
Resident REACH, Research Track, and 
CNStARR Scholars Project Summary
2021-2022



Table 2: Multivariable Logistic Regression for 
the use of Magnesium Sulfate in ED

Abbreviations: ICS, inhaled corticosteroid; ICS-LABA, inhaled 
corticosteroid with long-acting beta agonist; OSA, obstructive 
sleep apnea.
*The control group served as the reference group.
^Caucasians and others served as the reference group
# Non-Hispanics served as the reference group

Figure 1: Asthma Hospital Admission Trend 
Before and During the COVID-19 Pandemic

Background
Pediatric asthma exacerbations account for 

substantial morbidity, including ED visits and 

hospitalizations. Although the COVID-19 pandemic 

was associated with a decrease in pediatric asthma 

ED visits and hospitalizations, there is limited 

information on the clinical characteristics of children 

hospitalized with an asthma exacerbation during the 

pandemic.

Method
A retrospective case-control study was conducted 

at Children's National Hospital, Washington, DC, 

comparing demographic and clinical characteristics 

of all children, 2-18 years old, hospitalized for an 

asthma exacerbation between April-September 

2020 (cases) to April-September 2019 (controls).

Results
We identified 50 cases and 243 controls. Cases were 

significantly older than controls (9.8 ±4.3 years vs. 6.7 

± 3.8 years, p <0.0001), had significantly less eczema 

(16% vs. 32.1%, p=0.02) and food allergies (6% vs. 

18.5%, p=0.03) and were more non-compliant with 

controller medications (46% vs. 24.7%, p=0.002) than 

controls (Table 1). Magnesium sulfate was more 

frequently administered in the emergency 

department (ED) to the cases than to the controls 

(84% vs. 63%, p=0.004) (Table 1), and its use was 

associated with older age but independent of 

comorbid conditions (Table 2). 

Effect of the COVID-19 Pandemic on Morbidity among 
Children Hospitalized for an Asthma Exacerbation
Nada Alabdulkarim, Jiaxiang Gai, James Bost, Dinesh Pillai, Stephen J. Teach, Deepa Rastogi

Table 1: Comparison of Hospital Course 
between Cases and Controls

Controls

N=243

Cases

N=50

p-value

Duration in days of Asthma Symptoms 

Preceding ED Visit (Mean ± SD)

2.37±1.81 2.38±1.56 0.97

Initial Admission Location* 0.14

Floor 198 (81.5) 45 (90)

PICU 45 (18.5) 5 (10)

Need for transfer to PICU from floor* 15 (6.2) 3 (6) 0.63

PICU Duration of Stay (Mean ± SD) 0.84±3.18 0.32±0.77 0.25

Total Admission Duration (Mean ± SD) 2.71±3.49 2.56±0.91 0.77

Trigger for Asthma Exacerbation*

Infection 161 (66.3) 26 (52) 0.056

Allergen 45 (18.5) 15 (30) 0.07

Physical Activity 8 (3.3) 0 (0)

Environmental 24 (9.9) 6 (12) 0.65

Non-Compliance 60 (24.7) 23 (46) 0.002

Unknown 20 (8.2) 2 (4) 0.30

Medications Used in ED/ during Admission*

Oxygen 71 (29.2) 19 (38) 0.22

Continuous SABA <1 Day 57 (23.5) 9 (18) 0.40 

Continuous SABA >1 Day 186 (76.5) 41 (82) 0.40

Systemic Steroids (Oral/Iv) 234 (96.3) 50 (100) 0.17

ICS 143 (58.8) 15 (30) <0.001

Ipratropium Bromide 212 (87.2) 45 (90) 0.59

Magnesium Sulfate 153 (63) 42 (84) 0.004

Theophylline 1 (0.4) 0 (0)

Epinephrine 63 (25.9) 14 (28) 0.76

Positive COVID-19 PCR * 0 (0) 1 (2)

Complication During Admission* 0.38

Invasive Ventilation 4 (1.6) 0 (0)

Non-Invasive Ventilation 36 (14.8) 4 (8)

Pneumothorax/Pneumomediastinum 2 (0.8) 0 (0)

* Reported as (n(%))
Abbreviations: ED, emergency department; ICS, inhaled 
corticosteroid; PICU, pediatric intensive care unit; SABA, short 
acting beta agonist.

Variable OR p-value

Cases* 2.27 (0.96-5.38) 0.06

Age 1.16 (1.06 - 1.26) <0.001

Female 1.06 (0.61 - 1.84) 0.84

African American race^ 2.36 (1.01 – 5.49) 0.046

Hispanic ethnicity# 3.27 (1.08 – 9.94) 0.04

ICS 1.44 (0.80 - 2.60) 0.22

ICS-LABA 0.98 (0.26 – 3.73) 0.98

Compliance to controller medications 1.00 (0.50 – 1.98) 1.00

OSA 0.74 (0.21 - 2.64) 0.64

Obesity 0.60 (0.15 – 2.46) 0.48

Eczema 0.78 (0.44 – 1.39) 0.40

Food Allergies 1.40 (0.66 – 2.95) 0.38

Acknowledgements
A special thank you to Children's National Hospital

REACH program and CTSI-CN.

Conclusion
We corroborate a significant drop in pediatric asthma hospital admissions during the COVID-19 pandemic

(Figure 1). Patients hospitalized for asthma during the COVID-19 pandemic were older and less atopic than

those hospitalized pre-pandemic, and a larger proportion received magnesium sulfate in the ED, suggesting

that patients presented with more severe asthma presentation during the pandemic.



Figures 1-5: Examples of newsletters developed as part of updated virtual curriculum
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Extending the Digital Reach of KiPOW’s
Mentored Behavioral Change Model

Sara Alhousseiny, MD, Michele Mietus-Snyder, MD, and Team KiPOW GWU medical student volunteers

Methods
The KiPOW curriculum was modified for 10 weekly, 30 :minute

virtual presentations on Zoom, permitting a 10 min interactive

didactic lesson and 20 min of shared physical activity within

each weekly session. Topics were adapted to include new

information relevant to the current pandemic, with attention to

the role of lifestyle in fostering optimal immunity, resilience and

mental health. The topics presented included:

Mental Health
Breakfast
Sleep
Water
Fruits & vegetables

Results
e-KiPOW was successfully piloted in summer 2021 with 3rd and 4th

graders at REP, Memphis, TN. There was enthusiastic

engagement and positive feedback from both program staff

and participating students and e-KiPOW was invited back for the

fall semester, which was still remote with equally encouraging

engagement. Virtual connection precluded getting physical

pre-post measures but important lessons have been learned

from the remote experience. The digital outreach to families of

participating students will continue to be a valuable adjunct,

even when Team KiPOW! returns in person this fall in DCPS to the

classroom, cafeteria and playground.

Background
Childhood obesity, a national epidemic, has increased in prevalence throughout the COVID-19

pandemic, leading to increased cardiometabolic comorbidities. Obesity results from a complex

interaction of genetic, environmental, and behavioral factors. The primary treatment for

childhood obesity involves lifestyle modifications (Kohut et al) to optimize the behavioral

contribution. Team Kid POWER!, or KiPOW!, is an evidence-based intervention that reinforces

school nutrition and activity wellness policy though a mentored behavioral change model in Title

1 public schools. In the traditional KiPOW! program, volunteer medical students visit 3rd through

5th graders weekly for 10 weeks of the semester and teach short, evidence-based health lessons,

then eat school lunch together and and play at recess. This exposure meets USPSTF

recommended hours of face-time for behavioral counseling for obesity prevention and

management and has been successful lowering blood pressure and stabilizing BMI in

participating children. It was not clear how to best reach students with this messaging during the

COVID pandemic when schools met virtually. It was clear however that the healthy messaging

was more important than ever to counter obesogenic effects of the pandemic (Stavirdou et al)

and to foster optimal immunity (McCarthy, and Team KiPOW RISE and SHINE).

Objective 
To adapt the highly interactive KiPOW! curriculum into short didactic lessons taught online.

Because shared school lunch was no longer possible, the emphasis was shifted to extra playful

physical activity through Zoom. To also condense the Zoom sessions led by Team KiPOW into

colorful one-page summary news letters sent by the school to the families of participating school

children. This helped to reinforce the messaging and students were encouraged to tell their

parents what they had learned.

Because Zoom released geographic constraints, e-KiPOW! was piloted with the East African

Refugee Empowerment Program (REP) in Memphis, TN.

Whole Gains
Exercise
Proteins
Healthy Fats
Healthy Snacks
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Our prior needs assessment indicates that 
pediatric residents desire Point-of-Care Ultrasound 
(POCUS) training, but there is no guideline on 
POCUS training in pediatric residency. We 
evaluated residents’ self-efficacy on POCUS 
knowledge before and after POCUS lectures and 
assessed interest in various POCUS teaching 
modalities to guide curriculum development.

Background

Methods

Results

PRESENTER:
Piyawat Arichai, PL3
DoctorArichai.com

Point-of-Care Ultrasound 
lectures improve residents’ 
knowledge. Residents desire 
POCUS skill workshops and 
scanning opportunities most.

3 Lectures
Noon conference 
Sep 2020-Aug 2021

31 Residents
Participated in POCUS 
lectures and 
completed the survey

Analysis
Descriptive statistics
Microsoft Excel

Survey
Quantitative
Self-efficacy, confidence level
Likert’s five-point scale
Google Forms
Learning objectives:

Indication
Image acquisition
Interpretation of anatomy
Interpretation of pathology
Locating learning resources

Interest in teaching modalities:
POCUS skill workshop
Scanning elective
Noon conference
Simulation elective
Longitudinal training
POCUS quiz question

18  PL1 8  PL2 5 PL3

48% no prior 
POCUS education

L118  PP

Piyawat Arichai, MD
April Slamowitz, MD
Sonali Basu, MD
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Indication
42% Increase

Acquisition
57% Increase

Anatomy
64% Increase

Pathology
70% Increase

Resources
86% Increase

Jeremy Kern, MD
Angela Maxwell, MD 
Alyssa Abo, MD 

Pediatric Residency 
Point-of-Care Ultrasound 
Curriculum Evaluation

Abstract
Pre-lecture Post-lecture

Self-efficacy rating: self-reported confidence rating (1-5) 
in stated learning objectives before and after lecture

Teaching modalities preference: self-reported interest in various teaching modalities expressed as percentage of total survey participants.  



Use of Telemedicine for Acute Care Concerns in Primary 
Care during COVID19 Pandemic: Implications for Future Use
Kristina Kissiova MD1, Meghan Carter MD1, Tara Mamdouhi MD1, Christina Driskill MPH RN1, Ellen Hamburger MD1, 
1Children’s National Hospital

Background:
The increased use of telemedicine (TM)
during the COVID19 pandemic provided
much needed access to care for patients
and served as a useful tool to remotely
link doctors and patients. Some of its
many advantages include enhanced
access to medical homes, reduced
health care costs, and less crowding in
offices and emergency departments.
While advantages of this modality have
emerged, optimal utilization of
telemedicine for pediatric acute care
visits has yet to be described.

Objective:
Evaluate outcomes of TM encounters
for acute care visits in a primary care
pediatric practice
Analyze visits by chief complaint (CC)
that were completed via TM versus
those that were referred for
subsequent in person visit

Methods:
Retrospective chart review of 638 TM
visits conducted by 21 medical
providers in one primary care practice
in Washington, D.C. was completed for
visits in October and November 2020.
Included acute care visits for patients
ages 0-21; telehealth well child checks
and follow-up visits were excluded.

Results:
Of the visits examined, 60% (384/638) were completed solely over TM. When visits with CC of URI,
COVID, and fever were excluded, 87% of visits were completed over TM (329/377) (Table 2)
Of the 5 most common CC (Figure 1), Dermatologic and GI concerns were most frequently
completed with TM (97/93.3% and 67/81.7% respectively).
Of the top CC, fever and URI were the least likely to be completed via TM with only 9/13.6% and
27/22.7%, predominantly because of the recommendation to present for COVID testing.
Less common CC that were most frequently completed over TM included: breathing concerns
(5/5, 100%), behavior/mental health acute concerns (24/24, 100%), head trauma or falls (7/7,
100%), ER/Urgent Care follow ups (10/11, 90.9%), ear concerns (8/9, 88.9%), and eye concerns
(21/24, 87.5%) (Table 3).
Of patients referred for office visits from TM, 90% were seen in the office within 48 hours (Table 4). Of
patients who were not referred for office visits from the TM visit, 3% presented in person for
worsening symptoms (Table 4).

Conclusion:
The majority (60%) of TM visits were successfully completed via TM without in-person follow up visits or
COVID testing, with an even higher percentage (87%) when URI, COVID, and fever visits were
excluded. Patients with fever and URI symptoms were least likely to be completed on TM. A wide
range of CC were frequently completed without in office follow up. These early findings provide
insight into the utility of telehealth in the primary care setting for a broad array of urgent concerns.

Table 1: Demographics

Table 3

Figure 1

Table 2
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Table 4

Total # Visits # Completed 
over TM Percent

All CC 638 384 60%

CC excluding 
COVID, fever, URI 377 329 87%

URI, 18.7%

Dermatologic, 
16.3%

GI, 12.9% COVID, 11.9%

Fever, 10.3%

Other, 29.9%

MOST COMMON CHIEF COMPLAINTS AS PERCENT OF 
TOTAL VISITS EXAMINED

Presented for In Person Visit when 
Referred in via Telemedicine

Yes No Total

78 9 87

89.7% 10.3%

Presented for In Person Visit when Not 
Referred in via Telemedicine

Yes No Total

14 537 551

2.5% 97.5%

Sex
Male 51%
Female 49%

Age

Under 1 month 3%
1-6 months 10%
6-12 months 10%
1-2 years 15%
2-3 years 15%
3-6 years 23%
6-12 years 14%
12-18 years 9%
Over 18 year 1%

Insurance
Commercial 89%
Medicaid 10%
Self Pay 1%

Race

White 65%

Black or African American 15%

Asian 4%
More than one 14%
Unknown 3%

Ethnicity of patient

Hispanic or Latino 12%

Not Hispanic or Latino 62%

Unknown 27%



BACKGROUND
Recent clinical experience suggests an increase in 

prenatal diagnosis of vascular rings (VR). 

Correlation with postnatal symptoms and outcomes 

has yet to be investigated. 

This poses counseling and management dilemmas 

for obstetrical specialists, fetal/pediatric cardiologists 

and pediatricians.

OBJECTIVE
To analyze short term outcomes of prenatally 

diagnosed VR including confirmatory postnatal 

diagnosis, development of symptoms, need for 

surgery and persistence of symptoms after surgery. 

METHODS
Single-center, retrospective review from 2010-2021 of 

patients with fetal diagnosis of isolated vascular ring

Postnatal evaluation: echocardiography, cMRI or 

CT. VR classified as double aortic arch (DAA), 

RAA with aberrant left subclavian artery (RAA-ALSA), 

or other. Other findings such as airway or 

esophageal narrowing were noted.

Review of symptoms, surgical interventions, and 

neonatal and short-term outcomes

RESULTS
50 fetuses with concern for VR by echo

90% with postnatal confirmation (n=45)
- Median follow-up: 68 days (7 days-7 years)
- 33% had follow up at 6-months (15/45)

Prenatally Diagnosed Vascular Rings:
Circling Back to Primary Care Pediatrics
Nicolle M. Ceneri MD, Michelle L. Udine MD, Stephanie R. Lacey DO, & Mary T. Donofrio MD
Division of Cardiology, Children’s National Hospital, Washington DC

CONCLUSIONS
Neonates with prenatally diagnosed VR are 

stable in the delivery room and do not require 

subspecialist management beyond routine 

newborn care. 

Fetal echocardiography accurately identifies 

a potential VR, with postnatal cMRI/CT 

providing anatomic detail and limited airway 

assessment.

Postnatal cMRI/CT should be utilized to 

confirm arch anatomy for surgical planning 

and if anatomy is not clearly delineated by 

transthoracic echocardiography.

The predominant symptoms in the first year of 

life are feeding difficulties. 

Symptoms attributed to VR may not improve 

with surgery, making it challenging to 

determine the etiology of these non-specific 

symptoms.

Assessment and monitoring of symptoms by 

pediatricians is integral to the care of these 

patients. 

Surgical Repair and Outcomes

22%
Surgery
(n=10)

78%
No Surgery

(n=35)

Median Age: 3.3 months (1-12)
90% were symptomatic
1 DAA was asymptomatic

40% of surgical patients were 
symptomatic at last follow-up

stridor (n=2)
feeding difficulties (n=2)

Symptomatology in the 1st Year of Life

Median onset of symptoms: 
37 days (12 days - 9.4 months)

36%

64%
Asymptomatic
(n=29)

Symptomatic
(n=16)

22%

7%

7%

GI 

Respiratory

Both

29% Feeding difficulties (choking, spitting up)
7%   Stridor
7%   BRUE-like symptoms (cyanosis, breath-holding, limp)

Results of Fetal and Postnatal Imaging

RAA-ALSA
GA 22w6d

0%

20%

40%

60%

80%

100%

RAA
(n=36)

DAA
(n=9)

Surgery No Surgery

2 newborns required delivery room 
resuscitation with resolution of symptoms 
NOT attributed to the vascular ring

Outcomes at Delivery 

DAA
GA 29w0d

RAA + cMRI/CT (n=32)
94% ALSCA + Kommerell’s Diverticulum
6% mirror image branching + no VR

Airway narrowing by cMRI/CT in 14% (n=5)

Fetal Echocardiography
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- Patients with congenital heart disease (CHD) will 
transition to lifelong adult congenital cardiac 
care.1 Half do not transfer successfully.2,3

- A key aspect of transition readiness is the patient’s 
knowledge of his/her heart. Studies have 
correlated increased medical condition 
knowledge with greater transition readiness.4,5,6,7,8

- However, a patient’s unique structural heart 
disease is challenging to convey via 2D drawings. 

- Our group and others have demonstrated 
increased patient and/or parent satisfaction and 
understanding with 3D models.9,10

. 

Use of Patient-Specific "4D" Tele-Education to Enhance Actual and 
Perceived Knowledge in Congenital Heart Disease (CHD) Patients
Molly Clarke, MD; Karin Hamann, BA, RN; Nancy Klein, BSN, RN, CNP; 
Laura Olivieri, MD; and Yue-Hin Loke, MD
Children’s National Hospital, Washington DC, USA

Figure 1: Personal heart model shared via Zoom

- Actual knowledge increased by 14±16% (p=0.0003) and perceived knowledge by 18±14% (p<0.0001). 
- Actual knowledge correlated with perceived knowledge (r = 0.608, p < 0.0001).
- Ninety-one percent of patients ranked the 3D model as "very satisfactory;" ninety-five percent ranked the 

educational session as "very helpful" or "extremely helpful." 
- There were no significant differences in actual knowledge, perceived knowledge, or satisfaction based on age or 

CHD complexity.

Background

- Twenty-two participants aged ≥13 years with a 
history of CHD and cardiac magnetic resonance 
(CMR) imaging were eligible for the study. 

- CMR datasets were used to segment and create 
3D heart models (Mimics, Materialise Inc).

- Participants first completed the MyHeart 
Questionnaire,7,8 a validated survey of actual 
knowledge in patients with CHD.

- A tele-educational session was scheduled and 
performed via Zoom (Zoom Inc). Participants were 
shown a 3D model of a normal heart, followed by 
their personal 3D heart model (Figure 1) and 
specific health Details (3D+Details=“4D”).

- Participants repeated the actual knowledge 
survey, in addition to questionnaires assessing 
perceived knowledge pre- and post-session, as 
well as a satisfaction survey. 

Methods

Table 1: MyHeart Questionnaire
# Question
1 What is the name of your heart defect/condition?

Be as specific as possible.
2a Have you had any heart surgeries?

□ Yes  □ No  □ Not sure  
If yes, how many have you had?
If yes, what was the name of the operation(s), or what did the 
surgeon do?

2b Have you had any heart catheterizations?
□ Yes  □ No  □ Not sure  
If yes, how many have you had?
If yes, what were they for?

