg.

e With the sacrum anterior, place thumbs over the sacrum
and fingers over the iliac crests and allow delivery of the
torso.

¢ Rorate the infant 90° and deliver the anterior arm, then
rotate the infant 180° to deliver the other arm.

¢ Finally, with the sacrum anterior, have an assistant apply
transabdominal pressure over the head while keeping the
fingers over the maxillary process to keep the infant’s
head flexed. Hook the fingers of the other hand over the
shoulder while applying gentle downward traction over
the shoulders.!"?

e If the head cannot be delivered through the cervix,
incisions can be made at the 6-o’clock or the 2- and
10-o’clock positions of the cervix, but this results in

significant maternal hemorrhage.""?

TABLE 21-2.

Causes of immediate postpartum hemorrhage

Uterine atony

Genital lacerations

Retained placenta

Hematoma

Coagulopathy

Uterine inversion

Uterine rupture

KEY POINTS
Breech presentation:

» Deliver the legs.
*  Keep the sacrum anterior.
+ Deliver the torso.

* With the sacrum anterior, keep the infant’s head flexed
and apply downward traction over the shoulders.

» Clamp and cut the cord.

Postpartum Hemorrhage

Postpartum hemorrhage is the second most common cause
of pregnancy-related death in the United States.” It is classified
as immediate (ie, within the first 24 hours) or delayed (ie, after
the first 24 hours and then up to 6 weeks).!"” Causes of immedi-
ate postpartum hemorrhage, defined as blood loss greater than
500 mL during a vaginal delivery, are listed in Table 21-2. The
management of delayed postpartum hemorrhage is beyond the
scope of this chapter burt is described in emergency medicine
textbooks.

Uterine atony is the most common cause of postpartum
hemorrhage and occurs more frequently if the uterus has been
overextended (macrosomia), in association with a precipitous
delivery, or if the uterus is fatigued from prolonged labor.!°
Management consists of manual massage, with onehand placed
externally on the abdomen and the other placed internally, mas-
saging the uterus upward.'® Simultaneously, medications may
be started to increase uterine muscle tone (Table 21-3).1° If chis
fails, che birth canal should be inspected for lacerations or he-
matomas of the perineum, vagina, or cervix. Retained placental
parts can cause bleeding and can be found by digital examina-
tion of the uterus. If the placental parts cannot be removed eas-
ily, wait for obstetric backup and consider packing the uterus if
hemorrhage is significant.'’

Uterine Inversion/Uterine Rupture

The incidence of uterine inversion is about 1 in 2,500 preg-
nancies. The cause is unclear, but the complication is of ten de-
scribed in association with cord traction and excessive fundal
pressure.” Recognition and immediate action are crucial. Im-

TABLE 21-3.

Medical management of uterine atony

Medication Dose

Side Effects

Oxytocin

20 units in 500 mL normal saline at

Hypotension, nausea, vomiting

10 mL/min until uterus is firm

or

10 units IM

Methylergonovine maleate

0.2 mg IM; may repeat every 2-4 hours

Hypertension, nausea, vomiting

Carboprost tromethamine 250 mcg IM

Nausea, vomiting, diarrhea

Dinoprostone

20 mg suppository vaginally or rectally

Abdominal pain, nausea, vomiting
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FIGURE 21-7.
Procedure for perimortem cesarean section. A. Make a midline vertical abdominal incision. B. Incise through the fascia

and

muscles into the peritoneum. C. Make a vertical uterine incision. D. Deliver the infant. E. Remove the placenta and

membranes. From: Katz VL. Cardiopulmonary resuscitation during pregnancy and perimortem cesarean section. In: Pearlman
MD, Tintinalli JE, eds. Emergency Care of the Woman. New York, NY: McGraw-Hill; 1998:378. Copyright McGraw-Hill, 1998.
Used with permission.
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The Difficult Emergency Delivery

mediately stop all uterotonic medications. Manually reduce the
uterus by applying pressure on the fundus with a hand directed
inward toward the umbilicus."” If the placenta is still attached,
do not attempt to remove it before the uterus is reduced. Phar-
macologic relaxation of the uterus with terbutaline, magne-
sium, or nitroglycerin can be required for reduction.'” Once the
uterus is reduced, uterotonic medications can be restarted.

With an incidence of about 0.1%, uterine rupture is a rare
but life-threatening obstetric emergency.”” Risk factors include
previous cesarean delivery, use of labor-induction medications,
and trauma.” The clinical presentation can vary from uterine
tenderness to maternal shock."” If this condition is suspected,
surgical intervention is required. The emergency physician
should continue standard hypovolemic resuscitation practices
until surgical support is available.

PEARL

Oxytocin should not be given as an intravenous push
because it causes hypotension. The uterus has limited
receptors for oxytocin, so it cannot respond to increased
doses. Additional medications should be tried if bleeding
persists.

KEY POINT

Uterine atony is the most common cause of postpartum
hemorrhage. Treatment includes manual massage of the
uterus and administration of uterotonic medications.

Perimortem Cesarean Section
Perimortem cesarean section should be considered in any
pregnant woman in cardiac arrest with a viable gestation of
greater than 24 weeks.>* Based on limited data, the recommen-
dation is that the procedure should be performed within 4 min-
utes after maternal cardiac arrest.' Through a literature search,
Katz and associates found reports of 38 perimortem cesarean
sections performed between 1985 and 2004; most of the sur-
viving infants reported as normal were delivered within 5 min-
utes, but others reported as normal were delivered more than 15
minutes after the death of the mother.” In fact, one case report
describes a child who was delivered 30 minutes af ter maternal
cardiac arrest and who, 4 years later, is developing normally.20
The cesarean section procedure is described below:
e Cardiopulmonary resuscitation (CPR) should be
continued throughout the procedure.
o If gestational age is unknown, fundal height can be
measured while CPR is ongoing.
e Make a midline vertical incision from the epigastric area
to the pubic symphysis (Figure 21-7).
e DPenetrate all abdominal layers and find the uterus.
e Use retractors or assistants to hold back the abdominal
wall. Drain the bladder if time permits.
e Make an incision at the fundus of the uterus. Insert two
fingers to lift the uterine wall away from the fetus.
 Using a scalpel or scissors, incise from the fundus to the
bladder reflection.’
» Remove the infant, suction the mouth, and clamp the
cord.

e The incision made on the mother should be closed based
on the resuscitation efforts and in conjunction with a
surgical team.

Undertaking a perimortem cesarean section is a difficult de-
cision for any emergency physician to make. Physicians need to
be aware of the indications for this procedure and its sequence.
Time to delivery is a crucial factor. In some cases, cesarean sec-
tion will improve the mother’s hemodynamics to the extent that
resuscitation may be successful.”” Physicians are likely to fear
litigation in these dire scenarios, but, to date, no lawsuits have
been filed against anyone who has performed a perimortem ce-
sarean section.

KEY POINTS
Start perimortem cesarean section within 4 minutes after
maternal cardiac arrest or as soon as possible.

Most experts believe that informed consent is not necessary.

Conclusion

Although emergency deliveries are rare events, they do oc-
cur. Emergency physicians must be aware of hospital policies
regarding births in the emergency department as well as the
resources that are available to support an emergency delivery.
A woman who comes to the emergency department in labor
should be assessed with a focused history and physical examina-
tion. If time permits, ultrasonography should be used to assess
the fetal position in order to prepare for a normal vaginal or
breech delivery. Complications should be anticipated: shoulder
dystocia, umbilical cord prolapse, nuchal cord, and postpartum
hemorrhage. If a pregnant woman goes into cardiac arrest, the
physician should remember the ABCs, assess fundal height, and
prepare for a cesarean section.
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CHAPTER 22

Resuscitation of the Critically Ill
Neonate

Aaron Leetch and Alan Bedrick

IN THIS CHAPTER

Specialized equipment for neonatal resuscitation

Identification of the critically ill neonate
Airway/temperature
Breathing
Circulation

Drugs, dextrose, and diagnostics: postresuscitation care

Congenital heart disease

Other specific congenital anomalies

Withholding/discontinuing resuscitation

Introduction

Few things are as terrifying to an emergency physician as
a cyanotic neonate after a precipitous emergency department
delivery. Although most infants need little more than support-
ive care, the emergency department often selects for those in
need of more intervention. Several maternal and fetal condi-
tions can alert emergency physicians to the potential need for
resuscitation (Table 22-1).! Because neonatal resuscitation is not
commonplace in emergency departments, this chapter covers
the most important aspects of the American Heart Association
(AHA) guidelines,” with added tips for a successful resuscita-
tion (Figure 22-1).

Resuscitation of a neonate immediately following delivery
differs from that of adults, children, and even slightly older
infants for one main reason—a neonatal resuscitation is al-
most exclusively focused on respiration as the key component
of transition from feral circulation. Even in neonartal intensive
care units (NICUs) and delivery rooms, chest compressions and
drugs are used only very infrequently.?

As an infant transitions from intrauterine life to extrauterine
life, the first breath is the catalyst. The first breath promotes
amniotic fluid in the lungs to absorb, umbilical vessels to con-
strict, and pulmonary arterioles to dilate.* As pulmonary arte-

rial pressure decreases, blood preferentially flows to the lungs,
allowing oxygenation and normal systemic circulation (Figure
22-2). For this reason, clearing the infant’s airway and lungs,
and thus stimulating that first breath, is crucial to survival.

KEY POINT ‘
Neonatal resuscitation is almost exclusively a respiratory
issue.

Also for this reason, most of the mainstays of adult resusci-
tation are not recommended for neonates by the AHA or the
American Academy of Pediatrics. For example, the onfy drug
used, according to AHA guidelines, is epinephrine.” There is no
place for atropine, lidocaine, or cardioversion for a neonate with
respiratory depression who requires resuscitation. If a neonate
cannot be resuscitated with epinephrine, after all other mea-
sures have been used, the neonate cannort be resuscitated. Like-
wise, rapid-sequence intubation is not appropriate for a newly
delivered critically ill infang; nearly all will tolerate endotracheal
intubation without sedation. Once a neonate has established
stable cardiorespiratory physiology (of ten in several days), he or
she can then be treated according to the pediatric advanced life

support (PALS) algorithm.
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Neonatal resuscitation algorithm. Intubation may be considered at any point in the algorithm. Adhere as closely as possible
to the “golden minute” to address airway/warmth, breathing, and circulation.? (Source: American Heart Association, Inc.)

No . :
: : 4 Birth weight <1,000 g or
? >
A Biith. Thin deStationt gestational age <28 weeks?
Yes v A4
Breathing? Active? < Wrap torso in plastic wrap
Yes No v
Meconium present? Yes= Intubate and suction trachea;
30sec P ' repeat as needed
v No y
Warm, clear airway (if necessary), dry, stimulate
Breathing, heart rate
v y e >100 bpm, pink \
Evaluate breathing, heart Routi
N rate, and color outipe care
\ Breathing, heart rate A
>100 bpm, cyanotic
Y Y
Apnea or heart rate <100 bpm Give supplemental oxygen > Pink
A4
60 sec Cyanotic
\ Y
Give positive-pressure ventilation
Y
¥ Evaluate breathing, heart rate, and color
A
No
> Heart rate <100 bpm? » Postresuscitation care
Yes .
Continue positive-pressure ventilation/consider intubation
No
Heart rate <60 bpm
Yes \
Consider intubation, start compressions at 100/min Estimated preductal Spo after birth
# 1 min 60%-65%
2 min 65%-75%
Heart rate <60 bpm 3 min 70%-75%
¢ f 4 min 75%-80%
5 min 80%-85%
Give intravenous epinephrine 10 min 85%-95%
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PEARL
The only drug used in neonatal resuscitation after delivery is
epinephrine.

Specialized Equipment for Neonatal
Resuscitation

Aside from the typical advanced airway equipment, suction,
intravenous lines, and monitors that are normally used for re-
suscitation, neonatal resuscitation requires preparation of a few
specialized pieces of equipment (Table 22-2).* If a delivery can
be anticipated, an overhead warmer should be prepared for the
infant. Turn the warmer on and take everything off of it except
for blankets and bulb suction; metallic equipment (eg, laryn-
goscopes) can become hot and burn infants or lose function
(eg,endotracheal [ET] tubes). Deep-suction catheters (sizes SF—
14F), a meconium aspirator, and size 0 and 1 Miller laryngo-
scope blades are frequently necessary. Ideally, a flow-inflating
bag (ie, bag-valve mask) attached to a pressure gauge should be
used to monitor ventilatory pressures. A range of premature and
full-term infant face masks and uncuffed ET tubes should be
available because “appropriate size” is widely variable over even
a few weeks of gestational age. Vascular access supplies should
include 25-gauge catheters for peripheral access and umbilical
catheters for central access. Scalp veins are also an option for
vascular access in infants.

Ultrasonography is becoming a more readily available and
well-used imaging modality in the emergency department.
Birth weight and gestational age can be estimated using crown-
to-rump length and biparietal measurements. Many ultrasound
machines are programmed to convert these measurements into
age and weight and can be useful when anticipating a difficulc
or premature delivery.

Identification of the Critically Il Neonate
Immediately after bircth, most neonates have some degree

of cyanosis, pallor, poor muscle tone, or poor respiratory ef-

fort. It is what they do in the first 60 seconds that differenti-

TABLE 22-1.

Maternal and fetal conditions predicting the need for
resuscitation

Maternal
Preeclampsia/eclampsia
Diabetes mellitus
Placental abruption
Trauma
Fever
No prenatal care
Illicit drug use

Fetal
Meconium-stained amniotic fluid
Early gestational age
Known congenital anomalies
Oligo/polyhydramnios
Prolonged rupture of membranes

ates a healthy infant from a critically ill one. Newborns can be
categorized as stable, purely cyanotic, or critical (Table 22-3)
Constant reevaluation of respiratory effort, heart rate, and color
will aid in resuscitation. AHA guidelines allot 60 seconds for
initial interventions, reevaluation, and initiation of positive-
pressure ventilation (PPV) if indicated (Figure 22-2).2 If there
is no change in color, tone, or respiratory effort or if a child is
bradycardic after this “golden minute,” he or she is more likely
to be critically ill. Contrary to popular belief, the Apgar score
(Table 22-4) is not used to determine whether resuscitation is
needed, although it is a good determinant of how the infant is

responding to resuscitation efforts.

KEY POINT
The Apgar score is not used to determine whether
resuscitation is needed.

Airway/Temperature

After an infant is delivered, start a timer to keep the resus-
citation on pace (Figure 22-1). Providing warmth to a newborn
is as important as clearing the airway, and the two can be done
simultaneously. Newborns are highly susceptible to evaporative
heat losses and will quickly decompensate if allowed to become
hypothermic. Place the child under a radiant warmer and/or
dry vigorously with warm blankets. Extremely premature in-
fants (<28 weeks’ gestation or weighing 1,000 g or less) should
be wrapped in food-grade plastic wrap to prevent radiant heat
losses.”®
KEY POINT
Newborns are highly susceptible to evaporative heat
losses and will quickly decompensate if allowed to become
hypothermic.

PEARL
Providing warmth is as important as clearing the airway in
neonates.

Intrauterine and extrauterine cardiac flow. A. In utero,
pulmonary arterial pressure is elevated and blood flows
preferentially to the systemic circulation via right-to-left
shunts. B. After the first breath, pulmonary arterial pressure
decreases and the foramen ovale and ductus arteriosus
close, allowing normal pulmonary and systemic flow.

ductus arteriosus
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Place the infant in the sniffing position, being careful not
to hyperextend the neck. If a neonate has obvious nasal or oral
secretions, clear the mouth first and then the nose with bulb
suction or a deep-suction catheter attached to wall suction. In-
fants are obligate nose breathers and must have a patent naso-
pharynx. However, if the neonate is breathing spontaneously
and there is no obvious airway obstruction, suctioning should
not be performed because it can cause a reflex bradycardia that
further complicates resuscitation. If the neonate has not yert be-
gun to cry or grimace, continue to vigorously dry the patient
and stimulate by rubbing the back or flicking/slapping the feet.

KEY POINT

Infants are obligate nose breathers and must have a

patent nasopharynx. However, if the neonate is breathing
spontaneously and there is no obvious airway obstruction,
suctioning should not be performed because it can cause a
reflex bradycardia that further complicates resuscitation.

Infants with meconium-stained amniotic fluid at delivery
are at risk for aspiration and the complications of aspiration
pneumonia and respiratory compromise. Prevention of aspira-
tion has been studied, resulting in new guidelines. Suctioning
at the perineum is no longer recommended for infants who
present with meconium, as it has not been shown to decrease
the incidence of meconium aspiration.®’ Likewise, tracheal suc-
tioning of vigorous infants with meconium staining does not
appear to offer any benefit.® Although poorly studied, suction-
ing may offer a benefit to meconium-stained infants who are
not vigorous and who are making no respiratory effort. These
infants should not be stimulated prior to intubation, as they
may aspirate meconium with their first breath. Instead, all in-
fants with meconium staining who are not vigorous at birth
should be intubated for tracheal suctioning to remove meco-
nium from the proximal airway and minimize aspiration.

TABLE 22-2,

Important neonatal resuscitation equipment

Warm, clean blankets

Plastic wrap or bag

Bulb syringe

Suction catheters - 10F or 12F

Meconium aspirator

Bag-valve mask

Full-term and preterm face masks

Laryngeal mask airway — size 1

Laryngoscope with Miller size 0 and 1 blades

Endotracheal tubes - sizes 2.5, 3.0, 3.5, 4.0

KEY POINT

All nonvigorous infants with meconium-stained fluid should
be intubated for tracheal suctioning immediately after
delivery.

Once tracheal intubation is achieved, attach a meconium
aspirator to the ET tube (Figure 22-3).> This will serve as a
conduit between the tube and wall suction. Once the aspirator
is attached, occlude the thumb hole and gently remove the ET
tube, thus suctioning the trachea. If meconium is thick or if
there seems to be more in the trachea, repeat with a new tube.
The AHA guidelines do not specify how many times tracheal
suctioning should be repeated, but it is difficult to hold to the
60-second interval if suctioning is repeated more than two or
three times. Infants who do not respond to repeated suction
should proceed directly to positive-pressure ventilation, as dis-
cussed below. Still, most infants intubated for meconium will
respond with a cry or respiratory effort, and prolonged intu-
bation is usually not necessary. Because the ET tube in this
scenario is used only for suction and not for ventilation, a
smaller tube can be used to ensure quick access to very small
airways. Other potential indications for immediate intubation
include known or suspected congenital diaphragmatic hernia or
extreme prematurity (<1,000 g or 28 weeks’ gestation).

Neonatal Airways

Miller blades are recommended for neonates because their
airways are more anterior and the epiglottis is more malleable
and difficult to control. Size 0 blades are used for premature
infants (<36 weeks) and size 1 for term infants (>36 weeks). Size
00 blades are available for extremely low-birth-weight infants
(<28 weeks), but they can occlude the oropharynx and may be
too short to reach the airway. All ET tubes used for neonatal
resuscitation should be uncuffed, according to AHA guidelines.
Because the size of neonatal airways varies so much depend-

TABLE 22-3.

Clinical classification of neonates

Stable Breathing

Heart rate >100 beats/min

No central cyanosis (pink oral mucous
membranes)

Purely Cyanotic Breathing

Heart rate >100 beats/min

Central cyanosis (blue mucous membranes)

End-tidal CO- detector

25-gauge catheters

Umbilical line kit

Normal saline

Access to 1:10,000 epinephrine

Critical Apnea

or

Heart rate <100 beats/min

Central cyanosis
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ing on gestational ages, the standard shorthand of (age+16)/4
for size and 3 X ET tube length for depth of insertion is not
reliable. Correct sizing and depth of insertion can be estimated
using weight or estimated gestational age (Table 22-5).°

Tracheal aspiration for meconium. A. Perform endotracheal
intubation with an ET tube of appropriate size. B. With the
ET tube in the trachea, attach the meconium aspirator to
the tube and then to wall suction. Occlude the thumb hole
for suction. C. Maintain suction and gently withdraw the ET
tube to aspirate. If meconium appears thick or infant does
not respond with breaths or grimace, further attempts can
be made with a new ET tube.

To reiterate, rapid-sequence intubation is never indicated in a
neonatal resuscitation immediately postpartum. Placing a small
towel under the neonate’s shoulders may aid in aligning the air-
way. Their vocal cords lack the pearly appearance of an adult’s
or child’s; the color is more nearly the color of the surround-
ing tissue. Weak respiratory effort can cause some movement of
the cords, allowing distinction from the esophagus. Vocal cords
can be identified by their physical proximity to the epiglottis.
Once intubation is successful and confirmed (using examina-
tion and capnometry), the ET tube should be secured by brac-
ing it against the gum and lip with one finger while an assistant
tapes the tube in place. The airway is very short, so tracheal
intubation can result in right mainstem bronchus placement or
the tube can be dislodged with small flexion or extension of the
neck. Towel rolls placed on either side of the head or a cervi-
cal collar can prevent movement. Confirm placement of all ET
tubes with a chest radiograph. After the infant is intubated, be
careful not to ventilate too vigorously, so as to avoid barotrauma
or pneumothorax. All intubated infants should be reevaluated
frequently for adverse sequelae of positive-pressure ventilation.
PEARL
Rapid-sequence intubation is never indicated immediately
after delivery.

Breathing

After the initial steps, evaluation of the infant’s respiratory
effort, heart rate, and color should continue (Figure 2222)3
Stable infants may be observed. Infants with a heart rate faster
than 100 beats/min and active respiratory effort but cyanosis
(purely cyanotic infants) may simply need supplemental oxy-
gen. Acrocyanosis (cyanosis limited to the hands and feer) can
persist for hours and is not necessarily a sign of poor perfusion
or oxygenation in newborns. Central cyanosis (cyanosis of the
trunk, oral mucosa, or lips) always indicates poor perfusion or
oxygenation and must be addressed immediately. Remember
that a pulse oximeter placed on an acrocyanotic extremity can
give falsely low oxygen levels. The AHA recommends placing
a pulse oximeter on the right hand (preductal saturation) and
aiming for normal oxygen saturation after 10 minutes.” The
clinical picture is just as important as pulse oximetry for assess-
ing respiratory status.’
PEARLS
A pulse oximeter placed on an acrocyanotic extremity can
give falsely low oxygen levels.

Only central cyanosis (blue mucous membranes) requires
intervention.

