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Objectives: The objectives of this study were to determine the causes,
location of cardiopulmonary arrest (CPA) in children, and demo-
graphics of cardiopulmonary resuscitation (CPR) in Turkish pediatric
emergency departments and pediatric intensive care units (PICUs) and to
determine survival rates and morbidities for both in-hospital and out-
of-hospital CPA.

Methods: This multicenter descriptive study was conducted prospec-
tively between January 15 and July 15,2011, at 18 centers (15 PICUs, 3 pe-
diatric emergency departments) in Turkey.

Results: During the study period, 239 children had received CPR. Pa-
tients’ average age was 42.4 (SD, 58.1) months. The most common cause
of CPA was respiratory failure (119 patients [49.8%]). The location of
CPA was the PICU in 168 (68.6%), hospital wards in 43 (18%), out-of-
hospital in 24 (10%), and pediatric emergency department in 8 patients
(3.3%). The CPR duration was 30.7 (SD, 23.6) minutes (range, 1-175 mi-
nutes) and return of spontaneous circulation was achieved in 107 patients
(44.8%) after the first CPR. Finally, 58 patients (24.2%) were discharged
from hospital; survival rates were 26% and 8% for in-hospital and out-of-
hospital CPA, respectively (P = 0.001). Surviving patients’ average length
of hospital stay was 27.4 (SD, 39.2) days. In surviving patients, 19 (32.1%)
had neurologic disability.

Conclusion: Pediatric CPA in both the in-hospital and out-of-hospital
setting has a poor outcome.
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C ardiopulmonary arrest (CPA) in childhood is a tragic event
often resulting in death or poor neurologic outcome. In the
United States, approximately 16,000 American children (8-20
in 100,000 children per year) suffer from CPA each year.! Cardio-
pulmonary arrest is often the end result of a progressive deteriora-
tion in the respiratory and circulatory systems.' Clinical factors
that influence survival include the environment in which the arrest
occurs, the comorbidities of the child, the duration of “no flow”
(period of time when there is no pulsatile flow, and the patient is
not undergoing cardiopulmonary resuscitation [CPR]) before re-
suscitation, the initial rhythm detected, and the quality of the basic
and advanced life support interventions provided.®
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Survival to hospital discharge is 2% to 28% after out-of-
hospital CPR and 14% to 42% after in-hospital CPR."*!® Many
survivors have severe neurologic disability. These poor outcomes
are in part caused by prolonged periods of no flow, because many
out-of-hospital cardiac arrests are not witnessed, and only 30% of
children are provided with bystander CPR.'*"

To date, there are no multicenter data about CPR provision in
children in Turkey. The aims of this study were to determine the
causes and locations of CPA and provide information about
CPR practices in pediatric emergency departments and pediatric
intensive care units (PICUs) and also multicenter data about sur-
vival and morbidities for both in-hospital and out-of-hospital
CPA in Turkey.

METHODS

Data

This multicenter descriptive study was conducted prospec-
tively between January 15 and July 15, 2011, at 18 centers (15
PICUs, 3 pediatric emergency departments) in Turkey. Children
aged 1 month to 18 years who received at least 1 minute of CPR
were enrolled in the study. Patients with terminal disease, such
as malignancy, were excluded from the study.

Study Setting

We determined demographic data, such as age, sex, comor-
bidities, and date of CPA. The causes of CPA were identified as re-
spiratory failure (upper airway disease, pulmonary disease,
hypoventilation), thythm abnormalities, shock states (including
septic, hypovolemic, cardiogenic, obstructive, etc), central ner-
vous system disease, poisoning, and trauma.'* The location of
the CPA was noted as out-of-hospital or in-hospital (emergency
unit, ward, PICU, operating room, or radiology unit). Further-
more, we identified the location where CPR was first applied as
out-of-hospital or in-hospital (emergency unit, ward, PICU, oper-
ating room, or radiology unit). The number of health care person-
nel participating in CPR was asked, as well as which airway
management was used (mouth-to-mouth breathing, balloon-
mask, and intubation). Arrest rhythms were given as asystole, bra-
dycardia, pulseless electrical activity (PEA), pulseless ventricular
tachycardia, and ventricular fibrillation. The vascular access op-
tions were peripheral, intraosseous line, central venous catheter,
and endotracheal tube during CPR. For resuscitation, the drugs
given included epinephrine, amiodarone, lidocaine, sodium bicar-
bonate, atropine, calcium, and glucose, and their route of delivery
was identified. During CPR, methods of monitoring included
monitor (eletrocardiography, oxygen saturation, heart rate),
debrillator, end-tidal carbon dioxide, and invasive arterial line.
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TABLE 1. Etiology of CPA in Turkish Children