3 Could you explain your heart defect to someone else?
□ Not at all  □ A little  □ Yes

4 What are the names of the medications you take for your heart?
5 What are the purposes/reasons for your heart medication?
6 How long do you think you should be followed by a cardiologist who 

specializes in congenital heart disease?
□ When new problems arise  □ For a few more years 
□ For the rest of my life  □ I don’t know

7 Do you need to take an antibiotic before you see a dentist?
□ Yes  □ No  □ Don’t know

8 Did you get any help answering these questions?
□ Yes, the internet  □ Yes, other source 
□ Yes, pamphlets/brochures previously given to me about my heart
□ No, I answered these questions from memory alone

- The use of 4D tele-education increased both actual 
and perceived knowledge.

- Perceived knowledge may be a proxy for actual 
knowledge.

- Patients are overall satisfied with the 3D model.
- The use of 3D models may help improve transition 

readiness in CHD patients. 

Results

How satisfied were you with 
the 3D model?

Very satisfied

Somewhat satisfied

Neither satisfied or
dissatisfied
Somewhat dissatisfied

Very dissatisfied

I found the educational session was:

Extremely
helpful

Very helpful

Somewhat
helpful

Not so helpful

Not at all
helpful

Strongly agree

Agree

Neither agree or
disagree
Disagree

Strongly
disagree

The 3D model helped me understand 
what my heart looks like:

Comments from the study patients:
- This makes me feel so much better seeing it like this.
- It is very interesting how the heart works, got me thinking about searching more about my heart condition.
- Although I had a lot of knowledge about my medical history… this session explained it in a way that brought 

everything together, filled in a lot of blanks, and made it so I can explain my condition more easily.
- Seeing the 3D model was SO helpful, since 2D models can only do so much. That was the first time I realized how 

my pulmonary valves were physically related to my aorta in space.
- I highly recommend similar sessions for everyone who has gone through this.

Table 2: Study Population Demographics (n=22)
Sex Male 50% (n=11)
Age (years, IQR) 23.5 (15-28)

Race
Caucasian 59% (n=13)
Black 23% (n=5)
Other/Unknown 18% (n=4)

Congenital 
Heart Disease

Transposition of the Great Arteries 32% (n=7)
Tetralogy of Fallot 27% (n=6)
Single Ventricle 14% (n=3)
Aortic anomalies 14% (n=3)
Truncus Arteriosus 9% (n=2)
PAPVR 4% (n=1)

Conclusion

References: 1. Hoffman, J. I. E., Kaplan, S. & Liberthson, R. R. Prevalence of congenital heart disease. Am. Heart J. 147, 425–439 (2004). 2. Kovacs, A. H. & Utens, E. M. More Than Just the Heart: Transition and Psychosocial Issues in Adult Congenital Heart Disease. Cardiol. Clin. 33, 625–634, ix (2015). 3. Yeung, E., Kay, J., Roosevelt, G. E., Brandon, M. & 
Yetman, A. T. Lapse of care as a predictor for morbidity in adults with congenital heart disease. Int. J. Cardiol. 125, 62–65 (2008). 4. Stewart, K. T. et al. Readiness for Transition to Adult Health Care for Young Adolescents with Congenital Heart Disease. Pediatr. Cardiol. 38, 778–786 (2017). 5. Uzark, K. et al. Assessment of Transition Readiness in 
Adolescents and Young Adults with Heart Disease. J. Pediatr. 167, 1233–1238 (2015). 6. Ladouceur M, Calderon J, Traore M, et al. Educational needs of adolescents with congenital heart disease: Impact of a transition intervention programme. Arch Cardiovasc Dis. 2017;110(5):317-324. doi:10.1016/j.acvd.2017.02.001 7. Mackie AS, Islam S, Magill-Evans 
J, et al. Healthcare transition for youth with heart disease: a clinical trial. Heart. 2014;100(14):1113-1118. doi:10.1136/heartjnl-2014-305748 8. Mackie AS, Rempel GR, Kovacs AH, et al. Transition Intervention for Adolescents With Congenital Heart Disease. J Am Coll Cardiol. 2018;71(16):1768-1777. doi:10.1016/j.jacc.2018.02.043 9. Biglino, G. et al. 3D-
manufactured patient-specific models of congenital heart defects for communication in clinical practice: feasibility and acceptability. BMJ Open 5, e007165 (2015). 10. Loke, T., Krieger, A., Sable, C. et al. Novel Uses for Three-Dimensional Printing in Congenital Heart Disease. Curr Pediatr Rep 4, 28–34 (2016.

- We hope to study the effects of 4D tele-
education on long-term actual and perceived 
knowledge.

- The 4D method could be a potential tool to use 
in the clinical setting. A physical and digital copy 
for the patient could function as a personalized 
“4D passport.”

Figure 2: Results of patient satisfaction survey

Next Steps



Methods
• We prospectively enrolled pregnant women with established FGR (EFW 

<10th centile) and healthy controls with normal prenatal screening 

studies. 

• Fetal MRI studies were obtained using a 1.5 Tesla MR scanner. 1H-MRS 

acquisitions were acquired from the central brain of the fetus with an 

echo-time of 144ms.

• After undergoing frequency and phase corrections, spectra were 

quantified using LCModel analysis software, and metabolite 

concentrations of N-acetylaspartate (NAA), choline (Ch), creatine (Cr), 

myo-inositol (Ins), scyllo-inositol (Scyllo), lactate (Lac) and NAA:Ch ratios 

were estimated using water spectrum as an internal reference.

• Group differences in metabolic outcomes were adjusted for maternal 

age, gestational age at study and fetal sex. 

Altered Fetal Brain Biochemistry in Growth-Restricted 
Pregnancies

Alexander Daigle1, Subechya Pradhan2, Yushuf Sharker2, Jessica Quistorff2, Homa Ahmadzia4, Kushal 
Kapse2, Catherine Limperopoulos2,4, Nickie Andescavage2,3

1Children’s National Pediatric Residency, 2Developing Brain Institute, 3Neonatology, Children's National Health System; 4The 
George Washington University School Of  Medicine And Health Sciences, Washington DC, USA 

Conclusions
• We report significant differences in fetal cerebral metabolite concentrations between FGR-

affected and healthy pregnancies. 

• Inositols are associated with glucose homeostasis and in the brain are associated with altered glial 

and neuronal metabolism. 

• Fetal trajectories of NAA as well as NAA:Ch ratios increase significantly in the third trimester, 

reflective of early myelination and dendritic-synaptic proliferation. 

• These alterations in FGR may reflect disrupted fetal metabolism in response to placental 

insufficiency and may contribute to later neurodevelopmental delays. 

Results

Figure 1: 
Cerebral concentrations 
of Scyllo-inositol and 
NAA:Ch in FGR and 
control pregnancies

Control 
(n = 183)

FGR
(n = 44) P-value

Ins 13.8 ± 3.45 13.2 ± 4.31 0.36 

Lac [Median] 1.58 [0.09, 7.01] 1.23 [0.19, 3.64] 0.29

Scyllo 0.38 ± 0.13 0.48 ± 0.16 <0.001

Ch 2.41 ± 0.42 2.51 ± 0.43 0.26

NAA 3.38 ± 1.24 3.51 ± 1.11 0.95

Cr 2.85 ± 0.74 3.02 ± 0.69 0.78

NAA:Ch 1.41 ± 0.47 1.18 ± 0.32 <0.01

Funding
This work was supported by the National Institutes of Health (1U54HD090257, 
R01-HL116585, K23HD092585-01A1). 

Data presented as mean ± SD, except where specified

Background
Placental insufficiency can result in fetal growth restriction (FGR), which is 

associated with neuro-developmental morbidity. Mechanisms of brain injury 

remain unclear and difficult to detect in utero.

Objectives
To compare fetal brain biochemical profiles between healthy and FGR-

affected pregnancies using proton magnetic resonance imaging (1H-MRS). 

Table 1. Analytical summary of metabolites between the control group and FGR group. 



Background
Premature and VLBW infants often have 

difficulty with oral feeding due to immature 

suck/swallow reflexes, poor coordination 

with breathing or structural abnormalities, 

often requiring gastronomy tube placement. 

Following gastronomy tube placement, 

feeds are initiated and titrated per hospital 

protocol. In January 2021, the advancement 

protocol was updated, which shortened the 

time to goal feeds from 36-48 hours to 10 

hours.

Objective
The goal of this project is to determine if 

there are any adverse events associated 

with an accelerated protocol in neonates, 

such as abdominal distension, emesis/feed 

intolerance or gastronomy tube 

complications, and if the decreased time to 

goal feeds shortens the patient's time to 

discharge

Methods/Designs
Data for this retrospective cohort study was 

collected via chart review. The hospital 

course of patients who underwent a 

gastrostomy tube placement between 

January 2019 and November 2021 were 

reviewed. The length of time between 

procedure and discharge date was 

measured.

Tolerance of Accelerated G-Tube Feed 
Advancement Protocol in Neonates
Melissa Delia, MD, Mary Revenis, MD, FAAP

Results
219 patients admitted to the NICU at 

Children’s National underwent gastronomy 

tube placement over the studied time 

period; 209 had been discharged by time of 

review. Prior to January 2021, average days 

to discharge following the procedure was 34 

days. Following the change, the average 

time to discharge decreased to 28 days 

(p<0.05). However, many confounding 

variables exist due to high medical 

complexity and complex care coordination 

associated with patients admitted to the 

CNH NICU. When patients with prolonged 

hospitalization and those who underwent a 

Nissen's fundoplication were excluded from 

review, the difference in time-to-discharge 

was not statistically significant. Complication 

rates for the accelerated protocol were 

higher than in the old (1 in 5.7 vs. 1 in 9.1); 

however, these values were also not 

statistically significant. 

Conclusion 
As this protocol has only recently been 

implemented, more data is needed to 

determine whether an accelerated feeding 

advancement protocol in neonates is 

associated with complications and whether 

length of hospitalization can be shortened. 

Thank you to Children’s National 
Hospital, Department of 
Neonatology.
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BACKGROUND
• Admission to the neonatal intensive care unit 

(NICU) is associated with increased incidence of 

perinatal mood and anxiety disorders (PMAD). 

More than 40% of NICU parents may suffer from 

depressive symptoms or elevated stress at time 

of discharge. 

• PMAD is associated with poor bonding, 

suboptimal developmental outcomes, 

maladaptive parenting approaches, and 

decreased maternal quality of life. 

• Technology-based resources may be one 

means of addressing the circumstances that 

lead to PMAD in the NICU. Review of the 

literature suggests that parents would like to see 

integration of communication-enhancing 

technology into care. 

• There is limited information on this topic directly 

from the parent perspective and mixed findings 

regarding the effects on parental mental 

health.

OBJECTIVES
To examine experiences of NICU parents and 

explore the effect of technology-based resources 

on PMAD using a mixed-methods approach

Qualitative Aims: 

• Establish a definition for and clarify the role of 

technology on parental mental health 

• Elicit self-identified, technology-based strategies 

that increase resilience or decrease emotional 

distress

Quantitative Aim: 

• Compare objective measures of resilience, 

anxiety, stress and depression with use of 

technology based resources

Parental mental distress in the NICU and the role of 
technology-based resources: a mixed methods approach
Shannon Doyle MD, MPH, Ololade Okito, MD, Lamia Soghier, MD

DISCUSSION
Our preliminary findings indicate that parents are 

utilizing technology as a resource during the 

hospitalization for a variety of purposes. The use of 

these resources is sometimes a direct attempt to 

address emotional distress, while other times it may 

have unintended emotional consequences. Our 

early findings suggest that there may be an 

opportunity to use technology to address PMAD in 

the NICU, but it will likely require parental education 

and a tailored approach to achieve the desired 

effects. 

LIMITATIONS
Our study is limited by small sample size at this time 

and perspectives of urban, English-speaking patients 

only. 

FUTURE DIRECTIONS
• Additional interviews and analysis will be required 

to establish thematic saturation. 

• Themes from the qualitative analysis may be used 

to adjust and add items on the self-report survey of 

technology use in order to collect data from a 

larger sample size and reveal associations 

between technology use and depression, anxiety, 

stress, or resilience. 

• Given the recent changes to data access 

included in the CURES Act and pandemic-related 

restrictions, determining the optimal use of 

technology in healthcare is particularly important. 

METHODS
• Participants were parents or guardians of current 

NICU patients, recruited from the Children’s National 

Hospital NICU, a Level IV referral center. 

• Study personnel conducted one-on-one interviews 

with participants using a semi-structured interview 

guide, then analyzed transcripts using open coding 

technique. 

• Participants completed validated instruments 

including EPDS, STAI, PSS-NICU, and CD-RISC, as well 

as a self-report survey of technology use. Scores 

were calculated according to instructions. 

RESULTS
Three participants were recruited thus far:

Characteristics n = 3
Female, n 3
Age, mean 34.3
Ethnicity, n 
-Asian 1
-Black or African American 2
-White 1
-Hispanic/Latinx 0 
Education Level, n 
-College Degree 1
-Graduate Degree 2
EPDS, range 7-15
STAI, range 41-56
PSS-NICU, range 3.05-3.22
CD-RISC, range  54-71

Preliminary content analysis revealed the following 

themes: 

• Use of different types of technology hardware 

among parents

• Multiple resources serve different purposes

• Technology increases sense of control and 

connection

• Increased anxiety with use of technology
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The COVID-19 pandemic led to a sudden change in families’ 
environments with stay-at-home orders and school closures1

For families who were in isolation from their support systems, the 
pandemic may have posed traumatic risks particularly for African 
American families who have been disproportionately affected by 
the pandemic.2

Child-parent psychotherapy (CPP) is a dyadic attachment-based 
intervention developed for children who have experienced trauma 
to promote secure attachment relationships between the caregiver 
and child.3

Although CPP was developed for in-person sessions, data for other 
psychological interventions has shown that mental health services 
delivered via telehealth has been effective with increased number 
of participants and sessions, improved psychological health, and 
higher satisfaction with treatment.4,5

Understanding the Benefits of Child-Parent Psychotherapy 
Delivered via Telehealth during the COVID-19 Pandemic   
Nailah Gallego Clemmons, MD1; Erica Coates, PhD2,3; Celene Domitrovich, PhD3

1. Children’s National Hospital  2. MedStar Georgetown University Hospital 3. Georgetown University

Findings revealed that although there were challenges, both parents 
and providers were overall satisfied with the use of telehealth for CPP 
delivery during the pandemic. Families received support via virtual 
therapy to help cope with the isolation and additional stressors that 
presented during the COVID-19 pandemic.

Limitations

Small sample size and study population is limited

Clinical measures unavailable to determine effectiveness of 
telehealth delivery on reducing parents’ and children’s mental health 
symptoms

I N T R O D U C T I O N

OBJECT IVE

D I S C U S S I O N

This case series study evaluated the acceptability of telehealth 
delivery of CPP with African American families during the COVID-19 
pandemic. 

METHODS

Study Design and Population
Families and providers engaged in CPP during the COVID-19 
pandemic were recruited from The Family Wellbeing Program and 
DC Social, Emotional, and Early Development Program.

Semi-structured interviews were conducted with African American 
parents (N=5) of low-socioeconomic status with young children 
exposed to trauma (neglect, violence, caregiver separation) who 
received CPP from 2020-2021 and their CPP providers (N=4) via 
Zoom.

Families received $50 compensation for participating in the study.

Participants

C O N C L U S I O N S
There is limited research on CPP use in African American families, and 
limited data available on CPP delivery via telehealth. 

This is a critical time to utilize CPP via telehealth for treatment of 
families, to strengthen the parent-child relationship and improve mental 
well-being in parents and their young children.

The virtual delivery of CPP led to perceived beneficial outcomes for 
families who previously experienced trauma and additional stressors 
during the pandemic.

Although the virtual delivery of CPP had its drawbacks (e.g., 
connectivity issues and child availability), it decreased barriers such as 
time and distance, making therapy more accessible to families. 

This finding lends support to the acceptability of telehealth delivery of 
CPP by under-resourced African American families.  
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RESULTS

Analysis
A thematic analysis was performed to evaluate parents’ and 
providers’ perceptions of telehealth delivery of CPP during the 
COVID-19 pandemic.

Baseline Characteristics Sample
n %

Parent
Race/Ethnicity

African American 4 80%

African American/Hispanic 1 20%

Age

35-49 4 80%

50+ 1 20%

Gender

Female 5 100%

Child
Age

4-6 5 100%

Provider
Race/Ethnicity

African American 2 50%

Caucasian 2 50%

Type of Provider

Psychiatrist 1 25%

Clinical Psychologist 2 50%

Mental Health Counselor 1 25%

RESULT S  ( c o n t i n u e d )
All five parents would recommend virtual CPP to other parents.

Quote 1: When my fiancé at the time was in the hospital with COVID and 
my mental was just everywhere - not knowing what was going on with him, 
if he was okay, my anxiety level was really high and my CPP provider really 
helped me center myself, calm my thoughts, think rationally, and like just 
work through my feelings.

Quote 2: I hope.. it can help even more people than its already helping. As 
far as just therapy, because a lot of people don’t even know that they 
need it and I want it to be more normalized. 

Quote 3: I felt a connection, just as strong as if I would have met them in 
person, because I guess the consistency of it and you know and their 
approach has helped me.

Quote 4: I think everything went pretty well. I think it was a really good
transition that happened pretty quickly. And you know which was 
probably a lifeline for a lot of people.

Quote 5: It takes a village, this is our community, and in order for this 
community to be well and strong and functioning at 100%, we have to not 
be afraid to say “hey I need help, my child needs help.”

All four CPP providers believed there were benefits to virtual therapy. 

Quote 1: You know, I think it should always have a place in our system 
because it really provides access to people that would not access our 
services. That giving people control over how they want to be seen by 
others, especially in their most vulnerable moments can be a really helpful
tool in therapy.

Quote 2: Even though there were different challenges, with it being virtual I 
think access kind of trumps all like getting the family in the room, is the 
most important piece after that then we can actually do the work.

Table 1: Parent and Provider Reflections of Virtual CPP During the Pandemic
Reflections Subcategories Supporting Quotes
Advantages of 
virtual CPP

Flexibility “It was easy to coordinate my schedule to work around 
it” “If something came up and we needed to switch 
around the meeting time, it was just a lot easier to do 
that” | “More flexibility to accommodate her schedule 
around the pandemic and all that entailed with 
supporting her son, with her work”

Accessibility “The virtual allows you to commit and be there, no 
matter what phone, tablet, wherever” “It was more 
easier for me to commit to” | “And with this mom, I don't 
know if I ever would have gotten her in the office”

Video 
component

“I was still able to see her so I felt her presence” “It still 
gave that personalization to it because with the face to 
face”

Challenges of 
virtual CPP

Technology 
issues

“I would have a signal that wasn't so great” | “We would 
have connectivity issues or the call may drop” “I wasn't 
able to see her on the tablet”

Child 
availability

“Having a child in or out of screen vs if it was CPP in the 
office, the child, most likely would be there, most of the 
time” “It seemed even harder to interact with the child” 
“I would see just snippets of her son for a lot of our 
sessions” “I never felt like I got to know him well”

Material 
availability

“It was a little bit of a struggle with having the right toys 
and things like that, because I was relying on the family 
to have their own toys”

Prolonged 
therapy 

“I think you have to spend a little bit more time building a 
rapport and building that relationship virtually” “I didn’t 
want to dive too deeply into things with the son in 
earshot”

Limited 
view/space

“Being able to get a full picture of the affective response 
and being able to really see a full picture of the child 
parent interaction” “So much of it is dyadic and kids 
move a lot.. it's hard to capture that all on the screen”

Positive 
impacts of 
therapy

Improvement in 
parent-child 
relationships

“I think a certain level of talking with my therapist, of her 
helping me understand… (my son) to kind of help him 
make sense of the world.” “One thing I've learned… you 
got to be understanding to that need of how to reach 
them (children) as well.”| “She's definitely more
confident in her parenting skills, she feels more 
competent and more able to regulate herself to then 
help.. her son regulate because he was dealing with a 
lot.. big emotions” “Both of them really felt like they 
improved a lot throughout therapy. And then, it was a 
really big benefit for the family.”

