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Acute Decompensated Heart Failure (ADHF)
Evidence-Based Guideline

Definition: Acute decompensated heart failure (ADHF) is
defined as either new-onset heart failure or decompensation of
chronic heart failure with symptoms that warrant
hospitalization. ADHF may be caused by cardiac dysfunction
as a result of myocardial muscle dysfunction or loss
characterized by left ventricular dilation or hypertrophy.
Dysfunction may manifest as primarily systolic, diastolic or
mixed. Clinical symptoms can vary substantially during the
course of the disease process and may not correlate with
changes in underlying cardiac function. ADHF is progressive
and often fatal, but myocardial dysfunction and remodeling
may improve spontaneously or as a result of therapy. In
physiologic terms, ADHF is a clinical syndrome characterized
by inadequate peripheral oxygen delivery, at rest or during
stress, caused by cardiac dysfunction.

Epidemiology: While the incidence and prevalence of
pediatric heart failure is hard to measure, there were an
estimated 13,892 admissions (95% CI 11, 528-16,256)
pediatric heart failure-related admissions in 2006. (1) This
population of children has a high unadjusted mortality rate at
7.4% when compared to hospitalized children without heart
failure (0.4%).and a mean hospital duration of 19.4 days. (1)

Etiology: ADHF can result from congenital cardiac
malformations or from a structurally normal heart. In congenital
cardiac malformations, the patient may have volume overload
secondary to left-to-right shunting (from ventricular septal
defect or patent ductus arteriosis) or an atrioventricular or
semilunar valve insufficiency, pressure overload from either a
left-sided or right-sided obstruction, or complex congenital
heart disease such as single ventricle or transposition of the
great arteries. In the structurally normal heart, primary
cardiomyopathies can be dilated, hypertrophic, or restrictive;
secondary cardiomyopathies can be due to arrhythmogenic,
ischemic, toxic, infiltrative, or infectious agents. (2)

Inclusion Criteria
 Age birth - 21 years
 Chronic heart failure with acute decompensation
 New onset acute decompensated heart failure
 Cardiogenic shock

Exclusion Criteria
 Adults (>21 years old)
 Neonates post-menstrual age <35 weeks
 Infants with a potential need for prostaglandin infusion
 Infants receiving prostaglandins

Differential Diagnosis
 Sepsis/Shock
 Respiratory Failure
 Gastroenteritis
 Hepatitis
 Primary lung disease- asthma, bronchiolitis, pneumonia
 Renal failure and volume overload

Diagnostic Evaluation
History: Assess for
Relevant medical problems and description of symptoms
(intermittent or constant, progressive, prior episodes, duration,
aggravating or alleviating features). Age at presentation should
drive history and physical examination.

Respiratory*: Increased work of breathing (WOB),
tachypnea, or dyspnea at rest or with minimal activity

Cardiac: Congenital heart defects (CHDs) with or without
operative intervention. May include: ductal dependent
defects for systemic or pulmonary perfusion or CHDs with
increasing left-to-right shunting of blood flow; use of
routine medications

Nutritional: Weight gain or loss;
Gastrointestinal*: Nausea and/or vomiting
Genitourinary: Decreased urine output
Activity: Sleeping patterns (not sleeping well or sleeping too

much)
*Presentation with respiratory and gastrointestinal
symptoms that are disproportionate to HPI may be
indicative of acute heart failure syndromes.

Neonates/Infants:
Irritability
Feeding (generally poor feeding, tires easily, extended time

to complete feeding, tachypnea with feeds, diaphoresis)
Perinatal asphyxia, incessant tachyarrhythmias, neonatal

myocarditis, or severe anemia.

Children/Adolescents:
Exercise intolerance
Easy fatigability
Orthopnea and/or paroxysmal nocturnal dyspnea†
Edema as a result of fluid overload†
†These signs and symptoms are rare but may be seen in

school-age children and adolescents.

Past medical history:
Age at presentation should guide assessment of medical
history. All histories should include:

o Viral history
o Family history (cardiomyopathy)
o Prior heart transplantation
o Presence of chronic heart failure
o Existing CHDs
o Medical or surgical interventions for CHD
o Rheumatic heart disease
o Hypothyroidism
o Kawasaki disease
o Cancer/Chemotherapy (e.g., anthracyclene)

Physical Examination:
The severity of ADHF is based on overall clinical appearance
and behavior, including the child’s alertness, respiratory effort,
and ability to take oral fluids/nutrition.

A complete physical exam should be performed. A combination
of clinical findings is most predictive when determining ADHF.
The most common presenting signs and symptoms of ADHF
include: 2

o Dyspnea or increased work of breathing (WOB)
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o Tachypnea
o Wheezing (especially new onset)
o Hepatomegaly
o Nausea or vomiting
o Abdominal distension/pain
o Fatigue or decreased activity level
o Peripheral edema‡

‡Absence of edema does not preclude a diagnosis of
ADHF.

Clinical management will vary based upon the presentation.
(See Table 1).

Table 1. Presentations of ADHF 2

Warm & Dry
Represents asymptomatic
ventricular dysfunction
(normal filling pressures and
adequate perfusion). The
primary focus is on the
prevention of disease
progression and
decompensation.

Warm & Wet
The most common
presentation and can be
characterized by elevated
filling pressures and
pulmonary edema with
adequate perfusion.

Cold & Wet
Characterized by elevated
filling pressures and poor
perfusion. These patients
often require intensive care
management.

Cold & Dry
A dire condition best described
as the presence of normal
filling pressures with poor
perfusion. These patients
require aggressive treatment
to minimize the workload of
the myocardium.

