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Office- and hospital-based pediatricians and nurse practitioners use Contemporary 
Pediatrics® for timely, trusted, and practical information to enhance their day-to-day 

care of children. We advance pediatric providers’ professional development through in-depth, peer-reviewed 
clinical and practice management articles, case studies, and news and trends coverage.

A look into the light

T
here is always something gratifying about December, a chance to look back over 

the past 12 months and reflect on where you were then and where you are now. 

We as a nation still grapple with a deadly global virus and the concerning Delta 

variant, but looking at where this country was in 2020 compared to 2021 is telling. In 

my own letter in the December 2020 issue of Contemporary Pediatrics®, I talked about 

the hope that vaccines for COVID-19 (specifically from Pfizer/BioNTech, Moderna, 

and AstraZeneca) might soon come to market. Now we sit on a different precipice, 

having had 3 vaccines for COVID-19 on the market for almost a year now, and, more 

recently, children 5 years and older eligible for the vaccine as well.

In fact, the general COVID-19 news is heartily encouraging. As of this writing 

(early November), the majority (nearly 60%) of the eligible US population is fully 

vaccinated.1 Daily COVID-19 cases reported to the Centers for Disease Control 

and Prevention are hovering at roughly 75,000 and are on a downward trajectory. 

Compare that with December 2020, when daily cases reported were over 250,000.1

On a more somber note, this winter festival season will most likely bring a mix 

of deep and complex emotions for your patients and their families. Although 

getting together in person after a long year of remote celebrations is joyous indeed, 

we cannot ignore the fact that more than 140,000 children have lost a primary or 

secondary caregiver to the pandemic.2 Like many other health care providers, you 

may be seeing people in your offices not only grappling with a case of influenza or 

strep throat but also coping with feelings of profound grief. Calling upon your most 

sensitive and caring bedside manner has never been more important. 

Over the next several months, Contemporary Pediatrics® will address these issues 

in the pages of this journal, including how to help a child recovering from the loss 

of a parent, the pediatrician as a mental health care provider, and a discussion 

of dispensing medication for children undergoing substantial anxiety and/or 

depression from the darkest challenges of the past 2 years.

But right now, it’s a time for celebration. I’d take hugging an old friend in person 

over a Zoom champagne toast anytime. I hope you do, too. 

R E F E R E N C E 
1. COVID data tracker weekly review. Centers for Disease Control and Prevention. October 22, 2021. Accessed October 28, 2021. 
https://www.cdc.gov/coronavirus/2019-ncov/covid-data/covidview/index.html 

2. More than 140,000 U.S. children lost a primary or secondary caregiver due to the COVID-19 pandemic. National Insti-
tutes of Health. October 7, 2021. Accessed October 28, 2021. https://www.nih.gov/news-events/news-releases/
more-140000-us-children-lost-primary-or-secondary-caregiver-due-covid-19-pandemic 

note
publisher’s

Mike Hennessy Jr
Publisher and CEO
MJH Life Sciences™

our mission

Send comments to llevine@mjhlifesciences.com
Follow us at facebook.com/ContemporaryPediatrics
Follow us at twitter.com/ContemPeds
Follow us at linkedin.com/company/Contemporary-Pediatrics

content
COLLEEN HALL  Vice President of Content

LOIS LEVINE  Managing  Editor
llevine@mjhlifesciences.com

MIRANDA HESTER  Editor
mhester@mjhlifesciences.com

MARIAN FREEDMAN  Contributing Editor

ROBERT MCGARR  Creative Director

NICOLE SLOCUM  Senior Art Director

KIM QUICKEL  Graphic Designer

JENNIFER POTASH Copy Chief

PAUL SILVERMAN Copy Supervisor

MARIE-LOUISE BEST, 
KELLY KING Senior Copy Editors

CHENEY BALTZ, GEORGINA CARSON, KIRSTY 
MACKAY, RON PANAROTTI, YASMEEN 

QAHWASH Copy Editors

publishing & sales
BRIAN HAUG  Executive Vice President

bhaug@mmhgroup.com

AVIVA BELSKY  Group Publisher
abelsky@mjhlifesciences.com

JOAN MALEY  Associate Sales Director
jmaley@mjhlifesciences.com

JOEY HAMM  National Accounts Manager
jhamm@mjhlifesciences.com

JOANNA SHIPPOLI  Acct Manager, Recruitment
jshippoli@mjhlifesciences.com

 KENDEL SEIGLER  Permissions/International 
Licensing

kseigler@mjhlifesciences.com 

corporate
MIKE HENNESSY JR President and CEO

JACK LEPPING Vice Chairman

NEIL GLASSER CPA/CFE Chief Financial Officer

JOE PETROZIELLO Executive Vice President, 
Global Medical Affairs and Corporate 

Development

SILAS INMAN Senior Vice President, Content

MICHAEL BALL Senior Vice President, Operations

SHARI LUNDENBERG Vice President, 
Human Resources & Administration

CHRIS HENNESSY Vice President, 
Mergers & Acquisitions

JEFF BROWN Executive Creative Director, 
Creative Services

MIKE HENNESSY SR  Founder
 MJH Life Sciences ™

CNTPED1221_003_Masthead_CL.indd   3 11/24/21   9:38 AM



CON T EMPORARYP ED I AT R I C S . C O M   |   D E C E M B E R  2 0 2 14

vieweditor’s

Season’s greetings!

editor-in-chief  Tina Q. Tan, 
MD, FAAP, FIDSA, FPIDS  Professor 
of Pediatrics, Feinberg School 
of Medicine, Northwestern 
University; Pediatric Infectious 
Diseases Attending; Medical 
Director, International Patient 
Services Program; Codirector, 
Pediatric Travel Medicine Clinic; 
Director, International Adoptee 
Clinic, Ann & Robert H. Lurie 
Children’s Hospital of Chicago, 
Chicago, Illinois

I
t is hard to believe that we are about to enter 2022. The Delta variant of SARS-CoV-2 
continues to surge throughout the United States and other parts of the world, 
especially in unvaccinated populations. We have also seen the emergence of the 
Delta Plus variant, which has been found in at least 44 countries and 41 US states. 

This new substrain of the Delta variant contains an extra spike protein mutation that 
may make it easier for the virus to infect individuals because it binds more easily 
to lung epithelial cells. The World Health Organization and the Centers for Disease 
Control and Prevention are closely monitoring Delta Plus, along with the Mu and 
Lambda variants. 

In November 2021, the US Food and Drug Administration granted a lower-dose 
Pfizer/BioNTech COVID-19 vaccine emergency use authorization for children 
aged 5 to 11 years. This marks an exciting and important development because it 
allows us to provide protection against COVID-19 to a large population of children 
(28 million) who returned to in-person learning this past fall.  

This month’s journal has a number of must-read articles, including the following:

  An excellent review of the COVID-19 variants and other emerging infectious diseases of 
which the clinician should be aware. This article was cowritten by Rana F. Hamdy, MD, MPH, 
MSCE, a Contemporary Pediatrics® Editorial Advisory Board member. 

   A summary of recently licensed medications that are indicated for use in children. This 
list, found in our pediatric pharmacology section, includes treatments for attention-deficit/
hyperactivity disorder; pain medications including morphine oral solution, bupivacaine 
liposomal (Exparel) and diclofenac potassium (Zipsor) formulations; and treatment for Zaire 
ebolavirus (atoltivimab/maftivimab/odesivimab-ebgn [Inmazeb], a fixed-dose combination of 
3 monoclonal antibodies). 

   An in-depth look at respiratory syncytial virus. This respiratory section report explores the 
possible causes of the recent surge in out-of-season cases. 

   A reminder of the importance of suspecting child abuse when physical exam findings and history 
do not make sense in the context of what is seen. In the case described in our dermatology 
section, an 18-month-old toddler presented with annular scars.
As always, thank you for providing outstanding care to your patients during 

these rapidly changing times. As C.S. Lewis stated, “You are never too old to set 
another goal or to dream a new dream.” I wish everyone peace and happiness as the 
adventure continues in 2022. 

Please stay safe and well. And as always, I welcome your suggestions, comments, 
and questions. 
With warm regards,
Tina 

email: titan@luriechildrens.org

FIND US ON

LINKEDIN
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SUBSCRIBE TO OUR 
E-NEWSLETTER TO GET 
OUR LATEST ARTICLES
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BY MARIAN FREEDMANjournal clubDr Farber’s

KEY TAKES ON MUST-READ STUDIES

Jon Matthew Farber, MD, section editor for Journal Club, is a pediatrician in Woodbridge, Virginia. Marian Freedman is a freelance medical 
editor and writer in New Jersey. The editors have nothing to disclose in regard to affiliations with or financial interests in any 
organizations that may have an interest in any part of these articles.

T
he North American Society for Pediatric 
and Adolescent Gynecology (NASPAG) 
recently released a clinical opinion on 
how to diagnose and manage vulvar 

lichen sclerosus (LS) based on a review of 
the literature. � is clinical opinion replaces 
NASPAG’s 2014 recommendations. 

Vulvar LS, a chronic inflammatory skin 
condition often affecting prepubertal girls, is 
characterized by vulvar irritation and pain, 
vulvar pruritus, bleeding due to skin fissures, 
painful defecation, constipation, and some-
times urinary tract symptoms. LS usually ap-
pears as ivory white or rose-colored patches, 
which can spread to the perineal and perianal 
regions to create a “figure 8” shape. Genital 
scarring may develop, resulting in labial and 
clitoral hood adhesions, a buried clitoris, loss 
or attenuation of labia minora, and narrowing 
of the vaginal opening. 

LS generally can be diagnosed based on 
the clinical exam, followed by a therapy tri-
al. If the treatment fails or the diagnosis is in 
doubt, a referral to a pediatric dermatologist 
or pediatric gynecologist may be advisable. 

Treatment mainstays include symptom 
management and ultrahigh potency topical 
corticosteroids (UPTC), generally clobetasol 
propionate and augmented betamethasone 
dipropionate, used daily or until symptoms 
are controlled. Ointments are preferable to 
creams because of their increased penetra-
tion and decreased risk of contact dermatitis. 

Topical calcineurin inhibitors also have been 
used to treat LS. 

Many patients continue to have mild itch-
ing and discomfort even after appropriate 
treatment. Good vulvar hygiene and cool 
compresses can ease these symptoms. 

Because LS often relapses, NASPAG recom-
mends maintenance treatment with a daily 
topical calcineurin inhibitor or with tapered 
topical steroids. If LS hasn’t progressed after 
6 months of maintenance, patient should be 
checked yearly for 2 years before  discontinu-
ing therapy if symptoms are well controlled. 

The clinical opinion also noted that although 
UPTCs can resolve symptoms of pruritus and 
pain, long-term anatomical distortions can 
persist, leading to negative effects on sexual 
function and other aspects of quality of life. Cli-
nicians, therefore, should counsel adolescents 
with LS to have regular gynecologic follow-up.

This condition is not that 
unusual. The diagnosis is 
straightforward if you’ve seen 

it (or pictures of it) before. It is not due to sexual 
abuse, and unlike with most rashes in the area, 
antifungal creams or low-potency topical steroids 
are not the treatment of choice.

R E F E R E N C E
Simms-Cendan J, Hoover K, Marathe K, Tyler K. NASPAG clini-
cal opinion: diagnosis and management of lichen sclerosus in 
the pediatric and adolescent patient. J Pediatr Adolesc Gynecol. 
Published online October 2, 2021. doi:10.1016/j.jpag.2021.09.008 

 PUBLISHED IN JOURNAL OF PEDIATRIC AND ADOLESCENT GYNECOLOGY

NASPAG provides clinical opinion 
on vulvar lichen sclerosus 

Many 
patients 

continue to 
have mild 
discomfort 
even after 
treatment.

THOUGHTS FROM
DR FARBER
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journal club

A survey of surgeons who perform 
posterior spinal fusion (PSF) for ad-
olescent idiopathic scoliosis (AIS) 
found that when practitioners allow 
these patients to return to sports de-
pends on physician-related factors. 
Conversely, patient-related factors 
did not impact protocols.

Investigators gave the 170 survey 
participants a questionnaire that 
presented clinical vignettes involving 
patients with AIS who had undergone 
PSF and differed in various ways, such 
as sex, age, obesity, skeletal maturity, 
levels fused, and extension of the fu-
sion construct into lumbar vertebrae. 
Surgeons were asked to list when they 
would allow patients to return to 4 
categories of activity: jogging, non-

contact, contact, and collision sports. 
Overall, surgeons recommended 

taking more time to return to more 
physically demanding sports (colli-
sion, 9.8 months; contact, 6.8 months; 
noncontact, 4.6 months; jogging, 4.1 
months), and surgeons with more 
years in practice and higher case vol-
ume allowed faster return to activity. 

