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The use of electronic 
cigarette devices  
is rising at an  
alarming rate in 
youth compared to 
prior years and the 
problem is serious. 
E-cigarettes were 
first introduced to 
U.S. markets in the 
mid-2000s.¹ The  
design of these 
products has  
rapidly evolved,  
first resembling 
traditional cigarettes 
with pre-filled liquid 
cartridges to now, 
easily concealed 
systems with  
refillable reservoirs.¹ 
The Centers for  
Disease Control and 
Prevention (CDC) 
report that e-ciga-
rettes are the most 
prevalent  
vehicle for tobacco 
use in our adoles-
cents,² with nearly 

Following the completion of this article,  
the reader should be able to:

1. Understand adolescent attitudes and views 
on electronic cigarette devices and vaping. 

2. Identify electronic vaping lung associated 
injury in outpatient and hospital settings. 

3. Learn to treat nicotine addiction and  
provide resources to patients and  
families promoting smoking cessation.

learning objectives

one in 20 middle 
school students 
and one in five high 
school students 
admitting to using 
e-cigarettes within 
the last 30 days.² 
Most teens chose 
nicotine, marijuana 
and flavored  
products. The  
National Institutes 
of Health report 
that 17.6% of eighth 
graders and 37.3%  
of 12th graders  
report vaping within 
the past year (figure 
1).³ A recent case 
within our institution  
highlighted the  
danger of  
e-cigarettes and 
brought to the 
forefront adolescent 
attitudes.

 
case

A previously healthy 
17-year-old female pre-
sented to the emergency 
department (ED) with 
a two-day history of 
progressively worsening 
dyspnea. She had already 
been diagnosed with a 
pneumonia for which she 
was on an antibiotic. She 
admitted to intermittent 
marijuana and frequent 
vaping. The patient start-
ed vaping nicotine and 
flavored juices approxi-
mately three years prior 
to presentation. Three 
months prior to presen-
tation, she had switched 
to THC cartridges. In the 
ED, she required non-in-
vasive ventilation (NIV) 
for acute hypoxemic 
respiratory failure. Lab 
values were significant for 

a mild leukocytosis with 
neutrophil predominance 
and elevated inflamma-
tory markers. Imaging 
showed diffuse alveolar 
airspace disease on chest 
X-ray (figure 2) and chest 
CT angiogram showed 
diffuse ground glass 
opacities present bilater-
ally sparing the periphery 
(figure 3). An infectious 
workup was complet-
ed and only positive for 
rhinovirus/enterovirus on 
viral panel. She was start-
ed on high dose systemic 
steroids that were slowly 
tapered over a two-week 
course. She was eventu-
ally weaned from NIV to 
room air and discharged 
home to follow up with 
pulmonology after eight 
days in the hospital. Lung 
function was slowly  
returning to normal. 

8th graders

17.6%
10th graders

32.3%
12th graders

37.3%

figure 1. Middle and high schoolers are using  
vaping products at record numbers. They are  
primarily vaping nicotine, marijuana and flavorings.³ 
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just 
flavoring

teens using vaping devices  
in record numbers

Nearly 2 in 5 students in 12th grade report  
past-year vaping, raising concerns about the  

impact on brain health and potential for addiction.
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figure 2. Chest X-ray showing diffuse alveolar 
airspace disease consistent with acute respiratory 
distress syndrome (ARDS). No evidence of  
heart failure. 

figure 3. Chest CT angiogram shows diffuse  
presence of ground glass opacities bilaterally that 
spare the peripheral pleura. No evidence of  
thrombus. Pattern is consistent with ARDS. 

figure 5. Common and popular brand of vaping 
pen, Blu, resembles a pen making it compact and 
easy to conceal. (image source: Google)

figure 6. Parts of an e-cigarette.  
(image source: Google)

figure 4. Common and popular brand of vaping 
pen, JUUL, resembles a USB drive. (image source: 
Google)
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vaping stats/ 
adolescent attitude 

In a 2016 National Youth 
Tobacco Survey, teens  
reported numerous  
reasons for using  
e-cigarettes. Common 
reasons included: 

1. Because a friend  
or family member  
also uses;

2. Availability of  
multitude of flavors;

3. Thought process that 
e-cigarettes are safer 
than other forms of 
tobacco.⁴ 

Vape pens are also more 
accessible to adolescents 
and are often able to 
be used in areas where 
traditional cigarettes are 
banned.⁴ Others report 
the use of vaping as a 
means to quit other  
nicotine products.⁴  
Unfortunately, advertise-
ment for these products 
is designed to attract 
younger populations, 
boasting various flavors 
such as mint, candy, 
fruit and chocolate.⁴ 
Many companies market 
e-cigarettes as a safer 
alternative to traditional 
cigarettes.⁴

Vaping products come 
disguised in a number  
of day-to-day objects. 
One popular brand 
of e-cigarette, JUUL®, 
strongly resembles a USB 
drive (figure 4). Other 
popular brands, such as 
Blu® (figure 5), are  
compact and easy to 
conceal. Tank systems 
are another device that 
do not resemble classic 
tobacco products. They 
are medium-to-large 

size devices that come 
in disposable and re-
buildable systems that 
allow the user to fill the 
system with any e-liq-
uid of their choosing. 
All these products have 
aforementioned refillable 
flavor cartridges. E-liq-
uids, also called e-juices, 
are the substances that 
are added to a cartridge 
or pod and subsequently 
vaped. These products 
are commercially avail-
able at smoke shops and 
gas stations. JUUL vape 
pens and their products 
are easily located by 
area code on their main 
website: https://www.
juul.com/locator. Their 
mission statement is to 
“Improve the lives of the 
world’s one billion adult 
smokers by eliminating 
cigarettes.”⁸  

E-cigarettes are elec-
tronic battery-operated 
devices that produce 
an aerosol by heating a 
liquid (figure 6). A lithium 
battery heats a metal-
lic coil and aerosolizes 
whatever e-liquid the user 
decides to fill the device.⁵ 
These liquids can contain 

nicotine, flavorings and 
THC in addition to a mul-
titude of additives. Some 
of these additives include 
distilled water, propylene 
glycol and glycerin.⁵ 

A number of these  
additives are known to  
be harmful chemicals 
associated with adverse 
health effects (table 1). 
Additionally, e-cigarettes 
and their flavorings typ-
ically do not provide full 
ingredients lists. Smoke 
shops and businesses 
offering e-cigarettes and 
their products and even 
drug dealers will supply 
e-liquids. Empty flavor 
cartridges are refilled with 
these often illegal and 
unknown substances.² 
Many of these ingredients 
have roles in promoting 
cytotoxicity by upregulat-
ing IL-8 and TNF-alpha.⁶ 
Many ingredients used for 
popular flavors can lead 
to significant damage of 
the epithelial barrier in the 
lung.⁷ 