Other signs and symptoms include: tachycardia, gallop heart
rhythm, cool skin, cough and hypertension. Cardiac
murmurs; single, second heart sounds; clicks; pulses and
decreased oxygen saturation are indicative of ADHF.

Neonates and infants present with irritability or lethargy and
signs and symptoms of pain especially during feeding.

Laboratory Tests:
Diagnostic and laboratory testing are useful tools that provide
additional information for diagnosing ADHF.

Initial diagnostic testing:
Chest X-ray to assess for cardiomegaly (a cardiothoracic ratio

of >0.55 in infants and >0.5 in children)
B-type natriuretic peptide levels (BNP)
Complete Blood Count (CBC)
Chemistries
A capillary or arterial blood gas may be included in the initial

evaluation if shock, impending respiratory failure or s/sx of
hypoxia are present.

Electrocardiography (ECG) to assess for arrhythmias; findings
may include atrial enlargement, ventricular hypertrophy,
strain and changes in ST-segment or T-wave morphology.
ECG is most useful in cases of ADHF originating from
myocarditis, anomalous left coronary artery from the
pulmonary artery (ALCAPA), tachyarrhythmia-induced
cardiomyopathy or restrictive cardiomyopathy.

Consultation with a cardiologist is recommended if initial
diagnostic testing is indicative of ADHF.

Subsequent diagnostic testing:
Echocardiography (ECHO) is the most precise way to quickly

evaluate cardiac function. (3) Cardiac anatomy is easily
assessed and estimations of gradients, shunting and cardiac
output can be made.

Critical Points of Evidence

Evidence Supports
 Perform a thorough history and physical examination combined with supportive evidence from chest x-ray imaging, ECG,

echocardiography, and laboratory evaluations, including BNP. (4-7) – Strong recommendation, very low quality evidence.
 Perform chest x-ray imaging, EKG, and BNP if a clinician has a suspicion for cardiac disease. (4, 8-24) – Strong recommendation, very

low quality evidence
 Administer a loop diuretic bolus dose without delay to patients who present with signs and symptoms of congestion. Reassess fluid

status before administering additional doses. (25-32) – Strong recommendation, very low quality evidence.
 Administer beta-blockers to patients prior to discharge in those who have biventricular anatomy with reduced ejection fraction. This

should be started at a slow dose and should be up-titrated to a maximum tolerated safe dose. If a patient presents with acute heart
failure who is already taking beta-blockers, continue the beta-blocker treatment unless they have second or third degree
atrioventricular block or shock. (33-37) – Strong recommendation, low quality evidence

 Administer ACE inhibitors in the treatment of left ventricular dysfunction. This should be started at a low dose and should be up-
titrated to a maximum tolerated safe dose. (34, 37) – Strong recommendation, low quality evidence

 Use milrinone in children who present with heart failure due to reduced cardiac output with end-organ dysfunction as a rescue
strategy. (38-41) – Strong recommendation, low quality evidence.

 Consider using non-invasive ventilation strategies in patients with heart failure, pulmonary edema, and respiratory insufficiency.
Identify those patients who are non-responders as patients exhibiting no response (e.g. HR, RR) within one hour of therapy. (42-48) –
Weak recommendation, low quality evidence

Evidence Lacking/Inconclusive
 Initiate β-blocker therapy as soon as possible after stabilization and discontinuation of inotropic support. β-blocker therapy should be 

initiated prior to discharge. (35,49) – Consensus recommendation
 Using cerebral near-infrared spectroscopy (NIRS) as accurate as BNP in diagnosing ADHF.
 Using milrinone to improve myocardial performance instead of DOPamine in neonates with ADHF. (50-52)

 Use of Intermacs criteria to help determine the need for temporary circulatory support. (53-55)

Evidence Against
 Using BNP for diagnosing heart failure in neonates. (19,56-61) – Strong recommendation, low quality evidence
 Routine use of beta-blockers in single ventricle anatomy. (33-37) – Strong recommendation, low quality evidence
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 Routine administration of calcium chloride to improve myocardial performance in patients who are beyond the neonatal period. (62) –
Strong recommendation, very low quality evidence

 Use of sodium bicarbonate in children with acidosis secondary to acute decompensated heart failure. (63-65) – Strong
recommendation, very low quality evidence

Condition-Specific Elements of Clinical Management

General: Signs and symptoms of acute decompensated heart
failure can often mimic those of other common pediatric
diseases such as gastroenteritis.

Admission Criteria
To NICU/PICU/CvICU
Impending respiratory failure
Respiratory distress
Unstable arrhythmias
Atrio-ventricular heart block
Requires continuous vasodilator, natriuretic peptide, or

inotropic support
Complex congenital heart defects
Requires IV narcotics for comfort

To Cardiac Stepdown
Acute exacerbation of heart failure in the presence of chronic
heart failure that improves with initial management

Transfer Criteria (from ICU to Stepdown)*

*Patients admitted to Level III NICU may transfer to Level II or
a Stepdown bed based on availability

Tolerating enteral nutrition
No longer requires continuous vasodilator, natriuretic peptide

or inotropic support OR transition to stable continuous
dosing

Successfully weaning from oxygen requirements
No arrhythmias requiring treatment in past 24 hours
Improved or stable ventricular heart function

Discharge Criteria
Patient in stable, compensated state on oral medication

Consults/Referrals
Consultation with a cardiologist is recommended for all patients
presenting to the EC with ADHF.