Surgeon volume was a major factor 
in decisions; for example, surgeons 
who performed 25 to 50 PSFs annual-
ly allowed the quickest return to jog-
ging and noncontact sports. Similarly, 
surgeons with 16 to 20 years of experi-
ence allowed a faster return to jogging 
than their peers with less experience. 

Pediatric orthopedic–trained 
surgeons called for a faster return 

to sports than their colleagues who 
had other kinds of fellowships. Final-
ly, surgeons working in community 
children’s hospitals allowed more 
rapid return to sports activity than 
their colleagues in academic and 
community general/adult settings. 

Bottom line, there 
is no good science 

to back up recommendations, so we 
are flying blind here. If a child is being 
restricted for what seems to you an 
unduly long time, you may want to 
encourage the orthopedist to rethink his 
or her position or talk to colleagues.

R E F E R E N C E
Ho D, Du JY, Erkilinc M, Glotzbecker MP, Mistovich 
RJ. Getting them back in the game: when can ath-
letes with adolescent idiopathic scoliosis safely 
return to sports? a mixed-effects study of the 
Pediatric Orthopaedic Association of North America. 
J Pediatr Orthop. 2021;41(9):e717-e721. doi:10.1097/
BPO.0000000000001902

A ret rospect ive rev iew f rom  
Israel based on analysis of the medi-
cal charts of 32 healthy children di-
agnosed with prolonged, isolated 
aspartate aminotransferase (AST) 
elevation at a mean age of 39 months 
found that none developed signifi-
cant liver disease. This was true even 
though at follow-up (at a mean of 65.6 
months), AST generally remained el-
evated—from 1.23 to 12 times the up-
per limit of normal—with the abnor-
mality resolving in only 10 patients. 

Levels of macro-AST (m-AST) were 
relatively prevalent; 22% of the chil-

dren were m-AST positive, and 44% 
had borderline levels. However, AST 
levels were no higher in those who 
were m-AST positive than in those 
characterized as borderline or nega-
tive for m-AST. Investigators did find 
that the age at presentation was sig-
nificantly different in those with bor-
derline m-AST levels and those with 
m-AST–positive levels: 31 months 
versus 69 months, respectively. 

Given these findings, investiga-
tors determined that in a healthy 
child with prolonged, isolated AST 
elevation and normal lactate dehy-

drogenase, alanine transaminase, 
and creatine kinase levels, further 
laboratory and imaging investiga-
tion usually is unnecessary.  

We have all often 
seen this in healthy 

children and should learn to ignore it, 
unless clinical findings suggest liver 
disease or the child is on medicine that is 
potentially toxic to the liver. Nonetheless, 
unlike the authors, I would probably still 
feel compelled to repeat testing in a child 
with a level 12 times above normal.

R E F E R E N C E
Magen-Rimon R, Tal G, Kaplan M, Shaoul R. The 
significance of isolated aspartate aminotransfer-
ase elevation in healthy paediatric patients. Acta 
Paediatr. Published online September 26, 2021. 
doi:10.1111/apa.16123 

PUBLISHED IN ACTA PAEDIATRICA

Prolonged, isolated AST 
elevation is likely benign

When can athletes return  
to sports after AIS surgery? 

PUBLISHED IN JOURNAL OF PEDIATRIC ORTHOPEDICS

THOUGHTS FROM  
DR FARBER

THOUGHTS FROM  
DR FARBER
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puzzler
PATIENT CASES TO TEST YOUR DX IQ

The patient had no sick contacts, 
known bugbites, or recent expo-
sure to outdoor pool or reservoir wa-
ter. She had traveled to Michigan 
2 months prior for a camping trip, 
during which she ran around in 
fields and forested areas. After re-
turning home, her father checked 

her for ticks and found none. She had 
no other recent travel. 

The patient lived with her mother 
and father, with 1 dog in the home 
and no smokers. The patient at-
tended daycare 3 days a week with 
10 other children and did not take 
any medications.

History and physical 
examination 
The patient’s symptoms began 2 days 
prior to presentation, with worsening 
itching and rash on her bilateral lower 
extremities. Her mother stated that 
she initially thought that the girl had 
bruises on her shins from playing, but 

Want to read more of your colleagues’ puzzling cases? 
Find the whole collection at ContemporaryPediatrics.com/puzzler

Lower-extremity nodules 
in a 2-year-old girl

A previously healthy 2-year-old girl, 
born at term by cesarean delivery 
due to breech presentation, with an 

uncomplicated postnatal course, presented to the 
outpatient clinic with a chief complaint of 2 days of 
itchy, bilateral leg rash. Her mother stated that each of 
her daughter’s legs had 5 or 6 quarter-size “bruises,” 
which felt like “hard welts” and were warm to the 
touch; some were dark purple, and others appeared 
redder. According to her mother, the patient had no 
fever, upper respiratory symptoms, abdominal pain, 
vomiting, diarrhea, discolored urine, blood in stool, 
change in gait, weakness, or joint swelling. She was 
fully immunized and had had no respiratory illnesses 
or fevers during the previous month. Her oral intake, 
urine output, and ambulation were normal, and she 
was otherwise her active, playful self.

ERIN MCCUNE; AND BRIDGET BOYD, MD

THE 
CASE

 FIGURE 1 Multiple raised, blanching, 
erythematous, nonulcerated, immobile nodules on 
anterior right leg below the knee.

FIGURE 2 Multiple raised, blanching, erythematous, 
nonulcerated, immobile nodules on anterior left leg 
below the knee.

1 2
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the bruises grew larger, more numer-
ous, and warm to the touch. The par-
ents applied eczema cream and ice 
packs, which slightly improved the 
rash. The patient’s father had recently 
put new sheets on the girl’s bed, so the 
parents wondered if the symptoms 
might be an allergic reaction to the 
material. The patient’s family history 
is significant for Hodgkin lymphoma 
in the mother, who is also concerned 
about a possible malignancy in  
her daughter.

On examination, the patient ap-
peared well, with no fever and no 
acute distress. Her growth param-
eters were normal for her age. Her 
vital signs were all within normal 
limits. She had moist mucous mem-
branes without petechiae or exudates 
and normal lips, tongue, gingiva, and 
dentition. She had no enlargement of 
or exudate on the tonsils, no lymph-
adenopathy, and no pallor or cyano-
sis of the skin, and her respiratory and 
cardiac examinations were benign. 
Her abdomen was soft, nontender, 
and nondistended, with no hepato-
splenomegaly or masses. She had no 
swelling, deformity, or pain in her ex-
tremities. Her skin exam was signifi-
cant for multiple raised, blanching, 
erythematous, nonulcerated, immo-
bile nodules on her lower extremities 
bilaterally (Figures 1 and 2). 

Consultation 
After initial presentation to the outpa-
tient clinic, the patient was prescribed 
ibuprofen 7.5 mL every 6 hours and 
advised to rest and keep her legs ele-
vated. Pediatric infectious disease was 
consulted for evaluation of erythema 
nodosum (EN), with abnormal labora-
tory results showing elevated WBC.

The infectious disease consult de-
termined that the etiology of this pa-
tient’s EN was likely infectious, and ad-
ditional laboratory tests were ordered. 

These tests included CRP to assess for 
worsening inflammation, lactate de-
hydrogenase (LDH) level to rule out 
malignancy, QuantiFERON-TB Gold 
to rule out tuberculosis, and Mycoplas-
ma pneumoniae antibodies to rule out 
that infection. The results, completed 
3 days after initial presentation, were 
the following:

� Uric acid: 3.5 mg/dL (normal, 2.6-6.4 
mg/dL)

� LDH: 198 units/L (normal, 220-462 
units/L)

� CRP: 3.1 mg/L

�M pneumoniae antibodies, IgM:  
1234 U/mL (normal, < 770 U/mL)

�M pneumoniae antibodies, IgG: ≤ 0.90 
(normal ≤ 0.90)

� QuantiFERON-TB Gold: negative

Differential diagnosis
The initial differential diagnosis in-
cluded several infectious and nonin-
fectious etiologies that could account 
for the findings of the patient’s skin 
lesions and laboratory results (Box). 
Erythema nodosum is a type of skin 
inflammation that particularly af-
fects subcutaneous fat, which typi-
cally results in painful erythematous 
nodules at the front of the legs below 
the knees. These lesions do not ulcer-
ate and usually resolve without atro-
phy or scarring.1 Lesions typically ap-
pear red at onset and, after a few days, 
evolve into a deep purple color, which 
may appear similar to a deep bruise.2 

These nodules may be preceded by 
fever, malaise, arthralgias, or up-
per respiratory symptoms, and joint 
swelling or pain may emerge at the 
same time the skin nodules do. Ery-
thema nodosum can be the first sign 
of a systemic illness such as tuber-
culosis and other bacterial or fungal 
infections, inflammatory bowel dis-
ease, sarcoidosis, or cancer, although 
in many cases, no cause of EN can be 
found.1,3-7 The most common cause of 
EN in children is idiopathic, followed 
by infection, sarcoidosis, and use of 
antibiotic drugs.1,6,8 Among infectious 
etiologies of EN in children, the most 
common are streptococcal pharyngi-
tis, Yersinia, Mycoplasma, Chlamydia, 
histoplasmosis, coccidioidomycosis, 
and Mycobacterium.1,6-8

Diagnostic evaluation of EN in-
cludes a comprehensive history and 
physical exam as well as a complete 
blood cell count with differential, 
ESR, and CRP level.1,3 An individual 
patient’s presentation might warrant 
further evaluation, including testing 
for streptococcal infection, chest ra-

Complete blood count  and differential

�White blood cell count (WBC) 11.7 X 103/
μL (reference range: 4.0 -11.0 X 103/μL)

� Basophils 0%

� Hemoglobin 11.5 g/dL (reference range: 
11.0 - 14.5 g/dL)

�Mean corpuscular volume 78.2 μm3

(reference range: 76.0 - 90.0 μm3)
� Platelet count 413 X 103/μL (reference 

range: 150 - 400 X 103/μL)

Inflammatory Markers:

� Erythrocyte sedimentation rate (ESR): 
28 mm/h (reference range: 0-20 mm/h)

� C-reactive protein (CRP): 5.3 mg/L 
(reference range: < 8.1 mg/L)

52%  
Lymphocytes

43%  
Granulocytes

4%  
Monocytes

1%  
Eosinophils

LABORATORY RESULTS
Bloodwork on the day of presentation  

included the following:
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diography, stool cultures, or testing 
for infection with tuberculosis.1 Al-
though EN is often self-limited, any 
identified underlying disorder should 
be treated appropriately. Pain from  
t he le s ion s of  E N c a n        
be treated with nonsteroidal anti- 
inflammatory drugs.1,2,4

This patient’s initial presentation 
was most consistent with an idio-
pathic etiology. She lacked prodro-
mal symptoms of fever, malaise, and 
arthralgias, and she had no preced-
ing upper respiratory symptoms. The 
absence of fever, sore throat, and ac-
companying respiratory symptoms 
made it less likely that her EN was 
secondary to infection with Strepto-
coccus or Mycobacterium tuberculosis. 
Additionally, she had no sick contacts 
or known exposure to tuberculosis-
positive individuals. She received 
a QuantiFERON-TB Gold  Plus test 
to rule out M tuberculosis infection, 
which was negative.

Her absence of gastrointestinal 
symptoms made it less likely that 
her skin findings were secondary 
to Yersinia enterocolitica  or Yersinia 
pseudotuberculosis. Similarly, a nega-
tive family history of irritable bowel 
disease and lack of gastrointestinal 
disturbances pointed away from 
Crohn disease or ulcerative colitis 
as possible etiologies. The patient 
lacked any respiratory symptoms of 
sarcoidosis and denied abdominal 
pain, vision changes, fever, fatigue, 
or weight loss. Furthermore, her 
below-normal LDH levels effectively 
ruled out a malignant process, as el-
evated LDH is a well-known indicator  
of malignancy.9,10

Recent case reports have indicated 
the possibility of EN in individuals 
with COVID-19 infections,11,12 but 
such cases have not yet been docu-
mented in children, and data are still 
emerging regarding dermatological 

manifestations of COVID-19.
Although this patient showed 

no respiratory symptoms or signs 
of systemic illness, her laboratory 
results were positive for M pneu-
moniae  IgM, indicating a recent 
infection. Using this serological 
evidence of infection combined with 
her elevated inflammatory markers 
at presentation, it was determined 
that the most likely etiology of her 
EN was subclinical infection with M 
pneumoniae. 

