






























































































































































































































































































































































































































care), ulrrasonography of the rvc offers clear advantages over 
invasive measures of CVP. Emergency medicine l iterature on 
this subject is emerging, mosr notably a recenr srudy by Nagdev 
er al, which found rhar emergency physicians were able ro ac­
curately predict which patients had a CVP lower than 8 mm Hg 
based on a bedside sonographic assessmenr (using visual estima­
tion) wirh sensitivity of91% (95% CI, 7 1%-99%) and specific­
ity of 94% (95% CI,  84%-99%).22 

In order to visual ize the I YC, place a curvil inear or micro­
convex transducer in the subxiphoid area, directed perpendicu­
lar to rhe floor. As is rhe convention in emergency medicine 

FIGURE 20-13. 

Longitud inal view of the IVC, showing the r ight atrial border 

to the left side of the image. The d iameter of the IVC should 

be assessed at a point about 3 cm caudal to the r ight atrial 
junct ion.  I mage courtesy of Arun Nagdev, M D, 

ACMC-H ighland. 

FIGURE 20-14. 

Longitudinal view showing a very narrow IVC, defined as 

"flat"-suggestive of a volume-depleted patient. Image 

courtesy of Arun Nagdev, M D, ACMC-Highland.  

Bedside Ultrasonography in the Critically Ill  Patient 

ulrrasonography, the transducer indicator should poinr ro rhe 
patient's righr. Identify the round, hypoechoic (dark) aorta 
ro rhe left of rhe patient's spine, rhe eccentrically shaped hy­
poechoic r vc to the right of the spine, and the bright thoracic 
spine deep relative to those srrucru res in this transverse/axial 
plane. 

Nexr, tilt the cable end of the transducer ro rhe patient's left, 
centering the IVC in the image field. With rhe IYC ar the cen­
ter of rhe screen, rotate the transducer clockwise 90° ro view rhe 
IVC longitudinal ly. Visualize rhe right atrium contracting at 
rhe cephalic termination of rhe IVC (Figure 20- 1 3) .  

From here, the goal is to visually estimate the change in  IVC 
d iameter (collapse of near field wall coward far field wall) with 
normal respiration (or wirh positive-pressure venrilation) ar a 
point approximately 3 cm disral to the junction with rhe right 
atrium, or at about the level of the right renal vein rakeoff.23 
The degree to which the IVC collapses is bel ieved to correlate 
with intravascular volume srarus. The degree of collapse of rhe 
r vc has been described as the "caval index"-rhar is, a collapse 
of the r vc of more than 50% of irs normal size would indicate a 
caval index above 0.5 .  The relationship of I YC collapse ro CVP 
is as follows: 

• IVC collapse of more than 50% (caval index above 0.5) 
suggests a CYP of less rhan 8 cm H

2
0, a hypovolemic 

stare; 
• IVC collapse of less rhan 50% (caval index below 0.5) 

suggests a CYP of less rhan 10 cm H
2
0, a hypervolemic 

stare. 
A particularly dehydrated parienr can show a frankly " flar" 

appearing IVC, which is demonstrative of volume depletion 

FIGURE 20-15. 

Normal lung ,  showing two comet tai ls  (arrows) visible 
on this stat ic i mage. Lung sl id ing and comet tai ls, being 
dynamic f indings,  are d ifficu lt  to appreciate in stat ic 

images. 
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(Figure 20-14) .  Treatment hinges on clinical presentation and 
desired clinical endpoint. 

KEY POINT 
Physiology of  IVG col lapse: I n  a spontaneously breathing 

patient, the relatively negative intrathoracic pressure 

of inspiration draws blood from the IVG into the thorax, 

resulting in a transient decrease in the cal iber of the IVG. 

In some cases, the IVC may nor appear to change with the 
respiratory cycle. A so-called plerhoric IVC suggests elevated 
right atrial pressure. The differential diagnosis includes massive 
pulmonary embolus, ramponade, significant pulmonary hyper­
tension, volume overload with cardiac dysfunction, restrictive 
heart disease, i ntrinsic positive end-expiratory pressure, tension 
pneumorhorax, or any cause of elevated inrrarhoracic pressure. 
(This finding should prompt rhe physician to obtain  a bedside 
echocardiogram if it has nor been done al ready.) 

Nore, however, that patients on positive-pressure ventilation 
have a reversed relationship of I VC diameter to i nspiration be­
cause positive pressure during inflation/inspiration of lungs re­
sults in IVC distention. Critical care srudies have shown a some­
what more complex relationship of I VC diameter to respiration 
because of chest wall mechan ics and intraabdominal pressure 
changes with the positive-pressure respiratory cycle. I n  short, an 
IVC that distends more than 15% with positive-pressure venti­
lation represents a patient who is l ikely to be fluid responsive. 
A patient who has no significant i ncrease in IVC diameter with 
positive pressure is less l ikely to benefit from fluids.24 Given 
these small tolerances, this rime-consuming determination 
must be measured with screen cal ipers using static images. The 
literature supporring this approach is sparse.2 1 •22•24 

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

FIGURE 20-16. 

Another " l ung point" s ign .  The arrow ind icates the point at 

the p leural interface where s l id ing lung is  seen on the left 
side of the screen (with three comet tai ls) ,  with adjacent 

absence of lung to the r ight of th is  point.  Image courtesy of 
Serie Cusick, MD, University of Cal ifornia, Davis. 
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IYC collapse (despite having significant fluid volume), yielding 
a false-positive i nterpretation. 

KEY POINT 
Reassess the IVG after i nterventions to assess response to 

therapy. 

Lung Examination 
Increasingly, emergency physicians are using ulrrasonogra­

phy to evaluate lung pathology. The most established applica­
tions include detecting the presence or absence of pleural s l id­
ing, identifying pneumorhorax or unventilated lung (as with 
mainsrem intubation) , and imaging the costophrenic angles to 
reveal pleural effusion. 

Routinely, pneumorhorax is d iagnosed with plain radio­
graphs of the chest, which can be rime-consuming and insensi­
tive. I nterestingly, the sensitivity of ulrrasonography for detec­
tion of pneumorhorax appears to rival that of standard chest 
radiographs, while computed tomography remains rhe gold 
srandard.25 Patient positioning (such as a supine trauma patient) 
can obfuscate the radiographic findings of pneumorhorax. Al­
though radiographic imaging is the best means for determi ning 
pneumorhorax size, ulrrasonography can offer a suggestion of 
pneumorhorax size i f  the "lung point" can be seen. 

Pneumothorax Evaluation 

Begin by using the l inear transducer (a microconvex trans­
ducer can also be used). Orient the transducer longirudinally on 
the patient. Beginning at the second or third i mercosral space, 
visualize the bright, hyperechoic pleura between rhe ribs (the 

FIGURE 20-17. 

Lung ultrasound image showing no lung s l id ing .  Ribs (R), 
seen in transverse sect ion,  d isplay d istal shadowing.  The 

bright white line (arrow) is the p leura without comet tails or 

signs of s l id ing.  



ribs appear as bright, semicircular surfaces with shadowing dis­
tally). Compare rhe affected with rhe unaffected side. I mage the 
lung in  rwo or three different interspaces. 

Lungs, being air fi lled, show very poorly on ultrasound; the 
pleura, however, is easily appreciated as hyperechoic l ines be­
tween rib shadows. Once the pleura has been identified, look 
for "lung sliding"-rhe appearance, at the i nterface of the pleu­
ral layers, of rhe visceral pleura sliding back and forth with res­
piration. The presence oflung sl iding 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
rients, is rhe appearance of brightly hyperechoic, round "beads," 
with l inear far-field artifacts rhar s lide side-to-side with respira­
tion; these are called comer rails (Figures 20-15 and 20-16) .  

The absence of lung sliding (that is ,  the pleura appears as a 
stationary hyperechoic l ine during respiration) suggests pneu­
morhorax (Figure 20-17). However, this finding lacks some 
specificity, as rhe absence of sliding also can be noted in a non­
ventilared lung. Additional ly, the absence of sliding can be seen 
occasionally in patients with severe bullous lung disease and has 
been reported in cases of severe infi ltrate and acute respiratory 
distress syndrome. 26'27 

Lung sl iding can be difficult to discern in some cases; em­
ploying "movement mode" (abbreviated "M-mode") on rhe 
ultrasound machine can i ncrease sensitivity. In M-mode, dara 
from a single vertical slice of the i mage (usually displayed as 
a vertical green l i ne on first press of rhe M-mode button) are 
displayed in rhe y-axis over rime (rime = x-axis). Represented 
in rhis way, rhe normal finding is "the beach" or "rhe seashore 
sign"-a l inear appearance in the upper part of rhe image 
("waves") with granularity ("sand") below rhe level of pleura. 
Such a l inear finding in M-mode represents a srrucrure wirh no 
sianificant movement relative to rhe y-axis, as one would ex-b 
peer wirh rhe sofr rissues 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 s ign ."  Note 

linearity above the br ight,  white pleural interface, with 

granularity deep to this l ine.  Life is good on the beach .  

Bedside Ultrasonography i n  the Critically Ill Patient 

lung, however, side-to-side morion at the pleural i nterface 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 as well as above rhe pleural i nterface suggests 
rhe absence of pleural movement on the side being examined­
"waves" bur no "sand." This has been called the "stratosphere 
sign" (Figure 20- 19). 

Be sure to i mage both sides of the chest in all patients-both 
ro 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 
pneumorhorax is located. Consequently, small pneumorhora­
ces-or those in locations difficult to image (apical or medial 
in parricular)-are poorly detected by ulrrasound.25 The overall  
sensitivity of ultrasonography for pneumorhorax appears to be 
better than 90%. 25 

I ncrease specificity with the " lung point" sign. Finding the 
interface of sl iding lung and absence of sliding i n  a single inter­
space, rhe so-called lung point, is a h ighly specific finding for 
pneumorhorax (reportedly with specificity as high as 1 00%)28 
and suggests rhe "edge" of rhe pneumorhorax-rhe point at 
which rhe pleura separates at rhe chest wall .  This information 
can help rhe physician esrimare rhe size of rhe pneumorhorax as 
well (Figures 20- 16  and 20-20). 

Pleural Effusion 

I n  rhe critically i l l  patient, pleural effusion or hemorhorax 
can also be readily identified. With the patient supine, place the 
transducer in rhe midaxillary to posterior axil lary l ine within 
rhe 8th to l l rh interspaces. Fluid will appear black (hypoechoic) 
between rhe white (hyperechoic) pleura. The physician can 
quickly image the pleural i nterface to assess for an inrrarhoracic 
collection of fluid (Figure 20-2 1 ). 

FIGURE 20-19. 

The appearance of pneumothorax on M-mode: the 

"stratosphere s ign ."  Linearity predominates, g iv ing 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 examination. Select 

a curved abdominal-type or microconvex transducer. With the 
patient supine, place the transducer in the epigasuic area, aim­
ing perpendicular to the floor. Turn your attention to the aorta 
at this level, imaging it in the transverse plane. I nterposed bowel 
markedly decreases image quality, such char you may in itially 
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 to rhe 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 srart imaging from the umbi­
licus as the aorta may be more superficial here, contrary to what 
one might expect. 

Measure the aorta from outer wal l  to ourer wall .  An aortic 
diameter larger than 3 cm is technically aneurysmal, and a di­
ameter wider than 5 cm should cause more i mmediate 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 clin ical 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 acute dissection. 

FIGURE 20-20. 

The " l ung point" s ign .  Long arrow ind icates the point at 
the pleural interface where s l id ing lung is seen on the right 
side, with adjacent absence of lung to the left of this point. 
Short arrows ind icate the movement of this interface when 

seen in real t ime. I mage courtesy of Zareth I rwin ,  M D, 

University of Cal ifornia,  I rvine. 
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KEY POINT 
A frequent m isconception is that aortic rupture can be 

detected by u ltrasonography. In  fact, most ruptures occur 

i nto the retroperitoneum, an area that cannot be visual ized 

with ultrasonography. 

Cardiac Arrest Evaluation 
In a patient without palpable pulses, echocardiography may 

suggest a cause of circulatory collapse (such as pericardia! effu­
sion with tamponade or hypovolemia), just as in patients with 
pulses. A key consideration i s  that detection of pulses during a 
cardiac arrest is difficult. I n  fact, physicians often incorrectly 
detect the presence or absence of pulses during cardiac arrest. 29 
By visualizing the contractile function of the heart, the physi­
cian may find organized cardiac activity in a pulseless patiem, 
which should prompt aggressive resuscitative efforts in appro­
priate clin ical instances. Cardiac srandsrill, defined as complete 
absence of cardiac activity, indicates a more dismal prognosis, 
which can bolster the decision to discontinue resuscitative mea­
sures.30 M-mode can be used to better discern subtle cardiac 
movemem and in patiems in whom cardiac windows are some­
what limited. 

The examination may be performed using the parasternal or 
subxiphoid view during pulse checks in  CPR.31 The subxiphoid 
view may be useful (particularly for detecting pericardia! effu­
sion) during chest compressions, especially as recent advanced 
cardiovascular l ife support advances have stressed rhe impor­
tance of minimizing interruptions. An algorithm for such an 
approach to bedside ultrasonography in non-arrhythmogenic 
cardiac arrest has been proposed.32 

FIGURE 20-21 . 

I mage of the right costophrenic angle, showing the superior 

edge of the l iver 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, M D ,  ACMC-H ighland. 



Conclusion 
Ultrasonography a llows rapid identification of pathology 

and provides a means of reassessment after therapeutic inter­
ventions in critically i l l  patients. Applications for critical care 
ulcrasonography continue to be discovered and investigated. 
As skill with ultrasonography in the emergency department i n­
creases, so will the sophistication of our studies and the quality 
of our instruments. 
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C H A P T E R  2 1  

The Difficult Emergency Delivery 
Jennifer V. Pope and Carrie D. Tibbles 

I N  THIS CHAPTER 

Assessment of the laboring patient 

Preparing for precipitous del ivery 

M anagement of delivery compl ications 

The perimortem cesarean del ivery 

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 
l ittle or no prenaral care, i ncreasing the risk of complications to 
both mother and fetus. 1 '2 The goal of this chapter is to review 
the assessment of a woman in labor, the steps in a precipitous 
del ivery, and the management of complications associated with 
a vaginal del ivery. 

Triage of the Pregnant Patient in Labor 
Because the emergency deparrmem is a suboptimal place for 

a del ivery, i nterhospiral transfer of patiems 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
efirs of transfer ourweigh 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 2 1 - 1 .  

PEARLS 
The physician who in it iates an interhospital transfer must 

certify that the benefits of transport outweigh the risks. 

Under EMTALA gu idel i nes, stabi l ization of a pregnant 
woman who is having contractions does not automatically 
mean del ivery 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.3.4 Methods for assessing the 
laboring patient are described in Figure 2 1 -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 (Nagele rule5), fundal height, and ulrrasonography. 

PEARLS 
Nagele rule = fi rst day of last menstrual period + 9 months + 
7 days5 

Measure the fundal height with a tape measure from the 
pubic symphysis to the top of the fund us. The measurement 
in centimeters roughly estimates the gestational age in  
weeks. Fundal height at the umbi l icus represents about 20 
weeks' gestation. 
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FIGURE 21-1. 

Triage of the pregnant patient in labor 

Can this patient be safely transported 
to labor and del ivery? 

J 
Early labor Del ivery is imminent H igh risk 

' ' 

Transfer to labor and delivery 
Prepare for emergency 

Stat transpor 
department del ivery 

t (if possible) 

FIGURE 21-2. 

Assessment of the p regnant patient in labor 

Assessment of the laboring patient 

It 

Mother Fetus 

t f 

History Physical Examination Physical Examination 

Gestational age AB Cs Sonogram 
Parity Fundal height Fetal head position 

Rupture of membranes Sonogram Fetal heart rate 1 20-1 60 bpm 

Contractions Sterile bimanual examination Amniotic fluid 

Symptoms of preeclampsia or speculum examination 

Medical history 
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To differentiare berween rrue and false labor, ask specific 
quesrions regarding possible ruprure of membranes, vaginal 
bleeding or mucus plug, riming of comracrions, and rhe urge 
ro push. I n  rhe brief review of sysrems, ir is also i mportanr ro 
ask abour fevers, headache, visual changes, significanr edema, 
and righr upper quadrant pain in order ro assess for porenrial 
complicarions from infecrion or eclampsia. Obrain a medical 
and surgical hisrory, informarion abour use of medicarions, and 
an allergy h isrory. 

Perform a physical examinarion, srarting wirh viral signs, 
ai rway, brearhing, and circularion. Nexr, measure rhe fundal 
heighr and decermine rhe posirion of rhe ferus. Ir  is escimared 
rhac rhe frequency of malpresemarion ar 32 weeks is as h igh as 
1 5% and decreases ro 4% ar rerm.6 If r ime pennies, Leopold 
maneuvers may be anempred ro decermine fecal lie. These ma­
neuvers are sensicive and specific when performed by an expe­
rienced clinician.6 For emergency physicians who do nor rou­
rinely perform Leopold maneuvers, ulrrasonography is a more 
useful rool ro derermine che posirion of rhe head, locarion of rhe 
placenra, presence of amn ioric fluid, and fecal heart rare. 

If rhere is no reported significam vaginal bleeding and rhe 
parienr appears ro be in accive labor, perform a srerile bi manual 
examinarion ro decermine cervical d ilarion, effacemenr, and fe­
cal srarion. Cervical dilarion refers ro rhe diamerer of rhe cervix. 
Cervical effacemenr, or rhinning of rhe cervix, is described as a 
percemage of normal lengrh of rhe cervix (abour 2 cm)-from 
0% ro 1 00%.  Feral srarion refers ro rhe level of the presenr­
ing pan compared wirh the maternal ischial spine. Presenrarion 
above the ischial spine is referred ro as -1 station. Presenrarion 
at rhe isch ial spine is 0 srarion. I f  the presenring part is below 
rhe ischial  spine, the scenario is a + l ,  +2, or +3 srarion.7 A parienr 
who is 1 0  cm dilated, 1 00% effaced, and at +3 srarion has an 
impending delivery. If rhere is significant vaginal bleed ing, do 
nor perform a bimanual examination because bleeding mighr 
indicate placenra previa or abruprion. If eirher is suspecred, im­
mediarely rransfer rhe parienr ro labor and delivery for a possible 
cesarean de! i very. 3 

A sterile speculum examinarion can be performed ro visual­
ize the cervix and determine if amn ioric fluid is leaking. Am-

TABLE 21 -1 .  

Equipment for emergency del ivery 

Steri le g loves and gown 

Cleaning solution 

Two hemostat clamps 

Scissors 

Bulb syringe 

Red-topped blood collection tube (cord blood) 

Infant warmer 

Neonatal resuscitation equipment 

The Difficult Emergency Delivery 

nioric fluid will rum nitrazine paper yellow ro blue and, when 
smeared on a glass s l ide, will form crystals in a ferning panern.3 
If amniotic fluid is presenr, rhe presence or absence of brown 
staining is imporrant ro note: meconium contaminarion occurs 
in 20% of vaginal deliveries, and feral aspiration of meconium 
can cause severe neonatal d isrress. 3•8 

PEARLS 
When examin ing the cervix, recogn ize that the cervix can 

l ie  inferior to the head when the head is engaged, making 

the assessment more chal leng ing .  Run your  hand along the 

head unt i l  you reach the cervix. 

If mecon ium is  present, prepare for potential respiratory 

distress in the newborn. 

KEY POI NTS 
Perform a focused h istory and physical examination .  

Determ ine fetal position and fetal heart beat. 

Look for the presence of amn iotic fl u id .  

Perform a steri le b imanual  examination or steri le speculum 

examination . 

Preparation for Delivery 
Emergency physicians should know where rheir deparr­

menr's delivery kir is locared. The equipment needed for deliv­
ery is l isred in Table 2 1 - 1 .  A neonaral warmer and resuscirarion 
equipmenr should be available. If rhe hospiral has an obsrerric 
and neonaral ream, rhe ream should be conracred immediarely 
when the deparrmem is norified by EMS of an impending pre­
cipirous delivery. 

PEARL 
When a del ivery is imminent, turn on the neonatal warmer so 

that it can warm up. 

Normal Delivery 

Normal labor is divided inro rhree srages: 1 )  the srarr of 
regular contractions ro full  cervical di lation, 2) del ivery of che 
infam, and 3) delivery of rhe placema.9 This chaprer focuses on 
rhe second and rhird stages. 

During rhe second stage of labor, the pariem should be 
placed in rhe dorsal l irhoromy posirion. Physicians musr know 
rhe cardinal movemems of labor (Figure 2 1 -3) in order ro guide 
rhe del ivery. The head engages ar rhe end of pregnancy (during 
rhe firsc srage of labor). Flexion, descent, and imernal rorarion 
resulr in rhe saginal surure (crown) moving inro rhe amerior/ 
posrerior diamerer of rhe pelvis.9 The second srage rypically 
proceeds as follows: 

• Most women have rhe urge ro push. 
• I f  r ime permirs, clean rhe perinea! area and drape ir wirh 

srerile rowels. 
• As extension of rhe head occurs, rhe perineum will srarr 

ro bulge and crowning will occur. 
• I f  necessary, a mediolareral episioromy can be performed 

ar rhis rime. In general, an episioromy should be 
performed only if absolurely 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 activity.9 

• To minimize injury to the perineum, apply gentle 
pressure on rhe draped perineum with one hand and 
place the other hand on the presenting head to min imize 
uncontrolled head movements, which can tear rhe 
perineum.3.4 

• With an index finger, sweep the neck to check for a 
nuchal cord. I f  the cord is present, attempt to gently 
slip it over the infam's head. If the cord is too tight, 
apply two clamps and cur the cord between rhem and 
cominue with a rapid delivery.4•9 

• With the next contraction, external rotation of the head 
occurs and rhe 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 del ivered. 

• Use a bulb syringe to clear the infam's airway. 
• Place two clamps on the cord 3 or 4 cm from rhe infant 

and cur between them. Place cord blood in a sterile 
vacuum blood-collection rube.3 
Stimulate and warm rhe infant while placing him or her 
in the mother's arms or a warmer. 

FIGURE 21 -3. 

• Obtain Apgar scores ar 1, 5 ,  and 10 minutes. 
The rhird stage of del ivery involves delivery of rhe placenta, 

which can take 2 to 30 minutes. Signs of placental separation 
include a gush of fresh blood, cord lengtheni ng, and the uterus 
becoming firm.9 At this rime, it is acceptable to apply gentle 
traction on the cord while applying counterpressure just above 
the symphysis to prevent uterine inversion.9 Once the placenta 
is delivered, inspect it to ensure complete removal. To decrease 
the risk of postpartum hemorrhage from uterine atony, uansab­
domina l ly massage the uterus and start 20 u nits of oxytocin i n  
1 liter o f  normal saline a t  2 0 0  mL/hr.9•10 I nspect the perineum, 
vagina, and cervix for lacerations that need to be repaired. 

KEY POI NTS 
Steps in  normal del ivery: 

Clean the perineum.  

Apply gentle pressure to the perineum with one hand and 

control del ivery of the head with the other hand. 

Sweep the neck to check for a nuchal cord . 

Del iver the anterior shoulder. 

Del iver the posterior shoulder. 

Del iver the body. 

Suction the airway. 

Clamp and cut the cord . 

Document Apgar score at 1 ,  5, and 1 0  minutes.  

Movements of normal del ivery. Mechanism of labor and del ivery for vertex presentat ions.  A.  Engagement, f lexion,  
and descent. B .  I nternal rotat ion.  C .  Extension and del ivery of the head . After del ivery of the head, check the neck for 

encirclement by the u m bi l ical cord .  D. External rotat ion,  br inging the thorax into the anteroposterior diameter of the pelvis. 

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

and used to gently gu ide del ivery of the shoulder. Traction should be min im ized . From:  Tint inal l i  J, Stapczynski J, Ma OJ, 

et al , eds. Tintinalli's Emergency Medicine: A Comprehensive Study Guide. 7th ed. New York, NY: McGraw-H i l l ;  201 0:707. 

Copyright McGraw-H i l l ,  201 0.  Used with permission. 
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Complications of Delivery 

Shoulder Dystocia 

Shoulder dysrncia, an obsrerric emergency, occurs in 0 . 13% 
to 2% of vaginal deliveries . 1 1  Ir is rhe i nabiliry to deliver the 
shoulder, often when the feral head recoils back toward the 
perineum (the turtle sign) . 1 1 Ir occurs because the shoulder gir­
dle is in the anteroposrerior position instead of the oblique posi­
tion, causing rhe anterior shoulder to become lodged behind the 
pubic symphysis.1 1  Risk factors include macrosomia, maternal 
obesity, and prolonged second stage of labor. 1 1  One large study 
reported the complications of neonatal brachia! plexus injury in  
20% of cases of shoulder dystocia, clavicle and humerus frac­
ture in 10.6%, and neonatal asphyxia in 8 .6%. 1 2 

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

FIGURE 21 -4. 

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 s imu ltaneously providing suprapubic pressure 

(vertical arrow). From:  Cunningham FG, Leveno KL, Bloom 

SL, et al ,  eds. Williams Obstetrics. 22nd ed. New York, NY: 

McGraw-Hi l l ;  2005:51 5 .  Copyright McGraw-H i l l ,  2005. Used 

with perm ission. 
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more room anteriorly; episiotomy may be warranted.4 As dem­
onsrrared i n  Figure 2 1 -4, immediately have rwo assistants flex 
the mother's rhighs back to her chest wall (McRoberts maneu­
ver) to rotate the pubic symphysis cephalad and d islodge the 
anterior shoulder. The McRoberrs maneuver has been reported 
to be successful in 42% of cases . 13 If this does nor work, have 
an assistant apply suprapubic pressure to attempt to dislodge 
the anterior shoulder from behind the symphysis. Success rares 
of these two maneuvers have been reported between 54% and 
90%. 1 1 • 1 3  I f  rhe shoulders are sti l l  nor deliverable, a Woods or 
corkscrew maneuver can be performed by pushing the posterior 
shoulder 1 80° clockwise to make ir rhe anterior shoulder (Figure 
2 1 -5) .  If this is nor successful, arrempt to deliver the posterior 
arm by inserting a hand posteriorly and applying gentle pres­
sure ar the anrecubiral 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 the shoulder 
girdle and deliver rhe infanr. 1 3 

KEY POI NTS 
Shoulder dystocia:  

Step 1 :  Stop pushing.  Consider drain ing the bladder and 

performing an episiotomy. 