Causes of Cardiac Arrest n %

Respiratory failure 119 49.8
Shock states 73 30.5
CNS disease 35 14.7
Trauma 11 4.6
Poisoning 1 0.4

CNS indicates central nervous system.

We noted those patients who were treated with defibrillator and
automatic external defibrillator. We noted CPR time and the out-
come of CPR as return of spontaneous circulation (ROSC) or
failed resuscitation.

In surviving patients, we described neurologic status as con-
scious or comatose; we also calculated the Glasgow Coma Scale
(GCS) score within first 3 hours of the event for all patients. We
checked arterial blood gases, lactate, whole blood count (white
blood cell, hemoglobin, platelet count), bleeding profile (pro-
thrombin time, activated partial thromboplastin time, fibrinogen,
and D-dimer level), biochemical tests (glucose, liver enzymes, re-
nal function tests, and others), and myocardial injury markers (tro-
ponin I, CK-MB). After CPR, we calculated the Pediatric Logistic
Organ Dysfunction Score (PELOD)' and Pediatric Risk of Mor-
tality III (PRISM III) score'® for all survivors. Goldstein and col-
leagues’!” multiorgan failure (MODS) criteria were used for
MODS in the postarrest period. The PELOD score is used for
evaluating organ failure severity, and it is calculated daily. The
MODS criteria are used for how many organ failure developed.
The PRISM Il score is calculated at the 24th hour of PICU admis-
sion, and it is used for mortality probability. We categorized post-
arrest treatments as bolus fluid therapy or inotropes (dopamine,
dobutamine, epinephrine, norepinephrine, milrinone, terlipressin);
also, we documented the use of temperature-targeted management
(TTM), hypertonic saline, mannitol, and steroid treatments for
neuroprotection in comatose survivors in the post-CPA period.

We determined which methods of organ support (mechanical
ventilation, renal replacement treatments [RRTs], plasma ex-
change [PE]) were used in patients with multiple organ failure.
For outcomes, we documented survival and nonsurvival of pa-
tients, PICU length of stay, and neurologic outcome. We used
the Pediatric Cerebral Performance Scale'® at day 28 after CPA
to describe short-term neurologic outcome. The Pediatric Cerebral
Performance Scale is used for long-term neurologic disability after
any neurologic insult such as trauma, CPA, and so on. It has 6
levels from normal (stage 1) to brain death (stage 6). If brain death
developed in the patient within 28 days after CPA event, we deter-
mined organ donors. This study was approved by the local institu-
tional review boards of all participating centers.

Statistical Analysis

The statistical analyses of the study were performed with
SPSS 15.0 (SPSS Inc, Chicago, Ill). The differences in propor-
tions between the group categories (CPA [CPR] and ROSC) and
the place-of-CPA categories (in-hospital [PICU, hospital ward, pe-
diatric emergency department], out-of-hospital) were compared
by x> test. Descriptive statistics were summarized in tables as
counts and percentages for categorical variables and as mean
(SD), minimum, and maximum for continuous variables. Data
were collected from all centers, and statistical evaluation was per-
formed in aggregate. None of the centers were evaluated sepa-
rately. P < 0.05 was considered statistically significant.
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RESULTS

Prevalence

During the study period, 239 children who received CPR
were enrolled. Patients’ mean age was 42.4 (SD, 58.1) months,
and 130 (54.4%) were male. The most common cause of CPA
was respiratory failure, with 119 (49.8%) patients; other causes in-
cluded shock states, thythm abnormalities, trauma, central ner-
vous system disease, and poisoning (Table 1).