Discussion 
M pneumoniae is a significant cause 
of upper and lower respiratory tract 
infection in both adults and children, 
constituting up to 40% of community-
acquired pneumonias.13 Most infected 
individuals experience mild disease, 
which often resolves without compli-
cation. The most common symptoms 
of M pneumoniae infection in children 
include low-grade fever, cough, nau-
sea/vomiting, and skin rash.14

Atypical pneumonia caused by 
M pneumoniae is most prevalent in 
school-aged children, with stud-
ies showing that just 13% to 18% of 
infected children actually develop 
symptoms. Estimations indicate that 
among individuals infected with M 
pneumoniae, 50% of adults and 20% of 
children are entirely asymptomatic.15

In this patient, the only symptom 
of infection was dermatologic. Skin 
changes associated with M pneu-
moniae infection have been reported 
in up to 25% of cases.4,16 Skin findings 
range from mild erythematous macu-
lopapular or vesicular rash to bullous 
purpuric lesions and even a Stevens-
Johnson–like syndrome involving 
mucosal surfaces, known as M pneu-
moniae–induced rash and mucositis.17

Case reports of erythema nodosum 
(EN) in the context of M pneumoniae 
infection in children are limited. The 

first documented case was in 2001: A 
case series of 35 children with ery-
thema nodosum reported that 3 of 
them had antibodies indicative of re-
cent Mycoplasma infection. In these 3 
cases, 1 child had respiratory involve-
ment, 1 had associated fever, and the 
third had no other symptoms.18 In a 
later study by Aydin-Teke et al, 39 pa-
tients with EN were retrospectively 
evaluated, with streptococcal infec-
tions identified as the most common 
cause, and only 2 of those patients 
were identified as having M pneu-
moniae infections.19 In each case, 
M pneumoniae infection was diag-
nosed using IgM positive serology. 
The first systematic review of EN and 
M pneumoniae infection in children 
was completed in 2015 by Greco et al, 
which concluded that the pathogen-
esis of EN is not yet fully understood. 
The investigators noted that further 
clinical and immunologic studies 
are needed to better understand the 
connection between EN and M pneu-
moniae in the pediatric population.20

Multiple diagnostic methods exist 
for the detection of M pneumoniae, 
each with its own advantages and dis-
advantages. Molecular polymerase 
chain reaction (PCR)–based testing 
has high sensitivity, high specificity, 
and rapid results, usually available in 
less than 1 day. However, PCR assays 
are expensive, often requiring spe-
cialized equipment and expertise.21

Serology-based testing has lower 
specificity but costs less and can be 
done via commercially available kits. 
Serology testing may require mul-
tiple patient visits to collect acute and 
convalescent samples, as a single el-
evated M pneumoniae antibody titer 
may not be definitive for distinguish-
ing between active disease and an 
asymptomatic carrier state.22 

Culture is rarely used to detect M 
pneumoniae infection because isola-
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tion of the organism can take up to 
3 weeks and requires a specialized 
medium to grow.23 Additionally, cold 
agglutinin antibody titers are not rec-
ommended because the formation of 
cold agglutinins is neither sensitive 
nor specific for infection with M pneu-
moniae.23 In current clinical practice, 
serology and molecular testing remain 
the most commonly used methods for 
detecting M pneumoniae infection.24 

This case demonstrates the impor-
tance of serologic testing for M pneu-
moniae infection in the case of pedi-
atric erythema nodosum, even in the 
absence of pulmonary symptoms or 
radiologic findings. 

Managing symptoms
M pneumoniae infection is usually 
mild and self-limited, not warranting 
specific treatment. In cases of pneu-
monia due to M pneumoniae infec-
tion, the most widely accepted treat-
ment in children involves macrolide 
antibiotics, such as erythromycin, 
clarithromycin, and azithromycin.25

M pneumoniae has no cell wall, mak-
ing ß-lactam antibiotics ineffective. 
Furthermore, macrolides have a more 
favorable adverse effect profile in chil-
dren compared with alternative drugs 
such as tetracyclines and fluoroquino-
lones. In children who are nonrespon-
sive to antibiotic treatment, treatment 
with additional corticosteroids has 
been shown to be effective.25

Complications of M pneumoniae 
infection are rare in children but in-
clude development or exacerbation 
of obstructive airway disease and 
asthma, alveolar hemorrhage, and 
acute respiratory distress syndrome. 
Morbidity and mortality are higher 
in smokers or individuals with un-
derlying health conditions.26

Patient outcome
The prescribed regimen of ibuprofen, 
rest, and leg elevation failed to im-
prove the patient’s skin findings. Pe-
diatric infectious disease consult re-
sulted in evidence of recent infection 
with M pneumoniae, which was sub-

clinical. The patient never developed 
systemic illness, but the erythema 
nodosum continued, with a new le-
sion on the proximal medial-anterior 
left thigh 12 days after her initial skin 
symptoms began. She had no pain at 
the new lesion’s site and remained 
afebrile, with no gastrointestinal dis-
turbances or respiratory symptoms. 

She completed a 5-day course of 
azithromycin (10 mg/kg, day 1; 5 mg/
kg, days 2-5) according to recommen-
dations from the consulting infectious 
disease physician. Her parents were 
counseled that the leg lesions should 
continue to resolve on their own, but 
they should manage the child’s pain 
and swelling with ibuprofen and cold 
compresses as needed. The patient 
remained well with gradual improve-
ment of the pretibial lesions. Approxi-
mately 6 months later, at her 3-year-old 
well child visit, the patient had normal 
skin findings with no reported recur-
rence of the erythema nodosum. 
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DIFFERENTIAL DIAGNOSIS FOR 
ERYTHEMA NODOSUM IN A 2-YEAR-OLD CHILD 

INFECTIOUS

Bacterial
Mycobacteria, group A or B Streptococcus, Yersinia 
enterocolitica or Yersinia pseudotuberculosis, Mycoplasma 
pneumoniae, Chlamydia pneumoniae

Viral COVID-19 (multisystem inflammatory syndrome–children)

Fungal Histoplasmosis, coccidioidomycosis

NONINFECTIOUS

Neoplastic Thick red plaques with overlying silvery scale and 
occasional pustules on extensor surfaces of arms and legs

Gastrointestinal Inflammatory bowel disease

Autoimmune Sarcoidosis

Pharmacologic Drug reaction (recent antibiotic use)

Idiopathic

For references, go to 
ContemporaryPediatrics.com/

puzzler-1221
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Puberty can manifest early in a num-
ber of benign ways; for example, a 
rapid increase in height or pubic hair 
may begin to develop before full on-
set. In these kinds of (rare) cases, 
puberty starts at an earlier age than 
normal, known as central preco-
cious puberty. Sometimes, however, 
full initiation that occurs before the 
typical age range—peripheral pre-
cocious puberty, when the sex hor-
mone glands develop earlier than 
normal—can signal other problems.

With peripheral precocious pu-
berty, the sexual maturation process 
begins without the normal triggering 
of the hypothalamic-pituitary-go-
nadal (HPG) axis. In these cases, the 
presence of sex steroids like estradiol 
or testosterone from other external 
sources may turn on puberty.

Treatment depends on the under-
lying cause. It’s important to note 
that peripheral precocious puberty 
can manifest in more than 1 way, 
according to Katherine Kutney, MD, 
a pediatric endocrinologist at Uni-
versity Hospitals Rainbow Babies & 
Children’s in Cleveland, Ohio. The 
condition can be caused by hor-

monal exposure that is either con-
sistent (isosexual) or not consistent 
(contrasexual) with biologic sex. 
Sources of exposure include the use 
of testosterone or estrogen creams or 
adrenal tumor–producing andro-
gens or estrogens.

Diagnosis of peripheral preco-
cious puberty can be made when the 

breasts develop without activation 
of the HPG axis or the penis grows 
with or without the development of 
pubic hair and without testicular 
enlargement. Normally, significant 
virilization of the external genitalia 
would not be seen without testicular 
enlargement, Kutney said, so this oc-
currence is usually a red flag to some 
sort of pathology.

Early puberty, whether central or 
peripheral, can lead to a number of 
complications, such as reduced final 
adult height, as well as emotional or 
social problems caused by develop-
ing before peers. The major differ-
ence between central and periph-
eral precocious puberty involves the 
treatment approach. With the cen-
tral type, medications can reduce 
hormone levels and stop puberty 
that occurs significantly early. Man-
aging the peripheral type focuses on 
eliminating the source of exposure 
to sex steroids. This may involve 
treating underlying conditions with 
medications, surgically removing 
tumors, or eliminating exposure to 
hormone products such as creams 
or supplements.

COMMENTS? Email them to 
llevine@mjhlifesciences.com
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When early puberty 
poses medical concern
RACHAEL ZIMLICH, BSN, RN

Signs that appear sooner than usual often do not 
require treatment, but full initiation of puberty before 
the normal age range can point to other problems.

Possible causes of peripheral 
precocious puberty include 

the following1:

  Congenital adrenal hyperplasia

  McCune-Albright syndrome

  Gonadal tumors

  Adrenal tumors

  Other hormone-secreting 
tumors or cysts

  Familial male-limited precocious 
puberty (testotoxicosis)

  Exogenous exposure to sex steroids

  Van Wyk Grumbach syndrome

  Pseudoprecocious puberty found with 
profound primary hypothyroidism

CNTPED1221_018_DevHealth.indd   18 11/23/21   11:07 AM



19J A N U A R Y  2 0 2 1   |   CON T EMPORARYP ED I AT R I C S . C O M

FROM OUR SISTER PUBLICATION, DERMATOLOGY TIMES®

nutrition
PR

A
SO

N
G

TA
KH

A
M

@
ST

O
CK

.A
D

O
BE

.C
O

M

New findings confirm investigators’ 
growing interest in the link between 
diet and acne. For a study published 
in the International Journal of Der-
matology, investigators assessed the 
results of PubMed database search 
using words and phrases that de-
scribe acne, as well as key words as-
sociated with food.1 The investiga-
tors, who surveyed supplemental 
data from the past 10 years (January 
2009 to April 2020), linked the terms 
acne or acne vulgaris with diet, nu-

trition, food, chocolate, dairy, whey 
protein, fatty acid, and drink.

Of the available papers, 53 met 
the eligibility criteria: 11 interven-
tional clinical trials (7 randomized 
controlled and 4 controlled open-
label) and 42 observational studies 
(17 case-control, 22 cross-sectional, 
and 3 descriptive). A review of the 
literature revealed a growing trend 
of interest in the subject of diet and 
acne in the scientific community.

The acne promoters were deter-

mined to be high–glycemic index 
foods, dairy products, fatty foods, 
and chocolate. The acne-prevention 
factors included fatty acids, fruits, 
and vegetables.

The specific roles milk, includ-
ing whole, reduced-fat, and low-fat 
dairy products, and chocolate play in 
acne remain unknown and require 
more research, according to the 
study authors. 

COMMENTS? Email them to 
llevine@mjhlifesciences.com

For reference, go to
 bit.ly/3BM7kVN

Research roundup 
on diet’s role in acne
BY LINDA STOCUM

Investigators reviewed the literature for the latest 
fi ndings on foods that may affect skin health

In June and July of this year, a survey found 
that physicians are less stressed by the pan-
demic than they are about their employers.
The results of the survey are detailed in a 
new white paper that was released at the 
Medical Group Management Association 
(MGMA) Medical Practice Excellence Lead-
ers Conference from Jackson Physician 
Search and MGMA.

The white paper shows physicians re-

porting their satisfaction with their current 
employer at an average of 5.5 on a 10-point 
scale. The respondents note this is due to 
disconnects that could be solved in part by 
better communication.

The prevalence is clear with 61% of phy-
sicians confirming they are experiencing 
burnout. A further 62% of these health care 
providers report that their burnout is caused 
by their current employer and only 25% at-

tribute it to COVID-19–related stress. Mean-
while, only 14% of administrators recognize 
their role in physician burnout and 37% at-
tribute the burnout to COVID-19, according 
to the paper.

The white paper also highlights the 
need for physician groups to plan for suc-
cession in light of the chronic physician 
shortage. Despite this, the survey found 
that 67% of administrators do not have a 
succession plan.

