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An evidence-based guideline that decreases unnecessary variation 
and helps promote safe, effective, and consistent patient care.

What is a Clinical Pathway?



• To develop a comprehensive interdisciplinary pediatric 
pathway to standardize primary and secondary 
prevention of a change in systolic performance, also 
referred to as cancer therapy-related cardiac dysfunction
(CTRCD)

• To utilize multimodality imaging to assess for change in 
systolic performance as indicated

• To prevent heart failure and the progression of heart 
failure

• To ensure appropriate and timely referrals to necessary 
specialists and ancillary service providers

Objectives of Pathway



• Among the nearly 400,000 long-term childhood cancer survivors in the 
United States, more than half were treated with cardiotoxic cancer therapy, 
which results in a 15-fold increased rate of heart failure and an 8-fold 
increased rate of premature cardiac death.

• No comprehensive pediatric cardio-oncology pathway has been published 
to guide prevention and management of cardiac effects of cancer treatment. 

o Cardio-oncology is an emerging field

o Childhood cancer survivors receive numerous cancer treatments that are 
cardio-toxic

o We want to preserve heart function throughout cancer therapy so they can get 
the cancer treatments they need

– Want to limit dose modifications

– Want to limit held doses

o Prevent or limit the long term cardiovascular effects of cancer treatments

Why is Pathway Necessary?



• Appendix A lists the common 

effects of cardiotoxic cancer 

agents

• Targeted Molecular Therapies 

are growing in the pediatric 

population & will continue to be 

used. These also have 

cardiotoxic effects.



Background: Heart Failure

Since outcomes of clinical heart 

failure (HF) are generally poor, it 

is vitally important to have a 

systematic way to both prevent 

and also provide early 

intervention. 

Heart Failure Symptoms

https://www.ezmedlearning.com/blog/congestive-heart-failure-symptoms-stages-treatment



Appendix G: Stages of Heart Failure

Cardio-oncology prevention begins upon cancer diagnosis not after cancer treatment has 

finished. Primary and secondary prevention of heart failure (HF) can include the following:
1. Use of Dexrazoxane

2. Monitoring heart function via echos/CMRs

3. Promoting heart healthy diet

4. Promoting physical activity

5. Utilizing cardiac medication(s) to preserve/improve heart function  prevent/reduce the need to 

dose reduce or skip cancer treatments

Background: 

Heart Failure



• Heart failure stage A & B are at risk for heart failure. All oncology 

patients that receive cardiotoxic therapy are considered heart failure 

stage A.

• Heart failure stage A means the patient is at high risk for heart failure 

due to the cardiotoxic cancer therapy, but do not have any structural 

heart disease (as shown via echo or CMR) or symptoms (heart failure 

symptoms reviewed after heart failure stages reviewed)

Appendix G: Stages of Heart Failure

Background: 

Heart Failure



Heart failure stage B means the patient is at high risk for heart failure due 

to the cardiotoxic cancer therapy and has structural heart disease (as 

shown via echo or CMR), but does not have any symptoms. This is the 

stage where we want to intervene so they do not escalate to stage C or D

Appendix G: Stages of Heart Failure

Background: 

Heart Failure



• Heart failure stage C & D patients have clinical heart failure

• Heart failure stage C patients have structural heart disease and are 

experiencing symptoms

• Heart failure stage D patients have refractory heart failure, are 

experiencing symptoms, and require advance heart failure therapy 

(i.e. implantable mechanical heart pump, IV medication, etc.) and/or 

heart transplant

Appendix G: Stages of Heart Failure

Background: 

Heart Failure



• Children’s Oncology Group (COG) define adequate cardiac function for clinical trial 
enrollment as:

o Shortening fraction of ≥ 28% by echocardiogram

o Ejection fraction of ≥ 50% by radionuclide angiogram

• However, our pathway takes a more conservative approach to help prevent 
progression of heart failure: 

o A change in systolic performance, also known as CTRCD, is defined as:

– EF < 55% 

– SF < 29%

– GLS < -17% (more negative is good, less negative is bad)

– Z-scores (located in the table within an echo report)

Background



This is the Pediatric Cardio-

Oncology Acute Cardiotoxicity 

Primary and Secondary Prevention 

Strategies Clinical Pathway. 

We will be reviewing each 

component in the following slides. 