Measures:
Process
 Time to first diuretic dose
 Time to inpatient disposition (from EC to admission)
 Length of stay
 Incidence of BNPs ordered in EC
 Incidence of Chest X-rays ordered in EC
 Incidence of ECHOs ordered in EC for newly diagnosed

AHFS
 Incidence of vasoactive agent use when contraindicated by

clinical picture
 Appropriate use of captopril and enalapril related to age
 Incidence of calcium use
 Incidence of nesiritide use
 Incidence of diuretic use
Outcome

 Mortality related to nesiritide use
 Incidence of development of renal failure/insufficiency
 (creatinine levels)
 Incidence of arrhythmias
 Incidence of discharge without ACE inhibitor and/or β 

blocker
 Incidence of readmission to hospital within 30 days of

discharge
 Incidence of presentation to EC within 14 days of discharge
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TCH Evidence-Based Outcomes Center
Clinical Algorithm for Acute Decompensated Heart Failure (ADHF)

Begin H & P suggestive of
ADHF

Actual or Impending
respiratory failure or

cardiovascular collapse

No

Yes

Yes

No

↑ filling pressures
poor perfusion
(cold & wet)

↑ filling pressures
pulmonary edema
adequate perfusion

(warm & wet)

- Diuretics
- Vasodilators/Milrinone if normotensive
- Continue chronic HF meds unless
hypotensive and/or elevated creatinine

- If hypotensive, add low dose DOPamine or
EPINEPHrine

- Diuretics
- Continue chronic HF meds
- Consider afterload reduction and vasodilators

Mildly symptomatic- use oral medictions:
        - captopril ≤ 1 mo

- enalapril > 1 mo
Moderately symptomatic use IV

- milrinone
- nitroPRUsside

- Add ACE Inhibitor if not already in use

Eligibility Criteria
- birth - 21 years
- chronic HF with acute
decompensation
- new onset heart failure
- cardiogenic shock

Exclusion Criteria
- adults (> 21 years)
- neonates with
corrected postnatal age
< 35 wks

- infants receiving
prostaglandins
- infants with a potential
need for
prostaglandin infusion

OFF algorithm

Symptomatic
relief

Yes

- Optimize diuretic therapy ( if appropriate)
- Vasodilators/milrinone if normotensive
- Continue chronic HF meds
unless hypotensive and/or elevated creatinine

- If hypotensive, add low dose DOPamine or
EPINEPHrine

- Re-evaluate milrinone dosing if already in use

No

- Resuscitate and stabilize
- Consider early initiation of non-invasive
positive pressure ventilation OR
intubation

- Line placement*- peripheral vs central
Notify Cardiology and Cardiac Critical

Care for evaluation

- O2 and comfort measures if not already done
- BNP, CBC, Chem 10 +/- blood gas, Chest X-ray, ECG
- Determine treatment course based upon clinical picture*

(Diuretic should be administered ASAP in
the presence of respiratory distress secondary to
congestion)

- Consult Cardiology & Cardiac Critical Care for evaluation
of clinical status/ presentation if not already done

- Order ECHO
- Determine appropriate level of care and plan for admission

OFF algorithm

normal filling pressures
poor perfusion

(cold & dry)

- Transition from IV to oral
medication management

- Evaluate for transfer or
discharge

*All patients need at least a
peripheral access. Central line
access is necessary in cases of
shock.

Mechanical
support needed

Consider:
- Enhancing diuretic treatment
- Escalating inotropes
- Escalating respiratory support (BiPAP/intubation)

No

Yes

- No diuretics
- Vasodilators/Milrinone if
normotensive

- Evaluation of chronic HF meds for
dosage change or temporary hold
unless hypotensive and/or elevated
creatinine

- If hypotensive, consider
DOPamine or EPINEPHrine

Symptomatic relief:
No tachycardia

No O2 requirement
Adequate perfusion

(warm & dry)
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Common presenting signs and
symptoms of ADHF include:
- Dyspnea or increased work of
breathing (WOB)

- Tachypnea
- Wheezing (especially new onset)
- Hepatomegaly
- Nausea or vomiting
- Abdominal distension/pain
- Fatigue or decreased activity
level

- Peripheral edema (Absence of
edema does not preclude a diagnosis
of ADHF.)

© Evidence-Based Outcomes Center

Texas Children’s Hospital



DATE: April 2017

© Evidence-Based Outcomes Center 5
Texas Children’s Hospital

References

1. Rossano, J. W., Kim, J. J., Decker, J. A., Price, J. F., Zafar, F., Graves, D. E., . . . & Jefferies, J. L. (2012). Prevalence, morbidity, and mortality of
heart failure-related hospitalizations in children in the United States: A population-based study. Journal of Cardiac Failure, 18(6), 459-470.
doi:10.1016/j.cardfail.2012.03.001

2. Hsu, D. T., & Pearson, G. D. (2009). Heart failure in children: Part I: History, etiology, and pathophysiology. Circulation: Heart Failure, 2(1), 63-70.
doi:10.1161/circheartfailure.108.820217

3. Glassberg, H., Kirkpatrick, J., & Ferrari, V. A. (2008). Imaging studies in patients with heart failure: Current and evolving technologies. Critical Care
Medicine, 36(1 Suppl), S28-S39.