REFERENCE
How to get ahead of physician turnover in your medical 
practice. Jackson Physician Search. Accessed October 
27, 2021. https://www.jacksonphysiciansearch.com/
getting-ahead-of-physician-turnover-in-medical-
practices-survey-results/ 

What is causing physician burnout?
FROM OUR SISTER PUBLICATION, MEDICAL ECONOMICS®

Although the COVID-19 pandemic has been a cause of stress 
for the whole economy, physicians are saying it has not been 
the cause of their burnout.  KEITH A. REYNOLDS
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We are continuing to observe the ef-
fects of federal legislation, including 
the Best Pharmaceuticals for Chil-
dren Act and the Pediatric Research 
Equity Act, which have increased the 
number of clinical trials conducted 
in children. This article summariz-
es recent (October 2020 to Septem-
ber 2021) labeling changes, new dos-
age forms, and new drugs that have 
potential for use in children. Table 1
(see pages 22-23) includes infor-
mation on newly approved drugs 
indicated for use in pediatric pa-
tients, whereas Table 2 lists newly 
approved drugs for adults with the 
potential for use in pediatric pa-
tients. Table 3 describes new dos-
age forms for medications, and 
Table 4 lists labeling changes to 
existing drugs with implications for 
pediatric patients.

There have been major advance-
ments in the treatment and preven-
tion of COVID-19. Thus far, only rem-
desivir1 (Veklury) has received FDA 
approval for treatment of COVID-19 
in adults and children 12 years and 
older, but its use in younger children 
is permitted only under an emer-
gency use authorization (EUA). CO-
VID-19 Vaccine, mRNA2 (Comirnaty) 
received approval as a vaccine for 
COVID-19 in adults and children 16 

years and older and is available un-
der an EUA for children 5 to 15 years 
old. More treatments and vaccines 
for younger children are expected to 
receive EUAs in the coming months, 
which may subsequently lead to 
full approvals.

There has been a continuing trend 
in the development of drugs for or-
phan diseases affecting pediatric pa-
tients, such as lonafarnib (Zokinvy) 

for progeria, casimersen (Amondys 
45) for Duchenne muscular dystro-
phy, fosdenopterin (Nulibry) for mo-
lybdenum cofactor deficiency type 
A, and avalglucosidase alfa-ngpt 
(Nexviazyme) for Pompe disease.

Additional developments include 
2 treatments for infection caused by 
Zaire ebolavirus, ansuvimab-zykl 
(Ebanga) and atoltivimab, maftiv-
imab, and odesivimab-ebgn (Inma-
zeb). Both are approved for patients 
as young as neonates born to moth-
ers who have tested positive for Ebola 

on reverse transcriptase polymerase 
chain reaction tests. Both Ebanga 
and Inmazeb were studied in the 
PALM trial, which was conducted 
during the 2018-2019 Ebola out-
break in the Democratic Republic 
of the Congo.3 For Ebanga, the 28-
day mortality was 35.1% compared 
with 49.7% in its comparator control 
group. The 28-day mortality was 
33.5% in the Inmazeb group com-
pared with 51.3% in its comparator 
control group.

Some new alternatives to com-
monly used medications have also 
emerged. Dasiglucagon (Zegalogue) 
is a new treatment for severe hypo-
glycemia that is available as a pre-

filled syringe or an autoinjector. 
In a clinical trial, Zegalogue was 
reported to raise blood glucose by 
at least 20 mg/dL in approximate-
ly 10 minutes compared with 12 
minutes for traditional glucagon.4

Two new treatments for atten-
tion-deficit/hyperactivity disor-
der (ADHD) have also been ap-

proved. Serdexmethylphenidate and 
dexmethylphenidate (Azstarys) is a 
stimulant that contains an imme-
diate-release dexmethylphenidate 
component in addition to serdex-
methylphenidate, which is a prodrug 
of dexmethylphenidate.5 Serdex-
methylphenidate is metabolized to 
dexmethylphenidate throughout the 
day, allowing for once-daily dosing. 
Viloxazine (Qelbree) is available as 
a nonstimulant, once-daily extend-
ed-release capsule.6 Both of these 
new treatment options for ADHD 

RACHEL MEYERS, PHARMD; AND POOJA SHAH, PHARMD

This past year has seen several important new 
drug approvals and labeling updates for children. 
Here is what you should know.

What’s new in children’s drugs

We have continued to 
observe labeling changes 
that include more of the 

younger patient population.
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What’s new in children’s drugs

TABLE 2 NEW DRUGS APPROVED FOR ADULTS WITH POTENTIAL 
FUTURE APPLICATIONS IN CHILDREN

DRUG THERAPEUTIC 
CATEGORY

DOSAGE FORM INDICATION(S)

Mannitol 
(Bronchitol)41

Respiratory 
tract agents

Powder for oral inhalation Add-on maintenance therapy to improve pulmonary 
function in adults ≥18 years with cystic fibrosis

Sodium sulfate, 
magnesium 
sulfate, potassium 
chloride (Sutab)42

Gastrointestinal 
agents

Oral tablet Cleansing of the colon in preparation for colonoscopy in 
adults

Voclosporin 
(Lupkynis)43

Immunological 
agents

Oral capsule In combination with a background immunosuppressive 
therapy regimen, treatment of active lupus nephritis in 
adult patients

Anifrolumab-fnia 
(Saphnelo)44

Type 1 interferon 
receptor 
antagonist

Intravenous infusion Treatment moderate to severe systemic lupus 
erythematosus in adult patients who are receiving 
standard therapy

Difelikefalin 
(Korsuva)45

Analgesics Intravenous bolus 
injection into the venous 
line of the dialysis circuit 
at the end of each 
hemodialysis treatment

Treatment of moderate to severe pruritis associated with 
chronic kidney disease in adults undergoing hemodialysis

Lorazepam 
(Loreev XR)46

Anxiolytics Extended-release 
capsules

Treatment of anxiety disorders in adults who are receiving 
stable, evenly divided, 3 times daily dosing with lorazepam 
tablets

Pneumococcal 
15-valent 
conjugate vaccine 
(Vaxneuvance)47

Vaccine Intramuscular vaccine Active immunization to prevent invasive disease caused 
by Streptococcus pneumoniae serotypes 1, 3, 4, 5, 6A, 
6B, 7F, 9V, 14, 18C, 19A, 19F, 22F, 23F, and 33F in adults ≥18 
years
Note: Inclusion in CDC vaccine schedules has yet to be 
determined.

Pneumococcal 
20-valent 
conjugate vaccine 
(Prevnar 20)48

Vaccine Intramuscular vaccine Active immunization to prevent pneumonia and invasive 
disease caused by Streptococcus pneumoniae serotypes 
1, 3, 4, 5, 6A, 6B, 7F, 8, 9V, 10A, 11A, 12F, 14, 15B, 18C, 19A, 
19F, 22F, 23F, and 33F in adults ≥18 years
Note: Inclusion in CDC vaccine schedules has yet to be 
determined.

are available as capsules, which can 
be swallowed whole or opened and 
sprinkled on applesauce; Azstarys 
may also be sprinkled in water.

Labeling changes
This year, we have continued to ob-
serve drug labeling changes that in-
clude more of the younger pediatric 
patient population. These updates 
help increase the tools available for 

practitioners to administer these 
drugs safely and effectively in this 
vulnerable patient population. 

ANALGESICS 
Morphine in children has been con-
sidered off-label despite the high 
rates of use described in pediatric pa-
tients.7 Labeling information is final-
ly available for morphine as an intra-
venous continuous infusion and as 

an oral solution. Morphine oral solu-
tion (2 mg/mL and 4 mg/mL) is now 
indicated for pediatric patients aged 
2 to 17 years with acute pain severe 
enough to require an opioid analge-
sic when alternative treatments are 
inadequate.8 Safety and efficacy in 
this age group are supported by ex-
trapolation from clinical evidence in 
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TABLE 1  NEW DRUGS APPROVED FOR CHILDREN PART 1

DRUG THERAPEUTIC CATEGORY DOSAGE FORM INDICATION(S)

Berotralstat (Orladeyo)19 Plasma kallikrein 
inhibitor

Oral capsules Prophylaxis of attacks of hereditary angioedema 
in adult and pediatric patients ≥12 years

Setmelanotide (Imcivree)20 Melanocortin receptor 
agonist

Subcutaneous 
injection

Chronic weight management in adult and 
pediatric patients ≥6 years with obesity due 
to proopiomelanocortin (POMC), proprotein 
convertase subtilisin/kexin type 1 (PCSK1), or 
leptin receptor (LEPR) deficiency confirmed by 
genetic testing demonstrating certain variants of 
the POMC, PCSK1, or LEPR genes

Lumasiran (Oxlumo)21 HAO1-directed small 
interfering RNA

Subcutaneous 
injection

Treatment of primary hyperoxaluria type 1 to 
reduce urinary oxalate levels in pediatric and 
adult patients

Lonafarnib (Zokinvy)22 Farnesyltransferase 
inhibitor

Oral capsules In patients ≥12 months with body surface area 
≥0.39 m2

 To reduce the risk of mortality in Hutchinson-
Gilford progeria syndrome

 To treat processing-deficient progeroid 
laminopathies with certain mutations

Remdesivir (Veklury)1 Antiviral agents Intravenous 
infusion

Treatment of COVID-19 requiring hospitalization in 
adult and pediatric patients ≥12 years who weigh 
≥40 kg

Atoltivimab, maftivimab, 
and odesivimab-ebgn 
(Inmazeb)23

Antiviral agents Intravenous 
infusion

Treatment of infection caused by Zaire ebolavirus 
in adult and pediatric patients, including neonates 
born to a mother who is reverse transcriptase–
polymerase chain reaction (RT-PCR) positive for 
Zaire ebolavirus infection

Ansuvimab-zykl (Ebanga)24 Antiviral agents Intravenous 
infusion

Treatment of infection caused by Zaire ebolavirus 
in adult and pediatric patients, including neonates 
born to a mother who is RT-PCR positive for Zaire 
ebolavirus infection

Trace elements (Multrys)25 Trace elements Intravenous 
injection in 
parenteral 
nutrition

A source of zinc, copper, manganese, and 
selenium for parenteral nutrition when oral or 
enteral nutrition is not possible, is insufficient, 
or is contraindicated, in neonatal and pediatric 
patients weighing less than 10 kg

Naxitamab-gqgk 
(Danyelza)26

Antineoplastic agents Intravenous 
infusion

In combination with granulocyte-macrophage 
colony-stimulating factor, treatment of relapsed 
or refractory high-risk neuroblastoma in the bone 
or bone marrow in pediatric patients ≥1 year and 
adult patients who have demonstrated a partial 
response, minor response, or stable disease to 
prior therapy 

Pralsetinib (Gavreto)27 Antineoplastic agents Oral capsules Treatment of
 Advanced or metastatic RET-mutant medullary 

thyroid cancer in adult and pediatric patients 
≥12 years who require systemic therapy

 Advanced or metastatic RET fusion–positive 
thyroid cancer in adult and pediatric patients 
≥12 years who require systemic therapy and 
who are radioactive iodine refractory
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DRUG THERAPEUTIC CATEGORY DOSAGE FORM INDICATION(S)

Tirbanibulin (Klisyri)28  Dermatological agents Topical ointment Topical treatment of actinic keratosis of the face 
or scalp

Evinacumab-dgnb 
(Evkeeza)29

Antineoplastic agents Intravenous 
infusion

As an adjunct to other low-density lipoprotein 
cholesterol–lowering therapies for the treatment 
of homozygous familial hypercholesterolemia in 
adult and pediatric patients ≥12 years

Casimersen (Amondys 45)30 Antisense 
oligonucleotide

Intravenous 
infusion

Treatment of Duchenne muscular dystrophy 
(DMD) in patients who have a confirmed mutation 
of the DMD gene that is amenable to exon 45 
skipping

Fosdenopterin (Nulibry)31 Enzyme replacements 
therapy 

Intravenous 
infusion

To reduce the risk of mortality in patients with 
molybdenum cofactor deficiency type A

Serdexmethylphenidate 
and dexmethylphenidate 
(Azstarys)5

Central nervous 
system agents

Oral capsules Treatment of ADHD in patients ≥6 years

Viloxazine (Qelbree)6 Central nervous 
system agents

Extended-
release capsules

Treatment of ADHD in pediatric patients aged 
6-17 years

Dasiglucagon (Zegalogue)32 Blood glucose 
regulators

Autoinjector and 
prefilled syringe

Treatment of severe hypoglycemia in adult and 
pediatric patients ≥6 years with diabetes

Brincidofovir (Tembexa)33 Antiviral agents Tablets and oral 
suspension

Treatment of human smallpox disease in adult and 
pediatric patients, including neonates

Fexinidazole34 DNA synthesis 
inhibitor 

Oral tablets Treatment of both first-stage (hemolymphatic) 
and second-stage (meningoencephalitic) human 
African trypanosomiasis due to Trypanosoma 
brucei gambiense in patients ≥6 years weighing 
≥20 kg

Belumosudil  (Rezurock)35 Kinase inhibitor Oral tablets Treatment of chronic graft-vs-host disease after 
failure of ≥2 prior lines of systemic therapy in 
adult and pediatric patients ≥12 years