The cardio-oncology labs can be ordered by 

using an order set 

All order sets will be reviewed later in this 

presentation 

As per current practice within the 

hematology/oncology psychosocial team

As per current practice within the 

hematology/oncology department. PI: Dr. Lau
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• Risk stratification is currently completed by the cardio-oncology department. 

The cardio-oncology Epic registry is under development and is designed to auto calculate 

risk score. 

• The Therapeutic profile tab will now have a cardio-oncology section (also 

referred to as event)

The cardio-oncology section will be used:

1. Baseline

• Risk scoring

• Heart failure stage

• Baseline cardiac function (via Echo and/or CMR)

2. Any major cardio-onc (i.e. +CTRCD) 

• Updated risk scoring

• Updated heart failure stage

• Updated cardiac function (via Echo and/or CMR)

• Cardiac medications

Where it says Initial Diagnosis you’ll 

now see a new Cardio-oncology section

Risk Stratification 
Tool (Appendix B)



Appendix B: Risk Stratification Tool



Appendix B: Risk Stratification Tool

• Vinca alkaloids only gets 0.5 points if Anthracyclines were also 

administered as part of the patient’s cancer plan. Vincristine on 

it’s own would score “0”

• This refers to gender at birth, as in children, 

females have a higher cardio-oncology risk 



• Dexrazoxane (DRZ) is typically always given prior to 

anthracycline (AC) doses. 

• However, previously DRZ wasn’t standard process so there 

may be patients for whom you will have to check “No”

• In pediatrics use the American Academy of 

Pediatrics (AAP) guidelines:

o https://www.mdcalc.com/calc/4052/aap-

pediatric-hypertension-guidelines

• For adult patients use the AHA guidelines

Appendix B: Risk Stratification Tool

https://www.mdcalc.com/calc/4052/aap-pediatric-hypertension-guidelines


Pediatric Cardiorespiratory Fitness (<20 years old) is 

based off of peak VO2 % predicted

• In Epic, Stress Test results are found under “Procedures”

• If you click Maximum Voluntary Ventilation once, you’ll 

see the Peak VO2 located in the Summary of Findings

Reminder: The Cardio-oncology dept is 
responsible for risk scoring. This is for 

your knowledge.

Appendix B: Risk Stratification Tool



Appendix B: Risk Stratification Tool

• Cardiopulmonary Stress Test yields 

a peak VO2/VO2 max value 

• This indicates a patient’s 

cardiorespiratory fitness and is the 

most important predictor of morbidity 

and mortality

Cardiac Monitoring:
 Echocardiograms and ECG per 

cancer treatment protocol 
(Appendix C: Echocardiogram 
Algorithm)

 Cardiopulmonary Stress Test 
following completion of 
therapy 

Cardiac Monitoring:
 Echocardiograms and ECG per 

cancer treatment protocol 
(Appendix C: Echocardiogram 
Algorithm)

 Cardiac MRI at time of 
diagnosis and maximal 
anthracycline therapy, 
otherwise follow (Appendix 
D: Cardiac MRI Algorithm)

 Cardiopulmonary Stress Test 
following completion of 
therapy 

Cardiac Monitoring:
 Echocardiograms and ECG per 

cancer treatment protocol 
(Appendix C: Echocardiogram 
Algorithm)

 Cardiac MRI at time of 
diagnosis and maximal 
anthracycline therapy, 
otherwise follow (Appendix 
D: Cardiac MRI Algorithm)

 Cardiopulmonary Stress Test 
following completion of 
therapy 



Pediatric 

Cardiorespiratory 

Fitness (<20 

years old) is 

based off of peak 

VO2 % predicted

• Please use the 

“VO2 Max/Pred

(%)” As seen 

highlighted in 

red in the PDF 

report

Appendix B: Risk Stratification Tool Reminder: Cardio-oncology 

is responsible for risk 

scoring. This is for your 

knowledge



Adult VO2 max (≥ 20 years) Male Table

Use the VO2 max obtained, locate their age, determine which 

category the fall under. Example: 35 year old male with a VO2

max of 39% would fall under the poor category and score a 1

on the risk score. 