4. Wang, C. S., FitzGerald, J. M., Schulzer, M., Mak, E., & Ayas, N. T. (2005). Does this dyspneic patient in the emergency department have
congestive heart failure? JAMA, 294(15), 1944-1956. doi:10.1001/jama.294.15.1944

5. Jang, T. B., Aubin, C., Naunheim, R., Lewis, L. M., & Kaji, A. H. (2012). The predictive value of physical examination findings in patients with
suspected acute heart failure syndrome. Internal and Emergency Medicine, 7(3), 271-274. doi:10.1007/s11739-011-0729-x

6. Kelder, J. C., Cramer, M. J., van Wijngaarden, J., van Tooren, R., Mosterd, A., Moons, K. G., . . . Hoes, A. W. (2011). The diagnostic value of
physical examination and additional testing in primary care patients with suspected heart failure. Circulation, 124(25), 2865-2873.
doi:10.1161/circulationaha.111.019216

7. Rovai, D., Morales, M. A., Di Bella, G., De Nes, M., Pingitore, A., Lombardi, M., & Rossi, G. (2007). Clinical diagnosis of left ventricular dilatation and
dysfunction in the age of technology. European Journal of Heart Failure, 9(6-7), 723-729. doi:10.1016/j.ejheart.2007.02.002

8. Mant, J., Doust, J., Roalfe, A., Barton, P., Cowie, M. R., Glasziou, P., . . . & Hobbs, F. D. (2009). Systematic review and individual patient data meta-
analysis of diagnosis of heart failure, with modelling of implications of different diagnostic strategies in primary care. Health Technology
Assessments, 13(32), 1-207, iii. doi:10.3310/hta13320

9. Kennedy, S., Simon, B., Alter, H. J., & Cheung, P. (2011). Ability of physicians to diagnose congestive heart failure based on chest X-ray. Journal of
Emergency Medicine, 40(1), 47-52. doi:10.1016/j.jemermed.2009.10.018

10.Mueller-Lenke, N., Rudez, J., Staub, D., Laule-Kilian, K., Klima, T., Perruchoud, A. P., & Mueller, C. (2006). Use of chest radiography in the
emergency diagnosis of acute congestive heart failure. Heart, 92(5), 695-696. doi:10.1136/hrt.2005.074583

11.Satou, G. M., Lacro, R. V., Chung, T., Gauvreau, K., & Jenkins, K. J. (2001). Heart size on chest x-ray as a predictor of cardiac enlargement by
echocardiography in children. Pediatric Cardiology, 22(3), 218-222. doi:10.1007/s002460010207

12.Studler, U., Kretzschmar, M., Christ, M., Breidthardt, T., Noveanu, M., Schoetzau, A., . . . & Mueller, C. (2008). Accuracy of chest radiographs in the
emergency diagnosis of heart failure. European Radiology, 18(8), 1644-1652. doi:10.1007/s00330-008-0930-0

13.Auerbach, S. R., Richmond, M. E., Lamour, J. M., Blume, E. D., Addonizio, L. J., Shaddy, R. E., . . . Hsu, D. T. (2010). BNP levels predict outcome in
pediatric heart failure patients: Post hoc analysis of the Pediatric Carvedilol Trial. Circulation: Heart Failure, 3(5), 606-611.
doi:10.1161/circheartfailure.109.906875

14.Boldanova, T., Noveanu, M., Breidthardt, T., Potocki, M., Reichlin, T., Taegtmeyer, A., . . . & Mueller, C. (2010). Impact of history of heart failure on
diagnostic and prognostic value of BNP: Results from the B-type Natriuretic Peptide for Acute Shortness of Breath Evaluation (BASEL) study.
International Journal of Cardiology, 142(3), 265-272. doi:10.1016/j.ijcard.2008.12.214

15.Cantinotti, M., Storti, S., Parri, M. S., Murzi, M., & Clerico, A. (2009). Reference values for plasma B-type natriuretic peptide in the first days of life.
Clinical Chemistry, 55(7), 1438-1440. doi:10.1373/clinchem.2009.126847

16.Chung, T., Sindone, A., Foo, F., Dwyer, A., Paoloni, R., Janu, M. R., . . . & Freedman, S. B. (2006). Influence of history of heart failure on diagnostic
performance and utility of B-type natriuretic peptide testing for acute dyspnea in the emergency department. American Heart Journal, 152(5), 949-
955. doi:10.1016/j.ahj.2006.05.020

17.Dieplinger, B., Gegenhuber, A., Haltmayer, M., & Mueller, T. (2009). Evaluation of novel biomarkers for the diagnosis of acute destabilised heart
failure in patients with shortness of breath. Heart, 95(18), 1508-1513. doi:10.1136/hrt.2009.170696

18.Drexler, B., Heinisch, C., Balmelli, C., Lassus, J., Siirila-Waris, K., Arenja, N., . . . & Mueller, C. (2012). Quantifying cardiac hemodynamic stress and
cardiomyocyte damage in ischemic and nonischemic acute heart failure. Circulation: Heart Failure, 5(1), 17-24.
doi:10.1161/circheartfailure.111.961243

19.Law, Y. M., Hoyer, A. W., Reller, M. D., & Silberbach, M. (2009). Accuracy of plasma B-type natriuretic peptide to diagnose significant cardiovascular
disease in children: The Better Not Pout Children! Study. Journal of the American College of Cardiology, 54(15), 1467-1475.
doi:10.1016/j.jacc.2009.06.020

20.Lokuge, A., Lam, L., Cameron, P., Krum, H., de Villiers, S., Bystrzycki, A., . . . & Schneider, H. G. (2010). B-type natriuretic peptide testing and the
accuracy of heart failure diagnosis in the emergency department. Circulation: Heart Failure, 3(1), 104-110. doi:10.1161/circheartfailure.109.869438

21.Maher, K. O., Reed, H., Cuadrado, A., Simsic, J., Mahle, W. T., Deguzman, M., . . . & Bandyopadhyay, S. (2008). B-type natriuretic peptide in the
emergency diagnosis of critical heart disease in children. Pediatrics, 121(6), e1484-1488. doi:10.1542/peds.2007-1856