Patient Characteristics and Location

The location of CPA was PICU in 168 (68.6%), hospital ward
in 43 (18%), out-of-hospital in 24 (10%), and emergency depart-
ment in 8 cases (3.3%). Initial thythms of CPA patients are brady-
cardia in 56%, asystole in 37%, ventricular tachycardia in 4% and
ventricular fibrillation in 2%, and PEA in 1% patients. The CPR
team consisted of 5 (SD, 1) health care providers. The leader of
the team was a pediatrics resident in 118 (49.3%), pediatric
intensivist in 63 (26.3%), pediatrician in 55 (23.0%), and pediatric
emergency care doctors in 3 (1%). During CPR, vascular access
was obtained by intraosseous line in 11 patients (5%). Vital signs
monitor (VSM) in 183 (76.6%), VSM with defibrillator in
24 (10%), and VSM with end-tidal carbon dioxide in 10 (4.2%)
were used in children with CPA. Defibrillator and automatic exter-
nal defibrillator were applied in 16 (6.7%) and in 2 patients
(0.8%), respectively.

The mean CPR duration was 30.7 (SD, 23.6) minutes (range,
1-175 minutes), and ROSC was obtained in 107 patients (44.8%)
after the first CPA. The locations of CPA and their outcomes are
given in Table 2. There was no statistically significant association
between CPA location and likelihood of ROSC (P = 0.539).

Laboratory Data and Organ Dysfunction

Blood samples were obtained from surviving patients 38.1
(SD, 40.6) minutes after ROSC. Results of blood gases, lactate,
whole blood count, coagulation parameters, and biochemistry
are given in Table 3. After CPR, there was respiratory failure in
83 (77.6%), cardiovascular failure in 68 (63.6%), neurologic dys-
function in 60 (56.1%), renal injury in 34 (31.8%), hematologic
dysfunction in 34 (31.8%), and liver injury in 18 (16.8%) patients.
Patients’ PELOD score was 25.3 (SD, 16.2), and PRISM III score
was 24.1 (SD, 13.3). Mechanical ventilation was used in 96
(89.3%), RRT in 17 (16.4%), and PE in 5 (4.9%) of the patients
with ROSC after first CPA. Medications given and their dosages
are given in Table 4. Some patients had more than 1 CPA, and
CPR was performed 2 times in 41, 3 times in 14, 4 times in 4, 5
times in 3, and 6 times in 1 patient.

TABLE 2. Location of CPA and Likelihood of ROSC

Patients (n)

With ROSC
Place of CPA Patients (n)  After CPR % P
PICU 164 71 433  0.539%
Ward 43 18 419
Pediatric emergency 8 4 50
department
Out-of-hospital 24 10 41
*Significant if P <0.5.
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TABLE 3. Laboratory Data of Patients With ROSC After First CPR

Parameters Patient, n Value Parameters Patient, n Value
pH 107 7.15(0.2) Fibrinogen, mg/dL 69 290 (354)
PCo,, mm Hg 107 55.9(28.5) D-Dimer, IU/L 69 3042 (3804)
P0o,, mm Hg 107 104.7 (90.4) Glucose, mg/dL 75 188 (129)
HCO;, mEq/dL 107 19.4 (9.5) BUN, mg/dL 75 27 (26)
S0,, % 107 84.3 (17.1) Creatinine, mg/dL 75 0.8 (0.9)
Lactate (reference range, 0.2—2.2 mmol/dL), mmol/dL 88 6.8 (4.5) Potassium, mg/dL 75 4.7(1.4)
White blood cell count, /uL. 75 13,500 (10,700) AST, IU/L 75 331 (541)
Hemoglobin, g/dL 75 93(1.9) ALT, TU/L 75 144 (245)
Platelet count, /uL. 75 244.000 (193.000) Creatinine kinase, IU/L 75 1513 (4929)
Prothrombin time, s 72 18.9 (18.1) Troponin I, ng/mL 58 2.9 (1.7)
aPTT, s 72 46.8 (28.7) CK-MB, IU/L 58 183 (823)

aPTT indicates activated partial thromboplastin time; BUN, blood urea nitrogen; LDH, lactate dehydrogenase; AST, aspartate aminotransferase; ALT,

alanine aminotransferase.