EVALI description/ 
pathology

E-cigarette vaping asso-
ciated lung injury (EVALI) 

has been reported to the 
CDC from all 50 U.S. states 
and the numbers are climb-
ing.² The issue is a pediatric 
one as well. Fifteen percent 
of patients reported with 
acute lung injury are under 
18 years of age.² At the time 
of publication, there have 
been 2,668 hospitalized cas-
es of EVALI reported from 
all 50 states, the District of 
Columbia, and Puerto Rico 
and the U.S. Virgin Islands.² 
A total of 55 deaths have 
been confirmed and more 
are under investigation in 
patients ranging in age 
from 13 to 85.² Of reported 
cases, 82% of patients admit 
to using THC-containing 
products and 57% admit to 
use of nicotine-containing 
products.² 

At this time, EVALI is a  
diagnosis of exclusion 
lacking definitive diagnostic 
criteria, and patients often 
present with vague symp-
toms.² EVALI should be sus-
pected in patients present-
ing with respiratory distress 
or hypoxemia and who have 
been vaping e-cigarette 
products or THC within the 
past 90 days of symptom 
onset.⁹ To date, the CDC has 

ingredient purpose adverse effect

Diacetyl Adds buttery/creamy flavor Cause of bronchiolitis obliterans  
  or “popcorn lung” when inhaled

Benzaldehyde Fruit flavoring, especially  Cause of irritation of airways 
 in cherry products

Cinnamaldehyde Adds cinnamon flavoring Cytotoxicity and loss of epithelial  
  barrier function

2-MOCA Adds cinnamon flavoring Cytotoxicity

Acetoin Adds buttery flavor Loss of epithelial barrier function

Maltol Adds flavoring Cytotoxity and loss of epithelial  
  barrier function

table 1. Common ingredients for flavorings in electronic cigarettes.6, 7



55

not identified any single 
cause among cases of 
EVALI reported to them; 
however, one commonal-
ity among patients is use 
of THC products ob-
tained from questionable 
sources such as friends/
family or illicit drug  
dealers.10 

The exact mechanism 
of injury causing lung 
injury associated with 
e-cigarette use is largely 
unknown at this time. 
There are a few proposed 
mechanisms. One theory 
proposes lipoid pneu-
monia as cause of injury.12 
Some studies suggest 
inhalation of aerosolized 
vegetable glycerin in 
nicotine e-liquids is the 
cause of injury based on 
presence of lipid-laden 
macrophages in broncho-
alveolar (BAL) speci-
mens.12 Others theorize 
lipid-laden macrophages 
are rather a marker of 
vaping-related lung injury 
and not cause of injury.13 
Another proposed mech-
anism is a theory EVALI is 
a form of airway centered 
chemical pneumonitis.14 
Injury is due to direct 
tissue damage caused by 
toxic chemical fumes.15 
This leaves the role of 
lipid-laden macrophages 
unknown.15

Recent reports also 
indicate vitamin E acetate 
as a potential source of 
injury.11 Product testing 
from patients diagnosed 
with and treated for  
EVALI show vitamin E 
acetate is a common 
additive to THC contain-
ing products.11 However, 
while vitamin E acetate 
has been identified as 
a potential cause, there 
is likely more than one 
etiology as those using 
nicotine products exclu-
sively are also affected.²

CDC recommendations 
for providers

The CDC recommends  
all cases of severe  
pulmonary disease of  
unclear etiology be  
reported if the patient  
has a history of  
e-cigarette or THC 
product use within the 
last 90 days. Providers 
should screen all patients 
with a history of vaping 
for commons signs and 
symptoms of pulmonary 
disease.² If a patient’s 
history revealed e-ciga-
rette use, then a detailed 
vaping history should be 
obtained as detailed in 
box 1. Once a provider 
has suspicion for EVALI, 
other etiologies should be 
evaluated. Box 2 summa-
rizes common symptoms, 
exam findings, workup 

detailed vaping history to obtain
Substances used
Source of substances (commercially available or  
homemade)
Devices used (manufacturer, brand name, model, etc.)
Where the products were purchased
Method of substance use (aerosol, dabbing, etc.)
Whether devices were shared with others

box 1. CDC-recommended questioning in cases of 
severe lung disease thought to be attributed to 
e-cigarette use.²

common characteristics 

box 2. Common history, symptoms, and  
recommended workup and management  
in cases of EVALI.10

Reported uses of an e-cigarette or dabbing within the 
last 90 days (Layden et al)
Reported THC use

Symptoms on  
presentation
Respiratory
- Shortness of breath
- Chest pain
- Cough
Gastrointestinal
- Nausea 
- Vomiting
- Abdominal pain
- Diarrhea
Constitutional
- Subjective fevers
- Fatigue 
Physical exam findings
- Tachycardia
- Tachypnea 
- O2 desaturation <95%
Laboratory testing
- Respiratory Viral Panel
- Rapid influenza testing 

(depending on season)

- Streptococcus pneumo-
nia, Legionella pneu-
mophilia, Mycoplasma 
pneumoniae testing

- CBC, CMP, ESR/CRP
- Urine toxicology
Imaging
- Chest X-ray
- Consider chest CT for 

worsening disease
Inpatient management 
- Admission for patients 

with SpO2 <95% or 
respiratory distress

- Initiate corticosteroids 
with/without antibiotic 
coverage for community 
acquired pneumonia

- Follow up following 
hospitalization with 
pulse-oximetry testing 
and repeat chest X-ray

- Pulmonology referral/
consult to follow long-
term lung function

- Consider Endocrinology 
referral if long-term cor-
ticosteroid use required

 

box 3. Outpatient management and discharge 
follow-up for patients diagnosed with EVALI and 
high-risk groups at risk for worse outcomes.10

Outpatient Management
- Return to clinic for follow-up within 24-48 hours to 

assess for worsening injury
- Refer for admission if SpO2 <95% or exhibiting 

worsening respiratory distress
- Consider antibiotic and antiviral treatment
Post-Discharge Follow-Up
- Clinic follow-up appointment no later than  

1-2 weeks after discharge
- Initial follow-up visit should include pulse oximetry 

and repeat chest radiograph with another chest 
radiograph 1-2 months after diagnosis

- Consider spirometry and diffusion capacity testing 
if not already followed by a pulmonologist

- Consult to Endocrinology for those on high-dose 
corticosteroids to assist with taper

Cessation and Preventative Care
- Stress importance of discontinuing vaping products
- Prescribe cessation assistance and provide  

education for patient with nicotine addiction
- Refer for treatment in patients with  

marijuana-use-disorder
- Recommend routine influenza vaccination and  

consider pneumococcal vaccine in high risk groups
High-risk groups at risk for more severe outcomes
- Older age (>50 years-of-age)
- Pregnant
- History of cardiac or prior lung disease
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and admission criteria for 
EVALI. Specific outpa-
tient care and discharge 
follow-up for patients 
diagnosed with EVALI  
are found in box 3. 

