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Continuing Education Information
Evaluations & Certificates

Nursing
The Organ Donation and Transplantation Alliance is offering 1.0 hours of continuing education credit for this offering, approved by 
The California Board of Registered Nursing, Provider Number CEP17117.  No partial credits will be awarded. CE credit will be issued 
upon request within 30 days post-webinar.

CEPTC
The Organ Donation and Transplantation Alliance will be offering 1.0 Category I CEPTC credits from the American Board for Transplant 
Certification. Certified clinical transplant and procurement coordinators and certified clinical transplant nurses seeking CEPTC credit 
must complete the evaluation form within 30 days of the event.

Certificate of Attendance
Participants desiring CE’s that are not being offered, should complete a certificate of attendance. 

• Certificates should be claimed within 30 days of this webinar.
• We highly encourage you to provide us with your feedback through completion of the online evaluation tool.
• Detailed instructions will be emailed to you within the next 24 hours.
• You will receive a certificate via email upon completion of a certificate request or an evaluation 
• Group leaders, please share the follow-up email with all group participants who attended the webinar. 
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Meet Our Moderator

Need Assistance?
Contact Us via Zoom Chat, or

info@organdonationalliance.org
786-866-8730

Senior Manager, Program 
Development and 

Operations

Deanna Fenton

Manager, 
Heart Transplant Program

Lecia Snell Kinen MSN, RN

mailto:info@organdonationalliance.org
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Noninvasive Surveillance of 
heart transplant rejection – cell 
free DNA



Monitoring for Acute Rejection of Heart transplant

• Historically monitoring was performed via frequent clinic visits with 

echocardiogram and routine scheduled endomyocardial biopsy.

o With recurrent biopsies rates of complications, particularly tricuspid 
regurgitation were increased

• Tricuspid regurgitation occurs due to disruption of the tricuspid valve 
apparatus during biopsy. 

o With increased number of biopsies performed, likelihood of obtaining 
sample of scar tissue is increased leading to more passes of the bioptome 

and higher risk of complication.





Monitoring for Acute Rejection of Heart transplant

• Gene expression profiling on peripheral blood samples was developed 

which reduced scheduled biopsies. Using this technology, at Nebraska 
Medicine, biopsies were no longer scheduled after the first few months 
following transplant and were performed only for cause or when gene 

expression testing was positive.

o High rate of positive testing leading to additional screening biopsies, 
particularly when patient has acute viral infections

• Donor derived cell free DNA testing allowed for further reduction in 

scheduled biopsies with significant reduction in false positive tests.

o Scheduled endomyocardial biopsies reduced to 5 total 9/1/2021 and 

recently further reduced to 3.



Donor derived cell free DNA

• When allograft cells undergo apoptosis or necrosis, they release 
fragments of double-stranded DNA into the circulation known as cell-free 
DNA

• The majority of these fragments are mononucleosomal with lengths of 
150-180 base pairs

• The half life of cfDNA has been estimated to range from 16 minutes to 2.5 
hours in the bloodstream

• These fragments can be identified, sequenced and a percentage of donor 
derived cell free DNA can be obtained.

• The percentage of donor derived cell free DNA highly correlates to acute 
rejection



Keller M, Agbor-Enoh S. Donor-Derived Cell-

Free DNA for Acute Rejection Monitoring in 

Heart and Lung Transplantation. Curr 

Transplant Rep. 2021;8(4):351-358. doi: 

10.1007/s40472-021-00349-8. Epub 2021 

Nov 5. PMID: 34754720; PMCID: 

PMC8570240.



De Vlaminck I, Valantine HA, Snyder TM, Strehl C, 
Cohen G, Luikart H, Neff NF, Okamoto J, Bernstein D, 
Weisshaar D, Quake SR, Khush KK. Circulating cell-free 
DNA enables noninvasive diagnosis of heart transplant 
rejection. Sci Transl Med. 2014 Jun 18;6(241):241ra77. 
doi: 10.1126/scitranslmed.3007803. PMID: 24944192; 
PMCID: PMC4326260.