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

Step 3:  Attempt a Woods maneuver. 

Step 4:  Del iver the posterior arm. 

Step 5 :  Fracture the clavicle. 

FIGURE 21 -5. 

Woods corkscrew maneuver. The hand is placed behind the 
posterior shoulder of the fetus .  The shoulder is  then rotated 
progressively 1 80° in a corkscrew manner so that the 

i mpacted anterior shoulder is released. From:  Cunningham 

FG, Leveno KL, Bloom SL, et al ,  eds. Williams Obstetrics. 

23rd ed. New York, NY: McGraw-Hi l l ;  201 0 :484. Copyright 

McGraw-Hi l l ,  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. 13 This is a l i fe-threaten­
ing emergency for the fetus since the presenting part compresses 
rhe cord and curs off all blood flow and oxygen. If a cord is 
felr or seen, i mmediately tell the mother to stop pushing and 
l ift the presenting part off the cord. Wrap any exposed cord 
in moist sterile gauze. If obstetric support is available, call for 
immediate cesarean section .  Fil l ing the bladder with 500 mL of 
sal ine ro elevate rhe presenting parr has also been described. 13 
When obstetric support is nor available and delivery is immi­
nent, manually reduce the cord and rapidly complete a vaginal 
del ivery.3· 1 3  In the obstetric literature, perinatal mortality rares 
from umbil ical cord prolapse have decreased to less than 10% 
as a result of i ncreased use of cesarean section and improved 
neonatal resuscitation skills . 14 

FIGURE 21 -6. 

KEY POINTS 
Umbi l ical cord prolapse: 

Lift the presenting part off the cord and wait for obstetric 

backup. 

F i l l  the bladder with 500 ml of sal ine to e levate the 

presenting part. 

Breech Presentation 

Breech presentation complicates 3% to 4% of all pregnan­
cies . 1 1 · 13 These presentations have a h igh rare of perinatal mor­
bidity and mortality from congeniral abnormalities as well as 
from complicarions of cord prolapse and birth rrauma. 1 1  Three 
types of breech presentation occur: complete breech (thighs and 
knees flexed), footl ing breech (one or both legs extended), and 
frank breech (thighs flexed and knees exrended)(Figure 21-6) . 1 1  
The difficulty with these presentations i s  that del ivery of the 
legs and torso does nor dilate the vaginal canal enough for the 
passage of the feral head, so the head becomes stuck. Breech 
presentation is identified by vaginal examination or ulrrasonog-

Management of the vaginal frank breech del ivery. A. The Pinard maneuver. The operator's hand is placed behind the fetal 
th igh ,  putt ing gentle pressure at the knee and al lowing del ivery of the leg. B. A s imi lar maneuver of the opposite leg.  

C. The feet are g rasped with the thumb and th i rd f inger over the lateral mal leolus, and the second f inger is  placed between 

the two ankles. D. With maternal expuls ive efforts, the breech is del ivered to the level of the umbi l icus.  The sacrum should 

be kept anterior. E .  Again,  with maternal expuls ive efforts, the infant is del ivered to the level of the c lavic les,  with the 
sacrum kept anterior. F. The fetus is  rotated 90°, which al lows visual ization of the now anterior r ight arm. G. The arm is  wel l  

visualized, and a single d ig it  is  used to del iver it .  Del ivery of the opposite arm is accompl ished by rotat ing the fetus 1 80° in 
a c loc kwise d irection and repeat ing the maneuver. H. Del ivery of the fetal vertex is  accompl ished by placing the operator's 
f ingers over the maxi l lary processes of the fetus,  with the body kept parallel to the f loor. The body should never be l ifted 

above paral lel to prevent hyperextension of the neck. An assistant applies suprapub ic  pressure, a id ing flexion of the fetal 

head and accompl ish ing del ivery. From :  Tintinal l i  J, Stapczynski J, Ma OJ, et al, eds. Tintinalli's Emergency Medicine: 

A Comprehensive Study Guide. 7th ed. New York, NY: McGraw-Hi l l ;  201 0:7 10 .  Copyright McGraw-H i l l ,  201 0 .  Used with 

permission.  
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raphy. Cesarean section is the preferred method of del ivery of 
rhese infams, bur rhis procedure is nor always feasible. Avoid 
applying rracrion on the legs or body umil rhe infam has deliv­
ered to the level of rhe umbilicus. 

• Deliver one leg, followed by rhe orher leg. 
• Wirh rhe sacrum amerior, place rhumbs over rhe sacrum 

and fingers over rhe i liac cresrs and allow delivery of rhe 
torso. 

• Rorare rhe infam 90° and deliver rhe amerior arm, rhen 
rorare rhe in fam 1 80° to deliver rhe orher arm. 

• Final ly, wirh rhe sacrum amerior, have an assisram apply 
rransabdominal pressure over rhe head while keeping rhe 
fingers over rhe maxillary process to keep rhe infam's 
head flexed. Hook rhe fingers of rhe orher hand over rhe 
shoulder while applying gen de downward rracrion over 
rhe shoulders . 1 1 ' 1 3  

• I f  rhe head cannot be delivered through rhe cervix, 
incisions can be made ar rhe 6-o'clock or rhe 2- and 
IO-o'clock posirions of rhe cervix, bur rhis resulrs in 
significam marernal hemorrhage . 1 1 • 1 3  

TABLE 21 -2. 

Causes of i mmed iate postpartum hemorrhage 

Uterine atony 

Genital lacerations 

Retained placenta 

Hematoma 

Coagulopathy 

Uterine inversion 

Uterine rupture 

TABLE 21-3. 

Med ical management of uterine atony 

Medication Dose 

The Difficult Emergency Delivery 

KEY POI NTS 

Breech presentation: 

Del iver the legs. 

Keep the sacrum anterior. 

Del iver 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 rhe second mosr common cause 
of pregnancy-related dearh in rhe Un ired Srares . 1 5  Ir is classified 
as immediate (ie, wirhin rhe firsr 24 hours) or delayed (ie, afrer 
rhe firsr 24 hours and rhen up ro 6 weeks). 1°  Causes of immedi­
are postpartum hemorrhage, defi ned as blood loss greater rhan 
500 mL during a vaginal delivery, are l isted in Table 2 1-2 . The 
managemem of delayed postpartum hemorrhage is beyond rhe 
scope of this chapter but is described in emergency medicine 
texrbooks. 

Uterine arony is the mosr common cause of posrpartum 
hemorrhage and occurs more freguemly if the urerus has been 
overexrended (macrosomia), in association wirh a precipirous 
delivery, or if rhe uterus is farigued from prolonged labor. 1 0  
Managemem consists of manual massage, with one hand placed 
externally on the abdomen and the other placed imernally, mas­
saging the uterus upward. 10 Simultaneously, medications may 
be starred to increase uterine muscle tone (Table 2 1 -3). 16 If this 
fails, the birth canal should be inspected for lacerations or he­
matomas of the perineum, vagina, or cervix. Retained placemal 
parts can cause bleeding and can be found by digital examina­
tion of the Ll(erus. If rhe placemal pans can nor be removed eas­
ily, wait for obsrerric backup and consider packing rhe urerus if 
hemorrhage is significam.10 

Uterine Inversion/Uterine Rupture 

The incidence of uterine inversion is aboll( 1 in 2 ,500 preg­
nancies. The cause is unclear, bur rhe complication is ofren de­
scribed in association with cord traction and excessive fundal 
pressure. 1 7  Recognition and i mmediate action are crucial. I m-

Side Effects 

Oxytocin  20 units in  500 ml normal saline at 

1 0  ml/min until uterus is firm 

Hypotension,  nausea, vomiting 

or 

1 0  un its IM 

Methylergonovine maleate 0 .2  mg IM ;  may repeat every 2-4 hours Hypertension, nausea, vomiting 

Carboprost tromethamine 250 mcg I M  Nausea, vom it ing,  d iarrhea 

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 mid l ine vertical abdominal inc is ion.  B .  Incise through the fascia 

and m uscles into the peritoneum.  C. Make a vertical uterine incision. D. Del iver the infant. E .  Remove the p lacenta and 

membranes. From :  Katz VL. Cardiopulmonary resuscitation dur ing pregnancy and perimortem cesarean section .  In: Pearlman 

MD, Tintinal l i  JE ,  eds. Emergency Care of the Woman. New York, NY: McGraw-H i l l ;  1 998:378. Copyright McGraw-Hi l l ,  1 998. 
Used with permission. 
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mediately stop al l  uterotonic medications. Manually reduce rhe 
uterus by applying pressure on the fundus with a hand directed 
inward toward rhe umbilicus . 1 7  If rhe placenta is st i l l  attached, 
do nor arrempr to remove ir before rhe uterus is reduced. Phar­
macologic relaxation of rhe uterus wirh rerbura line, magne­
sium, or nitroglycerin can be required for reducrion. 17  Once rhe 
uterus is reduced, urerotonic medications can be restarted. 

With an i ncidence of about 0 . 1%,  uterine rupture is a rare 
bur l ife-rhrearening obstetric emergency. 1 7  Risk factors include 
previous cesarean delivery, use of labor-induction medications, 
and trauma.17 The cl inical presentation can vary from uterine 
tenderness to maternal shock. 17  If this condition is suspected, 
surgical intervention is required. The emergency physician 
should conrinue standard hypovolemic resuscitation practices 
until surgical support is avai lable. 

PEARL 
Oxytocin shou ld not be g iven as an intravenous push 
because it causes hypotension .  The uterus has l im ited 
receptors for oxytocin, so it cannot respond to increased 

doses. Add itional med ications should be tried if bleeding 
persists. 

KEY POI NT 
Uterine atony is the most common cause of postpartum 

hemorrhage. Treatment includes manual massage of the 
uterus and admin istration of uterotonic medications. 

Perimortem Cesarean Section 
Perirnortem cesarean section should be considered in any 

pregnanr woman in cardiac arrest with a viable gestation of 
greater rhan 24 weeks.3.4 Based on l imited data, rhe recommen­
dation is that the procedure should be performed with in 4 min­
utes after maternal cardiac arresr . 1 8  Through a l iterature search, 
Karz and associates found reports of 38 perimorrem 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 del ivered more than 15  
minutes after the death of the  morher.19 In  fact, one case report 
describes a child who was delivered 30 minutes afrer maternal 
cardiac arrest and who, 4 years later, is developi ng normally. 20 

The cesarean section procedure is described below: 
Cardiopulmonary resuscitation (CPR) should be 
cominued throughout the procedure. 
If gestational age is unknown, fundal height can be 
measured while CPR is ongoing. 
Make a midline vertical incision from the epigastric area 
to rhe pubic symphysis (Figure 2 1-7) .  
Penetrate al l  abdominal layers and find the  uterus. 
Use retractors or assisranrs to hold back the abdominal 
wal l .  Drain rhe bladder if  rime permits .  
Make an incision at the fundus of the uterus. I nsert two 
fingers to l ift rhe uterine wall away from rhe fetus. 
Using a scalpel or scissors, incise from the fundus to the 
bladder reflection.3 
Remove rhe infam, suction the mouth, and clamp rhe 
cord. 

The Difficult Emergency Delivery 

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

Undertaking a perimorrem cesarean section is a difficult de­
cision for any emergency physician to make. Physicians need to 
be aware of rhe 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 . 1 9  Physicians are 1 i kely to fear 
litigation in  these d i re scenarios, bur, to dare, no lawsuits have 
been fi led against anyone who has performed a perimortem ce­
sarean section. 

KEY POINTS 
Start perimortem cesarean section with in  4 minutes after 

maternal cardiac arrest or as soon as possible.  

Most experts bel ieve that i nformed 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 rhe emergency department as well as the 
resources thar are available to support an emergency del ivery. 
A woman who comes to the emergency department in labor 
should be assessed wirh a focused history and physical examina­
tion. I f  rime permits, ulrrasonography should be used to assess 
rhe feral position in order to prepare for a normal vaginal or 
breech del ivery. Complications should be anticipated: shoulder 
dystocia, umbilical cord prolapse, nuchal cord, and postpartum 
hemorrhage. If a pregnant woman goes into cardiac arrest, rhe 
physician should remember the ABCs, assess fundal height, and 
prepare for a cesarean section. 
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Resuscitation of the Critically Ill 
Neonate 

Aaron Leetch and Alan Bed rick 

IN THIS CHAPTER 

Special ized equipment for neonatal resuscitation 

I dentification of the critically ill neonate 

Airway/temperature 

Breathing 

Circu lation 

Drugs, dextrose, and diagnostics: postresuscitation care 

Congenital heart disease 

Other specific congenital anomal ies 

Withholdi ng/disconti nuing resuscitation 

Introduction 
Few things are as terrifying to an emergency physician as 

a cyanotic neonate after a precipitous emergency department 
delivery. Alchough most infants need l itde more than support­
ive care, the emergency department often selects for those in 
need of more i ntervention. Several maternal and feral condi­
tions can alert emergency physicians ro the potential need for 
resuscitation (Table 22-1) . 1  Because neonatal resuscitation is not 
commonplace in emergency departments, this chapter covers 
the most important aspects of rhe American Heart Association 
(AHA) guidelines,2 with added tips for a successful resuscita­
tion (Figure 22-1) .  

Resuscitation of a neonate immediately following del ivery 
differs from that of adults, children, and even slighdy older 
infants for one main reason-a neonatal resuscitation is al­
most exclusively focused on respiration as the key component 
of transition from fetal circulation. Even in neonatal intensive 
care u nits (NICUs) and delivery rooms, chest compressions and 
drugs are used only very infrequently.3 

As an infant transitions from i ntrauterine l ife to extrauterine 
life, the first breath is the catalyst. The first breath promotes 
amniotic fluid in the lungs to absorb, umbilical vessels ro con­
strict, and pulmonary arterioles ro dilare.4 As pulmonary arte-

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

KEY POINT 
Neonatal resuscitation is a lmost exclusively a respiratory 

issue. 

Also for rh is 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 only drug 
used, according ro AHA guidelines, is epinephrine. 2 There is no 
place for atropine, lidocaine, or cardioversion for a neonate with 
respirarory depression who requires resuscitation. If a neonate 
cannot be resuscitated with epinephrine, after all other mea­
sures have been used, the neonate cannot be resuscitated. Like­
wise, rapid-sequence i ntubation is not appropriate for a newly 
del ivered critically i l l  infant; nearly all will rolerate endotracheal 
intubation without sedation. Once a neonate has established 
stable cardiorespi rarory physiology (ofren in several days), he or 
she can then be treated according ro rhe pediatric advanced l ife 
supporr (PALS) algorithm. 
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FIGURE 22-1. 

Neonatal resuscitation algorithm.  I ntubat ion may be considered at any point in the algorithm.  Adhere as closely as possib le 
to the "golden minute" to address ai rway/warmth, breath ing,  and circulat ion .2  (Source: American Heart Association,  I nc.) 

30 sec 

60 sec 
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3 min 70%-75% 

4 min  75%-80% 

5 min 80%-85% 

10 min 85%-95% 



PEARL 
The only drug used in  neonatal resuscitation after del ivery is 

epinephrine. 

Specialized Equipment for Neonatal 
Resuscitation 

Aside from the typical advanced ai rway equipment, suction, 
i ntravenous l ines ,  and monitors that are normally used for re­
suscitation, neonatal resuscitation requires preparation of a few 
special ized pieces of equipment (Table 22-2) .3 I f  a del ivery can 
be anticipated, an overhead warmer should be prepared for rhe 
infant. Turn rhe warmer on and rake everything off of ir  except 
for blankets and bulb suction; metall ic equipmenr (eg, laryn­
goscopes) can become hor and burn infants or lose function 
(eg, endorracheal [ET] rubes). Deep-suction catheters (sizes 5F-
14F), a meconium aspirator, and size 0 and 1 Miller laryngo­
scope blades are frequently necessary. Ideal ly, a flow-inflating 
bag (ie, bag-valve mask) attached to a pressure gauge should be 
used to monitor ventilatory pressures. A range of premarure and 
ful l-term infant face masks and uncuffed ET rubes 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 umbil ical 
catheters for central access. Scalp veins are also an option for 
vascular access in infanrs. 

Ulrrasonography is becoming a more readily available and 
well-used imaging modality in rhe emergency departmenr. 
Birth weight and gestational age can be estimated using crown­
to-rump length and biparietal measurements. Many ultrasound 
machines are programmed to convert rhese measurements into 
age and weight and can be useful when anticipating a difficult 
or premature del ivery. 

Identification of the Critically Ill Neonate 
Immediately after birth, most neonates have some degree 

of cyanosis, pallor, poor muscle tone, or poor respiratory ef­
fort. Ir is what they do i n  the first 60 seconds that differenti-

TABLE 22-1 . 

Maternal and fetal condit ions predict ing the need for 
resuscitation 

Maternal 

Preeclampsia/eclampsia 

Diabetes mel l itus 

Placental abruption 

Trauma 

Fever 

No prenatal care 

I l l icit drug use 

Fetal 

Meconium-stained amniotic f luid 

Early gestational age 

Known congenital anomalies 

Ol igo/polyhydramnios 

Prolonged rupture of membranes 

Resuscitation of the Critically Ill Neonate 

ares a healthy infant from a critically i l l  one. Newborns can be 
categorized as stable, purely cyanoric, or critical (Table 22-3).4 
Constant reevaluation of respiratory effort, heart rate, and color 
will aid in resuscirarion. AHA guidelines allot 60 seconds for 
i nitial interventions, reevaluation, and in itiation of posirive­
pressure ventilation (PPV) i f  indicated (Figure 22-2).2 I f  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 l ikely 
to be critically i l l .  Contrary to popular belief, the Apgar score 
(Table 22-4) is nor used to determine whether resuscitation is 
needed, alrhough it is  a good determi nant of how the infant is 
responding to resuscirarion efforts. 

KEY POINT 
The Apgar score is not used to determine whether 

resuscitation is needed. 

Airway/Temperature 

After an in fant is delivered, start a r imer to keep the resus­
cirarion on pace (Figure 22-1) .  Providing warmth to a newborn 
is as important as clearing the airway, and the rwo can be done 
simulraneously. Newborns are h ighly susceptible to evaporative 
hear losses and will quickly decompensare if allowed to become 
hyporhermic. Place rhe chi ld under a radianr warmer and/or 
dry vigorously with warm blan kets. Extremely premarure i n­
fants (<28 weeks' gestation or weighing 1 ,000 g or less) should 
be wrapped in food-grade plastic wrap to prevent radiant hear 
losses.5·6 

KEY POI NT 
Newborns are h igh ly susceptible to evaporative heat 

losses and wi l l  qu ickly decompensate if al lowed to become 

hypothermic.  

PEARL 
Providing warmth is as important as clear ing the ai rway in  

neonates. 

FIGURE 22-2. 

Intrauterine and extrauterine cardiac flow. A. In utero, 
pu lmonary arterial pressure is  elevated and b lood flows 

preferential ly to the system i c  circulat ion via r ight-to- left 

shunts. B .  After the first b reath ,  pulmonary arterial pressure 

decreases and the foramen ovale and ductus arteriosus 

close, al lowing normal pu lmonary and system ic flow. 
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Place the infant in the sniffing position, being careful not 
co 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 co 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 a irway obstruction, suctioning should 
not be performed because it can cause a reflex bradycardia rhat 
furrher complicates resuscitation. If the neonate has not yer be­
gun co cry or grimace, continue co vigorously dry the parienr 
and stimulate by rubbing the back or flicking/slapping the feer. 

KEY POINT 
I nfants are obl igate nose breathers and must have a 
patent nasopharynx. However, if the neonate is breathing 
spontaneously and there is no obvious ai rway obstruction, 
suctioning should not be performed because it can cause a 
reflex bradycardia that further compl icates resuscitation. 

Infants with meconium-stained amniotic fluid ar delivery 
are at risk for aspiration and the complications of aspiration 
pneumonia and respirarnry compromise. Prevenrion of aspira­
tion has been studied, resulting in new guidel ines. Suctioni ng 
at the perineum is no longer recommended for infanrs who 
presenr with meconium, as ir has nor been shown co decrease 
rhe incidence of meconium aspiration.6•7 Likewise, tracheal suc­
rioning of vigorous infants with meconium staining does not 
appear co offer any benefir.8 Although poorly studied, suction­
ing may offer a benefit co meconium-stained infanrs who are 
not vigorous and who are making no respirarnry efforr. These 
infants should not be stimulated prior co inrubarion, as they 
may aspirate meconium with their first brearh. Instead, a l l  in­
fams with meconium sraining who are not vigorous at birrh 
should be intubared for tracheal suctioning co remove meco­
nium from the proximal a irway and minimize aspiration. 

TABLE 22-2. 

I mportant neonatal resuscitat ion equipment 

Warm , clean blankets 

Plastic wrap or bag 

Bulb syringe 

Suction catheters - 1 OF  or 1 2F 

Meconium aspirator 

Bag-valve mask 

Ful l-term and preterm face masks 

Laryngeal mask airway - size 1 

Laryngoscope with Mi l ler size 0 and 1 blades 

Endotracheal tubes - sizes 2.5, 3.0, 3.5, 4.0 

End-tidal CO, detector 

25-gauge catheters 

Umbi l ical l ine kit 

Normal sal ine 

Access to 1 : 1 0,000 epinephrine 
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KEY POINT 
All nonvigorous infants with meconium-stained fluid should 

be intubated for tracheal suction ing immediately after 

del ivery. 

Once tracheal inrubation is achieved, attach a meconium 
aspirator co the ET rube (Figure 22-3).3 This wi l l  serve as a 
conduit between the rube and wall suction. Once the aspirarnr 
is attached, occlude the thumb hole and gently remove the ET 
wbe, thus suctioning the trachea. If meconium is rhick or if  
rhere seems co be more in rhe rrachea, repeat wirh a new rube. 
The AHA guidel ines do nor specify how many rimes rracheal 
suctioning should be repeared, bur ir i s  difficult  to hold co rhe 
60-second inrerval if sucrioning is repeared more than rwo or 
rhree r imes. I nfanrs who do nor respond co repeared suction 
should proceed directly co positive-pressure ventilarion, as dis­
cussed below. Sril l ,  mosr infanrs i nrubated for meconium will 
respond with a cry or respirarnry effort, and prolonged intu­
bation is usual ly not necessary. Because rhe ET rube in rhis 
scenario is used only for suction and nor for ventilarion, a 
smaller wbe can be used co ensure quick access co very small 
airways. Orher potential indicarions for immediate inrubation 
include known or suspecred congeniral diaphragmatic hernia or 
extreme premaruriry (< l ,000 g or 28  weeks' gesrarion) . 

Neonatal Ai rways 

Miller blades are recommended for neonates because their 
ai rways are more anterior and the epiglottis is more malleable 
and difficult co control. Size 0 blades are used for premature 
infanrs (<36 weeks) and size 1 for term i nfants (>36 weeks). Size 
00 blades are avai lable for extremely low-birth-weight in fants 
(<28 weeks) , but they can occlude the oropharynx and may be 
too short co reach the a irway. All ET rubes used for neonatal 
resuscitation should be uncuffed, according co AHA guidelines. 
Because rhe size of neonatal airways varies so much depend-

TABLE 22-3. 

Cl in ical c lassificat ion of neonates 

Stable Breathing 

Heart rate >1 00 beats/min  

No central cyanosis (p ink  oral mucous 

membranes) 

Purely Cyanotic Breathing 

Heart rate >100 beats/min 

Central cyanosis (b lue mucous membranes) 

Critical Apnea 

or 

Heart rate <100 beats/min 

Central cyanosis 



ing on gestational ages, the standard shorthand of (age+l6)/4 
for size and 3 X ET rube length for depth of insertion is not 
reliable. Correct sizing and depth of i nsertion can be estimated 
using weight or estimated gestational age (Table 22-5).3 

FIGURE 22-3. 

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 aspi rator to 

the tube and then to wal l suction. Occlude the thumb hole 

for suction. C .  Maintain suction and gently withdraw the ET 

tube to aspirate. I f  mecon ium appears th ick or  i nfant does 

not respond with breaths or  gr imace, further attempts can 

be made with a new ET tube. 

Resuscitation of the Critically Ill Neonate 

To reiterate, rapid-sequence intubation is never indicated in a 
neonatal resuscitation i mmediately postpartum. Placing a small 
towel under the neonate's shoulders may aid in al igning the air­
way. Their vocal cords lack the pearly appearance of an adult's 
or child's ;  rhe color is more nearly rhe color of rhe surround­
ing tissue. Weak respiratory effort can cause some movemenr of 
rhe cords, al lowing distinction from the esophagus. Vocal cords 
can be ident ified by their physical proximity to the epiglorris. 
Once imubarion is successful and confirmed (using examina­
tion and capnomerry), rhe ET rube should be secured by brac­
ing it against rhe gum and lip with one finger while an assistant 
rapes rhe tube in place. The airway is very short, so tracheal 
intubation can result in right mainsrem bronchus placement or 
rhe rube can be dislodged wirh small flexion or extension of rhe 
neck. Towel rolls placed on either side of the head or a cervi­
cal collar can prevent movement. Confirm placement of al l  ET 
tubes with a chest radiograph. After the infant is intubated, be 
careful nor to ventilate too vigorously, so as to avoid barotrauma 
or pneumothorax. A l l  int ubated infants should be reevaluated 
frequently for adverse sequelae of positive-pressure ventilation. 

PEARL 
Rapid-sequence intubation is  never indicated immediately 
after del ivery. 

Breathing 

After the in itial steps, evaluation of rhe in fant's respiratory 
effort, heart rate, and color should continue (Figure 22-2).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 s imply need supplemental oxy­
gen. Acrocyanosis (cyanosis l imited to the hands and feet) 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 m inutes.2 The 
clinical picmre is just as important as pulse oximerry for assess­
ing respiratory srams.9 

PEARLS 
A pulse oximeter p laced on an acrocyanotic extremity can 

give falsely low oxygen levels .  

Only central cyanosis (blue mucous membranes) requ i res 

intervention.  

Oxygen can be delivered via any free-flowing mechanism 
(eg, face mask or rubing held in a cupped hand). Self-inflating 
devices such as a bag-valve mask must be squeezed to deliver ox­
ygen and are nor ideal for blow-by. After receiving blow-by oxy­
gen, infants should show color change within several seconds. 
There is a concern among neonarologists 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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fants born at less than 28  weeks' gestational age. Ochers suggest 
chat decreased oxygen in resuscitation could lead to hypoxic­
ischemic encephalopathy and i ntracranial hemorrhages. Cur-· 
rent research is insufficient to make firm recommendations on 
resuscitation with room air.6• 10 Therefore, resuscitation with 
some concentration of oxygen above room air is recommended. 
Many neonatologists start resuscitation on 40% oxygen and ti­
trate it as cl inically indicated. 