Support during 
time of isolation

“Because I don't get to talk to my friends, talking to my 
provider was really like someone who I can like trust with 
everything, she made me feel comfortable and safe” “It 
just kind of gave me a venue in a time of being isolated 
to virtually talk about what was going on in the world” |
“I think, providing validation, providing empathy, really 
working on honing that empowerment piece was 
probably the way in which I supported her”

Coping during 
the pandemic

“They’ve been here just to help support me and help me 
think things through” “Helped me navigate to know I'm 
doing my best” “Helped me center myself, calm my 
thoughts, think rationally, and just work through my 
feelings” “Us both being in the pandemic, that was 
another level of something that we shared and she could 
relate to a few stressors”|“Talking about the impacts of 
the pandemic were central.. how to work around some 
of the obstacles like what does virtual schooling look like.. 
how to balance mom's role now as an educator 
essentially and as a parent” “Working on more recently 
how with things opening.. how do we get out into public 
and have socialization in a way that feels comfortable for 
her”

Recommenda
tions for virtual 
CPP

Creating 
expectations 
for sessions

“Having an intentional way to bring the child in helped 
keep it CPP focused” “Setting standards from the 
beginning, if it's going to be the parent and child in each 
session” “The expectation of how important it is to see 
both of them and their interactions” “Setting the 
expectation about the child's involvement and when 
sessions are more appropriate for just the parent” 
“Prepping of the space”

Material 
availability

“I'll try to find a way to like send certain materials to 
families” “I mailed them some toys through Amazon”

Technological 
support

“A better go to person where if you had to troubleshoot 
some of those things that arose” ” It's good to have a 
plan B, that you can either talk by phone or you can text 
to try and troubleshoot”



Identifying the Medical Home: Using Quality Improvement 
to Optimize transfer of EMR Discharge Communication

Garcia Dumler, Domenica1; Rush, Margaret2,3; Bhansali, Priti2,3
1 Children’s National Hospital – Pediatric Residency, 2 Children’s National Hospital – Division of Hospital Medicine, 3 George Washington University School of Medicine and Health Sciences

Control chart: Changes in percentage of patients with no PCP information with interventions

Communication between inpatient providers and
primary care providers (PCPs) is crucial for safe
discharge. Electronic medical record (EMR)
technology allows routing of discharge
documentation to the PCP. This process depends
on reliable input of PCP in the EMR. At our
institution, this field was blank in 15% of patients
admitted to general pediatrics (GP).

SMART AIM:

To decrease the proportion of patients admitted
to GP teams with no PCP documented from 15%
to less than 5% between September 2020 and
December 2021.

Background: Methods: 3. Key drivers identified

4. Interventions were planned and tested using Plan-
Do-Study-Act cycles
• Raising awareness with multi-disciplinary meetings
• Reminder emails to on service physicians
• Creating and distributing a list of local PCPs
• Safety event reports
• IT changes to allow providers to edit PCP information

5. Tracked measures:
• Outcome measure (proportion of patients with no

PCP documented)
• Process measure (weekly requests to input data into

ECHO PCP database)
• Balancing measure (burden of correcting PCP

information as perceived by senior resident on
service)
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Results:

1. Observation and interview of key stakeholders.

2. Creation of process map for verification and
documentation of PCP information upon admission.

Process Map

Response distribution for balancing measure: Outcome measure:
Over 16 months, the proportion of patients with no PCP
recorded decreased to less than 5% after persistent
provider training and safety event reports but returned
to the 15% baseline when the QI team paused
interventions.
Process measure:
Data input requests showed no significant variation
Balancing measure:
No change with interventions.

Conclusions:
Interventions mostly focused on provider training are
not sustainable, especially when a large part of the
workforce (residents) has high turnover. While we did
not attain persistent change, we promoted awareness
throughout the institution and spearheaded broader
interventions to tackle the challenge of correctly
routing discharge communication to the PCP.
Now, the External Provider Communication group and
IT leadership continue to plan and follow interventions.



“Alterations in Cerebellar Circuitry 
in Infants With SIDS”

Grana, Martin; Koutroulis, Ioannis; Viz, Abhya; Ghaemmaghami, Javid; Gallo, Vittorio; 
Sathyanesan, Aaron; Kratimenos, Panagiotis 

Results
1. We noticed multiple ectopic Purkinje Cells(PCs) in
subjects with SIDS that were identified deeply within
the Internal granular layer (IGL) and in several
sections of tissue (Figure 1a).

2. Hypocellular IGL in SIDS compared to controls
(Figure 1a) and

3. Increased diameter of external granular layer
(EGL) in subjects with SIDS compared to controls
(Figure 1b).

4. We identified a significant number of differentially
expressed genes (DEGs) (904 total: 224 upregulated,
680 downregulated) between term-SIDS and term
non-SIDS subjects (Figure 2).

Figure 2: The cerebellar transcriptomic signature is altered in human term infants with SIDS. 

Figure 2. Heatmap of the 904 differentially expressed genes (DEG) in the cerebellum of human term infants with SIDS vs term controls.
Note the distinct pattern of expression between the two groups indicating the log2 expression of each DEG (red: upregulated and
blue: downregulated). SIDS: sudden infant death syndrome. n=3/group

Background
Approximately 3500 infants die annually in
the United States from sudden infant
death syndrome (SIDS).
There is a potential neurological link
between abnormal cerebellar
development and SIDS.
Here we studied postmortem human
cerebellum from term infants with SIDS
and appropriate controls to delineate
mechanisms of SIDS pathogenesis.

Objectives
1. Define how cerebellar

cytoarchitectural
abnormalities are linked
to SIDS in term infants.

2. Define a relationship
between cerebellar
molecular abnormalities
and SIDS in term infants.

Methods
Neuropathological analysis of the cerebellar
cortex of term infants with SIDS and
compare them with term age- and gender-
matched controls. (Table 1 and 2).

We utilized cutting-edge spatially resolved
transcriptomes to analyze gene expression
within specific domains of cerebellar tissue
sections. Our analysis focuses on genes
related to cardiorespiratory functions and
sleep regulation.

Conclusions
The current studies provide a comprehensive analysis
of cerebellar abnormalities that contribute to
dysfunctional cerebellar-brainstem circuitry in infants
with SIDS.

Our data will contribute to the development of novel
biomarkers for primary or secondary preventative
strategies of SIDS.

Figure 1: The cerebellum of human term infants with SIDS displays specific 
neuropathological changes.

a. Representative photomicrograph of H&E staining. Term-born infants with SIDS (n=8) are characterized by heterotopic PCs which are
abnormally embedded within the IGL (black arrows), as compared to term control infants (n=8) in which the PCs are forming the
normal single layer of PCs (white arrows). In addition, note the hypocellular IGL in SIDS infants (solid square) compared to term IGL
(hatched square). PCs: Purkinje cells, IGL: internal granule cell layer, H&E: hematoxylin-Eosin. Scale bar=20um * p<0.05.
b. Increase diameter of external granular layer (EGL) in SIDS compared to controls.

Table 1: Demographic Characteristics 

Table 2: Causes of death of control subjects





BACKGROUND
Epilepsy is a significant cause of morbidity and

mortality in the pediatric population. Perinatal

brain injury and congenital brain

malformations are risk factors for the

development of epilepsy, including refractory

epilepsy. Epilepsy surgery can result in seizure

freedom or palliation for many of these

patients. We aimed to characterize the type

and frequency of epilepsy surgery performed

in patients with a perinatal neurologic etiology

at our institution.

METHODS
Patients who underwent epilepsy surgery at

Children’s National Hospital between 2010-

2019 were identified from the Level IV

Comprehensive Pediatric Epilepsy Program

(CPEP) patient database. Clinical variables of

perinatal history & events, epilepsy course and

outcome, and surgical intervention were

collected from the database and their

medical records. Fisher’s exact test was

performed to identify significant perinatal

neurologic antecedent(s) in those requiring

epilepsy surgery. A p value<0.05 was

considered statistically significant.

Perinatal Neurologic Conditions Referred 
for Epilepsy Surgery

Leah Harburg MD1, Tayyba Anwar MD2, Tammy N. Tsuchida MD PhD2, William Gaillard 
MD2, Taeun Chang MD2

1-Pediatrics,  2- Neurology
Children’s National Hospital Washington, DC

RESULTS
247 patients underwent epilepsy surgery

between 2010-2019. Birth history was available

in all but 18 patients, and 35 patients had a

pertinent perinatal neurologic etiology.

Perinatal diagnoses associated with epilepsy

surgery included stroke (9: 7-arterial, 2-venous

or hemorrhagic), congenital brain

malformation (11: 5-hemimegalencephaly, 2-

heterotopia, 3-global cerebral dysgenesis, 1-

schizencephaly with polymicrogyria), hypoxic-

ischemic encephalopathy (HIE) (3), IVH OR

Hydrocephalus (5). Patients with history of

perinatal stroke or congenital brain

malformation were more likely to undergo

surgical resection that included a

lesionectomy, lobectomy, or

hemispherectomy compared to other

perinatal etiologies (19 vs 3, p<0.05).

CONCLUSIONS
Localized lesions secondary to perinatal

stroke or select congenital brain

malformations are more amenable to surgical

resection while diffuse or multifocal lesions

resulting from other perinatal brain insults are

more likely to undergo palliative or non-

surgical procedures.

247 patients underwent epilepsy 
surgery 2010-2019

18 patients without birth 
history (not documented, 
adopted with unknown 
history, records in other 

country, etc)

229 patients with birth history 
available 

35 patients with pertinent 
perinatal neurologic 

etiology

194 patients without 
perinatal neurologic 

event
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Graph 1 shows all epilepsy surgeries broken down by perinatal etiology. Surgeries included resections (focal
resection/lesionectomy, lobectomy, hemispherectomy), ablation, Vagal nerve stimulator, Responsive
neurostimulator system. Graph 2 shows resection surgeries broken down by local injury (stroke and congenital
brain lesion) vs global injury (HIE and IVF or hydrocephalus). Graph 2 showed a significant difference
between patient’s with local injuries vs global injuries that went on to require resection surgical procedures.

Patient Selection



• Prolonged seizures lasting > 5 minutes, if left untreated, have 

been shown to cause adverse events such as physical injury, 

respiratory failure, refractory status epilepticus, and are 

associated with overall poorer outcomes.

• Hospitalized patients with an established diagnosis of 

epilepsy, a recent provoked seizure, intracranial 

hemorrhage, and/or intracranial infection are at increased 

risk for seizure due to these conditions.

• Implementing “seizure precautions” and ordering on call 

anti-seizure medications (ASMs) for hospitalized patients at 

increased risk of seizure can help facilitate rapid treatment of 

seizures, however, there is variability in this practice at 

Children’s National Hospital.

Development of a Trigger Tool and Orderset to 
Improve Seizure Treatment in a Pediatric Hospital
Emma T. Hickman, MD, Parissa Safari-Ferra, MHA, Solomon Abera, PharmD, 
MSc, Ranjodh Badh, BS, Anne Vasiliadis, MSN, CPNP-AC, Dana Harrar, MD, 
PhD, Anit Saha, MSHA, MBA, CSSBB, CPHQ, Elizabeth M. Wells, MD, MHS

• From the initiation of the Epilepsy Trigger HealtheIntent

Report on December 13th, 2021, to just prior to the initiation 

of the Seizure Rescue Medication Orderset on February 14th, 

2022, we identified 555 patients admitted to the hospital 

who met the criteria for “at risk of seizure” based on 

association with listed ICD-10 codes. Of these 555 patients, 

only 349 patients (63%) were ordered for PRN seizure rescue 

medications.

• Following the implementation of the Seizure Rescue 

Medication Orderset, from February 14th, 2022 through 

March 26th, 2022, we identified 378 patients “at risk of 

seizure”, 251 of whom (68%) were ordered for PRN seizure 

rescue medications. 

• Mean daily percentage of patients ordered for seizure 

rescue medications prior to the initiation of the orderset was 

46.6%, mean following the initiation of the orderset was 48.3% 

with a standard deviation of 18.5%. (Figure 5)

• From implementation of the Seizure Rescue Medication 

orderset on February 14th, 2022 to March 28th, 2022, the 

orderset was used a total of 74 times by 33 separate users (4 

ED providers, 27 residents, 1 hospitalist physician, and 1 

surgery PA).

• Clinical investigators compiled a list of ICD-10 Codes relating to 

epilepsy syndromes, seizures, spells, and other conditions that 

predispose to seizures. (Figure 1)

• A list of seizure rescue medications was also compiled along 

with common ordering phrases. (Figure 2) 

• In partnership with the Center of Pediatric Informatics Triggers 

Program, a Seizure Trigger tool was developed using 

HealtheIntent that extracts data from the Electronic Health 

Record for hospitalized patients in the ICUs, acute care, and 

ED who have been assigned the predetermined ICD-10 codes.

• The Seizure Trigger (Figure 3) identifies if these patients are 

ordered for an anti-seizure medicine and pulls in the 

order/administration time if applicable. 

• Through trigger testing and review, steps were taken to 

distinguish between orders of antiseizure medications used for 

maintenance as opposed to rescue and those with alternate 

uses including anesthesia and anxiolysis.

• A Seizure Rescue Medication orderset (Figure 4) with pre-

selected common seizure rescue medications was built using 

components from the existing Neurology Admit Plan and 

implemented on February 14th, 2022. 

• The rate of PRN rescue orders in the at-risk target population 

was calculated prior to, and following, the initiation of the 

Seizure Rescue Medication Orderset.

• The daily percentages of eligible patients ordered for seizure 

rescue medications were calculated before and after orderset 

implementation, from this data the pre/post orderset 

implementation daily means were calculated.

Introduction

1) To develop a reporting system that surveils inpatients at risk 

for seizures and identifies if they have a seizure rescue 

medicine ordered.

2) To implement a seizure rescue medication orderset to 

facilitate ordering on-call antiseizure medications. 

Objectives

Methods Results

• The Children’s National Hospital Seizure Trigger 

HealtheIntent Report enables fast, systematic identification 

of inpatients at risk for seizures without a PRN antiseizure 

medicine ordered.

• Following the implementation of a Seizure Rescue 

Medication Orderset, we found that there was no 

significant difference in rate of PRN rescue orders for 

qualifying patients.

• This indicates the need for more education surrounding use 

of the orderset and which patients qualify as being at risk 

for seizures.

• Tracking rescue medicine ordering trends across units and 

care teams via the Trigger will enable development of 

targeted interventions to improve safety and outcomes for 

at- risk inpatients. 

Conclusion
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Figure 4: Seizure Rescue Medications Orderset
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Use of Telemedicine for Acute Care Concerns in Primary 
Care during COVID19 Pandemic: Implications for Future Use
Kristina Kissiova MD1, Meghan Carter MD1, Tara Mamdouhi MD1, Christina Driskill MPH RN1, Ellen Hamburger MD1, 
1Children’s National Hospital

Background:
The increased use of telemedicine (TM)
during the COVID19 pandemic provided
much needed access to care for patients
and served as a useful tool to remotely
link doctors and patients. Some of its
many advantages include enhanced
access to medical homes, reduced
health care costs, and less crowding in
offices and emergency departments.
While advantages of this modality have
emerged, optimal utilization of TM for
pediatric acute care visits has yet to be
described.

Objective:
• Evaluate outcomes of TM encounters

for acute care visits in a primary care
pediatric practice

• Analyze visits by chief complaint (CC)
that were completed via TM versus
those that were referred for
subsequent in person visit

Methods:
• Retrospective chart review of 638 TM

visits conducted by 21 medical
providers in one primary care practice
in Washington, D.C. during months of
October and November 2020.

• Included acute care visits for patients
ages 0-21; telehealth well child checks
and follow-up visits were excluded.

Results:
• Of the visits examined, 60% (384/638) were completed solely over TM. When visits with CC of URI,

COVID, and fever were excluded, 87% of visits were completed over TM (329/377) (Table 2)
• Of the 5 most common CC (Figure 1), Dermatologic and GI concerns were most frequently

completed with TM (97/93.3% and 67/81.7% respectively).
• Of the top CC, fever and URI were the least likely to be completed via TM with only 9/13.6% and

27/22.7%, predominantly because of the recommendation to present for COVID testing.
• Less common CC that were most frequently completed over TM included: breathing concerns

(5/5, 100%), behavior/mental health acute concerns (24/24, 100%), head trauma or falls (7/7,
100%), ER/Urgent Care follow ups (10/11, 90.9%), ear concerns (8/9, 88.9%), and eye concerns
(21/24, 87.5%) (Table 3).

• Of patients referred for office visits from TM, 90% were seen in the office within 48 hours (Table 4). Of
patients who were not referred for office visits from the TM visit, 3% presented in person for
worsening symptoms (Table 4).

Conclusion:
The majority (60%) of TM visits were successfully completed via TM without in-person follow up visits or
COVID testing, with an even higher percentage (87%) when URI, COVID, and fever visits were
excluded. Patients with fever and URI symptoms were least likely to be completed on TM. A wide
range of CC were frequently completed without in office follow up. These early findings provide
insight into the utility of telehealth in the primary care setting for a broad array of urgent concerns.

Table 1: Demographics

Table 3

Figure 1

Table 2
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Table 4

Total # Visits # Completed 
over TM Percent

All CC 638 384 60%

CC excluding 
COVID, fever, URI 377 329 87%

URI, 18.7%

Dermatologic, 
16.3%

GI, 12.9% COVID, 11.9%

Fever, 10.3%

Other, 29.9%

MOST COMMON CHIEF COMPLAINTS AS PERCENT OF 
TOTAL VISITS EXAMINED

Presented for In Person Visit when 
Referred in via Telemedicine

Yes No Total

78 9 87

89.7% 10.3%

Presented for In Person Visit when Not 
Referred in via Telemedicine

Yes No Total

14 537 551

2.5% 97.5%

Sex
Male 51%

Female 49%

Age

0 – 1 year 23%

1 – 3 years 30 %

3 – 6 years 23%

6 – 12 years 14%

12 – 18 years 9%

Over 18 years 1%

Insurance

Commercial 89%

Medicaid 10%

Self Pay 1%

Race

White 65%

Black or African American 15%

Asian 4%

More than one 14%

Unknown 3%

Ethnicity of patient

Hispanic or Latino 12%

Not Hispanic or Latino 62%

Unknown 27%



BACKGROUND
• Social Determinants of Health (SDoH) are “the 

conditions in which people are born, grow, 
live, work, and age”

• American Academy of Pediatrics 
recommends screening for risk factors within 
SDoH during patient visits to connect families 
with services

• Significant attention has been paid to 
screening children for SDoH at outpatient well 
visits.