22.Seronde, M. F., Gayat, E., Logeart, D., Lassus, J., Laribi, S., Boukef, R., . . . & Mebazaa, A. (2013). Comparison of the diagnostic and prognostic
values of B-type and atrial-type natriuretic peptides in acute heart failure. International Journal of Cardiology, 168(4), 3404-3411.
doi:10.1016/j.ijcard.2013.04.164

23.Shah, K. B., Kop, W. J., Christenson, R. H., Diercks, D. B., Kuo, D., Henderson, S., . . . deFilippi, C. R. (2009). Natriuretic peptides and
echocardiography in acute dyspnoea: implication of elevated levels with normal systolic function. European Journal of Heart Failure, 11(7), 659-667.
doi:10.1093/eurjhf/hfp075

24.Zuber, M., Cuculi, F., Attenhofer Jost, C. H., Kipfer, P., Buser, P., Seifert, B., & Erne, P. (2009). Value of brain natriuretic peptides in primary care
patients with the clinical diagnosis of chronic heart failure. Scandinavian Cardiovascular Journal, 43(5), 324-329. doi:10.1080/14017430902769919

25.Amer, M., Adomaityte, J., & Qayyum, R. (2012). Continuous infusion versus intermittent bolus furosemide in ADHF: An updated meta-analysis of
randomized control trials. Journal of Hospital Medicine, 7(3), 270-275. doi:10.1002/jhm.991

26.Llorens, P., Miro, O., Herrero, P., Martin-Sanchez, F. J., Jacob, J., Valero, A., . . . & Perello, R. (2014). Clinical effects and safety of different
strategies for administering intravenous diuretics in acutely decompensated heart failure: A randomised clinical trial. Emergency Medicine Journal,
31(9), 706-713. doi:10.1136/emermed-2013-202526

27.Palazzuoli, A., Pellegrini, M., Ruocco, G., Martini, G., Franci, B., Campagna, M. S., . . . & Ronco, C. (2014). Continuous versus bolus intermittent
loop diuretic infusion in acutely decompensated heart failure: A prospective randomized trial. Critical Care, 18(3), R134. doi:10.1186/cc13952

28.Shah, R. A., Subban, V., Lakshmanan, A., Narayanan, S., Udhayakumaran, K., Pakshirajan, B., . . . & Mullasari, A. S. (2014). A prospective,
randomized study to evaluate the efficacy of various diuretic strategies in acute decompensated heart failure. Indian Heart Journal, 66(3), 309-316.
doi:10.1016/j.ihj.2014.03.006

29.Nieves, L. C., Mehrtens, G. M., Pores, N., Pickrell, C., Tanis, J., Satty, T., . . . & Merlin, M. A. (2015). The effect of furosemide dose administered in
the out-of-hospital setting on renal function among patients with suspected acute decompensated heart failure. Prehospital Disaster Medicine, 30(1),
38-45. doi:10.1017/s1049023x14001411



DATE: April 2017

© Evidence-Based Outcomes Center 6
Texas Children’s Hospital

30.Ng, T. M., Hshieh, S., Chan, C. Y., & Elkayam, U. (2012). Clinical experience with low-dose continuous infusion of furosemide in acute heart failure:
Assessment of efficacy and safety. Journal of Cardiovascular Pharmacology, 17(4), 373-381. doi:10.1177/1074248412446194

31.Aziz, E. F., Alviar, C. L., Herzog, E., Cordova, J. P., Bastawrose, J. H., Pamidimukala, C. K., . . . Kukin, M. (2011). Continuous infusion of furosemide
combined with low-dose dopamine compared to intermittent boluses in acutely decompensated heart failure is less nephrotoxic and carries a lower
readmission at thirty days. Hellenic Journal of Cardiology, 52(3), 227-235.

32.Peacock, W. F., Costanzo, M. R., De Marco, T., Lopatin, M., Wynne, J., Mills, R. M., & Emerman, C. L. (2009). Impact of intravenous loop diuretics
on outcomes of patients hospitalized with acute decompensated heart failure: Insights from the ADHERE registry. Cardiology, 113(1), 12-19.
doi:10.1159/000164149

33.Alabed, S., Sabouni, A., Al Dakhoul, S., Bdaiwi, Y., & Frobel-Mercier, A.-K. (2016). Beta-blockers for congestive heart failure in children. Cochrane
Database of Systematic Reviews, 2016(1). http://onlinelibrary.wiley.com/doi/10.1002/14651858.CD007037.pub3/abstract
doi:10.1002/14651858.CD007037.pub3

34.Berra, G., Garin, N., Stirnemann, J., Jannot, A. S., Martin, P. Y., Perrier, A., & Carballo, S. (2015). Outcome in acute heart failure: Prognostic value
of acute kidney injury and worsening renal function. Journal of Cardiac Failure, 21(5), 382-390. doi:10.1016/j.cardfail.2014.12.015

35.Bohm, M., Link, A., Cai, D., Nieminen, M. S., Filippatos, G. S., Salem, R., . . . & Mebazaa, A. (2011). Beneficial association of beta-blocker therapy
on recovery from severe acute heart failure treatment: Data from the Survival of Patients with Acute Heart Failure in Need of Intravenous Inotropic
Support trial. Critical Care Medicine, 39(5), 940-944. doi:10.1097/CCM.0b013e31820a91ed

36.Martinez-Selles, M., Datino, T., Alhama, M., Barrueco, N., Castillo, I., & Fernandez-Aviles, F. (2010). Rapid carvedilol up-titration in hospitalized
patients with left ventricular systolic dysfunction--data from the Carvedilol in Hospital: Up-titration Limits after Acute Patients Admission registry.
Journal of Cardiovascular Medicine, 11(5), 352-358. doi:10.2459/JCM.0b013e328334f48b