Patients should be 
strongly counseled 
against the use of all 
e-cigarette products. If 
patients are unwilling to 
quit, discourage them 
from buying additives 
and THC from unknown 
sources or on the street.² 
Never modify any vap-
ing substances.² Vaping 
products should not be 
used in youth or pregnant 
women.² It is important 
to stress vaping is not 
means to quit or prevent 
smoking.² If patients are 
unwilling to quit, then 
instruct them to mon-
itor for signs of EVALI 
reminding patients there 
are no safe tobacco  
products.10 The CDC  
advises that all vaping 
products utilized by 
patients diagnosed with 
EVALI be submitted to 
their state health depart-
ment for testing.² The 
CDC posts all updates  
regarding EVALI at 
https://www.cdc.gov/
lunginjury. 

Dayton Children’s offers 
teen nicotine cessation 
programs and includes 
those patients addicted 
to vaping/e-cigarettes. 
The STAND (stop  
tobacco and nicotine  
dependency) Program 
aims to help teens in 
stopping tobacco and 
nicotine use and in  

choosing healthy  
behaviors and coping 
mechanisms. The  
program consists of five 
90-minute sessions, one 
session a week for five 
weeks. To register,  
clinicians or parents  
can call 937-641-4068. 
Learn more at  
childrensdayton.org  
and search “nicotine  
cessation program”  
in the search bar.  

conclusion 

In summary, adolescents 
as young as 13 have 
reported use of vaping 
products. Many young 
people turn to vaping 
as a method to prevent 
addiction to traditional 
cigarettes. Electronic 
cigarette companies 
employ sleek marketing 
techniques as a safe and 
healthy alternative to 
smoking cigarettes. The 
CDC has requested all 
cases of EVALI to be re-
ported, with all substanc-
es used by the patient to 
be sent in for further test-
ing. Those patients who 
admit to vaping should 
be encouraged to stop 
and offered resources to 
facilitate smoking cessa-
tion. Those who refuse to 
stop should be monitored 
for signs and symptoms 
of EVALI and told not to 
make any modification 
to substances smoked 
or buy from unreliable 
sources. 
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CME questions

1. Adolescents have 
admitted to vaping 
which of the 
following products?

a. Nicotine

b. Marijuana 

c. Flavorings

d. All of the above 

2. An increasing number 
of adolescents have 
admitted to past-year 
vaping according to 
CDC studies. 

a. True 

b. False 

3. Providers should 
do which of the 
following when 
patients admit to 
e-cigarette use?

a. Prescribe evidence-
based means of 
tobacco cessation 

b. Advise against buying 
e-liquid additives and 
THC from unknown 
sources 

c. Inform vaping is not 
a means to quit or 
prevent smoking

d. All of the above 
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for severe functional  

constipation in children
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An important  
distinction in the child 
with soiling is whether 
the child has true  
incontinence or  
pseudoincontinence. 
Patients with true  
incontinence do not 
have the capacity for 
voluntary bowel  
movements and  
voluntary control, as 
may occur with severe 
anorectal malforma-
tions, injury to the anal 
continence mechanism, 
spina bifida or spinal 
cord injuries. Patients 
with pseudoinconti-
nence have the capabil-
ity for voluntary bowel 
movements and control, 
but constipation and 
fecal loading leads to 
overflow incontinence 
of stool.⁴ Patients with 
functional constipa-
tion and soiling have 
pseudoincontinence. 
Management is differ-
ent in these groups and 
this article will focus 
on patients with severe 
functional constipation, 
who may sometimes 
have overflow pseudoin-
continence.

Functional constipa-
tion is usually managed 
with dietary modifica-
tion, fiber and osmotic 
laxatives (polyethylene 
glycol). When chronic 
constipation is deemed 
medically refractory, 
referral for surgical  
management may occur.  
A wide variety of  
surgical procedures 
have been utilized  
including anal and pelvic 
floor procedures,  
antegrade continence 
enema (ACE) proce-
dures (Malone appen-
dicostomy, figure 1), 
colorectal resections 
and ostomies.⁵ The  
definition of failed  
medical management  
is not standardized.¹ 
What constitutes  
medical failure may  
simply represent a  
failure to take a  
structured step up 
approach that includes 
stimulant laxatives and 
mechanical adjuncts 
(enemas) to bowel  
management. 

learning objectives

Following the completion of this article,  
the reader should be able to:

1. Describe the clinical features and diagnosis  
of functional constipation.

2. Discuss the difference between true  
incontinence and pseudoincontinence.

3. Discuss the conduct of a bowel  
management program.

figure 1. Malone appendicostomy.

Constipation is a common condition 
encountered in pediatric practice. 
Idiopathic, or functional constipation 
without identifiable cause is most 
common, representing greater than 
90% of cases.¹ Functional constipation 
often develops in early childhood with 
a median age of onset of 2-3 years.²  
The mean prevalence of functional 
constipation in a systematic review 
was 14%.³ There is a wide range of 
severity from mild to severe. Severe 
cases are characterized by abdom-
inal pain, painful stooling, fissures, 
repeated hospitalizations for fecal 
impactions and overflow incontinence 
(encopresis). Chronic soiling and the 
need for diapers in school-age children 
are particularly distressing for children 
and families as the child ages. When 
chronic and severe, constipation is a 
common cause of referral to pediatric 
gastroenterologists.
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if no BM, repeat sodium 
phosphate enema & increase 

senna dose 15 mg again  
(max 60 mg/day)

if colon fecally loaded, 
increase or add additional 

colonic irritant

if no BM, give sodium 
phosphate enema & increase 

senna dose 15 mg

if colon fecally loaded  
on AXR, and add  
colonic irritants

day 3: 
abdominal x-ray

day 3: 
abdominal x-ray

In patients with ano-
rectal malformations, 
Hirschsprung’s dis-
ease and neurogenic 
bowel, a structured 
bowel management 
program—developed 
by Alberta Peña, MD, 
and Marc Levitt, MD, 
that includes with diet, 
senna-based laxatives 
and enemas —may 
be highly effective 
for management of 
constipation and fecal 
incontinence.6,7 This 
bowel management 
program has been 
modified and extended 
to patients with severe 
functional constipation 
with excellent results.⁸ 
Such a program should 
be attempted prior to 
more invasive surgical 
interventions.¹ 

diagnosis

The symptoms of  
functional constipation 
are hard stools,  
decreased stool  
frequency and  
abdominal pain.  
Complications include 
painful defecation,  
anal fissures, fecal  
impaction and  
pseudoincontinence.  
Functional constipation 
is a clinical diagnosis 
based on the Rome IV 
criteria.⁹