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

With manometer: a im for peak airway pressures below 
30-40 cm H20 

Without manometer: a im for gentle symmetric chest rise 

In fams with a heart rate slower than 1 0 0  beats/min or ap-
nea and chose who do not improve after blow-by oxygen should 
receive positive-pressure vemilation via a BVM device, aiming 
for a respiratory rate of 40 to 60 breaths/mi n  (Figure 22-2).2 

Infants are far more susceptible to barotrauma and pneumo­
chorax than adults because of lower lung volumes. Therefore, a 
pressure gauge should be used with a flow-inflating bag to keep 
peak i nspiratory pressures less than 30 to 40 cm H20 in term 
infams and berween 20 and 25 cm H20 i n  preterm infants . 1 1  
I f  a pressure gauge is unavailable, gently squeeze the bag only 
enough to provide symmetric chesr rise. In cases in which BVM 
ventilation is ineffective and endotracheal i ntubation is unsuc­
cessful, laryngeal mask airways can be used as rescue devices; 

TABLE 22-4. 

Apgar mnemonic and scoring system 

0 

Appearance (color) Central cyanosis 

Pulse Absent 

Grimace (cry) Absent 

Activity (Tone) Limp 

Respiratory effort Apneic 

TABLE 22-5. 

however, research into this method is l imired to case scudies . 1 2  

KEY POINT 
I nfants are far more susceptible to barotrauma and 

pneumothorax than are adu lts. 

H igh airway pressures are easy to generate in  newborns. 
Pneumothorax is not an uncommon event if peak i nspiratory 
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 
pneumochorax. These should all be checked for before pneumo­
chorax decompression. Congenital diaphragmatic hernia can 
cause unilateral absent breath sounds and tracheal deviation, 
and disastrous consequences can result from needle decompres­
sion or rhoracostomy in these cases. Be aware of this condition 
and, if possible, obtain a chest film prior to decompression. I f  
pneumothorax is suspected either cl inically or on chest radio­
graph, needle decompression should be performed.2 The AHA 
guidelines recommend placing an 18 - or 20-gauge angiocath­
eter into the fourth intercoscal space in the midaxil lary l ine. 
A rush of air or fluid should occur, and the needle should be 
withdrawn, leaving the catheter i n  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 chesr 
tube can be placed at the tertiary center. 

Circulation 

If  infants do nor respond to posmve-pressure ventilation, 
their heart rate wil l  eventually begin to drop. A neonatal heart 
rate is best measured by auscultation or by palpating the umbili-

2 

Peripheral cyanosis Pink 

<100 beats/min >1 00 beats/min  

Grimace, no cry Strong cry, cough 

Some flexion Active motion 

Weak respirations Strong respirations 

Neonatal ET tube size and depth of insertion based on weight and gestational age3 

Gestational age Weight (g) ET tube size ET tube depth (at the l ip) 

<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) 1 0  

2 1 4  



cus or the brachia! artery. Any heart rate less than 60 bears/m in 
requires chest compressions to ensure circulation and oxygen 
delivery to viral organs (Figure 22-2).2 If a definitive airway has 
nor yet been established, intubate and start chest compressions 
simultaneously. Perform chest compressions with two fingers 
over the middle of the chest or by enci rcl ing the chest with both 
hands and compressing with the thumbs. Evidence suggests 
rhar using the two-hand technique achieves greater systolic 
blood pressure and coronary perfusion and is recommended 
over rhe two-finger techn ique.13 Perform chest compressions at 
a rate of 100  beats/min,  alternating three compressions to one 
brearh.4 Hean rare and respiratory status should be reassessed 
frequently. 

KEY POINT 
Any heart rate less than 60 beats/min requires chest 
compressions to ensure c irculation and oxygen del ivery to 

vital organs.2 

FIGURE 22-4. 

Resuscitation of the Critically Ill Neonate 

PEARL 

The pulse in an infant is best palpated at the umbi l ical artery. 

If vascular access has not yet been established, an umbil ical 
central l ine should be placed (Figure 22-4).3 Preparation should 
be similar to that for any other central l ine placement, using 
sterile technique and an antiseptic wash such as chlorhexidine 
or povidone-iodine.  Place a sterile string or tie ar 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 rhe vein .  For emergency purposes, most catheters can 
be inserted to a depth of 5 cm and used immediately as a " low 
umbilical l ine." Suture the umbil ical l ine into rhe skin, being 
careful to avoid the Wharton jelly (rhe gelatinous substance 
of which rhe umbilical cord is made), in a manner s imilar ro 
that used for chest tubes. An abdominal radiograph should be 
ordered to confirm placement because umbilical l ines rhat are 
placed too deeply can extend i nto rhe l iver. 

Placement of an umbi l ical central l i ne. A. Prep and d rape the u m bi l icus in steri le fash ion and p lace an u mbi l ical tie at 
the base to control b leed ing.  B .  Cut the u m bi l icus to expose the umbi l i cal arteries and vein .  The vein wi l l  be th in-wal led 

compared with the th icker-wal led arteries. C. Careful ly d i late the umbi l i cal vein with hooked forceps and cannulate the 
vein with an umbi l i cal catheter. 0. Attach a three-way stopcock and syringe and aspirate unt i l  b lood f lows easi ly. Pass the 

umbi l ical catheter to 5 cm for a low umbi l i cal l ine. 
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Drugs, Dextrose, and Diagnostics: 
Postresuscitation Care 

If rhe hearr rate cominues ro be less rhan 60 bears/min afrer 
an a irway has been esrablished, adequare vemilarion has been 
given, and 30 seconds of chesr compressions have been per­
formed, epinephrine is rhe drug of choice, according ro AHA 
guidelines (Figure 22-2).2 Again, wirhour adequare vemilarion, 
cardiac resuscirarion in newborns is fll(i le. O nce i nuavenous 
access has been esrablished, use 1 : 1 0,000 srrengrh epinephrine 
ar 0 . 1  ro 0.3 m L/kg rapid push (equal ro 0 .01 -0.03 mg/kg) . 14 
This and orher resuscirarion drugs are l isred wirh doses i n  Table 
22-6. I f  rhe neonare's acrual weighr is unknown, use esrimared 
weighrs from Table 22-5 . Previous AHA guidelines recom­
mended 0.3 ro 1 mL/kg (0.03-0. 1  mg/kg) of endorracheal 
epinephrine if imravenous access could nor be obrained. How­
ever, recem research has shown endorracheal epinephrine ro be 
unsarisfacrory ar previously recommended doses.6 • 15 Therefore, 
inrravenous adminisrrarion of epinephrine is currendy recom­
mended. Cominue chesr compressions and reassess rhe hearr 
rare afrer 30 seconds (Figure 22-2). 2 

Naloxone has rraditionally been used ar a dose ofO . l  mg/kg, 
but irs role has never been srudied. Use of naloxone in an infam 
wirh respirarory depression born ro an opiare-addicted morher 
has been known ro precipirare seizures. 1 6  In general, newborns 
rhoughr ro have respirarory depression from marernal opiare 
use should be given posirive-pressure vemilarion umil opiares 
are merabolized rarher dun risk the poremial adverse effecr of 
naloxone-induced seizures. 

PEARL 
Use of naloxone in  an infant with respiratory depression born 

to an opiate-addicted mother has been known to precip itate 

seizures.1 6 

There is also a precedem and a rheorerical basis for sodium 
bicarbonare use, but its effecriveness has nor been well srudied. 
During prolonged resuscitarion, i nfams can develop severe aci­
dosis. The adminisrrarion of sodium bicarbonare is rhoughr ro 
improve rhe effecriveness of medications such as epinephrine 
and ro prevem encephaloparhy or death. Doses of 4 mL/kg of 
5% sodium bicarbonate are given over several minll(es in cases 
of confirmed acidosis on arrerial or venous blood gas sampli ng. 
However, a few randomized comrolled uials have shown no 
change in morbidity or morraliry. 1 7  

Infams wirh evidence of blood loss (ie, known abruption, 
pallor, poor response ro resusciration) may need imravascular 
repletion. Isoronic crysralloids such as normal saline or Ringer 
lacrare should be used cauriously at a dose of 1 0  ro 20 mL/kg. 
Neonares are highly susceptible ro £1uid shifrs and subsequem 
imravemricular hemorrhage and edema from rapid infusion of 
volume expanders, so crysral loids should be given slowly over 5 
ro 1 0  m inures.3'18 Transfusion of blood producrs during rhe ini­
rial resuscitarion is poorly srudied and is neither recommended 
nor discouraged by AHA guidelines. In emergem cases, irra­
diared packed red blood cells free of cyromegalovirus can be 
rransfused ar 1 0  mL/kg; however, consulrarion wirh a neona­
rologisr is recommended prior ro i n iriaring a transfusion. 
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Infants unresponsive ro volume replacemem may need i no­
rropic or vasoacrive pressor support. No one pressor has been 
shown to be superior in neonaral shock, bll( pressors should 
be selecred based on the cause of rhe hyporension. Dopamine 
starred ar 2 mcg/kg/min is rraditionally the pressor of choice in  
noncardiogenic shock, and m ilrinone srarted a r  0 .5 ro  0 .75 mcg/ 
kg/min is rhe recommended pressor in cardiogenic shock.12 • 14 • 19 

PEARL 
If D10W is unavai lable, d i lute one ampule of DsoW in  200 ml 

of sterile water to make D10W. 

Once an infam has been srabil ized wirh a heart rare above 
100 bears/min  and srable respirarions, rhe blood glucose con­
cemrarion must be measured. A heelsrick blood sugar con­
cemrarion grearer rhan 40 mg/dL is acceprable in a neonate14; 
anyrh ing less should be treated wirh a 2-mL/kg bolus of D10W 
infused over several minures. DsoW should nor be used, as rhe 
osmoric load is too high. If D1 0W is unavailable, an ampule of 
DsoW can be di lmed in 200 mL of srerile warer ro yield D10W. 
D10 10! NS should be used as maimenance fluid ar a rare of 4 mL/ 
kg/hr in rerm infams (based on 80-100 m L/kg/day) and 5 
mL/kg/hr i n  prererm infams (based on 100- 1 20 mL/kg/day). 
Smaller infams have a h igher body surface-ro-volume ratio and 
will lose fluids more quickly via i nsensible losses and thus re­
qui re more fluids. 

KEY POINT 
A heelstick blood sugar concentration greater than 40 mg/dl 

is acceptable in a neonate14 ;  anything less should be treated 

with a 2-ml/kg bolus of D10W infused over several minutes. 

TABLE 22-6. 

Common drugs used in neonatal resuscitat ion14 

Resuscitation Medications 
• Epinephrine (1 : 10 ,000) 

- 0.1 -0.3 ml/kg IV 

- 0.3-1 ml/kg ET tube 

• D10W, 2 ml/kg 
• Crystal loid/blood products, 1 0-20 m l/kg 
• Naloxone, 0.01 mg/kga 

• Sodium bicarbonate, 4 mg/kga 

Postresuscitation 
• Vitamin K, 0.5-1 ml IM  

Cardiac 
• Prostaglandin El ,  0.05-0.1 mcg/kg/min 

• Dopamine, 2 mcg/kg/min ,  starting dose 

• Mi lrinone, 0.5-0.75 mcg/kg/min 

• Furosemide, 1 -2 mg/kg 

Antibiotics/Antivirals 
• Ampici l l in ,  50-100 mg/kg 
• Gentamicin, 3 mg/kg 

• Acyclovir, 20-30 mg/kga 

'Discuss with neonatologist prior to use. 



PEARL 
Start intravenous maintenance f luids and give intramuscular 

vitamin K prior to transfer. 

Term infants: 010 %NS at 4 ml/kg/hr; vitamin K, 1 mg 

Preterm infants: 010 %NS at 5 ml/kg/hr; vitamin K, 0.5 mg 

All newborns require vitamin K to prevent hemorrhagic dis­
ease of the newborn. Vitamin K is given in a dose of 0.5 to 1 
mg IM14; give 1 mg to larger infants and 0 .5  mg to premature 
infants. Vitamin K should be given to all infants within an hour 
of birth regardless of their c l in ical condition. If the infant will 
be rransferred to a tertiary N ICU, give vitamin K prior to trans­
fer. Erythromycin ophthalmic ointment should also be placed 
on both eyes to prevent gonococcal and chlamydia! infections. 
This, however, is  not emergent and can be delayed in a critically 
ill infant until a tertiary center is reached. 

PEARL 
Vitamin  K should be g iven to a l l  infants with in an hour  of  birth 
regardless of their c l in ical condition . 

Prostaglandin E1 (PGE1) is given as a drip at 0 .05 to 0 . 1  mcg/ 
kg/min  to newborns with ducral-dependent congenital heart 
disease; the indications are discussed later in this chapter.14 The 
well-known adverse effect of PGE1 is  apnea; however, the occur­
rence of apnea is rare except with high doses. I nfants receiving 
PGE1 do not necessari ly need ro be intubated empirically or for 
transporr.20 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 s implex virus, although uncommon, can be deadly 
in infants. Signs and symptoms suggestive of herpetic infection 
include vesicular skin lesions and seizures; the neonate is at risk 
if  the mother has active gen ital (not oral) lesions at the t ime of 
delivery. The virus should be treated in itially with acyclovir: 20 
mg/kg for newborns of less than 35 weeks' gestational age and 
30 mg/kg for those born after 35 weeks' gestation. 14 Consu lta­
tion with a neonatologist is recommended prior to in it iation of 
acyclovir. 

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

TABLE 22-7. 

Common congenital heart d iseases 

Persistently cyanotic Low cardiac output 

Blue baby Gray baby 

• Tetralogy of Fallot Think sepsis first 

Resuscitation of the Critically Ill Neonate 

blood type with Coombs test to check for ABO incompatibility 
as well as total and direct b i l i rubin levels to moniror for jaun­
dice. A chest film should be obtained to evaluate for aspiration, 
pneumonia, and ET mbe placement, if  necessary. 

PEARL 
Postresuscitation laboratory tests 

CBC with d ifferential and p latelets 

Electrolytes, BUN ,  creatin ine, and total and direct bi l i rubin 

ABG, blood cultures 

Type and screen with direct/i ndirect Coombs test 

Respirarory status is  st i l l  the utmost concern after resuscita­
tion. Serious causes of respiratory compromise i nclude sepsis, 
meconium aspiration, neonatal respi ratory 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
fants should be monirored for signs of pneumothorax, includ­
ing hypoxia and high peak inspirarory pressures. Nonintubated 
infants should be mon itored for work of breathing. Grunting, 
retractions, and sustained respiratory rates greater than 70 
breaths/min can be indicators of impending respirarory com­
promise. 

PEARL 
Grunting, retractions, and sustained respi ratory rates 

greater than 70 breaths/m in  can be indicators of impending 

respiratory compromise.  

Any infant with a difficult resuscitation, a hisrory of mater­
nal fever, or evidence of respirarory distress after delivery should 
be assumed septic until  proved otherwise. Ampici l l in, 50 to 100 
mg/kg per dose, and gentamicin, 3 mg/kg per dose, should be 
given empirical ly after blood cultures are drawn. 14 

KEY POINT 
Any infant with a difficult resuscitat ion, a h istory of  maternal 

fever, or evidence of respi ratory distress after del ivery should 

be assumed septic unti l  proved otherwise. 

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

Congestive heart failure 

Wet, tired baby 

• Ventricular septal defect 

• Pulmonary stenosis/atresia • Coarctation of the aorta • Atrial septal defect 

• Tricuspid atresia 

• Transposition of great arteries 

• Truncus arteriosus 

• Total anomalous pulmonary venous 

return 

Interrupted aorta 

• Hypoplastic left heart syndrome 

• Aortic stenosis 

• Arrhythmias 

• Patent ductus arteriosus 
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with suspected imra-urerine asphyxia and profound metabolic 
acidosis.2 1 ·22 I nfams with moderate encephalopathy had a sur­
vival benefi t  when cooled to 33.5°C. However, this strategy is 
not to be used rominely and should be discussed with a neo­
natologisr prior to i nitiation. As a general rule, normorhermia 
should be rhe goal for newborns. 

Congenital Heart Disease 
Undiagnosed congenital heart disease (CHD) is always a 

concern i n  precipitous deliveries. Identifying the exact struc­
tural defect in congenital heart disease is nor nearly as impor­
tant as identifying and treating the pathophysiology behi nd ir. 
Critical cardiac lesions in neonates will present in  three ways: 
1) persistent cyanosis, 2) low cardiac ourpm, and 3) congestive 
heart failure (Table 22-7).23 Any neonate with these signs or 
symptoms should have a chest fi lm 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 respirator)' distress 
can be a manifestation of cardiac lesions, persistent pulmonary 
hypertension, or lung disease. 23 These i nfants 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 1 00% oxy­
gen. Measure Po2 using a pre- and post-oxygenation ABG mea­
surement. A Po2 of less rhan 100  mm Hg is suggestive of CHD 
with significant right-to-left shunting. I mportantly, an infant 
with persistent pulmonary hypertension can have a negative 

TABLE 22-8. 

Common congenital anomal ies requir ing immed iate intervention 

Disorder Examination findings 

Congenital diaphragmatic hern ia Respiratory distress 

Scaphoid abdomen 

hyperoxia rest. Any neonate with a failed hyperoxia test should 
receive PGE1 for borh a rherapeuric and a diagnostic trial. To­
tal anomalous pulmonary venous return (TAPVR) is the one 
cardiac abnormality rhar wil l  produce a normal hyperoxia rest 
and will nor respond to PGE1 . 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 boor-shaped 
heart in those with retralogy of Failor, a "snowman" appearance 
in those wirh TAPVR, and an "egg-on-a-string" appearance in 
those with transposition of rhe great arteries. 

PEARL 
The hyperoxia test 

Obtain ABG measurements on room air and 1 00% 02 

Po2 >1 00 mm Hg = Primary pulmonary disease = No 
PGE1 
Po2 <100 mm Hg = CH O  with right-to-left shunting or 
persistent pulmonary hypertension = Trial of PGE1 

Pitfalls 

Pulse oximetry is  not an acceptable substitute for Po2 

Neonates with TAPVR can have a Po2 >1 00 mm Hg and 

no response to PGE1 
Poor cardiac output manifests as pale-gray infants with poor 

peripheral pulses and often no murmur.23 These neonates ap­
pear septic and should be treated with i ntravenous fluid resus­
citation and antibiotics in i tially because sepsis is far more com­
mon than CHD. In patients who do nor respond to i nitial sepsis 
treatment, CHD should be considered. Comparing pulse ox-

Interventions 

Immediate intubation 

Nasogastric tube placement for decompression 

Bowel above the diaphragm on chest film 

Gastroschisis 

Omphalocele 

Choanal atresia 
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Evisceration of bowel through abdominal wall 

defect without a protective sac 

Evisceration of bowel through abdominal wall 

defect with a protective sac 

Respiratory distress 

Inabi l ity to pass nasogastric tube 

Cover bowel in wet, sterile sal ine gauze, then in a plastic 

cel lophane bag 

Avoid touching or twisting bowel as much as possible 

Nasogastric tube placement for decompression 

Ampici l l i n/gentamicin 

Cover bowel in wet, sterile sal ine gauze, then in  plastic 

cellophane 

Avoid touching or twisting bowel as much as possible 

Nasogastric tube placement for decompression 

Immediate endotracheal intubation 



imerry on a preducral extremity (right arm) and posrducral ex­
tremity (left leg) 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 
posrductal pressures. An early echocardiogram in these patients 
will reveal lesions such as hypoplastic left heart disease or aortic 
stenosis that are ducral-dependent but not readily ident ifiable 
by examination. If an echocardiogram cannot be obtained, a 
trial of PGE1 is warranted. Again,  early consultation with a pe­
diatric cardiologist is essential .  Tachyarrhyrhmias or congenital 
heart block are exceedingly rare but can be identified quickly 
from the heart rare and cardiac monitor read ing and confirmed 
on ECG. I n  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 ]/kg in u nstable patients. Congenital 
complete heart block needs emergent pacemaker placement. 

Congestive heart failure does nor immediately manifest at 
birth but rather rakes several weeks to months for the right ven­
tricle to start to fai l  as the left-to-right shunts become righr­
to-left shunts.23 Infants wil l  have symptoms of lethargy, poor 
feeding, or swearing or cyanosis with feeds. Tachypnea, hepato­
megaly, failure to thrive, and murmurs are common findings. 
These i nfants will also appear septic but wil l  actually worsen 
with administration of intravenous fluids. A chest fi lm wil l  
l ikely 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 mi l ri none, 0.5 to 0.75 mcg/kg/min, 
can improve cardiac ourput. 14 

Other Specific Congenital Anomalies 
Several congenital anomalies are common to N ICU settings 

bur are rarely encountered in emergency departments. After sta­
bi lization, 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 .24 

Withholding or Discontinuing 
Resuscitation 

A neonatal resuscitation is d ifficult enough without rhe con­
sideration of withdrawal of care. However, there are appropri­
ate rimes to withdraw resuscitative efforts if the parents are in 
agreement.25-27 Infants born at less than 23 weeks' gestational 
age or with a birth weight less than 500 g have a high mortality 
rate and even higher morbidity rate. S imi larly, infants without 
respiratory effort or pulse after 1 0  mi nutes of resuscitation have 
high mortality rates and severe neurologic deficits. I n  these cir­
cumstances, cessation or withholding of resuscitative measures 
should be discussed with the parents. Severe congenital abnor­
malities such as anencephaly and rrisomy 1 3  are also considered 
to be i ncompatible with l ife, 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. 

Resuscitation of the Critically Ill Neonate 

Conclusion 
Few things are as stressful for the emergency physician as re­

suscitating a critica l ly i l l  neonate following a precipitous emer­
gency department delivery. Most critically i l l  neonates have a 
respiratory cause of their distress; therefore, the airway should 
be assessed and venti lation 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 i l l  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. With a 
systematic approach to the critically i l l  neonate, the emergency 
physician can ultimately reduce morbidity and mortality. 
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C H A P T E R  2 3 

Pediatric Resuscitation 
Jenny S .  Mendelson and Chad D. Viscusi 

IN T H I S  CHAPTER 

G eneral approach to the unstable pediatric patient 

Ai rway and ventilator management 

Cardiac arrest and arrhythmia algorithms 

Recognition of shock and obtaining vascular access 

Introduction 
Children account for more than 30 mi l l ion annual visits to 

emergency departments i n  the United Stares, or 25% to 35% of 
the total number of visits. 1 Despite the enormity of this number, 
many emergency physicians confess to feel ing less prepared to 
handle pediarric than adult patients. This d iscomfort is magni­
fied when it comes to caring for a critically i l l  or crashing chi Id. 2 
Most emergency physicians see relatively few critically i l l  pedi­
atric patients and thus have few opportunities to refine their 
skills in advanced pediatric l i fe-saving techniques. Therefore, 
familiarity and practice with pediatric resuscitation algorithms 
are paramount. 

Initial Assessment 
When facing a critically i l l  pediatric patient, an adept emer­

gency physician must be able to make a rapid global cl inical as­
sessment. One approach to this in itial 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 i l lness 
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.3 

To assess the general appearance of the child, rhe "tickles" 
(TICLS) m nemonic can be used. The following features should 
be assessed: tone (moving and resisting examination versus be­
ing l imp and l istless), interactiveness (alert and attentive ver­
sus uninterested or u nresponsive), consolabil i ry (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 the 
traditional "AVPU" (alert, voice, pain, unresponsive) scale. For 
instance, a child can be on rhe verge of respiratory failure and 
still remain "alerr." 

After the general appearance is assessed, the child's work of 
breath ing 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 rare. The 
child should be evaluated for abnormal audible a irway sounds, 
abnormal positioni ng, retractions, and flaring. The predomi­
nant signs of respiratory distress in children are outlined in 
Table 23- 1 .  Once a chi ld i n  respiratory d istress t ires, these signs 
may become less apparent. Slowing of the respiratory rare and 
shallow breathing can signal impending respiratory failure. 
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FIGURE 23-1 . 

Algorithm for tachycard ia in ped iatric patients.20 (Source: American Heart Associat ion, I nc.) 

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/10 access 

• 1 2-lead ECG if available, but do not delay therapy 

Evaluate ORS duration 

Narrow (<0.09 sec) Wide (=l 
� 

STABLE 

' 

Consider vag al maneuvers 

osine Aden 

IV/10 0.1 mg/ 

Maximum 

kg rapid bolus 

dose 6 m g 

Adenosine 

IV/10 0.2 mg/kg rapid bolus 

Maximum dose 1 2  mg 

If IV/10 not avai lable, or if adenosine 
not effective, or  if patient becomes 
unstable, proceed immediately to 

synchronized cardioversion 
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SVT" Ventricular tachycardia � 

UNSTAB LE 1 1 UNSTABLE 

Synchronized cardioversion 0.5-1 J/kg 

l 
Synchronized cardioversion 2 J/kg 

aEvaluate for sinus tachycardia vs. SVT 

SVT l ikely if: 

• Rate >220 in infants, >1 80 for chi ldren 

• P waves absent or abnormal 

• Heart rate not variable 

' 

Consider aden osine if rhythm 
S monomorphic regular and OR 

Expert consult ation advised 

Amiod arone 

5 m /kg IV ov g er 20-60 min 

or 

Procainamide 

15 mg/kg IV over 1 0-1 5 min 

Stable vs. Unstable? 

Signs of cardiopulmonary compromise: 

• Hypotension 

• Altered mental status 

• Signs of shock 

(If present, proceed immediately 
to synchronized cardioversion) 



Pediatric Resuscitation 

FIGURE 23-2. 

Algorithm for cardiac arrest in pediatr ic patients.20 (Source: American Heart Associat ion,  I nc.) 

Shockable 

VF/VT 

1 
SHOCK 

2 J/kg 

CPR 2 min Rhythm shockable? 

10/IV access Yes 

SHOCK -
4 J/kg 

CPR 2 min Rhythm shockable? 

Epinephrine Yes 
every 3-5 min 

0.01 mg/kg IV/10 

Consider advanced 
airway 

' 

SHOCK 

>4 J/kg or adult dose 

CPR 2 min Rhythm shockable? 