Following CPR, 60 (56.1%) of 107 surviving patients were
comatose, and their mean GCS score was 6.4 (SD, 3.1). Neuropro-
tective therapies such as TTM were utilized in 22 patients (21%);
hypertonic saline was given to 11 (10%) and mannitol to 5
patients (5%).

Outcome

Finally, 58 patients (24.2%) survived to hospital discharge,
including 26% (56) of the in-hospital CPA group and 8%?
of out-of-hospital CPA group (P = 0.001). In surviving patients,
19 (32.1%) had neurologic disability, and their mean Pediatric Ce-
rebral Performance Scale score was 3.2 (SD, 1.4) on the 28th day
after CPR. Seven patients became organ donors after a diagnosis
of brain death was made. Surviving patients’ mean length of stay
in hospital was 27.4 (SD, 39.2) days.

DISCUSSION

Our study is the largest study of the utilization of CPR on
children in Turkey. We found that CPR is generally performed in
accordance with guidelines for children with in-hospital or out-
of CPA. In our study, 44.8% of children achieved ROSC after
CPA, but only 24.2% survived to hospital discharge. These results
are within the range reported in previous studies.”!%>!? Survival
in other studies was 51.8% in Knudson and colleagues’,m none in
Olotu and colleagues’,” 16.4% in Akgay and colleagues’,'® and
45% in Fink and colleagues’'® studies. Recently, Knudson et al'°
reported the incidence and outcomes of pediatric in-hospital CPA
in the United States. This study was based on the 2006 Kids’ In-
patient Databases. In that report, 3739 hospital records (from 38
states) were screened for CPR within year 2006. In total, 5807

children had CPR performed, with an incidence of 0.77 per
1000 admissions.

Over the recent years, significant improvements in the man-
agements have been made in the management of shock and respi-
ratory failure. The creation and refinement of strategies aimed at
preventing in-hospital cardiac arrest remain a priority.!%1320-2
In Turkey, both the Society of Pediatric Emergency and Intensive
Care Medicine and the Ministry of Health are conducting ad-
vanced pediatric life support courses to teach early recognition
and treatment of shock and respiratory failure. Furthermore, both
pediatric emergency and pediatric intensive care medicine were
recently given official subspecialty status within pediatrics, facili-
tating improved pediatric resident education in regard to shock, re-
spiratory failure, airway management, basic life support, and
advanced life support. On the other hand, the Ministry of Health
also operates a well-organized prehospital emergency medical ser-
vices system (so-called “112”) including helicopter and fixed-
wing air ambulance. The results of this multicenter study suggest
to us that training, manpower, and technical infrastructure for pro-
vision of CPR are adequate in Turkey.

Pediatric out-of-hospital survival rate is lower than in-
hospital CA.'%?® Witnessed arrest was the most important deter-
minant of survival. Ventricular fibrillation was an uncommon
rhythm measured by pediatric emergency services. The majority
of pediatric out-of-hospital CAs occurred at home. The rate of by-
stander CPR was low. Strategies to increase the rate of bystander
CPR for children, especially by family members, are needed.?”>*=7
Foltin et al*’ reported on 147 children with out-of-hospital CA in
New York City, United States, between 2002 and 2003. Sixty-
nine percent of them had CPA at home. Bystander CPR was per-
formed in 30% of children. Initial rhythm was determined as

TABLE 4. Medications and Their Doses After CPR in Patients With ROSC

Drug Patients, n Mean Dose Minimum-Maximum Doses
Dopamine, pg/kg per min 71 12.1 (4.1) 3-24
Dobutamine, pg/kg per min 51 12.6 (4.8) 524
Epinephrine, pg/kg per min 48 0.7 (0.7) 0.1-4
Norepinephrine, ng/kg per min 14 0.3(0.2) 0.1-1

Milrinone, pg/kg per min 2 04 (0.1) 0.3-0.5
Terlipressin,* pg/kg per dose 1 20 20

*Terlipressin dosage for bolus.

750 | www.pec-online.com

© 2015 Wolters Kluwer Health, Inc. All rights reserved.