ROME IV diagnostic 
criteria for functional 
constipation

Must include two or 
more of the following 
occurring at least  
once per week for a 
minimum of one month 
with insufficient criteria 
for a diagnosis of  
irritable bowel  
syndrome:

1. Two or fewer  
defecations in the 
toilet per week in a 
child of a develop-
mental age of  
at least 4 years

2. At least one episode 
of fecal incontinence 
per week

3. History of retentive 
posturing or  
excessive volitional 
stool retention

4. History of painful  
or hard bowel  
movements

5. Presence of a large 
fecal mass in the 
rectum

6. History of large  
diameter stools  
that can obstruct  
the toilet

After appropriate  
evaluation, the  
symptoms cannot  
be fully explained by 
another medical  
condition.

Russell KW, Barnhart DC, Zobell S, et al. Effectiveness of an organized bowel  
management program in the management of severe chronic constipation in children.  
J Pediatr Surg.2015;50:444-447.

day 1: 
water soluble  

contrast enema

day 2: 
clinic visit  

abdominal x-ray

disimpact if fecaloma  
is present

older & toilet trained: 
laxative group

mega rectum or not toilet 
trained: saline enema group

day 2: 
start senna 2 mg/kg/day

day 2: 
start saline enema  

20 ml/kg daily

day 4: 
abdominal x-ray

day 4: 
abdominal x-ray

end  
when 1-2 

BM/day with 
senna 

laxative

end  
when rectum 

empty on  
AXR and no 

soiling

figure 2.  bowel management

bowel management 
program

Patients referred for 
intensive bowel  
management have  
generally failed con-
ventional constipation 
management. The 
program developed at 
Primary Children’s  
Hospital in Salt Lake 
City demonstrated 
an 82% reduction in 

admission for consti-
pation (figure 2). Fully 
adherent patients  
experienced a 100%  
reduction in admis-
sions.⁸ The aim of the 
program is for the 
patients to empty the 
contents of the colon 
daily and be clean and 
free of fecal soiling.  
It is a patient specific 
intervention, usually 
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one week in length.  
The management 
program has two arms: 
high-dose senna-based 
laxatives or retro-
grade enemas. Both 
require active daily 
review and titration of 
the intervention. The 
program begins with a 
water-soluble contrast 
enema to assess the 
colonic anatomy, size 
and fecal burden, and 
to evacuate the stool.  
A clinic visit and a 
baseline abdominal 
X-ray occur the day  
after the enema to 
assess motility by the 
degree of contrast 
retention. Patients 
require fecal disimpac-
tion when a large rectal 
fecaloma is present on 
the abdominal X-ray or 
on physical examina-
tion, prior to beginning 
the intervention. A daily 
abdominal X-ray is ob-
tained, and the clinical 
response (bowel move-
ments) to the interven-
tions is assessed and 
the caregivers contact-
ed daily to discuss the 
results during the pro-
gram. The treatment 
plan is adjusted based 
on X-rays and the clin-
ical response (bowel 
movements).   

Older and toilet trained 
patients with functional 
constipation are started 
on senna-based laxa-
tives (laxative group). 
The senna is started 
at a dose of 2 mg/kg. 
An abdominal X-ray is 
obtained the next day. 
If there is no bowel 

movement within 24 
hours, a sodium phos-
phate enema is given 
to evacuate the stool 
and the laxative dose 
is increased by 15 mg. 
This cycle is repeated 
daily until one to two 
bowel movements  
per day occur. High 
doses of senna are  
well tolerated and 
are often significantly 
higher than are typical-
ly prescribed. However, 
at higher doses some 
patients may develop 
skin blistering (median 
dose of 60 mg/day).10 
Pectin is administered 
(2 gm PO BID) if the 
stool is loose, to bulk 
the stool. Patients who 
do not tolerate the lax-
ative, usually because 
of abdominal cramping, 
are switched to enema.

Patients with  
megarectum on  
contrast enema, or  
who have never been 
toilet trained and are 
soiling, are started on 
the enema program. 
Large volume saline  
enema are adminis-
tered at a volume of  
20 ml/kg once daily.  
An abdominal X-ray 
is obtained the next 
day and the results 
are reviewed with the 
caregiver. If the enema 
is not adequately effec-
tive, colonic irritants are 
added to the solution: 
glycerine (10-30 ml), 
Castile soap (9-27 ml) 
or sodium phosphate 
enema (30-120 ml),  
in that order. Each  
enema is retained for 
10 minutes and the 
patient sits on the  
toilet for 30-45  

minutes. When phos-
phate is added to the 
saline enemas, they are 
limited to a maximum 
of three times per week 
to prevent phosphate 
overload.

The treatment plan is 
considered successful 
when the rectum is 
empty on abdominal 
X-ray and the child 
has no soiling. A daily 
bowel movement is 
ideal. The program can 
be tailored in length 
to accommodate the 
patient and family’s 
needs and abilities. 
Some children (i.e. with 
developmental disabil-
ities or other factors) 
will not tolerate rectal 
enemas or laxatives 
and can undergo an 
antegrade continence 
enema (ACE) proce-
dure (Malone appendi-
costomy or a cecosto-
my tube) initially.