Amiodarone Yes 

5 mg/kg bolus IV/10 

May repeat u p  
t o  2 t imes 

Treat reversible 
causes 

Cardiac Arrest 

Apply oxygen, attach monitor/defibri l lator 

Start CPR N ot shockable 

CPR Quality: 

Asystole/PEA 

CPR 2 min 

10/IV access 

Epinephrine every 3-5 min 

0.01 mg/kg (0.1  ml 1 : 1 0,000) 

Consider advanced airway 

i 
CPR 2 min 

Treat reversible causes 

(6H's & 5T's) 

• Push hard/push fast (>1/3 AP chest diameter, at least 1 00/min) 

• Al low full chest recoil 

• Minimize interruptions 

• Don't overventilate 

• Rotate compressor every 2 mins 

• Use 1 5:2 compression-to-ventilation ratio if no advanced airway; give 
8-1 0 bpm with continuous compressions when airway in place 
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FIGURE 23-3. 

Algorithm for bradycardia in pediatric patients.20 (Source: American Heart Association ,  I nc.) 

Support ABCs 

G ive oxygen 

Consider expert consultation 

Observe 
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Bradycardia 

w/ pulse and poor perfusion 

I dentify and treat underlying cause 

• Maintain patent airway, assist breathing if necessary 

• Apply oxygen, cardiac monitors, oximetry; obtain IV/10 access 

• 1 2- lead ECG if avai lable, but do not delay therapy 

No Cardiopulmonary compromise? Yes 

Start CPR if heart rate <60 bpm 

Epinephrine 

0.01 mg/kg IV/10 (0.1 ml 1 : 1 0,000) 

Repeat every 3-5 min 

Atropine 

0.02 mg/kg IV/10 

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). 



PEARL 
Slowing of  the respiratory rate and shal low breathing can 
signal impending respi ratory fai l ure. 

The final componenr of the PAT is an assessment of the cir­
culation to the skin, looking for pal lor, mottling, and cyanosis. 
Cyanosis, while certa in ly a clear and dramatic sign, has signifi­
cant l imitations as a diagnostic tool. It  depends on the amount 
of hemoglobin in the blood and the starns of the peripheral cir­
culation. A child with severe anemia, for example, may have 
significant hypoxia without any visible cyanosis. Conversely, a 
very young i n fant 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
l ish severity. A child with a normal appearance and i ncreased 
work of breathing is in respiratory distress. Abnormal appear­
ance and i ncreased work of breathing can be signs of early respi­
ratory failure. Abnormal appearance and abnormally decreased 
work of breathing are seen in late respiratory fai lure. 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 critical ly ill chi ld 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) + 1 0  
However, it  i s  preferable to use a resuscitation tool such a s  a 

Broselow tape, which provides recommended equipment sizes 
and drug doses based on the patient's length . This el iminates 
the need to estimate the patienr's age and weight and reduces 
the risk of error based on miscalculation durino- times of h io-h b b 
stress.4 

TABLE 23-1 . 

Signs of respiratory d istress in ch i l d ren 

Abdominal breathing 

Accessory muscle use 

Diaphoresis 

Grunting 

Nasal flaring 

Retractions 

Tachypnea 

Tripod positioning 

Pediatric Resuscitation 

KEY POINTS 
Briefly assess the patient's appearance, work of breathing, 

and circulat ion. This wi l l  a l low you to determine the severity 

of the patient's condition and d i rect further management. 

Use a length-based resuscitation tape (eg, Broselow tape) to 

determine equipment sizes and drug doses. 

Pediatric Primary Survey: The ABCs 
In conrrast 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 i nterventions is crucial. First and foremost, the airway must 
be evaluated and secured. Breath ing 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 idenri fying and treating l i fe threats 
before moving to the next step. Although the steps in the survey 
are the same as for adults, the differences i n  the anatomy and 
physiology of chi ldren can make diagnosis and management 
challenging. 

Airway 

As with adults, the primary reasons for pediatric airway 
management include inadequate oxygenation, inadequate ven­
ti lation, or inadequate airway protection. However, not every 
critically i l l  child needs to be i ntubated. Well-performed non­
invasive venti lation is usually sufficienr, and several studies 
have shown that it is safer and as effective as endotracheal (ET) 
intubation, especially in the prehospital setting.'-7 Effective 
bag-valve-mask (BVM) ventilation is one of the most critical 
resuscitation skil ls 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 s imi lar to those of adults, and by age 
8, the airway is thought to approxi mate the adult form. 

Anatomic features of the pediatric patient that affect airway 
managemenr i nclude a more prominenr 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 adults .8  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 in years I 4) + 4 

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

Suggested laryngoscope blades 

• Premature infant: #0 M i l ler blade (straight) 

• Term infant, smal l  ch i ld :  #1 Mi l ler blade (straight) 

• Chi ld <8 years old:  #2 Macintosh blade (curved) 
• Adolescent/adult: #3 Maci ntosh blade (curved) 
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by placing a towel roll behind the in fant's shoulders. However, 
overextension of the neck can also result in airway obstruction. 
Infants are obligate nose breathers until  age 3 to 6 months, and 
during this time even m inor congestion can lead to obstruction. 
The infant's tongue is larger i n  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 tonsil lar tissue. The long epiglottis can ob­
scure the laryngoscopic view of the cords, and this can be over­
come by d i rect elevation using a straight blade (Miller) rather 
than indirect elevation using a curved blade (Macintosh) placed 
in the vallecula. The glottic opening l ies at approximately the 
level of C2 or C3 in an infant or child, as opposed to C3 or C4 
in rhe 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 r ing is the nar­
rowest portion of the pediatric a irway, as opposed to rhe vocal 
cords in adults, it is possible that the tube wil l  pass through the 
cords but not any further.9 Finally, the diameter of the pediatric 
airway is much smaller than the adult airway, making it far 
more vulnerable to obstruction by foreign objects and edema. 
M inor narrowing from respirarory infection or bronchospasm 
can result in profound airway compromise. 

Physiologic differences between children and adults that 
complicate a irway management i nclude 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 F RC of adults while asleep. 
This decreased FRC means infants have less oxygen available for 
gas exchange during exhalation or apnea. Additional ly, infants 
have a higher merabolic rate than adults, consuming at least 6 
mL of oxygen per m inute, compared with only 3 mL/min in 
an adult. All these factors cause i n fants and children to desatu­
rate much more rapidly than adults during periods of apnea, 

TABLE 23-3. 

Evaluating the difficult  airway us ing the LEMON mnemonic. 

Adapted with permission from "The Difficu lt  Ai rway 

Course: Emergency," Ai rway Management Education 
Center, www.theairwaysite.com, and from Murphy MF, 

Wal ls RM.  I dentification of the d ifficult  and fai led airway. I n :  

Walls RM,  M u rphy M F, eds. Manual of Emergency Airway 

Management. 3rd ed. Phi ladelphia,  PA: Lipp incott Wi l l iams 
& Wilkins; 2008:81 -93. 

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

E: Evaluate the 3-3-2 rule (incisor distance <3 fingerbreadths, 

hyoid/mentum d istance <3 fingerbreadths, thyroid-to-mouth 

distance <2 fingerbreadths) 

M: Mallampati (Mallampati score "= 3) 

0: Obstruction and obesity (presence of any condition that could 

cause an obstructed airway) 

N: Neck mobi l ity ( l imited neck mobi l ity) 
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despite adequate preoxygenation.9 These factors also conspire 
to give the intubator less t ime for d i rect laryngoscopy in a sick 
child. The infant and small child are at further risk of respira­
tory problems because of their immature physiologic responses. 
The infant may become apneic and bradycardic in response to 
a hypoxic chal lenge instead of increasing the respiratory effort 
and heart rate. 10 

KEY POINT 
Physiologic differences between chi ldren and adults that 

compl icate airway management i nclude increased oxygen 

consumption and metabol ic 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 "sni ffing position," with neck extended and 
chin l ifted. If there is concern about cervical spinal injury, a jaw 
thrust should be used instead. I f  the jaw thrust is i neffective, it 
is necessary ro use rhe head-tilt/chin-l ift technique ro establish 
a parent 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 ro the child's face; with rhe flange held at the corner 
of the mouth, rhe tip of rhe airway wil l  reach the angle of the 
mandible. Using the correct size is crucial, as an airway that 
is too small can push the rongue down and worsen obstruc­
tion, whereas an a irway that is too large can cause pharyngeal 
trauma. Nasal ai rways can be used in awake patients bur cannot 
be used i f  there is possible basilar skull fracture or coaguloparhy. 
They should be used cautiously i n  in fants because an infant's 
hypertrophied adenoids and tonsils can be traumatized by air­
way i nsertion, resulting in bleeding. The risk of bleeding can be 
minimized by inserting the bevel away from the nasal septum. 
The appropriately sized nasal airway should reach from the nos­
tril to the tragus of the ear when held against the face, and its 
widrh should be less than rhar of rhe nostril. 

Although BVM ventilation should be considered the "gold 
standard" for initial airway management, tracheal i ntubation 
offers the advantage oflong-term airway maintenance and some 

TABLE 23-4. 

Equipment needed for intubation (the SOAP ME mnemonic) 

S: Suction (catheters and Yankauer tips) 

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

bag) 

A: Airway (appropriate ET tube, oral/nasal airway, stylets, 

laryngoscope with functioning l ight and appropriate blades) 

P: Pharmacology (RSI medications) 

ME: Monitoring equipment (end-tidal C02 detector, stethoscope, 

monitors) 



prorecrion from aspirarion of gasrric conrenrs. 1 1  Derermining 
the appropriate size of a irway equipment can be challenging in 
children. If a length-based resuscitation tape is not avai lable, an 
age-based formula can be used ro estimate ET tube size (Table 
23-2). This has been found ro be more accurate than estimating 
ET tube size based on the width of the patient's fifth finger. 1 2  
When preparing for intubarion, tubes ha lf  a size smaller and 
half a size larger should be available. The deprh of ET tube in­
sertion in cenrimerers is approximately three times the uncuffed 
ET tube size. I n  the past, rhe use of cuffed tubes in children 
younger than 8 years was discouraged. However, this pracrice 
is becoming increasingly common. The use of either a cuffed 
or an uncuffed ET tube is acceptable, and a cuffed tube is now 
considered preferable i n  many cases. The convenrional thought 
was that cuffed tubes increased the risk of ischemic damage ro 
the tracheal mucosa, thus risking the complication of subglotric 
stenosis. Newer ET tubes are designed ro be high volume and 
low pressure, resulting in a seal at lower pressure. When used in 

TABLE 23-5. 

Ped iatr ic RSI drugs.  From :  EMRA Pediatric Qwic Card. 

Dallas, TX: Emergency Medic ine Residents Associat ion; 

2008. Used with permission of Dale Woolridge, M D, PhD. 

Pretreatment 
• Atropine (0.02 mg/kg IV/ET tube) - Min imum, 0.1 mg; use 

to decrease bradycardia from vagal stimulation; always 

use in patients <5 years old and before second dose of 

succinylcholine 
• Lidocaine (1 mg/kg IV/ET tube}-To blunt theorectical 

increase in  intracranial pressure ( ICP) 

Induction 
• Etomidate (0.2-0.6 mg/kg IV) -Less hypotension than some 

sedatives 
• Fentanyl (2-5 mcg/kg IV) -Can cause chest wall r igidity if 

given rapidly 
• Ketamine (1-2 mg/kg IV) - Preferred in presence of 

bronchospasm; avoid if i ncreased ICP is suspected 

• Thiopental (3-5 mg/kg IV) - Preferred if increased ICP is 

suspected; use Y2 dose in the presence of hypotension 
• Midazolam (0.2-0.3 mg/kg IV)- Causes low blood pressure, 

heart rate, and respiratory rate 

Paralysis 
• Succinylchol ine (1 -2 mg/kg IV} - Pretreat with atropine in  

patients younger than 5 years and before al l  subsequent 

doses; avoid if hyperkalemia or renal fai lure is suspected 

or if the patient has a history of mal ignant hyperthermia or 

neuromuscular disease 
• Rocuronium (0.6-1 .2  mg/kg IV) - Onset i n  1 min;  lasts 30 min 

Delayed onset paralytics, not suited for RSI: 
• Pancuronium (0.04-0.1 mg/kg IV)-Avoid in asthmatic 

patients (histamine release) and patients with renal fai lure 
• Vecuronium (0.08-0.1 mg/kg IV) -Onset in 1 -3 min;  lasts 90 

min 
• Cisatracurium (0 .1-0.3 mg/kg IV)- Onset in 13 min ;  lasts 

30-60 min 

Pediatric Resuscitation 

conrrolled setrings with frequenr cuff pressure monitoring (typ­
ically in a pediatric ICU), cuffed tubes have nor been shown 
ro increase the risk of postextubation stridor or reinrubarion 
rates . 13-15Additionally, cuffed ET tube use minimizes rhe risk 
of air leak, thus optimizing venrilation with h igher pressures 
and resulting in more consistent venrilation. The use of cuffed 
tubes can also decrease the need to exchange inappropriately 
sized ET tubes.9 

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

PEARL 
When used in  contro l led settings with frequent cuff pressure 

mon itoring (typical ly in a pediatric ICU) ,  cuffed tubes have 

not been shown to increase the risk of postextubation stridor 

or reintubation rates.1 3-1 5 

The key ro successful i ntubation is using a standard proce­
dure every time. Every patienr in rhe emergency departmenr 
is generally presumed to have a full  sromach; therefore, rapid­
sequence int ubation (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 rechnique has not been validated for use in children (Table 
23-3). Gather appropriately sized equipmenr, including alterna­
tive a irway management devices, and medicarions rhar wi l l  be 
used. Another mnemonic that may be helpful is "SOAP ME" 
(Table 23-4). Preoxygenate rhe parient, keeping in  mind that 
even when appropriately oxygenated, the child wi l l  desaturare 
much more rapidly than an adult. Deliver RSI medications 
(Table 23-5) only when you are confident that BVM venrila­
tion will  be successful .  The Sell ick maneuver (cricoid pressure) 
may be used to decrease the chance of regurgitation by pressing 
the cricoid cartilage firmly against the esophagus. Studies have 
shown rhe posirive effecrs of rhe Sellick maneuver in i nfanrs 
as young as 2 weeks. 1 6  However, th is must be done cauriously 
in i nfanrs because roo much pressure can collapse their pliable 
airways. One technique that may be used ro improve visualiza­
tion is ro have the intubator use his  or her own left fifth finger 
(while holding the laryngoscope) ro provide gentle cricoid pres­
sure. This al lows the physician ro manipulate the cricoid ring, 
helping to bring rhe glottis inro view. 

TABLE 23-6. 

Comparison of LMA and ET tube size 

Weight (kg) Laryngeal mask airway ET tube 

<5 3.5 

5-1 0 1 .5 4 

1 0-20 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 
cl inical evaluation (gentle symmetric chest rise, equal bi lateral 
breath sounds, condensation in the tube) as well as an end-tidal 
C02 detector. If breath sounds are heard over the stomach, 
do not remove the tube i mmediately-breath sounds are eas­
i ly transmitted in in fants and small children. Gurgling sounds 
suggest esophageal i ntubation, necessitating tube removal. 
Pediatric end-tidal C02 detectors should be used in patients 
weighing less than 15 kg and adult end-tidal C02 detectors in  
patients weighing more than 15  kg .  End-tidal C02 detectors 
may not reliably confirm placement in instances of low pul­
monary blood flow (eg, cardiac arrest or massive pulmonary 
embolism).17 If any uncertainty remains, perform careful direct 
laryngoscopy to verify that the ET rube passes through the vo­
cal cords. Finally, obtain a chest fil m  to confirm proper rube 
position in the midtrachea. 

As in adults, if a child develops problems with oxygenation 
or ventilation afrer i ntubation, use the "DOPE" mnemonic to 
consider potemial reasons for this decompensation: dislodge­
mem, obstruction, pneumothorax, or equipmem malfunction/ 
failure. Dislodgemem 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 wil l  el im inate vemilator malfunc­
tion as a source of the problem and allow the c l inician to use 
the ease of bagging to assess lung compliance as well as pos­
sible tube obstruction. Auscultate to check for rube position or 
dislodgement, and use a suction catheter to attempt to clear se­
cretions from the rube. If equipment malfunction, obstruction, 
and displacement have been el iminated as causes, consider an 
underlying pneumothorax. If the patient is in extremis, needle 
decompression can be performed. In the stable patiem, check 
a chest radiograph to evaluate tube placement and assess for 
pneumothorax.9 

Difficult Ai rway 

When traditional imubation techniques fai l ,  alternative 
methods must be employed. It is critical to recogn ize the diffi­
cult airway before giving i nduction agents and paralytics. Find­
i ngs that predict a difficult airway include l imited mouth open­
ing, cervical spine immobil i ty, small mouth, prominent central 

TABLE 23-7. 

I n it ial pediatr ic venti lator settings 

Pressure control (weight <1 O kg) 

• Peak inspiratory pressure = 20-30 cm H20 

• PEEP = 3-5 cm H20 
• F102 = 1 00% 
• RR = Age appropriate 

Volume control (weight >1 0 kg) 

• Tidal volume = 8-1 0 ml/kg 
• PEEP = 5 cm H20 
• F102 = 1 00% 
• RR = Age appropriate 
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incisors, short neck, large tongue, obesity, laryngeal edema, and 
mandibular or midface dysmorphology or trauma.8 Consider 
using the "LEMON" m nemonic (Table 23-3), as d iscussed 
previously. In the absence of these findings, an unanticipated 
difficult pediatric airway is uncommon. If a difficult a irway 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 faci l i tate teaching to novice 
i ntubators . 1 8' 1 9 

I f  the child cannot be i mubated using standard techniques, 
effective BVM ventilation should be provided. I f  this is success­
ful, the clinician has t ime to optimize further attempts by repo­
sitioni ng the child and having the most skilled individual avail­
able repeat the laryngoscopy. If vemilation is st i l l  not achieved, 
the laryngeal mask airway (LMA) may be employed as a rescue 
device (Table 23-6).  The most recem American Heart Asso­
ciation (AHA) recommendations for pediatric advanced l ife 
support state that "when BVM venti lation is unsuccessful and 
when endotracheal imubation i s  not possible, the LMA is an ac­
ceptable adjunct when used by experienced providers."20 How­
ever, the guidelines advise camion, stating that complications 
associated with LMA i nsertion occur more frequently in young 
children than in adults. The esophageal-tracheal combination 
tube, or Combitube, is another alternative device for the "can't 
i nrubate/can't vemilate" situation. Unfortunately, i t  is not avail­
able in sizes appropriate for most children. The smallest version 
is recommended for use in "small adults" (4 to 6 feet tall). 

If  endotracheal i ntubation fails and ventilation is unsuc-

TABLE 23-8. 

Average vital s igns by age. From: EMRA Pediatric 

Qwic Card. Dallas, TX: Emergency Medicine Residents 
Associat ion;  2008. Used with permission of Dale Woolr idge, 
MD,  PhD. 

Age Weight H eart Respiratory Systolic 

(kg) Rate Rate Blood 

{bpm) {breaths per Pressure 

minute) (mm Hg) 

Newborn 3.5 1 30-1 50 40 70 

3 mo 6 1 40 30 90 

6 mo 8 1 30 30 90 

1 yr 1 0  120 26 90 

2 yr 1 2  1 1 5  26 90 

3 yr 1 5  1 1 0  24 90 

4 yr 1 7  1 00 24 90 

6 yr 20 1 00 20 95 

8 yr 25 90 20 95 

1 0-12 yr 30-40 85 20 1 00 



cessful wirh alrernarive airway devices, an invasive a irway rech­
nique should be used. Oprions include needle cricorhyroromy 
and surgical cricorhyroromy. Needle cricorhyroromy is rhe eas­
ier and safer merhod of rhe rwo for remporary venri larory sup­
porr in rhe emergency deparrmenr. This is a remporary measure 
because, alrhough oxygenarion can be preserved, venrilarion is 
ofren marginal. I nserr a 14-gauge carherer over a needle inro 
rhe cricorhyroid membrane whi le aspiraring back. When free 
flow of air inro rhe syringe is obrained, rhe posirion is correcr. 
Consider placing a small amounr of srerile saline in rhe syringe 
ro assisr in rhe derecrion of aspi rared air. Once cannulared, rhe 
carherer can be connecred d i recrly ro an adaprer device, or ir 
may be arrached ro rhe barrel of a 3-mL syringe and rhen ro 
a resuscirarion bag via rhe hub of a 7.0 ET rube. For children 
younger rhan 5 years, needle cricorhyroromy wirh bag venrila­
rion is preferred. For children aged 5 ro 10 years, bag venrila­
rion or rransrracheal jer venrilarion may be used. Children older 
rhan 1 0  years should be of adequare size ro allow placemenr of a 
larger-bore cricorhyroid rube using Seldinger rechnique. 

KEY POINT 
When managing a difficult ai rway, do not continue to  do 

the same thing and expect a different result .  Move on to 

adjunctive airway devices. 

PEARL 
For chi ldren younger than 5 years, needle cricothyrotomy 

with bag ventilation is preferred. For chi ldren aged 5 to 1 0  

years, bag ventilation o r  transtracheal jet ventilation may be 

used. Chi ldren older than 1 0  years should be of adequate 

size to al low placement of a larger-bore cricothyroid tube 

using Seldinger technique. 

Breathing 

When a child shows evidence of respirarory disrress, rhe fi rsr 
srep afrer airway posirioning and clearance is simply ro provide 
supplemenral oxygen. Alrhough oxygen del ivered by nasal can­
nula or face mask is preferred and provides a higher inspired 

TABLE 23-9. 

Reversible causes of dysrhythmia,  shock, and 

cardioresp i ratory arrest 

Six H's 
• Hydrogen ion (acidosis) 

• Hypoglycemia 

• Hypothermia 

• Hypo/Hyperkalemia 

• Hypoxia 

• Hypovolemia 

Five T's 
• Tamponade 

• Tension pneumothorax 

• Thrombosis (coronary or pulmonary) 
• Toxins 
• Trauma 

Pediatric Resuscitation 

F102 , blow-by oxygen is an effecrive alrernarive for an agirared 
child who does nor rolerare having something on his or her face. 

If inadequare oxygenarion and venrilarion persisr, assisted 
venrilarion may be necessary. As menrioned above, BVM venri­
larion is rhe rechnique of choice for ai rway managemenr during 
rhe in irial phase of resuscirarion . BVM venrilarion is usually 
simple and effecrive, yer, l ike everyrhing in  pediarrics, requires 
appropriarely sized equipmenr. A mask rhar firs properly cov­
ers rhe child's chin, mourh, and nose. A mask rhar is roo large 
covers rhe eyes and exrends over rhe rip of rhe chin, and one 
rhar is roo small does nor cover rhe nose and mourh effectively 
and cannot make a seal. I n  rhe emergency deparrmenr, a self­
inflaring resuscirarion bag is mosr commonly used. This device 
does nor require arrachmenr ro high-flow oxygen ro funcrion, 
alrhough rhis is a common pracrice. When using BVM ven­
rilarion, rake care nor ro compress rhe sofr rissues of rhe neck 
in a young child. Hold rhe mask using rhe E-C clamp-using 
rhe rhumb and i ndex finger on rhe lefr hand ro form a C rhar 
holds rhe mask onro rhe child's face and using rhe orher rhree 
fi ngers ro form an E along rhe angle of rhe jaw. Pull rhe child's 
jaw up ro rhe mask rarher rhan push ing rhe mask down on rhe 
face. Squeeze rhe bag only unril chesr rise is seen . Normal ridal 
volume is 6 ro 8 mL/kg, bur with rhe dead space of rhe device, 
one can esrimare rhe volume needed as 10 mL/kg.9 Avoid over­
venrilarion, as rhis can lead ro gasrric d isrenrion and difficulry 
venrilaring because of an elevared hemidiaphragm.21 

Hypervenri larion is nor recommended and can acrually be 
harmful .  I ncreased respirarory rares cause increased inrrarho­
racic pressure, thereby decreasing venous rerurn and coronary 
perfusion pressure. This has been shown ro decrease survival.22 
Hypervenrilarion also drives down rhe Pco2 , resulting in cere­
bral vasoconsrricrion and hypoperfusion. Mi ld hypervenrilarion 
ro a goal Pco2 of30 ro 35 mm Hg should be reserved for parienrs 
wirh signs of impending cerebral herniarion and rhose wirh sus­
pecred pulmonary hyperrension. Once an advanced airway is in 
place, respirations should be adminisrered simulraneously wirh 
chesr compressions, ar a rare o f 8  ro 10 brearhs/min.23 

KEY POI NTS 
Effective bag-mask venti lation may obviate the need for 

intubation. Prolonged del ivery of unnecessarily h igh oxygen 

concentrations should be avoided. Do not hyperventi late the 

patient. 

Do not overventilate. Use an age-appropriate rate and a tidal 

volume of 8-1 0 ml/kg . 

In irial venrilaror serri ngs in rhe crirically i l l  child are based 
on normal physiologic paramerers for a healrhy child of similar 
weighr and age. A posirive end-expirarory pressure (PEEP) of 5 
cm HiO is a good srarring poinr. Many venrilarors are designed 
ro deliver borh pressure and volume conrrol modes of venrila­
rion. Either may be used , bur consider pressure mode in infanrs 
and smal ler children weighing less rhan 10 kg (Table 23-7). Use 
eirher, wirh rhe goals of genrle chesr rise, good air exchange, and 
del ivery of a ridal volume of abour 8 ro 10 m L/kg. The rarger re­
spi rarory rare varies wirh rhe parienr's age. Good srarring poinrs 
are rares of 30 brearhs/min for infanr s ,  20 for children, and 16 
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for older children and teenagers. I nspiratory time should be set 
between 0.5 and 1 second to target an inspiratory-to-expiratory 
ratio of 1 :3 and allow adequate time i n  the exhalation phase of 
the respiratory cycle for carbon dioxide el imination. In patients 
demonstrating obstruction such as asthmatics, a larger ratio of 
1 :5 may be required. Avoid plateau pressures greater than 30 
cm H20 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 H20 to min imize 

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 pressure.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 carotid, femoral, or brachia! pulse. I f  no pulse is 
present, begin cardiopulmonary resuscitation (CPR) along with 
assisted ventilation. The new AHA guidelines focus on per­
forming h igh-quality CPR with min imal interruptions. I n  fact, 
the recommended u niversal sequence has been changed from 
ABC to CAB to emphasize the importance of in itiating chest 
compressions i mmediately after cardiopulmonary arrest.25 To 

TABLE 23-10. 