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.


http://www.pec-online.com

Pediatric Emergency Care ¢ Volume 31, Number 11, November 2015

CPR in Children With Cardiopulmonary Arrest

asystole in 50%, PEA in 9.5%, and VF in 2%. Survival was 4%,
and they were all witnessed arrests. In our study, we reported
239 children with CA, and 24 (10%) of them were out-of-hospital
CA. Finally, 58 patients (24.2%) were discharged from hospital;
survival was 26% (56) for in-hospital and 8% for out-of-hospital
CA. But we could not determine bystander CPR for out-of-
hospital CA.

Neuroprotective treatments are very important after both in-
hospital and out-of-hospital CPA. Accepted brain protective treat-
ments include the optimizing of circulation, hypothermia, seda-
tion, and avoiding hyperventilation/hyperglycemia/hyperthermia.
The American Heart Association 2010 Pediatric Advanced Life
Support guidelines recommend the consideration of therapeutic
hypothermia in children who are comatose after ROSC.® There
are some pediatric studies addressing the use of neuroprotective
treatments after ROSC.'®283441 Fink et al'® published data on
the use and feasibility of therapeutic hypothermia after pediatric
CPA between 2000 and 2006. They reported 181pediatric patients
who had CPA (40 of whom received post-ROSC TTM), and 52%
of whom had an in-hospital CPA with an overall survival rate to
hospital discharge of 45%. In this study, we collected performed
therapies for neuroprotection and decreasing intracranial pressure.
Sixty patients (56.1%) were comatose after CPA, and their mean
GCS score was 6.4 (SD, 3.1).

We determined which performed organ support systems in chil-
dren with ROSC after CPR. We performed mechanical ventilation
in 96 (89.3%), RRT in 17 (16.4%), and PE in 5 patients (4.9%)
with ROSC. In addition, inotropes were started in children with
shock after ROSC. Indeed, we can perform most of organ support
systems and administer drugs during and after ROSC in Turkey.
Extracorporeal life support methods can be important during
CPR especially in patients with high life expectancy such as after
pediatric cardiac surgery. Extracorporeal life support, specifically
extracorporeal membrane oxygenation, has become a useful ther-
apeutic modality to care for neonates and children with progressive
respiratory and cardiac failure that is refractory to conventional
management.”** Raymond et al® reported on 6288 pediatric CPA
events, with extracorpereal cardiopulmonary resuscitation being
performed in 199 (3.2%) and with 87 (43.7%) children surviving
to hospital discharge. Although there is sporadic experience with
extracorporeal life support and pediatric CPA in Turkey, extra-
corporeal membrane oxygenation is not routinely available in
Turkey PICUs.

In conclusion, pediatric CPA is a serious event with a very
poor prognosis, whether it occurs in the in-hospital or out-of-
hospital setting. Preventive measures coupled with early recogni-
tion and management of respiratory failure and shock are crucial
in preventing the occurrence and improving overall outcomes of
children at risk for CPA. After ROSC, hemodynamics and ventila-
tion should be optimized, and good general supportive care pro-
vided. Neuroprotective therapies should be optimized, including
the avoidance of hyperventilation, hyperglycemia or hypoglyce-
mia, and hyperthermia. The use of TTM should be considered
and if used be applied carefully.

REFERENCES

1. Topjian AA, Berg RA, Nadkarni VM. Pediatric cardiopulmonary
resuscitation: advances in science, techniques, and outcomes. Pediatrics.
2008;122:1086-1098.

2. Hartman ME, Cheifetz IM. Pediatric emergencies and resuscitation. In:
Kleigman RM, Stanton BE, Geme JWS, et al., eds. Nelson Textbook of
Pediatrics. 19th ed. Philadelphia, PA: Elsevier Saunders; 2011:279-296.

3. Donoghue AJ, Nadkami VM, Elliot VM, et al. Effect of hospital
characteristics on outcomes from pediatric cardiopulmonary resuscitation:

© 2015 Wolters Kluwer Health, Inc. All rights reserved.

10.

14.

15.

20.

21.

22.

a report from the National Registry of Cardiopulmonary Resuscitation.
Pediatrics. 2006;118:995-1001.