Odevixibat (Bylvay)36 Ileal bile acid transport
inhibitor

Oral capsules Treatment of pruritis in patients ≥3 months with 
progressive familial intrahepatic cholestasis

Avalglucosidase alfa-ngpt 
(Nexviazyme)37

Enzyme replacements/
modifiers 

Intravenous 
infusion

Treatment of late-onset Pompe disease 
(lysosomal acid α-glucosidase deficiency) in 
patients ≥1 year

Lonapegsomatropin-tcgd 
(Skytrofa)38

Enzyme replacements/
modifiers

Subcutaneous 
injection

Treatment of growth failure due to inadequate 
secretion of endogenous growth hormone in 
pediatric patients ≥1 year who weigh ≥11.5 kg

Plasminogen,
human-tvmh (Ryplazim)39

Enzyme replacements/
modifiers 

Intravenous 
injection

Treatment of patients with plasminogen deficiency 
type 1 (hypoplasminogenemia), including pediatric 
patients aged 11 months to 17 years

Ibrexafungerp 
(Brexafemme)40

Antibacterials Oral Treatment of vulvovaginal candidiasis in female 
postmenarchal pediatric patients

COVID-19 vaccine, mRNA 
(Comirnaty)2

Vaccine Intramuscular 
injection

Active immunization to prevent COVID-19 in 
individuals ≥16 years

TABLE 1. NEW DRUGS APPROVED FOR CHILDREN PART 2
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Drug Therapeutic 
category

Dosage form Indication(s)

Baloxavir marboxil 
(Xofluza)49

Antiviral 
agents

Oral 
suspension,  
40 mg/20 mL

 Treatment of acute uncomplicated influenza in patients ≥12 years who have been 
symptomatic ≤48 hours and who are otherwise healthy but at high risk of developing 
influenza-related complications

 Postexposure prophylaxis in patients ≥12 years following contact with a patient who 
has influenza

Levothyroxine 
(Thyquidity)50

Thyroid 
hormone

Oral solution Treatment of hypothyroidism and pituitary thyrotropin suppression

Tasimelteon 
(Hetlioz)51

Central 
nervous 
system agent

Oral 
suspension

 Treatment of non-24-hour sleep-wake disorder (non-24) in adults
 Treatment of nighttime sleep disturbances in patients with Smith-Magenis syndrome 
aged 3-15 years (capsules are approved for patients ≥16 years)

Omalizumab 
(Xolair)52

Immunological 
agents 

Prefilled 
syringe for 
self-injection

Treatment of moderate to severe persistent allergic asthma in patients ≥6 years, chronic 
idiopathic urticaria in patients ≥12 years, and nasal polyps in adults

Mirabegron 
granules 
(Myrbetriq)53

β3-adrenergic 
receptor 
agonist

Granules for 
extended-
release oral 
suspension

Treatment of neurogenic detrusor overactivity in pediatric patients ≥3 years

Extended-release tablets: Updated indication also includes patients ≥3 years

Naloxone 
(Kloxxado)54

Analgesics Nasal spray, 
8 mg

Emergency treatment of known or suspected opioid overdose, as manifested by 
respiratory and/or central nervous system depression, in adult and pediatric patients

Posaconazole 
(Noxafil 
PowderMix)55

Antifungal 
agent

Delayed-
release oral 
suspension

Prophylaxis of invasive Aspergillus and Candida infections in pediatric patients 
≥2 years who are at high risk of developing these infections due to being severely 
immunocompromised

Sofosbuvir/
velpatasvir 
(Epclusa)17

Antiviral 
agents

Oral pellets Treatment of chronic HCV genotype 1, 2, 3, 4, 5, or 6 infection in adult and pediatric 
patients ≥3 years

Oral tablets: Updated indication to also includes patients ≥3 years

Glecaprevir/
pibrentasvir 
(Mavyret*)18

Antiviral 
agents

Oral pellets  Treatment of chronic HCV genotype 1, 2, 3, 4, 5, or 6 infection without cirrhosis, or with 
compensated cirrhosis (Child-Pugh class A), in adult and pediatric patients ≥3 years

 Treatment of HCV genotype 1 infection in adult and pediatric patients ≥3 years who 
were previously treated with a regimen containing an HCV NS5A inhibitor or an 
NS3/4A protease inhibitor, but not both

Dabigatran 
etexilate 
(Pradaxa)16

Anticoagulant Oral pellets  Treatment of venous thromboembolism (VTE) in pediatric patients aged 3 months to 
<12 years who have been treated with a parenteral anticoagulant for ≥5 days

 To reduce the risk of VTE recurrence in previously treated pediatric patients aged 3 
months to <12 years

 Capsules: Updated indication to include pediatric patients aged 8-17 years

Cyclosporine 
ophthalmic 
emulsion) 0.1% 
(Verkazia)56

Immunological 
agents

Ophthalmic 
emulsion

Treatment of vernal keratoconjunctivitis in pediatric and adult patients

Asparaginase 
erwinia 
chrysanthemi 
(recombinant)-
rywn (Rylaze)57

Enzyme 
replacement/
modifying 
agent

Intramuscular 
injection

A component of a multiagent chemotherapeutic regimen for the treatment of acute 
lymphoblastic leukemia and lymphoblastic lymphoma in adult and pediatric patients  
≥1 month who have developed hypersensitivity to E coli–derived asparaginase

Tretinoin and 
benzoyl peroxide 
(Twyneo)58

Dermatological 
agents

Topical cream Topical treatment of acne vulgaris in adult and pediatric patients ≥9 years

Insulin glargine-
yfgn (Semglee)59

Blood glucose 
regulators

Subcutaneous 
injection

To improve glycemic control in adult and pediatric patients with type 1 diabetes mellitus 
and in adults with type 2 diabetes mellitus

*Indicates an updated pediatric labeling change
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Drug Therapeutic 
category

Dosage form Indication(s)
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(Xofluza)49

Antiviral 
agents

Oral 
suspension,  
40 mg/20 mL
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 Postexposure prophylaxis in patients ≥12 years following contact with a patient who 
has influenza
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(Thyquidity)50

Thyroid 
hormone

Oral solution Treatment of hypothyroidism and pituitary thyrotropin suppression

Tasimelteon 
(Hetlioz)51

Central 
nervous 
system agent

Oral 
suspension

 Treatment of non-24-hour sleep-wake disorder (non-24) in adults
 Treatment of nighttime sleep disturbances in patients with Smith-Magenis syndrome 
aged 3-15 years (capsules are approved for patients ≥16 years)

Omalizumab 
(Xolair)52

Immunological 
agents 

Prefilled 
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self-injection

Treatment of moderate to severe persistent allergic asthma in patients ≥6 years, chronic 
idiopathic urticaria in patients ≥12 years, and nasal polyps in adults

Mirabegron 
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(Myrbetriq)53

β3-adrenergic 
receptor 
agonist

Granules for 
extended-
release oral 
suspension

Treatment of neurogenic detrusor overactivity in pediatric patients ≥3 years

Extended-release tablets: Updated indication also includes patients ≥3 years

Naloxone 
(Kloxxado)54

Analgesics Nasal spray, 
8 mg

Emergency treatment of known or suspected opioid overdose, as manifested by 
respiratory and/or central nervous system depression, in adult and pediatric patients

Posaconazole 
(Noxafil 
PowderMix)55

Antifungal 
agent

Delayed-
release oral 
suspension

Prophylaxis of invasive Aspergillus and Candida infections in pediatric patients 
≥2 years who are at high risk of developing these infections due to being severely 
immunocompromised

Sofosbuvir/
velpatasvir 
(Epclusa)17

Antiviral 
agents

Oral pellets Treatment of chronic HCV genotype 1, 2, 3, 4, 5, or 6 infection in adult and pediatric 
patients ≥3 years

Oral tablets: Updated indication to also includes patients ≥3 years

Glecaprevir/
pibrentasvir 
(Mavyret*)18

Antiviral 
agents

Oral pellets  Treatment of chronic HCV genotype 1, 2, 3, 4, 5, or 6 infection without cirrhosis, or with 
compensated cirrhosis (Child-Pugh class A), in adult and pediatric patients ≥3 years

 Treatment of HCV genotype 1 infection in adult and pediatric patients ≥3 years who 
were previously treated with a regimen containing an HCV NS5A inhibitor or an 
NS3/4A protease inhibitor, but not both

Dabigatran 
etexilate 
(Pradaxa)16

Anticoagulant Oral pellets  Treatment of venous thromboembolism (VTE) in pediatric patients aged 3 months to 
<12 years who have been treated with a parenteral anticoagulant for ≥5 days

 To reduce the risk of VTE recurrence in previously treated pediatric patients aged 3 
months to <12 years

 Capsules: Updated indication to include pediatric patients aged 8-17 years

Cyclosporine 
ophthalmic 
emulsion) 0.1% 
(Verkazia)56

Immunological 
agents

Ophthalmic 
emulsion

Treatment of vernal keratoconjunctivitis in pediatric and adult patients

Asparaginase 
erwinia 
chrysanthemi 
(recombinant)-
rywn (Rylaze)57

Enzyme 
replacement/
modifying 
agent

Intramuscular 
injection

A component of a multiagent chemotherapeutic regimen for the treatment of acute 
lymphoblastic leukemia and lymphoblastic lymphoma in adult and pediatric patients  
≥1 month who have developed hypersensitivity to E coli–derived asparaginase

Tretinoin and 
benzoyl peroxide 
(Twyneo)58

Dermatological 
agents

Topical cream Topical treatment of acne vulgaris in adult and pediatric patients ≥9 years

Insulin glargine-
yfgn (Semglee)59

Blood glucose 
regulators

Subcutaneous 
injection

To improve glycemic control in adult and pediatric patients with type 1 diabetes mellitus 
and in adults with type 2 diabetes mellitus

*Indicates an updated pediatric labeling change

adults and supportive data from an 
open-label safety and pharmacoki-
netic study in pediatric patients aged 
2 to 17 years with postoperative acute 
pain. The recommended initial dos-
age is 0.3 mg/kg/dose orally, based 
on pharmacokinetic modeling and 
simulation, which will be equivalent 
to the maximum concentration of 
10 mg in adult patients. With regard 
to safety, adverse effects are expect-
ed to be similar to those observed in 
adults. Morphine continuous intra-
venous infusion is now approved for 
pain in patients of all age groups. Use 
of morphine continuous intravenous 
infusion for pain management in pe-
diatric patients is supported by evi-
dence from randomized controlled 
studies in pediatric patients.9,10

Additional pain medications that 
have expanded indications in the pe-
diatric population include diclofenac 
potassium (Zipsor). The labeling has 
been expanded to include safety and 
effectiveness in pediatric patients 
aged 12 to 17 years, offering this 
population an alternative nonopioid 
pain medication.10,11 This indication 
was based on extrapolation of effi-
cacy from studies in adult patients 
combined with pharmacokinetic 
and safety data from 2 open-label 
studies with a combined 49 patients 
aged 12 to 17 years and an active-
controlled study in 76 pediatric pa-
tients aged 12 to 16 years.

Bupivacaine liposome (Exparel) 
is a postoperative local anesthetic 
with labeling updated to include a 
single-dose infiltration to contrib-
ute to postsurgical local analgesia 
in pediatric patients 6 years and 
older.10,12 This indication was based 
on the results of the phase 3 PLAY 
study, which included 98 pediatric 
patients undergoing spinal or cardi-

ac surgeries. A dose of 4 mg/kg pro-
duced pharmacokinetics and safety 
outcomes similar to those in adult 
patients. This updated indication 
provides an alternative to opioids for 
postoperative pain control. 

EXPANDED PEDIATRIC  
AGE GROUPS
Many of the drug labeling chang-
es in 2021 have focused on expand-
ing indications to include younger 
pediatric patients. Although initial 
FDA approvals in pediatric patients 
often include adolescent patients, 
these medications are often used in 
the younger populations. Below are 
highlights of updates for expanded 
indications in children.

Brivaracetam (Briviact) is an an-
ticonvulsant with a mechanism 
similar to that of levetiracetam; it 
binds specifically to synaptic vesicle 
protein 2A, but with a 15- to 30-fold 
higher affinity compared with leve-
tiracetam. Brivaracetam oral and 
intravenous formulations are now 
indicated in patients 1 month or old-
er for the treatment of partial-onset 
seizures.10,13 This indication was 
based on the results of an open-label 
follow-up pediatric study, in which 
an estimated 71.4% and 64.3% of pa-
tients aged 1 month to 17 years with 
partial-onset seizures remained on 
brivaracetam therapy at 1 year and 2 
years, respectively.