Signs and symptom s  of shock states in chi ldren 

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 d iameter or about 5 cm. 26 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 third the depth of the chest 
or about 4 cm. The "two-thumb/encircli ng hands" technique is 
recommended when two or more health care providers are pres­
ent. One rescuer's thumbs should forcefully compress the lower 
third of the sternum, but there are no data to support circum­
ferential squeezing of the thorax.25 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 fatigue. 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 1 2 0  compressions per minute.27 

Because pediatric cardiac arrest is most commonly caused 
by respiratory failure or shock, in up to 50% of cases, return of 
spontaneous circulation can be established with chest compres­
sions and ventilation alone.28·29 Even though early, high-quality 
CPR is key, studies have shown that when CPR is performed, 
it is often suboptimal, with compressions that are too few, too 

Hypovolemic Cardiogenic Distributive 

Weak, pale, lethargic 

Tachypnea (to compensate for metabolic 

acidosis) 
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Pale, mottled skin 

Sunken eyes 

Dry mucous membranes 

Poor skin turgor 

Delayed capi l lary refill 

Cool extremities 

Tachycardia 

Hypotension (late finding) 

History of source-vomiting, diarrhea, 

hemorrhage, etc. 

Weak, pale, lethargic 

Tachypnea, retractions 

Pale, mottled skin 

Cool extremities 

Hepatomegaly 

Pulmonary edema 

Tachycardia 

Arrhythmia 

Heart murmur 

Hypotension 

History of source-congenital heart disease, 

etc. 

Weak, pale lethargic 

Apnea, respiratory d istress 

Pale, mottled skin 

Cool or warm extremities 

Tachycardia 

Hypotension 

History of source-allergen trigger, spinal 

cord injury, i nfection,  etc. 



shallow, and roo weak. Ventilations are often excessive, with 
roo many i nterruptions in chest compressions.30·3 1 To maximize 
the effectiveness of compressions, the AHA stresses rhe need 
ro "push hard and push fast." I nterruptions in compressions 
should be min imized because they decrease the rate of return ro 
spontaneous circulation. Rhythm checks should be performed 
every 2 m inutes and result in only brief i nterruptions in chest 
compressions. Once an advanced a irway is in place, compres­
sions and breaths should be performed continuously without 
interruption.20 These recommendations are all focused on im­
proving myocardial, cerebral, and systemic perfusion ro maxi­
mize the l ikel ihood of recovery. 

KEY POINTS,_ _____ _ 

When CPR is necessary, push hard and push fast, m in im ize 
interruptions, al low t ime for chest recoi l ,  and check rhythm 

quickly every 2 minutes of CPR. 

Universal compression:venti lation ratio of 30:2 ( lone rescuer) 
or 15:2 (two rescuers). Once an advanced airway is in place, 

del iver s imultaneous ventilations and compressions, with a 

ventilation rate of 8 to 1 0  breaths/min .  

Arrhythmias 

Rhythm disturbances m children can be organized into 
three general categories: fast, s low, and pulseless (Figures 23- 1 ,  
23-2, 23-3). The clin ical presentation o f  arrhythmia c a n  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 l ikely cause of bradyarrhythmia i n  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 .0 1  mg/kg (O.l mL/ 
kg of 1 : 1 0,000) ,  IV/IO. This dose may be repeated every 3 to 5 
m inutes. I f  vagal stimulation or cholinergic drug toxicity is sus­
pected, consider atropine, 0.02 mg/kg IV/IO (minimum dose 
0 . 1  mg; maximum s ingle dose 0.5 mg in a child and 1 mg in  
an adolescent). Thi s  dose can  be repeated to  a maximum total 
dose of 1 mg in a child and 2 mg in an adolescent. Consider 
cardiac pacing if the bradycardia i s  caused by complete heart 
block or sinus node dysfunction, especially if it i s  associated 

TABLE 23-11 .  

Infusion rates for vasoactive med icat ions 

Dobutamine, 2-20 mcg/kg/min 

Dopamine, 2-20 mcg/kg/mi n  

Epinephrine, 0.1 -1 mcg/kg/min 

Norepinephrine, 0.1 -2 mcg/kg/m in  

Vasopressin, 0.5 mU/kg/hr 
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with congenital or acquired heart disease. If, at any point, the 
child progresses to pulseless electrical activity (PEA), switch to 
the PEA algorithm. 20•32 

When tachycardia is present and the patient is stable with 
a palpable pulse and adequate perfusion, administer oxygen, 
support ventilation, establish i ntravenous access, and obtain an 
electrocardiogram to evaluate the QRS duration. Narrow com­
plex (<0.09 sec) tachycardia is most l ikely 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 i n  itself harmful, the underly­
ing cause should be identified and corrected. Common causes 
i nclude hypoxemia, hypovolemia, hyperthermia, fever, toxins, 
pain, and anxiety. SVT is the most common tachyarrhythmia 
i n  children and typically presents with a heart rate faster than 
180  bears/min  in children and faster than 220 bears/min  in in­
fants (but the rare can reach as h igh as 300 bears/mi n) .  If the 
child is stable, the treatment of choice is vagal stimulation if it 
will not significantly delay chemical or electrical cardioversion. 
I n  infants and young children, apply a bag of ice/water slurry 
to the face firmly (but do not occlude the a irway). I n  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 
i nitial dose 6 mg). This dose can be doubled on rhe second at­
tempt to 0 .2 mg/kg with a maximum dose of 1 2  mg. Remember 
to administer adenosine fast, followed by an i m mediate flush 
of 5 to 1 0  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 ro go in as fast as possible. I f  adenosine fails, consider 
electrical cardioversion with sedation, amiodarone, or procain­
amide. These antiarrhyrhmic 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 nor be used i n  i nfants because 
it has caused shock and cardiac arrest in this popularion.33 If the 
patient becomes u nstable 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 i f  the i n itial attempt i s  unsuccessful. 
Record a rhythm strip continuously during all chemical and 
electrical rhythm conversion attempts. 20·32 

PEARL 
SVT is the most common tachyarrhythmia in chi ldren and 

typically presents with a heart rate faster than 1 80 beats/min 
in ch i ldren and faster than 220 beats/min in infants (but the 
rate can reach as h igh as 300 beats/m in) .  

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 ]/kg, then 2 
J/kg if unsuccessful). I f  perfusion is adequate, consider giving a 
dose of adenosine to determine i f  the rhythm is SVT with aber­
rant conduction. I f  the patient i s  i n  stable ventricular tachycar-
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dia, consider expert consulrarion 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 adminisrrarion.20 

The electrocardiographic rhyrhm of a parient in pulseless 
cardiopulmonary arresr can fall into one of rwo categories: 1 )  
ventricular tachycardia (VT)/ventricular fibrillation (VF) or  2) 
PEA/asystole. This distincrion is crirical, as survival is much 
more likely after arrests presenting with VT/VF than with 
PEA/asystole.24·34·35 IfVF or VT is present, or in the case of sud­
den wimessed collapse (which is presumed to be VF), proceed 
immediately to defibrillation. The defibril larion success rare de­
creases by approximately 5% to 10% wirh every minute of de­
lay.36 After one shock (not three as previously recommended) of 
2 ]/kg unsynchronized, resume CPR. After 2 minutes of CPR, 
check the rhythm and defibril late again using 4 J/kg. Make 
every attempt to minimize interruption of chest compressions. 
Give epinephrine, O.Ql mg/kg (O. l  m L/kg of 1 : 10,000) IV/IO 
and repeat every 3 to 5 minutes. Perform another 2 m inutes 
of CPR. If a shockable rhythm persists, deliver a third shock 
of more than 4 J/kg (maximum dose nor to exceed 10 j/kg or 
the adult dose). If cardioversion is sti l l  unsuccessful after the 
third defibrillation attempt, continue CPR and consider the 
admin istration of an antiarrhythm ic drug: amiodarone (5 mg/ 
kg IV/IO), or lidocaine (1 mg/kg IV/IO) if amiodarone is nor 
available. Magnesium sulfate (25-50 mg/kg IV/IO, maximum 
2 g) should be given by rapid infusion for polymorphic VT 
or rorsade de pointes. I f  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. 20 I f  spontaneous circulation returns, 
proceed to meticulous post-cardiac arrest care. 

KEY POINT 
Defibri l late us ing a s ing le  shock of  2 J/kg fol lowed by 
immediate resumption of 2 m inutes of CPR. If a shockable 

rhythm persists, del iver 4 J/kg, epinephrine, and another 2 

minutes of h igh-qual ity 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 defibri l lation fail to restore a perfusing rhythm. 

Shock 

Shock is  a stare of inadequate perfusion resulting in inad­
equate substrate (oxygen, glucose) delivery to rhe viral 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 i n  pediatric 
patients, is characterized by an inadequate circulating inrravas­
cular volume. Ir often 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 vasodilarion 
that leads to functional hypovolemia.  Septic shock and anaphy­
lactic shock are types of d istributive shock that lead to this fluid 
shifting. Cardiogenic shock is characterized by myocardial 
dysfunction. Fluid volume can be normal or even slightly in­
creased, bur the diminished pump function of rhe myocardium 
impairs cardiac output. 

Alrhough shock is associated with hyporension, 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 rhe early stages 
of shock. With acute hemorrhage, blood pressure can be main­
tained in  a normal range unt i l  approximately 30% of rhe circu­
lating blood volume has been lost. Once uncompensated shock 
ensues, it can progress rapidly to terminal shock u nresponsive 
to therapy. Hypotension is a late and ominous sign of shock in  
pediatric patients. Every effort should be made to  recognize and 
treat shock stares before decompensarion occurs.37 

KEY POINT 
It is necessary to recogn ize and treat shock before 

hypotension occurs i n  chi ldren.  

PEARL 
Many chi ldren have normal or even s l ightly elevated blood 

pressures during the early stages of shock. With acute 

hemorrhage, blood pressure can be maintained in a normal 
range unti l  approximately 30% of the circulating blood 

volume has been lost. 

Resuscitation options for the treatment of shock vary widely 
depending on rhe etiology. Regardless of the cause, the goal is to 
rapidly restore tissue perfusion. Init ially, administer supplemen­
tal oxygen, place monitors, and expediently obtain i ntravenous 
or intraosseous access. G ive volume-expanding isotonic crysral­
loids (normal saline or lactated Ringer solution) in a bolus of 20 
mL/kg as fast as possible. Reassess rhe child after each bolus and 
repeat i f  there is sti l l  evidence of poor perfusion. 

KEY POINT 
In shock, rapid fl u id resuscitation is crucial .  G ive 20 ml/kg x 

3 boluses with in the first 1 5  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 nor 
rapid enough.39 Packed red blood cells (given in 1 0-mL/kg ali­
quots) is the resuscitation fluid of choice for volume expansion, 
especially when signs of shock persist after 40 to 60 mL/kg crys­
talloid has been administered. Although rhe evidence for this in  
children is nor a s  clear as in  adults, the Sociery of  Critical Care 
Medicine recommends maintaining a hemoglobin concentra­
rion of 8 to 10 g/dL to improve oxygen-carrying capaciry and 
rissue perfusion.40 If there is a concern about cardiogenic shock, 
give smaller volumes more slowly while watching carefully for 



signs of worsening cardiac funcrion or volume overload.32 

I f  fluid resuscirarion is insufficienr to restore perfusion, add 
vasopressor suppon (Table 23- 1 1) .  In chi ldren, rhe choice of va­
soacrive agenr should be railored to rhe pariem and rhe clinical 
siwarion. The inirial pressor of choice is ofren dopami ne. Scan 
ar 5 mcg/kg/min and rirrare up by 2.5 mcg/kg/min every few 
minures umil perfusion improves and/or rhe rarger blood pres­
sure is achieved (usually a mean arrerial blood pressure of 65 111 m 
Hg). Dopamine-resisram shock is diagnosed if i nadequare per­
fusion persisrs afrer riuarion to 20 mcg/kg/min.  In dopami ne­
resisram shock, consider rhe admin isrrarion of norepinephrine 
(scan ar 0 .05 mcg/kg/min and rhen riuare by 0 .05-0. J  mcg/ 
kg/min every 3-5 min to a maximum dose of 2 mcg/kg/min) 
or epinephrine (srarr ar 0 .05 mcg/kg/min and rhen rirrare by 
0.05-0.1  mcg/kg/min  every 3-5 min to a maximum dose of I 
mcg/kg/min). I n  cases of myocardial dysfuncrion, doburamine 
may improve cardiac ourpur by improving conrracril iry, rare, 
and myocardial relaxarion (srarr ar 2 .5  mcg/kg/min and rhen 
riuare by 2 .5  mcg/kg/min every 3-5 min) .40 

PEARL 
The Society of  Critical Care Medicine recommends 

maintain ing a hemoglobin concentration of 8 to 10 g/dl to 

improve oxygen-carrying capacity and tissue perfusion.40 

In chi ldren,  the choice of vasoactive agent should be tailored 

to the patient and the c l in ical situation. The in it ial pressor of 

choice is often dopamine. 

Hypoglycemia can develop rapidly in shock srares in re­
sponse to high glucose U[il izarion and low glycogen stores. 
Moniror for chis and ocher elecrrolyre abnormaliries and correcr 
chem if necessary. In sepsis, promptly admin isrer broad-spec­
rrum amibiotics afrer appropriare culwres have been obra ined. 

Vascular Access 

Even with adequare CPR, resuscirarion drugs may be needed 
to restore a perfusing rhyrhm. Addirionally, rapid fluid resus­
cirarion may prevem a shocky pariem from progressing to car­
diorespiratory failure. Pediarric inrravenous placemem can be 
difficulr in the hands of an inexperienced cl inician, and chis is 
only made harder by rhe srress of a code siwarion. In a crash­
ing or coding pariem, do nor wasre t ime auempring to place a 
central l ine; if peripheral inrravenous access cannor be secured 
rapidly (ie, afrer rhree arremprs), move immediarely to imraos­
seous placemem. 

l ntraosseous l ines are now being recommended for resuscira­
rion in all age groups, from premawre infams to adulrs, as a 
rapid, safe, effective oprion for vascular access.4 1 New devices, 
including spring-loaded needles and powered drills, can facili­
rare proper placemem. Complicarions are s imilar to those as­
sociated wirh uadirional inrraosseous needles, including needle 
displacement, fracwre, infecrion, and companmenr syndrome. 
Neverrheless, rhe ease and rapidiry of placemem, as well as rhe 
effecriveness of drug delivery, make chis an ideal rechnique for 
use during a pediauic resuscitarion. The AHA recommends 
imraosseous access over endorracheal drug delivery and nores 
char ir can be used for adminisuarion of fluids (includ ing blood 
produces) and medications (includ ing pressors) and for inirial 
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blood sampling.20 Equipmem for intraosseous access should be 
readily available, and caregivers should be famil iar wirh irs use. 

If arremprs ar intravenous and intraosseous l ine placement 
fai l ,  some medicarions may be given via rhe endotracheal roll[e. 
Certain l ipid-soluble drugs such as lidocai ne, epinephrine, atro­
pine, and naloxone ("LEAN") can be del ivered endorracheally. 
Although oprimal endotracheal doses are nor known, mosr ex­
perrs recommend double or triple rhe rypical int ravenous dose 
for l idocaine, arropine, and naloxone and 1 0  rimes the rypical 
dose for epinephrine (O. l  mg/kg or 0 . 1  mL/kg of a 1 : 1 ,000 con­
centrarion) when given endouacheally. If chis roure is used, fol­
low the drug dose with a 5-mL normal saline flush. I n  neonares, 
chis may be too large a volume, so instead di lure rhe drug to 1 
to 2 mL wirh normal saline and give directly or use a 5F feeding 
carherer inserred down rhe ET tube, followed by 0.5 mL sal ine. 
In borh cases, give several assisred bag vemilarions immediarely 
to help distribure rhe d rug deep imo rhe bronchial uee. Overall, 
rhe endorracheal roure is discouraged because of "erraric and 
inconsisrent" drug absorprion and poremial toxiciry.4 1 

Postresuscitation Care 
Despire our besr efforts, mosr vicrims of pediauic cardio­

pulmonary arresr wil l  nor be resuscirared successfully. When 
reperfusion is achieved, rhe immediate posuesusciration phase 
is cririca l .  During chis period, pariems are ar high risk for brain 
injury, venrricular arrhyrhmias, and exrension of reperfusion 
injuries. I nterventions during rhis period are aimed ar mini­
mizing reperfusion injury and supporring cellular recovery. 
Hyperthermia following cardiac arresr and anoxic brain injury 
in children are common and should be avoided. Mild induced 
hyporhermia can be employed in children as in adulrs and may 
improve ourcomes. 24,42 

KEY POINT 
During resuscitat ion, g ive medications intravenously or  
intraosseously; use endotracheal del ivery as a last resort 

(the absorption is i nconsistent). 

Conclusion 
Unsrable pediarric pariems presem unique challenges in the 

emergency department. By being aware of the differem anar­
omy and physiologic responses in children and being familiar 
wirh and prepared for pediatric procedures, the emergency phy­
sician will  be able to deliver focused, effecrive emergency care 
to crirical ly i l l  child ren. 
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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 . 1  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 coll isions. The mortality rate 
of hospitalized children afrer 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 herniation.2 

Management of pediatric trauma is compl icated by the fact 
that anatomy and physiology vary greatly with age. The initial 
evaluation can be d i fficult because of the l imited abil ity to com­
municate with young children and their l imited abil ity to co­
operate with examination.3 Moreover, the physiologic i mpulse 
to comfort a crying or injured child often interferes with taking 
appropriate stabil izing 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 l ikel ihood of positive outcomes. 

Children are obl igate nose breathers. If the nasal passages 
are obstructed by blood clots, the child cannot easily compen­
sate by oral ventilation. The tongue occupies a relatively greater 
porrion of the ai rway, making intubation and ventilation tech­
niques d i fficult. It is all too easy to obstruct the airway by push­
ing the tongue posteriorly. Head positioning with jaw thrust, 
chin lifr, 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 a l ign the axes 
of intubation.4 

Because of lack of frequent experience with the technique, 
many prehospital systems do nor support pediatric intubation, 
and, for the same reason, there is a reluctance to undertake ac­
tive ai rway management within the emergency department as 
wel l .  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 ai rways, s imilar 
to those of adults, and thus lack this anatomic seal, making a 
cuffed tube preferable.4 

Update 

Recent literature has d iscussed 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.5 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.6 The 
cl inician should therefore carefully scrutinize these benefits and 
drawbacks when choosing a cuffed tube in smaller children. 

PEARLS 
Pediatric ai rway 

Equipment needed for i ntubation 

- (SOAP M E) = suction, oxygen, ai rway equipment, 

pharmacy, mechanical equipment 

Consider a cuffed tube for al l  patients, particularly if an 

air leak is  anticipated (eg ,  conditions requ ir ing 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 l ip  = 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.7 Their intercostal muscles are not 
fully developed (fewer slow-twitch type I muscle fibers) , and 
their diaphragm is shorter and more flattened, which l imits 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 atelectasis and increased re-
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spi ratory rate, such as abdominal distention caused by the ileus 
that accompanies skeletal fractures, especially of the vertebrae.4 

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 l ikelihood 
of atelectasis .  More important, a child's basic metabolic 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.4 

When providing posit ive-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 inrerference such as gastric distention by placing 
a nasogasrric tube after intubation to evacuate the stomach and 
thereby improve venti lation (Table 24-1 ) .  

Circulation 
When assessing the circulatory system of a child, it is i mpor­

tant to examine both cardiac function and circulatory volume. 
The key componenrs are evaluation of rhe pulse, capillary refi l l  
rime, 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 
conrractil iry. Thus, to airer cardiac output, the pediatric pa­
tient relies almost enrirely on adjustment in rate. Tachycardia is 
therefore the first sign of volume deplerion.2 Simple tachycardia 
may be caused by fear or pain. Furthermore, the younger the 
child, the faster rhe normal resting cardiac rare, leaving l ittle 
ability to compensate for losses of volume. Children often de­
velop a paradoxic bradycardia as they become hypoxic, and this 

TABLE 24-1 . 

Ped iatric mechanical venti lation 

DOPE (trouble shooting): d islodged, obstructed tube, 

pneumothorax, equipment failure 

Consider a pressure- l im ited mode if the patient weighs less than 

10 kg 

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

appropriate 

lnspiratory-to-expiratory ( l :E )  ratio: 1 :2;  1 :3-5 for patients with 

asthma 

Avoid peak pressures >40 mm Hg 

Peak inspiratory pressure: Start at 16 cm H20;  increase by 

increments of 2 cm H20 for adequate chest wall excursion 

Tidal volume: 8-1 0 ml/kg 

Positive end-expiratory pressure: 3-5 mm Hg 

Obtain arterial blood gas measurement with in 30 minutes of 
placing on mechanical ventilation 



often confuses rhe picrure of volume deplerion. Final ly, mosr 
insrirurions are unaccusromed w measuring blood pressures in 
small infams, leaving capi l lary refi l l  and pulse rare as rhe only 
indicarors of volume deplerion. 

Examining for capil lary refi l l  r ime is a helpful adjuncr be­
cause ir can provide informarion regarding arteriole vasoacriv­
iry. A child who is adequarely perfusing wil l  have relaxed pe­
ripheral vascularure rhar al lows brisk capi l lary refi l l .  However, 
when rhe pariem is hypovolemic from dehydrarion, hemor­
rhage, or early sepsis, anerioles consrricr and decrease capillary 
flow. A chi ld's vascularure is more elasric rhan rhe sriff blood 
vessels of an arheroscleroric elderly pariem, and rhe arrerial va­
soconsrricrive forces are much more sensitive w catecholamine 
release. This a llows chi ldren w consrricr peripheral vessels more 
readily, decreasing capi l lary refil l  time. Typical ly, refi l l  rime 
longer rhan 2 seconds requires immediare imervemion.2 

Because of rhe elasricity and efficiency wirh which rhe pedi­
arric vascularure compensares for decreased blood volume, rhe 
pediatric rrauma pariem wil l  maimain blood pressure despire 
mild w moderare fluid loss. To address even rhe smallesr devia­
rion in rhe blood pressure, one musr obra in  an accurare read­
ing. Accurare readings require appropriarely sized blood pres­
sure cuffs. The cuff diaphragm should be approximarely 20% 
larger than rhe diamerer of rhe arm and abour rwo rhirds of rhe 
length of rhe arm. 

KEY POINT 
Because of  the elasticity and efficiency with which the 

pediatric vasculature compensates for decreased blood 
volume, the pediatric trauma patient wi l l  maintain blood 
pressure despite mi ld to moderate f lu id loss. 

To resuscirare a child, a fluid bolus of 20 m L/kg of normal 
sal ine should be given w increase blood flow w the viral organs. 
These organs should be assessed for lack of perfusion. Neuro­
logic perfusion is assessed by derermining the memal stams; 
renal perfusion is assessed by measuring urine ourpur, which 
should be approximarely 1 m L/kg/hr; pulmonary perfusion is 
assessed by ausculrarion; and cardiovascular perfusion can be 
evaluared by moniroring blood pressure, heart rare, and capil­
lary refi l l  rime. 

Fluid resuscirarion in  rhe hypovolemic pediarric pariem 
should be aggressive and should srarr wirh crysralloid replace­
mem. If hyporension or rachycardia persisrs after rhe in irial 
normal saline bolus, a second bolus of 20 m L/kg should be 
given. Persisrem evidence of hypovolemia despire 40 mL/kg of 
crysralloid should prompr fluid resuscirarion wirh blood prod­
ucrs. This is done by admin istering a 10- w 20-m L/kg bolus of 
packed red blood cells.2 

PEARLS 
Pediatric c i rcu lation 

Hypotension = systol ic blood pressure <70 mm Hg + (2 x 
age in years); neonates: systol ic blood pressure <60 mm Hg 

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

Drugs that can be g iven through an ET tube: NAVEL 
= naloxone, atropine, d iazepam (Val ium) ,  epinephrine, 
l idocaine 

Pediatric Trauma Updates 

Head Trauma 
Traumaric brain injury is rhe mosr common cause of dearh 

and permanem injury in chi ldren and is rhe reason for more 
rhan 400,000 emergency depanmem visirs and nearly 3,000 
dearhs per year. Younger children are usually ar grearer risk for 
injury. Trauma is usually a resulr of a fall from sranding. 8 

Although pediarric pariems can be difficulr w examine, 
signs and symproms of increased imracranial pressure musr be 
ruled our. These symproms i nclude ful l  fomanels, splir surures, 
alrered memal srarus, i rrirabil iry, vomiring, headache, l ighr sen­
siriviry, focal neurologic signs, and, ulrimarely, papil ledema. 
The goal is w prevem rhe secondary injuries rhar occur as a re­
sulr of inflammarion, which in mrn can lead w cellular edema, 
brain herniarion, and dearh. A few of rhe more common injuries 
are discussed below. 

Skull fracmres can be open, closed, l inear, or depressed. The 
mosr common skull fracmres are l inear and are usually asymp­
romaric, excepr for renderness over rhe fracmre sire. Depressed 
skul l  fracrures are rare and often associared wirh brain injury. 8 
Basi lar skull fracmres are indicared by physical findings such 
as periorbiral or posrauricular hemaroma, remporal bone area 
subcuraneous hemorrhage, hemorympanum, and cerebrospinal 
fluid (CSF) rhinorrhea or ororrhea. 

PEARLS 
Basi lar skul l  fractures 

Raccoon eyes - bi lateral periorbital ecchymosis 

Battle sign - mastoid ecchymosis 

When CSF rh inorrhea or otorrhea is suspected, col lect 
a f lu id sample and send it for evaluat ion.  When a drop 

of CSF fl u id dries on paper, it creates a ring of blood 

and seru m .  