37.Hess, G., Preblick, R., Hill, J., Plauschinat, C. A., & Yaskin, J. (2009). Effects of angiotensin-converting enzyme inhibitor or angiotensin receptor
blocker therapy after hospital discharge on subsequent rehospitalization for acute myocardial infarction and heart failure. Congestive Heart Failure,
15(4), 170-175. doi:10.1111/j.1751-7133.2009.00092.x

38.Burkhardt, B. E., Rucker, G., & Stiller, B. (2015). Prophylactic milrinone for the prevention of low cardiac output syndrome and mortality in children
undergoing surgery for congenital heart disease. Cochrane Database of Systematic Reviews, 2015(3), CD009515.
doi:10.1002/14651858.CD009515.pub2

39.Garcia Guerra, G., Joffe, A. R., Senthilselvan, A., Kutsogiannis, D. J., & Parshuram, C. S. (2013). Incidence of milrinone blood levels outside the
therapeutic range and their relevance in children after cardiac surgery for congenital heart disease. Intensive Care Medicine, 39(5), 951-957.
doi:10.1007/s00134-013-2858-3

40.McFerson, M. C., McCanta, A. C., Pan, Z., Collins, K. K., Jaggers, J., da Cruz, E. M., & Kaufman, J. (2014). Tachyarrhythmias after the Norwood
procedure: Relationship and effect of vasoactive agents. Pediatric Cardiology, 35(4), 668-675. doi:10.1007/s00246-013-0836-8

41.Smith, A. H., Owen, J., Borgman, K. Y., Fish, F. A., & Kannankeril, P. J. (2011). Relation of milrinone after surgery for congenital heart disease to
significant postoperative tachyarrhythmias. American Journal of Cardiology, 108(11), 1620-1624. doi:10.1016/j.amjcard.2011.07.023

42.Vital Flávia, M. R., Ladeira Magdaline, T., & Atallah Álvaro, N. (2013). Non-invasive positive pressure ventilation (CPAP or bilevel NPPV) for
cardiogenic pulmonary oedema. Cochrane Database of Systematic Reviews, 2013(5). doi:10.1002/14651858.CD005351.pub3

43.Stephan, F., Barrucand, B., Petit, P., Rezaiguia-Delclaux, S., Medard, A., Delannoy, B., . . . & Berard, L. (2015). High-flow nasal oxygen vs
noninvasive positive airway pressure in hypoxemic patients after cardiothoracic surgery: A randomized clinical trial. JAMA, 313(23), 2331-2339.
doi:10.1001/jama.2015.5213

44.McKiernan, C., Chua, L. C., Visintainer, P. F., & Allen, H. (2010). High flow nasal cannulae therapy in infants with bronchiolitis. Journal of Pediatrics,
156(4), 634-638. doi:10.1016/j.jpeds.2009.10.039

45.Pirracchio, R., Resche Rigon, M., Mebazaa, A., Zannad, F., Alla, F., & Chevret, S. (2013). Continuous positive airway pressure (CPAP) may not
reduce short-term mortality in cardiogenic pulmonary edema: A propensity-based analysis. Journal of Cardiac Failure, 19(2), 108-116.
doi:10.1016/j.cardfail.2012.12.006

46.Schibler, A., Pham, T. M., Dunster, K. R., Foster, K., Barlow, A., Gibbons, K., & Hough, J. L. (2011). Reduced intubation rates for infants after
introduction of high-flow nasal prong oxygen delivery. Intensive Care Medicine, 37(5), 847-852. doi:10.1007/s00134-011-2177-5

47.Wing, R., James, C., Maranda, L. S., & Armsby, C. C. (2012). Use of high-flow nasal cannula support in the emergency department reduces the
need for intubation in pediatric acute respiratory insufficiency. Pediatric Emergency Care, 28(11), 1117-1123. doi:10.1097/PEC.0b013e31827122a9

48.Gupta, P., Kuperstock, J. E., Hashmi, S., Arnolde, V., Gossett, J. M., Prodhan, P., . . . & Roth, S. J. (2013). Efficacy and predictors of success of
noninvasive ventilation for prevention of extubation failure in critically ill children with heart disease. Pediatric Cardiology, 34(4), 964-977.
doi:10.1007/s00246-012-0590-3

49.Mebazaa, A., Nieminen, M. S., Filippatos, G. S., Cleland, J. G., Salon, J. E., Thakkar, R., . . . Cohen-Solal, A. (2009). Levosimendan vs. dobutamine:
Outcomes for acute heart failure patients on beta-blockers in SURVIVE. European Journal of Heart Failure, 11(3), 304-311.
doi:10.1093/eurjhf/hfn045

50.Costello, J. M., Dunbar-Masterson, C., Allan, C. K., Gauvreau, K., Newburger, J. W., McGowan, F. X., Jr., . . . Laussen, P. C. (2014). Impact of
empiric nesiritide or milrinone infusion on early postoperative recovery after Fontan surgery: A randomized, double-blind, placebo-controlled trial.
Circulation: Heart Failure, 7(4), 596-604. doi:10.1161/circheartfailure.113.001312

51.Paradisis, M., Evans, N., Kluckow, M., & Osborn, D. (2009). Randomized trial of milrinone versus placebo for prevention of low systemic blood flow
in very preterm infants. Journal of Pediatrics, 154(2), 189-195. doi:10.1016/j.jpeds.2008.07.059

52.Duggal, B., Pratap, U., Slavik, Z., Kaplanova, J., & Macrae, D. (2005). Milrinone and low cardiac output following cardiac surgery in infants: Is there a
direct myocardial effect? Pediatric Cardiology, 26(5), 642-645. doi:10.1007/s00246-005-0881-z