• There is little data on family preferences about 
SDoH screening during hospitalization

OBJECTIVE
• Assess parent preferences on SDoH screening 

in the pediatric inpatient setting

METHODS
• Surveyed families on the general inpatient 

units at Children’s National
• The survey was created using:

• Existing SDoH screening tools
• Expert input
• Cognitive interviews
• Survey piloting

• Data collection March 2021-January 2022

Inpatient Screening for Social Determinants 
of Health: Parent Preferences 
Tamara Gayle, MD, MEd, MPH, Amy Law, MD, Stacey Stokes, MD, MPH, Wayne Neal, MAT, BSN, NPD-
BC, Alison Page, LICSW, CCM, Priti Bhansali, MD, MEd

RESULTS
• 161 participants
• Majority were 35-44 years old, female, and of 

Black/African American race
• Most preferred to answer SDoH screening 

questions privately, using electronic methods
• When preferring in-person screening, 50% 

preferred a social worker
• The majority (30.8%) of respondents preferred 

to answer screening questions any time other 
than the first day but 26.7% were okay with 
screening any time

PROJECT SUPPORT
Received support from Center for Translational Research, CNH

Preferences for which team 
member to screen and not to 
screen
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Who Not To Screen

I think it is important for the healthcare 
team in the hospital to know about these 
conditions my family may face…

I am comfortable discussing these 
conditions my family may face with the 
healthcare team in the hospital even if there 
are no immediate resources available…
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I am comfortable discussing these 
conditions my family may face with the 
healthcare team in the hospital…

DISCUSSION
• The inpatient setting represents an excellent 

SDoH screening opportunity
• Inpatient healthcare teams should consider 

screening families for insurance issues, difficulty 
paying for appointments or medications, and 
transportation access

• Our findings suggest families’ preference for 
private, electronic screening, but also the 
preference for social workers to perform 
screening if in person

• Future studies should consider the impact of 
inpatient SDoH screening on referral and use 
of provided resources





A Too Fussy Two-Month-Old
Christopher Weston^, Emily Olson, MD*1, Tamika Queen, MD*1,Spandana Induru, MD*2, Padmaja Pavuluri DO MPH*2

*Children’s National Hospital, Washington, DC, 1Pediatric Residency Program and 2Pediatric Hospital Medicine Division; ^George Washington University School of Medicine and Health Sciences

• Given persistent irritability & a new relative 
thrombocytopenia, a CT Venogram of the Head was obtained 
and revealed an extensive thrombus of the straight sinus, 
torcula, and bilateral transverse sinuses.  

• Thrombophilia workup was unrevealing of predisposition 
aside from history of sickle cell trait.

• Started on intravenous enoxaparin, and discharged home to 
continue treatment with clot resolution and improvement.

Diagnosis & Management

The Patients, Families, Nurses and Physicians of 
Children’s National we learn from daily.

Acknowledgments• The incidence of pediatric CVST is 0.67 per 100,000 
children per year. 

• Mortality is high at roughly 10%, likely due to 
recognition delays.

• Risk factors include infection, dehydration & 
prothrombotic conditions.

• Diagnosing CVST requires a high level of suspicion.

Discussion

• 2 month old, full-term African American male with sickle cell 
trait presenting with emesis & non-bloody diarrhea x 1 week, 
tactile fevers & irritability

• In ED: Found to be have fluid-responsive, hypovolemic shock due 
to severe dehydration

• Patient improved with fluids & empiric antibiotics but irritability 
persisted

• Index of suspicion was high for an additional pathologic process. 

Presentation

ED Presentation
• 2 mo boy, tactile fevers, 

fussiness; emesis & 
diarrhea

• Severe Dehydration 
(sunken fontanelle, weight 
loss, irritability)

ED: Hypovolemic Shock
• Sodium 162, Cr 0.67, bicarb 11
• Nasal PCR: Rhinovirus/ 

Enterovirus
• Normal Saline 60 mL/kg & 

empiric Ceftriaxone (meningitic 
dose)

Inpatient Course
• Fluid resuscitation 

improving vital signs and 
serum electrolytes.

• However, patient remains 
lethargic and when 
awoken is irritable.

Continued Work Up
• Abdominal ultrasound obtained with concern for intussusception

• Lumbar puncture completed for persistent irritability.

Relative 
Thrombocytopenia

Persistent irritability/ lethargy, 
poor feeding & worsening 
relative thrombocytopenia 
without other cell line 
involvement, increased 
suspicion for CNS thrombus 
given initial severe 
dehydration.

Treatment
Thrombophilia workup 
negative aside from known 
sickle cell trait. 
Enoxaparin led to thrombus 
improvement. 

Lab Trended
• Sodium 147, Cr 0.39. 

bicarb 18, INR 1.2
• Blood and Urine Culture 

remain no growth. 

New Results
Abdominal Ultrasound: 

Normal

Pre-Treated CSF: 
No pleocytosis, negative gram 

stain  

Diagnosis
Head CT Venogram:  sinus 

thromboses
MRI/MRA: Extensive thrombus 

with multifocal edema

ED HD#2 HD#3 HD#4
Sodium 162 164 153 147
Creatinine 0.67 0.67 0.45 0.39
WBC 19.2 17.8 21.2 12.9
Hemoglobin 8.4 8.7 9.1 7.5
Platelets 602 460 250 167

Discharged Home
Discharged to complete 

Enoxaparin x __wks. 
Clot resolved on repeat 

imaging.
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ED Visits for Asthma Resulting in Hospitalizations among 
DC Children and Adolescents: A Population-Based Study

Olusegun Owotomo, MD, PhD, MPH, 1 Stephen J. Teach, MD, MPH 1, 2
1Children’s National Hospital, Washington DC, 2George Washington University School of Medicine

Background

• Asthma is the most common chronic respiratory childhood disease and a 
leading cause of emergency department (ED) visits and hospitalizations 
among children in the United States.

• Asthma is best managed through effective longitudinal care—coordinated and 
uninterrupted delivery of comprehensive asthma care by a designated 
healthcare provider.

• Frequent asthma-related ED visits that do not result in hospitalizations may be 
indicative of ED utilization that could be prevented with more effective 
longitudinal care or manageable in alternative settings.

• We utilized a novel HE ratio to characterize asthma-related ED visits among DC 
children and adolescents.

• Lack of specialist care and low controller-to-total asthma medication ratio were 
associated with frequent and potentially avoidable asthma-related ED utilization. 

• Improving access to effective longitudinal asthma care (including connection to 
specialist care) and achieving optimal asthma control may reduce avoidable 
asthma-related ED utilization in children and adolescents.

Objective & Hypothesis

• To determine sociodemographic and care-related factors associated with 
frequent and avoidable asthma-related ED utilization among DC children and 
adolescents.

• Primary hypothesis: Lack of specialist care, low use of primary care, and a low 
controller-to-total asthma medication ratio (CAM ratio) would be associated 
with more frequent and avoidable asthma-related ED utilization among DC 
children and adolescents. 

Methods

• Data Source: DC Pediatric Asthma Registry 
• A retrospective study of all DC children and adolescents aged 2-17 years who 

made ≥2 ED visits for asthma over a 24-month period (1/1/2018 to 12/31/2019) 
(N=1,298 or 9.2% of all children in Registry). 

• Outcome Variable: We derived each participant’s hospitalization to ED visit ratio 
(HE ratio, see Figure 1) and divided them into three groups: low HE ratio (0), 
moderate HE ratio (0.01 – 0.5), and high HE ratio (0.51 – 1).

• Primary independent variable: Specialist contact in the prior 24 months (no 
contact vs at least one visit with a pulmonologist or allergist).

• Secondary independent variables: Primary care contact in prior 24 months (<2, 
2, or >2 visits); asthma severity (intermittent vs persistent); CAM ratio (a marker 
of medication adherence and quality of asthma care; <0.5 and ≥0.5) and 
sociodemographic factors (age, sex, race/ethnicity, insurance status). 

• Independent sample t-tests to identify statistically significant differences in HE 
ratio by sociodemographic and asthma-care related factors.

• Multivariable regression models to estimate the adjusted odds ratio (AOR) for 
the association between HE ratio and each variable.

Conclusion

Results

Frequency %
ED visits

2 629 48.5
3 304 23.4
4 147 11.3
5 83 6.4
≥6 135 10.4

Hospitalization from ED Visits
0 930 70.9
1 243 18.6
2 82 6.6
3 29 2.2
≥4 21 1.7

HE Ratio*
Low HE ratio 920 70.9
Moderate HE ratio 295 22.7
High HE ratio 83 6.3

Primary care visits
Low PCP Contact 109 8.4
Moderate PCP Contact 117 9.0
High PCP Contact 1072 82.6

Specialist care visit
No Specialist Contact 724 55.8
Specialist Contact 574 44.2

Asthma classification
Intermittent 410 31.6
Persistent 888 68.4

CAM ratio
Low CAM ratio 1071 82.5
High CAM ratio 227 17.5

• See Tables 1 & 2 for sample descriptive and asthma care-related 
characteristics.

• Results confirmed our primary hypothesis, specifically, we found that HE ratio 
was significantly lower among:
• children who had no connection to specialist care, and 
• children with low CAM ratio. (Figure 2).

• The odds of having a low HE ratio (compared to high HE ratio) were twice as 
high among children who had no specialist contact than those who had 
specialist contact. Table 3.

• The odds of having a low HE ratio (compared to high HE ratio) were six times 
higher among children with low CAM ratio than those with high CAM ratio.

• Compared to whites, African Americans were five times more likely to have a 
low HE ratio than a high HE ratio.

Low vs Moderate HE Low vs High HE
OR (95% CI) AOR (95% CI) OR (95% CI) AOR (95% CI)

Specialist care Visits
Specialist contact
No specialist contact   

Reference
1.86 (1.42 – 2.42) ***

Reference
1.84 (1.37 – 2.47) ***

Reference
3.20 (1.98 – 5.16) ***

Reference
2.21 (1.27 – 3.85) **

Primary care Visits
High PCP contact
Moderate PCP contact
Low PCP contact

Reference
1.38 (0.85 – 2.25)
1.59 (0.94 – 2.70)

Reference
0.87 (0.52 – 1.45)
1.32 (0.76 – 2.29)

Reference
1.11 (0.49 – 2.49)
1.37 (0.58 – 3.25)

Reference
0.56 (0.22 – 1.45)
0.88 (0.34 – 2.25)

Asthma Classification
Persistent
Intermittent 

Reference 
1.65 (1.23 – 2.22) ***

Reference 
1.47 (1.07 – 2.03) *

Reference
5.12 (2.44 – 10.76) ***

Reference
3.92 (1.77 – 8.69) ***

CAM ratio
High CAM ratio
Low CAM ratio

Reference
1.98 (1.42 – 2.76) ***

Reference
1.90 (1.31 – 2.75) ***

Reference
6.41 (3.99 – 10.30) ***

Reference
6.26 (3.54 – 11.07) ***

Age-group (yrs)
2-5 
6-9
10-13
14-17 

Reference
1.96 (1.44 – 2.67) ***
1.89 (1.26 – 2.82) **
1.96 (1.08 – 3.53) *

Reference
2.43 (1.74 – 3.38) ***
2.59 (1.68 – 3.97) ***
2.94 (1.59 – 5.48) ***

Reference
2.53 (1.45 – 4.41) **
2.67 (1.24 – 5.76) **
1.79 (0.69 – 4.66) 

Reference
4.66 (2.47 – 8.81) ***
5.07 (2.19 – 11.70) ***
5.26 (1.74 – 15.89) **

Race/ethnicity
White 
Black 
Hispanic

Reference
1.20 (0.42 – 3.41)
0.99 (0.30 – 3.21)

Reference
1.64 (0.47 – 5.75)
1.33 (0.34 – 5.28)

Reference
5.78 (2.12 – 15.72) **
2.36 (0.69 – 8.08)

Reference
5.55 (1.23 – 25.08) *
1.96 (0.36 – 10.60)

Frequency %
Sex

Male 776 59.8

Female 522 40.2

Age in years

2-5 589 45.4

6-9 424 32.7

10-13 200 15.4

14-17 85     6.5

Race/ethnicity

Black 1104 85.1

White 24 1.8

Hispanic/Latino 65 5.0

Other 105 8.1

Health Insurance

Private 58 4.5

Public 860 66.3

Multiple Payers 351 27.0

Self-pay/Others 29 2.2

Table 1: Demographic characteristics, N=1298 Table 2: Asthma care-related characteristics Figure 2 : HE Ratio Stratified by Race/Ethnicity, Age, Insurance, 
Specialist Contact, and Asthma Severity

Table 3: Multivariable Regression Models: Demographic and asthma care factors associated with HE ratio

FINANCIAL DISCLOSURES: Dr Teach reports research funding from the NIH NHLBI, the NIH National Institute of Allergy and 
Infectious Diseases, the NIH Eunice Kennedy Shriver National Institute of Child Health and Human Development, and EJF 
Philanthropies and royalty payments from UpToDate. 

*HE ratio: derived by dividing number of hospitalizations in the prior 24 months by the 
number of ED visits in the same period. 
Classified into: Low HE ratio (HE=0), Moderate HE ratio (HE >0.01 – 0.5), and High HE 
ratio (HE 0.51 – 1).
Low HE ratio—Few hospitalizations from ED visits (frequent asthma-related ED visits 
that rarely result in hospital admission—potentially avoidable asthma-related ED visits).
High HE ratio—High hospitalizations from ED visits (asthma-related ED visits that often 
result in hospitalizations--ED visits for severe/unresponsive asthma exacerbations.

Figure 1: HE Ratio 
NS: Not statistically significant, p>0.05

Correspondence: oowotomo@childrensnational..org | steach@childrensnational.org



TRENDS AND DISPARITIES IN CANCER-RELATED ED VISITS AND 
HOSPITAL ADMISSIONS: US NATIONAL ESTIMATES, 2012-2018

Olusegun Owotomo, MD, PhD, MPH
Children’s National Hospital, Washington DC

Background & Objectives
• Cancer remains a major cause of morbidity and mortality affecting all 

age-groups. 
• This study aim to examine trends and sociodemographic disparities in 

cancer-related ED visits and hospital admissions in the United States
•

• Annual rates of cancer-related ED visits and hospital admissions remained 
stable from 2012-2018 with rates particularly low (≤1%) in children and 
adolescents. 

• The burden of cancer-related ED utilization and hospitalizations is largest 
among older adults (≥65 years), non-Hispanic Whites, and Medicare 
beneficiaries.

Methods

• Multi-year secondary analysis of the National Hospital Ambulatory Medical 
Care Survey (NHAMCS) (2012-2018) 

• Generated nationally weighted estimates of cancer-related ED visits and 
hospital admissions with corresponding 95% confidence intervals (CI). 

• Estimates were stratified by race/ethnicity, sex, age-groups, and health 
insurance status.

Conclusion

Results

• Cancer diagnosis accounted for:
• 3.1% (95% CI, 2.9 – 3.3) and 9.3% (95% CI, 8.6 – 10.1) of total ED 

visits and total hospital admissions
• Annual cancer-related ED visits rates remained stable, ranging from 2.9% 

(95% CI, 2.6 – 3.4) in 2012 to 3.8% (95% CI, 3.3 – 4.3) in 2018.
• Annual cancer-related admission rates remained stable, ranging from 

8.5% (95% CI, 7.1 – 10.1) in 2012 to 9.9% (95% CI, 8.3 – 11.7) in 2018.
• Among cancer ED visits, annual hospital admission rates were stable, 

averaging 29.2% (95% CI, 26 – 32.7). 
• Average annual cancer-related ED visits and admission rates were 

highest among:
• individuals aged ≥65 years (10.7%, 95% CI, 10.0 – 11.5; and 14.1%, 

95% CI, 12.8 – 15.4, respectively)
• non-Hispanic Whites (4.0%, 95% CI, 3.7 - 4.2, for ED visits), 
• medicare beneficiaries (9.1%, 95% CI, 8.4 – 9.8; and 13.5%, 95% CI, 

12.3 – 14.7), 
• Average annual cancer-related ED visits and admission rates were 

lowest among:
• individuals aged ≤24 years (0.3%, 95% CI, 0.2 – 0.4; and 1.1%, 95% 

CI, 0.7 – 1.8).

NO FINANCIAL DISCLOSURESCorrespondence: oowotomo@childrensnational..org 

TOTAL ED VISITS: 954, 128, 804
TOTAL HOSPITAL ADMISSIONS: 93, 437, 676
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Predicting Urinary Tract Infections for Low Acuity 
Patients in the ED: A study on the Utility of UTICalc

BACKGROUND
In the U.S., about 7% of children under 24 months of 

age who present to the Emergency Department (ED) 

with fever have a urinary tract infection (UTI). 

Obtaining a catheterized urine sample is time 

consuming and invasive. UTICalc1 is an online tool 

designed to identify which febrile children under 24 

months of age would benefit from urine studies and 

empiric antibiotic treatment. Approximately 5500 

low-acuity patients under 24 months present 

annually with fever at Children's National ED. Many 

undergo urine catheterization, but wide variation 

persists in the percentage of patients undergoing 

urine testing. 

Inbar Plaut, MD, Deena Berkowitz, MD, MPH, Kristen Breslin, MD

Demographics of Patient Database

RESULTS
15% of urine cultures sent were positive. The prevalence 

of culture-confirmed UTI amongst our patient 

population was 1% . Of patients who had urine cultures 

sent, 249 patients (23%) had antibiotics prescribed 

during the visit. However, only 124 (50%) of those 

patient’s urine cultures resulted as positive. Physician 

judgement for prescribing empiric antibiotics for UTI had 

a sensitivity of 74% (95% CI 67%-81%) and a specificity of 

90% (88%-92%). Applying UTICalc’s algorithm would 

reduce the number of urine tests done by as much as 

30% without increasing the number of missed UTIs.

Total

Number (%)

14472

Gender
Male 6733 (45%)
Female

Race/Ethnicity

7739 (55%)

Non-Hispanic White 584 (4%)
Non-Hispanic Black 5761(40%)
Hispanic/Latino 6365 (44%)

Other 1762 (12%)

Age Group
2-5 months 1068 (7%)
6-11 months 5311 (37%)
12-17 months 4698 (32%)
18-23 months 3395 (23%)

Total

Number (%)

1352

Odds Ratio
(95% CI) 

Gender
Male 476 (35%) Referent
Female

Race/Ethnicity

876 (65%) 2.3 (2.0-2.5)

Non-Hispanic White 67 (5%) Referent
Non-Hispanic Black 382 (28%) .55 (.42-.72)
Hispanic/Latino 718 (53%) .98 (.75-1.2)
Other 185 (14%) .92 (.68-1.2)

Age Group
2-5 months 218 (16%) 5.7 (4.6-7.2)
6-11 months 628 (46%) 3.0 ( 2.5- 3.6)
12-17 months 361(27%) 1.9 (1.5 - 2.2)
18-23 months 190 (14%) Referent

Patients who Underwent Urine Studies

OBJECTIVE
Use descriptive statistics to analyze the demographics 

and frequency of urine testing in our patient 

population. Analyze the potential impact of UTICalc on 

decreasing frequency of urine testing and empiric 

antibiotic prescriptions.

METHODS
The study is a retrospective chart review of all children 

who presented to Children’s ED between 7/2017 and 

8/2020, ages 2-23 months, triaged as low acuity (ESI 

level 4,5) and with a chief complaint of fever. Data was 

extracted from the Electronic Health Records and 

analyzed with descriptive statistics in SPSS. 

DISCUSSION
The prevalence of UTI in our population is 1%, much lower 

than the 7% cited in the literature and may be because our 

population were only patients triaged as low acuity. 

Children’s providers have already been ordering fewer 

urine studies on older patients and male circumcised 

patients as suggested by decreased prevalence of UTI 

amongst those populations. However, using UTICalc prior 

to ordering urine studies would still decrease the number 

of urine studies done without increasing the number of 

missed UTIs. 
1. https://uticalc.pitt.edu/. Shaikh N, Hoberman A, Hum SW, et al. Development and Validation of a Calculator for Estimating the Probability 

of Urinary Tract Infection in Young Febrile Children. JAMA Pediatr. 2018;172(6):550–556. doi:10.1001/jamapediatrics.2018.0217



PURPOSE
• Adversity experienced by a caregiver in 

childhood can impact their children through 

impacts on parenting style, mental health, 

and parent-child relationships. 

• Adolescent parents have disproportionately 

high rates of exposure to childhood trauma. 

• Education can be an alternative or 

complement to screening for adversity and 

may incite the positive behavior change 

needed for improved health. 

• Limited study has explored teen parent 

response to educational conversations 

around generational trauma built into a 

primary care setting. 

OBJECTIVES
• The purpose of this study was to examine 

adolescent parent acceptance of a brief 

conversation about generational trauma and 

a corresponding generational trauma card 

(GTC) in a primary care setting. 

METHODS
• Conducted in the Healthy Generation 

program, a medical home for teen parents 

aged 13-22 and their families at Children’s 

National Hospital. 

• Adolescent parents (N=21) were recruited 

through routine, in-person visits.

• Providers conducted 5-minute open-ended 

conversation about generational trauma 

utilizing the GTC and a semi-structured script.