Oxygen can be delivered via any free-flowing mechanism
(eg, face mask or tubing held in a cupped hand). Self-inflating
devices such as a bag-valve mask must be squeezed to deliver ox-
ygen and are not ideal for blow-by. After receiving blow-by oxy-
gen, infants should show color change within several seconds.
There is a concern among neonatologists that resuscitation on
100% oxygen can be detrimental to premature infants because
of the high levels of free oxygen radicals. Prolonged oxygen use
has been associated with complications such as retinopathy of
prematurity and bronchopulmonary dysplasia, especially in in-
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fantsborn at less than 28 weeks’ gestational age. Others suggest
that decreased oxygen in resuscitation could lead to hypoxic-
ischemic encephalopathy and intracranial hemorrhages. Cur-
rent research is insufficient to make firm recommendations on
resuscitation with room air.®'® Therefore, resuscitation with
some concentration of oxygen above room air is recommended.
Many neonatologists start resuscitation on 40% oxygen and ti-
trate it as clinically indicated.

PEARL

Bag-valve-mask (BVM) ventilation of infants at 40 to 60
breaths/min

+  With manometer: aim for peak airway pressures below
30-40 cm H.O

Without manometer: aim for gentle symmetric chest rise

Infants with a heart rate slower than 100 beats/min or ap-
nea and those who do notimprove after blow-by oxygen should
receive positive-pressure ventilation via a BVM device, aiming
for a respiratory rate of 40 to 60 breaths/min (Figure 202
Infants are far more susceptible to barotrauma and pneumo-
thorax than adults because of lower lung volumes. Therefore, a
pressure gauge should be used with a flow-inflating bag to keep
peak inspiratory pressures less than 30 to 40 cm H,O in term
infants and between 20 and 25 cm H-O in preterm infants."
If a pressure gauge is unavailable, gently squeeze the bag only
enough to provide symmetric chest rise. In cases in which BVM
ventilation is ineffective and endotracheal intubation is unsuc-
cessful, laryngeal mask airways can be used as rescue devices;

however, research into this method is limited to case studies.!

KEY POINT
Infants are far more susceptible to barotrauma and
pneumothorax than are adults.

High airway pressures are easy to generate in newborns.
Pneumothorax is not an uncommon event if peak inspiratory
pressures are not monitored carefully on a manometer. How-
ever, dislodgement of the ET tube, obstruction with secretions,
and mechanical failure of equipment are more common than
pneumothorax. These should all be checked for before pneumo-
thorax decompression. Congenital diaphragmatic hernia can
cause unilateral absent breath sounds and tracheal deviation,
and disastrous consequences can result from needle decompres-
sion or thoracostomy in these cases. Be aware of this condition
and, if possible, obtain a chest film prior to decompression. If
pneumothorax is suspected either clinically or on chest radio-
graph, needle decompression should be PC[‘FOI‘mCd.Z The AHA
guidelines recommend placing an 18- or 20-gauge angiocath—
eter into the fourth intercostal space in the midaxillary line.
A rush of air or fluid should occur, and the needle should be
withdrawn, leaving the catheter in place. Attach the catheter to
a three-way stopcock and aspirate the fluid or air with a 20-mL
syringe. Secure the catheter in place prior to transport. A chest
tube can be placed at the tertiary center.

Circulation

If infants do not respond to positive-pressure ventilation,
their heart rate will eventually begin to drop. A neonatal heart
rate is best measured by auscultation or by palpating the umbili-

TABLE 22-4.

Apgar mnemonic and scoring system

0

2

Appearance (color) Central cyanosis

Peripheral cyanosis

Pink

Pulse Absent <100 beats/min >100 beats/min
Grimace (cry) Absent Grimace, no cry Strong cry, cough
Activity (Tone) Limp Some flexion Active motion
Respiratory effort Apneic Weak respirations Strong respirations

TABLE 22-5.

Neonatal ET tube size and depth of insertion based on weight and gestational age®

Gestational age Weight (g) ET tube size ET tube depth (at the lip)
<28 weeks <1,000 2.5 6-7

28-34 weeks 1,000-2,000 3.0 7

34-38 weeks 2,000-3,000 3.5 8

>38 weeks 3,000-4,000 3.5 9

>38 weeks >4,000 3.5-4.0 (rarely) 10
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cus or the brachial artery. Any heart rate less than 60 beats/min
requires chest compressions to ensure circulation and oxygen
delivery to vital organs (Figure 22-2).” If a definitive airway has
not yet been established, intubate and start chest compressions
simultaneously. Perform chest compressions with two fingers
over the middle of the chest or by encircling the chest with both
hands and compressing with the thumbs. Evidence suggests
that using the two-hand technique achieves greater systolic
blood pressure and coronary perfusion and is recommended
over the two-finger technique.”” Perform chest compressions at
a rate of 100 beats/min, alternating three compressions to one
breath.* Heart rate and respirarory status should be reassessed
frequently.

KEY POINT D
Any heart rate less than 60 beats/min requires chest
compressions to ensure circulation and oxygen delivery to
vital organs.?

PEARL
The pulse in an infant is best palpated at the umbilical artery.

If vascular access has not yet been established, an umbilical
central line should be placed (Figure 22-4)3 Preparation should
be similar to that for any other central line placement, using
sterile technique and an antiseptic wash such as chlorhexidine
or povidone-iodine. Place a sterile string or tie at the base of
the umbilicus to aid in bleeding control. Using a scalpel, incise
the umbilicus and identify two umbilical arteries (smaller) and
one umbilical vein (larger). Use fine forceps to gently dilate the
umbilical vein as needed and place an umbilical venous cath-
eter into the vein. For emergency purposes, most catheters can
be inserted to a depth of 5 cm and used immediately as a “low
umbilical line.” Suture the umbilical line into the skin, being
careful to avoid the Wharton jelly (the gelatinous substance
of which the umbilical cord is made), in a manner similar to
that used for chest tubes. An abdominal radiograph should be
ordered to confirm placement because umbilical lines that are
placed too deeply can extend into the liver.

Placement of an umbilical central line. A. Prep and drape the umbilicus in sterile fashion and place an umbilical tie at

the base to control bleeding. B. Cut the umbilicus to expose the umbilical arteries and vein. The vein will be thin-walled
compared with the thicker-walled arteries. C. Carefully dilate the umbilical vein with hooked forceps and cannulate the
vein with an umbilical catheter. D. Attach a three-way stopcock and syringe and aspirate until blood flows easily. Pass the
umbilical catheterto 5 cm for a low umbilical line.




Emergency Department Resuscitation of the Critically Ill

Drugs, Dextrose, and Diagnostics:
Postresuscitation Care

If the heart rate continues to be less than 60 beats/min after
an airway has been established, adequate ventilation has been
given, and 30 seconds of chest compressions have been per-
formed, epinephrine is the drug of choice, according to AHA
guidelines (Figure 2982 = Again, without adequate ventilation,
cardiac resuscitation in newborns is futile. Once intravenous
access has been established, use 1:10,000 strength epinephrine
at 0.1 to 0.3 mL/kg rapid push (equal to 0.01-0.03 mg/kg).14
This and other resuscitation drugsare listed with doses in Table
22-6.1f the neonate’s actual weight is unknown, use estimated
weights from Table 22-5. Previous AHA guidelines recom-
mended 0.3 to 1 mL/kg (0.03-0.1 mg/kg) of endotracheal
epinephrine if intravenous access could not be obrained. How-
ever, recent research has shown endotracheal epinephrine to be
unsatisfactory at previously recommended doses.®"” Therefore,
intravenous administration of epinephrine is currently recom-
mended. Continue chest compressions and reassess the heart
rate after 30 seconds (Figure 22-2).”

Naloxone has traditionally been used at a dose of 0.1 mg/kg,
but its role has never been studied. Use of naloxone in an infant
with respiratory depression born to an opiate-addicted mother
has been known to precipitate seizures.'® In general, newborns
thought to have respiratory depression from maternal opiate
use should be given positive-pressure ventilation until opiates
are metabolized rather than risk the potential adverse effect of
naloxone-induced seizures.

PEARL

Use of naloxone in an infant with respiratory depression born
to an opiate-addicted mother has been known to precipitate
seizures.'®

There is also a precedent and a theoretical basis for sodium
bicarbonate use, bur its effectiveness has not been well studied.
During prolonged resuscitation, infants can develop severe aci-
dosis. The administration of sodium bicarbonate is thought to
improve the effectiveness of medications such as epinephrine
and to prevent encephalopathy or death. Doses of 4 mL/kg of
5% sodium bicarbonate are given over several minutes in cases
of confirmed acidosis on arterial or venous blood gas sampling.
However, a few randomized controlled trials have shown no
change in morbidity or mortality.”

Infants with evidence of blood loss (ie, known abruption,
pallor, poor response to resuscitation) may need intravascular
repletion. Isotonic crystalloids such as normal saline or Ringer
lactate should be used cautiously at a dose of 10 to 20 mL/kg.
Neonates are highly susceptible to fluid shifts and subsequent
intraventricular hemorrhage and edema from rapid infusion of
volume expanders, so crystalloids should be given slowly over 5
to 10 minutes.”"® Transfusion of blood products during the ini-
tial resuscitation is poorly studied and is neither recommended
nor discouraged by AHA guidelines. In emergent cases, irra-
diated packed red blood cells free of cytomegalovirus can be
transfused at 10 mL/kg; however, consultation with a neona-
tologist is recommended prior to initiating a transf usion.
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Infants unresponsive to volume replacement may need ino-
tropic or vasoactive pressor support. No one pressor has been
shown to be superior in neonatal shock, but pressors should
be selected based on the cause of the hypotension. Dopamine
started at 2 mcg/kg/min is traditionally the pressor of choice in
noncardiogenic shock, and milrinone started at 0.5 t0 0.75 mcg/

kg/min is the recommended pressor in cardiogenic shock 141

PEARL
If D1oW is unavailable, dilute one ampule of DsgW in 200 mL
of sterile water to make D1oW.

Once an infant has been stabilized with a heart rate above
100 beats/min and stable respirations, the blood glucose con-
centration must be measured. A heelstick blood sugar con-
centration greater than 40 mg/dL is acceptable in a neonate'¥;
anything less should be treated with a 2-mL/kg bolus of DijgW
infused over several minutes. DsoW should not be used, as the
osmotic load is too high. If Dy¢W is unavailable, an ampule of
DsoW can be diluted in 200 mL of sterile water to yield D;oW.
D1o%4NS should be used as maintenance fluid ac a rate of 4 mL/
kg/hr in term infants (based on 80-100 mL/kg/day) and 5
mL/kg/hr in preterm infants (based on 100-120 mL/kg/day).
Smaller infants have a higher body surface-to-volume ratio and
will lose fluids more quickly via insensible losses and thus re-
quire more fluids.

KEY POINT
A heelstick blood sugar concentration greater than 40 mg/dL
is acceptable in a neonate'; anything less should be treated
with a 2-mL/kg bolus of D1oW infused over several minutes.

TABLE 22-6.

Common drugs used in neonatal resuscitation™

Resuscitation Medications
e Epinephrine (1:10,000)
-0.1-0.3 mL/kg IV
-0.3-1mL/kg ET tube
e DioW, 2 mL/kg
¢ Crystalloid/blood products, 10-20 mL/kg
¢ Naloxone, 0.01 mg/kg?
¢ Sodium bicarbonate, 4 mg/kg?

Postresuscitation
e Vitamin K, 0.5-1 mL IM

Cardiac
e Prostaglandin E;, 0.05-0.1 mcg/kg/min
e Dopamine, 2 mcg/kg/min, starting dose
e Milrinone, 0.5-0.75 mcg/kg/min
e Furosemide, 1-2 mg/kg

Antibiotics/Antivirals
e Ampicillin, 50—100 mg/kg
¢ Gentamicin, 3 mg/kg
e Acyclovir, 20-30 mg/kg?

*Discuss with neonatologist prior to use.
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PEARL
Start intravenous maintenance fluids and give intramuscular
vitamin K prior to transfer.

«  Term infants: Dy¢%NS at 4 mL/kg/hr; vitamin K, 1 mg
+ Preterm infants: Dio%NS at 5 mL/kg/hr; vitamin K, 0.5 mg

All newborns require vicamin K to prevent hemorrhagic dis-
ease of the newborn. Vitamin K is given in a dose of 0.5 to 1
mg IM"; give 1 mg to larger infants and 0.5 mg to premature
infancs. Vitamin K should be given to all infants within an hour
of birth regardless of their clinical condition. If the infant will
be transferred to a tertiary NICU, give vitamin K prior to trans-
fer. Erythromycin ophthalmic ointment should also be placed
on both eyes to prevent gonococcal and chlamydial infections.
This, however, is not emergent and can be delayed in a critically
ill infanc uncil a certiary center is reached.

PEARL
Vitamin K should be given to all infants within an hour of birth
regardless of their clinical condition.

Prostaglandin E; (PGE)) is given as a drip at 0.05 to 0.1 mcg/
kg/min to newborns with ductal-dependent congenital heart
disease; the indications are discussed later in this chzlpter.14 The
well-known adverse effect of PGE, is apnea; however, the occur-
rence of apnea is rare except with high doses. Infants receiving
PGE, do not necessarily need to be intubated empirically or for
transport.”’ Instead, they should be monitored closely for signs
of respiratory distress or cardiovascular compromise, and the
drip should be decreased to the lowest effective dose possible to
achieve good oxygenation.

Herpes simplex virus, although uncommon, can be deadly
in infancs. Signs and symptoms suggestive of herpetic infection
include vesicular skin lesions and seizures; the neonarte is ar risk
if the mother has active genital (not oral) lesions at the time of
delivery. The virus should be treated initially with acyclovir: 20
mg/kg for newborns of less than 35 weeks’ gestational age and
30 mg/kg for those born af ter 35 weeks’ gestation."* Consulra-
tion with a neonatologist is recommended prior to initiation of
acyclovir.

Important urgent laboratory studies to obtain on a neonate
following resuscitation include a complete blood count with
differential and platelets (CBC), electrolytes, blood cultures,
and an arterial blood gas (ABG). The NICU will also want a

blood type with Coombs test to check for ABO incompatibilicy
as well as toral and direct bilirubin levels to monitor for jaun-
dice. A chest film should be obrained to evaluate for aspiration,
pneumonia, and ET tube placement, if necessary.

PEARL

Postresuscitation laboratory tests

- CBC with differential and platelets

+ Electrolytes, BUN, creatinine, and total and direct bilirubin
+  ABG, blood cultures

= Type and screen with direct/indirect Coombs test

Respiratory status is still the utmost concern after resuscita-
tion. Serious causes of respiratory compromise include sepsis,
meconium aspiration, neonatal respiratory distress syndrome
(due to lack of surfactant in premature infants), congenital
diaphragmatic hernia, and a myriad of genetic disorders. How-
ever, sepsis is the most common serious cause. Intubated in-
fancs should be monitored for signs of pneumothorax, includ-
ing hypoxia and high peak inspiratory pressures. Nonintubated
infancs should be monitored for work of breaching. Grunting,
retractions, and sustained respiratory rates greater than 70
breaths/min can be indicators of impending respiratory com-
promise.

PEARL

Grunting, retractions, and sustained respiratory rates
greater than 70 breaths/min can be indicators of impending
respiratory compromise.

Any infant with a difficult resuscitation, a history of mater-
nal fever, or evidence of respiratory distress after delivery should
be assumed septic until proved otherwise. Ampicillin, 50 to 100
mg/kg per dose, and gentamicin, 3 mg/kg per dose, should be
given empirically after blood cultures are drawn.'

KEY POINT

Any infant with a difficult resuscitation, a history of maternal
fever, or evidence of respiratory distress after delivery should
be assumed septic until proved otherwise.

Newborns should be kept warm using an overhead warmer,
warm blankerts, or maternal skin-to-skin contact. However, new
studies are proposing a role for induced hypothermia in infants

TABLE 22-7.

Common congenital heart diseases

Persistently cyanotic Low cardiac output

Congestive heart failure

Blue baby Gray baby Wet, tired baby
e Tetralogy of Fallot Think sepsis first e Ventricular septal defect
e Pulmonary stenosis/atresia e Coarctation of the aorta e Atrial septal defect
e Tricuspid atresia e |Interrupted aorta * Patent ductus arteriosus
e Transposition of great arteries e Hypoplastic left heart syndrome
e Truncus arteriosus e Aortic stenosis
e Total anomalous pulmonary venous e Arrhythmias
return
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with suspected intra-uterine asphyxia and profound metabolic
acidosis.”"** Infants with moderate encephalopathy had a sur-
vival benefit when cooled to 33.5°C. However, this strategy is
not to be used routinely and should be discussed with a neo-
natologist prior to initiation. As a general rule, normothermia
should be the goal for newborns.

Congenital Heart Disease

Undiagnosed congenital heart disease (CHD) is always a
concern in precipitous deliveries. Identifying the exact struc-
tural defect in congenital heart disease is not nearly as impor-
tant as identifying and treating the pathophysiology behind it.
Critical cardiac lesions in neonates will present in three ways:
1) persistent cyanosis, 2) low cardiac output, and 3) congestive
hearr failure (Table 22-7).2> Any neonare with these signs or
symptoms should have a chest film and an ECG. Early con-
sultation with a pediatric cardiologist should be obtained. An
echocardiogram should be considered early.

Persistent cyanosis in an infant without respiratory distress
can be a manifestation of cardiac lesions, persistent pulmonary
hypertension, or lung disease.”” These infants often appear
“comfortably blue” and usually will have a loud murmur on ex-
amination. Parenchymal lung disease is normally easily identi-
fied on a chest film; however, a hyperoxia test should be used for
better diagnosis. The hyperoxia test involves comparing arterial
oxygen saturation on room air with saturation on 100% oxy-
gen. Measure Po, using a pre- and post-oxygenation ABG mea-
surement. A Po; of less than 100 mm Hg is suggestive of CHD
with significant right-to-left shunting. Importantly, an infant
with persistent pulmonary hypertension can have a negative

hyperoxia test. Any neonate with a failed hyperoxia test should
receive PGE, for both a therapeutic and a diagnostic trial. To-
tal anomalous pulmonary venous return (TAPVR) is the one
cardiac abnormality that will produce a normal hyperoxia test
and will not respond to PGE,. The quickest way to diagnose
this condition is with an echocardiogram. Emergent surgical
intervention is the only treatment. Classic chest radiographic
findings in persistently cyanotic infants include a boot-shaped
heart in those with tetralogy of Fallot, a “snowman” appearance
in those with TAPVR, and an “egg-on—a-string” appearance in
those with transposition of the great arteries.

PEARL
The hyperoxia test

+ Obtain ABG measurements on room air and 100% O,

+ Po, >100 mm Hg = Primary pulmonary disease = No
PGE;

+ P02 <100 mm Hg = CHD with right-to-left shunting or
persistent pulmonary hypertension = Trial of PGE,

Pitfalls
+ Pulse oximetry is not an acceptable substitute for Po,

« Neonates with TAPVR can have a Po, >100 mm Hg and
no response to PGE;,

Poor cardiac output manifests as pale-gray infants with poor
peripheral pulses and often no murmur.” These neonates ap-
pear septic and should be treated with intravenous fluid resus-
citation and antibiotics initially because sepsis is far more com-
mon than CHD. In patients who do not respond to initial sepsis
treatment, CHD should be considered. Comparing pulse ox-

TABLE 22-8.

Common congenital anomalies requiring immediate intervention

Disorder Examination findings

Interventions

Congenital diaphragmatic hernia Respiratory distress

Immediate intubation

Scaphoid abdomen

Nasogastric tube placement for decompression

Bowel above the diaphragm on chest film

Gastroschisis
defect without a protective sac

Evisceration of bowel through abdominal wall

Coverbowel in wet, sterile saline gauze, then in a plastic
cellophane bag

Avoid touching or twisting bowel as much as possible

Nasogastric tube placement for decompression

Ampicillin/gentamicin

Omphalocele
defect with a protective sac

Evisceration of bowel through abdominal wall

Cover bowel in wet, sterile saline gauze, then in plastic
cellophane

Avoid touching or twisting bowel as much as possible

Nasogastric tube placement for decompression

Choanal atresia Respiratory distress

Immediate endotracheal intubation

Inability to pass nasogastric tube
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imetry on a preductal extremity (right arm) and postductal ex-
tremity (leftleg) can identify aortic lesions such as coarctation
or interrupted aortic arch. Blood pressures in the four extremi-
ties may show higher preductal blood pressures compared with
postductal pressures. An early echocardiogram in these patients
will reveal lesions such as hypoplastic left heart disease or aortic
stenosis that are ductal-dependent but nort readily identifiable
by examination. If an echocardiogram cannot be obtained, a
trial of PGE, is warranted. Again, early consultation with a pe-
diatric cardiologist is essential. Tachyarrhythmias or congenital
heart block are exceedingly rare but can be identified quickly
from the heart rate and cardiac monitor reading and confirmed
on ECG. In supraventricular tachycardia, adenosine is dosed
at 0.05 to 0.1 mg/kg in stable patients, and synchronized car-
dioversion is used at 0.5 J/kg in unstable patients. Congenital
complete heart block needs emergent pacemaker placement.
Congestive heart failure does not immediately manifest at
birth but rather takes several weeks to months for the right ven-
tricle to start to fail as the left-to-right shunts become right-
to-left shunts.® Infancs will have symptoms of lethargy, poor
feeding, or sweating or cyanosis with feeds. Tachypnea, hepato-
megaly, failure to thrive, and murmurs are common findings.
These infants will also appear septic but will actually worsen
with administration of intravenous fluids. A chest film will
likely show cardiomegaly with pulmonary congestion, and an
echocardiogram will confirm the diagnosis. Use of diuretics
such as furosemide, 0.5 to 1 mg/kg, can help improve oxygen-
ation, and inotropes such as milrinone, 0.5 to 0.75 mcg/kg/min,

can improve cardiac output.m

Other Specific Congenital Anomalies

Several congenital anomalies are common to NICU settings
but are rarely encountered in emergency departments. Af ter sta-
bilization, neonates with these anomalies should be transferred
to a tertiary care NICU for further management. Specific emer-
gent interventions are presented in Table 22-8.*

Withholding or Discontinuing
Resuscitation

A neonatal resuscitation is difficult enough withour the con-
sideration of withdrawal of care. However, there are appropri-
ate times to withdraw resuscitative efforts if the parents are in
agreement.zs—27 Infants born at less than 23 weeks’ gestational
age or with a birch weight less than 500 g have a high mortality
rate and even higher morbidity rate. Similarly, infancts without
respiratory effort or pulse after 10 minutes of resuscitation have
high mortality rates and severe neurologic deficits. In these cir-
cumstances, cessation or withholding of resuscitative measures
should be discussed with the parents. Severe congenital abnor-
malities such as anencephaly and trisomy 13 are also considered
to be incompatible with life, and resuscitation may be withheld.
However, emergency physicians are not expected to be experts
on congenital anomalies and should always err on the side of
resuscitation if they are unsure of the infant’s prognosis.