53.Boyle, A. J., Ascheim, D. D., Russo, M. J., Kormos, R. L., John, R., Naka, Y., . . . Teuteberg, J. J. (2011). Clinical outcomes for continuous-flow left
ventricular assist device patients stratified by pre-operative INTERMACS classification. Journal of Heart and Lung Transplantation, 30(4), 402-407.
doi:10.1016/j.healun.2010.10.016

54.Rossano, J. W., Lorts, A., VanderPluym, C. J., Jeewa, A., Guleserian, K. J., Bleiweis, M. S., . . . Kirklin, J. K. (2016). Outcomes of pediatric patients
supported with continuous-flow ventricular assist devices: A report from the Pediatric Interagency Registry for Mechanical Circulatory Support
(PediMACS). Journal of Heart and Lung Transplantation. doi:10.1016/j.healun.2016.01.1228

55.Stein, M. L., Robbins, R., Sabati, A. A., Reinhartz, O., Chin, C., Liu, E., . . . & Rosenthal, D. (2010). Interagency Registry for Mechanically Assisted
Circulatory Support (INTERMACS)-defined morbidity and mortality associated with pediatric ventricular assist device support at a single US center:
The Stanford experience. Circulation: Heart Failure, 3(6), 682-688. doi:10.1161/circheartfailure.109.918672

56.Kulkarni, M., Gokulakrishnan, G., Price, J., Fernandes, C. J., Leeflang, M., & Pammi, M. (2015). Diagnosing significant PDA using natriuretic
peptides in preterm neonates: A systematic review. Pediatrics, 135(2), e510-525. doi:10.1542/peds.2014-1995

57.Cantinotti, M., Storti, S., Ripoli, A., Zyw, L., Crocetti, M., Assanta, N., . . . & Clerico, A. (2010). Diagnostic accuracy of B-type natriuretic hormone for
congenital heart disease in the first month of life. Clinical Chemistry and Laboratory Medicine, 48(9), 1333-1338. doi:10.1515/cclm.2010.251



DATE: April 2017

© Evidence-Based Outcomes Center 7
Texas Children’s Hospital

58.Cantinotti, M., Passino, C., Storti, S., Ripoli, A., Zyw, L., & Clerico, A. (2011). Clinical relevance of time course of BNP levels in neonates with
congenital heart diseases. Clinica Chimica Acta, 412(23-24), 2300-2304. doi:10.1016/j.cca.2011.08.030

59.Das, S., Chanani, N. K., Deshpande, S., & Maher, K. O. (2012). B-type natriuretic peptide in the recognition of critical congenital heart disease in the
newborn infant. Pediatric Emergency Care, 28(8), 735-738. doi:10.1097/PEC.0b013e3182624a12

60.Davlouros, P. A., Karatza, A. A., Xanthopoulou, I., Dimitriou, G., Georgiopoulou, A., Mantagos, S., & Alexopoulos, D. (2011). Diagnostic role of
plasma BNP levels in neonates with signs of congenital heart disease. International Journal of Cardiology, 147(1), 42-46.
doi:10.1016/j.ijcard.2009.07.029

61.Ko, H. K., Lee, J. H., Choi, B. M., Lee, J. H., Yoo, K. H., Son, C. S., & Lee, J. W. (2008). Utility of the rapid B-type natriuretic peptide assay for
detection of cardiovascular problems in newborn infants with respiratory difficulties. Neonatology, 94(1), 16-21. doi:10.1159/000112584

62.Lang, R. M., Fellner, S. K., Neumann, A., Bushinsky, D. A., & Borow, K. M. (1988). Left ventricular contractility varies directly with blood ionized
calcium. Annals of Internal Medicine, 108(4), 524-529.

63.Lawn, C. J., Weir, F. J., & McGuire, W. (2005). Base administration or fluid bolus for preventing morbidity and mortality in preterm infants with
metabolic acidosis. Cochrane Database of Systematic Reviews, 2005(2), CD003215. doi:10.1002/14651858.CD003215.pub2

64.Beveridge, C. J., & Wilkinson, A. R. (2006). Sodium bicarbonate infusion during resuscitation of infants at birth. Cochrane Database of Systematic
Reviews, 2006(1), CD004864. doi:10.1002/14651858.CD004864.pub2

65.Mintzer, J. P., Parvez, B., Alpan, G., & LaGamma, E. F. (2015). Effects of sodium bicarbonate correction of metabolic acidosis on regional tissue
oxygenation in very low birth weight neonates. Journal of Perinatology, 35(8), 601-606. doi:10.1038/jp.2015.37



DATE: April 2017

© Evidence-Based Outcomes Center 8
Texas Children’s Hospital

Clinical Standards Preparation
This clinical standard was prepared by the Evidence-Based
Outcomes Center (EBOC) team in collaboration with content
experts at Texas Children’s Hospital. Development of this clinical
standard supports the TCH Quality and Patient Safety Program
initiative to promote clinical standards and outcomes that build a
culture of quality and safety within the organization.