• Participants completed a 20 question Likert 

scale and free response survey. 

Generational Trauma: Teen Parent Reactions to a 
Brief Intervention

Catherine Pukatch, MD, Binny Chokshi, MD, Natasha Ramsey, MD, MPH, Yael Smiley, MD, 
Alexa Dzienny

CONCLUSIONS
• The GTC is an effective tool to facilitate 

discussion regarding generational trauma

• Adolescent parents responded positively to a 

conversation about generational trauma and 

expressed desire to make changes based on this 

conversation. 

• The GTC is a unique way of incorporating 

conversations about generational trauma with 

all patients, rather than focusing on a specific 

ACE score. 

• The GTC is also action-oriented by providing 

patient education and strategies to mitigate the 

impact of trauma. 

LIMITATIONS
• Limitations of our study include small sample size 

that represents only the perspective of an urban, 

English-speaking, largely low-income population.

FUTURE DIRECTIONS
• Participant acceptance of the GTC is a critical 

first step in the further utilization and evaluation 

of this tool. 

• Further study could evaluate specific 

interventions teen parents make based on the 

intervention.

• Additional research is needed to determine if 

data can be generalized to other populations.

• As the development of the GTC was rooted in 

educational theory and research that images 

can assist with acceptance, comprehension 

and behavior change related to health 

communications, we hope this model can be 

broadly applicable. 

Figure 1. Generational Trauma Card (GTC)

RESULTS
• Among the 21 female participants, 43% were 14 to 17 

years old and 57% were 18+ years; 91% were Black; 
and 5% were Hispanic. 

*Likert scale 1-5, with 1 representing most negative response 
and 5 representing most positive response. 



Background
• Asthma is the most common chronic pediatric 

medical condition.1,2,3 

• While hospitalization rates for asthma have fallen, 
the rate of pediatric intensive care unit (ICU) care 
has more than tripled.4,5

• Concurrently, the annual charges of asthma 
hospitalizations has increased, ~$1.59 billion.5–7 

• Pediatric asthma scores and generalized illness 
severity scoring systems have been developed 
but they are based on simple methodologies, are 
static in nature, and have not been shown to be 
effective in reducing late admission to the 
intensive care unit.8-11 

Objective
To use dynamic machine learning methodology 

to predict clinical deterioration in pediatric 

patients with asthma exacerbation.

Methods
Design and Setting: Retrospective analysis of a national 

dataset (Health Facts ®). 

Population: All patients ages 2-21 years admitted for 

asthma exacerbation between January 1, 2009, and 

December 31, 2018. Asthma exacerbation was defined 

as having received an inhaled beta agonist and 

systemic corticosteroids. We excluded patients with 

severe allergic reactions or anaphylaxis, 

bronchopulmonary dysplasia, croup, or bronchiolitis.

Protocol and Measures: We developed a calibrated 

neural network for survival analysis with the outcome of 

interest being the provision of intensive care. Calibration 

was achieved using a random forest model based on 

the output of the neural network. ICU care was defined 

as need for advanced respiratory support, treatment 

with continuous intravenous asthma therapies, or 

inhaled anesthetics. Risk factors of interest were patient 

demographics, vital signs, imaging, labs, and therapies 

administered and their frequency. The hospital course 

was discretized into 4-hour consecutive time periods. 

Independent models were developed for various 

lookback periods. We imputed missing vital signs using 

the last known result.

Validation: We computed clinical risk predictions from 

the calibrated neural network. We analyzed the 

performance characteristics including the area under 

the receiver operator curves, concordance-index, 

sensitivities, specificities, and positive predictive value 

(PPV) and plotted the clinical trajectories of high-risk 

and low-risk patients. 

Machine Learning to Predict the Need for Intensive 
Care for Pediatric Asthma Exacerbation
Lena Saleh, MD, MPH, Eduardo Trujillo-Rivera, PhD, Anita Patel, MD, 
James Chamberlain, MD

Table 1. Population Characteristics

Figure 1. AUROC for Various Current & 
Future Times

Characteristics All ICU Non-ICU
n 70,114 4,247 65,867
Age (%)
2-6yo 28.0 17.2 28.7
6-13yo 30.2 25.2 30.5
13-21yo 41.8 57.6 40.8

Sex (%)
Male 52.6 51.4 52.7
Female 47.4 48.6 47.3

Race (%)
Black 30.6 26.7 30.9
Caucasian 51.5 53.8 51.3
Other/unknown 17.9 19.5 17.8

LOS (hr), median 
(IQR*)

61.8 
(38.7, 106.7)

89.4 
(48.2, 168.6)

60.3 
(38.3, 102.8)

Mortality (%) 0.5 3.3 0.4

Figure 2. Specificity at Fixed Sensitivity of 0.9 
for Various Current & Future Times

Figure 3. Trajectories for ICU & Non-ICU 
Patients

Figure 4. Trajectories for ICU & Non-ICU 
High-Risk and Low-Risk Patients

Discussion
• This study demonstrated the applicability of a dynamic machine 

learning algorithm to assess patient risk of ICU care accounting for 
clinical changes.

• Overall, model performance was good:
• C-index: 0.65
• AUROC: ranged from 0.43-0.98
• Specificity at fixed sensitivity of 0.9: ranged from 0.10-0.91
• PPV (precision) at fixed sensitivity of 0.9: ranged from 0.06-0.39

• Construct validity, shown via the clinical trajectories of high- and low-
risk patients, captured clinical instability and change in risk over time. 

• The model performed consistently well early in the hospital admission 
to predict the risk for requiring ICU care in the near future. 

• This model is based on a strong conceptual framework that needs to 
be further optimized for improved performance.

Limitations
• Not all data were available (i.e. admission date, procedures, etc.)
• Neural networks do not provide the independent impact of each 

variable. 
• Model performance declined the longer a patient was in the hospital 

and/or at time periods later in the future. This may be due to the short 
median length of stay for asthma admissions and quick deterioration 
from admission.

• Survival analysis model was not interpretable and required an 
additional model for risk prediction.

• Model is not diagnostic but is rather intended to guide clinical 
decision-making.

• Model needs to be evaluated prospectively. 





BACKGROUND
• Children from Spanish-speaking families 

with limited English proficiency (LEP) are 
known to have worse disease-specific 
outcomes and experiences. 

• Asthma is an ideal condition to examine 
how language barriers affect care 
given the high prevalence and 
complexity. 

• The Children's National Pediatric Asthma 
Registry (Asthma Registry) offers a 
comprehensive survey of asthma care 
for this population.

OBJECTIVES
• Describe the population of children with 

asthma in the DC area that reside in 
Spanish-speaking households with LEP in 
terms of age, asthma severity and 
insurance type. 

• Compare rates of ED visits and 
hospitalizations for children in Spanish-
speaking vs English-speaking 
households.

METHODS
• The Asthma Registry includes all 

patients who have interfaced with 
Children's National and received an 
asthma ICD-10 code. 

• Queried patients in the registry from 
2017-2019 who met the following 
criteria: age 2-17 with preferred 
language indicated and a DC, MD or 
VA address. 

• Demographic information included 
asthma severity, age and insurance 
type. Outcome measures were 
compared by language preference via 
ANOVA.

Description of Patient Characteristics and Outcomes for 
Children With Asthma in Limited English Proficiency Spanish-
Speaking Households Using a Regional Asthma Registry
Hayley T Sparks, MD, Nikita Kachroo, Eduardo R Fox, MD

Table 1 RESULTS
• The registry identified 88,251 patients who 

met inclusion criteria, with 13.4% from 
Spanish-speaking LEP households.

• Characteristics for children from those 
households include: mean age 9.8 (4) 
years, 29.4% with persistent asthma and 
4.2% privately insured. 

• These Spanish speaking LEP households 
were concentrated in northeast DC and 
the Maryland suburbs. 

• Compared to children from English-
speaking households, slightly fewer 
children from Spanish-speaking 
households had at least one ED visit 
(17.2% vs 19%, p value <0.001) but slightly 
more had at least one hospitalization 
(10.2% vs 8.5%, p value <0.001).

• Children from Spanish-speaking 
households were less likely to have a 
primary care pediatrician or insurer 
identified than English-speaking 
counterparts.

DISCUSSION
• Further investigation will be needed to 

more fully understand the interplay of 
race, poverty and LEP.

• These results are limited by language 
reporting in database given that some 
LEP families may not have language 
preference documented in the medical 
record

• Additional analyses of data will also 
examine race to further understand 
barriers to care and drivers of health 
inequity within this population

ACKNOWLEDGEMENTS
• Thank you to REACH, the Asthma 

Registry, IMPACT DC 

Figure 1 

Location of residence for asthma patients from Spanish-speaking LEP households,

Table 2

Outcomes for asthma patients from Spanish-speaking LEP vs English speaking households 

Demographics for asthma patient from Spanish-speaking LEP vs English speaking households 



An Educational Intervention with Standardized Patients Improves 
Communication of Pediatric Residents in Subspecialty Referral

Elise Stave1, Larrie Greenberg1,2, Ellen Hamburger1,2, Mary Ottolini3, 
Dewesh Agrawal1,2, Karen Lewis2, John Barber1, James Bost1,2, Ashraf S Harahsheh1,2

1Pediatrics, Children's National Hospital; 2George Washington University School of Medicine and Health Sciences, Washington, DC, 
3Maine Medical Center, Portland, ME
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Background and Significance

• Triaging patients and appropriately 
referring those with identified risk factors1

to subspecialists are critical skills for 
primary care providers2

• Residents’ communication skills can 
improve after a focused intervention3

• We created a referral and consultation 
curriculum for pediatric residents to teach 
and assess core communication skills 
surrounding subspecialty referral

Objective

• To improve resident referral performance 
and assess improvement in advanced 
communication skills

Acknowledgement
The authors would like to thank 2015-2019 trainees at Children’s National, Jeff Sestokas, Lindsay Attaway, the Medical Education Office, Board of  Visitors, and the staff of Simulation Center at Children’s National

Results
• 64 residents, 74% female, between 06/2015 and 9/2019
• 13/20 SP checklist items demonstrated significant improvement post-intervention

Design and Methods
• Pediatric residents on elective rotations

• Informed consent/Children’s National IRB 
approval

• Blended educational intervention with 4 
phases (see Figure)

• Pre-Post intervention scores were 
assessed with the Sign Test (for 
continuous results) or with McNemar’s 
test (for dichotomous results)

Conclusions
• Residents’ performance improved after participating in a blended, interactive communication skills 

workshop embedded within elective rotational experiences
• Further study is needed to assess long term impact on patient care and family satisfaction with the 

referral process

Table: Pre- and Post-Intervention results by SP Checklist
Item Pre-intervention (n=70) Post-intervention (n=69)
The resident… Mean (SD) Mean (SD) P-value*

showed interest in me as a person 83.9 (11.1) 91.1 (10.8) <0.001
made me feel that he/she was glad that I brought my child in today 81.4 (11.9) 88.3 (10.4) <0.001
used words that I understood 83.4 (11.2) 89.5 (9.2) 0.003
used nonverbal behaviors that conveyed attentive listening 83.6 (11.6) 91.3 (9.4) <0.001
asked me what was the most concerning factor for us today 55.5 (40.9) 82.5 (27.2) <0.001
asked me how I feel about the situation 64.8 (40.5) 78.6 (30.7) 0.071
validated my concern/feelings 97.7 (13.9) 97.6 (10.7) 1.000
noted that I seemed sad/mad/distressed/worried 58.6 (40.4) 73.0 (34.6) 0.024
made empathetic statements (e.g. That must be difficult) 93.8 (18.9) 93.7 (23.0) 1.000
engaged me in an exchange to arrive at the plan 87.5 (28.2) 97.6 (10.7) 0.012
made a final decision with regard to referral 98.4 (8.8) 98.4 (8.8) 1.000

% (n) % (n)

If no referral was made, the resident reassured you that this was not life-threatening
If a referral was made, the resident…

82.6 (38) 97.8 (45) 0.008

helped me understand the reason for the referral 96.1 (49) 98.0 (50) 0.564
explained that this could be a life-threatening condition 70.6 (36) 80.4 (41) 0.166
explained what you could expect when you see the cardiologist 51.9 (27) 75.0 (39) 0.011
recognized and managed the logistics of the referral 76.9 (40) 96.2 (50) 0.002
clarified plan with me and ensured understanding and agreement on logistics 76.0 (38) 98.0 (49) 0.002

explained that exercise restriction is needed 84.3 (43) 100 (51) 0.005
decided on the urgency of the referral 90.4 (47) 98.1 (51) 0.103

Mean (SD) Mean (SD)

provided ongoing patient care and informed us when to call her/him back 60.3 (38.3) 80.2 (35.4) <0.001
Total Score 82.7 (10.9) 91.7 (5.0) <0.001

Pre-workshop 
interactive online 
module (20 min.)
• Demographics data
• Interactive module 

focusing on the medical 
concern of syncope

Pre-Test (60 min.)
• 2 structured OSCE cases

• Participants  provided with a 
medical history, physical 
exam, emotions displayed, 
final diagnosis, and plan of 
care (refer or not to refer)

• Participants to counsel the 
Standardized Patient  (SP) for 
10 min.

• SP checklist (20 items) 

Subspecialty workshop           
(90 min.) 
• Interactive communication skills 

intervention:
• Discover and address patient  & 

family concerns & emotions  
• Recognize and manage referral 

logistics (clarify plan with family, 
including reason for referral and 
expected time frame, and roles 
for family/patient, referring 
provider, and consultant)

• Practice with SPs

Post-Test (75 min.)
• 2 similar themed 

OSCE cases 
• SP checklist 
• Feedback by SPs 

and Faculty

Figure: 4 Phase Educational Intervention



Identification of T-cell Lymphopenia via T-cell Receptor Excision Circle Assay in Turner Syndrome
Kristen K. Stenehjem, MD1, Neil R. Patel, MD1, Vanessa Bundy, MD, PhD2

1Department of Pediatrics, Children’s National Hospital, Washington, D.C., 2Division of Allergy and Immunology, Children’s National Hospital, Washington, D.C.
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TREC analysis during newborn screening identifies 
children with T-cell lymphopenia. The heart 
conotruncus and the thymus arise from common 
cardiac neural crest. After leaving the bone marrow, 
T-cell progenitors require a functional thymus for 
proper maturation. Some children with congenital 
cardiac anomalies also have thymic defects, leading 
to aberrant T-cell production immune dysregulation.

TS is characterized by absence of the second X 
chromosome and is associated with increased risk for 
recurrent sinopulmonary infections and autoimmune 
disease. Children with TS may have lower than typical 
T-cells, B-cells and immunoglobulins, but precise 
etiology for immune dysregulation remains unclear.

We present a patient, born full-term, with TS and 
associated cardiac anomalies, coarctation of the 
aorta. The patient was referred for abnormal T-cell 
receptor excision circle (TREC) result (Ct 41.39, ref 
<35.5) found during newborn screen. We confirmed 
her T-cell lymphopenia and continue to follow 
closely.

● TS is associated with an increased risk for immune 
dysregulation, but precise etiology remains 
unclear.

● While children with other genetic etiologies of 
cardiac and thymic anomalies (e.g. 22q11.2 
deletion syndrome and Trisomy 21) often undergo 
immunology evaluation after birth, this is not yet 
standard for children with TS.

● Our patient with TS and T-cell lymphopenia 
detected via TREC analysis, provides additional 
support for aberrant thymic development as an 
underlying cause for increased risk for recurrent 
infection and autoimmune disease. 

● Prompt identification of immune dysregulation risk 
is crucial to ensure better overall patient 
outcomes.

● Additional studies regarding thymic development 
and T-cell maturation are indicated to better 
elucidate mechanisms related to the pathogenesis 
of immune dysregulation in children with TS.

Introduction

Discussion

Lab Values

Case DescriptionLearning Objectives

1. Identify the implications of T-cell receptor 
excision circle (TREC) analysis

2. Discuss immune system disturbances seen in 
patients with Turner Syndrome (TS)

3. Examine the role of aberrant thymic development 
as a potential cause of immune dysregulation. 

Lab Test Sep-21 
(18mo)

Feb-21 
(11mo)

Aug-21 
(5mo)

Reference 
Ranges

T lymphocyte % 36 30 39 53-75 (%)

T lymphocyte Abs 1,813 1,378 1,921 2,100-6,200 
(cells/mcL)

CD4+ T lymphocyte 
% 19 19 25 32-51 (%)

CD4+ T lymphocyte 
Abs 960 855 1,228 1,300-3,400 

(cells/mcL)

CD8+ lymphocyte % 10 9 12 14-30 (%)

CD8+ lymphocyte 
Abs 479 416 567 620-2,000 

(cells/mcL)



BACKGROUND
The Family Lifestyle Program (FLiP) is a clinical-
community collaborative designed to address 
diet-related chronic disease through a family-
centered lens. The student-led FLiP Patient 
Navigator Program is designed to connect 
families to community resources related to 
nutrition education, physical activity, and food 
insecurity in historically marginalized settings. 
Families are connected to resources by FLiP 
Navigators, medical students, trained in 
community resource navigation, food 
insecurity/policy, cultural humility, and health 
equity. 

OBJECTIVE
To use the RE-AIM framework (Reach, 
Effectiveness, Adoption, Implementation, 
Maintenance) as a lens to evaluate the 
outcomes and design of the novel FLiP 
Navigator Program.

METHODS
Medical students were trained in resource 
navigation and organized into leadership 
groups to promote sustainability and program 
development. Families were connected to FLiP 
Navigators through primary care provider 
(PCP) referral or self-referral via flyers in patient 
exam rooms. Interested families completed a 
brief online survey.  FLiP Navigators then 
completed intake calls, identified and emailed 
resources using the FLiP Community Resource 
Guide, and followed up with families via 
phone contact and PCPs via EMR. All data 
was collected and stored via Children’s 
National REDCap.  

Implementation and Outcomes using the RE-AIM Framework for the 
Novel FLiP Navigators Program: Connecting Pediatric Families to 
Resources Related to Food Insecurity, Nutritional Education, and 
Physical Activity
Stumbras, Katrina1; Bodrick, Nia1; Menezes, Shannon2; Mackey, Eleanor1,2; Fischer, Laura1,2; McCarron, Kristy3; 
Farmer, Nicole4; Becker, Chloe2; Smith, Victoria2; Essel, Kofi1,2

1. Children's National Medical Center, Washington DC; 2. The George Washington School of Medicine & Health Sciences, Washington DC; 3. Young Men's Christian Association, Washington DC; 4. NIH Clinical Center, Bethesda MD

Table 1. Key Demographics of FLiP Navigator Participants in 
First 4 Months of Program Implementation

CONCLUSIONS
Initial examination of this novel program indicates a clear need and desire amongst families for connection 
to resources in nutrition education, physical activity, and food insecurity. The program’s primary objective of 
connecting families to resources in a timely manner is being met. Areas for improvement include timing of 
follow-up with families, optimizing use of resources, and provision of long-term food insecurity resources. On-
going evaluation via the RE-AIM model allows for further development, sustainability, and expansion of the 
novel FLiP Navigator program.