. American Heart Association. 2005 American Heart Association guidelines

for cardiopulmonary resuscitation and emergency cardiovascular care.
Circulation. 2005;112:1-205.

. Berg MD, Schexnayder SM, Chameides L, et al. Pediatric basic life

support: 2010 American Heart Association guidelines for cardiopulmonary
resuscitation and emergency cardiovascular care. Circulation. 2010;
122(18 suppl 3):S862-S875.

. Kleinman ME, Chameides L, Schexnayder SM, et al. Pediatric advanced

life support: 2010 American Heart Association guidelines for
cardiopulmonary resuscitation and emergency cardiovascular care.
Circulation. 2010;122(18 suppl 3):S876-S908.

. Olotu A, Ndritu M, Ismael M, et al. Characteristics and outcome of

cardiopulmonary resuscitation in hospitalised African children.
Resuscitation. 2009;80:69-72.

. Kitamura T, Iwami T, Kawamura T, et al. Conventional and

chest-compression-only cardiopulmonary resuscitation by bystanders for
children who have out-of-hospital cardiac arrests: a prospective nationwide,
population-based cohort study. Lancet. 2010;375:1347-1354.

. Raymond TT, Cunnynham CB, Thompson MT, et al. Outcomes among

neonates, infants, and children after extracorporeal cardiopulmonary
resuscitation for refractory in-hospital pediatric cardiac arrest: a report from
the National Registry of Cardiopulmonary Resuscitation. Pediatr Crit Care
Med. 2010;11:362-371.

Knudson JD, Neish SR, Cabrera AG, et al. Prevalance and outcomes of
pediatric in-hospital cardiopulmonary resuscitation in the United States: an
analysis of the Kids’ Inpatient Database. Crit Care Med. 2012;40:
2940-2944.

. Perondi MBM, Reis AG, Paiva EF, et al. A comparison of high-dose and

standard-dose epinephrine in children with cardiac arrest. N Engl J Med.
2004;350:1722-1730.

. de Mos N, van Litsenburg RR, McCrindle B, et al. Pediatric in-intensive

care unit cardiac arrest: incidence, survival, and predictive factors. Crit
Care Med. 2006;34:1209-1215.

. Akeay A, Baysal SU, Yavuz T. Factors influencing outcome of inpatient

pediatric resuscitation. Turk J Pediatr. 2006;48:313-322.

Gilber EH, Lowenstein SR, Barta D, et al. Chart reviews in emergency
medicine research: where are the methods. Ann Emerg Med. 1996;27:
305-308.

Leteurtre S, Martinot A, Duhamel A. Validation of the Paediatric Logistic
Organ Dysfunction (PELOD) score: prospective, observational,
multicentre study. Lancet. 2003;362:192-197.

. DiCarlo JV, Frankel LR. Scoring systems and predictors of mortality. In:

Behrman RE, Kliegman RM, Jenson HB, eds. Nelson Textbook of
Pediatrics. 17th ed. Philadelphia, PA: Elsevier Saunders; 2004:277-279.

. Goldstein B, Giroir B, Randolph A, et al. International Sepsis Consensus

Conference: definitions for sepsis and organ dysfunction in pediatrics.
Pediatr Crit Care Med. 2005;6:2-8.

. Samson RA, Nadkarni VM, Meaney PA, et al. Outcomes of in-hospital

ventricular fibrillation in children. N Eng J Med. 2006;354:2328-2339.

. Fink EL, Clark RSB, Kochaneck PM, et al. A tertiary care center’s

experience with therapeutic hypothermia after cardiac arrest. Pediatr Crit
Care Med. 2010;11:66-74.

Yildizdas D, Horoz OO, Erdem S. Beneficial effects of terlipressin in
pediatric cardiac arrest. Pediatr Emerg Care. 2011;27:865-868.

Haque IU, Udassi JP, Udassi S, et al. Chest comparison quality and rescuer
fatigue with increased comparison to ventilation ratio during single rescuer
pediatric CPR. Resuscitation. 2008;79:82-89.