1006 pairs of endomyocardial biopsy and 

ddcfDNA from 206 patients



Nonivasive detection of graft injury after heart transplant 
using donor-derived cell-free DNA: A prospective 

multicenter study

Khush KK, Patel J, Pinney S, Kao A, Alharethi R, DePasquale E, Ewald G, Berman P, Kanwar M, Hiller D, Yee JP, Woodward RN, Hall S, 

Kobashigawa J. Noninvasive detection of graft injury after heart transplant using donor-derived cell-free DNA: A prospective multicenter 

study. Am J Transplant. 2019 Oct;19(10):2889-2899. doi: 10.1111/ajt.15339. Epub 2019 Apr 8. PMID: 30835940; PMCID: PMC6790566.

• Observational, prospective, multi-center registry to evaluate clinical outcomes in 
heart transplant recivpients

• Patients were heart transplant recipients 15 years or older and greater than 55 days 
post-transplant who were undergoing AlloMap gene expression profiling for 
rejection surveillance

• Blood specimens were collected for dd-cfDNA levels at each surveillance visit that 
occurred for AlloMap testing. Schedule determined by each center’s standard of 
care. From 2016-2018 dd-CcfDNA was drawn only when there was clinical suspicion 
of rejection and a planned for-cause biopsy

• A parallel single center study was conducted at Cedars-Sinai Medical Center with 
inclusion criteria of pretransplant PRA greater than or equal to 10%, presences of 
post-transplant DSA or biopsy-proven AMR or for-cause biopsy due to reduced 
LVEF







• Median dd-cfDNA significantly 

higher in patients with acute 

rejection 0.17% compared to 

patients without rejection 

0.07%.

• ACR grade 1R had similar 

median level 0.08% to grade 0 

biopsies



Cell-Free DNA to Detect Heart Allograft Acute Rejection

Agbor-Enoh et al. Circulation. Cell-Free DNA to Detect Heart Allograft 

Acute Rejection, Volume: 143, Issue: 12, Pages: 1184-1197, DOI: 

(10.1161/CIRCULATIONAHA.120.049098) © 2021 American Heart Association, Inc.

• Multicenter prospective cohort study

• 165 patients with median post-transplant follow-up of 17.7 months

• Endomyocardial biopsy performed on average 8 times per patient 
with average of 4.3 tissue fragments per biopsy

• Histopathology was compared to paired ddcfDNA starting 28 days 
post-transplant











Monitoring for Acute Rejection of Heart transplant

• Donor derived cell free DNA testing allowed for further reduction in 

scheduled biopsies with significant reduction in false positive tests.

o Scheduled endomyocardial biopsies reduced to 5 total 9/1/2021 and 

recently further reduced to 3.



Biopsies Performed

By Calendar Quarter
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New policy officially adopted 9/1/22



Heart Transplant
# of Biopsies by Year

0

50

100

150

200

250

300

350

400

450

2021 2022 2023

Biopsies



1-year Post Heart Transplant Rejection Rates
TCMR Grade > 1R or AMR C4D +

 

Key Take-Away

1 year rejection rates remained low
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MMDX

• Molecular Microscope Diagnostic System uses gene expression profiling 

by measuring mRNA transcript levels in endomyocardial biopsy tissue.

• Endomyocardial biopsy performed per protocol and sent to pathology 
for histopathological evaluation. Additional samples obtained for MMDX 

and sent to outside lab.



Evolving the surveillance and workup of heart transplant rejection: A real-world analysis of the Molecular Microscope Diagnostic SystemAmit 

Alam, Johanna Van Zyl, Gregory Paul Milligan, Staci Michelle McKean, Raksha Patel, Shelley Anne Hall ,American Journal of 

Transplantation,Volume 22 Issue 10 Pages 2443-2450 (October 2022)
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