FUTURE of FLiP
1. Increasing student and clinician connection to community resources.
2. Diversifying method of follow-up communication and resource provision to families.
3. Continued emphasis of sustainability and structure in growth of program.
4. Expansion of program beyond pilot clinic sites.
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Table 2. Key Outcomes of FLiP Navigator Program 
in First 4 Months of Program Implementation

Total Food 
Insecurity

Physical 
Activity

Nutrition 
Education

Number of Initial Referrals 144
Number of Families who Completed Intake Call 86 (59.7%) 52 (60.5%) 67 (77.9%) 47 (54.7%)
Method Referred to Program

Self 52 (39.4%) 15 (31.9%) 25 (40.3%) 16 (38.1%)
Physician 69 (52.3%) 29 (61.7%) 33 (53.2%) 25 (59.5%)

Other 10 (7.6%) 3 (6.4%) 4 (6.5%) 1 (2.4%)
Household Income*

25-50%tile 57 (86.4%) 35 (87.5%) 44 (86.3%) 26 (81.3%)
50-75%tile 9 (13.6%) 5 (12.5%) 7 (13.7%) 6 (18.8%)

>75%tile 0 0 0 0
Percent of Families Reporting Need for 
Emergency Food**

10 (27.8%)

Average Age of Those Interested in Resources 19.9 19.8 19.1 20.7
Age Range of Those Interested in Resources 1-91 3-91 1-63 2-91
Number in Household 2.5 2.5 2.5 2.5
*Estimated by median household income in given household zip code
**Among families indicating interest in food insecurity resources

Family Recruitment and Initial Contact [Reach]
Total Number of Initial Referrals 144

Initial Referrals who Completed Intake Call 86 (59.7%)
Initial Referrals No Longer Interested in Services 18 (12.5%)

Initial Referrals Unable to Reach after 3 Calls 38 (26.4%)
Average Time from Initial Referral to Initial Call 8.2 days
Average Number of Attempts to Contact 2

Resource Provision and Follow-Up [Effectiveness]
Resources Requested

Food Insecurity 52 (60.5%)
Nutrition Education 47 (54.7%)

Physical Activity 67 (77.9%)
Average Number of Resources Provided Per Family

Total 6.3
Food Insecurity 3.8

Nutrition Education 2.9
Physical Activity 3.8

Percent of Eligible Initial Referrals Who Received Follow-Up 
Call

77 (89.5%)

Percent of Eligible Initial Referrals Who Completed Follow-Up 
Call

54 (62.8%)

Average Time from Resource Provision to Follow-Up Call 7.1 weeks
Average Number of Attempts to Contact for Follow-Up Call 1.8
Percentage of Families Reporting Use of Resources

Food Insecurity 5 (20.8%)
Nutrition Education 6 (30.0%)

Physical Activity 8 (21.1%)
Percent of Families Interested in Additional Resources

Food Insecurity 9 (39.1%)
Nutrition Education 1 (5.0%)

Physical Activity 3 (10.7%)

Student and Clinic Engagement [Adoption]
Total Clinic Sites with Program 2
Minimum Number of Unique Clinicians Providing Referrals 16
Number of Medical Student Navigators 12
Percent of Eligible PCPs who Received Follow-Up on Referral 82.6%



Background
Fetal ventriculomegaly (fVM) is a common intracranial abnormality identified 

on prenatal screening. fVM can have wide variation in prognoses ranging 

from normal development to neurologic, motor and cognitive impairment, 

particularly in the setting of additional parenchymal injury or 

maldevelopment. Magnetic resonance imaging (MRI) has been shown to be 

superior to ultrasound to evaluate the fetal brain early in development, 

especially in the identification of additional brain malformations that may 

adversely influence neurodevelopment. However, the prognosis for isolated 

fVM is remains challenging even in the absence of parenchymal injury.

Objective
To compare quantitative global and regional brain volumes between fetuses 

with isolated fVM and healthy fetuses from uncomplicated pregnancies using 

volumetric quantitative MRI. 

Methods
• This is a retrospective study of fVM cases referred to our tertiary care center 

from November 2019 to December 2021. Cases with additional brain or 

somatic malformations on fetal MRI were excluded.

• The control group was comprised of healthy fetuses with normal prenatal 

screening, who were prospectively enrolled with confirmed normal 

outcomes.

• Using 3D reconstructions of T2-weighted MRI scans and semi-automated 

pipelines of fetal brain segmentations, we measured volumes for total 

brain volume, cerebrum, cerebellum, brainstem, cerebral cortical grey 

matter, white matter, subcortical grey matter and ventricular volumes.

• The fVM cases were categorized into subgroups based on severity of 

ventriculomegaly (diameter of the lateral ventricle at the level of the atria.)

Impaired Global and Regional Brain Growth in Patients With Isolated Fetal Ventriculomegaly

Ha Tran, MD, Nickie Andescavage, MD, Todd Richmann, BS, MS, Kushal Kapse, MS, Yushuf Sharker, PhD, Jonathan Murnick, MD, 
PhD, Gilbert Vezina, MD, Adre du Plessis, MBChB and Catherine Limperopoulos, PhD

Results

• A total of 448 MRI (59 fVM cases, 389 healthy controls) 

were collected

• Mean GA=30.5 (range: 16-40 weeks)

• fVM cohort had significantly enlarged lateral, 3rd and 

4th ventricles compared to controls

• Cerebral volumes were significantly reduced in fVM 

compared to controls

• Cortical gray matter volumes were also significantly 

reduced in fVM compared to controls, which was also 

observed in the group analysis when categorized by 

severity of ventriculomegaly. 

Table 1. Global and regional brain volumes (cm3) in fetuses with isolated fetal 
ventriculomegaly and healthy controls

High-resolution reconstruction of fetal brain MRI using low-
resolution MR images acquired from three orthogonal 

planes (coronal, axial, and sagittal) in 2mm slice thickness 
using a 1.5 Tesla GE scanner 

Figure 1. 3D reconstruction of fetal brain MRI 

Discussion
• Utilizing volumetric analysis with 3D MRI, we report in utero differences not only in ventricular volumes 

but in global and regional brain parenchymal volumes in fetuses with fVM.

• The loss of cortical gray matter was observed in all subgroups, regardless of severity of 

ventriculomegaly.

• The extent to which this cerebral growth impairment in fetuses with fVM is associated with functional 

neurodevelopmental disabilities is currently under investigation.
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Summary of Findings in PA patients.
• 38.7% (12/31) of PA patients with 1+ documented episode of atypical and or nosocomial infection

• 77.8% (7/9) of patients who had central line access had documented atypical or nosocomial infection
• 2 patients with documented CLABSI, both with purulent fluid collections at the central line site

• 45% (5/11) of PA patients on prophylactic antibiotics with 1+ episode of atypical and or nosocomial infection
• 6.5% (2/31) on long term immunosuppressive regimens after transplant

• Both with peri-transplant septic shock during initial immunosuppressive therapy, both positive for Enterobacter 
cloacae (normal intestinal floral but can cause infection in immunocompromised individuals)

• In those patients where immunologic assessment was conducted:
• 5 patients with need for re-administration of vaccine(s)
• 4 patients with need for intermittent IVIg
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CASE REPORT
A 7.5 year old girl with two pathogenic mutations in the MUT gene (c.607G>A p.G203R, c.682C>T p.R228X), and 
central venous access in place for approximately 4 years was admitted to the NIH. On day 2 of admission, the patient 
developed fever to 38.9°C, vomiting with decreased oral intake, and lethargy. Blood cultures were obtained and IV 
hydration with dextrose and antibiotic therapy with vancomycin and ceftadizime were instituted. Despite 3 days of 
multi-antibacterial therapy, the patient continued to be ill-appearing with persistent fevers. Blood cultures were 
collected daily with fever but remained negative. The central line was removed and the catheter tip was cultured 
and because of her toxic clinical appearance and instability, meropenem was added in the setting of a low white cell 
count of 2.82 thousand cells/μL. She remained afebrile for 3 days after initiation of meropenem but became febrile 1 
day after it was discontinued. 10 days after her re-presentation with fever, Mycoplasma fortuitum was identified 
through SecA sequencing; sensitivity of the strain to meropenem, ciprofloxacin and TMP-SMX was documented. 
Antibiotic therapy was adjusted to meropenem and ciprofloxacin and she was ultimately treated for another 4 
weeks with a regimen of oral ciprofloxacin, IV meropenem and oral TMP-SMX. 

ABSTRACT
Introduction: It has been suggested that patients with methylmalonic acidemia (MMA) and propionic acidemia (PA) 
experience bone marrow suppression and functional immune impairments. This places them at increased risk for 
severe infections and subsequent metabolic decompensation. As many patients require central line access for 
emergency treatment, long term use of indwelling catheters could expand the spectrum of environmental 
exposures and the risk of adverse infectious outcomes.

Methods: We conducted a single center, retrospective and prospective review of patient submitted records, 
hospital admissions, clinic visits, and laboratory studies in a cohort of 29 patients with MMA and 31 patients with 
PA, ascertained via dedicated natural history protocols (MMA, Clinicaltrials.gov Identifier: NCT00078078; PA, 
Clinicaltrials.gov Identifier: NCT02890342). Serious and/or atypical infections, central line associated bloodstream 
infections (CLABSIs), and immunologic findings were documented and analyzed. We describe findings related to 
immune deficiencies from 3 autopsy reports of patients with MMA, and relate our observations to a near lethal 
central line infectionn from an atypical pathogen, Mycobacterium fortuitum, that developed in a 7.5 years old girl 
with Mut0 MMA.

Results: Our cohort involved 29 patients with MMA, 51.7% (15/29) male sex, ages from 5 years 1 month to 31 years 
4 months; 31 patients with PA, 48.4% (15/31) male sex, ages from 4 years 7 months to 55 years 8 months. The 
earliest record was from February 1989, we did not have access to the infant records of our oldest patients. 41.4% 
(12/29) MMA patients and 38.7% (12/31) PA patients had at least one admission where an atypical and/or serious 
infection was the cause or a causative agent was unidentified requiring prolonged courses of broad-spectrum 
antibiotics. 37.5% (3/8) MMA patients and 33.3% (3/9) PA patients, with central access, had one or more CLABSI, 
most commonly nosocomial pathogens MRSA and Psuedomonas aeruginosa. 5 MMA and 7 PA patients had either 
inadequate vaccine titers for protection, including Hep B, measles, MMR, Pneumococcus spp. and varicella titers, or 
required regular IVIg infusions. 3 patients with MMA underwent autopsy and were noted to have immunologic 
impairment: 2 with lymphodepletion in the lymph nodes and/or spleen without cause and 1 with an ANC of 150 
cells/μL. Another patient presented after an episode of fever; she was initially treated aggressively with broad-
spectrum antibiotics, IV fluids, and antipyretics. She continued to display a toxic clinical appearance, remained 
intermittently febrile for 3 days after her initial episode while on antibiotics, and required ICU admission. 
Mycobacterium fortuitum was isolated from her blood and central catheter tip. Antimicrobial therapy was re-
adjusted, and the patient recovered.

Conclusion: Our analysis of patient data collected over 33 years, encompassing 61 patients, establishes that MMA 
and PA patients can be immunocompromised. We identify recalcitrant atypical organisms, like Mycobacterium 
fortuitum, as a cause of serious illness. We note unexpectedly low vaccine titers and the need for IVIg infusions in 
some patients. Our observations indicate the need for aggressive antibiotic management when a bacterial 
infection is suspected and that vaccine titers should be monitored to ensure adequate protection against 
preventable infections.

Central Line Sepsis Caused by Mycobacterium fortuitum in Methylmalonic Acidemia and Concern for 
Immunological Impairments in Patients with Methylmalonic Acidemia and Propionic Acidemia.

Kirkland A Wilson1, Oleg Shchelochkov1, Irini Manoli1, Jennifer Sloan1, Peter McGuire1 and CP Venditti1

1 Genetics and Molecular Biology Branch, NHGRI, NIH, Bethesda, MD.

INTRODUCTION
Methylmalonic acidemia (MMA) and propionic acidemia (PA) are both disorders of propionate metabolism, 
additionally, both are disorders of toxic metabolite accumulation. Overall, there is significant overlap in disease 
presentation both biochemically and clinically, resulting from defects in the activity of enzymes in the shared 
catabolic pathway of propionyl-CoA to succinate, namely propionyl-CoA carboxylase, or methylmalonyl-CoA 
epimerase or methylmalonyl-CoA mutase, result in PA or MMA respectively.

• Treatment includes a high caloric and low protein diet, avoidance of fasting periods, carnitine 
supplementation, and vitamin B12 injections in MMA responsive patients. 
• Despite treatment, patients experience metabolic instability and multi-systemic disease including 

pancreatitis, metabolic stroke of the basal ganglia, renal insufficiency, and high morbidity and mortality
• Patients are at risk of developing infections that act as a catabolic stressor, resulting in metabolic 

decompensation. 
• MMA and PA may be accompanied by a functional immune impairment

• Reports of MMA patients with associated episodes of leukopenia and/or pancytopenia, and 
potentially fatal outcomes as well as atypical infections

• Reports of PA patients with repeated episodes of leucopenia, lymphopenia, granulopenia, and 
thrombopenia

• A PA patient was found to have T and B cell depletion of autopsy, with patient serum on mixing 
preventing normal lymphocyte activity. 

The most severely affected patients may require central access for fluid or medication delivery, and for nutrition and 
emergency therapy for metabolic deterioration. This intervention, however, can increase their risk for infection. We 
present findings to suggest that patients with MMA and PA should be evaluated for immunosuppression and their risk of 
infection serious and/or atypical infections.

METHODS
This study comprises patient submitted records assessed under the natural history studies of “Clinical 
and Basic Investigations of Methylmalonic Acidemia (MMA) and Related Disorders” (Clinicaltrials.gov ID: 
NCT00078078) and  “The Natural History, Physiology, Microbiome and Biochemistry Studies of Propionic 
Acidemia (PA)” (Clinicaltrials.gov Identifier: NCT02890342). 

• Patient, or legal guardian, provided informed consent and, where applicable, assent
• Patients were required to have two documented pathogenic variants in trans
• Submitted records were required to span ≥ 3 years, or the patient’s lifespan
• Where available data was collected on levels of vaccine titers, immune cells, and the use of IVIg

We investigated the occurrence of serious infections, those that required hospitalization, as well as the 
occurrence of atypical bacterial infections, bacteria that do not stain with classic gram staining, fungal 
infections, and the occurrence of illness concerning for nosocomial infections, those that were the 
result of bacteria that can be described as “hospital flora” as defined by the CDC Healthcare-Associated 
Infections, Diseases and Organisms (https://www.cdc.gov/hai/organisms/organisms.html).

• Central line associated bloodstream infections (CLABSI) were also assessed 
We furthermore describe concerning findings for immune deficiencies seen in anatomic findings noted 
in 3 autopsy reports, and finally relate these findings to a near lethal central line infection from an 
atypical pathogen, Mycobacterium fortuitum, that developed in a 7.5 years old girl with Mut0 MMA.

Autopsy Findings in 3 Patients with MMA
Patient A1 Patient A2 Patient A3

Gender Female Female Male
Age at Death 14 year 34 years 4 years
Race Caucasian Caucasian Caucasian
Cause of 
death

ARDS & multi-organ failure Pulmonary edema with chronic kidney 
failure

Severe hemorrhagic and acute pneumonia with 
metabolic failure

Infectious 
Findings

Not documented Staphalococcus spp., Enterococcus spp., 
and an unidentified gram negative bacilli

Influenza A, Klebsiella pneumoniae, “concern” for 
unidentified atypical mycobacterial infection

Artificial 
Lines

Left forearm intravenous 
catheter

Central line in the right internal jugular 
vein

Right femoral arterial line, central catheter in right 
femoral vein

Immunologic 
findings

Lymphodepletion noted in 
lymph nodes and spleen

Lymphodepletion in the spleen and ill 
defined areas of red and white pulp

Pancytopenia, neutropenia (ANC 150); mild lymph 
node autolysis

Methylmalonic Acidemia Patient Demographics
Characteristics N = 29
Age

Distribution - no (%)
0-18 yr 19 (66)
18-45 yr 8 (28)
45+ yr 0 (0)

Sex - no. (%)
Female 12 (41)
Male 15 (52)

Race - no. (%)
White 17 (59)
Black 4 (14)
Hispanic 4 (14)
Asian 3 (10)
Native Hawaiian or Pacific Islander 1 (4)

Genotype - no. (%)
MMUT 24 (83)
MMAA 3 (10)
MMAB 2 (6.9)

Propionic Acidemia Patient Demographics
Characteristics N = 31
Age

Distribution - no (%)
0-18 yr 16 (52)
18-45 yr 12 (39)
45+ yr 1 (3.2)

Sex - no. (%)
Female 16 (52)
Male 15 (48)

Race - no. (%)
White 26 (81)
Black 3 (9.7)
Hispanic or Latino(a) 3 (9.7)
Pakistani 1 (3.2)

Genotype - no. (%)
PCCA 13 (42)
PCCB 18 (58)

Immunologic Findings in MMA Patients

Patient Prophylactic 
Antibiotics Immunosuppression

Immune 
Modulating 

Therapy
Serious and/or Atypical Infection Causative Agent Vaccine Titers, Immune 

Assessment

1 Nitrofurantoin Tacrolimus, mycophenylate
mofetil

-Unknown, patient placed on piperacillin-tazobactam and 
vancomycin, then cephalexin

Required "multiple" additional 
HepB vaccines to achieve 

immunity

2 Penicillin Mycophenolate- mofetil, 
sirolimus, leflunomide IVIg

-Unknown, cultures were without growth but patient 
continued on ceftriaxone given presentation
-Had BK viremia after transplant that required Cidofovir
-CMV viremia after transplant
-"Slow growing Psuedomonas spp.", placed on Ceftriaxone 
which was transitioned to Piperacillin-Tazobactam and 
Vancomycin for 10days due to persistent fevers

3 -17 episodes of acute otitis media before the age of 3 years
5 -Mycoplasma pneumonia

6 Prednisone, tacrolimus

-Influenza A and B with superinfection from S. epidermidis 
and E. faecalis bacteremia
-S. aureus and E. faecalis sepsis
-S. aureus skin infection complicated by E. faecalis
-E. faecalis pyelonephritis

7
-E. coli septic shock
-EBV viremia complicated by BK nephropathy

10 Metronidazole

-B. fragilis bacteremia requiring Vancomycin, Cefepime and 
metronidazole, had continued fevers with cultures 
persistently positive for B. fragilis, placed on meropenem 
before discharge with Augmentin
-S. viridians meningitis
-E. coli urinary tract infection

12

Trimethoprim-
Sulfamethoxazole, 

fluconazole, 
metronidazole

Fludricortisone, 
mycophenylate mofetil, 

tacrolimus

-E.coli sepsis
Low amount of B cells (259/cubic 

mm), NK cells (61/ cubic mm)
-E. colacae CLABSI
-MRSA

15 -Latent Tuberculosis
19 -E. coli pyelonephritis

21 Mycophenolate mofetil
-Culture negative sepsis, required meropenem, 
vancomycin, and micafrungin for 10 day course
-MRSA

22 -Septic shock without identified cause

23 Metronidazole -Culture negative sepsis with fevers whenever antibiotics 
were attempted to be discontinued, required cefepime, 
vancomycin, fluconazole

26
Trimethoprim-

Sulfamethoxazole, 
fluconazole

Tacrolimus, prednisone -"numerous CLABSI infections", 1 CLABSI documented as 
"fungal"

Pneumococcal vaccine titer was 
"borderline" and recommended to 

re-administer

Immunologic Findings in PA Patients

Patient Prophylactic 
Antibiotics Immunosuppression Immune Modulating 

Therapy Serious and/or Atypical Infection Causative Agent Vaccine Titers, Immune 
Assessment

1

-Pseudomonas spp. positive with another unidentified 
organism CLABSI with pus accumulation at central line site
-Enterococcus spp. and Coagulase negative Staphlococcus
spp. CLABSI
-Serratia marcescens and Proteus spp. urinary tract infection

2 -"frequent viral infections"
-Pneumococcal sepsis

7
Trimethoprim-

sulfamethoxazole, 
oral nystatin

Tacrolimus, mycophenylate
mofetil

-E. cloacae, coagulase negative Staphalococcus spp., 
Enertococcus spp., and Candida parapsilosis ascending 
cholangitis

8 Metronidazole -Uncertain bacterial or fungal infection, treated with 
fluconazole, timentin, vancomycin, neomycin, lactulose

Absent titers to Hep B, measles, and 
varicella with continued poor 
response despite multiple re-

administrations
9 IVIg

12
-MSSA

Low titers for MMR and varicella-Cultures negative but continued on 14 days of cefaclor given 
persistent symptoms