Conclusion

Few things are as stressful for the emergency physician as re-
suscitating a critically ill neonate following a precipitous emer-
gency department delivery. Most critically ill neonates have a
respiratory cause of their distress; therefore, the airway should
be assessed and ventilation should be supplied within the first
60 seconds after evaluation. Equally important as assessing re-
spiratory status is keeping the neonate warm and dry. Neonates
who remain bradycardiac despite supplemental oxygen and
positive-pressure ventilation require compressions and possibly
epinephrine. Once resuscitated, critically ill neonates should re-
ceive intravenous fluids containing dextrose, vitamin K, and
broad-spectrum antibiotics. Congenital heart disease should be
suspected in neonates not responding to these therapies. Wich a
systematic approach to the critically ill neonate, the emergency
physician can ultimately reduce morbidity and mortality.
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CHAPTER 23

Pediatric Resuscitation

Jenny S. Mendelson and Chad D. Viscusi

IN THIS CHAPTER

General approach to the unstable pediatric patient

Airway and ventilator management

Cardiac arrest and arrhythmia algorithms

Recognition of shock and obtaining vascular access

Introduction

Children account for more than 30 million annual visits to
emergency departments in the United States, or 25% to 35% of
the total number of visits.! Despite the enormity of chis number,
many emergency physicians confess to feeling less prepared to
handle pediatric than adult patients. This discomfort is magni-
fied when it comes to caring for a critically ill or crashing child.”
Most emergency physicians see relatively few critically ill pedi-
atric patients and thus have few opportunities to refine their
skills in advanced pediatric life-saving techniques. Therefore,
familiarity and practice with pediatric resuscitation algorithms
are paramount.

Initial Assessment

When facing a critically ill pediatric patient, an adept emer-
gency physician must be able to make a rapid global clinical as-
sessment. One approach to this initial assessment is the pediatric
assessment triangle (PAT). This is a widely published and recog-
nized tool used to assess children of all ages with all levels of illness
and injury. The PAT focuses attention on three components—ap-
pearance, work of breathing, and circulation—facilitating a rapid
assessment and triage of patients into categories of “sick” or “not
sick.” The PAT does not require a stethoscope or monitoring
equipment and can be completed in less than 30 seconds.?

To assess the general appearance of the child, the “tickles”
(TICLS) mnemonic can be used. The following features should
be assessed: tone (moving and resisting examination versus be-
ing limp and listless), interactiveness (alert and actentive ver-
sus uninterested or unresponsive), consolability (comforted by
caregiver versus agitated and crying), look/gaze (fixing on faces
or toys versus staring aimlessly and unfocused), and speech/cry
(cry is loud and strong versus weak and hoarse). The TICLS
assessment can identify more subtle abnormalities than che
traditional “AVPU?” (alert, voice, pain, unresponsive) scale. For
instance, a child can be on the verge of respiratory failure and
still remain “alert.”

After the general appearance is assessed, the child’s work of
breathing should be evaluated. Unlike in adults, work of breath-
ing in a child is often a better assessment of oxygenation and
ventilation status than breath sounds and respiratory rate. The
child should be evaluated for abnormal audible airway sounds,
abnormal positioning, retractions, and flaring. The predomi-
nant signs of respiratory distress in children are outlined in
Table 23-1. Oncea child in respiratory distress tires, these signs
may become less apparent. Slowing of the respiratory rate and
shallow breathing can signal impending respiratory failure.
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Algorithm for tachycardia in pediatric patients.?’ (Source: American Heart Association, Inc.)

Tachycardia
w/ pulse and poor perfusion

Identify and Treat Underlying Cause
* Maintain patent airway, assist breathing if necessary

¢ Apply oxygen, cardiac monitors,
oximetry; obtain IV/IO access

¢ 12-lead ECG if available, but do not delay therapy

Evaluate QRS duration

Narrow (<0.09 sec) Wide (>0.09 sec)
) v
SVT® Ventricular tachycardia
STABLE
UNSTABLE UNSTABLE
v \ 4 \ 4 v
. . ' . Consider adenosine if rhythm
Consider vagal maneuvers Synchronized cardioversion 0.5-1 J/kg regular and QRS monomorphic
Y Y Y
Adenosine Expert consultation advised
IV/IO 0.1 mg/kg rapid bolus Synchronized cardioversion 2 J/kg Amiodarone
Maximum dose 6 mg 5 mg/kg IV over 20—-60 min
or
A 4 Procainamide
) 15 mg/kg IV over 10-15 min
Adenosine
IV/10 0.2 mg/kgrapid bolus
Maximum dose 12 mg

Stable vs. Unstable?

v Signs of cardiopulmonary compromise:
e Hypotension
If IV/IO not available, or if adenosine o Altered mental status

not effective, or if patient becomes .S f shock

unstable, proceed immediately to IgNs OfiShoe
synchronized cardioversion (If present, proceed immediately

to synchronized cardioversion)

2Evaluate for sinus tachycardia vs. SVT
SVT likely if:
e Rate >220 in infants, >180 for children
* P waves absent or abnormal
¢ Heart rate not variable
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Algorithm for cardiac arrest in pediatric patients.? (Source: American Heart Association, Inc.)

Cardiac Arrest

Apply oxygen, attach monitor/defibrillator

Start CPR Not shockable

Shockable
Y
VF/VT
Y
SHOCK
2 J/kg
CPR 2 min Rhythm shockable?
I0/IV access Yes
A4
SHOCK »
4 J/kg

CPR 2 min Rhythm shockable?
Epinephrine Yes
every 3-5 min
0.01 mg/kg IV/IO

Consider advanced
airway

Y

SHOCK
>4 J/kg or adult dose

CPR 2 min Rhythm shockable?
Amiodarone Yes
5 mg/kg bolus IV/IO

May repeat up
to 2 times

Treat reversible
causes

Asystole/PEA

l

CPR 2 min
10/1V access

Epinephrine every 3-5 min
0.01 mg/kg (0.1 mL 1:10,000)
Consider advanced airway

v

CPR 2 min
Treat reversible causes
(6H's & 5T’s)

CPR Quality:
e Push hard/push fast (>1/3 AP chest diameter, at least 100/min)
e Allow full chest recoil
* Minimize interruptions
e Don't overventilate
e Rotate compressor every 2 mins

Use 15:2 compression-to-ventilation ratio if no advanced airway; give
8-10 bpm with continuous compressions when airway in place
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Algorithm for bradycardia in pediatric patients.?® (Source: American Heart Association, Inc.)

Bradycardia
w/ pulse and poor perfusion

Identify and treat underlying cause
e Maintain patent airway, assist breathing if necessary
e Apply oxygen, cardiac monitors, oximetry; obtain IV/IO access
e 12-lead ECG if available, but do not delay therapy

. -
No Cardiopulmonary compromise? Yes

\ 4

Support ABCs
Give oxygen

Start CPR if heart rate <60 bpm

Consider expert consultation
Observe

Epinephrine
0.01 mg/kg1V/10 (0.1 mL 1:10,000)
Repeatevery 3-5 min
Atropine
0.02 mg/kg IV/IO

Use for increased vagal tone
or primary AV block

Consider transthoracic or transvenous
pacing

Treat underlying causes

If pulseless arrest develops, proceed to
cardiac arrest algorithm (Figure 23-2).
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PEARL
Slowing of the respiratory rate and shallow breathing can
signal impending respiratory failure.

The final component of the PAT is an assessment of the cir-
culation to the skin, looking for pallor, mottling, and cyanosis.
Cyanosis, while certainly a clear and dramatic sign, has signifi-
cant limitations as a diagnostic tool. It depends on the amount
of hemoglobin in the blood and the status of the peripheral cir-
culation. A child with severe anemia, for example, may have
significant hypoxia without any visible cyanosis. Conversely, a
very young infant whose hemoglobin has not yet fallen from the
high levels found at birth may have peripheral cyanosis despite a
normal central blood oxygen concentration.

The PAT gives a quick reflection of the adequacy of venti-
lation, oxygenation, and central nervous system function and
subsequently assists with early recognition and prioritization of
problems. Combining the three elements of the PAT can estab-
lish severity. A child with a normal appearance and increased
work of breathing is in respiratory distress. Abnormal appear-
ance and increased work of breathing can be signs of early respi-
ratory failure. Abnormal appearance and abnormally decreased
work of breathing are seen in late respiratory failure. Abnormal
appearance and decreased circulation indicate shock and should
prompt rapid progression through the pediatric primary survey
to initiate resuscitation.

Along with the primary assessment, one of the first steps in
the evaluation of a cricically ill child should be a measurement
of weight. If the weight is unknown or cannot be determined
immediately, it can be estimated by the following formula:

Weight (kg) = 2 X age (years) + 10

However, it is preferable to use a resuscitation tool such asa
Broselow tape, which provides recommended equipment sizes
and drug doses based on the patient’s length. This eliminates
the need to estimate the patient’s age and weight and reduces
the risk of error based on miscalculation during times of high
stress.”

TABLE 23-1.

Signs of respiratory distress in children

Abdominal breathing

Accessory muscle use

Diaphoresis

Grunting

Nasal flaring

Retractions

Tachypnea

Tripod positioning

KEY POINTS

Briefly assess the patient’s appearance, work of breathing,
and circulation. This will allow you to determine the severity
of the patient’s condition and direct further management.

Use a length-based resuscitation tape (eg, Broselow tape) to
determine equipment sizes and drug doses.

Pediatric Primary Survey: The ABCs

In contrast to the PAT, which can be performed in any or-
der, the pediatric primary survey is an ordered, comprehensive,
hands-on evaluation of cardiopulmonary status. The sequence
of interventions is crucial. First and foremost, the airway must
be evaluated and secured. Breathing must be supported or con-
trolled. Circulation and perfusion must be reestablished or en-
hanced. As in adults, the primary survey provides a specific,
regimented approach for identifying and treating life threats
before moving to the next step. Although the steps in the survey
are the same as for adults, the differences in the anatomy and
physiology of children can make diagnosis and management

challenging.

Airway

As with adults, the primary reasons for pediatric airway
management include inadequate oxygenation, inadequate ven-
tilation, or inadequate airway protection. However, not every
critically ill child needs to be intubated. Well-performed non-
invasive ventilation is usually sufficient, and several studies
have shown that it is safer and as effective as endotracheal (ET)
intubation, especially in the prehospital setting.’”” Effective
bag-valve-mask (BVM) ventilation is one of the most critical
resuscitation skills to master. Consideration should be given to
several anatomic and physiologic differences between pediatric
and adult airways when managing a child with respiratory dis-
tress or respiratory failure. As children grow, their anatomy and
physiology become more similar to those of adults, and by age
8, the airway is thought to approximate the adult form.

Anatomic features of the pediatric patient that affect airway
management include a more prominent occiput, a relatively
large tongue, small nasal passages, hypertrophied lymphoid tis-
sue, a short trachea, a long epiglottis, and a larynx that is more
anterior and more cephalad than in adules.® When the child is
lying on a flat surface, the size of the occiput causes neck flex-
ion and potential airway compromise. This can be overcome

TABLE 23-2.

Endotracheal tube and laryngoscope blade sizes

Size of uncuffed ET tube = (age inyears/4) + 4

Size of cuffed ET tube (after age 2) = (age in years / 4) + 3.5

Suggested laryngoscope blades
e Premature infant: #0 Miller blade (straight)
e Term infant, small child: #1 Miller blade (straight)
e Child <8 years old: #2 Macintosh blade (curved)
e Adolescent/adult: #3 Macintosh blade (curved)
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by placing a towel roll behind the infant’s shoulders. However,
overextension of the neck can also result in airway obstruction.
Infancs are obligate nose breathers until age 3 to 6 months, and
during this time even minor congestion can lead to obstruction.
The infants tongue is larger in proportion to the oral cavity
and can easily obstruct the airway. The epiglottis is longer and
omega shaped and is positioned in a short neck close to promi-
nent adenoid and tonsillar tissue. The long epiglottis can ob-
scure the laryngoscopic view of the cords, and this can be over-
come by direct elevation using a straight blade (Miller) racher
than indirect elevation using a curved blade (Macintosh) placed
in the vallecula. The glottic opening lies at approximately the
level of C2 or C3 in an infant or child, as opposed to C3 or C4
in the adolescent or adult. This superior (cephalad) and ante-
rior placement can make the airway difficult to see behind the
tongue on laryngoscopy. Because the cricoid ring is the nar-
rowest portion of the pediatric airway, as opposed to the vocal
cords in adults, it is possible that the tube will pass through the
cords but not any further.” Finally, the diamerer of the pediatric
airway is much smaller than the adult airway, making it far
more vulnerable to obstruction by foreign objects and edema.
Minor narrowing from respiratory infection or bronchospasm
can result in profound airway compromise.

Physiologic differences between children and adults that
complicate airway management include increased oxygen con-
sumption and metabolic rate and decreased pulmonary reserve.
Infants have 40% the functional residual capacity (FRC) of
adults while awake and only 10% the FRC of adults while asleep.
This decreased FRC means infants have less oxygen available for
gas exchange during exhalation or apnea. Additionally, infants
have a higher metabolic rate than adults, consuming at least 6
mL of oxygen per minute, compared with only 3 mL/min in
an adule. All chese factors cause infants and children to desatu-
rate much more rapidly than adults during periods of apnea,

TABLE 23-3.

Evaluating the difficult airway using the LEMON mnemonic.
Adapted with permission from “The Difficult Airway
Course: Emergency,” Airway Management Education
Center, www.theairwaysite.com, and from Murphy MF,
Walls RM. Identification of the difficult and failed airway. In:
Walls RM, Murphy MF, eds. Manual of Emergency Airway
Management. 3rd ed. Philadelphia, PA: Lippincott Williams
& Wilkins; 2008:81-93.

despite adequate preoxygenation.” These factors also conspire
to give the intubator less time for direct laryngoscopy in a sick
child. The infant and small child are at furcher risk of respira-
tory problems because of their immarure physiologic responses.
The infant may become apneic and bradycardic in response to
a hypoxic challenge instead of increasing the respiratory effort
and heart rate."

KEY POINT

Physiologic differences between children and adults that
complicate airway management include increased oxygen
consumption and metabolic rate and decreased pulmonary
reserve.

Adequate positioning and airway clearance can be all that is
needed to relieve obstruction. The first step should be to place
the child in the “sniffing position,” with neck extended and
chin lifted. If thereis concern about cervical spinal injury, a jaw
thrust should be used instead. If the jaw chrust is ineffective, it
is necessary to use the head-tilt/chin-lift technique to establish
a patent airway. Supplemental oxygen should be supplied and
secretions cleared by suctioning. Placement of a nasal or oral
airway can relieve obstruction caused by a large tongue. Oral
airways should be used only in patients without a gag reflex.
The appropriate size can be determined by holding the oral air-
way next to the child’s face; with the flange held at the corner
of the mouth, the tip of the airway will reach the angle of the
mandible. Using the correct size is crucial, as an airway that
is too small can push the tongue down and worsen obstruc-
tion, whereas an airway that is too large can cause pharyngeal
trauma. Nasal airways can be used in awake patients but cannot
be used if there is possible basilar skull fracture or coagulopathy.
They should be used cautiously in infants because an infant’s
hypertrophied adenoids and tonsils can be traumatized by air-
way insertion, resulting in bleeding. The risk of bleeding can be
minimized by inserting the bevel away from the nasal seprum.
The appropriately sized nasal airway should reach from the nos-
tril to the tragus of the ear when held against the face, and its
width should be less than that of the nostril.

Although BVM ventilation should be considered the “gold
standard” for initial airway management, tracheal intubation
offers the advantage of long-term airway maintenance and some

TABLE 23-4.

Equipment needed for intubation (the SOAP ME mnemonic)

L: Look externally (short neck, large tongue, micrognathia)

S: Suction (catheters and Yankauer tips)

E: Evaluate the 3-3-2 rule (incisor distance <3 fingerbreadths,
hyoid/mentum distance <3 fingerbreadths, thyroid-to-mouth
distance <2 fingerbreadths)

M: Mallampati (Mallampati score = 3)

0O: Oxygen (nasal cannula, oxygen flow, masks, and appropriate
bag)

A: Airway (appropriate ET tube, oral/nasal airway, stylets,
laryngoscope with functioning light and appropriate blades)

O: Obstruction and obesity (presence of any condition that could
cause an obstructed airway)

N: Neck mobility (limited neck mobility)

P: Pharmacology (RSI medications)

ME: Monitoring equipment (end-tidal CO. detector, stethoscope,
monitors)
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protection from aspiration of gastric contents.'" Determining
the appropriate size of airway equipment can be challenging in
children. If a length-based resuscitation tape is not available, an
age-based formula can be used to estimate ET tube size (Table
23-2). This has been found to be more accurate than estimating
ET tube size based on the width of the patienc’s fifth finger."
When preparing for intubation, tubes half a size smaller and
half a size larger should be available. The depth of ET tube in-
sertion in centimeters is approximately three times the uncuffed
ET tube size. In the past, the use of cuffed tubes in children
younger than 8 years was discouraged. However, this practice
is becoming increasingly common. The use of either a cuffed
or an uncuffed ET tube is acceprable, and a cuffed tube is now
considered preferable in many cases. The conventional thought
was that cuffed tubes increased the risk of ischemic damage to
the tracheal mucosa, thus risking the complication of subglottic
stenosis. Newer ET tubes are designed to be high volume and
low pressure, resulting in a seal aclower pressure. When used in

TABLE 23-5.
Pediatric RSI drugs. From: EMRA Pediatric Qwic Card.
Dallas, TX: Emergency Medicine Residents Association;

2008. Used with permission of Dale Woolridge, MD, PhD.

Pretreatment
e Atropine (0.02 mg/kg IV/ET tube)—Minimum, 0.1 mg; use
to decrease bradycardia from vagal stimulation; always
use in patients <5 years old and before second dose of
succinylcholine
e Lidocaine (1 mg/kg IV/ET tube)—To blunt theorectical
increase in intracranial pressure (ICP)

Induction
e Etomidate (0.2-0.6 mg/kg IV)—Less hypotension than some
sedatives
e Fentanyl (2-5 mcg/kg IV)—Can cause chest wall rigidity if
given rapidly

e Ketamine (1-2 mg/kg IV)—Preferred in presence of
bronchospasm; avoid if increased ICP is suspected

e Thiopental (3-5 mg/kg IV)—Preferred if increased ICP is
suspected; use % dose in the presence of hypotension

* Midazolam (0.2-0.3 mg/kg IV)—Causes low blood pressure,
heartrate, and respiratory rate

Paralysis
e Succinylcholine (1-2 mg/kg IV)—Pretreat with atropine in
patients younger than 5 years and before all subsequent
doses; avoid if hyperkalemia or renal failure is suspected
or if the patient has a history of malignant hyperthermia or
neuromuscular disease
e Rocuronium (0.6-1.2 mg/kg IV)—Onset in 1 min; lasts 30 min

Delayed onset paralytics, not suited for RSI:
e Pancuronium (0.04-0.1 mg/kg IV)—Avoid in asthmatic
patients (histamine release) and patients with renal failure
e Vecuronium (0.08-0.1 mg/kg IV)—Onset in 1-3 min; lasts 90
min
e Cisatracurium (0.1-0.3 mg/kg IV)—Onset in 13 min; lasts
30-60 min

controlled settings with frequent cuff pressure monitoring (typ-
ically in a pediatric ICU), cuffed tubes have not been shown
to increase the risk of postextubation stridor or reintubation
rates.*®Additionally, cuffed ET tube use minimizes the risk
of air leak, thus optimizing ventilation with higher pressures
and resulting in more consistent ventilation. The use of cuffed
tubes can also decrease the need to exchange inappropriately

sized ET tubes.”

KEY POINT
Use a cuffed ET tube for children 2 years and older.

PEARL

When used in controlled settings with frequent cuff pressure
monitoring (typically in a pediatric ICU), cuffed tubes have
not been shown to increase the risk of postextubation stridor
or reintubation rates.'®"®

The key to successful intubation is using a standard proce-
dure every time. Every patient in the emergency department
is generally presumed to have a full stomach; therefore, rapid-
sequence intubation (RSI) should be the norm. The risks of in-
tubation should be considered. As with adults, the LEMON
mnemonic may be used to predict difficult airways, although
this technique has not been validated for use in children (Table
23-3). Gather appropriately sized equipment, including alterna-
tive airway management devices, and medications that will be
used. Another mnemonic that may be helpful is “SOAP ME”
(Table 23-4). Preoxygenate the patient, keeping in mind that
even when appropriately oxygenated, the child will desaturate
much more rapidly than an adult. Deliver RS medications
(Table 23-5) only when you are confident that BVM ventila-
tion will be successful. The Sellick maneuver (cricoid pressure)
may be used to decrease the chance of regurgitation by pressing
the cricoid cartilage firmly against the esophagus. Studies have
shown the positive effects of the Sellick maneuver in infancs
as young as 2 weeks.'® However, this must be done cautiously
in infants because too much pressure can collapse their pliable
airways. One technique that may be used to improve visualiza-
tion is to have the intubator use his or her own left fif th finger
(while holding the laryngoscope) to provide gentle cricoid pres-
sure. This allows the physician to manipulate the cricoid ring,
helping to bring the glottis into view.

TABLE 23-6.

Comparison of LMA and ET tube size

Weight (kg) Laryngeal mask airway ET tube
<5 1 3.5
5-10 1.5 4
10-20 2 4.5
20-30 2:5 5
>30 3 6
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Once the ET tube has been passed, confirm placement using
clinical evaluation (gentle symmetric chest rise, equal bilateral
breath sounds, condensation in the tube) as well as an end-tidal
CO:; detecror. If breath sounds are heard over the stomach,
do not remove the tube immediately—breath sounds are eas-
ily transmitted in infants and small children. Gurgling sounds
suggest esophageal intubation, necessitating tube removal.
Pediatric end-tidal CO; detectors should be used in patients
weighing less than 15 kg and adult end-tidal CO; detectors in
patients weighing more than 15 kg. End-tidal CO, detectors
may not reliably confirm placement in instances of low pul-
monary blood flow (eg, cardiac arrest or massive pulmonary
embolism).” If any uncertainty remains, perform careful direct
laryngoscopy to verify that the ET tube passes through the vo-
cal cords. Finally, obtain a chest film to confirm proper tube
position in the midtrachea.