Dalbavancin (Dalvance) is a 
unique glycopeptide antibiotic that 
is approved in all pediatric patients 
from birth.14 It is indicated for the 
treatment of acute bacterial skin 
and soft tissue infections caused by 
gram-positive bacteria, including 
methicillin-resistant Staphylococ-
cus aureus. It is the first single-dose 
option for this indication and is 
administered as a 30-minute infu-
sion. This approval was based on a 

multicenter, open-label, random-
ized, active-controlled trial that 
was conducted in pediatric patients 
aged 3 months to 18 years with bac-
terial skin and soft tissue infections. 
The study compared single-dose or 
2-dose dalbavancin against a com-
parator regimen that included intra-
venous vancomycin for methicillin-
resistant gram-positive infections or 
intravenous oxacillin or flucloxacil-
lin for methicillin-susceptible gram-
positive infections.

Another antimicrobial agent that 
recently received expanded age in-
dications is peramivir10,15 (Rapivab). 
Based on the results of a randomized, 
open-label, active-controlled study 
comparing peramivir and oseltami-
vir in 97 patients aged 6 months to 
17 years with acute uncomplicated 
influenza, the label was updated to 
include pediatric patients 6 months 
and older. There was a comparable 
time between the oseltamivir and 
peramivir groups to alleviation of 
symptoms and time to recovery of 
normal temperature. The recom-
mended dose based on this study is 
12 mg/kg/dose for patients 6 months 
to 12 years of age.

New dosage forms
As the need for pediatric dosage 
forms expands, pharmaceutical 
companies have begun exploring 
options beyond oral liquids. Three 
medications have been approved as 
“oral pellets” in the past year: dabiga-
tran etexilate (Pradaxa), sofosbuvir/
velpatasvir (Epclusa), and glecapre-
vir/pibrentasvir (Mavyret). Pradaxa, 
originally approved in 2010 for the 
treatment and prevention of venous 
thromboembolism in adults, is now 
approved for pediatric patients aged 
3 months to less than 12 years for the 
same indications.16 As the first di-
rect-acting oral anticoagulant ap-
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proved for use in the pediatric popu-
lation, Pradaxa offers an alternative 
to injectable anticoagulants and 
warfarin. The oral pellets approved 
for this age group are available in 
packets of 20 mg, 30 mg, 40 mg,  
50 mg, 110 mg, and 150 mg. The pack-
et is opened and the pellets mixed in 
a soft food, such as baby rice cereal 
prepared with water or apple sauce; 
the pellets should not be mixed with 

milk or milk-containing foods. A 
spoon is then used to administer the 
dose. It should be noted that these 
pellets should not be administered 
with an oral syringe or through a 
feeding tube. Epclusa and Mavyret, 
both approved for the treatment of 
hepatitis C infection in children as 
young as 3 years, are also now avail-
able as oral pellets packaged in pack-
ets.17,18 It is important to read the in-

structions for use carefully, as only 
certain types of foods can be used 
to mix the pellets. For both Epclusa 
and Mavyret, it is important that the 
child not chew the pellets, as this will 
produce a bad taste.

Conclusion
We continue to see improvements in 
drug labeling for children and new 
dosage forms, which will help im-

pharmacology
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TABLE 4. RECENT PEDIATRIC DRUG LABELING CHANGES PART 1
Drug Therapeutic category Previous indications Labeling change
Sugammadex 
(Bridion)60

Neuromuscular 
blockade reversal 
agent

Reversal of neuromuscular blockade induced 
by rocuronium bromide or vecuronium  
bromide in adults undergoing surgery

Age approved for use lowered to 
2 years.

Fesoterodine fumarate 
(Toviaz extended-
release tablets)61

Muscarinic 
antagonist 

Treatment of overactive bladder with 
symptoms of urge urinary incontinence, 
urgency, and frequency

Age approved for use lowered 
to 6 years in patients weighing 
>25 kg.

Morphine sulfate 2 
mg/mL and 4 mg/mL 
oral solution8

Analgesics Management of pain not responsive to 
nonnarcotic analgesics

Age approved for use extended to 
2-17 years.

Morphine sulfate 
injection9

Analgesics Management of pain not responsive to 
nonnarcotic analgesics

Use approved in pediatric 
patients of all age groups.

Diclofenac potassium  
(Zipsor capsules)11

Analgesics Safety and efficacy have not been established 
in patients <18 years.

Age approved for use lowered to 
12 years.

Valsartan (Diovan)62 Cardiovascular 
agents

Approved in pediatric patients ≥6 years Age approved for use lowered to 
1 year.

Spinosad (Natroba)63 Dermatological 
agents

Topical treatment of head lice infestations in 
adult and pediatric patients ≥6 months

Topical treatment of scabies 
infestations in adult and pediatric 
patients ≥4 years.

Amphetamine 
sulfate (Evekeo ODT 
orally disintegrating 
tablets)64

Central nervous 
system agents 

Treatment of ADHD in pediatric patients aged 
6-17 years

Age approved for use lowered to 
3 years.

Daunorubicin/
cytarabine (Vyxeos 
liposome injection)65

Antineoplastic 
agents

Treatment of adults with 2 types of AML: 
newly diagnosed therapy-related AML or 
AML with myelodysplasia-related changes

Treatment of newly diagnosed 
acute myeloid leukemia (AML) in 
pediatric patients ≥1 year.

Peramivir  
(Rapivab injection)15

Antiviral agents Treatment of acute uncomplicated influenza 
in pediatric patients ≥2 years who have been 
symptomatic for ≤2 days

Age approved for use lowered to 
6 months.

Vortioxetine 
(Trintellix tablets)66

Anxiolytics Treatment was not addressed previously in 
this population. 

Efficacy for major depressive 
disorder has not been established
in patients aged 12-17 years.

Bupivacaine liposome 
(Exparel injection)12

Anesthetic Single-dose infiltration to produce 
postsurgical local analgesia and as an 
interscalene brachial plexus nerve block in 
adults

Age approved for use lowered to 
6 years.
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prove care for this patient popula-
tion. New vaccines for the preven-
tion of pneumococcal disease in 
adults may eventually receive ap-
proval in children. Novel pediatric-
friendly oral dosage forms, such as 
oral pellets, may continue to become 
available for new drugs seeking ap-
proval for pediatric use. The coming 
months should see more approvals in 
the area of COVID-19. The continu-

ing growth of clinical trials and ap-
provals in children combined with 
the expansion of drug labeling to 
include children has been encour-
aging for pediatric practitioners.  
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Diclofenac potassium 
(Zipsor capsules)11

Analgesics Safety and efficacy have not been established 
in patients <18 years.

Age approved for use lowered to 
12 years.

Valsartan (Diovan)62 Cardiovascular 
agents

Approved in pediatric patients ≥6 years Age approved for use lowered to 
1 year.

Spinosad (Natroba)63 Dermatological 
agents

Topical treatment of head lice infestations in 
adult and pediatric patients ≥6 months

Topical treatment of scabies 
infestations in adult and pediatric 
patients ≥4 years.

Amphetamine 
sulfate (Evekeo ODT 
orally disintegrating 
tablets)64

Central nervous 
system agents 

Treatment of ADHD in pediatric patients aged 
6-17 years

Age approved for use lowered to 
3 years.

Daunorubicin/
cytarabine (Vyxeos 
liposome injection)65

Antineoplastic 
agents

Treatment of adults with 2 types of AML: 
newly diagnosed therapy-related AML or 
AML with myelodysplasia-related changes

Treatment of newly diagnosed 
acute myeloid leukemia (AML) in 
pediatric patients ≥1 year.

Peramivir 
(Rapivab injection)15

Antiviral agents Treatment of acute uncomplicated influenza 
in pediatric patients ≥2 years who have been 
symptomatic for ≤2 days

Age approved for use lowered to 
6 months.

Vortioxetine 
(Trintellix tablets)66

Anxiolytics Treatment was not addressed previously in 
this population. 

Efficacy for major depressive 
disorder has not been established
in patients aged 12-17 years.

Bupivacaine liposome 
(Exparel injection)12

Anesthetic Single-dose infiltration to produce 
postsurgical local analgesia and as an 
interscalene brachial plexus nerve block in 
adults

Age approved for use lowered to 
6 years.

Drug Therapeutic category Previous indications Labeling change
OnabotulinumtoxinA 
(Botox injection)67

Neuromuscular 
blocking agent

Treatment of overactive bladder symptoms, 
such as a strong need to urinate with leaking 
or wetting accidents (urge urinary inconti-
nence), a strong need to urinate right away 
(urgency), and urinating often (frequency) 
in adults ≥18 years when another type of 
medicine (anticholinergic) does not work well 
enough or cannot be taken

Treatment of neurogenic detrusor 
overactivity  in pediatric patients 
≥5 years who have an inadequate 
response to or are intolerant of 
anticholinergic medication.

IncobotulinumtoxinA 
(Xeomin injection)68

Neuromuscular 
blocking agent, toxin

Treatment of chronic sialorrhea (excessive 
drooling) in adult patients

Age approved for use lowered to 
6 years.

Liraglutide (Saxenda 
injection)69

Blood glucose 
regulators

Approved for use in adults with a body mass 
index ≥30 (obese) or ≥27 (overweight) who 
have ≥1 weight-related condition, such as 
hypertension, type 2 diabetes, or high choles-
terol (dyslipidemia)

Age approved for use lowered to 
12 years.

Brivaracetam 
(Briviact)13

Antiepileptic As monotherapy and adjunctive therapy, for 
the treatment of partial-onset (focal) seizures 
in patients ≥4 years

Age approved for use lowered to 
1 month.

Dalbavancin 
(Dalvance)14

Antibacterial agent Previously not approved in pediatric patients Treatment of acute bacterial skin 
and skin structure infections in 
pediatric patients from birth.

 Tacrolimus (Prograf)70 Immunological 
agent

Prevention of organ rejection in adult and 
pediatric recipients of heart, liver, or kidney 
transplants 

Prevention of organ rejection in 
adult and pediatric recipients of 
lung transplants.

Elexacaftor/
tezacaftor/ivacaftor 
(Trikafta)71,72

Cystic fibrosis trans-
membrane con-
ductance regulator 
corrector and poten-
tiator combination

Treatment of CF in patients ≥12 years with ≥1 
copy of the CFTR F508del mutation 

Age approved for use lowered to 
6 years.

 Secukinumab 
(Cosentyx) 73

Antipsoriatic agent Treatment of moderate to severe plaque 
psoriasis in patients ≥18 years

Age approved for use lowered to 
6 years.

Human rabies immune 
globulin (Kedrab)74

Immunoglobulin Passive, transient postexposure prophylaxis 
of rabies infection, when given immediately 
after contact with a rabid or possibly rabid 
animal, in patients >18 years

Age approved for use extended 
to patients of all ages.
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Since March 2021, when it was first 
encountered in the United States, 
the B.1.617.2 (Delta) variant of SARS-
CoV-2 has spread rapidly; as of 
November, Delta represents the pre-
dominant strain causing COVID-19 
in the United States.1 How does this 
variant differ from others, and how 
does it affect pediatric patients? The 
following answers provide a round-
up of the currently available infor-
mation on this strain of the virus.  

What is the COVID-19 Delta 
variant? How did it become 
the predominant variant in the 
United States?
SARS-CoV-2, the virus responsible 
for the COVID-19 pandemic, is an 
RNA virus. This type of virus is prone 
to mutation, especially when it in-
fects a large number of individuals. 
As we all know, mutations are errors 
that occur during the process of vi-
ral replication: The more opportuni-
ties a virus has to replicate, the more 

chances it has to mutate.2 This is not 
a unique feature of COVID-19; it also 
occurs with other viruses, such as 
the influenza virus. 

Mutations happen at random, and 
most have no effect on viral function. 
Some may even cause the virus to 
weaken and become less contagious. 
However, a mutation that confers the 
ability to be more transmissible can 
rapidly take over and become the 
dominant form among susceptible 
hosts. The Delta variant has mul-
tiple mutations, which are thought 
to make this variant more transmis-
sible and prone to avoid the human 
immune system.3 

How does the epidemiology 
of the Delta variant differ from 
that of prior strains of SARS-
CoV-2?
After the introduction of the vaccines, 
incidence of COVID-19 in the United 
States steadily decreased among all 
age groups. In children, the weekly 

average 
incidence 
rates i n 
early June 
2021, the low-
est of the year, 
were 1.7, 1.9, and 2.9 
per 100,000 persons for 0 to 
4, 5 to 11, and 12 to 17 years, respec-
tively. As the Delta variant rose to 
dominance in July 2021, a rapid inci-
dence increase was observed, reach-
ing rates as high as 16.2, 28.5, and 32.7 
per 100,000 persons for the 3 respec-
tive age groups by August 2021.4 Other 
factors that could have contributed to 
this peak include relaxation of mask-
ing mandates and physical distanc-
ing, as well as school openings. 