Follow-up after the 
initial program is with a 
monthly telephone call 
and an office visit at 
six-month intervals. For 
children on the enema 
program with good 
results for three to six 
months, a weeklong 
laxative trial is  
performed and the  
enemas can be 
weaned. If repeated 
attempts at laxative 
trials are unsuccessful, 
patients are offered the 
option of continuing 
enemas and attempting  
laxatives again in six to 
12 months or an ACE 
procedure. After an 

ACE procedure,  
patients are still  
encouraged to try 
periodic laxative trials. 
When laxative or  
enema needs are very 
high, a sigmoidectomy 
may be offered  
to reduce the dose  
or volume.

summary

Functional constipation 
is a common problem 
that often manifests 
by 2-3 years of age. 
It is generally man-
aged medically with 
diet, fiber and osmotic 
laxatives and has a 
wide range of severity. 
Severe cases manifest 
with abdominal pain, 
painful stooling, anal 
fissures, and repeated 
hospitalizations for  
fecal impactions and 
soiling. These severe 
cases may be well 
managed with a  
structured bowel 
management program 
utilizing high-dose  
senna-based laxatives 
and large-volume  
enemas. Pediatric 
surgeons are familiar 
with and can coor-
dinate these bowel 
management programs 
because of their ex-
perience with them in 
the course of caring 
for patients with ano-
rectal malformations, 
Hirschsprung’s disease, 
spina bifida and neu-
rogenic bowel. These 
programs can obviate 
the need for more ex-
tensive surgical proce-
dures such as ostomies 
and colonic resections.
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CME questions

4. Pseudoincontinence 
occurs in patients 
with the potential for 
voluntary control of 
bowel movements 
as a result of fecal 
loading and overflow.

a. True

b. False 

5. High doses of senna-
based laxatives 
are generally well 
tolerated but may 
cause skin blistering.

a. True

b. False 

6. Antegrade 
continence enema 
procedures 
(appendicostomy) 
are offered to 
patients who cannot 
tolerate retrograde 
enemas or high-dose 
laxatives, or fail to 
wean from enemas 
to senna-based 
laxatives.

a. True

b. False
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learning objectives

Following the completion of this article,  
the reader should be able to:

1. Perform appropriate evaluation and counseling 
prior to prescribing PrEP.

2. Discuss appropriate prescription of PrEP and its 
limitations.

3. Review appropriate follow-up evaluation while 
prescribing PrEP.
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case study

A 17-year-old female 
presents to the infec-
tious disease clinic 
following a positive hu-
man immunodeficiency 
virus (HIV) blood p24 
antigen, but negative 
for HIV 1/2 antibody 
obtained in the emer-
gency department. 
Follow-up blood poly-
merase chain reaction 
(PCR) testing for HIV 
was negative and the 
initial test was deemed 
a false positive result. 
The patient has a  
history of having a 
spontaneous abor-
tion at 13 years of age. 
She was treated for 
chlamydia cervicitis 
15 months ago, and 
both chlamydia and 
trichomonas infections 
13 months ago. She 
was treated for pelvic 
inflammatory disease 
seven months prior to 
this visit. A week ago, 
she was again treated 
for trichomonal infec-
tion. She has a Nex-
planon birth control 
implant in place in her 
right arm. Now that her 
HIV PCR is negative, 
you inform her of the 
good news empha-
sizing that she is not 
HIV-infected. Relieved, 
she then asks how she 
can best prevent HIV 
infection in the future. 
Her history of an un-
planned pregnancy and 
multiple recent sexually 
transmitted infections 
(STIs) indicate inconsis-
tent condom use.  
You are concerned  
that counseling on 
condom use alone may 

not prove effective at 
preventing HIV in  
this patient.

Despite accounting for 
only 23% of the U.S. 
population, young  
people age 13-29  
account for nearly 40% 
of new HIV diagnoses.¹ 
The risk of contracting 
HIV does increase as 
patients age through 
this age group. How-
ever, HIV infection is 
estimated to precede 
diagnosis by 2.7 years 
in young people, and 
patients are generally 
beginning to explore 
their sexual identity 
during late adoles-
cence.¹ The primary 
care pediatrician is in  
a unique position to 
educate high-risk  
patients in their  
options for preventing 
HIV infection. Provid-
ers should screen all 
adolescents and young 
adults for at-risk sexual 
practices and provide 
appropriate counsel-
ing to at-risk patients. 
History should include 
eliciting information 
about condom use 
both directly and indi-
rectly by reviewing re-
cent bacterial STIs and 
unplanned pregnancies. 
Patients should be re-

minded that consistent 
condom use has been 
associated with 80% 
reduction in HIV  
acquisition among  
heterosexual persons 
and 70% reduction 
among men who have 
sex with men (MSM).2,3 
While effective and 
important for its role 
in preventing STIs and 
pregnancy, regular 
condom use has been 
shown to be infrequent. 
It is quite infrequent 
with increasing num-
bers of sexual part-
ners.⁴ Thus with most 
patients, particularly 
those with a history of 
several recent STIs and 
multiple sexual part-
ners, condom use alone 
may not be sufficient to 
prevent HIV infection.

HIV PrEP with the med-
ication Truvada was 
approved for adults 
>35kg in 2012 and for 
adolescents in May 
2018.⁵ Truvada consists 
of a fixed combination 
of tenofovir disoproxil 
fumarate (TDF) 300mg 
and emtricitabine 
(FTC) 200mg (both 
HIV nucleoside analog 
reverse transcriptase 
inhibitors – NRTIs). 
Truvada is taken orally 
once daily for as long 

as an increased risk  
of infection exists.  
A second medication, 
Descovy, a fixed  
combination of two 
NRTIs, (tenofovir 
alafenamide 25mg and 
emtricitabine 200mg) 
was approved for PrEP 
in October 2019 for 
adults and adolescents 
>35kg.⁶ Importantly, it 
is not indicated for  
individuals at risk for 
HIV infection from  
receptive vaginal sex 
because its effective-
ness in this population 
has not been evaluat-
ed.⁶ The CDC recom-
mends PrEP for MSM 
and for heterosexual 
men and women who 
have had (a) at least 
one sexual partner in 
the last six months and, 
(b) report inconsis-
tent condom use with 
individuals of unknown 
HIV status and/or pa-
tients who have had a 
bacterial STI in the last 
six months.⁷ Another 
unique group consists 
of individuals in a  
monogamous relation-
ship with an HIV  
seropositive partner. 
Patients abusing IV 
drugs are also ap-
proved indications for 
PrEP,⁷; however, this 
is less common in the 
pediatric age group 
and thus will not be the 
focus of this article. 