As in adults, if a child develops problems with oxygenation
or ventilation after intubation, use the “DOPE” mnemonic to
consider potential reasons for this decompensation: dislodge-
ment, obstruction, pneumothorax, or equipment malfunction/
failure. Dislodgement is a frequent problem in small children
because of their short trachea length. Small pediatric ET tubes
are also more easily obstructed than larger, adult-sized tubes.
When a problem arises, take the child off the ventilator and bag
to ventilate manually. This will eliminate ventilator malfunc-
tion as a source of the problem and allow the clinician to use
the ease of bagging to assess lung compliance as well as pos-
sible tube obstruction. Auscultate to check for tube position or
dislodgement, and use a suction catheter to attempt to clear se-
cretions from the tube. If equipment malfunction, obstruction,
and displacement have been eliminated as causes, consider an
underlying pneumothorax. If the patient is in extremis, needle
decompression can be performed. In the stable patient, check
a chest radiograph to evaluate tube placement and assess for
pneumothorax.’

Difficult Airway

When traditional intubation techniques fail, alternative
methods must be employed. It is critical to recognize the diffi-
cult airway before giving induction agents and paralytics. Find-
ings that predict a difficult airway include limited mouth open-
ing, cervical spine immobility, small mouth, prominent central

TABLE 23-7.

Initial pediatric ventilator settings

Pressure control (weight <10 kg)
e Peak inspiratory pressure = 20-30 cm H,O
e PEEP =3-5cm H.0
* Fioz=100%
* RR = Age appropriate

Volume control (weight >10 kg)
e Tidal volume = 8-10 mL/kg
e PEEP =5cm H0
* Fio2=100%
e RR = Age appropriate

incisors, short neck, large tongue, obesity, laryngeal edema, and
mandibular or midface dysmorphology or trauma.® Consider
using the “LEMON” mnemonic (Table 23-3), as discussed
previously. In the absence of these findings, an unanticipated
difficult pediatric airway is uncommon. If a difficult airway is
predicted, video laryngoscopy is an increasingly common alter-
native airway method. Numerous video laryngoscope devices,
available in pediatric sizes and even neonatal sizes, can offer
improved success rates as well as facilitate teaching to novice
intubators.'®"

If the child cannot be intubated using standard techniques,
effective BVM ventilation should be provided. If this is success-
ful, the clinician has time to optimize further attempts by repo-
sitioning the child and having the most skilled individual avail-
able repeat the laryngoscopy. If ventilation is still not achieved,
the laryngeal mask airway (LMA) may be employed as a rescue
device (Table 23-6). The most recent American Heart Asso-
ciation (AHA) recommendations for pediatric advanced life
support state that “when BVM ventilation is unsuccessful and
when endotracheal intubation is not possible, the LMA is an ac-
ceptable adjunct when used by experienced providers.”*® How-
ever, the guidelines advise caution, stating that complications
associated with LMA insertion occur more frequently in young
children than in adults. The esophageal-tracheal combination
tube, or Combitube, is another alternative device for the “can’t
intubate/can’t ventilate” situation. Unfortunately, itis not avail-
able in sizes appropriate for most children. The smallest version
is recommended for use in “small adults” (4 to 6 feer tall).

If endotracheal intubation fails and venrtilation is unsuc-

TABLE 23-8.

Average vital signs by age. From: EMRA Pediatric

Qwic Card. Dallas, TX: Emergency Medicine Residents
Association; 2008. Used with permission of Dale Woolridge,
MD, PhD.

Age Weight Heart Respiratory Systolic
(kg) Rate Rate Blood

(bpm) (breaths per Pressure

minute) (mm Hg)
Newborn 3.5 130-150 40 70
3 mo 6 140 30 90
6 mo 8 130 30 90
1yr 10 120 26 90
2yr 12 115 26 90
3yr 15 110 24 90
4yr 17 100 24 90
6yr 20 100 20 95
8yr 25 90 20 95
1012 yr 30-40 85 20 100

228



Pediatric Resuscitation

cessful with alternative airway devices, an invasive airway tech-
nique should be used. Options include needle cricothyrotomy
and surgical cricothyrotomy. Needle cricothyrotomy is the eas-
ier and safer method of the two for temporary ventilatory sup-
port in the emergency department. This is a temporary measure
because, although oxygenation can be preserved, ventilation is
often marginal. Insert a 14-gauge catheter over a needle into
the cricothyroid membrane while aspirating back. When free
flow of air into the syringe is obtained, the position is correct.
Consider placing a small amount of sterile saline in the syringe
to assist in the detection of aspirated air. Once cannulated, the
catheter can be connected directly to an adapter device, or it
may be attached to the barrel of a 3-mL syringe and then to
a resuscitation bag via the hub of a 7.0 ET tube. For children
younger than 5 years, needle cricothyrotomy with bag ventila-
tion is preferred. For children aged 5 to 10 years, bag ventila-
tion or transtracheal jet ventilation may be used. Children older
than 10 years should be of adequate size to allow placement of a
larger-bore cricothyroid tube using Seldinger technique.

KEY POINT
When managing a difficult airway, do not continue to do
the same thing and expect a different result. Move on to
adjunctive airway devices.

PEARL

For children younger than 5 years, needle cricothyrotomy
with bag ventilation is preferred. For children aged 5 to 10
years, bag ventilation or transtracheal jet ventilation may be
used. Children older than 10 years should be of adequate
size to allow placement of a larger-bore cricothyroid tube
using Seldinger technique.

Breathing

When a child shows evidence of respiratory distress, the first
step after airway positioning and clearance is simply to provide
supplemental oxygen. Although oxygen delivered by nasal can-
nula or face mask is preferred and provides a higher inspired

TABLE 23-9.

Reversible causes of dysrhythmia, shock, and
cardiorespiratory arrest

Six H's
e Hydrogen ion (acidosis)
e Hypoglycemia
e Hypothermia
e Hypo/Hyperkalemia
e Hypoxia
e Hypovolemia

FiveT’s
e Tamponade
e Tension pneumothorax
e Thrombosis (coronary or pulmonary)
e Toxins
e Trauma

F10,, blow-by oxygen is an effective alternative for an agitated
child who does not tolerate having something on his or her face.
If inadequate oxygenation and ventilation persist, assisted
ventilation may be necessary. As mentioned above, BVM venti-
lation is the technique of choice for airway management during
the initial phase of resuscitation. BVM ventilation is usually
simple and effective, yer, like everything in pediatrics, requires
appropriately sized equipment. A mask that fits properly cov-
ers the child’s chin, mouth, and nose. A mask that is too large
covers the eyes and extends over the tp of the chin, and one
that is too small does not cover the nose and mouth effectively
and cannot make a seal. In the emergency department, a self-
inflating resuscitation bag is most commonly used. This device
does not require attachment to high-flow oxygen to function,
although this is a common practice. When using BVM ven-
tilation, take care not to compress the soft tissues of the neck
in a young child. Hold the mask using the E-C clamp—using
the thumb and index finger on the left hand to form a C that
holds the mask onto the child’s face and using the other three
fingers to form an E along the angle of the jaw. Pull the child’s
jaw up to the mask rather than pushing the mask down on the
face. Squeeze the bag only until chest rise is seen. Normal tidal
volume is 6 to 8 mL/kg, but with the dead space of the device,
one can estimate the volume needed as 10 mL/kg.” Avoid over-
ventilation, as this can lead to gastric distention and difficulty
ventilating because of an elevated hemidiaphragm.”
Hyperventilation is not recommended and can actually be
harmful. Increased respiratory rates cause increased intratho-
racic pressure, thereby decreasing venous return and coronary
perfusion pressure. This has been shown to decrease survival.?
Hyperventilation also drives down the Pcos, resulting in cere-
bral vasoconstriction and hypoperfusion. Mild hyperventilation
to a goal Pco: 0f 30 to 35 mm Hg should be reserved for patients
with signs of impending cerebral herniation and those with sus-
pected pulmonary hypertension. Once an advanced airway is in
place, respirations should be administered simultaneously with
chest compressions, at a rate of 8 to 10 breaths/min.??
KEY POINTS
Effective bag-mask ventilation may obviate the need for
intubation. Prolonged delivery of unnecessarily high oxygen
concentrations should be avoided. Do not hyperventilate the
patient.

Do not overventilate. Use an age-appropriate rate and a tidal
volume of 8—10 mL/kg.

Initial ventilator settings in the critically ill child are based
on normal physiologic parameters for a healthy child of similar
weight and age. A positive end-expiratory pressure (PEEP) of 5
cm H,O is a good starting point. Many ventilators are designed
to deliver both pressure and volume control modes of ventila-
tion. Either may be used, but consider pressure mode in infants
and smaller children weighing less than 10 kg (Table 23-7). Use
either, with the goals of gentle chest rise, good air exchange, and
delivery of a tidal volume of about 8 to 10 mL/kg. The target re-
spiratory rate varies with the patient’s age. Good starting points
are rates of 30 breaths/min for infants, 20 for children, and 16
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for older children and teenagers. Inspiratory time should be set
between 0.5 and 1 second to target an inspiratory-to-expiratory
ratio of 1:3 and allow adequate time in the exhalation phase of
the respiratory cycle for carbon dioxide elimination. In patients
demonstrating obstruction such as asthmatics, a larger ratio of
1:5 may be required. Avoid plateau pressures greater than 30
cm H>O to minimize barotrauma. Obtain a blood gas measure-
ment shortly after placing the patient on the ventilator to assess
the effectiveness of ventilation.

PEARL
Avoid plateau pressures greater than 30 cm H.O to minimize
barotrauma.

Circulation

Rapidly assess the circulation to determine the adequacy of
cardiac output and perfusion. Add to the PAT assessment of
skin perfusion with a hands-on assessment of heart rate, pulse
quality, level of consciousness, capillary refill, extremity tem-
perature, skin color, urine output, and blood prf:ssure.3

Cardiac Arrest

Approximately 16,000 American children (8-20 per
100,000 children) suffer a cardiac arrest each year.24 If a child
is unresponsive and not breathing, take up to 10 seconds to
check for a carorid, femoral, or brachial pulse. If no pulse is
present, begin cardiopulmonary resuscitation (CPR) along with
assisted ventilation. The new AHA guidelines focus on per-
forming high-quality CPR with minimal interruptions. In fact,
the recommended universal sequence has been changed from
ABC to CAB to emphasize the importance of initiating chest
compressions immediately after cardiopulmonary arrest.”> To

perform chest compressions for children (approximately 1 year
of age to puberty), use the heel of one or two hands to depress
the lower half of the sternum to a depth of at least one third of
the anteroposterior (AP) chest diameter or about 5 cm.?® For
children, the compression-to-ventilation ratio is 30:2 for lone
rescuers and 15:2 for two rescuers. For infants younger than 1
year, the AHA recommends that lone rescuers use two fingers
to depress the sternum at least one chird the depth of the chest
or about 4 cm. The “two-thumb/encircling hands” technique is
recommended when two or more health care providers are pres-
ent. One rescuer’s thumbs should forcefully compress cthe lower
third of the sternum, but there are no data to support circum-
ferential squeezing of the thorax.”” The two-thumbs technique
is preferred because it improves coronary artery perfusion pres-
sure and may generate higher systolic and diastolic blood pres-
sures. When performing chest compressions, rescuers should
aim for a rate of at least 100 compressions/min, allow full chest
recoil at the end of each compression, and be relieved by a dif-
ferent rescuer after 2 minutes to decrease rescuer facigue. This
switch should be performed in less than 5 seconds to minimize
interruptions in CPR. In neonates, compressions and ventila-
tions should be given in a 3:1 ratio of compressions to ventila-
tions, with 90 compressions and 30 breaths in 1 minute, for a
total of 120 events per minute. When compressions are given
continuously, the rate should be 120 compressions per minute.”

Because pediatric cardiac arrest is most commonly caused
by respiratory failure or shock, in up to 50% of cases, recurn of
spontaneous circulation can be established with chest compres-
sions and ventilation alone.?®*” Even though early, high-quality
CPR is key, studies have shown that when CPR is performed,
it is of ten suboptimal, with compressions that are too few, too

TABLE 23-10.

Signs and symptoms of shock states in children

Hypovolemic

Cardiogenic

Distributive

Weak, pale, lethargic

Weak, pale, lethargic

Weak, pale lethargic

Tachypnea (to compensate for metabolic
acidosis)

Tachypnea, retractions

Apnea, respiratory distress

Pale, mottled skin

Pale, mottled skin

Pale, mottled skin

Sunken eyes

Cool extremities

Cool or warm extremities

Dry mucous membranes

Hepatomegaly

Tachycardia

Poor skin turgor

Pulmonary edema

Hypotension

Delayed capillary refill

Tachycardia

History of source—allergen trigger, spinal

Cool extremities

cord injury, infection, etc.

Arrhythmia

Tachycardia

Heart murmur

Hypotension (late finding)

Hypotension

History of source—vomiting, diarrhea,
hemorrhage, etc.

History of source—congenital heart disease,
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shallow, and too weak. Ventilations are often excessive, with
too many interruptions in chest compressions.**”' To maximize
the effectiveness of compressions, the AHA stresses the need
to “push hard and push fast.” Interruptions in compressions
should be minimized because they decrease the rate of return to
spontaneous circulation. Rhythm checks should be performed
every 2 minutes and result in only brief interruptions in chest
compressions. Once an advanced airway is in place, compres-
sions and breaths should be performed continuously without
interruption.”® These recommendations are all focused on im-
proving myocardial, cerebral, and systemic perfusion to maxi-
mize the likelihood of recovery.

KEY POINTS

When CPR is necessary, push hard and push fast, minimize
interruptions, allow time for chest recoil, and check rhythm
quickly every 2 minutes of CPR.

Universal compression:ventilation ratio of 30:2 (lone rescuer)
or 15:2 (two rescuers). Once an advanced airway is in place,
deliver simultaneous ventilations and compressions, with a
ventilation rate of 8 to 10 breaths/min.

Arrhythmias

Rhythm disturbances in children can be organized into
three general categories: fast, slow, and pulseless (Figures 23-1,
23-2, 23-3). The clinical presentation of arrhythmia can range
tremendously from nonspecific signs and symptoms in a stable
child to profound respiratory distress, shock, or arrest. Remem-
ber—vital signs are vital (Table 23-8).

The most likely cause of bradyarrhythmia in children is hy-
poxia. When faced with a bradycardic child, first and foremost
supply oxygen and support respirations. Chest compressions
should be started when the heart rate is less than 60 beats/min
and the child shows signs of poor perfusion, such as hypoten-
sion, altered mental state, or signs of shock. If bradycardia per-
sists despite good CPR, give epinephrine, 0.01 mg/kg (0.1 mL/
kg of 1:10,000), IV/IO. This dose may be repeated every 3 to 5
minutes. [f vagal stimulation or cholinergic drug toxicity is sus-
pected, consider atropine, 0.02 mg/kg IV/IO (minimum dose
0.1 mg; maximum single dose 0.5 mg in a child and 1 mgin
an adolescent). This dose can be repeated to a maximum toral
dose of 1 mg in a child and 2 mg in an adolescent. Consider
cardiac pacing if the bradycardia is caused by complete heart
block or sinus node dysfunction, especially if it is associated

TABLE 23-11.

Infusion rates for vasoactive medications

Dobutamine, 2-20 mcg/kg/min

Dopamine, 2-20 mcg/kg/min

Epinephrine, 0.1-1 mcg/kg/min

Norepinephrine, 0.1-2 mcg/kg/min

Vasopressin, 0.5 mU/kg/hr

with congenital or acquired heart disease. If, at any point, the
child progresses to pulseless electrical activity (PEA), switch to
the PEA algorithm.***

When tachycardia is present and the patient is stable with
a palpable pulse and adequate perfusion, administer oxygen,
support ventilation, establish intravenous access, and obtain an
electrocardiogram to evaluate the QRS duration. Narrow com-
plex (<0.09 sec) tachycardia is most likely sinus tachycardia or
supraventricular tachycardia (SVT). Rapid heart rates in chil-
dren are most commonly due to sinus tachycardia. Although
sinus tachycardia is not usually in itself harmful, the underly-
ing cause should be identified and corrected. Common causes
include hypoxemia, hypovolemia, hyperthermia, fever, toxins,
pain, and anxiety. SVT is the most common tachyarrhythmia
in children and typically presents with a heart rate faster than
180 beats/min in children and faster than 220 beats/min in in-
fants (but the rate can reach as high as 300 beats/min). If the
child is stable, the treatment of choice is vagal stimulation if it
will not significantly delay chemical or electrical cardioversion.
In infants and young children, apply a bag of ice/water slurry
to the face firmly (but do not occlude the airway). In older
children, have the child try Valsalva maneuvers such as blow-
ing through a straw and bearing down or use carotid massage.
Do not apply ocular pressure, as this can damage the retina.
If vagal maneuvers fail to break the rhythm, adenosine should
be given as a rapid intravenous bolus of 0.1 mg/kg (maximum
initial dose 6 mg). This dose can be doubled on the second at-
tempt to 0.2 mg/kg with a maximum dose of 12 mg. Remember
to administer adenosine fast, followed by an immediate flush
of 5 to 10 mL of normal saline. Rapid infusion is necessary
because of the very short half-life of the medication. It is best
achieved by using two syringes attached to a stopcock to allow
the flush to go in as fast as possible. If adenosine fails, consider
electrical cardioversion with sedation, amiodarone, or procain-
amide. These antiarrhythmic agents prolong the QT interval,
must be infused slowly, and should not be used concurrently
without expert consultation because they can precipitate tors-
ade de pointes. Verapamil should not be used in infants because
it has caused shock and cardiac arrest in this population.” If the
patient becomes unstable or if perfusion is poor, proceed imme-
diately to synchronized cardioversion with 0.5 to 1 J/kg. This
can be repeated at 2 J/kg if the initial attempt is unsuccessful.
Record a rhythm strip continuously during all chemical and

. . 2 2
electrical rhythm conversion attempts.”**

PEARL

SVT is the most common tachyarrhythmia in children and
typically presents with a heart rate faster than 180 beats/min
in children and faster than 220 beats/min in infants (but the
rate can reach as high as 300 beats/min).

Wide complex (>0.09 sec) tachycardia is usually ventricular,
but it can be supraventricular with aberrant conduction. If per-
fusion is poor or if the child is unstable, proceed directly to syn-
chronized cardioversion, as discussed above (0.5-1 J/kg, then 2
J/kg if unsuccessful). If perfusion is adequate, consider giving a
dose of adenosine to determine if the rhythm is SVT with aber-
rant conduction. If the patient is in stable ventricular tachycar-
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dia, consider expert consultation for guidance regarding phar-
macologic conversion with amiodarone or procainamide. These
drugs must be given slowly while carefully monitoring the pa-
tient for electrocardiographic and blood pressure changes. Slow
or stop drug infusion if the QRS interval widens or the blood
pressure falls during drug administration.*

The electrocardiographic rhythm of a patient in pulseless
cardiopulmonary arrest can fall into one of two categories: 1)
ventricular rachycardia (VT)/ventricular fibrillation (VF) or 2)
PEA/asystole. This distinction is critical, as survival is much
more likely after arrests presenting with VT/VF than with
PEA/asystole.2***35 If VF or VT is present, or in the case of sud-
den witnessed collapse (which is presumed to be VF), proceed
immediately to defibrillation. The defibrillation success rate de-
creases by approximately 5% to 10% with every minute of de-
lay*® After one shock (not three as previously recommended) of
2 J/kg unsynchronized, resume CPR. After 2 minutes of CPR,
check the rhythm and defibrillate again using 4 J/kg. Make
every attempt to minimize interruption of chest compressions.
Give epinephrine, 0.01 mg/kg (0.1 mL/kg of 1:10,000) IV/IO
and repeat every 3 to 5 minutes. Perform another 2 minutes
of CPR. If a shockable rhythm persists, deliver a third shock
of more than 4 J/kg (maximum dose not to exceed 10 J/kg or
the adult dose). If cardioversion is still unsuccessful after the
third defibrillation attempe, continue CPR and consider the
administration of an antiarrhythmic drug: amiodarone (5 mg/
kg IV/10O), or lidocaine (1 mg/kg IV/IO) if amiodarone is not
available. Magnesium sulfate (25-50 mg/kg [V/IO, maximum
2 g) should be given by rapid infusion for polymorphic VT
or torsade de pointes. If the rhythm is PEA or asystole, it is
not amenable to electrical cardioversion or defibrillation. Give
epinephrine as above, repeating every 3 to 5 minutes, followed
each time by 2 minutes of high-quality CPR. Search for pos-
sible contributing and potentially reversible factors—think of
“the 6 H’s and 5 T’s” (Table 23-9)—and rapidly correct any
identified irregularities.”® If spontaneous circulation returns,
proceed to meticulous post-cardiac arrest care.

KEY POINT

Defibrillate using a single shock of 2 J/kg followed by
immediate resumption of 2 minutes of CPR. If a shockable
rhythm persists, deliver 4 J/kg, epinephrine, and another 2
minutes of high-quality CPR. A third shock with more than
4 J/kg, with a maximum of 10 J/kg or the adult dose, and
administration of amiodarone are recommended if attempts
at defibrillation fail to restore a perfusing rhythm.

Shock

Shock is a state of inadequate perfusion resulting in inad-
equate substrate (oxygen, glucose) delivery to the vital organs.
The management goal is early recognition to prevent tissue
damage and progression to cardiopulmonary arrest. The under-
lying causes of shock can be divided into three main categories:
hypovolemic, cardiogenic, and distributive (Table 23-10). Hy-
povolemic shock, the most common cause of shock in pediatric
patients, is characterized by an inadequate circulating intravas-
cular volume. It of ten results from dehydration or hemorrhage.
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Distributive shock is characterized by inadequate distribution
of fluid volume. This is usually caused by systemic vasodilation
that leads to functional hypovolemia. Septic shock and anaphy-
lactic shock are types of distributive shock that lead to this fluid
shifting. Cardiogenic shock is characterized by myocardial
dysfunction. Fluid volume can be normal or even slightly in-
creased, but the diminished pump function of the myocardium
impairs cardiac output.