Epidural hemaromas are rare, bur rhey are crirical l i fe-rhrear­
ening injuries. In rhe adulr pariem, rhe rypical scenario involves 
i njury w rhe middle meningeal artery and a lucid period fol­
lowed by a decrease in memal srams as rhe hemorrhage worsens. 
However, in children, rhe dura is more firmly arrached w rhe 
skul l  and rhe groove for rhe middle meningeal arrery is shal­
lower. This combinarion creares a srare al lowing more mobiliry 
of rhe arrery, rhereby preveming injury.8 The cause of a pediar­
ric epidural hemaroma is usually venous, and the cl inical course 
is less obvious. The child may complain of ear or jaw pain, bur 
nor headache, and may develop a herniarion syndrome while a 
mandible fracrure is being soughr. Anerial bleed epidural he­
maromas are less subde and rend ro produce focal findings ear­
lier rhan rhose of venous origin .9 

Subdural hemaromas occur up w 1 0  r imes as often as an 
epidural bleed. They are more common in  rhe neonaral popula­
tion secondary w rhe weaker connecrive rissue and plasticiry of 
rhe skull in rhis popularion. Subdural hemaromas occur bilater­
al ly in 80% of pediarric cases, whereas a subdural hemaroma in  
adults is usually unilarera l .  A variarion of subdural hemaroma 
in children is a subdural hygroma, a collecrion of CSF in rhe 
subdural space, which can produce a mass effecr l ike a hema­
roma. 10 

Unl ike hemaromas, cerebral contusions are caused by acure 
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decelerarion forces rhar creare shear srress i njuries of rhe brain .  
These i njuries are associared wirh cerebral edema and com­
monly occur ar rhe rips of rhe fromal and remporal lobes. Dam­
age ro rhe parenchyma of rhe brain i s  mosr profound on rhe 
microscopic level. The resulram inrracerebral edema can ulri­
marely lead ro herniarion and dearh. Imracerebral hemorrhage 
comribures ro severe permanenr bra in injury and a h igh morral­
iry rare. 

All of the above i njuries can i nduce seizure acrivity, obtun­
darion, nausea, and vom iring. Any head injury in a child can 
produce a shorr bursr of seizure activiry and one or rwo episodes 
of vomiring. For rhis reason, head i njury precaurions should in­
clude warning abour new seizure activity and abour vomiting 
rhar occurs more than rwo or rhree r imes. During hospiraliza­
rion, rhe child can be checked every hour. When rhe child is ar 
home, rhe parems should be advised ro make sure rhe child can 
be awakened fully, including one r ime during rhe nighr, and ro 
observe for seizure acriviry or episodes of vomiring. 

A cerebral injury un ique ro the pediarric popularion is dif­
fuse axonal i njury, which is caused by shear forces created as the 
bra in shifts inside rhe closed skull .  In children younger rhan 
1 year of age, the cause of rhis i nj ury i s  usually nor accidemal. 
Accompanying i njuries include rorn bridging veins, petechial 
hemorrhages in rhe whire marrer, shearing of rhe myelin and 
axons, and the physical finding of reri nal hemorrhages . 1 1  

Update 

I n  !are 2009, Kuppermann and associares completed a study 
designed ro creare and validate a decision rule imended ro iden­
rify low-risk rraumaric brain i njuries in children. 1 2  From rheir 
study involving more rhan 42,000 pediarric rrauma pariems, 
rhey developed a decision rule rhar has a sensiriviry of more 
rhan 98%, a specificiry of more than 53%, and a negarive pre­
dicrive value of 1 00% (95% CI, 99.7-100). They concluded 
rhar a child can be discharged withour furrher rest ing if he or 
she is less rhan 2 years old, has a G lasgow Coma Scale (GCS) 
score of 15, does nor have an altered memal srarus, does nor 
have a scalp hemaroma, has nor experienced loss of conscious­
ness, has a mechanism of injury rhar is mild or moderare, is 
acring normal ly according ro rhe parems, and has no physical 
finding suggestive of skull fracrure. Older children (2-1 8  years 
of age) may be discharged withour furrher resring if they have a 
GCS score of 15 ,  no alrered memal sratus, no loss of conscious­
ness, no hisrory of vomiting, a mild or moderate mechanism of 
injury, no cl in ical signs of basilar skull fracrure, and no severe 
headache. The aurhors esrimare rhar, wirh rhe use of rheir algo­
rirhm, 20% ro 25% of compured romography (CT) scans done 
on pediarric rrauma pariems can be avoided.12 

Alrhough rhe use of sreroids for closed head i njury was once 
accepred rherapy, steroids are not useful and should nor be 
used. The CRASH study demonsrrared an i ncrease in monal­
iry among head-injured parienrs rreared wirh sreroids . 1 3  A Co­
chrane review updared on January 7, 2009, also recommends 
againsr the use of steroids. 14 
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PEARL 
Chi ldren with neurologic injuries recover remarkably wel l :  

90% demonstrate s ign ificant improvement, and  60% have 

complete resolution of injuries.8 

Lepromeningeal cysts are a complication of skull fracrures 
rhar are unique ro young children. These can occur in i nfams 
during rhe years of rapid brain growrh and are rare afrer 3 years 
of age. Fractures associared wirh an underlying lacerarion of the 
dura can lead ro herniarion rhrough rhe dural rear and prevenr 
apposirion and heali ng of rhe fracture. The CSF pressure and 
pulsarions evenrually widen the dural defect and expand the 
fracrure margins. The rerm "growing fracmre" is ofren used 
ro refer ro imerval widen ing of rhe space berween rhe fracrure 
margins. Ir is rherefore crirical rhat children wirh known skull 
fracmres remrn for repeat imaging, typically 2 ro 3 monrhs 
afrer rhe rrauma evem. If a lepromeningeal cysr is idemified, 
surgical correcrion is warramed. 

Cervical Spine Injuries 
Cervical spine i njuries are rare i n  rhe pediatric population, 

accouming for less rhan 1 0% of all cervical spine i njuries. This 
is due, i n  pan, ro rheir lerhaliry i n  chi ldren under rhe age of 3 
years. Cervical injuries i n  pariems younger than 8 years are ryp­
ically higher in rhe cervical region (above C3). A child's larger 
head-ro-body rario mandares a h igher pivor poinr, which is ryp­
ically ar C2-3, as opposed ro C5-6 in adulrs. The larger head in  
children also creares grearer rorque i n  accelerarion/decelerarion 
injuries, which purs more stress on the cervical spine. In addi­
rion, rhe underdeveloped muscles and laxiry of ligamems create 
a relarively unsrable anaromy rhar is susceprible ro spinal cord 
injuries. As a resulr of these differences, children with cervical 
spine i njuries rend ro have a h igher morraliry rare rhan adulrs.8 

Cervical fracrures represem only half of rhe spinal i nj uries 
among children. The rhoracic and lumbar spine musr nor be 
overlooked, and ir is especially imporram rhar rhe emire spine 
be immobil ized during field managemem. The poremial for 
rhoracic and lumbar i nj ury should be kept in mind when trying 
ro comforr the child, so rhar serious spinal cord damage can be 
avoided. 

The Narional Emergency X-Radiography Urilizarion Srudy 
(NEXUS) provided helpful guidel i nes on when ro requesr i mag­
ing of rhe spine.15 Based on records of more rhan 3,000 pariems 
younger rhan 18 years, rhe smdy coordinarors concluded thar 
blum rrauma patiems wirhour rhe following condirions were 
ar low risk of cervical spine i nj uries: m idl ine cervical tender­
ness, alrered menral srarns, evidence of i moxicarion, distract­
ing i njury, or evidence of neurologic abnormaliry. The NEXUS 
decision rool has a reporred sensiriviry of 1 00% and negarive 
predicrive value of 1 00%. 

Update 

The NEXUS did nor involve sufficienr numbers of children 
younger rhan 2 years ro al low rhe decision rool regarding risk of 
cervical spine injury ro be extended ro them. I n  2003, Lee and 
associares developed a cl in ical decision rool imended ro increase 
rhe rel iabiliry of rhe NEXUS in rhe pediarric popularion. They 
reported rhat rhe cervical spine could be cleared if rhe physician 



could identify none of rhe following conditions in addition to 
the five NEXUS criteria: h igh-risk mechanism of injury, history 
of transient neurologic symptoms causing concern about spinal 
cord injury wirhour radiographic abnormality (SCIWORA), 
physical signs of neck trauma, rrauma to rhe head or face, or 
being i nconsolable. The presence of any of these findings merits 
at least a plain fi lm. 16  

Spinal Cord Injuries 
Spinal cord i njuries are rare among pediatric trauma pa­

riel1[s. Just l ike ocher anatomic pans of children, the pediatric 
spine i s  very malleable. Dur ing a traumatic event, rhe spine may 
contort and twist and portions can separate without creating 
specific damage to the support system of the spinal column. 
However, rhe spinal cord is nor as forgiving, and alrhough the 
spinal column can stretch up to 5 cm before injury occurs, 
rhe spinal cord can be damaged wirh a 5- to 6-mm srrerch.1 2 
I n  1982,  these injuries were defined as SCIWORA.17 As rhe 
name implies, they are nor evident on radiographs bur may be 
demonstrared on magnetic resonance i maging. Symptoms can 
emerge up to 4 days after the trauma. A ny child with persistem 
neck pain and neurologic complaims should be evaluated for 
SCIWORA. The rrearment is immobilization ranging from 3 
weeks to 3 months. 

Update 

Steroids have been used commonly for spinal cord injuries, 
wirh the hope of decreasing the inflammatory reaction and 
decreasing the production of oxygen free radicals. There has 
never been any evidence char this practice is useful in pediat­
ric trauma. Recel1[ prospective double-blind studies-the Na­
tional Acute Spinal Cord I njur y  Studies (NASCIS I, I I  and I I I )  
performed in  1984 ,  1990 ,  and 1997-demonsrrared negative 
ourcomes. 1 8-2 1 Currem evidence ind icares rhar steroids are nor 
useful in any trauma patient, whether a child or an adulr. 

Chest Injuries 
Blunt thoracic trauma is rhe leading cause of severe chest 

injuries. The mechanism of injury is typically a motor vehicle 
crash or a bicycle crash.7 Because of their thoracic anatomy, 
children are prone to i nternal injuries without external manifes­
tations. The child's thoracic wall is pliable, with cartilaginous 
ribs that tend to transmit energy forces. The flexible pediarric 
thorax transmits chis energy to nearby organs, such as the lung, 
l iver, 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.7 

PEARL 
I f r ib  fractures are present, they are often an alarming s ign of 
severe internal injuries.7 

The most common cardiac injury is a myocardial comusion. 
The problem with this i njury is rhar it is virtually impossible 
to diagnose. The variation known as "myocardial stunn ing" is 
a lerhal injury, often seen after relatively minor blum thoracic 
trauma in children younger than age 5 .  S udden death is rhought 
to be rhe resulr of an acute ventricular arrhyrhmia induced by a 
blow to rhe chesr.22 
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Myocard ial contusion does not cause specific physical find­
ings or symptoms. Ir can be assumed to be presel1[ if the child 
has a srernal fracture or any acute arrhyrhmia (eg, arrial flut­
ter) afrer thoracic blunt rrauma. There are no diagnostic ECG 
changes, and cardiac enzymes do nor rise in any useful fashion. 
Most of rhese patiems require a few hours of monitoring for 
arrhyrhmia. 

Occasional ly, a myocardial comusion produces intense sub­
srernal chesr pain 5 to 7 days afrer injury. Children who experi­
ence chis pain need to be admitted and observed. They do not 
develop coronary arterial injury bur behave l ike parients with 
myopericarditis and therefore need to be observed for pericar­
dia! effusions and treated wirh analgesia. 

Any penetrating thoracic injury can cause a pericardia] effu­
sion and lead to rhe development of ramponade physiology. The 
best way to monitor children wirh this type of injury is with 
repeated rransrhoracic echocardiographic studies. A central 
pressure monitor is also useful, bur it is probably unnecessary 
if ulrrasonography is readily available. The physical findings of 
ramponade physiology are ofren absent because rhe child wil l  
get into trouble quickly when 100 to 200 m L  of fluid has col­
lected in the pericardia! sac. An ECG will nor usually show 
pulsus alrernans or even low QRS amplitude because of the ra­
pidity of developmel1[. There may well be pulsus paradoxus, bur 
rhis is very hard to measure in a child. A drop in amplitude of 
rhe pulse with inspiration might be noriced, but the fastest way 
to discover rhe effusion wi l l  be with a sonogram. 23 

PEARL 
The physical f indings of  tamponade physiology are often 
absent because the chi ld wi l l  get i nto trouble quickly when 

1 00 to 200 ml of f lu id has col lected in the pericard ia! sac. 

The normal response to ramponade physiology is the devel­
opment of tachycardia, which, as described above, is the only 
way a child can increase cardiac output. I mmediately prior to 
arrest, however, a bradycardia wi l l  develop as a result of hy­
poxia. When such a compromised cardiac output is identified, 
rhoracotomy must be performed or a pericardia! window cre­
ated to relieve the ramponade. This is a situation where pericar­
diocemesis is too slow and provides too minimal a volume relief 
from the pericardia! sac to save the l ife.  Usually the pericardia! 
sac is so tense rhat 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 lefr subxiphoid space, poimed toward the rip of the 
right scapula. I r  is possible to insert the needle on the right and 
move it toward the rip of rhe left scapula, bur 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 earl ier, the pediatric patient has 
immature intercosral muscles, muscle fibers that are easily fa­
tigued, and less innate elasticity of the chest wal l ,  which can 
be further compromised when the pliable chest wall rransmits 
energy to the lungs and causes injury. Pulmonary i njuries from 
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rhoracic rrauma include pulmonary comusions, pneumorhorax, 
and hemorhorax, in descending order of occurrence.7 

The rwo main mechanisms involved in the producrion of 
pulmonary comusion are compressive forces thar are rrans­
mirred rhrough the ribs and chesr wall from a direct blow and 
shear forces from violenr displacemenr such as in accelerarion/ 
deceleration injuries. The former cause local injury, whereas 
rhe larrer can cause disral injuries ro the rracheobronchial 
srructures. These injuries can lead ro edema, hemorrhage, and 
consolidarion, which, if large enough, can compromise the pa­
tient's respirarory starus. The imaging appearance of a pulmo­
nary conrusion is often deceiving. Large areas of whire-our may 
nor compromise ventilation, while seemingly innocuous chest 
fi lms may be obtained from a patienr wirh severe vemilarory 
impairmem. The first clue tO impairment of vemilation is an 
increase in respirarory rare. Unforrunarely, rhis is one of rhe 
hardesr viral signs tO measure wirh regular accuracy in pediarric 
pariems. The orher clue ro the onser of vemilarory impairmem 
is a rising Pco2. If eirher or borh of rhese changes are nored, 
rhe child must be imubared ro ensure vemilarion. Ir is prudent 
ro vemilare rhe left or righr chesr if rhis occurs, ro prevem rhe 
developmem of a rension pneumorhorax while rhe pariem is on 
rhe vemilaror. The symproms consisrem wirh venrilarory im­
pairmem are respirarory difficulty, ausculrarion abnormalities, 
and local renderness. For mosr pariems, supporrive rherapy is 
sufficiem. Moniroring for respirarory compromise, pneumonia, 
and acure respirarory d isrress syndrome is crirical during rhe 
hospiral course. Forrunarely, mosr pulmonary comusions re­
solve wirhin a few days.7 

Lung comusion and penerraring rrauma can be complicared 
by air or blood escape from rhe parenchyma into rhe pleural 
space, creating pneumorhorax or hemorhorax, respectively. The 
symproms associared wirh mi ld pneumothorax are rachypnea, 
mild tO moderare d isrress, and oxygen desarurarion. The physi­
cal examinarion is often confusing early after rhe pneumorho­
rax develops, but over rime, brearh sounds on rhe side of rhe 
injury will decrease or become absem. Hyperresonance tO per­
cussion wil l  become evidem. Alrhough al l  pneumorhorax pro­
duces a drop in oxygen saruration as rhe firsr change following 
pleural penerrarion, tension pneumorhorax is a l ife-rhrearening 
siruarion in which rhe pressure in rhe pleural space builds tO a 
level higher rhan armospheric pressure, wirh subsequent shift­
ing of rhe mediasrinum tO rhe opposite side. This causes de­
creasing venous return, fal l ing cardiac ourpur, and worsening 
oxygenation and requires immediate decompression, which is 
performed by needle rhoracoromy, placing rhe needle i n  rhe 
fourth imercosral space in rhe midaxil lary l ine. In rhe pasr, an 
anterior approach was recommended, bur problems are creared 
by rhis approach. Ir is easy tO i njure rhe internal mammary ar­
rery, which does nor always sray under rhe srernum, as would 
be predicred. Moreover, rhe needle musr perforate rhe pecrora-
1 is major and minor, rhe serratus amerior, and rhe imercosral 
muscles. The needle chosen may nor be long enough ro emer 
rhe pleural caviry. Finally, high on rhe amerior chesr wall, rhe 
imercosral vessels are doubled wirh a superior as well as an infe­
rior branch, and ir is easy tO injure rhe superior branch wirh rhe 
anrerior approach. Using the lareral approach, there is a window 
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berween rhe pecroralis muscles and rhe larissimus dorsi, so the 
only muscles rhar need ro be penetrared are rhe serrarus and 
rhe imercosrals. Therefore, rhe needle does nor need tO be so 
long. Only a small drop in rhe bui lr-up pressure will reverse rhe 
rension. The needle rhoracoromy should then be followed by a 
formal rhoracosromy.7 

A hemorhorax can be difficulr tO diagnose depending on 
rhe quamiry of blood in the pleural space. This is because rhe 
chesr fi lm will nor reveal a hemorhorax rhar is less rhan abour 
200 mL, bur it can be visual ized using ulrrasonography. The 
patient may have only sl ighdy diminished brearh sounds and 
chest discomforr. A large hemorhorax can manifesr wirh dull­
ness ro percussion and respirarory disrress. The hemorhorax wil l  
require rhoracosromy drainage tO measure rhe volume of blood 
in rhe chesr and tO moniror for persisrem or recurrem bleeding. 
Alrhough some clinicians use rhe inirial volume of blood in the 
chest as part of the decision for rhoracoromy (see below), rhe 
lengrh of rime between the trauma and the thoracoromy should 
also be raken imo considerarion. More accurare indicarions for 
rhoracoromy are persistem bleeding and recurrence of bleeding 
afrer rhe pariem has been sarisfacrorily resuscirared.7 

K EY 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 

Large chest 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 pu lmonary contusions develop 

pneumonia. 

Abdominal Injuries 
Pediarric abdominal rrauma is rhe rhird mosr common 

traumaric injury in children. Approximarely 1 0% tO 22% of 
children wirh abdominal rrauma have imraabdominal i nj uries. 1  
The ratio of blunt tO penerrating rrauma is 85% tO 15%. The 
rwo mosr common organs i njured by blum mechanisms are 
the liver and rhe spleen. In the past, spleen and liver injuries 
were most often managed surgically. Ir  has become apparem 
over rhe years rhar ir is prudem and possible ro observe rarher 
than operare on many of rhese children. The abiliry of rhese 
organs tO heal withour surgery was thought tO be relared ro the 
muscular serosa of rhe spleen in children, causing conrracrion 
of rhe organ after rhe inirial  bleed and a much lower incidence 
of delayed or recurrem bleeding rhan in the adulr. A primary 



morivarion for rhe nonoperarive srraregy has been ro mainrain 
as much inrrinsic splenic funcrion as possible so as ro mainrain 
a normal immunogenic srare. Similarly, ir is becoming apparenr 
char far fewer adulrs require immediare laparoromy for splenic 
injuries.24·25 Nevenheless, a period of observarion is crirical ro 
rhe safe managemenr of rhese children. 

PEARL 
Approximately 1 0% to 22% of  chi ldren with abdominal 

trauma have intraabdominal inju ries.1 

Anorher suaregic change in rhe managemenr of rhese chil­
dren is rhe wil l ingness ro forgo imaging via CT scan. The scan 
exposes rhe child ro a large dose of radiarion, is nor helpful for 
small bowel or pancrearic inj uries, ofren overesrimares rhe de­
gree of solid organ injury, and gives l irrle informarion abour 
rhe physiologic sratus of rhe child. Careful observarion of rhe 
child has led ro far fewer CT scans and laparoromies being per­
formed. I f  rhe child develops signs of dereriorarion, as described 
above, rhe trauma surgeon musr decide wherher ro rake rhe 
child ro rhe operaring room or rhe CT suire. 

Objective evaluarion of a child with abdominal rrauma is 
srill important in regard ro inirial management. The ultraso­
nographic FAST examinarion plays a useful role in identifying 
which children need extra careful observarion. A posirive FAST 
examination does not demonstrate anything more than blood 
or fluid in the abdomen, similar ro diagnosric perironeal lavage, 
bur repeated FAST examinarions can reveal acrive bleed ing and 
explain a sudden deterioration.25-27 

Diagnostic perironeal lavage is rarely used i n  rhe evalua­
tion of children wirh abdominal rrauma. Nevertheless, in some 
children, rhe cause of dererioration can nor be identified wirh in 
the abdomen, so an immediate decision muse be made abom 
wherher these children should go ro the operating room. In such 
cases, d iagnosric perironeal lavage may idenrify more occult in­
jury and garner enough information ro direct rhe surgeon ro a 
l ikely region of exploration. I r  can assisr in rhe idenrificarion of 
injury such as a ruptured bladder or a small bowel injury as the 
cause of dereriorarion. Diagnosric perironeal lavage can reveal 
urine or fecal contents, elevated intra peritoneal whire blood cell 
counts, or elevarions in  the alkaline phospharase concentrarion 
ro indicate a small bowel injury. Neirher CT nor ultrasonogra­
phy is especially accurate in identification of rhese injuries . 28 

Mose other indicarions for surgery in parients with blunt 
abdominal injuries will appear over time, such as rhe onser of 
vomiring, abdominal d isrention, deteriorarion of viral signs, 
and increased respirarory difficulries wirh injuries such as a 
duodenal hemaroma, pancreatic injury, or renal injury. As parr 
of rhe observation of the child, ir is often necessary ro place a 
nasogastric tube to prevent gastric disrention from i leus, which 
can cause severe hyporension and an acute abdomen. A Foley 
catheter is also necessary ro moniror urinary output. 

Certain types of trauma are relared ro 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 inresrinal ruprure, traumaric diaphragmaric hernias, 
and vertebral blow-out fractures (Chance fractures). Clues ro 
these injuries can be obtained by taking a careful hisrory of the 
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mechanism of inj ury, ascertaining where rhe child was sining in  
rhe vehicle that crashed and how the child was resrrained, and 
performing an informed physical examination. An abdominal 
contusion in a child who was wearing a solirary lap belr is ofren 
a sign of small bowel injury, mesenreric contusion or rear, or a 
perforation of the anrimesenreric wal l .  This injury is ofren ac­
companied by the vertebral burst fracture. 8 

Unfortunately, mesenreric and hollow viscus injuries result­
ing from blunt abdominal trauma are ofren insidious. CT scan­
ning has an initial sensitiviry of 50% ro 75%.28 As rhe mesen­
reric injury evolves, perforation can ensue, releasing infecrion 
inro rhe perironeum, or mesenteric hematomas could resulr in  
lumen narrowing and i ntesrinal obstrucrion. These evenrs ofren 
manifest 24 ro 72 hours after the event as obstructive symp­
toms or perironiris. For rhese reasons, pediatric parients wirh 
evidence of significant blunt abdominal trauma should be ob­
served and should receive serial exam inarions or serial FAST 
screens, as mentioned above. I f  exam inarion resulrs are worsen­
ing, the parienr can be raken ro the operating room for explor­
atory laparoromy. 

KEY POINT 
Liver and spleen injuries can lead to hemorrhage; therefore, 

serial hemog lobin and hematocrit values should be obtained. 

KEY POI NTS 
Ind ications for surgery 

Total volume requ i red for resuscitation >50% of patient's 

total volume 

Continued hemodynamic instabil ity 

Gunshot to abdomen or evisceration of bowel contents 

Signs of peritonitis 

Radiographic imaging demonstrating 

Pneumoperitoneum 

l ntraperitoneal bladder rupture 

Grade V renovascular inju ry 

PEARL 
Volume resuscitation with more than 40 ml/kg without 

resolution of tachycard ia,  hypoxemia,  and hypotension 
requ i res admin istration of blood products. 

KEY POINT 
I f  a lap belt inju ry is evident, search for smal l  bowel i njuries 

and vertebral burst fractures. 

Update 

A recent srndy regarding the rate of CT-scan-induced ma­
lignancy estimated chat, in pediatric patienrs who undergo an 
abdominal CT scan, the risk for malignancy can be as high as 
1 in 550.29 Less dangerous and equally efficacious srndies are 
needed. Recent l iterarnre indicares rhar repeared FAST exami­
narions in rrauma parients appear ro be beneficial .  Chiu et al 
applied information from rhe FAST examination in addition ro 
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findings on rhe physical examinarion during rhe observarional 
period and found rhar repear evaluarions wirh borh can mini­
mize rhe need for i nirial and repear CT scans.27 Before wide­
spread acceprance of rhis srraregy, addirional pediarric srudies 
are needed ro confirm irs applicarion. 