Appendix B: Risk Stratification Tool

Reminder: Cardio-

oncology is responsible 

for risk scoring. This is 

for your knowledge



Adult VO2 max (≥ 20 years) Female Table

Reminder: Cardio-

oncology is responsible 

for risk scoring. This is 

for your knowledge



The following constitute as previous heart disease at diagnosis:

• Baseline change in systolic performance (also known as 

myocardial dysfunction or CTRCD) previously explained on slide 11

• Pericardial effusion 

• Pericardial tamponade 

• Previous history of congenital and/or acquired heart disease

• Tumor with cardiac hemodynamic effects (i.e. tumor compression on 

the heart or blood vessels – reported at the top of echo reports)

• Myocarditis



Under the Problem List the team will place a Cardiovascular and 

Mediastinum diagnosis for cardio-oncology patients. 

An Epic user can click on the problem “ACC/AHA heart failure stage,” 

and details of this conditions can be seen. An example of this is seen 

on the next slide.

View Heart Failure Risk Details on Problem List

Risk Stratification 
Tool (Appendix B)



Time stamp will show last time it was updated

Low risk

View Heart Failure Risk Details on Problem List



Of note, risk scoring also takes place 

at other time periods during the 

patients cancer treatment, not just at 

diagnosis, max anthracycline therapy, 

and therapy completion

Risk Stratification Tool Use

2Patients will require 
evaluation of cardiac risk 
factors by a cardiologist and 
oncologist at time of diagnosis 
to inform primary, secondary, 
and tertiary prevention 
strategies. Throughout therapy, 
patients may require continual 
re-evaluation of risk factors.

 Other time points when 
patients would require 
additional risk stratification:
 Echocardiogram obtained
 Relapse, refractory or 

new cancer dx
 Radiation therapy
 Bone marrow transplant



Page 1: Primary Prevention

Other Tips on Management

• Please note that 

“Interventions for ALL 

Patients” serves as a 

guide for clinicians

• A box on the right lists the 

indications for obtaining a 

cardiac MRI (CMR)

1Indications for Cardiac MRI: 
 Unreliable assessment of EF by 

echo (poor acoustic windows)
 Change in systolic 

performance3 during treatment 
(Appendix A: List of 
Cardiotoxic Agents and Effects)

 Baseline cardiac dysfunction
 Previous history of congenital 

and/or acquired cardiac 
disease

 Suspicion for myocarditis/
pericarditis/new valve 
dysfunction

 Tumors with cardiac 
hemodynamic effect

 Moderate or high risk 
stratification (Appendix B)

Appendix D: Cardiac MRI Algorithm

Interventions for ALL Patients:
 Optimize physical activity by encouraging participation 

with exercise regimens including those prescribed or 
recommended by PT/care team (Reference: Pediatric 
Oncology Exercise Manual)

 Optimize heart healthy diet as per Nutrition evaluation
 Continue psychosocial support and intervention as 

provided by the Hematology Oncology psychosocial 
team 

 If ferritin is >1,000 µg/L and not downward- trending, 
consider obtaining cardiac and hepatic T2* MRI

 Consultation with specialists to promote cardiac health 
(i.e. endocrinology) as needed



Cancer therapy completion/End of 

Treatment (EOT) = from the time 

the patient completes their cancer 

therapy up until 2 years post 

completion

Page 1: Primary Prevention

Cancer Therapy Completion



• A change in systolic performance, also known 

as CTRCD, is defined as the following:

o EF < 55% 

o SF < 29%

o GLS < -17% (more negative is good, less 

negative is bad)

o Z-scores are located in the table within an 

echo report. Outliers are marked in red

• A decrease in EF of more than 10 percentage 

points from baseline

o Example patient had a EF of 66% at one 

point. Then had a repeat echo which 

showed an EF of 56%. 

• Global longitudinal strain (GLS) is not always 

reported. If it is, it will be noted at the top part of 

the echo report under Interpretation Summary. 

Page 1: Primary Prevention

3Definition of Change in Systolic 
Performance: 

Left Ventricular Ejection Fraction 
(LVEF) AND/OR Global Longitudinal 

Strain (GLS) less than normal for age 
AND/OR Z score less than -2 OR a 
decrease in EF of more than 10 

percentage points from baseline

Change in systolic 
performance3 identified? 