Cave DM, Aufderheide TP, Beeson J, et al. Importance and implementation
of training in cardiopulmonary resuscitation and automated external
defibrillation in schools. Circulation. 2011;123:691-706.

www.pec-online.com | 751

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.


http://www.pec-online.com

Kendirli et al

Pediatric Emergency Care e Volume 31, Number 11, November 2015

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

Meaney PA, Nadkarni VM, Atkins DL, et al. Effect of defibrillation energy
dose during in-hospital pediatric cardiac arrest. Pediatrics.2011;127:e16—23.

Kleinman ME, Srinivasan V. Postresuscitation care. Pediatr Clin N Am.
2008;55:943-967.

Ferguson LP, Durward A, Tibby SM. Relationship between arterial partial
oxygen pressure after resuscitation from cardiac arrest and mortality in
children. Circulation. 2012;126:335-342.

Kochaneck PM, Fink EL, Bell MJ, et al. Therapeutic hypothermia:
applications in pediatric cardiac arrest. J Neurotrauma. 2009;26:421-427.

Foltin GL, Richmond N, Treiber M, et al. Pediatric Prehospital Evaluation
of NYC Cardiac Arrest Survival (PHENYCS). Pediatr Emerg Care.
2012;28:864-868.

Foltin GL, Richmond N, Treiber M, et al. Pediatric traumatic
out-of-hospital cardiac arrest in Melbourne, Australia. Resuscitation.
2012;83:471-475.

Doherty DR, Parshuram CS, Gaboury I, et al. Hypothermia therapy after
pediatric cardiac arrest. Circulation. 2009;119:1492—1500.

Kessler SK, Topjian AA, Gutierrez-Colina AM, et al. Short-term outcome
prediction by electroencephalographic features in children treated with
therapeutic hypothermia after cardiac arrest. Neurocrit Care. 2010;14:37-43.

Morris MC, Wernovsky G, Nadkarni VM. Survival outcomes after
extracorporeal cardiopulmonary resuscitation instituted during active chest
compressions following refractory in-hospital pediatric cardiac arrest.
Pediatr Crit Care Med. 2004;5:440-446.

Kitamura T, Iwami T, Kawamura T, et al. Nationwide improvements in
survival from out-of-hospital cardiac arrest in Japan. Circulation.
2012;126:2834-2843.

752 | www.pec-online.com

33.

34.

35.

36.

37.

38.

39.

40.

41.

Bernard SA, Gray TW, Buist MD, et al. Treatment of comatose survivors of
out-of-hospital cardiac arrest with induced hypothermia. N Engl J Med.
2002;346:557-563.

Haque IU, LaTour MC, Zaritsky AL. Pediatric critical care community
survey of knowledge and attitudes towards therapeutic hypothermia in
comatose children after cardiac arrest. Pediatr Crit Care Med.
2006;7:7-14.

Kirkham F. Cardiac arrest and post resuscitation of the brain. Eur J Pediatr
Neurol. 2011;15:379-389.

Zwingmann J, Mehlhorn AT, Hammer T, et al. Survival and neurologic
outcome after traumatic out-of-hospital cardiopulmonary arrest in a
pediatric and adult population: a systematic review. Crit Care.
2012;16:R117.

Yildizdas D, Altunbasak S, Celik U, et al. Hypertonic saline treatment in
children with cerebral edema. Indian Pediatr. 2006;43:771-779.

Abend NS, Licht DJ. Predicting outcome in children with hypoxic ischemic
encephalopathy. Pediatr Crit Care Med. 2008;9:332-339.

Piittgen HA, Geocadin R. Prediction neurological outcome following
cardiac arrest. J Neurol Sci. 2007;261:108-117.

Souminen PK, Vahatalo R. Neurologic long term outcome after drowning
in children. Scand J Trauma Resusc Emerg Med. 2012;20:55.

Young GB. Neurologic prognosis after cardiac arrest. N Engl J Med.
2009;361:605-611.

. Joffe AR, Lequier L, Roberson CMT. Pediatric outcomes after

extracorporeal membrane oxygenation for cardiac disease and for cardiac
arrest: a review. ASAIO J. 2012;58:297-310.

© 2015 Wolters Kluwer Health, Inc. All rights reserved.

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.


http://www.pec-online.com