Conclusion 
Alrhough rrauma is a leading cause of morraliry in children, 

measures can be raken ro decrease irs lerhaliry. An undersrand­
ing of rhe physiologic d ifferences berween adulrs and children is 
viral ro rhe effecrive managemenr of rhe injured child. Advances 
in rhe diagnosric and rherapeuric aspecrs of rrauma are i ncreas­
ing rhe efficiency and effecriveness of rhe rrearmenr of pediarric 
rrauma. 
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i n  children, 231-232 
i nscabi I ity considerations, 52r 
management of, 5 1-68 
i n  the poisoned patient, 1 26-129 
coxin-i nduced hyperthermia and, 1 33 

arterial blood gases (A BGs), 20, 2 1 8  
ascites, RUSH scan for, 4 
aspirin,  in cardiogenic shock, 72 
asthma 

anaphylaxis and, 178 

Index 

cl in ical ma rkers for incubation, I 20t 
cl in ical presentation, 1 1 8-1 1 9, 1 1 8t 
incidence, 1 1 7 
in itial treatment, 1 18-1 1 9, 1 1 8t 
unstable patients with, 1 17- 1 23 

atelectasis, whole-lung, 2 1  
atrial fibrillation (AF), 5 1 ,  62-63, 62/ 
aerial flutter, ECG, 62-63 
atrioventricular block, 52-58 

first-degree, 56, 56/, 57 
Mobitz rype l l second-degree, 52 
second-degree, 56 
second-degree, ECG, 57 
th ird-degree, 56, 57-58, 59/ 

atropine 
for anti hypercensive overdose, 1 29, 1 30t 
for bradycardic patients, 52, 231 
chest compressions and,  41 
for choli nergic crisis, 1 34 ,  1 34t 
endocracheal delivery of, 233 
pediatric RSI and, 227t 
pretreatment before R S I ,  9 
in R S l , 9t 

auto-positive end-expiratory pressure (auco­
PEEP), 1 8 ,  18r  
AV nodal reentrant tachycardia (AV N RT), 60, 
67 

B 
backward-upward-rightward pressure ( B URP), 
I I  
bag-va lve-mask ventilation ( BVM) 

in chi ldren, 225-227, 229 
for neonates, 2 14  
prediction of d i fficulty with, 6 

balloon tamponade techniques, 1 04-105, 1 05t 
barbirn rate coma, 1 63 
barbitu rates, I 32t, 1 73 
barorrauma, 1 2 1  
basic I i  fe support ( BLS), 4 1 ,  4 1  t 
Barrie sign, 237 
Bazett formu la, 1 27-1 28 
bedside resting 

chest radiographs, 1 43t 
computed tomography, 143, I43t 
echocardiography, 187 
glucose levels, 1 70 
pelvic rad iography, 143, 143t 
rransrhoracic echocardiogram, 91 
transthoracic echocardiography, 9 1  
ulcrasonography, 1 87-197 

benzodiazepines 
in mechanical ventilation, 1 2 1  
for seizures, 1 32 ,  1 32t 
i n  status epilepticus, 1 7 1  
for ventilated patients, 22-23 
withd rawal, 1 32 

J3-blockers 
cautious use o f, 49 
for narrow complex rachycardia, 60 
overdoses, 1 30-13 1 ,  1 3 1 t  
i n  thoracic aortic dissection, 80t 

bi level positive ai rway pressure (Bi PAP), 1 19, 
1 20, 1 2 1  
bladder ruprnre, 144 
BLEEP prococol, 187 
blood banks, 1 55-156 
blood-brain-barrier ( BB B) disruption, 1 63 
blood flow 

extraurerine, 2 1 1/ 

243 



Emergency Department Resuscitation of the Critically Ill 

intrauterine, 2 1 1/ 
blood loss 

acute hemorrhage shock and, 28t 
blood volume and, 152 
in  neonates, 216 

blood pressure 
in anaphylaxis, 179t 
compensated shock and, 28 
in  intracranial hemorrhage, 1 6 1-162 
l im itations of measurements, 27-28 
oxygen delivery and, 27/ 
perfusion and, 27 
shock and, 1-2 
during shock in children, 232 
traumatic injuries in chi ldren and, 237 

blood types, 1 5 1  
body fluid comparnnents, 2Gt 
bradyarrhyrhmias, 52-58 

in  children, 231 
in pediatric patients, 224/ 
in severe G I  bleed, 1 02 
treatment of, 71  

bradycardia, 52-58 
brain injury, 48, 145. see also traumatic brain 
injury 
brain natriuretic peptide (BNP), 90 
breathing 

assessment in chi ldren, 229-230 
assessment in ventilared patients, 20-2 1 
interventions in chi ldren, 236 
in neonates, 209 
in  resuscirarion, 39 
work of, 221 

breech presentations, 204-205, 204/ 
bronchodilators, 1 83 
Broselow tape, 225 
bundle of H is, 54 
burn resuscitation, 34, 34t 

c 
Cl esrerase inhibitor deficiency, 154 
calcium, for antihypertensive overdose, 1 29-130, 
130t 
calcium channel blockers, 78 

in  arrhythmias, 59-60 
contraindications, 72t 
magnesium as, 128 
overdoses, l i t, 1 30-132, 1 3 l t  
i n  thoracic aortic dissection, 80t 
in wide QRS, 67-68 
in WPW, 67 

calcium chloride, dosage, 3 
cannulas, fluid flow rates, 30t 
capillary refil l ,  in children, 237 
capnography, 47 
capture bears, GG 
carbamares, 1 34 
carbon monoxide, 1 33, 1 35 
carboxyhemoglobi n, 135 
cardiac arrest. see also post-cardiac arrest patients 

CAB of, 39 
in children, 230-231 
circulatory phase, 38, 38/ 
echocardiographic examination, 196 
electrical phase, 38, 38/ 
managemenr of, 37-43 
metabolic phase, 38, 38/ 
neurologically intact survival, 38/ 
in pediatric patients, 42-43, 223/ 
perimortem cesarean section and, 207 
in poisoned patients, 42 
prehospiral considerations, 41 
regionalizarion of care, 4 1-42 
secondary to ruptured AAA, 85 
rraumaric, 42 
in ventilated patients, 1 8-20 
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cardiac output, RUSH scan for, 4 
cardiac pacing, 53 
cardiac ramponade, 29t, 1 88-189 

aortic dissections and, 81, 93 
hemorrhagic, 79 

cardiocerebral resuscitation (CCR) strategy, 37, 
40/ 
cardiogenic shock, 69-76 

assessments in, 3-4 
causes of, 7 l t  
i n  chi ldren, 230r, 232-233 
ECG abnormalities in, 72t 
identi ficarion of, 7 1  
management algorithm, 70/ 
mechanical support devices, 73-74, 73t 
mortality rate for, 73 
propofol contraindication, 10 
resuscitation and stabilization, 70-72 
structural causes of, 74t, 75 
vasopressor agents used in, 72t 

cardiopulmonary resuscitation (CPR) 
bystander compression-only, 42 
in chi ldren, 230-231 
critical "Cs" of, 38 
interrupted compressions in, 38 
in  !are pregnancy, 207 
post-resuscitation disease, 45 
prehospiral termination of, 4 l t  
ventilator disconnection during, 1 8  

cardiorespiratory arrest, pediatric, 229t 
cardioversion, electrical, 67, 231 
carina, visua l ization of, 19 
CAT MUDPILES mnemonic, 1 34, 1 34t 
catecholamines, l l 2, 130 
catheters, 29, 30t 
cefrriaxone, I 02t 
central cyanosis, 2 13  
central perfusion, 14 1  t 
central venous catheters (CVCs), 29, 30t, 1 1 2 
central venous oxygen saturation (Scvo2), 29, 1 1 3  
central venous pressure (CVP) 

l imitations, 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, I 64 
otorrhea, 237 
rhinorrhea, 237 

cervical d ilarion, 20 l 
cervical effacement, 201 
cervical spine injuries 

management of, 145 
cervical spine injuries, pediatric, 238-239 
cervix, examination of, 201 
cesarean section, 204-205 

perimorrem, 206/, 207 
cetirizine (Zyrtec), 182 
Chance fractures, 24 l 
chest compressions 

automated compression devices, 41 
coronary perfusion pressure and, 40 
defibrillation and, 40 
inrerruprion of, 39 
passive ventilation and, 39 

chest injuries, pediatric, 239-240 
chest pain, dyspnea and, 5 1  
chest radiographs 

bedside, 14 3t 
of congenital heart disease, 2 1 8-21 9  
E T  position on, 22 
in  pulmonary emboli, 91  

chloride ions, fluid therapy and, 34t 
choanal atresia, 2 18t 
cholinergic crisis, 1 34 
cholinergic toxicity, 1 33t 
chronic obstructive pulmonary disease (COPD) 

clin ical markers for inrubarion, I 20t 
cl in ical presenrarion, 1 1 8-1 1 9, I !St  
in itial treatment, I l S- 1 1 9, I !St  
mortality rares, 1 1 7  
unstable patients with, 1 17-1 23 

circulation 
assessment in children, 230-233 
assessment in neonates, 21 5-21 G 
assessment in ventilated patients, 2 1  
interventions in children, 236-237 
in  intracranial hemorrhage, 161-162 
in resuscitation, 39-40 

circulatory support, pose-cardiac arrest patients, 
47-48 
circulatory system, water pump analogy, 3/ 
cirrhosis, septic shock in ,  3 
cisatracurium, 1 61 ,  227t 
clonazepam, 48 
clopidogrel, 72 
coagu larion factor deficiencies, 1 54 
coaguloparhy, end-organ dysfunction and, 1 10 
cocaine, 1 26, 1 74 
colloid oncoric pressure (COP), 26, 33 
colloids 

boluses, 30 
composition of, 33 
in  IV fluids, 32t 
selection for resuscitation, 33 

Combirube, 7-8, 228 
compensated shock, 27, 28 
complete atrioventricular dissociation, 57-58, 
59/ 
complex partial seizures, 170 
compressions. see chest compressions 
computed tomography (CT) 

bedside, 143, 143t 
intracranial hemorrhage, 160/ 
inrraparenchymal hematoma, IGO/ 
inrravencricular hen1orrhage, 160/ 
in traumatic injuries, 144 

congenital diaphragmatic hernias, 2 1 8t 
congeniral heart diseases (CHO) 

in neonates, 2 18-21 9  
presentation i n  infants, 2 17t 

continuous positive airway pressure (CPAP), 1 19 
cooling, mechanical, 166 
Cormack-Lehane grades of visualization, G/ 
coronary artery bypass grafting (CABG), 72, 73 
coronary perfusion pressure (CPP), 40 
cortical hyperexcirabiliry, 1 7 1  
corticosteroids. see also specific steroids 

for anaphylaxis, 1 82-183 
for asthma, I ! S t  

cranioromy, hemaroma drainage, 164 
crashing trauma patients, 1 39-149 
creatine kinase levels, 17 1  
crepitus, subcutaneous, 19  
cricoid pressure, direct, 1 1  
cricothyrotomy, 7, 228, 229 
cryoprecipirare, 1 5 1 ,  154-155 
cryptic shock, 1 1 0  

description of, 27 
crystal lo ids 

boluses, 30 
composition of, 32-33 
in IV fluids, 32t 
in neonatal resuscitation, 2 16 ,  2 l Gt 
for post-cardiac arrest patients, 47 
requirements, 30 
selection for resuscitation, 32 
in  severe GI bleed, 1 02 



cyanide 
antidotes, 1 35t 
hyperrhermia and, 1 33 
toxicity, 135-136 

Cyanokir, 136 
cyanosis, central, 2 13  

D 
D sign, 190, 1 9 1 ,  19 1/ 
deep venous thrombosis (DVT), 49 
defibrillation 

chest compressions and, 40 
i n  chi ldren, 232 
feedback-enabled devices, 43 
waveform analysis, 43 

delivery, complicated, 203-207 
breech presentarion, 204-205, 204/ 
postpartum hemorrhage, 204, 204t 
shoulder dystocia, 203 
umbil ical cord prolapse, 204 

delivery, normal, 202, 202/ 
delivery kits, ED, 201 ,  20 1 t  
desmopressin, I 02 ,  157 
dexamerhasone, 1 14 
dexmedetomidine, 22 
dexrrose (D,0W), 216  
dextrose (D50W), 216  
diagnostic peritoneal lavage (DPL), 144-145 
diagnosric toolbox 

laboratory resting, 142-143 
physical examinarion, 142 
plain film imaging, 1 43 
ultrasonography, 143-144 

diazepam, 172 
difficult a irway carts, St 
difficult a irways 

assessment of, 5-6 
in children, 228-229 
cl inical scenarios, 1 2t 
management grid, 1 3/ 
management of, 8-1 1 
prediction of, 145 
difficult deliveries, 199-208 

diffuse axonal injury, pediatric, 238 
digoxin, 63 
di lriazem, 59, SOt 
diphenhydram ine, 1 26, ! S i t  
disseminated intravascular coaguloparhy, 1 33 
drsrnbuttve shock, in children, 230t 
dizziness, posmral, 28 
dobutamine 

in cardiogenic shock, 72 
i n  children, 233 
i nfusion rates in chi ldren, 23 l t  
fo r  poisoned patients, 130 
support in pulmonary embol i ,  94t, 94 
support i n  sepsis, 1 1 3  
for unstable thoracic aortic dissection, S2t 
use in  undifferentiated shock, 2t 

dopamine 
for bradycardic patients, 53 
in children, 233 
infusion rares in chi ldren, 23lt  
MAP and ,  47 
in neonares, 2 16, 216t 
for poisoned patients, 130 
support i n  pulmonary emboli, 93 
support in sepsis, 1 1 2  
fo r  unstable thoracic aortic dissection, 82t 
use in undifferentiated shock, 2t 

DOPE mnemonic, 228, 236t 
dorsal l i rhotomy position, 201 
dysrhyrhmias, pediatric, 229t 

E 
E-Z 10 dri l l, 43 
echoca rd iography 

aortic arch, 192/ 
aortic d issection on, 192/ 
apical view, 189/ 
bedside, 187 
cardiac arrest on, 196 
di lated ventricle on, 188/ 
in ferior vena cava, 192-194, 1 93/ 
lung, normal, 193/ 
lung poinr sign, 194/ 195, 196t 
subxiphoid view, 189/ 190/ 
technique, 1 87-192 
thoracic aorta, 192, 192/ 
wall morion defects in, 19 1-192 

ectopic pregnancy, 4 
edentu lous patients, 6 
effective circulating volumes (ECV), 26 
electrocardiography (ECG) 

abnormalities i n  status epilepticus, 170 
in ant idepressanr poisoning, 1 26/ 
atrial fibri l larion, 62/ 
in cardiogenic shock, 72t 
first-degree AV block, 56f, 57 
paroxysmal supraventricular tachycardia 
(PSVT), 60/ 
in pulmonary emboli, 90 
QTc prolongation, 128/ 
second-degree AV block, 57, 57f 58/ 
sinus bradycardia on, 54, 54/ 
sinus tachycard ia, 61/ 
WPW syndrome, 66f 67t 

electrolytes, 34t, 35 
embolectomy, 96 
emergency ai rway managemenc, 5 
emergency medical systems (EMS) 

basic Ii fe support (BLS), 41 
cardiac arrest guidelines used, 37 
CCR protocol, 40/ 
medical control, 41  

Emergency Medical Treatment and  Labor Act 
(EMTALA), 1 99 
emergency transfusions, 15 1-157 
emergent deliveries, 201t  
ernpiric volume challenge, 30 
enalapril, 80t 
encephalography, post-arrest, 48 
endoscopy, ernergent, I 03t, 103 
endorracheal rubes (ETs) 

in children, updates, 236 
drugs given through, 237t 
evaluation of, 20-21 
LMA size compared with, 227t 
migration, 19 
for neonates, 212 ,  214t 
pediatric sizes, 225t, 227 
positioning of, 19, 22 

epidural hernaromas, pediatric, 237 
epilepsy, incidence of, 1 67 
epinephrine 

for anaphylaxis, 1 8 1 ,  ! S i t, 183 
for bradycardic patients, 53, 231 
chest compressions and, 4 1  
in children, 232 
di lution for IV use, 1 82t 
endorracheal delivery of, 233 
infusion rates in children, 231 t 
in neonatal resuscitation, 209, 21 1 ,  2 16 ,  2 1 6t 
ped iarric parients and, 182 
physiologic effect in anaphylaxis, ! 82t 
push admin istration in  shock, 2t 
self-adrnin isrrarion, 1 84t 
support in pulmonary ernbol i, 93t, 94 
for unstable thoracic aortic dissection, 82t 

Index 

use in undifferentiated shock, 2t 
EpiPen J r, 1 84 
EpiPens, 1 8 1 ,  1 84 
episiotorny, 201-202 
eryrhrornycin  ophthalmic o inrmenr, 217 
Eschrnann introducers, 19  
esrnolol, 59 ,  80t  
esophageal-tracheal cornbinarion rube (Cornbi­
rube), 228 
ethanol, withdrawal, 1 32 
ethylene glycol poisoning, 1 36-137 
etomidare, 81 

as an induction agent, 9-10 
in i nrracran ial hemorrhage, 1 6 1  
pediatric RS I  and, 227t 
in RSI, 9t 
for RSI patients in shock, 1 0, 146 

expirarory positive ai rway pressure (EPAP), 1 20 
extracellular fluid 

retention of, 25 
volume of, 26/ 

exrracorporeal l i fe support (ECLS), 74 
exrracorporeal membrane oxyoenarion (ECMO) 
48, 74 

" , 

exrubarion, un intentional, 23t 

F 
facial hair, BVM use and, 6 
factor V I I I, 154 
factor XII I ,  1 54 
fa lse labor, 201  
febrile seizures, 1 69 
fentanyl, 9, 9t, 22-23, 227t 
feral stations, 201 
fibrinolyric therapy, 73, 95 
flow, 30t 
fluid distribution, principles of, 25-26 
fluid flow rates, 30t 
fluid flux 

Starl ing law, 27 
fluid loss, causes of, 29t 
fluid management, 25-36 
fluid rnovement, principles of, 25-26 
fluid resuscitation, 29-31 

burn patients, 34 
end points of, 29-30, 31  t, 32 
fluid selection, 32-34 
intravenous access, 29 
min imal volume, 34 
pediatric patients, 237 
volurne responsiveness and, 30-31 

fluid therapy 
maintenance level, 34t, 35 
for post-cardiac arrest patients, 47-48 
for pulmonary emboli, 91-93 
in sepsis, 1 1 1- 1 1 2  
i n  traumatic injury, 146 

focused assessment with sonography for trauma 
(FAST) views, 4,  140, 143, 1 87, 241 
fomepizole, dosing regimen, 1 36t 
formic acid, 1 36 
fosphenytoin, 1 66,  172, 172t 
fresh frozen plasma (FFP) ,  1 5 1 ,  1 54 
functional residual capacity (FRC), 226 
furosemide, i n  neonates, 216t 

G 
')'-am inoburyric acid (GABA) 

failure of, 169 
impaired synthesis of, 174 
mechanism of action, 1 32 

gas exchange, assessment ot, 2 1  
gastric ulcers, GI  bleeding and, 1 03 
gastrointestinal decontamination, 1 25-126 
gasrroi nresci nal hemorrhage 
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algorirhm, 100/ 
causes of, l O l t  
definirion of, 99-1 0 1  
rrearmenr strategies, 102t 
unsrable parienr wirh, 99-105 

gasrroschisis, 2 1 8t 
genramicin, in neonares, 2 16t, 2 17-21 8  
Glasgow Coma Scale scores (GCSs), 1 4 1 ,  1 43t 
glucagon 

for anaphylaxis, 1 83 
for anrihypertensive overdose, 1 29, 1 30t 
for bradycardic pariems, 52-53 

glucose. see also hyperglycemia 
bedside resring, 170 
infusions of, 35 
moniroring levels of, 49 

glutamate, mechanism of action, 1 32 
glyceryl rrinirrate, 94 
graft-versus-hosr disease (GVHD) ,  156 
grouped bearing ofWenckebach, 57 
gum elasric bougies, I I t, 19, 1 9t 
Cyromitra mushrooms, 1 32 

H 
Hagen-Poiseuille equarion, 30t 
hand venrilarion, 19 
head injuries, pediarric, 237-238. see also rrau­
maric brain injury 
hearr rates 

in neonares, 2 15  
volume deplerion and, 28 

heat loss, in  neonares, 2 1 1  
heliox, fo r  asthma, 1 I S ,  I ! St, 1 19 
hemarocrit, hemorrhage and, 152 
hematomas, size of, 1 59, 160 
hemodynamic stability 

assessmenr in ventilated patienrs, 1 5- 18  
venrilaror-induced, I S  

hemoglobin levels, 49, 152 
hemoperironeum, 144 
hemorrhage, gastroimestinal, 99-105 
hemorrhagic shock 

classes of, 28/ 
minimal volume resuscitation in, 34 
in severe GI bleed, 1 02 

hemostaric resuscirarion, 1 53, 1 53t 
hemorhorax, RUSH scan for, 4 
heparin 

for cardiogenic shock, 72 
low-molecular weighr, 95, 96 
supporr in pulmonary emboli, 95 
thrombocytopenia induced by, 154 

H I-MAP acronym, 4 
hydralazine, 94 
hydrocephalus, ICH and, 1 59 
hydrocorrisone, 1 14 
hydromorphone, 22-23 
hydroxocobalamin, 1 35t, 136 
hydroxyethyl starch (HES), 33 
hyperbil irubinemia, 1 10 
hypercapnia, 22-23, 47 
hyperglycemia. see also glucose 

after !CH, 166 
managemem of, 49 

hyperinsulinemia euglycemia rherapy (HIET), 
1 30-13 1 ,  1 30t 
hyperkalemia, succinylcholine-induced, ! Ot, 170 
hyperoncoric albumin, 34 
hyperrension 

amihyperrensive overdose, 1 29-1 3 1  
i n  inrracerebral hemorrhage, 1 62 
scarus epilepricus and, 170 

hyperrherm ia 
post-cardiac arresr, 48 
starus epilepricus and, 170 
toxin-induced, 1 32t, 1 33-134 
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hyperventilarion, 147 
hypoalbuminemic srares, 34 
hypoalbuminemia, 33 
hypocalcemia, 3 
hypoglycemia, 170-171 
hypokalem ia, 1 20 
hyponarremia, 1 32 ,  133 
hypoperfusion. see also malperfusion 

cardiogenic shock and, 69 
causes of, 1 1 0 
clinical markers of, ? I t  
occulr, 27 
persisrent, 31 
in  severe sepsis, 1 1 2  

hyporension 
a irway management and, 8 
blood loss and, 1 52 
in chi ldren, 237t 
definition of, 1 5  
evaluarion of, 27, 28  
positive pressure venrilation and, 1 2 1  
rransiem, 27 
undifferenriated shock and, 29t 

hypothermia 
cardiac arresr and, 42 
in  pediarric patiems, 43 

hyporhermia, therapeuric 
in chi ldren, 233 
conrraindications, 48 
post-cardiac arrest, 48 

hypotonic solurions, 33 
hypovenrilation. idemification of, 20 
hypovolemia 

causes of, 28 
clinical signs of, 26-27 
pathophysiology of, 26 
i n  sepsis, 1 1 1 -1 1 2  

hypovolemic resuscirarion, 146 
hypovolemic shock, 230t, 232 
hypoxemia, 89 
hypoxia 

ai rway management and, 8 
bradyarrhythmias and, 231 
definition of, 15 
diagnosis of, 21  
rests in  neonates, 218 

ice baths, 1 33 
idiovenrricular rhythm (bradycardia), 55-56 
immunocompromise. sepsis and, 1 09-1 1 0  
immunoglobulin E,  177-178 
infection control priorities, 1 1 3t 
infections 

emergency source conrrol, 1 14, I 14t 
severe sepsis and, 1 1 0 
rransfusion-related, 155 

in ferior vena cava, 192-194, 193/ 
informed consent, perimorrem cesarean section 
and, 207 
inotropes, support in PE, 94-95 
inspirarory hold, pressure-rime curve, 22/ 
inspiratory positive airway pressure ( !PAP), 120 
inrensive care units  (ICUs) 

transfusions in, 1 5 1  
inrernarional normalized rario ( INR), 1 54  
interstitial fluid, volume of, 26t 
intraaorric balloon pumps (IABP) 

conrraindications, 74t 
for pose-cardiac arrest patients, 48 
recom mendacions, 73t 
reperfusion therapy, 73 

inrracellular fluid, volume of, 26t 
intracerebral hemorrhage (!CH), 1 59-166 

emergency deparcmenr management, 16 l t  
hemostatic therapy, 1 62-163 

large imraparenchymal, I 65/ 
outcome predictors, 1 59 
pathophysiology, 159-160 
subcorrical, 1 66/ 
surgical interventions, 1 64-165, 164t 

inrracranial hyperrension, 147 
imracran ia l  injuries, idenrificarion of, 143t 
inrracranial pressure (ICP), increased 

CPP-guided therapy, 163 
hypercapnia and, 47 
laryngeal stimulation and, 9 
monitoring of, 1 64t 

imralipid infusions, 1 3 l t, 1 3 1  
imraosseous l ines, 233 
intraparenchymal hematoma, 160/ 
imravascular fluid consriruenrs, 26 
i ncravenous access, 29 
imravenous fluids, 32t 
intravenous immunoglobul ins (IV!Gs), polyva­
lem, 1 1 5 
imravenrricular hemorrhage ( IV H) ,  1 59, 1 60/ 
imubating stylers, 19  
intubation 

of asthmatic patients, 1 20 
of chi Id ren, 236 
cl inical markers for, 1 20t 
of COPD pariems, 1 20 
difficulr, 5 
equipment needed, 226t 
inrerruprion of CPR, 39 
in  neonatal resuscitation, 2 1 0, 2 1 2  
preoxygenation and, 9 
in severe G I  bleed, I O I  
use of flexible fiberopric scopes, 8 

ipecac, syrup of, 1 25  
ipratropium, ! ! S t  
iron toxicity, 135  
ischemia, cardiogenic shock and ,  72-73 
isoniazid 

benzodiazepine-resisrant seizures, 1 32 
seizures induced by, 1 74 
roxicity, 135 

isoproterenol, 53, 94 

J 
jaw thrust maneuvers, 6 
jugular vein disrention, 4 
juncrional bradycardia, 54-55, 55/ 

K 

ECG diagnosis, 55, 55/ 
management, 55 

kerarnine 
for pediatric RSI, 22t 
for RSI, 9t, 1 0, 120 
for RSI parienrs in shock, IO ,  146 