• Page 3 of the clinical pathway

• Patients diagnosed with APML require 

arsenic trioxide for their cancer treatment and 

should be followed accordingly

• For additional guidance from cardiology, 

please order a cardiology consult in Epic 

• At this time the cardio-oncology department 

does not have an inpatient component. 

Page 3: Arsenic Trioxide Protocol



Please make sure to select 

the Cardio Onc radio button 

under the department 

section, so the correct 

cardiologist receives the 

consult.

How to place an ambulatory 

referral to Cardio-Oncology



Appendix C: Echocardiogram Algorithm

• Page 1 of pathway indicates at which 

times to perform echocardiogram and 

links to this appendix

• Recalculate risk score stratification at 

time of every echocardiogram 

evaluation, which will include the trends 

of systolic performance (also referred to 

as CTRCD)



Appendix D: Cardiac MRI (CMR) Algorithm

• CMR indicated in certain clinical scenarios 

that are outlined on page 1 of the clinical 

pathway

• For patients for whom CMR is indicated, 

appendix D outlines our CMR protocol, 

including how to obtain and when to repeat 

imaging

Note: At this time CMRs are only scheduled 

on Wednesdays and Fridays

1Indications for Cardiac MRI: 
 Unreliable assessment of EF by 

echo (poor acoustic windows)
 Change in systolic 

performance3 during treatment 
(Appendix A: List of 
Cardiotoxic Agents and Effects)

 Baseline cardiac dysfunction
 Previous history of congenital 

and/or acquired cardiac 
disease

 Suspicion for myocarditis/
pericarditis/new valve 
dysfunction

 Tumors with cardiac 
hemodynamic effect

 Moderate or high risk 
stratification (Appendix B)

Appendix D: Cardiac MRI Algorithm

Moderate Risk High Risk

Cardiac Monitoring:
 Echocardiograms and ECG per 

cancer treatment protocol 
(Appendix C: Echocardiogram 
Algorithm)

 Cardiac MRI at time of 
diagnosis and maximal 
anthracycline therapy, 
otherwise follow (Appendix 
D: Cardiac MRI Algorithm)

 Cardiopulmonary Stress Test 
following completion of 
therapy 

Cardiac Monitoring:
 Echocardiograms and ECG per 

cancer treatment protocol 
(Appendix C: Echocardiogram 
Algorithm)

 Cardiac MRI at time of 
diagnosis and maximal 
anthracycline therapy, 
otherwise follow (Appendix 
D: Cardiac MRI Algorithm)

 Cardiopulmonary Stress Test 
following completion of 
therapy 



• Dexrazoxane dose is a 10:1 

ratio per the doxorubicin 

isotoxic equivalents 

• mitoXANtrne dose is the 

exception to this rule (see 

Appendix E) • Dexrazoxane is a cardioprotectant drug that 

Connecticut Children’s administers prior to every 

bolus anthracycline dose. This is not standard 

process world-wide

• Per the current COG Long-Term Follow-Up 

Guidelines version 6, the Doxorubicin conversions 

are indicated here.

Appendix E: Dexrazoxane Dosing



Page 2: Secondary Prevention Strategies

• For patients that have a change in 

systolic performance pathway users will 

be directed to page 2 of the clinical 

pathway



Page 2: Secondary Prevention 

Strategies

• Some patients with CTRCD will qualify 

for heart failure treatment with an ACE 

inhibitor to restore their heart function

• Patients with abnormal renal function 

cannot receive an ACE inhibitor. Please 

check renal function PRIOR to starting 

this medication.

• Once ACE inhibitor dose is maximized 

add carvedilol (on next slide, we’ll review 

carvedilol administration appendix)

• CMR is recommended for patients on this 

page of the pathway

Assessment:
 Obtain labs (Cardiology to obtain): High sensitivity troponin T (hsTnT), N-

terminal pro-BNP (NT-proBNP), lipid panel, fructosamine, HbA1C, ferritin, 
vitamin D 25-hydroxy, chem 7, CBC

 Obtain follow up cardiac MRI if patient stable for procedure (Appendix D: 
Cardiac MRI Algorithm)

Treatment
If ACE inhibitors are contraindicated, consider carvedilol as first line agent