Truvada has been 
shown to be highly 
effective when tak-
en regularly. Studies 
have shown that when 
taken daily, it is as 
much as 99% effec-
tive at preventing HIV 
transmission through 
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sexual transmission.7,8 

Truvada’s effectiveness 
also varies by tissue 
concentration of the 
medication and ac-
cumulates fastest in 
rectal tissue. Truvada 
reaches peak levels in 
rectal tissue at approx-
imately seven days and 
peak levels in blood 
and cervicovaginal tis-
sues at approximately 
20 days.⁷ It therefore 
confers quicker and 
perhaps more effective 
protection from anal 
transmission of HIV. It 
has been suggested 
that taking at least four 
days per week confers 
90-96% protection 
from HIV acquisition 
through anal sex, while 
strict adherence of at 
least six days per week 
was required to achieve 
similar protection in 
vaginal tissues.7,9 All  
patients prescribed 
PrEP should be  
counseled on the  
importance of taking 
the medication  
regularly. There is an  
alternative option, 
called “event driven” 
PrEP. This mode of 
administration is only 
recommended for MSM 
who report infrequent 
sexual intercourse and 
are able to predict 
when a sexual encoun-
ter will occur. In this 
model, two pills are 
taken two to 24 hours 
prior to anal sexual 
intercourse, continued 
daily while the individu-
al is having sexual  
intercourse, and then 
for two days after  
sexual intercourse.10 
Adolescents, for whom 

table 1. 

an overview of Pre-Exposure Prophylaxis⁶

Who should be  
considered for  
PrEP? 

• Weight must be >35kg
AND
• Men who have sex with 

men OR heterosexual  
men and women

• WITH ANY of the  
following risk factors: 

Risk factors to consider: 
• Bacterial STI in last  

6 months
• High number of sexual 

partners
• Inconsistent or no  

condom use
• Commercial sex work
• HIV positive sexual  

partner
• High local HIV prevalence

What medications  
are approved  
for PrEP? 

Truvada (TDF/FTC 
300/200mg), OR
Descovy (TAF/FTC 25/ 
200 mg) take 1 tab daily**
90 day supply to coincide 
with follow-up schedule

** If miss a dose, it is not  
 advised to double  
 next dose

Requirements to  
be clinically eligible  
for PrEP: 

• Document negative  
HIV status with serum 
antibody/antigen or  
serum antibody test  
alone. POC finger stick 
testing is acceptable.

• Screen for signs/ 
symptoms of acute  
HIV in last 4 weeks**

• Serum creatinine with 
eCrCl >60ml/min

• Document Hepatitis B 
infection and vaccination 
status

• Evaluate need for  
HBV vaccination

** Note: If patient with posi-
tive signs/symptoms, pre-
fer antibody/antigen test 
over antibody test alone 
for improved sensitivity

Follow-up visits  
every 3 months  
while taking PrEP: 

• HIV testing every  
3 months

• Pregnancy testing every  
3 months for women

• Serum creatinine at  
3 months and every  
6 months after

• Bacterial STI testing,  
every 3-6 months  
depending on risk  
and symptoms

• HCV testing for  
anyone with any  
injection drug use and 
MSM, recommended  
annually if ongoing  
exposure

At each visit discuss: 
• Strict adherence
• Further risk reduction  

including condom  
use, birth control

• Screening for side  
effects 

• Screening for STI  
symptoms 
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Important resources for clinicians  
interested in providing PrEP include

u CDC Clinical Prac-
tice Guidelines for 
providing PrEP, up-
dated 2017: https://
www.cdc.gov/hiv/
pdf/risk/prep/cdc-
hiv-prep-guide-
lines-2017.pdf

u Clinical Providers’ 
Supplement for the 
above CPG, updat-
ed 2017: This sup-
plement contains a 
provider checklist 
for initiating PrEP, 
as well as several 
useful patient infor-
mation sheets, and 
screening question-
naires to identify 
patients who are 
most at risk for HIV 
acquisition. 

 https://www.
cdc.gov/hiv/
pdf/risk/prep/
cdc-hiv-prep-pro-
vider-supple-
ment-2017.pdf

u HIV Prevention: 
Using HIV Medica-
tion to Reduce Risk: 
Pre-Exposure Pro-
phylaxis: Informa-
tion from the United 
States Department 
of Health & Human 
Services on PrEP 
utilization as one 
step towards ending 
the HIV epidemic 
in the U.S. https://
www.hiv.gov/hiv-ba-
sics/hiv-prevention/
using-hiv-medica-
tion-to-reduce-risk/
pre-exposure-pro-
phylaxis

u Truvada medication 
assistance program 
for patients whose 
insurance will not 
cover PrEP: https://
start.truvada.com

u Several calcula-
tors for calculating 
estimated creatinine 
clearance (Cock-
croft-Gault calcula-
tion) are available 
online. 

compliance has been 
shown to be a particu-
larly strong barrier  
to effective PrEP, are 
unlikely to be a good 
candidate for event 
driven PrEP and in 
most cases will benefit 
most from daily PrEP.11

Before prescribing 
PrEP, patients should 
be screened to de-
termine if Truvada is 
safe to prescribe and 
side effects should be 
discussed. Common 
side effects include 
headaches, nausea 
and increased flatu-
lence.7 Most commonly 
observed when just 
starting Truvada, these 
symptoms typically  
resolve within one 
month of taking the 
medication. Long-term 
safety concerns include 
renal disease and  
decreased bone  
mineral density,  
although these are 
more prevalent in HIV 
positive patients taking 
tenofovir (TDF) as part 
of their combination 
antiretroviral regimen 
(HAART).⁷ Renal  
function should be 
measured by a serum 
creatinine with calcula-
tion of estimated creat-
inine clearance (eCrCl) 
performed. Only pa-
tients with eCrCl >60 
ml/min should be 
prescribed PrEP. Rou-
tine bone densitometry 
(DEXA scanning) is not 
currently recommend-
ed in otherwise healthy 
patients. Preliminary 
studies have failed to 

demonstrate the same 
effect of TDF used in 
PrEP as in HIV positive 
patients receiving TDF 
as part of their HAART 
regimen.⁷ It should be 
noted that the effect of 
TDF on bone health in 
actively growing ad-
olescents has not yet 
been fully elucidated. 