Although shock is associated with hypotension, do not
over-rely on blood pressure measurements. Because of strong
compensatory responses, children are able to maintain cardiac
output and blood pressure by significant increases in heart rate
and systemic vascular resistance. Many children have normal
or even slightly elevated blood pressures during the early stages
of shock. With acute hemorrhage, blood pressure can be main-
tained in a normal range until approximately 30% of the circu-
lating blood volume has been lost. Once uncompensated shock
ensues, it can progress rapidly to terminal shock unresponsive
to therapy. Hypotension is a late and ominous sign of shock in
pediatric patients. Every effort should be made to recognize and
treatshock states before decompensation occurs.”’

KEY POINT
It is necessary to recognize and treat shock before
hypotension occurs in children.

PEARL

Many children have normal or even slightly elevated blood
pressures during the early stages of shock. With acute
hemorrhage, blood pressure can be maintained in a normal
range until approximately 30% of the circulating blood
volume has been lost.

Resuscitation options for the treatment of shock vary widely
depending on the etiology. Regardless of the cause, the goal is to
rapidly restore tissue perfusion. Initially, administer supplemen-
tal oxygen, place monitors, and expediently obtain intravenous
or intraosseous access. Give volume-expanding isotonic crystal-
loids (normal saline or lactated Ringer solution) in a bolus of 20
mL/kg as fast as possible. Reassess the child after each bolusand
repeat if there is still evidence of poor perfusion.

KEY POINT

In shock, rapid fluid resuscitation is crucial. Give 20 mL/kg X
3 boluses within the first 15 to 20 minutes. If shock persists,
consider packed red blood cells and pressors.

To deliver boluses this rapidly, consider a manual push-pull
technique or delivery via pressure bag. Infusion by gravity is not
rapid enough.39 Packed red blood cells (given in 10-mL/kg ali-
quots) is the resuscitation fluid of choice for volume expansion,
especially when signs of shock persistafter 40 to 60 mL/kg crys-
talloid has been administered. Although the evidence for this in
children is not as clear as in adults, the Society of Critical Care
Medicine recommends maintaining a hemoglobin concentra-
tion of 8 to 10 g/dL to improve oxygen-carrying capacity and
tissue l;)t:rfusion.‘/'(J If there is a concern about cardiogenic shock,
give smaller volumes more slowly while watching carefully for
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signs of worsening cardiac function or volume overload.*

If fluid resuscitation is insufficient to restore perfusion, add
vasopressor support (Table 23-11). In children, the choice of va-
soactive agent should be tailored to the patient and the clinical
situation. The initial pressor of choice is of ten dopamine. Start
at 5 mcg/kg/min and titrate up by 2.5 mcg/kg/min every few
minutes until perfusion improves and/or the target blood pres-
sure is achieved (usually a mean arterial blood pressure of 65 mm
Hg). Dopamine-resistant shock is diagnosed if inadequate per-
fusion persists after titration to 20 mcg/kg/min. In dopamine—
resistant shock, consider the administration of norepinephrine
(start at 0.05 mcg/kg/min and then ttrate by 0.05-0.1 mcg/
kg/min every 3—5 min to a maximum dose of 2 mcg/kg/min)
or epinephrine (start at 0.05 mcg/kg/min and then titrate by
0.05-0.1 mecg/kg/min every 3-5 min to a maximum dose of 1
mcg/kg/min). In cases of myocardial dysfunction, dobutamine
may improve cardiac output by improving contractility, rate,
and myocardial relaxation (start at 2.5 mcg/kg/min and then

ticrate by 2.5 mcg/kg/min every 3—5 min).*

PEARL

The Society of Critical Care Medicine recommends
maintaining a hemoglobin concentration of 8 to 10 g/dL to
improve oxygen-carrying capacity and tissue perfusion.*

In children, the choice of vasoactive agent should be tailored
to the patient and the clinical situation. The initial pressor of
choice is often dopamine.

Hypoglycemia can develop rapidly in shock states in re-
sponse to high glucose utilization and low glycogen stores.
Monitor for this and other electrolyte abnormalities and correct
them if necessary. In sepsis, promptly administer broad-spec-
trum antibiotics af ter appropriate cultures have been obrained.

Vascular Access

Even with adequate CPR, resuscitation drugs may be needed
to restore a perfusing rhythm. Additionally, rapid fluid resus-
citation may prevent a shocky patient from progressing to car-
diorespiratory failure. Pediatric intravenous placement can be
difficult in the hands of an inexperienced clinician, and this is
only made harder by the stress of a code situation. In a crash-
ing or coding patient, do not waste time attempting to place a
central line; if peripheral intravenous access cannot be secured
rapidly (ie, after three attempts), move immediately to intraos-
seous placement.

Intraosseous lines are now being recommended for resuscita-
tion in all age groups, from premature infants to adults, as a
rapid, safe, effective option for vascular access.” New devices,
including spring-loaded needles and powered drills, can facili-
tate proper placement. Complications are similar to those as-
sociated with traditional intraosseous needles, including needle
displacement, fracture, infection, and compartment syndrome.
Nevertheless, the ease and rapidity of placement, as well as the
effectiveness of drug delivery, make this an ideal technique for
use during a pediatric resuscitation. The AHA recommends
intraosseous access over endotracheal drug delivery and notes
that it can be used for administration of fluids (including blood
products) and medications (including pressors) and for initial

blood sampling.*® Equipment for intraosseous access should be
readily available, and caregivers should be familiar with its use.
If atcempts at intravenous and intraosseous line placement
fail, some medications may be given via the endotracheal route.
Certain lipid-soluble drugs such as lidocaine, epinephrine, atro-
pine, and naloxone (“LEAN?) can be delivered endotracheally.
Although optimal endotracheal doses are not known, most ex-
perts recommend double or triple the typical intravenous dose
for lidocaine, atropine, and naloxone and 10 times the typical
dose for epinephrine (0.1 mg/kg or 0.1 mL/kg of'a 1:1,000 con-
centration) when given endotracheally. If this route is used, fol-
low the drug dose with a 5-mL normal saline flush. In neonates,
this may be too large a volume, so instead dilute the drug to 1
to 2 mL with normal saline and give directly or use a 5F feeding
catherter inserted down the ET tube, followed by 0.5 mL saline.
In both cases, give several assisted bag ventilations immediately
to help distribute the drug deep into the bronchial tree. Overall,
the endotracheal route is discouraged because of “erratic and
inconsistent” drug absorption and potential toxicity.*'

Postresuscitation Care

Despite our best efforts, most victims of pediatric cardio-
pulmonary arrest will not be resuscitated successfully. When
reperfusion is achieved, the immediate postresuscitation phase
is critical. During this period, patients are at high risk for brain
injury, ventricular arrhythmias, and extension of reperfusion
injuries. Interventions during this period are aimed at mini-
mizing reperfusion injury and supporting cellular recovery.
Hyperthermia following cardiac arrest and anoxic brain injury
in children are common and should be avoided. Mild induced
hypothermia can be employed in children as in adults and may

. 24.42
Improve outcomes.

KEY POINT

During resuscitation, give medications intravenously or
intraosseously; use endotracheal delivery as a last resort
(the absorption is inconsistent).

Conclusion

Unstable pediatric patients present unique challenges in the
emergency department. By being aware of the different anat-
omy and physiologic responses in children and being familiar
with and prepared for pediatric procedures, the emergency phy-
sician will be able to deliver focused, effective emergency care
to critically ill children.
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Introduction

Pediatric trauma is the leading cause of mortality in chil-
dren, accounting for more than 45% of all deaths among chil-
dren 1 to 14 years of age." A total of 15,000 children die each
year from trauma and another 150,000 become permanently
disabled. Approximately half of the trauma in this age group is
directly related to motor vehicle collisions. The mortality rate
of hospitalized children after trauma is low; however, most pe-
diatric trauma deaths occur while the patient is en route to the
hospital. The most common form of pediatric trauma is blunt
trauma, from either deceleration injuries or direct injury such as
impact with a baseball or handle bar. The most common diag-
nosis is head injury, which can lead to permanent brain damage
secondary to gray/white matter damage or herniartion.’

Management of pediatric trauma is complicated by the fact
that anatomy and physiology vary greatly with age. The initial
evaluation can be difficult because of the limited ability to com-
municate with young children and their limited ability to co-
operate with examination.” Moreover, the physiologic impulse
to comforta crying or injured child often interferes with raking
appropriate stabilizing and therapeutic actions. Collaboration
and communication among team members caring for the child
are essential for appropriate stabilization and management. In

addition, the concerned parents must be kept aware of what is
happening to their child.

Airway

Assessing the airway is top priority in pediatric cases. An
understanding of anatomic differences between adults and chil-
dren will increase the likelihood of positive outcomes.

Children are obligate nose breathers. If the nasal passages
are obstructed by blood clots, the child cannor easily compen-
sate by oral ventilation. The tongue occupies a relatively grearer
portion of the airway, making intubation and ventilation tech-
niques difficult. It is all too easy to obstruct the airway by push-
ing the tongue posteriorly. Head positioning with jaw thrust,
chin lift, and neck extension is key to opening the airway.

The position of the patient is critical to successful airway
management. Because of a child’s large occiput, a supine pa-
tient’s neck is in a passively flexed position. Placing a blanket
under the shoulders helps to extend the neck and align the axes
of intubation.*

Because of lack of frequent experience with the technique,
many prehospital systems do not support pediatric intubation,
and, for the same reason, there is a reluctance to undertake ac-
tive airway management within the emergency department as
well. The decision to intubate a child should be made for each
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individual situation, with the expertise and experience of the
intubator playing a role in this choice.

Once the decision to intubate has been made, choosing the
best endotracheal (ET) tube size is expedited by using length-
based resuscitation tapes or the following formula:

ET tube size = age/4 + 4 uncuffed or age/4 + 3 cuffed

The pediatric airway is narrowest at the cricoid ring, which
forms a natural anatomic seal around the ET tube and may
eliminate the need for a cuffed tube, depending on the age and
size of the child. When choosing uncuffed versus cuffed tubes,
the general convention has been that children younger than
8 years require uncuffed tubes because of this anatomic seal.
Children older than 8 years have larger, wider airways, similar
to those of adults, and thus lack this anatomic seal, making a

cuffed tube preferable.*
Update

Recent literature has discussed the benefit of routine use of
cuffed ET tubes for all children. The primary argument for this
shift in use is to allow a cuff to be in place and available in the
event of a significant air leak.> The drawback of routine use of
a cuffed tube is that it requires a reduction in tube size. This
size reduction is considered more relevant when working with
small ET tubes (<4F), since tube management and secretions
are significantly more troublesome in the smaller sizes.® The
clinician should therefore carefully scrutinize these benefits and
drawbacks when choosing a cuffed tube in smaller children.

PEARLS
Pediatric airway

+ Equipment needed for intubation

— (SOAP ME) = suction, oxygen, airway equipment,
pharmacy, mechanical equipment

+ Consider a cuffed tube for all patients, particularly if an
air leak is anticipated (eg, conditions requiring high peak
pressures).

+ Estimated ET tube size:
— Tube size (uncuffed) = Age (in years)/4) + 4
— Tube size (cuffed) = Age (in years)/4) + 3

« Centimeters of ET tube placement at the lip =3 X normal
tube size

Breathing/Ventilating

Anatomically, the chest wall of the pediatric patient is differ-
ent from the adult thorax. Children have less chest wall rigidity
and less intrinsic elasticity.” Their intercostal muscles are not
fully developed (fewer slow-twitch type I muscle fibers), and
their diaphragm is shorter and more flattened, which limits the
ability to pull it down and further increase the negative force
needed to expand the chest cavity for ventilation. These differ-
ences make the pediatric airway less capable of generating inspi-
ratory force and more susceptible to fatigue. It is an indication
for intubation and active ventilation when one can predict that
the work of respiration will be increased and not tolerated by
the child. Examples are shock; pulmonary contusion; chest wall
trauma, as with a flail chest; and artelecrasis and increased re-
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spiratory rate, such as abdominal distention caused by the ileus
that accompanies skeletal fractures, especially of the vertebrae.*

Pediatric patients have a smaller airway diameter, which in-
creases resistance to the negative pressure of inspiratory effort.
In addition, the smaller alveolar size increases the likelihood
of atelectasis. More important, a child’s basic merabolic rate is
much greater than that of adults. This equates to increased oxy-
gen consumption, which permits much less reserve than in the
adult—another reason the child fatigues more easily.*

When providing positive-pressure ventilatory assistance,
only enough pressure to create a chest wall rise should be used.
Too much force will damage the already fragile respiratory sys-
tem. Also, because of chest wall size, it is useful to minimize
extrathoracic interference such as gastric distention by placing
a nasogastric tube after intubation to evacuate the stomach and
thereby improve ventilation (Table 24-1).

Circulation

When assessing the circulatory system of a child, it is impor-
tant to examine both cardiac function and circulatory volume.
The key components are evaluation of the pulse, capillary refill
time, and blood pressure.

When evaluating cardiac function, place the child on the
monitor and assess the extremities for pulses. A child’s heart
is less compliant than that of an adult and less able to increase
contractility. Thus, to alter cardiac output, the pediatric pa-
tient relies almost entirely on adjustment in rate. Tachycardia is
therefore che first sign of volume depletion.” Simple tachycardia
may be caused by fear or pain. Furthermore, the younger the
child, the faster the normal resting cardiac rate, leaving litcle
ability to compensate for losses of volume. Children often de-
velop a paradoxic bradycardia as they become hypoxic, and this

TABLE 24-1.

Pediatric mechanical ventilation

DOPE (trouble shooting): dislodged, obstructed tube,
pneumothorax, equipment failure

Consider a pressure-limited mode if the patient weighs less than
10 kg

Rate: Start at 30 breaths per minute for neonates; otherwise, age
appropriate

Inspiratory-to-expiratory (I:E) ratio: 1:2; 1:3-5 for patients with
asthma

Avoid peak pressures >40 mm Hg

Peak inspiratory pressure: Start at 16 cm HzO; increase by
increments of 2 cm Hz0 for adequate chest wall excursion

Tidal volume: 8-10 mL/kg

Positive end-expiratory pressure: 3-5 mm Hg

Obtain arterial blood gas measurement within 30 minutes of
placing on mechanical ventilation
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often confuses the picture of volume depletion. Finally, most
institutions are unaccustomed to measuring blood pressures in
small infants, leaving capillary refill and pulse rate as the only
indicators of volume depletion.

Examining for capillary refill time is a helpful adjunct be-
cause it can provide information regarding arteriole vasoactiv-
ity. A child who is adequately perfusing will have relaxed pe-
ripheral vasculature that allows brisk capillary refill. However,
when the patient is hypovolemic from dehydration, hemor-
rhage, or early sepsis, arterioles constrict and decrease capillary
flow. A child’s vasculature is more elastic than the stiff blood
vessels of an atherosclerotic elderly patient, and the arterial va-
soconstrictive forces are much more sensitive to catecholamine
release. This allows children to constrict peripheral vessels more
readily, decreasing capillary refill time. Typically, refill time
longer than 2 seconds requires immediate intervention.?

Because of the elasticity and efficiency with which the pedi-
atric vasculature compensates for decreased blood volume, the
pediatric trauma patient will maintain blood pressure despite
mild to moderate fluid loss. To address even the smallest devia-
tion in the blood pressure, one must obtain an accurate read-
ing. Accurate readings require appropriately sized blood pres-
sure cuffs. The cuff diaphragm should be approximately 20%
larger than the diameter of the arm and about two thirds of the
length of the arm.

KEY POINT

Because of the elasticity and efficiency with which the
pediatric vasculature compensates for decreased blood
volume, the pediatric trauma patient will maintain blood
pressure despite mild to moderate fluid loss.

To resuscitate a child, a fluid bolus of 20 mL/kg of normal
saline should be given to increase blood flow to the vital organs.
These organs should be assessed for lack of perfusion. Neuro-
logic perfusion is assessed by determining the mental status;
renal perfusion is assessed by measuring urine output, which
should be approximately 1 mL/kg/hr; pulmonary perfusion is
assessed by auscultation; and cardiovascular perfusion can be
evaluated by monitoring blood pressure, heart rate, and capil-
lary refill time.

Fluid resuscitation in the hypovolemic pediatric patient
should be aggressive and should start with crystalloid replace-
ment. If hypotension or tachycardia persists after the initial
normal saline bolus, a second bolus of 20 mL/kg should be
given. Persistent evidence of hypovolemia despite 40 mL/kg of
crystalloid should prompt fluid resuscitation with blood prod-
ucts. This is done by administering a 10- to 20-mL/kg bolus of

packed red blood cells.®

PEARLS
Pediatric circulation

* Hypotension = systolic blood pressure <70 mm Hg + (2 X
age in years); neonates: systolic blood pressure <60 mm Hg

+ Weight (kg) = (2 X years of age) + 8

+ Drugs that can be given through an ET tube: NAVEL
= naloxone, atropine, diazepam (Valium), epinephrine,
lidocaine

Head Trauma

Traumatic brain injury is the most common cause of death
and permanent injury in children and is the reason for more
than 400,000 emergency department visits and nearly 3,000
deaths per year. Younger children are usually at greater risk for
injury. Trauma is usually a result of a fall from standing.®

Although pediatric patients can be difficult to examine,
signs and symptoms of increased intracranial pressure must be
ruled out. These symptoms include full fontanels, split sutures,
altered mental status, irritability, vomiting, headache, light sen-
sitivity, focal neurologic signs, and, ultimately, papilledema.
The goal is to prevent the secondary injuries that occur as a re-
sult of inflammation, which in turn can lead to cellular edema,
brain herniation, and death. A few of the more common injuries
are discussed below.

Skull fractures can be open, closed, linear, or depressed. The
most common skull fractures are linear and are usually asymp-
tomatic, except for tenderness over the fracture site. Depressed
skull fractures are rare and often associated with brain injury.?
Basilar skull fractures are indicated by physical findings such
as periorbital or postauricular hematoma, temporal bone area
subcutaneous hemorrhage, hemotympanum, and cerebrospinal
fluid (CSF) rhinorrhea or otorrhea.

PEARLS
Basilar skull fractures

+ Raccoon eyes — bilateral periorbital ecchymosis
+ Battle sign — mastoid ecchymosis

+ When CSF rhinorrhea or otorrhea is suspected, collect
a fluid sample and send it for evaluation. When a drop
of CSF fluid dries on paper, it creates a ring of blood
and serum.

Epidural hematomas are rare, but they are critical life-threat-
ening injuries. In the adult patient, the typical scenario involves
injury to the middle meningeal artery and a lucid period fol-
lowed by a decrease in mental status as the hemorrhage worsens.
However, in children, the dura is more firmly attached to the
skull and the groove for the middle meningeal artery is shal-
lower. This combination creates a state allowing more mobility
of the artery, thereby preventing injury.® The cause of a pediat-
ric epidural hematoma is usually venous, and the clinical course
is less obvious. The child may complain of ear or jaw pain, but
not headache, and may develop a herniation syndrome while a
mandible fracture is being sought. Arterial bleed epidural he-
matomas are less subtle and tend to produce focal findings ear-
lier than those of venous origin.’

Subdural hematomas occur up to 10 times as often as an
epidural bleed. They are more common in the neonatal popula-
tion secondary to the weaker connective tissue and plasticity of
the skull in this population. Subdural hematomas occur bilater-
ally in 80% of pediatric cases, whereas a subdural hematoma in
adults is usually unilateral. A variation of subdural hematoma
in children is a subdural hygroma, a collection of CSF in the
subdural space, which can produce a mass effect like a hema-
toma.'’

Unlike hematomas, cerebral contusions are caused by acute
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deceleration forces that create shear stress injuries of the brain.
These injuries are associated with cerebral edema and com-
monly occur at the tips of the frontal and temporal lobes. Dam-
age to the parenchyma of the brain is most profound on the
microscopic level. The resultant intracerebral edema can ulti-
mately lead to herniation and death. Intracerebral hemorrhage
contributes to severe permanent brain injury and a high mortal-
ity rare.

All of the above injuries can induce seizure activity, obtun-
dation, nausea, and vomiting. Any head injury in a child can
produce a short burst of seizure activity and one or two episodes
of vomiting. For this reason, head injury precautions should in-
clude warning about new seizure activity and about vomiting
that occurs more than two or three times. During hospiraliza-
tion, the child can be checked every hour. When the child is at
home, the parents should be advised to make sure the child can
be awakened fully, including one time during the night, and to
observe for seizure activity or episodes of vomiting.

A cerebral injury unique to the pediatric population is dif-
fuse axonal injury, which is caused by shear forces created as the
brain shifts inside the closed skull. In children younger than
1 year of age, the cause of this injury is usually not accidental.
Accompanying injuries include torn bridging veins, petechial
hemorrhages in the white matter, shearing of the myelin and

axons, and the physical finding of retinal hemorrhages.”

Update

In late 2009, Kuppermann and associates completed a study
designed to create and validate a decision rule intended to iden-
tify low-risk traumatic brain injuries in children.”? From their
study involving more than 42,000 pediatric trauma patients,
they developed a decision rule that has a sensitivity of more
than 98%, a specificity of more than 53%, and a negative pre-
dictive value of 100% (95% CI, 99.7-100). They concluded
that a child can be discharged without further testing if he or
she is less than 2 years old, has a Glasgow Coma Scale (GCS)
score of 15, does not have an altered mental status, does not
have a scalp hematoma, has not experienced loss of conscious-
ness, has a mechanism of injury that is mild or moderate, is
acting normally according to the parents, and has no physical
finding suggestive of skull fracture. Older children (2—18 years
of age) may be discharged without further testing if they have a
GCS score of 15, no altered menral status, no loss of conscious-
ness, no history of vomiting, a mild or moderate mechanism of
injury, no clinical signs of basilar skull fracture, and no severe
headache. The authors estimate that, with the use of their algo-
rithm, 20% to 25% of computed tomography (CT) scans done
on pediatric trauma patients can be avoided.”

Although the use of steroids for closed head injury was once
accepted therapy, steroids are not useful and should not be
used. The CRASH study demonstrated an increase in mortal-
ity among head-injured parients treated with steroids.”” A Co-
chrane review updated on January 7, 2009, also recommends
against the use of steroids."
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Children with neurologic injuries recover remarkably well:
90% demonstrate significant improvement, and 60% have
complete resolution of injuries.?