Is the COVID-19 Delta variant 
more transmissible in children? 
How about in vaccinated 
children?
The Delta variant is more than twice 
as transmissible as the original 

What we now know 
about the COVID-19 
Delta variant 
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MARIA S. RUEDA ALTEZ, MD; AND RANA F. HAMDY, MD, MPH, MSCE;

Experts answer pediatricians’ and parents’ 
top questions about this COVID-19 strain’s 
impact on children.
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COVID-19 strain and 40% to 60% 
more than the Alpha variant.2 Unvac-
cinated individuals of all ages are at 
increased risk of contracting the 
Delta variant. 

Vaccinated individuals can be-
come infected with COVID-19. Also 
known as breakthrough infections, 
these cases have been more fre-
quently observed since the Delta 
variant surge. Because these indi-
viduals are contagious, it is impor-
tant to follow isolation precautions.1,3

Thankfully, vaccination effectively 
reduces the overall risk of infection 

with COVID-19 by 6-fold.5

Does the Delta variant 
cause more severe disease 
in children?
The increase in transmissibil-
ity and rising number of hospi-
talizations led to concern that 

children were getting sicker. To 
determine if higher rates of se-

vere disease were being observed, 
a Coronavirus Disease 2019–Asso-

ciated Hospitalization Surveillance 
Network team looked at pediatric 
hospitalization data before (March 
1, 2020, to June 19, 2021) and after 
(June 20 to July 31, 2021) Delta be-
came the predominant strain. The 
authors found no significant differ-
ence in intensive care admission, 
highest level of respiratory support, 
or mortality between the 2 periods.6

These data provide reassurance that 
although the Delta variant led to a 
larger number of infected children, 
the severity of disease is not great-
er compared with that of other vari-
ants. Data need to be further updated 
with subsequent reports including 
the latest surveillance information 
to determine other important poten-
tial complications in children, such 
as the incidence of multisystem in-
flammatory syndrome in children 

or persistent post–COVID-19 symp-
toms, better known as “long COVID.” 

How can we protect children 
from the Delta variant?
Vaccination is effective in prevent-
ing COVID-19 infection, especial-
ly the more severe manifestations. 
With the Delta variant, new cases of 
infection were observed in both vac-
cinated and unvaccinated individu-
als. Findings published in the New 
England Journal of Medicine showed 
that one of the current available vac-
cines (BNT162b2; Pfizer/BioNTech) 
has slightly lower effectiveness 
against the Delta variant compared 
with the Alpha variant (88% vs 93.7%, 
respectively).7 A subsequent report 
by the Centers for Disease Control 
and Prevention (CDC) stated that 
the Moderna vaccine’s efficacy was 
92% in adults during the Delta vari-
ant surge.8 Findings of a study evalu-
ating the trends in COVID-19–relat-
ed emergency department (ED) visits 
and hospitalizations since the Delta 
variant surge showed that ED visits 
and hospitalizations were more than 
3 times higher in US states with the 
lowest vaccination coverage (< 50%) 
compared with those with the high-
est coverage (> 70%). This effect was 
seen even in children younger than 
12 years, showing that immuniz-
ing eligible individuals in the com-
munity provides protection to the 
youngest. At the time this article 
was drafted, the US Food and Drug 
Administration had recently ap-
proved the Pfizer/BioNTech vaccine 
for emergency use in children aged 
5 to 11 years old and is currently be-
ing evaluated by the CDC Advisory 
Committee on Immunization Prac-
tices (ACIP) for further recommen-
dations to the general public.9

Our health authorities continue 
to recommend masking and social 

distancing in addition to vaccina-
tion. Findings of a comparison study 
of Arizona schools (kindergarten 
through grade 12) with variable 
mask policies from July to August 
2021 showed that those with no mask 
requirement had 3.5 higher odds of 
a school-associated COVID-19 out-
break compared with schools that 
had required masking since the be-
ginning of the school year.10 Similar 
results were observed in a larger 
study including 520 school districts 
across the United States.11 These 
studies show that a multilayered 
approach is still needed to stop the 
transmission of COVID-19.

Are there any additional 
variants that we should be 
concerned about? How about 
other emerging infections?
Public health networks and nation-
al authorities are constantly moni-
toring the evolution of SARS-CoV-2 
worldwide. The World Health Orga-
nization (WHO) closely follows the 
emergence and progression of new 
variants that emerge globally and 
the CDC monitors these variants’ 
threat to the United States. Any vari-
ant shown to have genetic chang-
es that might pose a future risk but 
without clear evidence of impact is 
labeled by the WHO as “variants un-
der monitoring” and enhanced mon-
itoring and assessments are under-
taken to actively seek new evidence 
about potential impact. At least 15 
such variants have been identified 
worldwide, most recently the B.1.630 
variant identified first in the Do-
minican Republic in October 2021. If 
an identified variant has mutations 
that provide a higher transmissibili-
ty, immune escape, or severity of dis-
ease, and has shown at a community 
level to have increasing transmission 
and relative prevalence, it is catego-

reduces the overall risk of infection 
with COVID-19 by 6-fold.

Does the Delta variant 
cause more severe disease 
in children?
The increase in transmissibil-
ity and rising number of hospi-
talizations led to concern that 

children were getting sicker. To 
determine if higher rates of se-

vere disease were being observed, 
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rized as a “variant of interest” (VOI), 
which for the WHO currently  in-
cludes the Lambda and Mu variants. 
Given their limited prevalence and 
expansion within the US, they are 
not considered VOI by the CDC. The 
most concerning variants are labeled 
by the WHO as “variants of concern 
(VOC)”, which are those that have 
been proven to have a significant 
impact in global public health. This 
group currently includes the Delta 
variant, in addition to other previ-
ously described variants like Alpha 
(first identified in the United King-
dom), Beta (first identified in South 
Africa), and Gamma (first identified 
in Brazil).12 Within the United States, 
the Delta variant has been consid-
ered a VOC since July 2020. In con-
trast, given their declining prev-
alence, Alpha, Beta and Gamma 
variants are considered “variants be-
ing monitored” as of September 2021 
by the CDC.2

There are also an increasing num-
ber of subvariants—descendent lin-
eages from each variant—being iden-
tified and closely monitored. “Delta 
plus”, formally known as AY.4.2, is a 
sub-lineage of the Delta variant that 
has additional mutations, including 
2 in the spike protein region. The 

WHO has reported an increasing 
number of viral isolates identified as 
AY.4.2 predominantly in the United 
Kingdom, but distributed across 
42 countries including the United 
States.13 More information is needed 
to determine the potential impact of 
this subvariant. 

In addition to SARS-CoV-2, there 
are reports of a surge of highly patho-
genic avian influenza type A (H5N6) 
in China. H5N6, first described in 
2014, is a zoonotic infection trans-
mitted by infected birds that can 
cause severe disease in humans. 
Only 52 cases of H5N6 have been di-
agnosed since 2014, but, alarmingly, 
25 of these occurred during 2021. In 
addition, the first case outside of Chi-
na was identified this year, in Laos.14

The CDC has conducted a risk as-
sessment of the pandemic potential 
of this infection and has determined 
that, to date, the risk for human-to-
human transmission is low.15 The 
WHO is monitoring H5N6, as well as 
other avian influenza viruses.16

Summary
The Delta variant is the current pre-
dominant strain of COVID-19 in the 
United States and has demonstrat-
ed increased transmissibility when 

compared with prior variants. The 
most current data have not shown 
an increase in severity of COVID-19 
infections among pediatric patients. 
Pediatricians should continue to 
spread awareness of the risks of CO-
VID-19 infection and the known 
measures for prevention. Vaccina-
tion, social distancing, and masking 
continue to be our greatest tools to 
protect both children and adults.  
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There are also an increasing 
number of subvariants—
descendant lineages from each 
variant—being closely monitored.
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In the United States, respiratory syn-
cytial virus (RSV) season typically 
runs from fall until spring. But, like 
many aspects of the world of infec-
tious disease, RSV is not behaving in 
its typical way, and the virus surged 
this past summer.

Why this happened is up for 
debate, but the leading theories 
include both increased testing and 
decreased exposure to respiratory 
viruses thanks to months of taking 
COVID-19 precautions. Whatever 
its cause, the surge made an unfor-
gettable impact on pediatricians 
providing direct care.

Steven M. Selbst, MD, attend-
ing physician, Pediatric Emergency 
Medicine, Nemours/Alfred I duPont 
Hospital for Children, Wilmington, 
Delaware and a member of the Con-
temporary Pediatrics® Editorial Advi-
sory Board said that in his 24 years in 
emergency medicine, he never saw 
a busier summer virus season than 
in 2021—and RSV was a key player. 
“It was nonstop, all day every day. 
Every bed in the hospital was full,” 
recalled Selbst.

More testing may be a factor but is 

not solely behind the uptick in cases, 
according to Selbst. “I cannot fully 
explain why we are seeing so many 
infants with RSV,” he said. “I’m not 
convinced we know why this ‘win-
ter virus’ became so common this 
summer and fall. We were admitting 

many infants with RSV because they 
were ill, so I do not believe it is just a 
matter of more testing.”

When COVID-19 emerged in late 
2019, one unexpected benefit was 
that social distancing and use of face 
masks helped stem the spread of all 
kinds of respiratory diseases. The 
intended target of these interven-
tions was SARS-CoV-2, but they also 
reduced transmission of other drop-
let-borne viruses such as influenza 
and RSV.1

Normally, RSV causes around 
58,000 hospitalizations and 100 to 

500 deaths in children under age 5 
each year, according to the Centers for 
Disease Control and Prevention 
(CDC).2 In 2020, however, at the height 
of the COVID-19 pandemic, positive 
RSV rates dropped by 97.4% from sea-
sonal averages even though testing 
rates remained about the same.3

This situation shifted in 2021, as 
new COVID-19 infections waned in 
the early months. Many areas of the 
country relaxed masking and social 
distancing rules. RSV numbers de-
clined sharply in April 2020, remain-

ing low throughout the next RSV 
season, but that all changed by 
the spring of 2021. Cases of RSV 
started to climb in March, around 
the time pediatricians would nor-
mally see a drop-off.

By June and July 2021, the na-
tional average of RSV cases ex-

ceeded the peak number for 2019.4

This unseasonal jump was unprec-
edented but not entirely unexpected. 
A 2020 report published in PNAS pre-
dicted that masking and other CO-
VID-19–prevention measures could 
lead to a resurgence in viruses like 
influenza and RSV when precautions 
were lifted.5 This already had been 
observed in Australia and other parts 
of the world in late 2020.

Some experts have suggested that 
increased testing contributed to the 
unseasonal spike in RSV cases: Many 

Examining the 
seasonal shift of RSV
The jury is out on whether testing or exposure 
better explains the unseasonable surge of 
respiratory syncytial virus.

RACHAEL ZIMLICH, BSN, RN

Whatever its cause, 
the surge made an 

unforgettable impact
on pediatricians.
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A hospital’s emergency 
department (ED) requested that 
a dermatologist evaluate an 

18-month-old girl who has ringed scars 
with hyperpigmentation on the right 
side of her buttocks and back (Figure). 
The child was referred to the ED by her 
primary care provider (PCP), who fi rst 
noted the skin fi ndings during a well-
child visit.

The child was accompanied by her 
mother, who reportedly had not no-
ticed the lesions until the PCP in-
quired about them. Later, in the ED, 
the mother stated that the child lies 
against the crib bars, which leave 
markings on her skin. The history re-
vealed no other concerning signs or 
symptoms, and the child was in no 
acute distress. A careful physical ex-
amination revealed multiple discrete, 
annular scars with hyperpigmenta-

tion and well-demar-

cated borders on the right side of the 
child’s back and buttocks. There was 
no surrounding erythema, ecchymo-
sis, or edema. Remaining physical 
exam findings were unremarkable.

During the initial evaluation, the 
history of the crib bars as the mech-
anism of injury was deemed incon-
sistent with the skin findings. The 
patterned scars were suspicious for 
child abuse. A report was made to 
child protective services (CPS), and 
the child was evaluated in the ED by 
the child maltreatment team. 