 Enalapril or Lisinopril (ACE inhibitors)
o 0-5 years of age: Enalapril 0.1 mg/kg/day PO  divided twice daily; titrate 

upward gradually over a week to a max of 0.3mg/kg/day
o >5 years: Enalapril 2.5 mg PO twice daily; titrate gradually over a week to a 

max dose of 5 mg PO twice daily
o      years: Lisinopril 2.5mg PO once daily; titrate gradually over 1-2 week 

to a max dose of 10 mg PO once daily as tolerated
 Once ACE inhibitor dose is maximized, add Carvedilol (Appendix F: Carvedilol 

Administration)
 Consider and angiotensin receptor blocker (losartan) as an alternative to an ACE 

inhibitor when appropriate
 Continue with primary prevention strategies (page 1)



Appendix F: Carvedilol Administration

Background for the 

use of carvedilol

Dosing assistance

Note: Carvedilol can be administered on 

days when Doxorubicin is administered

Initiation and titration monitoring

.carvedilol SmartPhrase is 

available for all to utilize



Appendix H: Endocrinology Lab Algorithm

• As part of primary prevention, endocrine 

labs are obtained throughout treatment as 

indicated on page 1

• The algorithm on appendix H outlines the 

actions that need to take place based upon 

these lab results

Green = Endocrinology labs within normal range

Yellow = Endocrinology labs slightly elevated 

suggested diet modification and monitoring

Red = Endocrinology labs very elevated  refer 

to endocrinology



Use of Order Panel

• This order panel is 

intended for ordering 

the cardio-oncology 

labs

• Available in Epic and 

can be accessed by 

Cardiology and Cardio-

Oncology only in 

ambulatory settings



Use of Smart Set

Where you search

• This SmartSet is intended for 

cardiology provider use when 

managing a patient during an 

office visit

• This can be accessed by 

Cardiology and Cardio-

Oncology by selecting the 

SmartSet or searching for it

• SmartSet includes templates 

for provider notes, orders, 

visit diagnoses, NYHA 

symptoms, commonly 

prescribed medications, etc. 



• Percentage of eligible patients managed appropriately per pathway

• Percentage of patients that have labs ordered as indicated per pathway

o If abnormal endocrine labs, percentage of patients with endocrine referral

• Percentage of patients that have physical therapy assessments performed 

• Percentage of patients that have nutrition assessments performed 

• Percentage of patients that have psychosocial assessment performed 

• Percentage of patients with new cancer diagnosis that receive transitional education 

• Percentage of patients that have risk scores performed as indicated per pathway

• Percentage of patients that have CTRCD identified via echo or CMR within a week of 
time indicated per pathway 
o If abnormal heart function:

–Percentage of patients with CTRCD initiated on heart failure treatment

–Average time to initiation of heart failure treatment

Quality Metrics



• Tiffany Berthod, BSN, RN, CPN, CCRC

oCardio-Oncology

• Olga Salazar, MD

oCardiology

• Andrea Orsey, MD, MSCE

o Hematology/Oncology

• Ilana Waynik, MD

oPediatric Hospital Medicine

oClinical Effectiveness

Pathway Contacts



• Lauren Ayr-Volta, Hematology/Oncology

• Cem Demirci, Endocrinology

• Karina Engelke, Hematology/Oncology

• Michael Isakoff, Hematology/Oncology

• Mary Keller, Hematology/Oncology

• Raymond Lorenzoni, Cardiology

• Andrea Orsey, Hematology/Oncology

• Victoria Pohl, Hematology/Oncology

• Karen Rubin, Chief Clinical Transformation Officer

• Tiffany Ruiz, Cardio-Oncology

• Olga Salazar, Cardiology

• Sunitha Sura, Endocrinology

• Shailendra Upadhyay, Cardiology

• Irfan Warsy, Cardiology

• Ilana Waynik, Director Clinical Effectiveness

Cardio-oncology team members we’d like 
to recognize that assisted with the pathway!

We couldn’t have done this without you all!
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Thank You!

About Connecticut Children’s Pathways Program

Clinical pathways guide the management of patients to optimize consistent use of evidence-based 

practice. Clinical pathways have been shown to improve guideline adherence and quality outcomes, while 

decreasing length of stay and cost. Here at Connecticut Children’s, our Clinical Pathways Program aims to 

deliver evidence-based, high value care to the greatest number of children in a diversity of patient settings. 

These pathways serve as a guide for providers and do not replace clinical judgment.