Leptomeningeal cysts are a complication of skull fractures
that are unique to young children. These can occur in infants
during the years of rapid brain growth and are rare after 3 years
of age. Fractures associated with an underlying laceration of the
dura can lead to herniation through the dural tear and prevent
apposition and healing of the fracture. The CSF pressure and
pulsations eventually widen the dural defect and expand the
fracture margins. The term “growing fracture” is often used
to refer to interval widening of the space between the fracture
margins. It is therefore critical that children with known skull
ging,
after the trauma event. If a lepromeningeal cyst is identified,

fractures return for repeat ima typically 2 to 3 months

surgical correction is warranted.

Cervical Spine Injuries

Cervical spine injuries are rare in the pediatric population,
accounting for less than 10% of all cervical spine injuries. This
is due, in part, to their lethality in children under the age of 3
years. Cervical injuries in patients younger than 8 years are typ-
ically higher in the cervical region (above C3). A child’s larger
head-to-body ratio mandates a higher pivort point, which is typ-
ically at C2-3, as opposed to C5-6 in adults. The larger head in
children also creates greater torque in acceleration/deceleration
injuries, which puts more stress on the cervical spine. In addi-
tion, the underdeveloped muscles and laxity of ligaments create
a relatively unstable anatomy that is susceptible to spinal cord
injuries. As a result of these differences, children with cervical
spine injuries tend to have a higher mortality rate than adults.®

Cervical fractures represent only half of the spinal injuries
among children. The thoracic and lumbar spine must not be
overlooked, and it is especially important that the entire spine
be immobilized during field management. The potential for
thoracic and lumbar injury should be kept in mind when trying
to comfort the child, so that serious spinal cord damage can be
avoided.

The National Emergency X-Radiography Utilization Study
(NEXUS) provided helpful guidelines on when to requestimag-
ing of the spine.15 Based on records of more than 3,000 patients
younger than 18 years, the study coordinators concluded that
blunt trauma patients without the following conditions were
at low risk of cervical spine injuries: midline cervical tender-
ness, altered mental status, evidence of intoxication, distract-
ing injury, or evidence of neurologic abnormality. The NEXUS
decision tool has a reported sensitivity of 100% and negative
predictive value of 100%.

Update

The NEXUS did not involve sufficient numbers of children
younger than 2 years to allow the decision tool regarding risk of
cervical spine injury to be extended to them. In 2003, Lee and
associates developed a clinical decision tool intended to increase
the reliability of the NEXUS in the pediatric population. They
reported that the cervical spine could be cleared if the physician
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could identify none of the following conditions in addition to
the five NEXUS criteria: high-risk mechanism of injury, history
of transient neurologic symptoms causing concern about spinal
cord injury without radiographic abnormality (SCIWORA),
physical signs of neck trauma, trauma to the head or face, or
being inconsolable. The presence of any of these findings merits
at least a plain film.'®

Spinal Cord Injuries

Spinal cord injuries are rare among pediatric trauma pa-
tients. Just like other anatomic parts of children, the pediatric
spine is very malleable. During a traumatic event, the spine may
contort and twist and portions can separate without creating
specific damage to the support system of the spinal column.
However, the spinal cord is not as forgiving, and although the
spinal column can stretch up to 5 em before injury occurs,
the spinal cord can be damaged with a 5- to 6-mm stretch.®
In 1982, these injuries were defined as SCIWORA." As the
name implies, they are not evident on radiographs but may be
demonstrated on magnetic resonance imaging. Symptoms can
emerge up to 4 days after the trauma. Any child with persistent
neck pain and neurologic complaints should be evaluated for
SCIWORA. The treatment is immobilization ranging from 3
weeks to 3 months.

Update

Steroids have been used commonly for spinal cord injuries,
with the hope of decreasing the inflammatory reaction and
decreasing the production of oxygen free radicals. There has
never been any evidence that this practice is useful in pediat-
ric trauma. Recent prospective double-blind studies—the Na-
tional Acute Spinal Cord Injury Studies (NASCIS 1, IT and I1I)
performed in 1984, 1990, and 1997—demonstrated negative
outcomes.'®*" Current evidence indicartes that steroids are not
useful in any trauma patient, whether a child or an adult.

Chest Injuries

Blunt thoracic trauma is the leading cause of severe chest
injuries. The mechanism of injury is typically a motor vehicle
crash or a bicycle crash.” Because of their thoracic anatomy,
children are prone to internal injuries without external manifes-
tations. The child’s thoracic wall is pliable, with cartilaginous
ribs that tend to transmit energy forces. The flexible pediatric
thorax transmits this energy to nearby organs, such as the lung,
liver, spleen, and heart. Thus, significant internal injury can be
present in the absence of rib fractures. If rib fractures are pres-
ent, they are often an alarming sign of severe internal injuries.”

PEARL
If rib fractures are present, they are often an alarming sign of
severe internal injuries.”

The most common cardiac injury is a myocardial contusion.
The problem with this injury is that it is virtually impossible
to diagnose. The variation known as “myocardial stunning” is
a lechal injury, of ten seen after relatively minor blunt thoracic
trauma in children younger than age 5. Sudden death is thought
to be the result of an acute ventricular arrhythmia induced by a
blow to the chest.”

Myocardial contusion does not cause specific physical find-
ings or symptoms. It can be assumed to be present if the child
has a sternal fracture or any acute arrhythmia (eg, atrial flut-
ter) after thoracic blunt trauma. There are no diagnostic ECG
changes, and cardiac enzymes do not rise in any useful fashion.
Most of these patients require a few hours of monitoring for
arrhythmia.

Occasionally, a myocardial contusion produces intense sub-
sternal chest pain 5 to 7 days after injury. Children who experi-
ence this pain need to be admitted and observed. They do not
develop coronary arterial injury but behave like patients with
myopericarditis and therefore need to be observed for pericar-
dial effusions and treated with analgesia.

Any penetrating thoracic injury can cause a pericardial effu-
sion and lead to the development of tamponade physiology. The
best way to monitor children with this type of injury is with
repeated transthoracic echocardiographic studies. A central
pressure monitor is also useful, but it is probably unnecessary
if ultrasonography is readily available. The physical findings of
tamponade physiology are often absent because the child will
get into trouble quickly when 100 to 200 mL of fluid has col-
lected in the pericardial sac. An ECG will not usually show
pulsus alternans or even low QRS amplitude because of the ra-
pidity of development. There may well be pulsus paradoxus, but
this is very hard to measure in a child. A drop in amplitude of
the pulse with inspiration might be noticed, but the fastest way

to discover the effusion will be with a sonogram.”
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The physical findings of tamponade physiology are often
absent because the child will get into trouble quickly when
100 to 200 mL of fluid has collected in the pericardial sac.

The normal response to tamponade physiology is the devel-
opment of tachycardia, which, as described above, is the only
way a child can increase cardiac output. Immediately prior to
arrest, however, a bradycardia will develop as a result of hy-
poxia. When such a compromised cardiac output is identified,
thoracotomy must be performed or a pericardial window cre-
ated to relieve the tamponade. This is a situation where pericar-
diocentesis is too slow and provides too minimal a volume relief
from the pericardial sac to save the life. Usually the pericardial
sac is so tense that it must be incised with a scalpel. Before tam-
ponade physiology of this severity, as indicated by bradycardia,
has developed, pericardiocentesis can be used to lower tampon-
ade pressure. This is best performed by inserting a spinal needle
into the left subxiphoid space, pointed toward the tip of the
right scapula. It is possible to insert the needle on the right and
move it toward the tip of the left scapula, but this approach car-
ries a risk of injuring the right coronary artery. A direct anterior
approach is also useful and can be performed safely while using
the ultrasound probe to monitor the course of the needle.

Patients with pulmonary injuries are at risk for respiratory
compromise. As mentioned earlier, the pediatric patient has
immature intercostal muscles, muscle fibers that are easily fa-
tigued, and less innate elasticity of the chest wall, which can
be further compromised when the pliable chest wall transmits
energy to the lungs and causes injury. Pulmonary injuries from
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thoracic trauma include pulmonary contusions, pneumothorax,
and hemothorax, in descending order of occurrence.”

The two main mechanisms involved in the production of
pulmonary contusion are compressive forces that are trans-
mitted through the ribs and chest wall from a direct blow and
shear forces from violent displacement such as in acceleration/
deceleration injuries. The former cause local injury, whereas
the latter can cause distal injuries to the tracheobronchial
structures. These injuries can lead to edema, hemorrhage, and
consolidation, which, if large enough, can compromise the pa-
tient’s respiratory status. The imaging appearance of a pulmo-
nary contusion is of ten deceiving. Large areas of white-out may
not compromise ventilation, while seemingly innocuous chest
films may be obtained from a patient with severe ventilatory
impairment. The first clue to impairment of ventilation is an
increase in respiratory rate. Unfortunately, this is one of the
hardest vital signs to measure with regular accuracy in pediatric
patients. The other clue to the onset of ventilatory impairment
is a rising Pcoa. If either or both of these changes are noted,
the child must be intubated to ensure ventilation. It is prudent
to ventilate the left or right chest if this occurs, to prevent the
development of a tension pneumothorax while the patient is on
the ventilator. The symptoms consistent with ventilatory im-
pairment are respiratory difficulty, auscultation abnormalities,
and local tenderness. For most patients, supportive therapy is
sufficient. Monitoring for respiratory compromise, pneumonia,
and acute respiratory distress syndrome is critical during the
hospital course. Fortunately, most pulmonary contusions re-
solve within a few days.”

Lung contusion and penetrating trauma can be complicated
by air or blood escape from the parenchyma into the pleural
space, creating pneumothorax or hemothorax, respectively. The
symptoms associated with mild pneumothorax are tachypnea,
mild to moderate distress, and oxygen desaturation. The physi-
cal examination is of ten confusing early after the pneumotho-
rax develops, but over time, breath sounds on the side of the
injury will decrease or become absent. Hyperresonance to per-
cussion will become evident. Although all pneumothorax pro-
duces a drop in oxygen saturation as the first change following
pleural penetration, tension pneumothorax isa life—[hreatening
situation in which the pressure in the pleural space builds to a
level higher than atmospheric pressure, with subsequent shift-
ing of the mediastinum to the opposite side. This causes de-
creasing venous return, falling cardiac output, and worsening
oxygenation and requires immediate decompression, which is
performed by needle thoracotomy, placing the needle in the
fourch intercostal space in the midaxillary line. In the past, an
anterior approach was recommended, but problems are created
by this approach. It is easy to injure the internal mammary ar-
tery, which does not always stay under the sternum, as would
be predicted. Moreover, the needle must perforate the pectora-
lis major and minor, the serratus anterior, and the intercostal
muscles. The needle chosen may not be long enough to enter
the pleural cavity. Finally, high on the anterior chest wall, the
intercostal vessels are doubled with a superior as well as an infe-
rior branch, and it is easy to injure the superior branch with the
anterior approach. Using the lateral approach, there is a window
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between the pectoralis muscles and the latissimus dorsi, so the
only muscles that need to be penetrated are the serratus and
the intercostals. Therefore, the needle does not need to be so
long. Only a small drop in the built-up pressure will reverse the
tension. The needle thoracotomy should then be followed by a
formal thoracostomy.’

A hemothorax can be difficult to diagnose depending on
the quantity of blood in the pleural space. This is because the
chest film will not reveal a hemothorax that is less than about
200 mL, but it can be visualized using ultrasonography. The
patient may have only slightly diminished breath sounds and
chest discomfort. A large hemothorax can manifest with dull-
ness to percussion and respiratory distress. The hemothorax will
require thoracostomy drainage to measure the volume of blood
in the chest and to monitor for persistent or recurrent bleeding.
Although some clinicians use the initial volume of blood in the
chest as part of the decision for thoracotomy (see below), the
length of time between the trauma and the thoracotomy should
also be taken into consideration. More accurate indications for
thoracotomy are persistent bleeding and recurrence of bleeding
after the parient has been satisfactorily resuscitared.”

KEY POINTS
Indications for early thoracotomy

*  Hematoma with volume >500 mL in the chest cavity

+ Continued bleeding into the chest tube of 200 mL/hr for 4
consecutive hours

+ Large air leak
+ Largechest wall defect

+ Recurrence of shock and new bleeding after successful
resuscitation

Indications for delayed thoracotomy
* Persistent bleeding
+ Persistent air leak

+ Sepsis

PEARL
Nearly 21% of patients with pulmonary contusions develop
pneumonia.

Abdominal Injuries

Pediatric abdominal trauma is the third most common
traumatic injury in children. Approximately 10% to 22% of
children with abdominal rrauma have intraabdominal injuries.'
The ratio of blunt to penetrating trauma is 85% to 15%. The
two most common organs injured by blunt mechanisms are
the liver and the spleen. In the past, spleen and liver injuries
were most of ten managed surgically. It has become apparent
over the years that it is prudent and possible to observe rather
than operate on many of these children. The ability of these
organs to heal without surgery was thought to be related to the
muscular serosa of the spleen in children, causing contraction
of the organ after the initial bleed and a much lower incidence
of delayed or recurrent bleeding than in the adult. A primary
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motivation for the nonoperative strategy has been to maintain
as much intrinsic splenic function as possible so as to maintain
a normal immunogenic state. Similarly, it is becoming apparent
that far fewer adults require immediate laparotomy for splenic
injuries.?*? N hel iod of ob ion is crirical
injuries. evertheless, a period of observation is critical to
the safe management of these children.

PEARL
Approximately 10% to 22% of children with abdominal
trauma have intraabdominal injuries.’

Another strategic change in the management of these chil-
dren is the willingness to forgo imaging via CT scan. The scan
exposes the child to a large dose of radiation, is not helpful for
small bowel or pancreatic injuries, often overestimates the de-
gree of solid organ injury, and gives little information about
the physiologic status of the child. Careful observation of the
child has led to far fewer CT scans and laparotomies being per-
formed. If the child develops signs of deterioration, as described
above, the trauma surgeon must decide whether to take the
child to the operating room or the CT suite.

Objective evaluation of a child with abdominal trauma is
still important in regard to initial management. The ultraso-
nographic FAST examination plays a useful role in identifying
which children need extra careful observation. A positive FAST
examination does not demonstrate anything more than blood
or fluid in the abdomen, similar to diagnostic peritoneal lavage,
but repeated FAST examinations can reveal active bleeding and
explain a sudden deterioration.”?’

Diagnostic peritoneal lavage is rarely used in the evalua-
tion of children with abdominal trauma. Nevertheless, in some
children, the cause of deterioration cannot be identified within
the abdomen, so an immediate decision must be made abourt
whether these children should go to the operating room. In such
cases, diagnostic peritoneal lavage may identify more occult in-
jury and garner enough information to direct the surgeon to a
likely region of exploration. It can assist in the identification of
injury such as a ruptured bladder or a small bowel injury as the
cause of deterioration. Diagnostic peritoneal lavage can reveal
urine or fecal contents, elevated intraperitoneal white blood cell
counts, or elevations in the alkaline phosphatase concentration
to indicate a small bowel injury. Neither CT nor ultrasonogra-
phy is especially accurate in identification of these injuries.?®

Most other indications for surgery in patients with blunt
abdominal injuries will appear over time, such as the onset of
vomiting, abdominal distention, deterioration of viral signs,
and increased respiratory difficulties with injuries such as a
duodenal hematoma, pancreatic injury, or renal injury. As part
of the observation of the child, it is often necessary to place a
nasogastric tube to prevent gastric distention from ileus, which
can cause severe hypotension and an acute abdomen. A Foley
catheter is also necessary to monitor urinary output.

Certain types of trauma are related to the mechanism of in-
jury. For example, sudden compressive forces exerted on the ab-
domen (such as from rapid deceleration while wearing a lap belt)
can create intestinal rupture, traumatic diaphragmatic hernias,
and vertebral blow-out fractures (Chance fractures). Clues to
these injuries can be obrained by taking a careful history of the

mechanism of injury, ascertaining where the child was sitting in
the vehicle that crashed and how the child was restrained, and
performing an informed physical examination. An abdominal
contusion in a child who was wearing a solitary lap belt is of ten
a sign of small bowel injury, mesenteric contusion or tear, or a
perforation of the antimesenteric wall. This injury is often ac-
companied by the vertebral burst fracture.®

Unfortunately, mesenteric and hollow viscus injuries result-
ing from blunt abdominal trauma are of ten insidious. CT scan-
ning has an initial sensitivity of 50% to 75%.% As the mesen-
teric injury evolves, perforation can ensue, releasing infection
into the peritoneum, or mesenteric hemaromas could result in
lumen narrowing and intestinal obstruction. These events of ten
manifest 24 to 72 hours after the event as obstructive symp-
toms or peritonitis. For these reasons, pediatric patients with
evidence of significant blunt abdominal trauma should be ob-
served and should receive serial examinations or serial FAST
screens, as mentioned above. If examination results are worsen-
ing, the patient can be taken to the operating room for explor-
atory laparotomy.

KEY POINT
Liver and spleen injuries can lead to hemorrhage; therefore,
serial hemoglobin and hematocrit values should be obtained.

KEY POINTS
Indications for surgery

« Total volume required for resuscitation >50% of patient’s
total volume

+  Continued hemodynamic instability
+ Gunshot to abdomen or evisceration of bowel contents
+ Signs of peritonitis

+ Radiographic imaging demonstrating

Pneumoperitoneum

Intraperitoneal bladder rupture

Grade V renovascular injury

PEARL

Volume resuscitation with more than 40 mL/kg without
resolution of tachycardia, hypoxemia, and hypotension
requires administration of blood products.

KEY POINT
If alap belt injury is evident, search for small bowel injuries
and vertebral burst fractures.

Update

A recent study regarding the rate of CT-scan—induced ma-
lignancy estimated that, in pediatric patients who undergo an
abdominal CT scan, the risk for malignancy can be as high as
1 in 550.”” Less dangerous and equally efficacious studies are
needed. Recent literature indicates that repeated FAST exami-
nations in trauma patients appear to be beneficial. Chiu et al
applied information from the FAST examination in addition to
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findings on the physical examination during the observational
period and found that repeat evaluations with both can mini-
mize the need for initial and repeat CT scans.”” Before wide-
spread acceprance of this strategy, additional pediatric studies
are needed to confirm its application.

Conclusion

Although trauma is a leading cause of mortality in children,
measures can be taken to decrease its lethality. An understand-
ing of the physiologic differences between adults and children is
vital to the effective management of the injured child. Advances
in the diagnostic and therapeutic aspects of trauma are increas-
ing the efficiency and effectiveness of the treatment of pediatric
trauma.
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injury to, 145
management in ICH, 160-161
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pediatric trauma updates, 235-236
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aleeplase, 95¢, 95-96
amantadine, cardiotoxicity, 126
American Heart Association
on blood pressure management, 162, 163«
cardiac arrest guidelines, 37, 42
on fluid administracion, 71

on neonatal resuscitation, 209, 210, 228
aminocaproic acid, 157
amiodarone
cardioversion in children, 231
chest compressions and, 41
in children, 232
amniotic fluid, meconium-stained, 212
ampicillin, for neonates, 216¢, 217-218
amrinone, 94, 131
amyl nitrite, 135, 135¢
amylopectin, 32
analgesia, ventilated patients, 22-23
anaphylactic shock, 3
anaphylactoid reactions, 178
anaphylaxis
causes of, 179¢
crashing patients in, 177-185
diagnoses, 179¢
differential diagnoses, 178, 180¢
ED evaluation of, 178-180
ED trearment of, 180-183
etiology, 178
food-induced, 178
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patient disposition and, 183184, 183
post-reaction treatment, 184
risk of death from, 178
signs and symptoms of, 178¢, 180¢
targer organs, 178¢
workingdefinition of, 177
anemia, oxygen delivery and, 152
angiography
in crashing trauma patients, 142¢, 144, 146
Gl bleeding and, 103¢, 103-104
post cardiac arrest, 49, 73
in pulmonary embolism, 91
anion gap, increased, 134-135, 134+
antibiotics. see also specific antibiotics
for GI bleeding, 102¢
resistance to, 114, 119
anticoagulation, support in PE, 95-96
antihistamines, 182, 183
antiplatelet medications, 50
Antizol (fomepizole), 136, 1362
aortic arches, 192f
aortic catastrophes, 77-86
aortic dissections
echocardiographic examination, 192
in hypertensive patients, 78-79
stable, 78-79
type A, complicated, 79-81
type A, uncomplicated, 79
type A, unstable, 81-82
type B, complicated, 82-83
type B, uncomplicated, 82
type B, unstable, 83
APACHE II scores, 114
APGAR mnemonic, 214¢
Apgarscores, 202, 211, 214
arrhythmias. see also specific arrhycthmias
in children, 231-232
instability considerations, 52¢
management of, 51-68
in the poisoned patient, 126~129
toxin-induced hyperthermia and, 133
arterial blood gases (ABGs), 20, 218
ascites, RUSH scan for, 4
aspirin, in cardiogenic shock, 72
asthma
anaphylaxis and, 178

clinical markers for intubation, 120r
clinical presentation, 118-119, 118¢
incidence, 117
initial treatment, 118-119, 118¢
unstable patients with, 117-123
atelectasis, whole-lung, 21
atrial fibrillacion (AF), 51, 62-63, 62f
atrial flutter, ECG, 62-63
atrioventricular block, 52-58
first-degree, 56, 56f, 57
Mobitz type I second-degree, 52
second-degree, 56
second-degree, ECG, 57
third-degree, 56, 57-58, 59f
atropine
for antihypertensive overdose, 129, 130¢
tor bradycardic patients, 52, 231
chest compressions and, 41
for cholinergic crisis, 134, 134¢
endotracheal delivery of, 233
pediatric RSI and, 227¢
pretreatment before RSI, 9
in RSI, 9¢
auto-positive end—expimtory pressure (auro-
PEEP), 18, 18+
AV nodal reencranct tachycardia (AVNRT), 60,
67