Other required screen-
ing includes serum HIV 
and HBV screening as 
infection with these vi-
ruses can have impact 
on treatment decisions. 
Acquiring HIV while 
on PrEP could cause 
resistance to develop 
to either component 
of Truvada.⁷ It is im-
portant that patients 
who seroconvert to 
HIV positive while 
on PrEP be urgently 
referred to a provider 
experienced in treating 
HIV and started on an 
antiretroviral regimen. 
Patients should like-
wise be counseled to 
return for evaluation if 
they start having signs 
of acute HIV infection. 
These most common-
ly include nonspecific 
viral symptoms such as 
fever, fatigue, myalgias 
and headache.⁷ Tru-
vada is active against 
hepatitis B virus (HBV). 
While not a contraindi-
cation to PrEP, patients 
who are HBV-infect-
ed and are receiving 
Truvada either as 
treatment for PrEP or 
HBV infection should 
be counseled that stop-
ping Truvada could 
result in reactivation of 
their HBV infection.⁷ 

In addition to the above 
screening, patients 
should be evaluated for 
evidence of other STIs 
both at initiation of 
PrEP and subsequent-
ly every three to six 
months.⁷ This includes 
screening for syphilis 
(RPR or VDRL), as well 
as screening for gon-
orrhea and chlamydia 
infection at all sites of 
sexual contact includ-
ing urine, vaginal, rectal 
and pharyngeal spec-
imens. Patients who 
screen HBV negative at 

the initial visit should 
receive hepatitis B vac-
cine. For both MSM and 
injection drug users, 
hepatitis C virus (HCV) 
screening should also 
be performed at initia-
tion of PrEP and then 
considered annually 
depending on local 
HCV risk factors.  
Women who do not 
wish to become  
pregnant should also 
be provided effective 
contraception and  
tested for pregnancy 
every three months.
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CME questions

7. Prior to initiation 
of PrEP, which of 
the following is an 
acceptable test to 
document an HIV 
negative status?

a. Finger stick HIV 
antibody test in a 
patient with seven 
days of fever and 
malaise

b. HIV antibody/antigen 
venous blood draw in 
a patient with seven 
days of fever and 
malaise

c. Oral HIV antibody 
testing in a patient 
who has been 
asymptomatic for the 
last four weeks

d. Venous HIV antibody 
test in a patient with 
seven days of fever 
and malaise three 
weeks ago

8. Truvada is most 
effective at 
preventing which 
mode of HIV 
transmission when 
taken daily:

a. Receptive anal 
intercourse

b. Penile-Vaginal 
intercourse

c. IV drug use

d. It protects against 
all methods of 
transmission equally

9. A female patient is 
using PrEP to prevent 
sexual transmission 
of HIV. As long as 
she takes Truvada at 
least four days per 
week, she does not 
need to use condoms 
during penile-vaginal 
intercourse.

a. True

b. False
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How people walk—or why they appear to 
walk differently than “normal” — has been 
a constant question since the ancient Greek 
philosopher Aristotle (384-322 BCE) keenly 
observed varying patterns associated with 
walking. In the modern world, gait and  
motion analysis are highly dependent  
not only on observation, but also on  
mathematics. Richard Baker, in his  
extensive paper about the history of gait 
analysis, notes it was not until the time of 
the Renaissance in Europe that science and 
mathematics began to develop in a mutually 
beneficial way to allow for the basis of what 
is now known as gait analysis.¹ Scientists and 
medical professionals who have analyzed 
gait include many renowned scholars such 
as Galileo, Descartes, Borelli, Duchenne and 
Trendelenberg. The acceleration of gait and 
motion analysis over the past 30 years is 
based on the extensive work of orthopedists 
Jacquelin Perry, David Sutherland and  
James Gage (figure 1). 

Following the completion of this article,  
the reader should be able to:

1. Identify the purpose of a gait lab  
assessment.

2. Recognize which diagnoses might be  
appropriate for referral to a gait lab.

3. Distinguish between 2-D and  
3-D assessments.

learning objectives

Dr. Perry was one of the 
first female orthopedic 
surgeons and a leading 
authority on gait analy-
sis. Dr. Perry joined the 
U.S. Army prior to WWII 
and trained as a physical 
therapist at Walter Reed 
before receiving her 
medical degree in 1950 
and becoming board 
certified in orthopedics in 
1955. She joined the staff 
at Rancho Los Amigos 
where she was chief of 
the pathokinesiology 
service for 30 years. 
Her interest in polio and 
post-polio syndrome was 
the driving force behind 
designing a device known 
as a “halo” to stabilize 
the neck and spine of 
patients with polio who 
lacked muscle strength 
in addition to becoming 
a leading expert on gait 
analysis.² 

Dr. Perry was a colleague 
of Dr. David Sutherland; 
they were mentored by 
Dr. Vern Inman during 
their orthopedic resi-
dency in San Francisco, 
who was instrumental in 

developing a lifelong  
interest in quantitative 
and qualitative analysis 
of the biomechanics of 
human locomotion, spe-
cifically with children who 
had either cerebral palsy 
or spina bifida. Dr. Suther-
land worked closely with 
engineers from the Van-
guard Missile Corporation 
to develop computerized 
3-D motion analysis  
and founded one of  
the world’s first compre-
hensive motion analysis 
laboratories at San Diego 
Children’s Hospital in 
1976.³ 

The James R. Gage  
Center for Gait and 
Motion Analysis is locat-
ed at Gillette Children’s 
Specialty Healthcare 
Center in Minneapolis and 
is routinely recognized 
as the leading center 
for clinical research and 
evaluation. Gage began 
practicing medicine in 
the 1970s at Newington 
Children’s Hospital. He 
was dismayed by the 
fact that many children 

figure 1.  Force plate and joint kinematics using 
Vicon® system



2020

who had cerebral pal-
sy underwent multiple 
surgeries, lengthy hospital 
stays and countless hours 
of physical therapy but 
had very disappointing 
outcomes, often losing 
the ability to ambulate as 
they entered their teen 
years. Gage held a strong 
belief that the answer to 
this dilemma lay in the 
evaluation of complex 
movement disorders, and 
he led the way to take 
motion analysis out of the 
research paradigm and 
incorporate gait analysis 
into clinical practice.⁴ 

Gait is a complex activity 
that requires (1) a control 
system, (2) an energy 
source, (3) levers pro-
viding movement, and 
(4) forces to move the 
levers.⁵ Dr. Perry noted 
that normal gait has five 
prerequisites that are fre-
quently altered or absent 
in pathological gait. They 
include (1) stability in 
stance, (2) sufficient foot 
clearance during swing, 
(3) correct swing phase 
pre-positioning of the 
foot, (4) adequate step 
length and (5) energy 
conservation.⁶ (figure 2)  

Quadruped animals have 
a distinct advantage in 
gait as they are inherent-
ly fast and stable, with 
their center of gravity 
located inside their base 
of support. The core 
muscles of the trunk are 
utilized to propel the 
animal forward increasing 
both power and stride 
length. Humans are at a 
disadvantage: In a bipedal 
position, the center of 
mass is located precari-
ously above the base of 
support (anterior to the 
S2 vertebra), affecting 
not only balance, but also 
power.⁵ The human body 
when walking or running 
is a complex 3-dimen-
sional linkage that defies 
understanding through 
traditional tools such as 
visual inspection with the 
naked eye or joint range 
of motion measure-
ment. The gait lab allows 
us to examine human 
movement from a 3-D 
perspective with the use 
of high-speed cameras, 
force plates and surface 
electrodes that provide 
detailed information 
regarding joint kinemat-

ics in addition to muscle 
innervation and power 
(figure 3). 