16 IVIg -Reported bacterial and fungal sepsis

19 -Unidentified organism, bacteremia managed with 
levofloxacin

22 -Recurrent C. difficile

23 Metronidazole -Serratia marsecens with Klebsiella spp. sepsis
-C. difficile

24 
(twin A) Metronidazole IVIg -MRSA "poor response" to vaccinations

25
(twin B) Metronidazole IVIg -MRSA with purulent collection of fluid around central line 

site "poor response" to vaccinations

26

-MRSA

Absent response to Hep B 
vaccination

-Concern for Mycoplasma pneumonia, treated with 
cefuroxime for 10 day course
-E.coli urinary tract infection
-VRE

31 Metronidazole Tacrolimus, mycophenylate

-VRE

"History of low IgG”
-Lactococcus spp. with possible additional pathogen
-Klebsiella oxytoca with E. faecalis CLABSI
-Enterobacter cloacae sepsis
-Norovirus

Summary of Findings in MMA patients.
• 34.5% (10/29) of MMA patients with 1+ documented episode of an atypical and/or nosocomial infection

• 62.5% (5/8) of patients who had central line access had documented atypical or nosocomial infection
• 2 patients with documented CLABSI, 1 with a reportedly “fungal” CLABSI

• 75% (6/8) of MMA patients on prophylactic antibiotics with 1+ episode of atypical and or nosocomial infection
• 37.9% (11/29) on long term immunosuppressive regimens after transplant (not shown)
• In those patients where immunologic assessment was conducted:

• 2 patients with need for re-administration of vaccine(s)
• 1 patient with low counts of B and NK cells
• 1 patient on intermittent IVIg

CONCLUSION
We present findings to suggest that patients with MMA or PA should be assessed for immunosuppression at the 
time of presentation with illness. The possibility of waning, or sub-therapeutic, vaccine protection cannot be 
ignored as this can have profound effects on patient care and management. The general population risk of serious 
bacterial infections is anywhere between 0.4-6.5%, and importantly, both MMA (P=0.0001) and PA (P=0.0002) are 
significantly increased over this baseline risk. As the national CLABSI rate is typically reported in infections/day of 
access, analysis of CLABSI risk in this patient population is more challenging. However, we purport that a functional 
immune impairment is likely in patients with MMA or PA and may contribute to the development of serious and 
atypical infections in this population. More studies are needed in order to better characterize and understand the 
immune dysfunction seen in these patients and to understand the underlying mechanism of such a profound 
immune defect, one that can cause a typically non-pathogenic mycobacteria to result in a near lethal infection. 
Overall, when patients with MMA or PA experience illness, consideration for, and evaluation of atypical pathogens
such as Mycobacterium fortuitum, as the causative agent should be undertaken.
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Results

Conclusions
• Participants demonstrated stable developmental scores over time, 

suggesting they are following a set developmental trajectory 
• Higher developmental scores correlated with a higher quality of life in 

multiple domains
• Clinical phenotype may be a better predictor of quality of life than seizure 

frequency in a population with high developmental variability
• Emphasis on therapy services such as speech, physical therapy, and 

occupational therapy may contribute to a higher quality of life in patients 
with SCN8A-related epilepsy 
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Background
Mutations in the SCN8A gene have 
been associated with a growing 
spectrum of epileptic and 
neurodevelopmental disorders.

Many genetic and clinical 
phenotypes of patients with SCN8A-
related epilepsy have been 
established, but numerous non-seizure 
outcomes, including those related to 
quality of life and development, 
remain poorly understood and lack 
standardized modalities for 
investigation.

Objectives
Through an established cohort of 
patients with SCN8A variants, we 
sought to characterize quality of life 
and longitudinal developmental 
outcomes. 

We investigated the reciprocal 
relationship between clinical seizure 
phenotypes and quality of life and 
developmental trajectory  

Methods
Clinical histories for participants with 
SCN8A-related epilepsy were 
obtained to identify clinical 
phenotype and seizure frequency.

The Vineland Adaptive Behavioral 
Scores-III (VABS-III) was administered 
over multiple time points through in-
person and telephone interviews.

The Peds Quality of Life Inventory 
(PedsQL) Epilepsy Module and 
Quality of Life Inventory-Disability (QI-
Disability) forms were simultaneously 
administered through telephone 
interviews

Data was analyzed using two-sample 
tests of means, paired t-test, linear 
regression analysis, and ANOVA. 

Patient Demographics and Characteristics 

• 17 participants with SCN8A-related epilepsy had ages 
ranging from 2-23 years

• 10 participants underwent a follow-up VABS-III administration 
8-51 months after initial administration

• Clinical phenotype was differentiated into mild (n=4), 
intermediate (n=8), and developmental and  
encephalopathic epilepsy (DEE) (n=5)

• Seizure frequency was differentiated into seizure-free >6 
months (n=6) and actively experiencing seizures (n=11)

VABS-III Standard Score Paired t-test P-
value

Adaptive Behavior Composite 0.90
Communication 0.86
Daily Living Skills 0.89
Socialization 0.79

Paired t-test demonstrated no significant change in 
standardized scores in all developmental domains 
from initial to follow-up administration of VABS-III

R² = 0.5658
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Development and Quality of Life

VABS-III score was significantly 
correlated with multiple 
subdomains of the QI-Disability 
and PedsQL forms using 
regression analysis

Form Sub-Domain P-value

QI-Disability
Health and Well Being 0.003
Positive Emotions 0.07
Negative Emotions 0.74
Family and Friends 0.06
Activities 0.005
Daily Life <0.0001
TOTAL SCORE 0.0005

PedsQL
Impact 0.001
Cognitive Functioning 0.04
Sleep/Fatigue <0.05
Executive Functioning 0.24
Mood/Behavior 0.34
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** **
Clinical phenotype 
showed significant 
differences in a greater 
number of QI-Disability
subdomains than seizure 
frequency phenotype 
demonstrated

Seizure frequency 
phenotype showed 
significant differences in 
a greater number of 
PedsQL subdomains than 
clinical phenotype 
demonstrated * = p<0.05

** = p<0.001
*** = p<0.0001
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Harnessing Clinical Genomic Characterization in Patients with Intellectual and 
Neurodevelopmental Disability: A Telemedicine-Based Approach

Materials and Methods

Introduction

1) Employ and validate the RNAP, a rapid telemedicine-based 
neurobehavioral assessment for systematic collection of 
neurodevelopmental phenotypic information in a subset of 40 
patients with IDD and clinically-identified VUS in selected brain 
genes

FIGURE 1: The RNAP, comprised of a telehealth direct assessment 
(Orange) and completed questionnaires (Green), assessing cognition, 
adaptive functioning, autism symptoms, motor/sensory function, 
psychiatric symptoms, neurologic concerns, and physical features

2) Correlate phenotype to genotype to determine pathogenicity of  
VUS in selected brain genes using genomic tools

Motor/sensory

Cognition

Psychiatric 
Symptoms
P*abnormal Autism 

Screen

• Genetic testing is now commonplace in clinical venues
• Hard to elucidate pathogenicity of mutation in patients with Intellectual 

and Neurodevelopmental Disability (IDD)  – many abnormal variants 
deemed Variants of Undetermined Significance (VUS)

• Multiple complications with neurobehavioral assessments:
1) Complex in nature – require high level of training: detailed history, 

physical exam, behavioral observations, and neurobehavioral testing 
2) Completed within in-person visits 
3) In-person visits may not always be feasible in certain environments 

(long wait times, COVID-19 pandemic, inclement weather, barriers to 
transportation, limited/no available specialists in geographic area)

• Need for assessment that meets following criteria:
1) Systematic and complete neurobehavioral profile
2) Availability on virtual platform
3) Eliminates highly technical nature of assessments
4) Use assessments to make associations between phenotype and 

genotype

Acknowledgements and References

Conclusions

Results Results

PATIENT 1
Summary
20 year-old, ex 40 week gestation female adopted from China at 1 year 
of age, diagnosed with IDD, generalized epilepsy with onset at age 9 
years, auditory processing delay, long QT syndrome type 1, sinus node 
dysfunction with pacemaker, and sleep apnea. 

Genetic Testing
WES (5/2020)
-c.185A>G p.D62G (ZMYND11) - VUS
-c.4216G>A p.V1406M (SMARCA2) - VUS

Mitochondrial Gene Sequencing (2010)
-m.3243A>G

Questionnaires (Caregiver)
-Autism Screen (SCQ): negative (total score 4, SCQ threshold for Autism 
Spectrum Disorder: >15)
-Adaptive Functioning (VABS-3): low – adaptive functioning, low -
communication, low – daily living, moderately low – socialization
-Motor/Sensory: 
*RBS-R: no repetitive behaviors
*EHI laterality quotient: -75 (left-handed preference)
-Psychiatric Symptoms: 
*ABC: 0/58 (irritability 0/15, social withdrawal 0/16, stereotypic behavior 
0/7, hyperactivity/noncompliance 0/16, inappropriate speech 0/4)
*Vanderbilt: negative (inattention 2/9, hyperactivity/impulsivity 0/9, 
combined 0/10, oppositional-defiant disorder 0/8, conduct disorder 0/14, 
anxiety/depression 0/7)
*SRS-2: below threshold in all domains (social awareness, cognition, 
communication, motivation, and restrictive interests and repetitive 
behaviors)

Telemedicine Observations

Telehealth Evaluation
Cognition Evaluation: raw score = 10 (<10th centile)
Dysmorphology Screen: down-slanting palpebral fissures, geographic 
tongue
Neurological Exam: no focal neurologic deficits with exception of wide 
based gait with arms outstretched, difficulty with tandem gait

FIGURE 2: (A) Spectrum of Variant of Unknown Significance. (B) 
Selected brain genes within IDD cohort (VUS, likely pathogenic, and 
pathogenic). 

We would like to thank the National Brain-Gene Registry and 
Washington University in St. Louis for collaborative insights and 
technical assistance. Also, we thank the Children’s National 
Departments of Neurology and Developmental Pediatrics and the 
Children’s National Research and Innovation Center for providing 
access to patients. This work is supported by the Research, 
Education, Advocacy, and Child Health (REACH) program with the 
Children’s National Pediatric Residency Program.
Q15326 (ZMY11_HUMAN). UniProtKB uniport.org/uniport/Q15326#structure.

Adzhubei, IA, Schmidt, S., Peshkin, L. Ramensky, VE, Gerasimova, A., Bork, P., Kondrashov, AS, Simuaev, SR. Nat Methods 7(4):248-249
(2010).

Yates, T.M. et al. ZMYND11-related syndromic intellectual disability: 16 patients delineating and expanding the phenotypic spectrum. Hum 
Mutat 41(5):1042-1050 (2020). 

FIGURE 3: Summary of the participating patients enrolled within the 
study, including age, gene and mutation, and overall diagnoses. 

A

B
C

D
A B C D

High

Moderately
High

Adequate

Moderately
Low

Low

FIGURE 4: Summary of the Vineland Assessment. Of note, patient’s 
composite adaptive functioning is low with relative strength of 
socialization and relative weakness of daily living. 

Genomic Analysis

Mutation Polyphen2 SIFT Mutation Taster

c.185A>G p.D62G (ZMYND11) probably damaging deleterious disease causing

FIGURE 5: Pathogenic mutations in ZMYND11, a transcriptional 
repressor, have been associated with moderate IDD, seizures, and 
hypotonia in the literature. (A) Multiple sequence alignment results 
depicting location of missense mutation (amino acid 62, at 
bromodomain) is conserved throughout humans (top row) and 13 
other species (B) Results of insilico analysis of D62G mutation by 
Polyphen2 (C) Results of insilico analysis with 3 tools demonstrating 
that mutation could be responsible for clinical phenotype. No change 
in (D) protein structure and (E) electrostatic potential around mutation 
site (red arrows) of ZMYND11 generated using PyMOL.

8 patients with IDD with clinically-identified variants in 14 brain genes 
were analyzed. RNAPs were conducted, including completed 
questionnaires and standardized telemedicine-based assessment. 
This example of an RNAP completed on a study participant illustrates 
the protocol as well as showcases an assessment that requires 
limited clinical training and technological requirement. Participants 
will continue to be enrolled into the study and will be combined with 
those of additional institutions across the US as part of the National 
Brain-Gene Registry study, a collaborative effort to gather complete 
neurodevelopmental profiles on patients with IDD. Such information 
will drive forward bioinformatic and genomic based approaches that 
will help assess for significance of changes in sequence and protein 
structure in clinically-identified variants compared to their wild type 
cohort. Such investigations can help lead to the establishment of 
variants as pathogenic or benign, paving the way for therapeutic 
innovations on a molecular scale and further development of the 
MER using Machine Learning approaches.
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Background

Methods

Children and adolescents with untreated mental illness represent a 
vulnerable population with increased risk of experiencing adverse 
health outcomes that may significantly impact their development and 
functioning throughout childhood and subsequently adulthood.1,2 In the 
United States, as many as 16-20% of children between the ages of 2 
and 17, have a diagnosable mental health disorder however, nearly half 
of those affected youth have never received needed mental health 
services.3,4  Youth with untreated mental health conditions are more 
likely to engage in high risk behaviors including substance use and 
illegal activity, and are at increased risk of death, with suicide being the 
second leading cause of death among all individuals ages 10-34.1,2,5

In the District of Columbia, prevalence rates of mental health 
disorders are similar to national trends with only 32% of children with a 
diagnosed mental health disorder having received coordinated, 
ongoing, comprehensive care for mental health in a medical home 
setting. Access to mental health care is further complicated for 
residents of under-resourced areas, specifically Wards 5, 7, and 8, 
where communities have notably higher rates of poverty, 
unemployment, community violence, and exposure to toxic stress. 
Mental health care needs have increased for the pediatric population in 
the wake of the COVID-19 pandemic requiring management on the 
primary care level. This longitudinal, multi-site, interdisciplinary study is 
aimed at utilizing a needs assessment to inform an educational 
intervention for integrative behavioral health in the pediatric primary 
care setting.

Discussion 
Though providers stated frequently encountering mental health 
conditions, many acknowledged insufficient training, experience, or 
knowledge in managing mental health concerns. To address this mental 
health gap, we developed an educational intervention and electronic 
resource integrating best practice management guidelines, handouts, 
and recorded virtual didactic sessions led by a mental health specialist 
which is accessible through an online platform. This is a multi-phase 
study intervention. We have designed and distributed a post-intervention 
survey to assess primary care providers’ response to the first phase of 
the intervention. Data analyses will be performed to identify significant 
patterns and changes in provider attitudes and practices following 
provision of the initial electronic educational resource. We will 
subsequently modify the educational intervention based on provider 
feedback/recommendations. 

Objectives
1) Utilize a survey instrument to inform the development of an 

electronic educational resource to aid community pediatric 
providers in the mental health treatment of patients in the 
District of Columbia and surrounding areas

2) Design and distribute a post-intervention survey to evaluate the 
effectiveness of the electronic educational resource 

3) Analyze data obtained from post-intervention survey to inform 
improvements to the electronic educational resource

Next Steps 

References

Complete collection of Phase 1 post-intervention survey data
Complete analysis of Phase 1 post-intervention survey data
Adapt and expand electronic educational resource
In Phase 2, we will resume the didactic sessions to cover 
additional mental health topics followed by another survey so that 
we may continue to improve the educational resources to best fit 
provider needs

Acknowledgements 

Results

We would like to sincerely thank our participating providers. This 
research was partially funded by the Building Equity in GME Resident 
Health Equity Research Award supported by the Children’s National 
Rozanski Training Fund.

We administered a questionnaire assessing provider referral practices, 
comfort with identification/treatment of commonly encountered mental 
health conditions, and barriers to addressing mental health conditions 
among pediatric providers at two community-based medical homes in 
Southeast, D.C (CHC at THEARC and CHC at Anacostia). Frequency 
analyses and a binomial test of proportions were performed to assess 
response trends and statistically significant deviances in educational 
preferences. 

Table 1. Demographic Data Table 3. Provider Identified Tools for Educational Resource

Data Highlights:
37 (84%) agreed that it is their role to identify and manage 
mild to moderate mental health disorders, but only 11 (22%) 
felt comfortable initiating treatment for common mental health 
concerns. 
39 (89%) acknowledged insufficient training, experience, or 
knowledge in managing mental health concerns.
40 (91%) felt that further mental health training would be 
helpful with statistically significant preference for an 
educational resource incorporating treatment/diagnosis 
algorithms, medication reference guides, and didactic 
sessions (p<0.05).

Number of Providers
Clinic location

Anacostia 23 (52%)
THEARC 21 (49%)

Level of training
Attending 20 (45%)
Fellow 2 (5%)
Resident 20 (45%)
Nurse Practitioner 2 (5%)

Number of years in pediatric 
practice

0-4 26 (59%)
5-10 12 (27%)
11-15 2 (5%)
16-20 3 (7%)
>20 1 (2%)

Number of Providers
Encounter Mental Health Concerns

Daily 23 (52%)
Weekly 15 (34%)
Monthly 6 (14%)

Types of Mental Health Concerns 
Encountered

ADHD 31 (72%)
Depression 16 (35%)
Anxiety 11 (25%)
ODD 8 (18%)

Table 2. Frequency and Types of Mental Health Encounters

Number selecting 
intervention (% 
participants selecting)

P-value

In-person lecture
25 (57%)

<0.0001

Webinars/online 
resources 14 (32%)

0.6

Workshops
9 (20%)

0.3

Lunch and learn didactic
22 (50%)

0.001

Case conferences
19 (43%)

0.02

Online article database
2 (5%)

0.0006

Word docs/PDF 
summaries 12 (27%)

0.9

Powerpoint educational 
slides 3 (7%)

0.002

Algorithms for 
diagnosis/management

32 (73%)

<0.0001

Medication reference 
sheet for common mental 
health medications with 
side effects

29 (66%)

<0.0001

Mental health screening 
and assessment 
questionnaires 

7 (16%)

0.08

Website with links to 
mental health educational 
tools 5 (11%)

0.01

Educational handouts for 
patients 5 (11%)

0.01

Assistance with billing and 
coding 1 (2%)

0.0002

Templates for 
documentation of 
common mental health 
conditions 3 (7%)

0.002

List of community 
resources for mental 
health 8 (18%)

0.2

Total # of responses
196
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10.15585/mmwr.mm6750a1.
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2013;62(2):1-35. https://www.cdc.gov/mmwr/preview/mmwrhtml/su6202a1.htm. Accessed Jul 
31, 2020.
5. Centers for Disease Control and Prevention, National Center for Injury Prevention and 
Control. Centers for disease control and prevention (CDC) WISQARS leading causes of 
death reports. . 2017.
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BACKGROUND
~25million of Americans have asthma (7.8% of the population). 7% in 
<18 years and 8% in ≥18 years

Prevalence of obesity in United States is~42%, including ~14million 
children and adolescents

Obesity increases the risk of developing asthma and worsens asthma 
outcomes

Obesity is associated with increased asthma severity, decreased 
treatment response, poorer disease control, and lower quality of life.

. 



STUDY AIM
To examine whether obesity is associated with increased asthma-related 
healthcare utilization among children and adults in the United States.



METHODS
Data of the National Hospital Ambulatory Medical Care Survey (NHAMCS) 
(2014-2018)

Data combined to generate nationally weighted estimates of asthma and 
obesity-related ED visits and hospital admissions with corresponding 95% 
confidence intervals (CI)

Adjusted logistic regression models to demonstrate association between 
obesity and hospital admissions among patients with asthma diagnosis.