B

backward-upward-rightward pressure (BURP),
11
bag-valve-mask ventilation (BVM)
in children, 225-227, 229
for neonares, 214
prediction of difficulty wich, 6
balloon tamponade techniques, 104-105, 105¢
barbiturate coma, 163
barbiturates, 132¢, 173
barotrauma, 121
basic life support (BLS), 41, 41¢
Bartle sign, 237
Bazerr formula, 127-128
bedside testing
chest radiographs, 143¢
computed tomography, 143, 143+
echocardiography, 187
glucose levels, 170
pelvic radiography, 143, 143¢
transthoracic echocardiogram, 91
transthoracic echocardiography, 91
ultrasonography, 187-197
benzodiazepines
in mechanical ventilation, 121
for seizures, 132, 132¢
in status epileprticus, 171
tor ventilated patients, 22-23
withdrawal, 132
3-blockers
cautious use of, 49
for narrow complex tachycardia, 60
overdoses, 130-131, 131z
in choracic aorric dissection, 80¢
bilevel positive airway pressure (BiPAP), 119,
120, 121
bladder ruprure, 144
BLEEP protocol, 187
blood banks, 155-156
blood-brain-barrier (BBB) disruption, 163
blood flow

extrauterine, 211f
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intrauterine, 211f
blood loss
acute hemorrhage shock and, 28+
blood volume and, 152
in neonates, 216
blood pressure
in anaphylaxis, 1797
compensated shock and, 28
in intracranial hemorrhage, 161-162
limitations of measurements, 27-28
oxygen delivery and, 27f
perfusion and, 27
shock and, 1-2
during shock in children, 232
traumatic injuries in children and, 237
blood types, 151
body fluid compartuments, 261
bradyarrhychmias, 52-58
in children, 231
in pediatric patients, 224f
in severe GI bleed, 102
treatment of, 71
bradycardia, 52-58
brain injury, 48, 145. see also traumatic brain
injury
brain natriuretic peptide (BNP), 90
breathing
assessment in children, 229-230
assessment in ventilated patients, 20-21
interventions in children, 236
in neonates, 209
in resuscitation, 39
work of, 221
breech presentations, 204-205, 204f
bronchodilators, 183
Broselow tape, 225
bundle of His, 54

burn resuscitation, 34, 34z

C

Cl esterase inhibitor deficiency, 154
calcium, for antihypertensive overdose, 129-130,
130¢
calcium channel blockers, 78
in arrhythmias, 59-60
contraindications, 72¢
magnesium as, 128
overdoses, 717, 130132, 131¢
in thoracic aortic dissection, 807
in wide QRS, 67-68
in WPW, 67
calcium chloride, dosage, 3
cannulas, fluid flow rates, 307
capillary refill, in children, 237
capnography, 47
capture beats, 66
carbamates, 134
carbon monoxide, 133, 135
carboxyhemoglobin, 135
cardiac arrest. see also post-cardiac arrest patients
CAB of, 39
in children, 230-231
circulatory phase, 38, 38f
echocardiographic examination, 196
electrical phase, 38, 38/
management of, 37-43
metabolic phase, 38, 38/
neurologically intact survival, 38f
in pediatric patients, 42-43, 223/
perimortem cesarean section and, 207
in poisoned patients, 42
prehospital considerations, 41
regionalization of care, 41-42
secondary to ruptured AAA, 85
traumatic, 42
in ventilated patients, 18-20
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cardiac output, RUSH scan for, 4
cardiac pacing, 53
cardiac tamponade, 29z, 188-189
aortic dissections and, 81, 93
hemorrhagic, 79
cardiocerebral resuscitation (CCR) strategy, 37,
40f
cardiogenic shock, 69-76
assessments in, 3—4
causes of, 71z
in children, 230¢, 232-233
ECG abnormalities in, 72¢
identificartion of, 71
management algorithm, 70
mechanical support devices, 73-74, 73¢
mortality rate for, 73
propofol contraindication, 10
resuscitation and stabilization, 70-72
structural causes of, 74¢, 75
vasopressor agents used in, 72¢
cardiopulmonary resuscitation (CPR)
bystander compression-only, 42
in children, 230-231
critical “Cs” of, 38
interrupted compressions in, 38
in late pregnancy, 207
post-resuscitation disease, 45
prehospital termination of, 417
ventilator disconnection during, 18
cardiorespiratory arrest, pediatric, 229¢
cardioversion, electrical, 67, 231
carina, visualization of, 19
CAT MUDPILES mnemonic, 134, 134
catecholamines, 112, 130
catheters, 29, 307
ceftriaxone, 1027
central cyanosis, 213
central perfusion, 1417
central venous catheters (CVCs), 29, 30z, 112
central venous oxygen saturation (Scvoa), 29, 113
central venous pressure (CVP)
limitations, 47
for post-cardiac arrest patients, 47
usefulness of, 192
volume responsiveness and, 30-31
cerebral contusions, pediatric, 237
cerebral perfusion pressure (CPP)
calculation of, 161
neuroprotection and, 162
cerebrospinal fluid (CSF)
drainage of, 164
otorrhea, 237
rhinorrhea, 237
cervical dilation, 201
cervical effacement, 201
cervical spine injuries
management of, 145
cervical spine injuries, pediatric, 238-239
cervix, examination of, 201
cesarean section, 204-205
perimortem, 206, 207
cetirizine (Zyrtec), 182
Chance fracrures, 241
chest compressions
automated compression devices, 41
coronary perfusion pressure and, 40
defibrillation and, 40
interruption of, 39
passive ventilation and, 39
chest injuries, pediatric, 239-240
chest pain, dyspnea and, 51
chest radiographs
bedside, 143z
of congenital heart disease, 218-219
E T position on, 22
in pulmonary emboli, 91

chloride ions, fluid cherapy and, 34¢
choanal atresia, 218z
cholinergic crisis, 134
cholinergic toxicity, 133¢
chronic obstructive pulmonary disease (COPD)
clinical markers for intubation, 120¢
clinical presentation, 118-119, 118
initial treatment, 118—119, 118
mortality rates, 117
unstable patients with, 117-123
circulation
assessment in children, 230-233
assessment in neonates, 215-216
assessment in ventilated patients, 21
interventions in children, 236237
in intracranial hemorrhage, 161-162
in resuscitation, 39-40
circulatory support, post-cardiac arrest patients,
47-48
circulatory system, water pump analogy, 3f
cirrhosis, septic shock in, 3
cisatracurium, 161, 227
clonazepam, 48
clopidogrel, 72
coagulation factor deficiencies, 154
coagulopathy, end-organ dysfunction and, 110
cocaine, 126, 174
colloid oncotic pressure (COP), 26, 33
colloids
boluses, 30
composition of, 33
in IV fluids, 32¢
selection for resuscitation, 33
Combitube, 7-8, 228
compensated shock, 27,28
complete atrioventricular dissociation, 57-58,
59f
complex partial seizures, 170
compressions. see chest compressions
computed tomography (CT)
bedside, 143, 143¢
intracranial hemorrhage, 160f
intraparenchymal hematoma, 160f
intraventricular hemorrhage, 160f
in traumaric injuries, 144
congenital diaphragmatic hernias, 218¢
congenital heart diseases (CHD)
in neonates, 218-219
presentation in infants, 217z
continuous positive airway pressure (CPAP), 119
cooling, mechanical, 166
Cormack-Lehane grades of visualization, 6f
coronary artery bypass grafting (CABG), 72, 73
coronary perfusion pressure (CPP), 40
cortical hyperexcitability, 171
corticosteroids. see also specific steroids
for anaphylaxis, 182-183
for asthma, 118¢
craniotomy, hematoma drainage, 164
crashing trauma patients, 139149
creatine kinase levels, 171
crepitus, subcutaneous, 19
cricoid pressure, direct, 11
cricothyrotomy, 7, 228, 229
cryoprecipitate, 151, 154-155
cryptic shock, 110
description of, 27
crystalloids
boluses, 30
composition of, 32-33
in IV fluids, 32¢
in neonatal resuscitation, 216, 216¢
for post-cardiac arrest patients, 47
requirements, 30
selection for resuscitation, 32
in severe GI bleed, 102
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cyanide
antidotes, 135¢
hyperthermia and, 133
toxicity, 135-136
Cyanokit, 136

cyanosis, central, 213

D

D sign, 190, 191, l91f
deep venous thrombosis (DVT), 49
defibrillation
chest compressions and, 40
in children, 232
feedback-enabled devices, 43
waveform analysis, 43
delivery, complicated, 203-207
breech presentation, 204-205, 204/
postpartum hemorrhage, 204, 204¢
shoulder dystocia, 203
umbilical cord prolapse, 204
delivery, normal, 202, 202f
delivery kits, ED, 201, 201¢
desmopressin, 102, 157
dexamethasone, 114
dexmedetomidine, 22
dextrose (D,o\W), 216
dextrose (Dsy\W), 216
diagnostic peritoneal lavage (DPL), 144-145
diagnostic toolbox
laboratory testing, 142-143
physical examination, 142
plain film imaging, 143
ultrasonography, 143-144
diazepam, 172
difficulc airway carts, 8¢
difficult airways
assessment of, 5-6
in children, 228-229
clinical scenarios, 12¢
management grid, 13f
management of, 8—11
prediction of, 145
difficult deliveries, 199-208
diffuse axonal injury, pediatric, 238
digoxin, 63
diltiazem, 59, 80¢
diphenhydramine, 126, 1817
disseminated intravascular coagulopathy, 133
distributive shock, in children, 230¢
dizziness, postural, 28
dobutamine
in cardiogenic shock, 72
in children, 233
infusion rates in children, 231¢
for poisoned patients, 130
support in pulmonary emboli, 94z, 94
supportin sepsis, 113
for unstable thoracic aortic dissection, 82¢
use in undifferentiated shock, 2¢
dopamine
forbradycardic patients, 53
in children, 233
infusion rates in children, 231¢
MAP and, 47
in neonates, 216, 216¢
for poisoned patients, 130
supportin pulmonary emboli, 93
support in sepsis, 112
for unstable thoracic aortic dissection, 82
use in undifferentiated shock, 2¢
DOPE mnemonic, 228, 236¢
dorsal lithotomy position, 201
dysrhythmias, pediatric, 229¢

E
E-Z 10 drill, 43
echocardiography
aortic arch, 192f
aortic dissection on, 192f
apical view, 189f
bedside, 187
cardiac arrest on, 196
dilated ventricle on, 188f
inferior vena cava, 192194, 193
lung, normal, 193/
lung poinc sign, 194, 195, 196¢
subxiphoid view, 189ﬁ 190f
technique, 187-192
thoracic aorta, 192, 192f
wall motion defects in, 191-192
ectopic pregnancy, 4
edentulous patients, 6
effective circulating volumes (ECV), 26
electrocardiography (ECG)
abnormalities in status epilepticus, 170
in antidepressant poisoning, 126/
atrial fibrillacion, G2f
in cardiogenic shock, 72¢
first-degree AV block, 56f, 57
paroxysmal supraventricular tachycardia
(PSVT), 60f
in pulmonary emboli, 90
QTec prolongation, 128f
second-degree AV block, 57, 57/, 58f
sinus bradycardia on, 54, 54f
sinus tachycardia, 61f
\WPW syndrome, 66/, 67¢
electrolytes, 34¢, 35
embolectomy, 96
emergency airway management, 5
emergency medical systems (EMS)
basic life support (BLS), 41
cardiac arrest guidelines used, 37
CCR protocol, 40f
medical control, 41
Emergency Medical Treatmentand Labor Act
(EMTALA), 199
emergency transfusions, 151-157
emergent deliveries, 201¢
empiric volume challenge, 30
enalapril, 80r
encephalography, post-arrest, 48
endoscopy, emergent, 103z, 103
endotracheal tubes (ETs)
in children, updates, 236
drugs given through, 237¢
evaluation of, 20-21
LMA size compared with, 227¢
migration, 19
for neonates, 212, 214«
pediatric sizes, 225¢, 227
positioning of, 19, 22
epidural hematomas, pediatric, 237
epilepsy, incidence of, 167
epinephrine
for anaphylaxis, 181, 181z, 183
for bradycardic patients, 53, 231
chest compressions and, 41
in children, 232
dilution for IV use, 182¢
endotracheal delivery of, 233
infusion rates in children, 2317
in neonatal resuscitation, 209, 211, 216, 216¢
pediatric patients and, 182
physiologic effect in anaphylaxis, 1827
push administration in shock, 27
self-ad ministration, 184«
support in pulmonary emboli, 93¢, 94
for unstable thoracic aortic dissection, 82

use in undifferentiated shock, 2¢
EpiPen Jr, 184
EpiPens, 181, 184
episiotomy, 201-202
erythromycin ophthalmic ointment, 217
Eschmann introducers, 19
esmolol, 59,80¢
esophageal-tracheal combination tube (Combi-
tube), 228
ethanol, withdrawal, 132
ethylene glycol poisoning, 136-137
etomidare, 81

as an induction agent, 9-10

in intracranial hemorrhage, 161

pediatric RSI and, 227¢

in RSI, 97

for RSI patients in shock, 10, 146
expiratory positive airway pressure (EPAP), 120
extracellular fluid

retention of, 25

volume of, 26f
extracorporeal life support (ECLS), 74
extracorporeal membrane oxygenation (ECMO),
48, 74

extubartion, unintentional, 23

F

facial hair, BVM use and, 6
factor VIII, 154
factor XIII, 154
false labor, 201
febrile seizures, 169
fentanyl, 9, 9z, 22-23, 227+
feral stations, 201
fibrinolytic therapy, 73, 95
flow, 30z
fluid distribution, principles of, 25-26
fluid flow rates, 30z
fluid flux
Suarlinglaw, 27
fluid loss, causes of, 29z
fluid management, 25-36
fluid movement, principles of, 25-26
fluid resuscitation, 29-31
burn patients, 34
end points of, 29-30, 31z, 32
fluid selection, 32-34
intravenous access, 29
minimal volume, 34
pediatric patients, 237
volume responsiveness and, 30-31
fluid cherapy
maintenance level, 34¢, 35
for post-cardiac arrest patients, 47-48
for pulmonary emboli, 91-93
in sepsis, 111-112
in traumatic injury, 146
focused assessment with sonography for trauma
(FAST) views, 4, 140, 143, 187, 241
fomepizole, dosing regimen, 136¢
formic acid, 136
fosphenytoin, 166, 172, 172
fresh frozen plasma (FFP), 151, 154
functional residual capacity (FRC), 226
furosemide, in neonates, 216¢

G

y-aminoburtyric acid (GABA)

failure of, 169

impaired synthesis of, 174

mechanism of action, 132
gas exchange, assessment of, 21
gastric ulcers, Gl bleeding and, 103
gastrointestinal decontamination, 125-126
gastrointestinal hemorrhage
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algorithm, 100f

causes of, 1017

definition of, 99-101

treatment strategies, 1027

unstable patient with, 99-105
gastroschisis, 2187
gentamicin, in neonates, 216z, 217-218
Glasgow Coma Scale scores (GCSs), 141, 143¢
glucagon

for anaphylaxis, 183

for antihypertensive overdose, 129, 130¢

for bradycardic patients, 52-53
glucose. seealso hyperglycemia

bedside testing, 170

infusions of, 35

monitoring levels of, 49
glutamate, mechanism of action, 132
glyceryl trinitrate, 94
graft-versus-host disease (GVHD), 156
grouped bearting of Wenckebach, 57
gum elastic bougies, 11z, 19, 19¢
Gyromitra mushrooms, 132

H

Hagen-Poiseuille equation, 307
hand ventilation, 19
head injuries, pediatric, 237-238. see also trau-
matic brain injury
heart rates
in neonates, 215
volume depletion and, 28
heat loss, in neonates, 211
heliox, forasthma, 118, 118z, 119
hematocrit, hemorrhage and, 152
hematomas, size of, 159, 160
hemodynamic stability
assessment in ventilated patients, 15-18
ventilator-induced, 18
hemoglobin levels, 49, 152
hemoperitoneum, 144
hemorrhage, gastrointestinal, 99-105
hemorrhagic shock
classes of, 28f
minimal volume resuscitation in, 34
in severe GI bleed, 102
hemostaric resuscitation, 153, 153¢
hemothorax, RUSH scan for, 4
heparin
for cardiogenic shock, 72
low-molecular weight, 95, 96
support in pulmonary emboli, 95
thrombocytopenia induced by, 154
HI-MAP acronym, 4
hydralazine, 94
hydrocephalus, ICH and, 159
hydrocortisone, 114
hydromorphone, 22-23
hydroxocobalamin, 135¢, 136
hydroxyethyl starch (HES), 33
hyperbilirubinemia, 110
hypercapnia, 22-23, 47
hyperglycemia. see a/so glucose
after ICH, 166
management of, 49
hyperinsulinemia euglycemia therapy (HIET),

130-131, 130z

hyperkalemia, succinylcholine-induced, 10z, 170

hyperoncotic albumin, 34
hypertension
antihypertensive overdose, 129-131
in intracerebral hemorrhage, 162
stacus epilepticus and, 170
hyperthermia
post-cardiacarrest, 48
status epilepticus and, 170

toxin-induced, 132z, 133-134
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hyperventilation, 147
hypoalbuminemic states, 34
hypoalbuminemia, 33
hypocalcemia, 3
hypoglycemia, 170-171
hypokalemia, 120
hyponatremia, 132, 133
hypoperfusion. see also malperfusion

cardiogenic shock and, 69

causes of, 110

clinical markers of, 71¢

occult, 27

persistent, 31

in severe sepsis, 112
hypotension

ﬂir\Vﬂ)’ l]]ﬂ[]ﬂgel]lel]t ﬂnd, 8

blood loss and, 152

in children, 237¢

definition of, 15

evaluation of, 27,28

positive pressure ventilation and, 121

transient, 27

undifferentiated shock and, 29¢
hypothermia

cardiac arrest and, 42

in pediatric patients, 43
hypothermia, therapeutic

in children, 233

contraindications, 48

post-cardiac arrest, 48
hypotonic solutions, 33
hypoventilation. identification of, 20
hypovolemia

causes of, 28

clinical signs of, 26-27

pathophysiology of, 26

in sepsis, 111-112
hypovolemic resuscitation, 146
hypovolemic shock, 230¢, 232
hypoxemia, 89
hypoxia

airway management and, 8

bradyarrhythmias and, 231

definition of, 15

diagnosis of, 21

tests in neonates, 218

|
ice baths, 133
idioventricular rhythm (bradycardia), 55-56
immunocompromise. sepsis and, 109-110
immunoglobulin E, 177-178
infection control priorities, 113¢
infections
emergency source control, 114, 114¢
severe sepsis and, 110
transfusion-related, 155
inferior vena cava, 192-194, 193f
informed consent, perimortem cesarcan section
and, 207
inotropes, support in PE, 94-95
inspiratory hold, pressure-time curve, 22f
inspiratory positive airway pressure (IPAP), 120
intensive care units (ICUs)
transfusions in, 151
international normalized ratio (INR), 154
interstitial fluid, volume of, 26¢
intraaortic balloon pumps (IABP)
conrtraindications, 74¢
for post-cardiac arrest patients, 48
recommendations, 737
reperfusion therapy, 73
intracellular fluid, volume of, 26
intracerebral hemorrhage (ICH), 159-166
emergency department management, 161¢
hemostatic therapy, 162-163

large intraparenchymal, 165
outcome predictors, 159
pathophysiology, 159160
subcortical, 166f
surgical interventions, 164-165, 164+
intracranial hypertension, 147
intracranial injuries, identification of, 143¢
intracranial pressure (ICP), increased
CPP-guided therapy, 163
hypercapnia and, 47
laryngeal stimulation and, 9
monitoring of, 164+
intralipid infusions, 131z, 131
intraosseous lines, 233
intraparenchymal hematoma, 160f
intravascular fluid constituents, 26
intravenous access, 29
intravenous fluids, 327
intravenous immunoglobulins (IVIGs), polyva-
lent, 115
intraventricular hemorrhage (IVH), 159, 160f
intubating stylets, 19
intubation
of asthmatic patients, 120
of children, 236
clinical markers for, 120¢
of COPD patients, 120
difficule, 5
equipment needed, 226¢
interruption of CPR, 39
in neonatal resuscitation, 210, 212
preoxygenation and, 9
in severe Gl bleed, 101
use of flexible fiberopric scopes, 8
ipecac, syrup of, 125
ipratropium, 1187
iron toxicity, 135
ischemia, cardiogenic shock and, 72-73
isoniazid
benzodiazepine-resistant seizures, 132
seizures induced by, 174
toxicity, 135
isoproterenol, 53, 94

J

jaw thrust maneuvers, 6

jugular vein distention, 4

junctional bradycardia, 54-55, 55f
ECG diagnosis, 55, 55f
management, 55

K

ketamine

for pediatric RSI, 22¢

for RSI, 9t, 10, 120

for RSI patients in shock, 10, 146
Korotkoff sounds, 27

L

labetalol, 80
labor, normal, stages of, 201-202
laboring patients. see also delivery, complicated
assessment of, 199-201, 200/
triage of, 2007
lactate levels
end-organ dysfunction and, 110-111
sepsis outcomes and, 113
transf usion indications and, 152
lactic acidosis, 135
laryngeal mask airways (LMAs), 7-8, 227+
laryngoscopy
Cormack-Lehane grades of visualization, 6f
difficult, 5
pediatric blade sizes, 225¢
physiologic responses to, 9
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prediction of difficulcy wich, 6-7
techniques, 11
video, 228
LEAN mnemonic, 233
left ventricle, free wall rupture, 75
LEMON mnemonic, 145, 226¢, 228
for airway assessment, 6-7, 7¢
Leopold maneuvers, 201
lepromeningeal cysts, 238
leukocytosis, infection and, 109
leukotriene inhibitors, 119
levalbuterol, for asthma, 118, 118¢
levetiracetam, 173, 173+
lidocaine
chest compressions and, 41
endotracheal delivery of, 233
in pediacric RSI, 227¢
in RSI, 9¢
for type IA poisoning, 127¢
limb-threatening injuries, 144«
Linton-Nachlas tubes, 104, 104z, 105f
liver, pediatric injuries, 240-242
loratadine (Claricin), 182
lorazepam, 166, 171-172, 171¢
Lund protocol, 163
lung
echocardiographic examination, 193f
traumatic injuries, 239-240
ultrasonographic evaluation, 194-195
lung pointsign, 194£, 195, 196f