Kororkoff sounds, 27 

L 
labetalol, 80t 
labor, normal, srages oF, 201-202 
laboring patients. see also delivery, complicated 

assessmenr of, 199-20 1 ,  200/ 
triage of, 200/ 

lacrare levels 
end-organ dysfunction and, 1 10-1 1 1  
sepsis outcomes and, l 1 3  
transfusion indications and, 152 

lacric acidosis, 1 35 
laryngeal mask a irways (LMAs), 7-8, 227t 
laryngoscopy 

Cormack-Lehane grades of visualizarion, 6/ 
difficulr, 5 
ped iacric blade sizes, 225t 
physiologic responses ro, 9 



prediction of difficulty with, 6-7 
techniques, I I  
video, 228 

LEAN mnemonic, 233 
left ventricle, free wall rupture, 75 
LEMON mnemonic, 145, 226t, 228 

for ai rway assessment, 6-7, 7t 
Leopold maneuvers, 20 I 
leptomeningeal cysts, 238 
leukocytosis, infection and, I 09 
leukotriene inh ibitors, I I 9  
levalbuterol, for asthma, I I 8 ,  l 18t  
levetiracernm, 173 ,  1 73t 
lidocaine 

chest compressions and, 4 1  
endorracheal delivery of, 233 
in pediatric RSI, 227t 
in RSI ,  9t 
for type IA poisoning, I 27t 

limb-rhreatening injuries, I 44t 
Linton-Nachlas rubes, 1 04, 1 04t, 1 05f 
liver, pediatric injuries, 240-242 
loratacline (Claritin), 182 
lorazepam, 166, 1 7 I-I 72 ,  17lt  
Lund protocol, 1 63 
lung 

echocarcl iographic examination, 1 93f 
traumatic injuries, 239-240 
ulrrasonographic evaluarion, 1 94-195 

lung point s ign,  1 94/, 195,  I 96f 
"lung-slide," on ultrasound, 20 

M 
magnesium sulfate 

for asthma, 1 1 8t, I I 9  
chest compressions and, 4 1  
i n  children, 232 
shivering threshold and, 48 

maintenance fluid therapy, 34t, 35 
malignant hyperrhermia 

antidotes, I 33t 
cl inical features, I 32t 

Mallampari scores, 6, 7 
Mallory-Weiss rears, I 03-I04 
malperfusion. see also hypoperfusion 

organ, 82-83 
signs of, 80t 

mann itol, 147, 163t 
massive transfusions, 1 53 
McConnell sign, 1 90, I 9 I  
McRoberrs maneuver, 203, 203f 
mean arterial pressure (MAP) 

cirrhosis and, 3 
fluid therapy end points, 3 1 t  
i n  hypertensive en1ergencies, 78 
maintenance of, 26 
organ perfusion and, 47 
in shock, 2 

meconium 
amniotic fluid stained with, 2 1 2  
aspiration of, 2 1 2 ,  2 I 3f 

membranes, water crossing of, 25 
merabolic acidosis, severe, 1 34-135 
merformin, toxicity of, I 35 
methadone, QTc prolongation and, 1 28f 
methanol, ingestion of, I 36 
methemoglobin, 1 36 
methicill in-resistant Staphylococcus aureus 
(MRSA), I I4 
methylpred n isolone 

for anaphylaxis, 1 8 1 t  
for asthma, 1 18t 
for COPD, 1 18t 

metoprolol, 59, 80t 
microvascular insufficiency, 27 
midazolam 

pediatric RSI and, 227t 
for RSI patienrs in  shock, I O  
in status epi lepricus, 172 

Mi l l  er blades, 2 1 2  
milrinone 

for myocardial inotropy, 1 3  I 
in neonates, 2 I6 ,  216t 
support in pulmonary emboli, 94 
supporr in sepsis, 1 1 3  

minimal volume resuscitation, 34 
Minnesota rubes, I 04, I 04t 
morphine, for ventilarecl patients, 22-23 
mouth-to-mouth ventilation, 39 
multisystem organ failure, 1 33 
myocardial contusions, 239 
myocardial stunning, 239 
myoclonus, post-cardiac arrest, 48 

N 
N-merhyl-D-asparrare (NM DA) receptor, 1 69 
Nagele rule, I 99 
naloxone 

endotracheal delivery of, 233 
in neonaral resuscitation, 2 I 6, 2 I 6t 

narrow complex tachycardia (NCT), 58-60 
in chi ldren, 231 

nasogasrric rube (NGT), I 02 
NAVEL mnemonic, 237t 
needle cricorhyrotomy, 228 
needle decompression, 20 
neonates 

clin ical classification of, 2 I 2t 
congenital anomalies, 2 18 t  
discontinuing resusciracion i n ,  2 19  
drugs used in resuscitation, 2 1 6t 
exrrauterine blood flow, 2 I If 
heat loss in, 2 I 8  
identification o f  critical i l lness in, 2 I  I -2 I 6  
intrauterine blood flow, 2 I if 
resuscitation algorithm, 20 If 
resuscitation equipment, 2 I I ,  2 I 2t 
resuscitation of, 209-220 
rests for hypoxia, 2 1 8  
withholding resuscitation i n ,  2 I 9  

nesi ritide, 94 
neuroleptic malignant syndrome, I 32t 
neuromuscular blockers 

avoidance of, I I4 
in RSI, I O  

neuroprotection, post-cardiac arrest, 48 
neuroresusciration, 146 
NEXUS decision tool, 238-239 
tv<'-monomethyl-L-arginine (L-NMMA), 75 
nitric oxide, delivery systems, 94 
n itroglycerine, 94 
nitroprusside, 80t, 94 
noni nvasive positive-pressure ventilation 
( N PPV), I 20-I 2 I  

for asthma, I 1 8  
contraindications, 1 19t 
for COPD, I 1 8  

norepineph r i  ne  

0 

in children, 233 
infusion rares in children, 231t  
for poisoned patients, 1 30 
support in pulmonary emboli, 93, 94t 
support in sepsis, 1 1 2 
for type IA poisoning, 1 27t 
for unstable thoracic aorric dissection, 82t 
use in unclifferenriared shock, 2t 

obesity, BVM use and, 6 
occult hypoperfusion, 27 
occu Ir shock, 1 I 0 

Index 

octreotide, I 02t, I 03 
older patients, BVM use and, 6 
omeprazole, 1 02t 
omphalocele, 2 1 8t 
opioids, withdrawal, I 32 
oral ai rways 

BVM use and, 6 
in chi ldren, 226 

organophosphares, 1 35-136 
orrhosraric hyporension, 27 
osmolar gap, calculation of, 135t  
osmosis, 25  
oxalic acid, 1 36 
oxygen 

delivery in healthy persons, 1 52 
delivery to neonates, 2 13-214 
during hand venrilarion, 1 9  
sys rem i c  de! ivery of, 27/, 29 

oxygenation, post arrest, 47 
oxytocin, 207 

p 
packed reel blood cells (PRBCs), 146.  see also reel 
blood cell transfusions 

l ikelihood of benefit from, 152t 
shelf l ife of, 1 5 1  
transfusion of, 1 5 1  

pancuronium, 227t 
panroprazole, 1 02t 
papillary muscle rupture, 75 
paralytics, i n  RSI ,  10 
parasternal long-axis (PSLAX) views 

left ventricular function on, 1 89-190 
pericardia! effusion on, 1 89f 
techniques, 1 87- 190, 1 8 8f 

parasrernal short-axis (PSSAX) views, 187 
pericardia! effusion on ,  1 90/, 1 9 1f 

Parkland formula, 33t, 34 
paroxysmal supravenrricular tachycardia 
(PSVT), 5 1 ,  58-6 1 ,  60f 
partial thromboplastin rime (PTT), 154 
passive leg raising (PLR),  192 
patient positioning, for laryngoscopy, 1 I 
patient transfers, preparation for, 148, 148t 
parient-ventilarory synchrony, 1 2 1  
peanuts, anaphylaxis and, 1 78 
pediatric assessment triangle (PAT), 221 ,  225 
pediatric patients 

abdominal injuries, 240-242 
ai rway 1nanagement, 226 
bradyarrhyrhmia algorithm, 224f 
cardiac arrest algorithm, 223f 
cardiac arrest in, 42-43, 230-231 
cerebellar/infrarenrorial bleed, 1 65f 
cervical spine injuries, 238-239 
chest injuries, 239-240 
emergent intubation in, 9 
epinephrine dosage in, 1 82 
estimation of weight, 225 
head injury i n, 237-238 
primary survey, 225-233 
pulmonary injuries, 239-240 
resuscitation, 221-234 
shock in, 232-233 
signs of respirarory distress, 225t 
spinal cord injuries, 239 
srarus epilepricus in, 1 69 
rachyarrhyrhmias algorithm, 222f 
trauma updates, 235-242 
vascular access in, 233 
venrilatecl, crash ing, 23, 23t 
viral signs by age, 228t 

pelvic radiography, bedside, 143 ,  143t 
penetrating injuries, 1 42t 
penrobarbiral, 1 73t 

in status epilepricus, 173 
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peptic ulcer disease, 103t 
percutaneous coronary intervention (PC!), 42, 
72 
pericardia! effusion, 1 88-189, 189j 19 1/ see nlso 
cardiac ramponade 
pericardia! ramponade, 4 
phenobarbital, 173 
phenorh iazi nes, 63 
phenylephrine 

in  cardiogenic shock, 72 
for hyporension, 1 2 1  
M A P  and, 47 
for poisoned patients, 130 
push administration in  shock, 2t 
support i n  pulmonary emboli, 93t 
use i n  undifferentiated shock, 2t 

phenytoin 
for seizures in  !CH, 166 
in starus epilepricus, 1 7 l t, 172 

phosphodiesterase inhibitors, 131 
Pinard maneuver, 204/ 
plasma, volume of, 26t 
plasma transfusions, 154, 1 54t 
plasmapheresis, 154 
plateau pressures, pressure-rime curve, 22/ 
plarelers, transfusion, 153-154, l 53t 

frequency of, 15  l 
in severe G I  bleed, 1 02 

pleural effusion 
RUSH scan for, 4 
ultrasonographic evaluation, 195 ,  195/ 
ulrrasonography, 196/ 

pneumorhorax 
ai rway pressures and, 214 
evaluation for, 20 
needle decompression, 20 
in neonates, 214 
RUSH scan for, 4 
ulrrasonographic evaluation, 194-195 
in ventilated patients, 1 8  

poisoned patients 
antihypertensive overdose, 1 29-131 
assessment, 125 
cardiac arrest in,  42 
critically i l l, 1 25-137 
unstable bradycardia and, 52 

positive end-expiratory pressure (PEEP) 
in chi ldren, 229 
intrathoracic pressure and, 1 20 
waveforms, 1 22/ 

positive pressure ventilation 
complications of, 1 2 1  
for neonates, 2 l l 

post-cardiac arrest patients, 45-50, 46/ 
post-cardiac arrest syndrome ( PCAS), 45 
post-resuscitation disease, 45 
postpartum hemorrhage, 204, 204t 
potassium, fluid therapy and, 34t 
pralidoxime, 1 34, 1 34t 
pregnancy 

d ifficult del iveries, 1 99-208 
ectopic, 4 
emergent deliveries, 201t  

premacure infancs 
defin ition of, 21 l 
heat losses in, 21 l 

preoxygenation, before intubation, 9 
pro-natriuretic peptide (proBNP), 90 
proca inamide, 23 l 

for VT, 65 
pro po fol 

dosing in status epilepticus, 173 
in intracranial hemorrhage, 161  
in mechanical ventilation, 22-23, 121  
for RSI ,  9t ,  10 ,  1 20 
for seizures, 1 32t 
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propranolol, 80t 
propylene glycol toxicity, 1 35 
prostaglandins 

inhaled, 95 
i n  neonates, 2161, 217 

protamine sulfate, 163 
prothrombin ti mes (PT), 154 
proton pump inhibitors (PPls) ,  103 
pulmonary emboli (PE) 

biomarkers, 90-9 l 
cardiac hemodynamic relationships, 89/ 
cl inical presentation, 89-90 
diagnostic findings, 90t 
echocardiographic findings, 19 1  
hemodynamic support agents, 94t 
post-cardiac arrest, 48-49 
respiratory management, 931 
right ventricular strain in, 190-191 
RUSH scan for, 4 
supportive care, 91-94 
thrombolytic therapy, 95t 
unstable patient with, 87-97, 88/ 

pulmonary insufficiency, 89 
pulse oximetry, in neonates, 213-214, 2 1 8  
pulse-pressure variation (PPV), 192 
pulseless electrical activity (PEA), 23 l, 232 
pulsus alternans, 239 
pyridoxine (vitamin BG), 1 32-133, 1 32t 

Q 
QRS prolongation, 1 26-1 27, 1 26/, l 27t 
QTc waveforms 

drugs affecting, l 29t 
normal range of, 128 
prolongation, 1 27-128,  1 28/ 

quinine, cardiotoxicity, 1 26 

R 
raccoon eyes, 23 7 
rapid sequence intubation (RSI) 

in asthmatic patients, 1 20 
checklist, St 
contraindications, 2 13  
i n  crashing trauma patients, 140 
difficult ai rways and, 6 
drugs for, 9t 
pediatric drugs, 227t 
in severe GI bleed, 10 1  

rapid ultrasound for shock and hypotension 
(RUSH), 4, 4f 
rapid ultrasound in shock (RUSH) protocol ,  1 87 
recombinant activated factor V i l  (rFVIIA), 1 57, 
163 
recombinant human activated protein C 
(rhAPC), 1 14 
red blood cell transfusions, 15 1-152, l 52t. see 
also packed red blood cells (PR BCs) 
relative adrenal insufficiency, 1 14 
relaxants, in RSI ,  l 0 
reperfusion therapy 

cardiogenic shock and, 72-73 
post-cardiac arrest, 50 

rescue ai rways 
d ifficult placement of, 5 
strategies for, 1 2-13 
techniques, l l-13 

respiratory distress in chi ldren, 225t 
respiratory failure, signs of, l l 8 
respiratory system compliance, l9t 
resuscitation 

algorithm for neonates, 201/ 
of critically injured patients, 145 
discontinuation of, 2 19  
drugs used i n  neonates, 216t 
end-points in sepsis, 1 1 2- 1 14 

equipment for neonates, 21 1 
hemostatic, 1 53, 1 531 
in hypotensive patients, 190 
hypovolemic, 146 
neonatal equipment, 201 ,  2 1 2t 
neonatal need for, 2 l l t  
o f  neonates, 209-220 
optimization of, 146 
pediatric patients, 221-234, 237 
postresuscitation i n  chi ldren, 233 
postresuscitation tests, 217-218  
prioritized end-poi ms, 1 1 1  t 
pulmonary emboli and, 9 1  
in severe G I  bleed, 10 1-102 
in traumatic brain injury, 147 
withhold ing of, 2 1 9  

resuscitation reams, 37 
return of spontaneous circulation (ROSC), 39, 
42 
revascularization, 73. see also reperfusion therapy 
Rh antibodies, 1 5 1  
rhabdomyolysis, 1 7 1  

toxin-induced hyperthermia and, 1 33 
rib fracru res, 239 
right ventricular dysfunction, 89 
rocket fuel ,  1 32 
rocuronium, 1 0, 16 1 ,  227t 

s 
salicylate poisoning, 1 34 
sclerotherapy, I 03-l 04 
"seashore sign," 2 lj 195/ 
sedation 

evaluated in ventilated patient, 22-23 
of intubated patients, 1 2 1  

seizures 
absence type, 170 
complex partial, 170 
febrile, 169 
in !CH, 166 
neuronal death in, 169 
secondary, l 69t 
simple partial, 170 
toxin-induced, 1 3 l t, 1 32t, 1 32-133, 1 74 
toxin-induced hypertherrnia and, 1 33 

Sellick maneuver, 1 1 ,  227 
Sengstaken-Blakemore rubes, 1 04, 1 04t 
sepsis 

adverse outcomes and, l ! Ot 
description, l 09t 
mortality rates, 107 
in neonates, 217-2 18  

sepsis, severe, 107- 1 1 6  
adjunct therapies for, 1 14- 1 1 5 ,  1 14t 
critical care support therapies, l 15t 
description, 109t 
resuscitation endpoints, I 1 2-1 14 
septic shock and,  1 07- 1 1 6  
syndromes related to, 1 09t 
treatment algorithm, 108/ 

septic shock 
in chi ldren, 232 
cirrhosis and, 3 
crystalloid requirements in ,  30 
description, 1 09t 
propofol contraindication, 10 
severe sepsis and, 1 07-1 16  

treatmenr algorithm, 108/ 
serotonin  syndrome, l 32t, l 33t 
severe sepsis. see sepsis, severe 
Severe Sepsis Bundle, 1 1  l t  
shivering thresholds, 48 
shock 

acme hemorrhagic, 29/ 
anaphylactic, 3 
cardiogenic, 3-4, 69-76, 230t, 232-233 



causes in children, 229t 
in chi ldren, 232-233 
compensated, 27 
cryptic, 27, 1 1 0 
defi n ition of, 27, 1 1 0 
description, I 
distributive, 230t 
fluid therapy, 29 
hemorrhagic, I 02 
hypovolemic, 230t, 232 
managemem of, 145-146 
occult, 1 1 0  
septic, 3 ,  30, 232 
signs i n  chi ldren, 230t 
i n  the trauma patiem, 142t 
uncompensated, 27, 1 10 
undifferemiated, 1-4, 29t 

shock index (SI) ,  28 
shoulder dystocia, 203 
sildenafil, 95 
simple partial  seizures, 170 
sinus bradycard ia (SB), 53-54 
sinus tachycardia, 28, 6 1/, 231  
S I RS .  see systemic i n flammatory response 
syndrome (SI RS) 
skull fractures, 238 
"sn i ffing position," 6, 226 
snoring, BVM use and, 6 
SOAP M E  mnemonic, 226t, 227 

i n  children, updates, 236 
sodium, fluid therapy and, 34t 
sodium bicarbonate 

in neonatal resuscitation, 2 16 , 2 16t  
packaging of, 1 27 
for sodium channel blockade, 1 26 
for type IA poisoning, 1 27t 

sodium n itrite, 135 ,  135t  
sodium thiosulfate, 1 35 ,  1 35t 
somaroscarin, 1 03 
spinal cord i nj u ries, pediatric, 239 
spinal cord injury without radiographic abnor­
mality (SCIWORA), 239 
spleen, pediatric injuries, 240-242 
ST-segment elevation myocardial i n farction 
(STEM!)  

bradycardia and,  54 
cardiogenic shock and, 69 
i n  the ED, 5 1  

Stanford system, 77, 78/, 79/ 
Staphylococms aureus, meth icil l i  n-resistant 
( M RSA), 1 14 
Starling forces, 26 
Starling law, 27t 
status asthmaticus, 22 
status epilepticus, 167-175 

background, 1 67-169 
definition of, 167 
emergency department evaluation, 1 70-17 1  
etiology of, 1 69 
fosphenyroin dosing in,  1 72t 
levetiracetam dosing in,  173t 
lorazepam dosing in,  1 7 1 t  
managemem algorithm, 168/ 
nonconvulsive, 173-174 
pathophysiology of, 1 69 
pentobarbital dosing in,  I 73t 
pharmacologic-induced, 174, 174/ 
phases of, 1 70 
phenobarbital dosing in,  I 73t 
phenytoin dosing in,  1 7 1 t  
propofol dosing in,  1 73 
subtle, 173-174 
toxin-induced, 1 32 ,  174, 174/ 
types of, 1 70 
valproic acid dosing in,  I 72t 

steroids, contraindications, 238, 239 

stratosphere/barcode sign, 21/ 
streptokinase, 95t 
stress-related mucosa! inju ry, 49 
stroke, moderate subcortical ! C H ,  166/ 
stroke volume 

preload and, 30 
respirophasic, 31  

subdural hemaromas, pediatric, 237 
subdural hygromas, pediatric, 237 
succinylchol ine 

adverse effects, 170 
hyperka lemia induced by, I O t  
pediatric R S I  and, 227t 
in RSI ,  I O  
i n  R S  I patients i n  a s  t h  ma, 120 

suction catheters, 19  
suctioning, in neonates, 2 1 2  
sugammadex, J O  
supraventricular tachycardia (SVT), 65-67, 23 1 
Surviving Sepsis Campaign, 1 1 1 , 1 1 1  t 
suspended ani mation prococols, 43 
sympathomimeric excess, 1 32t 
systemic inflammacory response syndrome 
(SI RS), 1 07 

T 

description, I 09t 
treatment algorithm, 108/ 

rachyarrhyrhmias, 58-63. see also specific ar­
rhythmias 

cardioversion, 71 
in pediatric patiems, 222/ 
tamponade and, 239 
wide complex tachycard ia, 63-67 

ramponade, tachyarrhyrhmias and, 239 
Tandem Heart device, 74 
temperature, assessment in neonates, 21 1 -2 1 3  
tension pneumothorax, i n  ventilated patients, 1 8  
terburaline, for asthma, 1 1 8 
rerlipressin, GI bleeding and, 103 
tetra logy of Failor, 218 
thiopemal, 227t 
thrombolyric therapy 

agents in acute PE, 95t 
conrrainclicarions, 95t 
guidelines i n  PE,  94t 

thoracic aorta, examination, 192 
thoracic aortic d issecrion 

anrihyperrensive agents in, 80t 
classification system, 77 
description, 77-83 
mortality rares, 78 
prognostic faccors, 8 l t  
surgical management, 83t 

thoracic inju ries, identification of, 143t 
rho racotomy, ind ications, 240 
rhrombocycopenia, 1 1 0, 154 
thrombolytic therapy, 48-49, 95-96 
TICLS mnemonic, 221 
coluene toxicity, 1 35 
tongue, ai rway obstruction by, 6 
rorsade de pointes, 1 28-129 

drugs-induced, I 29t 
coral anomalous pul monary venous rerurn 
(TA PVR), 218-219  
coral body water estimates, 26t 
coral body weight, water percentage, 26t 
tracheal intubation, difficulty with, 6-7 
tracheostomy patients 

obstruction in, 23t 
u n i ntentionally cxtubared, 23t 

transfusion reactions, 1 55-156,  155t, 1 56r 
transfusion-related acute lung injury (TRAL I ) ,  
155-156 
rransfusions 

adverse effects of, 1 55-156 

Index 

albumin, 155 
o f  album i n, 154 
cryoprecipirare, 154-155 
emergem, 1 5 1-157 
infections transmitted by, 155 
massive rransfusions, 1 53  
of plasma, 1 54  
platelets, 1 53-154,  1 53t 
i n  traumatic inju ry, 146 

transjugular intrahepatic portosystemic shunts 
(TIPS),  1 03-104 
uansposirion of r h e  grear aneries, 218 
transrhoracic echocardiogram, bedside, 9 1  
traumatic brain i njury (TBI)  

ai rway managemenr, 147 
neu roresuscitation, 146-147 
pediatric, 237-238 

uaumaric injuries 
cardiac arrest in,  42 
crashing patiems, 1 39-149 
diagnostic coolbar, 142-145 
identification of, 140t 
l i mb-threatening, 144t 
noncritical, 1 44t  
pediatric death rares from ,  235 
pediarric patients, 235-242 
penetrating, 142t 

tree nuts, anaphylaxis a n d ,  1 78 
Trendelenburg position, 3 
rricyclic amidepressams 

cardiocoxiciry, 1 26 
poisoning by, 126/ 
for VT, 63 

turtle sign, 203 
Twi njer, 184 
Twinjet Jr., 1 84  

u 
ulrrasonography. see also cchocardiography 

abdominal  aorta examination, 196 
aortic outflow obstruction, 92/ 
bedside, 1 87-197 
D sign, 190, 1 9 1 ,  1 9 1/ 
ET position on, 22 
hemoperitoneum, 144 
lung-slide on, 20 
McConnell sign, 1 90, 19 1  
of patiems in shock, 144  
pleural effusion, 1 95/, 1 96/ 
in pulmonary emboli ,  9 1 t  
"seashore sign," 2 1/, 195/ 
stratosphere/barcode sign, 21/ 
for trauma parie11ts, 143-144 

umbil ical artery, pulse  palpation, 215 
umbil ical cemral l i nes, 2 1 5/ 
umbil ical cord prolapse, 204 
uncompensated shock, 27, 1 10 
undifferentiated hypotension protocol ( U H P),  
187 
undifferentiated shock, 1-4 

diagnosis, 3 
d i fferential diagnosis, 29t 
in itial assessmems, 1 -2 
stabilization, 2-3 

urine output, 1 62 
urokinase, 95t 
uterine atony, 204, 204t 
uterine inversion, 205-207 
uterine rupture, 205-207 

v 
vagal maneuvers, 59 
valproic acid, I 72t, 173 
Va Isa Iva maneuvers, 23 I 
vancomycin-resiscanr encerococci, 1 14 
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variceal bleeding, 1 04t, 105, 105t  
vascular access, in  children, 233 
vascular loading, crystalloid use, 2 
vasodilacors, 94. see also specific agents 
vasopressin, 1 03 

chest compressions and, 4 1  
for GI  bleed ing, l 02t 
infusion races in  children, 23lt 
for poisoned patients, 1 30 
support i n  pulmonary emboli, 93-94, 94t 
support in sepsis, 1 1 2  
systemic vascular resistance and, 47 
use in undifferentiated shock, 2t 

vasopressors 
for cardiogenic shock, 72t 
choices in  shock, 2t 
for poisoned patients, 1 30 
for post-cardiac arrest patients, 47-48 
support in pulmonary emboli, 93-94 
support in sepsis, 1 12 
for type IA poisoning, l 27t 
for unstable thoracic aortic dissection, 82t 

Vaughn-Will iams type IA anciarrhychmias, 126 
vecuronium, 10, 227t 
venous access, chest compressions and, 40-41 
ventilated patient 

air leak, l 7t 
cardiac arrest/near arrest in, 1 8-20 
management algorithm, 1 6/ 
oxygen during hand ventilation, 1 9  
pediatric, 23 ,  23t 
sedation in, 22-23 
stable/nearly stable, 20 
cracheoscomy in,  23, 23t 

ventilated patients, unstable, 1 5-23 
vencilacion, mechanical. see also ventilacors 

in chi ldren, 236t 
in intracranial hemorrhage, 1 6 1  
positive-pressure mechanical, 1 1 2 
pose-cardiac arrest parient, 47 
in pulmonary emboli, 93 
settings in incracerebral hemorrhage, 1 62t 
support for COPD patients, 1 20-12 1  

ventilator-associated pneumonia, 49 
ventilator-induced lung injury, 47 
venrilarors 

in the ED, 1 2 1- 122 
in itial settings, 20t 
injury prevention, 1 22 
pediatric settings, 228t 
settings for children, 229 
settings for severe as ch ma/CO PD, 1 2 1  
waveforms, 22, 22/, 23/ 

ventricular assist devices, 74 
ventricular preexcicacion syndrome, 66/, 67t 
venuicular septa! ruprnre, 75 
ventricular tachycardia (VT), 63-65 

in children, 232 
in che ED, 5 1  
monomorphic, 63, 64/ 
polymorphic, 63, 64J 
SVT compared with, 65-67 

ventriculoscomy, 1 65 
verapamil, 80t 
video laryngoscopy, 228 
viral signs 

by age, 228t 
posrnral, 27 
resuscitation end points and, 29-30 
systemic perfusion and, 30 

vitamin K, 1 54, 2 1 7  
post neonatal resuscitation, 2 1 6 t  

volume loading 
clinical response co, 30 
pulmonary emboli and, 9 1-93 

volume responsiveness, 30-3 1 ,  1 1 2 
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von Willebrand factor, 157 

w 
water, coca! body, 26t 
weight, of chi ldren, 225, 237t 
whole-lung acelectasis, 2 1  
wide complex tachycardia (WCT), 5 1 ,  63-67, 
1 26-127 
Wolff-Parkinson-White (WPW) synd rome, 58,  
66/, 67-68 
Woods corkscrew maneuver, 203, 203/ 