Acute Decompensated Heart Failure Content Expert Team
Godly Abraham, RN, Cardiology Quality
James Adams, MD, Neonatology
Maria Bombasi, RN, Cardiology
Beth Bubolz, MD, Emergency Medicine
Antonio Cabrera, MD, Cardiology
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Barbara Elias, RN, VAD Coordinator
Corey Gates, RN, Heart Failure/Cardiomyopathy Coordinator
Tim Humlicek, PharmD, Heart Failure Pharmacist
Aamir Jeewa, MD, Cardiology
Melissa Lusby, OT, Occupational Therapy
Angela Morgan, RN, PICU Clinical Specialist
Prakash Masand, MD, Radiology
Claire Poche, MD, Texas Children’s Pediatrics
Krista Preisberga, MD, Pediatric Hospital Medicine
Jack Price, MD, Cardiology
Priscila P. Reid, MS, RN, FNP-C, CPNP-AC, Cardiology
Christopher Rhee, MD, Neonatology
Kerry Sembera, MSN, RN, CVICU Nursing
Sebastian Tume, MD, Critical Care
Nadia Villarreal, RN, Emergency Nursing
Allison Walton, RN, NICU Nursing
Elizabeth Wuestner, MSN, RN, Emergency Nursing
Suellen Yin, MD, Emergency Medicine

EBOC Team
Karen Gibbs, MSN/MPH, RN, APHN-BC, CPN, Research Specialist
Charles Macias, MD, MPH, Medical Director
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Tom Burke, Research Assistant
Sherin Titus, Research Assistant
Andrea Jackson, MBA, RN, Research Specialist
Betsy Lewis, MSN, RN, Research Specialist
Jennifer Loveless, MPH, Research Specialist
Sheesha Porter, MS, RN, Research Specialist
Ellis Arjmand, MD, MMM, PhD, Associate Director
Christina Davidson, MD, Associate Director
Anne Dykes, MSN, RN, Assistant Director
Kathy Carberry, MPH, RN, Director

Development Process
This clinical standard was developed using the process outlined in
the EBOC Manual. The literature appraisal documents the following
steps:

1. Review Preparation
- PICO questions established
- Evidence search confirmed with content experts

2. Review of Existing Internal and External Guidelines
- International Society for Heart and Lung Transplantation (2014)

“Guidelines for management of pediatric heart failure,”
Canadian Cardiovascular Society (2013) “Presentation,
Diagnosis, and Medical Management of Heart Failure in
Children,” American College of Cardiology
Foundation/American Heart Association (2013) “ACCF/AHA
Guideline for the Management of Heart Failure,” National
Institute for Health and Care Excellence (2014) “Acute Heart
Failure: Diagnosing and managing acute heart failure in adults,”
European Society of Cardiology (2012) “ESC Guidelines for the
diagnosis and treatment of acute and chronic heart failure,” and
the Heart Failure Society of America (2010) “Heart Failure
Society Comprehensive Heart Failure Practice Guideline.”

3. Literature Review of Relevant Evidence
- Searched: PubMed, CINAHL, Cochrane, Guideline

Clearinghouse

4. Critically Analyze the Evidence
- 9 meta-analyses, 7 randomized controlled trials, and 47

nonrandomized studies

5. Summarize the Evidence
- Materials used in the development of the guideline, evidence

summary, and order sets are maintained in an Acute
Decompensated Heart Failure evidence-based review manual
within EBOC.

Evaluating the Quality of the Evidence
Published clinical guidelines were evaluated for this review using
the AGREE II criteria. The summary of these guidelines are
included in the literature appraisal. AGREE II criteria evaluate
Guideline Scope and Purpose, Stakeholder Involvement, Rigor of
Development, Clarity and Presentation, Applicability, and Editorial
Independence using a 4-point Likert scale. The higher the score,
the more comprehensive the guideline.
This clinical standard specifically summarizes the evidence in
support of or against specific interventions and identifies where
evidence is lacking/inconclusive. The following categories describe
how research findings provide support for treatment interventions.
“Evidence Supports” provides clear evidence that the benefits of
the intervention exceed harm.
“Evidence Against” provides clear evidence that the intervention
is likely to be ineffective or that it is harmful.
“Evidence Lacking/Inconclusive” indicates there is currently
insufficient data or inadequate data to support or refute a specific
intervention.
The GRADE criteria were utilized to evaluate the body of evidence
used to make practice recommendations. The table below defines
how the quality of the evidence is rated and how a strong versus
weak recommendation is established. The literature appraisal
reflects the critical points of evidence.

Recommendation

STRONG
Desirable effects clearly outweigh undesirable effects or
vice versa

WEAK
Desirable effects closely balanced with undesirable
effects

Quality Type of Evidence

High Consistent evidence from well-performed RCTs or
exceptionally strong evidence from unbiased
observational studies

Moderate Evidence from RCTs with important limitations (e.g.,
inconsistent results, methodological flaws, indirect
evidence, or imprecise results) or unusually strong
evidence from unbiased observational studies

Low Evidence for at least 1 critical outcome from
observational studies, RCTs with serious flaws or
indirect evidence

Very Low Evidence for at least 1 critical outcome from
unsystematic clinical observations or very indirect
evidence

Recommendations
Practice recommendations were directed by the existing evidence
and consensus amongst the content experts. Patient and family
preferences were included when possible. The Content Expert
Team and EBOC team remain aware of the controversies in the
diagnosis/management of acute decompensated heart failure in
infants, children, and young adults. When evidence is lacking,
options in care are provided in the clinical standard and the
accompanying order sets (if applicable).
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Approval Process
Clinical standards are reviewed and approved by hospital
committees as deemed appropriate for its intended use. Clinical
standards are reviewed as necessary within EBOC at Texas
Children’s Hospital. Content Expert Teams are involved with every
review and update.

Disclaimer
Practice recommendations are based upon the evidence available
at the time the clinical standard was developed. Clinical standards
(guidelines, summaries, or pathways) do not set out the standard of
care, and are not intended to be used to dictate a course of care.
Each physician/practitioner must use his or her independent
judgment in the management of any specific patient and is
responsible, in consultation with the patient and/or the patient
family, to make the ultimate judgment regarding care.
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