“lung-slide,” on ultrasound, 20

M

magnesium sulfate

tor asthma, 118z, 119

chest compressions and, 41

in children, 232

shivering threshold and, 48
maintenance f luid cherapy, 34¢, 35
malignant hypercthermia

antidotes, 133«

clinical features, 132¢
Mallampati scores, 6, 7
Mallory-Weiss tears, 103-104
malperfusion. see also hypoperfusion

organ, 82-83

signs of, 80¢
mannicol, 147, 163¢
massive transfusions, 153
McConnell sign, 190, 191
McRoberts maneuver, 203, 203f
mean arterial pressure (MAP)

cirrhosis and, 3

fluid cherapy end points, 31¢

in hypertensive emergencies, 78

maintenance of, 26

organ perfusion and, 47

in shock, 2
meconium

amniotic fluid stained with, 212

aspiration of, 212, 213f
membranes, water crossing of, 25
metabolic acidosis, severe, 134-135
metformin, toxicity of, 135
methadone, QTc prolongation and, 128f
methanol, ingestion of, 136
methemoglobin, 136
methicillin-resistant Staphylococcus awreus
(MRSA), 114
methylprednisolone

for anaphylaxis, 181¢

for asthma, 118¢

forCOPD, 118¢
metoprolol, 59, 80¢
microvascular insufficiency, 27
midazolam

pediatric RSI and, 227¢

for RSI patients in shock, 10

in stacus epilepticus, 172
Miller blades, 212
milrinone

for myocardial inotropy, 131

in neonates, 2106, 216¢

support in pulmonary emboli, 94

support in sepsis, 113
minimal volume resuscitation, 34
Minnesota tubes, 104, 104¢
morphine, for ventilated patients, 22-23
mouth-to-mouth ventilation, 39
multisystem organ failure, 133
myocardial contusions, 239
myocardial stunning, 239
myoclonus, post-cardiac arrest, 48

N

N-methyl-D-aspartate (NMDA) receptor, 169
Nigele rule, 199
naloxone
endotracheal delivery of, 233
in neonartal resuscitation, 216, 216¢
narrow complex tachycardia (NCT), 58-60
in children, 231
nasogastric tube (NGT), 102
NAVEL mnemonic, 237¢
needle cricothyrotomy, 228
needle decompression, 20
neonates
clinical classification of, 212/
congenital anomalies, 218¢
discontinuing resuscitation in, 219
drugs used in resuscitation, 216¢
extrauterine blood flow, 211
heat loss in, 218
identification of critical illness in, 211-216
incrauterine blood flow, 211£
resuscitation algorichm, 2017
resuscitation equipment, 211, 212¢
resuscitation of, 209-220
tests for hypoxia, 218
withholding resuscitation in, 219
nesiricide, 94
neuroleptic malignant syndrome, 132¢
neuromuscular blockers
avoidance of, 114
in RSI, 10
neuroprotection, post-cardiac arrest, 48
neuroresuscitation, 146
NEXUS decision tool, 238-239
N("—monomethyl—L-arginine (L-NMMA), 75
nitric oxide, delivery systems, 94
nitroglycerine, 94
nicroprusside, 80z, 94
noninvasive positive-pressure ventilation
(NPPV), 120-121
for asthma, 118
contraindicarions, 119¢
for COPD, 118
norepinephrine
in children, 233
infusion rates in children, 231z
for poisoned patients, 130
support in pulmonary emboli, 93, 94¢
supportinsepsis, 112
for type IA poisoning, 127¢
for unscable thoracic aortic dissection, 827
use in undifferentiated shock, 2¢

o

obesity, BVM use and, 6
occult hypoperfusion, 27
occule shock, 110

octreotide, 102¢, 103
older patients, BVM use and, 6
omeprazole, 1027
omphalocele, 218¢
opioids, withdrawal, 132
oral airways
BVM use and, 6
in children, 226
organophosphates, 135-136
orthostatic hypotension, 27
osmolar gap, calculation of, 135¢
osmosis, 25
oxalic acid, 136
oxygen
delivery in healchy persons, 152
delivery to neonates, 213-214
during hand ventilation, 19
systemic delivery of, 27f, 29
oxygenation, post arrest, 47
oxytocin, 207

P

packed red blood cells (PRBCs), 146. see also red

blood cell transfusions
likelihood of benefit from, 152¢
shelflife of, 151
transf usion of, 151
pancuronium, 227¢
pantoprazole, 102¢
papillary muscle ruprure, 75
paralytics, in RSI, 10
parasternal long-axis (PSLAX) views
left ventricular function on, 189-190
pericardial effusion on, 189f
techniques, 187-190, 188/
parasternal short-axis (PSSAX) views, 187
pericardial effusion on, 190£ 191f
Parkland formula, 33z, 34
paroxysmal supraventricular tachycardia
(PSVT), 51, 58-61, 60 f
partial thromboplastin time (PTT), 154
passive leg raising (PLR), 192
patient positioning, for laryngoscopy, 11
pactient transfers, preparation for, 148, 148¢
patienc-ventilatory synchrony, 121
peanuts, anaphylaxis and, 178
pediatric assessment triangle (PAT), 221, 225
pediatric patients
abdominal injuries, 240-242
airway management, 226
bradyarrhychmia algorithm, 224f
cardiac arrest algorithm, 223f
cardiac arrest in, 42—43, 230231
cerebellar/infratentorial bleed, 165/
cervical spine injuries, 238-239
chestinjuries, 239-240
emergenc intubation in, 9
epinephrine dosage in, 182
estimation of weight, 225
head injury in, 237-238
primary survey, 225-233
pulmonary injuries, 239-240
resuscitation, 221-234
shock in, 232-233
signs of respiratory distress, 225¢
spinal cord injuries, 239
status epilepticus in, 169
tachyarrhythmias algorithm, 222
trauma updates, 235-242
vascular access in, 233
ventilated, crashing, 23, 23¢
vital signs by age, 228¢
pelvic radiography, bedside, 143, 143¢
penetrating injuries, 142¢
pentobarbital, 173¢
in status epilepticus, 173
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peptic ulcer disease, 1037
percutaneous coronary intervention (PCI), 42,
72
pericardial effusion, 188-189, 189f, 191f see also
cardiac tamponade
pericardial tamponade, 4
phenobarbital, 173
phenorthiazines, 63
phenylephrine
in cardiogenic shock, 72
forhypotension, 121
MAP and, 47
for poisoned patients, 130
push administration in shock, 2¢
support in pulmonary emboli, 937
use in undifferentiated shock, 2¢
phenytoin
for seizures in ICH, 166
in status epilepticus, 171z 172
phosphodiesterase inhibitors, 131
Pinard maneuver, 204/
plasma, volume of, 26¢
plasma transfusions, 154, 1547
plasmapheresis, 154
plateau pressures, pressure-time curve, 22f
platelets, transfusion, 153-154, 153«
frequency of, 151
in severe Gl bleed, 102
pleural effusion
RUSH scan for, 4
ultrasonographic evaluation, 195, 195f
ultrasonography, 196/
pneumothorax
airway pressures and, 214
evaluation for, 20
needle decompression, 20
in neonates, 214
RUSH scan for, 4
ultrasonographic evaluation, 194-195
in ventilated patients, 18
poisoned patients
antihypertensive overdose, 129131
assessment, 125
cardiac arrest in, 42
critically ill, 125-137
unstable bradycardia and, 52
positive end-expiratory pressure (PEEP)
in children, 229
intrathoracic pressure and, 120
waveforms, 122f
positive pressure ventilation
complications of, 121
for neonates, 211
post-cardiac arrest patients, 45-50, 46/
post-cardiac arrest syndrome (PCAS), 45
post-resuscitation disease, 45
postpartum hemorrhage, 204, 204¢
potassium, fluid therapyand, 34¢
pralidoxime, 134, 134¢
pregnancy
difficulc deliveries, 199-208
ectopic, 4
emergent deliveries, 201z
premature infants
definition of, 211
heat losses in, 211
preoxygenation, before intubation, 9
pro-natriuretic peptide (proBNP), 90
procainamide, 231
for VT, 65
propofol
dosing in status epilepticus, 173
in intracranial hemorrhage, 161
in mechanical ventilation, 22-23, 121
for RSI,9¢, 10, 120

for seizures, 132¢
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propranolol, 80z
propylene glycol toxicity, 135
prostaglandins
inhaled, 95
in neonates, 216¢, 217
protamine sulfate, 163
prothrombin times (PT), 154
proton pump inhibitors (PPls), 103
pulmonary emboli (PE)
biomarkers, 90-91
cardiac hemodynamic relationships, 89f
clinical presentation, 89-90
diagnostic findings, 90¢
echocardiographic findings, 191
hemodynamic support agents, 94¢
post-cardiac arrest, 48-49
respiratory management, 93¢
right ventricular strain in, 190-191
RUSH scan for, 4
supportive care, 91-94
thrombolytic therapy, 95¢
unstable patient with, 87-97, 88f
pulmonary insufficiency, 89
pulse oximetry, in neonates, 213-214, 218
pulse-pressure variation (PPV), 192
pulseless electrical activity (PEA), 231, 232
pulsus alternans, 239
pyridoxine (vitamin Bg), 132-133, 132¢

Q

QRS prolongation, 126-127, 126f, 127¢
QTc waveforms

drugs affecting, 129¢

normal range of, 128

prolongation, 127-128, 128f
quinine, cardiotoxicity, 126

R

raccoon eyes, 237
rapid sequence intubation (RSI)
in asthmatic patients, 120
checklist, 8¢
contraindications, 213
in crashing trauma patiencs, 140
difficult airways and, 6
drugs for, 9¢
pediatric drugs, 227¢
in severe Gl bleed, 101
rapid ultrasound for shock and hypotension
(RUSH), 4, 4f
rapid ultrasound in shock (RUSH) protocol, 187
recombinant activated factor VII (rFVIIA), 157,
163
recombinant human activated protein C
(rhAPC), 114
red blood cell transfusions, 151-152, 152¢. see
also packed red blood cells (PRBCs)
relative adrenal insufficiency, 114
relaxanes, in RSI, 10
reperfusion therapy
cardiogenic shock and, 72-73
post-cardiac arrest, 50
rescue airways
difficule placement of, 5
strategies for, 1213
techniques, 11-13
respiratory distress in children, 225¢
respiratory failure, signs of, 118
respiratory system compliance, 19¢
resuscitation
algorithm for neonates, 201/
of critically injured patients, 145
discontinuation of, 219
drugs used in neonartes, 216¢
end-points in sepsis, 112-114

equipment for neonates, 211
hemostatic, 153, 153¢
in hypotensive patients, 190
hypovolemic, 146
neonatal equipment, 201, 212¢
neonatal need for, 211¢
ofneonates, 209-220
optimization of, 146
pediatric patients, 221-234, 237
postresuscitation in children, 233
postresuscitation tests, 217-218
prioritized end-points, 111z
pulmonary emboli and, 91
in severe Gl bleed, 101-102
in traumatic brain injury, 147
withholding of, 219
resuscitation teams, 37
return of spontaneous circulation (ROSC), 39,
42
revascularization, 73. see also reperfusion thempy
Rh antibodies, 151
rhabdomyolysis, 171
toxin-induced hyperthermia and, 133
rib fractures, 239
right ventricular dysfunction, 89
rocket fuel, 132
rocuronium, 10, 161, 227¢

S

salicylate poisoning, 134
sclerotherapy, 103-104
“seashore sign,” 21£, 195f
sedation
evaluated in ventilated patient, 22-23
of intubated patients, 121
seizures
absence type, 170
complex partial, 170
febrile, 169
in ICH, 166
neuronal death in, 169
secondary, 169¢
simple partial, 170
toxin-induced, 1317 132¢, 132133, 174
toxin-induced hyperthermia and, 133
Sellick maneuver, 11, 227
Sengstaken-Blakemore tubes, 104, 104¢
sepsis
adverse outcomes and, 110z
description, 1097
mortality rates, 107
in neonates, 217-218
sepsis, severe, 107-116
adjunct therapies for, 114-115, 114«
critical caresupport therapies, 1157
description, 1097
resuscitation endpoints, 112—114
septic shock and, 107-116
syndromes related to, 109¢
treatment algorithm, 108f
septic shock
in children, 232
cirrhosis and, 3
crystalloid requirements in, 30
description, 1097
propofol contraindication, 10
severe sepsis and, 107-116
treatment algorithm, 108/
serotonin syndrome, 132¢, 133«
severe sepsis. see sepsis, severe
Severe Sepsis Bundle, 111¢
shivering thresholds, 48
shock
acute hemorrhagic, 29 f
anaphylactic, 3

cardiogenic, 3—4, 69-76, 230¢, 232-233
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causes in children, 229¢
in children, 232-233
compensated, 27
crypric, 27, 110
definition of, 27, 110
description, 1
distriburive, 230z
fluid cherapy, 29
hemorrhagic, 102
hypovolemic, 230z, 232
management of, 145-146
occult, 110
sepric, 3, 30, 232
signs in children, 230¢
in the trauma patient, 142¢
uncompensated, 27, 110
undifferenriated, 1-4, 29
shock index (SI), 28
shoulder dystocia, 203
sildenafil, 95
simple partial seizures, 170
sinus bradycardia (SB), 53-54
sinus tachycardia, 28, 61£ 231
SIRS. see systemic inflammarory response
syndrome (SIRS)
skull fracrures, 238
“snifting position,” 6, 226
snoring, BVM use and, 6
SOAP ME mnemonic, 226¢, 227
in children, updartes, 236
sodium, fluid therapy and, 34¢
sodium bicarbonare
in neonartal resuscitation, 216, 216z
packaging of, 127
for sodium channel blockade, 126
for type IA poisoning, 1271
sodium nitrite, 135, 135¢
sodium thiosulfate, 135, 1357
somatostatin, 103
spinal cord injuries, pediatric, 239
spinal cord injury without radiographic abnor-
mality (SCIWORA), 239
spleen, pediatric injuries, 240-242
ST-segment elevation myocardial infarction
(STEMI)
bradycardiaand, 54
cardiogenic shock and, 69
in the ED, 51
Stanford system, 77, 78f, 79f
Staphylococcus anrens, methicillin-resistant
(MRSA), 114
Starling forces, 26
Starling law, 27¢
status asthmaricus, 22
status epilepticus, 167-175
background, 167-169
definition of, 167
emergency department evaluation, 170-171
etiology of, 169
fosphenytoin dosing in, 172¢
levetiracetam dosing in, 173¢
lorazepam dosingin, 171#
management algorithm, 168/
nonconvulsive, 173-174
pathophysiology of, 169
pentobarbital dosing in, 173¢
pharmacologic-induced, 174, 174f
phases of, 170
phenobarbital dosing in, 173¢
phenytoin dosing in, 171
propofol dosing in, 173
subtle, 173174
toxin-induced, 132, 174, 174f
types of, 170
valproic acid dosing in, 172
steroids, contraindications, 238, 239

stratosphere/barcode sign, 21f
streprokinase, 95¢
stress-related mucosal injury, 49
stroke, moderate subcortical [CH, 166/
stroke volume

preload and, 30

respirophasic, 31
subdural hematomas, pediatric, 237
subdural hygromas, pediatric, 237
succinylcholine

adverse effects, 170

hyperkalemia induced by, 10¢

pediatric RSl and, 227¢

in RSI, 10

in RSI patients inasthma, 120
suction catheters, 19
suctioning, in neonartes, 212
sugammadex, 10
supraventricular tachycardia (SVT), 65-67, 231
Surviving Sepsis Campaign, 111, 1117
suspended animation protocols, 43
sympathomimetic excess, 132¢
systemic inflammatory response syndrome
(SIRS), 107

description, 1092

treatment algorithm, 108/

T

tachyarrhythmias, 58—63. see also specific ar-
rhythmias
cardioversion, 71
in pediatric patients, 222
tamponade and. 239
wide complex tachycardia, 63-67
tamponade, tachyarrhythmias and, 239
TandemHeart device, 74
temperature, assessment in nconates, 211-213
tension pneumothorax, in ventilated patients, 18
terbutaline, for asthma, 118
terlipressin, Gl bleeding and, 103
tetralogy of Fallot, 218
thiopental, 2271
thrombolytic therapy
agents in acute PE, 95¢
contraindications, 957
guidelines in PE, 941
thoracic aorta, examination, 192
thoracic aortic dissection
antihypertensive agents in, 80¢
classification system, 77
description, 77-83
mortality rates, 78
prognostic factors, 817
surgical management, 83¢
thoracic injuries, identification of, 143¢
thoracotomy, indications, 240
thrombocytopenia, 110, 154
thrombolyrtic therapy, 48-49, 95-96
TICLS mnemonic, 221
toluene toxicity, 135
rongue, airway obstruction by, 6
torsade de pointes, 128-129
drugs-induced, 129¢
total anomalous pulmonary venous return
(TAPVR), 218-219
total body warter estimates, 261
total body weight, water percentage, 26¢
tracheal intubation, difficulty with, 6-7
tracheostomy patients
obstruction in, 23¢
unintentionally extubated, 23¢
transfusion reactions, 155-156, 155¢, 156¢
transfusion-related acute lung injury (TRALI),
155-156
transfusions
adverse effects of, 155-156

albumin, 155
of albumin, 154
cryoprecipitate, 154155
emergent, 151-157
infections transmitted by, 155
massive transfusions, 153
of plasma, 154
platelets, 153-154, 153«
in traumatic injury, 146
transjugular intrahepatic portosystemic shunts
(TIPS), 103-104
transposition of the great arteries, 218
transthoracic echocardiogram, bedside, 91
traumatic brain injury (TBI)
airway management, 147
neuroresuscitation, 146-147
pediatric, 237-238
traumatic injuries
cardiac arrest in, 42
crashing patients, 139-149
diagnostic toolbar, 142-145
identification of, 140¢
limb-threatening, 144+
noncritical, 144¢
pediatric death rates from, 235
pediatric patients, 235-242
penetrating, 1421
tree nuts, anaphylaxis and, 178
Trendelenburg position, 3
tricyclic antidepressants
cardioroxicity, 126
poisoning by, 126f
for VT, 63
turtle sign, 203
Twinjet, 184
Twinjet Jr., 184

U

ultrasonography. see also echocardiography
abdominal aorta examination, 196
aortic outflow obstruction, 92f
bedside, 187-197
D sign, 190, 191, 191f
ET position on, 22
hemoperitoneum, 144
lung-slide on, 20
McConnell sign, 190, 191
of patients in shock, 144
pleural effusion, 195f 196f
in pulmonary emboli, 91¢
“seashore sign,” 21£, 195
stratosphere/barcode sign, 21f
for trauma patients, 143144
umbilical artery, pulse palpation, 215
umbilical cencral lines, 215f
umbilical cord prolapse, 204
uncompensated shock, 27, 110
undifferentiated hypotension protocol (UHP),
187
undifferentiated shock, 1-4
diagnosis, 3
differential diagnosis, 29¢
initial assessments, 1-2
stabilization, 2-3
urine outpur, 162
urokinase, 95¢
uterine atony, 204, 204
uterine inversion, 205-207
urerine ruprure, 205-207

"

vagal maneuvers, 59

valproic acid, 172¢, 173

Valsalva maneuvers, 231
vancomycin-resistant enterococci, 114
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variceal bleeding, 104¢, 105, 105¢
vascular access, in children, 233
vascular loading, crystalloid use, 2
vasodilators, 94. see also specific agents
vasopressin, 103

chest compressions and, 41

for GI bleeding, 102#

infusion rates in children, 231¢

for poisoned patients, 130

supportin pulmonary emboli, 93-94, 94¢

support in sepsis, 112

systemic vascular resistance and, 47

use in undifferentiated shock, 2¢
vasopressors

for cardiogenic shock, 72¢

choicesin shock, 2¢

for poisoned patients, 130

for post-cardiac arrest patients, 47-48

support in pulmonary emboli, 93-94

support in sepsis, 112

for type IA poisoning, 127¢

for unstable thoracic aortic dissection, 82¢

Vaughn-Williams type IA anciarrhychmias, 126

vecuronium, 10, 227¢
venous access, chest compressions and, 40-41
ventilated patient
air leak, 17¢
cardiac arrest/near arrest in, 18-20
management algorithm, 16
oxygen during hand ventilation, 19
pediatric, 23, 23¢
sedation in, 22-23
stable/nearly stable, 20
tracheostomy in, 23, 23¢
ventilated patients, unstable, 15-23
ventilation, mechanical. see also ventilators
in children, 236¢
in intracranial hemorrhage, 161
positive-pressure mechanical, 112
post-cardiac arrest parient, 47
in pulmonary emboli, 93
settings in intracerebral hemorrhage, 162¢
support for COPD patients, 120-121
ventilator-associated pneumonia, 49
ventilator-induced ]ung injury, 47
venrilators
in the ED, 121-122
initial settings, 207
injury prevention, 122
pediatric settings, 228¢
settings for children, 229
settings for severe asthma/COPD, 121
waveforms, 22, 22f, 23f
ventricular assist devices, 74
ventricular preexcitation syndrome, 66f, 67¢
ventricular septal ruprure, 75
ventricular tachycardia (VT), 63-65
in children, 232
in the ED, 51
monomorphic, 63, 64f
polymorphic, 63, 64f
SVT compared with, 65-67
ventriculostomy, 165
verapamil, 80¢
video laryngoscopy, 228
viral signs
by age, 228¢
postural, 27
resuscitation end points and, 29-30
systemic perfusion and, 30
vitamin K, 154, 217
post neonatal resuscitation, 216¢
volume loading
clinical response to, 30
pulmonary emboli and, 91-93
volume responsiveness, 30-31, 112
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von Willebrand factor, 157

w

water, total body, 26¢

weight, of children, 225, 237

whole-lung atelectasis, 21

wide complex tachycardia (WCT), 51, 63-67,
126-127

Wolff-Parkinon-White (WPW) syndrome, 58,
66f, 67-68

Woods corkscrew maneuver, 203, 203f
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Managing critically ill patients in the emergency department is an
essential skill for emergency physicians—perhaps the defining skill.
Emergency Department Resuscitation of the Critically Ill, written and edited
by experts in emergency medicine, covers all aspects of resuscitating and
treating very ill patients and includes updates from the 2010 American Heart
Association guidelines.

Every chapter highlights “Key Points” and “Pearls,” and many chapters
offer illustrations and management algorithms for quick reference.

Chapters include:

¢ The Patient with Undifferentiated Shock
The Crashing Ventilated Patient
Fluid Management in the Critically lll Patient
Cardiac Arrest Updates
Post—Cardiac Arrest Management
Aortic Catastrophes
Severe Sepsis and Septic Shock
The Difficult Emergency Delivery
Bedside Ultrasonography in the Critically Ill Patient
Resuscitation of the Critically Ill Neonate
Pediatric Resuscitation

Additional chapters cover establishing difficult airways, providing
emergency transfusions, and identifying and managing arrhythmias,
cardiogenic shock, pulmonary embolism, gastrointestinal hemorrhage,
poisoned patients, trauma, and intracerebral hemorrhage.
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