Possible signs of abuse
CPS agencies investigate more than 

2 million reports of alleged child mal-
treatment each year in the United 
States.1In 2019, approximately 656,000 
children were substantiated as victims 
of abuse and neglect, roughly 18% of 
whom endured physical abuse.1 Child 
neglect and abuse is the fourth leading 
cause of death for children between 
1 and 4 years of age.2 National statis-
tics on physical abuse represent only 
cases investigated and substantiated 
by state CPS agencies. The true prev-
alence is likely higher, based on hos-
pitalization rates for physical abuse 
and adult reports of childhood phys-
ical abuse from other entities.3,4 The 
COVID-19 pandemic has caused loss 

dermatology

THE 
CASE

Bernard A. Cohen, MD, section editor for Dermcase, professor of pediatrics and dermatology, Johns Hopkins University School of 
Medicine, Baltimore, Maryland

 FIGURE Right side of child’s back.

SARAH YORK, RN; AND BERNARD A. COHEN, MD
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of income and increased social isola-
tion, both of which exacerbate the risk 
of child maltreatment.4

Recent data reveal a decline in 
both official reports to CPS agencies 
and the number of ED visits related 
to maltreatment, but the percentage 
of hospitalizations for child abuse 
and neglect rose from the previous 
year.4 This trend in data may be at-
tributed to decreased in-person con-
tact between children and mandated 
reporters, as well as a shift in health 
care–seeking patterns during the 
COVID-19 pandemic and the result-
ing decline in the total number of 
ED visits.4 These concerning find-
ings suggest that the severity of child 
abuse injuries has remained the 
same or worsened.4

The law requires that injuries that 
are suspicious for neglect or abuse 
be reported to state CPS agencies. 
The Child Abuse Prevention and 
Treatment Act defines child abuse 
and neglect as “any recent act or 
failure to act on the part of a parent 
or caretaker which results in death, 
serious physical or emotional harm, 
sexual abuse or exploitation” or “an 
act or failure to act which presents 
an imminent risk of serious harm.”1

This federal legislation provides 
a foundation for identifying child 
maltreatment, but each state has its 
own definition of child abuse and 
neglect that influences the recogni-
tion and reporting of child physical 
abuse.1,3 Personal and cultural expe-
riences also influence recognition 
and reporting.3

Child physical abuse can result in 
permanently disfiguring injuries.3

Children who experience physical 
abuse are at greater risk of develop-
ing behavioral problems including 
conduct disorders, aggression, and 
depression.3 Victims of child physi-
cal abuse are more likely to begin use 

of tobacco and drugs as adolescents 
and report chronic physical and 
mental health diseases as adults.3

There are many factors related to 
the parent, child, and environment 
that increase the risk of child physical 
abuse. Infants and toddlers are most 
vulnerable.1,3 Children cared for by a 
single parent; parent(s) of young age; 
or parent(s) with a personal history of 
abuse as a child, substance and/or al-

cohol use, or depression are at higher 
risk of physical abuse.3

Child physical abuse often goes 
unrecognized until it results in se-
vere injury or death.5 Recognizing 
and diagnosing physical abuse can 
be challenging. Physical abuse typi-
cally occurs between the perpetra-
tor and the child without a witness 
present. Perpetrators rarely admit 
to their actions, and child victims 
are often preverbal or too fear-
ful to disclose the abuse.3 Sentinel 
injuries—minor inf licted injuries 
identified by physicians or caretak-
ers prior to recognizing the child 
as a victim of physical abuse—are 
common in abused infants but are 
sometimes underappreciated and  
not reported.3

Child physical abuse may be sus-
pected based on inconsistent history 
and suggestive physical examination 
findings. Specific skin injuries that 
may suggest physical abuse include 
patterned bruising, laceration, abra-
sions, and scars, particularly in the 
shape of a handprint, stick, cord, or 
belt.3,5,6 Other possible signs: symmet-
rically distributed lesions; multiple le-

sions at different stages of healing; and 
lesions on areas protected by clothing; 
any injury to a nonmobile infant; and 
severe, unexplained injuries.3,5,6

Differential diagnoses
When child abuse is suspected, it is 
critical to consider a broad differen-
tial because many skin conditions 
mimic physical abuse injuries.7-9 The 
arched form of certain annular le-

sions may resemble lesions that re-
sult from cable or cord beatings.8 For 
this case, the differential included 
tinea corporis, erythema annulare 
centrifugum, erythema marginatum, 
and urticarial viral exanthems. 

Tinea corporis, a fungal infection, 
causes lesions that appear on the 
trunk or extremities and are char-
acterized by slightly red, annular, 
well-demarcated, scaly patches, of-
ten with central clearing.10,11 Tinea 
corporis lesions can be differentiat-
ed by their pruritic nature and vari-
able size.10

Erythema annulare centrifugum, 
a reactive skin condition with le-
sions that also appear on the trunk 
or extremities, is characterized by 
red, annular, or arcuate patches or 
plaques with central clearing.11 How-
ever, erythema annulare centrifu-
gum can be differentiated by trailing 
scales and advancing margins.11

Erythema marginatum often oc-
curs with acute rheumatic fever, par-
ticularly in patients with acute car-
ditis; it is characterized by transient, 
pink or slightly red, well-demarcat-
ed, and somewhat elongated annular 

In 2019, approximately 656,000 children  
were substantiated as victims of abuse and neglect, 
roughly 18% of whom endured physical abuse.1
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lesions with central clearing.7 These 
lesions can be differentiated by their 
disappearing and reappearing char-
acter and the presence of systemic 
symptoms of acute rheumatic fever.7,8

Urticaria multiforme is a viral ex-
anthem characterized by red macules 
and plaques, typically along with a 
fever.12 Polymorphic distribution, 
serpiginous edges, and associated 
systemic symptoms differentiate le-
sions of urticarial viral exanthems.12

This case’s differential also in-
cluded folk remedies such as cup-
ping and coining. In some cultures, 
these practices are performed on 
children for healing and protection 
and can produce transient patterned 
skin markings that may be misdiag-
nosed as physical abuse injuries.9

Thorough history taking and cultur-

al considerations can help differenti-
ate these lesions. In this case, these 
causes were ruled out by the lack of 
history with these practices.

Required reporting
As stated earlier, when a history and/
or physical examination prompts 
reasonable suspicion for physical 
abuse, pediatric providers are man-
dated by law to make a report to local 
CPS agencies.3 Mandatory reporting 
laws do not require freedom of doubt 
of physical abuse, and states must 
provide immunity from prosecution 
even if the reported allegations can-
not be substantiated as child abuse 
or neglect.3,13 However, failure to 
make a report can result in civil ac-
tion or criminal charges against 
the provider or, worse, additional 

injury or death of the child.3

In this particular case, the child was 
admitted to the hospital overnight and 
placed in foster care by CPS while the 
evaluation was completed, which was 
the appropriate action to safeguard the 
patient. It is the hope of these authors 
that having a heightened understand-
ing of what determines child abuse 
will lead to more vigilance in protect-
ing our pediatric populations.
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schools require negative respiratory 
testing as a COVID-19 safety measure 
before a child with any respiratory 
illness returns to school. Similarly, 
because children were not yet can-
didates for COVID-19 vaccination 
in summer 2021, multiplex testing 
provided the only way to screen for 
pediatric cases—and the results also 
revealed RSV cases that otherwise 
might have been chalked up to a 
summer cold or other virus. Most fa-
cilities use this combined testing, so 
increased testing for COVID-19 could 
have led to incidental findings of in-
fluenza and RSV.

Meanwhile, because data suggest 
that testing rates for RSV have re-
mained about the same,3 it appears 
other factors contributed to the un-
seasonal surge.

The CDC warned of an increased 
risk of RSV-type illnesses because 
of decreased exposure respiratory 
viruses during the pandemic. The 
agency recommended that clinicians 
avoid wearing blinders because of 
COVID-19 and be on the lookout for 
other viruses as a cause of respira-
tory symptoms.6 Rana F. Hamdy, MD, 
MPH, MSCE, an infectious disease 
specialist and director of the Anti-
microbial Stewardship Program at 
Children’s National Hospital in Wash-
ington, DC, and also a member of the 
Editorial Advisory Board at Contem-
porary Pediatrics®, said she agrees 
with the CDC assessment, suggesting 
that lower susceptibility to the RSV 
virus may play a big role.

“Because there was no RSV in the 
October 2020 to April 2021 season, 

younger kids who have never been 
exposed to it before did not get ex-
posed that season. Therefore, there is 
a larger cohort of RSV-naive children 
who are now susceptible,” said Ham-
dy. “And the first-time infection is 
always be more severe than 
subsequent infections.”

Only time will tell if the seasonal 
shift of RSV will stick or is another 
consequence of the COVID-19 pan-
demic. Until then, infectious dis-
ease experts urge vigilance when it 
comes to protecting young children 
and other vulnerable populations 
against RSV.  

COMMENTS? Email them to 
llevine@mjhlifesciences.com

For references, go to 
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Diagnosing deadly pediatric meningitis without the right tools can feel like a 
race against time—especially with ambiguous overlapping symptoms. Fast, 
comprehensive laboratory results from the BioFire® FilmArray® Meningitis/
Encephalitis (ME) Panel can fast track answers, shortening time to 
diagnosis by four days.1 Identifying the probable cause sooner means you 
can prescribe targeted treatment and impact antimicrobial therapy – 
reducing both acyclovir and antibiotic duration by two days.2 Every minute 
counts when it comes to meningitis. The BioFire ME Panel can help.  

“It has impacted my practice here and I don’t think I’d want 

to practice without it because I do feel the patients receive 

better care because we do have this available.”

Estela O’Daniell, MD, FAAP
Medical Director Emergency Department
Driscoll Children’s Hospital

1. O’Brien MP, et al. 2018 Pediatr Infect Dis J. 37(9):86
2. Moffa MA, et al. 2020 Antibiotics (Basel). 26;9(6):F282.

biofiredx.com

When it comes to 
meningitis, time to 
diagnosis is critical.
Get patients on the right therapy sooner
with rapid results from BioFire.

1 Test. 14 Targets. ~1 Hour.
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Specialty Programs
n  Pulmonary Hypertension Program

n  The Fetal Cardiology Program

n  The Home Monitoring Program

n  The Cardiovascular Genetics Program

n  The Adult Congenital Heart Disease 
(ACHD) Program

Care for the Most Complex Conditions   
Cardiac Catheterization Riley Heart Center specialists use the latest advancements 
in cardiac catheterization and routinely perform leading edge procedures, including 
atrial septal defect closure, ventricular septal defect closure, balloon valvuloplasty 
and transcatheter valve replacement. 

Cardiomyopathy Program Approved by the Children’s Cardiomyopathy Foundation 
Centers of Care, our program provides specialized disease management, including 
genetic evaluation, to children with cardiomyopathy. Since 2016, we’ve assessed 
more than 500 children for this heart condition. 

Cardiothoracic Surgery Our cardiac healthcare team has world-class specialists 
trained in cardiovascular and cardiothoracic surgery, cardiac anesthesiologists, 
imaging technicians, congenital cardiologists, cardiovascular intensive care 
specialists and many others who specialize in working with heart defects and  
thoracic conditions and is one of the many reasons we are among the top  
15 high-volume heart programs in the nation for effective outcomes.
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from the Society of Thoracic Surgeons
Highest rating

To refer a patient to the Riley Heart Center or for more information  
about the program, visit rileychildrens.org/heartcare
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Committed to a Unique Continuum of Care
As 1 of 10 children’s hospitals in the U.S. designated as a Platinum Level 
Center of Excellence for ECMO, Riley Children’s Health offers your patients 
leading-edge medicine and superior outcomes that are unmatched. Our 
integrated continuum of care model focuses on promoting excellent 
sub-specialty care coordination with a re-imagined approach to cardiac 
intensive care, including inpatient navigation and home monitoring.

With world-class facilities and the latest technology, Riley Heart Center 
experts provide a comprehensive range of health services from fetuses 
and premature babies to adults with congenital heart disease, including:

n  A cardiovascular intensive care unit with a team of intensive care doctors 
and nurses who monitor patients 24/7, reacting quickly to changes 
during critical care and healing.

n  A specialty-trained team of advanced providers, nursing staff and 
navigators dedicated to our cardiac patients and families, keeping 
the care team and patient’s local physicians connected.

n   A consulting team of more than 40 pediatric-trained specialties working 
alongside the Heart Center team. 

Our pediatric heart program 
is ranked 5th in the nation 
by U.S. News & World Report.

Delivering Nationally Ranked
Pediatric Cardiovascular Care
From fetal diagnoses to complex surgical interventions, 
Riley Children’s Health is your trusted partner and 
resource to deliver expert care for the most complex but 
also the most common cardiovascular conditions patients 
experience. The care team within the Riley Heart Center 
includes pediatric cardiologists, cardiac intensivists, 
cardiac anesthesiologists and neonatologists.  

Team up with a trusted partner for 
unique and complex cardiovascular care.

To refer a patient to the Riley Heart Center or for more information 
about the program, visit rileychildrens.org/heartcare
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