RESULTS
Total ED visits: 692,906,151 % Hospital Admissions from ED visits: 9.6% (8.6 – 10.7) 
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RESULTS
Demographic characteristics of individuals with asthma + obesity

74.9

54.8

66.5

43.6

Females White Non-Hispanic Age 25-64 years Public Insurance
(Medicaid)

% Asthma + Obesity by demographic 
characteristics



RESULTS
Among individuals presenting to the ED, asthma diagnosis was significantly higher among 
those with obesity compared to those without obesity (20.4% vs 9.4%) 

Individuals with Obesity presenting to ED: 

% Asthma diagnosis: 20.4% (95% CI, 18.5 – 22.5) 

Individuals without Obesity presenting to ED: 

% Asthma diagnosis: 9.4% (95% CI, 8.9 – 9.8) 



RESULTS
The percentage of hospital admissions from ED visits was significantly higher for asthma 
diagnosis with co-existing obesity than asthma diagnosis alone (22.4% vs 9.0%)

Asthma diagnosis with Obesity: 

% Hospital admissions from ED visits: 22.4% (95% CI, 18.7 – 26.6) 

Asthma diagnosis without Obesity: 

% Hospital admissions: 9.0% (95% CI, 7.9 – 10.3)



RESULTS

Admitted to Hospital from ED 
(Yes/No)

AOR (95%, CI)
Asthma + Obesity 

vs
Asthma alone

2.50 (1.99 – 3.16) P <0.001

Asthma diagnosis with co-existing obesity was twice as likely to have resulted in hospital 
admission compared to asthma diagnosis alone after adjusting for confounding variables.

AOR:  Adjusted odds ratio.  Adjusted for age, sex, race/ethnicity, insurance type, geographical region, 
study year, mode of arrival at ED, and total number of ED procedures and diagnostic tests.



CONCLUSION
The study highlights the role of obesity in asthma-related healthcare utilization

ED visits and hospital admissions were significantly higher among children and 
adults with co-existing asthma and obesity than those with asthma alone

Asthma diagnosis with co-existing obesity was twice as likely to have resulted in 
hospital admission than asthma diagnosis alone

Obesity is associated with increased burden of asthma-related healthcare 
utilization in the United States. 
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Background
• In pediatric orthoptic heart transplant patients, routine 

surveillance endomyocardial biopsy (EMB) remains the standard 
of care for assessment of graft rejection. 
• False negative biopsies remain a concern.
• X-ray fused with MR (XFM) has been used in cardiac interventions 

such as ablation and targeted biopsy of cardiac masses. 
• Identification of pathologic regions may be useful in guiding EMB 

using XFM, allowing for earlier detection of rejection.

From AM, et al. Current Status of Endomyocardial Biopsy. Mayo Clinic Proceedings. 2011;86(11):1095–1102.
Rogers T, et al. Real-Time Magnetic Resonance Imaging Guidance Improves the Diagnostic Yield of Endomyocardial Biopsy. JACC. 2016; 1(5)
Rogers T, et al. Transcatheter Myocardial Needle Chemoablation During Real-Time Magnetic Resonance Imaging: A New Approach to Ablation 
Therapy for Rhythm Disorders. CIRC: Arrhythmia & Electrophysiology. 2016; 9(4)



Background
• Cardiovascular magnetic resonance is a promising technique for evaluation of graft 

rejection.
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Vermes E, et al. Cardiovascular magnetic resonance in heart transplant patients: diagnostic value of quantitative tissue markers: T2 mapping and extracellular volume fraction, for acute 
rejection diagnosis. J Cardiovasc Magn Reson. 2018;20(1):59.
Imran M, et al. Native T1 Mapping in the Diagnosis of Cardiac Allograft Rejection. JACC: Cardiovasc Imaging. 2019;12(8):1618–1628.
Sethi N, et al. Quantitative cardiac magnetic resonance T2 imaging offers ability to non-invasively predict acute allograft rejection in children. Cardiology in the Young. 2020;30(6):852–859.

The two cases of Grade 2R are asterisked; both with a mean T2 value 
greater than 60ms. The three clinical rejection cases are highlighted in 
red; two of the three had higher mean T2 values of 57.8–58.3ms. 

• Utility of parametric mapping to detect 
rejection has been demonstrated in adult 
literature and early pediatric literature.



Background
• Breath-held (BH) Modified Look-Locker Inversion recovery (MOLLI) T1 

mapping and T2-prepared balanced steady-state free-precession              
(BH T2p-bSSFP) allow for evaluation of fibrosis and edema.

Rao S, et al. Myocardial Parametric Mapping by Cardiac Magnetic Resonance Imaging in Pediatric Cardiology and Congenital Heart Disease. CIRC: Imaging, In-press.
Haaf P, et al. Cardiac T1 Mapping and Extracellular Volume (ECV) in clinical practice: a comprehensive review. J Cardiovasc Magn Reson. 2017;18(1):89.
Messroghli DR, et al. Clinical recommendations for cardiovascular magnetic resonance mapping of T1, T2, T2* and extracellular volume: A consensus statement by the Society for 
Cardiovascular Magnetic Resonance (SCMR) endorsed by the European Association for Cardiovascular Imaging (EACVI). J Cardiovasc Magn Reson.. 2017;19(1):75.



• Multi-parametric SAturation-
recovery single-SHot Acquisition 
(mSASHA) with combined T1 and 
T2 mapping
• Free-breathing acquisition with 

high-contrast image registration
• Increased patient comfort
• Higher SNR and image quality

Multi-Parametric SASHA (mSASHA)

Chow K et al. Improved Accuracy and Precision with 3-Parameter Simultaneous Myocardial T1 and T2 Mapping Using Multi-Parametric SASHA (mSASHA), Magn Reason Med. In-press
Chow K et al. Robust free-breathing SASHA T1 mapping with high-contrast image registration. J Cardiovasc Magn Reson. 2016;18:47.
Christopher AB et al. Multi-parametric SASHA with high-contrast image registration provides consistent free-breathing myocardial mapping in a pediatric population. SCMR 2021.



Aims

• Compare regions of elevation (“hotspots”) from FB mSASHA
T1 and T2 maps to conventional BH T1 and T2 maps in 
pediatric orthotopic heart transplant patients.
• Compare distances between hotspots using FB and BH 

approaches. 



Methods
• In this prospective IRB approved study, pediatric orthotopic heart transplant patients 

underwent clinically indicated EMB and non-contrast 1.5T CMR (MAGNETOM Aera, Siemens) 
with BH MOLLI T1 and T2p-bSSFP and prototype FB mSASHA T1 and T2 in 8-short axis slices. 

• FB and BH T1 and T2 maps were segmented using semi-automated thresholding software 
(ITK-SNAP, v3.6) to identify hotspots. 

Combined Interventional CMR Suite including MAGNETOM Aera 
(Siemens Healthcare, Erlangen, Germany)

ITK-SNAP, v3.6



Methods
• Maps with poor image quality or significant motion were excluded.
• Both the presence/absence and location of hotspots were collated.
• Distance between hotspot centers was compared using 3D software, in the circumferential 

axis and in 2D space incorporating basal to apex and anterior to inferior cardiac directions.

3-matic, Materialise, Leuven, Belgium



Results
• 40 cases total (age 12.0 ± 4.8 y, 54% male, graft age 6.0 ± 4.4 y, 

HR 81 ± 11 bpm, BSA 1.5 ± 0.4 m2, and LVEF 64.1 ± 5.4%)

• Exclusion of maps:
• 1 patient with transplant graft age < 6 months
• 3 cases of difficulty with acquisition (shifted images, missing slice)
• 3 images with poor quality due to motion or artifact



Results
• Short axis distance representing axis which would not impact biopsy.
• Long axis distance represents axes which could impact biopsy location.

Average Distance between 
BH & FB hotspot centers (in mm)

Direction: T1 T2

Short Axis 2.44 ± 2.0 4.17 ± 2.7

Long axis 6.39 ± 3.7 6.82 ± 4.3
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Conclusions
• Free-breathing mSASHA maps can identify hotspots present on conventional 

breath-hold T1 and T2 maps in pediatric OHT patients with high sensitivity, 
specificity, and overlap in 3D space. 
• The distance between hotspots identified in BH vs FB maps would not 

significantly impact biopsy guidance.
• Free-breathing mapping improves patient comfort and could alleviate 

repeated anesthesia exposure in younger patients. 

Future Work: Further optimization of mSASHA mapping acquisition is needed to 
improve image quality and motion artifact.
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Introduction
• Rejection is an important cause of mortality and morbidity.
• Early detection improves outcomes but is complex. 
• False negative biopsies remain a concern.

Dipchand, ACS 2018; Rosenthal, JHLT 2004; Richmond, JHLT 2020; Feingold, JHLT 2017



• Advantages of Cardiac Magnetic Resonance: 
– No radiation
– Non-invasive
– Entire myocardium assessment for fibrosis or edema 
– Hemodynamic assessment 

• Prior adult studies have demonstrated the utility of CMR in rejection 
detection.

• Pediatric studies are limited.

Imran, JACC 2019; Sethi, Cardiol Young 2020 

Introduction



Hypothesis:  Native T1 values may identify acute rejection, predict graft 
dysfunction, and in secondary analysis, correlate with fibrosis from EMB.

Aims:
• Evaluate the utility of CMR native T1 values in identifying rejection and 

assessing graft health
• Determine correlation between fibrosis index score and native T1 values

Introduction



Methods Simultaneous 1.5T CMR & EMB

Children’s National Hospital, Cardiac Imaging



Methods –Calculating Mean and Peak T1 values 
• Modified Look-Locker Inversion (MOLLI) T1 mapping
• 6 short-axis slices with regions of interest traced
• Global mean T1 and Peak T1 values



Methods –Calculating fibrosis index score 
• Manual removal of artifact and endocardial collagen
• Application of thresholding algorithm to identify collagen stained tissue

(Tissue Scope, Huron Technologies, Ontario, Canada ; ImageScope, Aperio, Vista, CA)

Myocytes
Collagen (fibrosis)

excluded

analyzed



Methods 

• Patients stratified into groups based on treatment.

Group A: No changes made to immunosuppressive therapy 
Group B: Augmentation of maintenance immunosuppressive therapy
Group C: New anti-rejection treatment initiated



Results: Patient Demographics

Demographic All patients Group A
(no treatment)

Groups B & C
(treatment)

P value

Patients n = 50 n = 37  (74%) n = 13 (26%)

Male 64.0% 67.6% 53.8% 0.412

White 77.3% 75.8% 81.8% 0.915

Hispanic 32.0% 24.3% 53.8% 0.083

Mean Age (years) 12.2 ± 4.6 11.9 ± 4.8 13.3 ± 4.2 0.326

Mean Graft Age (years) 5.3 ± 4.1 5.4 ± 3.7 5.1 ± 5.2 0.882

Graft Ischemia Time (minutes) 228.1 ± 44.2 225.1 ± 42.7 235.9 ± 49.3 0.531

Coronary Vasculopathy 0% 0% 0% 1.000



Results: Clinical Data
Clinical Data All patients Group A

(no treatment)
Groups B & C

(treatment)
P-value

Patients n = 50 37 (74%) 13 (26%)
Clinical suspicion for rejection 6.0% 5.4% 7.7% 0.793
Indication for catherization: annual surveillance 52% 56.8% 38.5% 0.274
Number of prior rejection episodes 6.3 ± 6.1 5.8 ± 6.1 7.8 ± 6.1 0.315
BNP Level (pg/mL) 786.8 ± 1477.4 331.8 ± 530.4 1662.9 ± 2548.5 0.099
Positive donor-specific antibodies 30.2% 20.0% 53.8% 0.051
Echo LV Ejection Fraction (%) 63.4 ± 5.0 64.3 ± 5.2 60.8 ± 3.4 0.009
Cath RA Mean pressure (mmHg) 9.6 ± 4.2 8.8 ± 3.4 11.8 ± 5.4 0.096
Cath RV Systolic (mmHg) 27.9 ± 5.3 27.9 ± 5.3 27.8 ± 5.4 0.954
Cath RVEDP (mmHg) 11.3 ± 4.4 10.5 ± 4.4 13.3 ± 5.8 0.137
Cath Average RPCW/LPCW (mmHg) 12.2 ± 4.5 11.2 ± 3.3 14.8 ± 6.1 0.071
Biopsy Grade > 0R 34% 16.2% 84.6% 0.001



Results: Rejection Analysis Of 13 patients in Groups B/C, 
2 had Grade 0R biopsies but 
demonstrated elevated peak 

T1 values.

Group A
Group B
Group C

Group A
Group B
Group C

1000
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1075
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_

Rejection Group

T1
Va

lu
e

Global Mean T1 Peak T1

Group A:
No change in treatment

Group B:
Maintenance Treatment Augmentation
Group C:
New Treatment Initiated

p=0.007

p = 0.005 p=0.033

p=0.016



Clinical Marker vs Mean T1 vs Peak T1
BNP 0.59 0.52
Ejection Fraction -0.20 -0.33
RA Mean 0.23 0.40
RV Systolic Pressure -0.04 0.08
RVEDP 0.18 0.36
Pulmonary Artery Pressure 0.33 0.46
Avg Pulmonary Capillary Wedge Pressure 0.24 0.33
LVEDV -0.08 -0.22
RVEDV -0.11 -0.21
Average Mitral E/e’ -0.15 -0.05

Results: Imaging Correlation Analysis

Clinical Marker vs Mean T1 vs Peak T1
BNP 0.59 0.52
Ejection Fraction -0.20 -0.33
RA Mean 0.23 0.40
RV Systolic Pressure -0.04 0.08
RVEDP 0.18 0.36
Pulmonary Artery Pressure 0.33 0.46
Avg Pulmonary Capillary Wedge Pressure 0.24 0.33
LVEDV -0.08 -0.22
RVEDV -0.11 -0.21
Average Mitral E/e’ -0.15 -0.05

Clinical Marker vs Mean T1 vs Peak T1
BNP 0.59 0.52
Ejection Fraction -0.20 -0.33
RA Mean 0.23 0.40
RV Systolic Pressure -0.04 0.08
RVEDP 0.18 0.36
Pulmonary Artery Pressure 0.33 0.46
Avg Pulmonary Capillary Wedge Pressure 0.24 0.33
LVEDV -0.08 -0.22
RVEDV -0.11 -0.21
Average Mitral E/e’ -0.15 -0.05



Clinical Marker Vs Fibrosis Index Score
BNP 0.176
Ejection Fraction -0.052
RA Mean 0.246
RV Systolic Pressure -0.019
RVEDP 0.235
Pulmonary Artery Pressure 0.213
Avg Pulmonary Capillary Wedge Pressure 0.252
LVEDV -0.108
RVEDV -0.114
Average Mitral E/e’ -0.057

Results: Fibrosis Index Score Analysis
• No difference in fibrosis score between groups

• 8.03 ± 3.1 vs 7.37 ± 5.2 (p = 0.757)
• Fibrosis index score did not correlate with mean T1 or peak T1 values

• Mean T1 vs fibrosis index score, r= -0.065
• Peak T1 vs fibrosis index score, r = 0.096



Conclusions

CMR T1 weighted imaging is useful in identifying acute rejection in 
pediatric heart transplant patients. 

CMR T1 has modest correlation with assessment of graft health.

EMB fibrosis index score does not correlate with graft health.  

T1 imaging may have advantages over biopsy in assessment of 
rejection.



Future Directions

Red and blue are “hotspots” of interest

3D rendition of heart from CMR images
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Background
• Asthma is the most common chronic pediatric medical condition

• Hospitalization rates declined ICU care has more than tripled

• Early identification of impending respiratory failure is necessary

• Pediatric asthma scores and generalized illness severity scores 
are simple, static, and do not reduce late admission to the ICU



Objective
To use dynamic machine learning methodology to 

predict clinical deterioration in pediatric patients 

with asthma exacerbation



Methods
Design: retrospective analysis

Setting: 
• Population: pediatric patients with asthma exacerbation
• Data: Health Facts ® - national, de-identified database with 

Cerner EHR
• Time frame: January 1, 2009 – December 31, 2018



Consort Diagram

Assessed for eligibility 
(n= 4,166,642) 

Excluded (n=3,670,739)
- Did not meet inclusion criteria, i.e. no 
evidence of asthma exacerbation

Pediatric patients with 
asthma exacerbation 

(n=495,903) 

Inclusion Criteria:
- Ages 2-21 years

- Asthma exacerbation: 
receipt of inhaled beta 
agonist or systemic 
corticosteroids
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Assessed for eligibility 
(n= 4,166,642) 

Excluded (n=3,670,739)
- Did not meet inclusion criteria, i.e. no 
evidence of asthma exacerbation

Pediatric patients with 
asthma exacerbation 

(n=495,903) 

Excluded (n =425,789 )
- Missing vital signs and/or 
medication data

Analyzed 
(n=70,114)

Exclusion Criteria:
- Severe allergic 

reaction/anaphylaxis
- Bronchopulmonary 

dysplasia
- Croup
- Bronchiolitis



Consort Diagram

Assessed for eligibility 
(n= 4,166,642) 

Excluded (n=3,670,739)
- Did not meet inclusion criteria, i.e. no 
evidence of asthma exacerbation

Pediatric patients with 
asthma exacerbation 

(n=495,903) 

Excluded (n =425,789 )
- Missing vital signs and/or 
medication data

Analyzed 
(n=70,114)

ICU Admission 
(n=4,247)

No ICU Admission 
(n=65,867)



Protocols and Measures
We developed a calibrated neural network for survival analysis with the outcome of 
interest being the provision of intensive care.

OUTCOME

APPROACH ANALYSIS

FEATURE 
SELECTION



Outcome
• Heliox

• Inhaled anesthetics
• Isoflurane
• Sevoflurane
• Desflurane

• Need for advanced respiratory 
support
• Mechanical ventilation
• Non-mechanical ventilation (i.e.

BiPAP)

• Treatment with continuous 
intravenous asthma therapies
• Terbutaline
• Aminophylline



Feature Selection
• Imaging

• CXR

• Labs

• Therapies
• Antipyretics
• Corticosteroids
• Bronchodilators
• Oxygen

• Patient demographics
• Age
• Sex
• Race

• Vital signs 
• Temperature
• Heart rate
• Respiratory rate
• Blood pressure
• Pulse ox
• GCS



Approach
• Time periods

• 4-hour consecutive time 
periods

• Missing data
• Imputed based on the last 

known result



Analysis
• Calibration

• Random forest model 
based on output of neural 
network

• Models
• Multiple independent 

models 
• Various lookback 

periods
• Different weights to 

learn from ICU patients



Validation
• Clinical risk predictions from the calibrated neural network
• Analysis: 

• Area under the receiver operator curves (AUROC)
• Concordance-index
• Sensitivities, specificities, and positive predictive value (PPV) 
• Plotted the clinical trajectories of ICU and non-ICU patients as 

well as high-risk and low-risk patients 



Population Characteristics 
Characteristics All ICU Non-ICU
n 70,114 4,247 65,867
Age (%)

2-6yo 28.0 17.2 28.7
6-13yo 30.2 25.2 30.5
13-21yo 41.8 57.6 40.8

Sex (%)
Male 52.6 51.4 52.7
Female 47.4 48.6 47.3

Race (%)
Black 30.6 26.7 30.9
Caucasian 51.5 53.8 51.3

Other/unknown 17.9 19.5 17.8

LOS (hr), median 
(IQR*)

61.8 
(38.7, 106.7)

89.4 
(48.2, 168.6)

60.3 
(38.3, 102.8)

Mortality (%) 0.5 3.3 0.4



Calibrated Neural Network AUROC 
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Trajectories for ICU & Non-ICU Patients



Trajectories for High-Risk and Low-Risk Patients



Discussion
• Applicability of dynamic machine learning to assess risk of ICU 

care accounting for clinical changes

• Model performance was good:
• C-index: 0.65
• AUROC: 0.43-0.98
• Specificity at fixed sensitivity of 0.9: 0.10-0.91
• PPV (precision) at fixed sensitivity of 0.9: 0.06-0.39

• Number needed to alarm: 2.5 to 17



Discussion
• Construct validity, shown via the clinical trajectories of high-

and low-risk patients, captured clinical instability and change 
in risk over time

• Model performed consistently well early in the hospital 
admission to predict the risk for requiring ICU care in the 
near future



Limitations
1. Not all data were available
2. Neural networks do not provide the independent impact of each variable
3. Neural network was not interpretable and required calibration for risk 

prediction
4. Model performance declined the longer a patient was in the hospital 

and/or at time periods later in the future
5. Model is not diagnostic but is rather intended to guide clinical decision-

making
6. Model needs to be evaluated prospectively
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