The gait lab staff is 
comprised of a multi-
disciplinary team led by 
Claire Beimesch, MD. Dr. 
Beimesch is a pediatric 
orthopedic surgeon spe-
cializing in cerebral palsy 
and gait analysis. She is 
a native of Covington, 
Kentucky, and graduate 
of Xavier University and 
University of Kentucky 
College of Medicine. 

She did her orthopedic 
residency at West Virginia 
University and fellowship 
at Gillette Children’s Spe-
cialty Healthcare, where 
she first became inter-
ested in gait and motion 
analysis. Dr. Beimesch 
was the head of the Gait 
Lab at Shriners Hospital 
in Shreveport, Louisiana, 
prior to accepting her po-
sition at Dayton Children’s 
in 2018. Ann Smith, DPT, 
is the director of OT/PT 
services and has a par-
ticular interest in cerebral 

figure 2.  Normal gait cycle 

figure 3.  Scoliosis patient performing rotation — 
note asymmetrical force plate readings.
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palsy. Emily Puthoff, DPT, 
is a recent graduate of 
the University of Dayton 
with a strong background 
in physiology and human 
movement. Tessa Hill is 
also a recent graduate of 
the University of Dayton, 
where she was able to 
pursue her interest in  
gait lab studies and  
graduate with a degree  
in biomechanical  
engineering.

The gait lab is located at 
the Springboro location 
in the orthopedic depart-
ment. Patients are usually 
referred from specialty 
services within the hospi-
tal (orthopedics, neurolo-
gy, neurosurgery, physical 
medicine and rehabilita-
tion); information from 
the gait lab is utilized to 
assist providers in clinical 
decision making regard-
ing appropriate bracing, 
spasticity management, 
contracture management 
and (where indicated) 
surgical intervention.

An evaluation in the gait 
lab usually takes 1.5–2.0 
hours and includes a 
comprehensive physical 
examination with one of 
our physical therapists, 
detailing range of motion, 
strength, spasticity or 
increased tone at each 
joint. We capture 2-D 
spatiotemporal informa-
tion, including pressure 
mapping of the feet, by 

figure 4.  Foot pressure mapping and alignment (GAITRite®) 

having the patient walk 
across a specialized mat 
system (GAITRite®)  
(figure 4). 

The patients are then 
“suited up” in reflective 
markers that are pre-
cisely placed on bony 
landmarks including the 
trunk, hips, knees and 
ankles that allow multiple 
cameras to capture the 
marker location as the 
child walks across force 
plates. Surface electrodes 
are placed on key muscle 
groups to measure the 
strength and timing of 
muscle activation. Force 
plates are built into the 
floor of the gait lab in a 
sequential fashion. The 
force plates measure 
ground reaction forces 
generated by the patient, 
in either a standing  
position or when walking. 

The data is then synthe-
sized into a comprehen-
sive report that allows 
providers to better  
understand movement 
and gait patterns, lead-
ing to informed decision 
making and optimal 
treatment recommenda-
tions for patients. The re-
port looks at each patient 
from the frontal, sagittal 
and coronal planes and 
then compares the child’s 
gait and movement 
patterns with data from a 
typical cohort of patients 
(figure 5 and 6). 

figure 5.  Barefoot sagittal joint angles of a patient

figure 6.  Normative data of barefoot sagittal joint 
angles of a patient
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Highly technical  
computer programs  
also allow us to develop  
a skeletal profile for  
patients that helps to  
not only guide surgical 
decisions, but also allows 
us to compare physiologi-
cal outcomes from before 
and after surgery  
(figure 7).

We have performed 
approximately 100 gait 
lab evaluations for clinical 
and research purposes  
to date.  Referrals are  
frequently made for 
patients with cerebral 
palsy (spastic diplegia 
or hemiplegia). We have 
increased our scope of 
patients to include pre 
and post-operative sco-
liosis patients in addition 
to patients referred by  
neurology/neurosurgery 
for gait deviations.   

Several of our providers 
also have a strong interest 
and background in the 
treatment of idiopathic 
toe walking. The gait 
lab has provided novel 
information and cutting 
edge technology for our 
patients, families and pro-
viders that was not pre-
viously available for our 
pediatric population in 
the Miami Valley. The gait 
lab enables us to live our 
mission of the relentless 
pursuit of optimal health 
for every child within  
our reach.

figure 7.  Visual 3-D representation of hemiplegic patient before surgery and 12 months later
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caregivers are urged to 
keep these devices out 
of reach. For patient/
family information on 
button battery inges-
tions, see the American 
Academy of Pediatrics 
healthychildren.org 
website at https://www.
healthychildren.org/
English/safety-preven-
tion/at-home/Pages/
Button-Battery-Injuries-
in-Children-A-Growing-
Risk.aspx.

CME questions

10. Gait Lab 
assessments are 
performed only in 
research settings.

a. True

b. False 

11. Orthopedic 
surgeons who have 
contributed to the 
advancement of 
gait and motion 
analysis include all 
of the following 
except:

a. Gage

b. Albert

c. Perry

d. Sutherland 

12. Gait and motion 
analysis includes:

a. Force vectors

b. Surface EMG

c. Joint kinematics

d. All of the above
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Dayton Children’s

updates
Dayton Children’s named one of  
U.S. News & World Report 2020-21  
Best Children’s Hospitals  
in two specialties
U.S. News & World  
Report, the global 
authority in hospital 
rankings and consumer 
advice, has ranked  
Dayton Children’s  
Hospital in two special-
ties in the new 2020-21 
Best Children’s  
Hospitals rankings.  

• Pulmonology 

• Orthopedics 

The 14th annual Best 
Children’s Hospitals 
rankings recognize the 
top 50 pediatric facil-
ities across the U.S. in 
10 pediatric specialties. 

“We are honored to 
earn a top spot in 
U.S. News and World 
Report Best Children’s 
Hospitals this year,” 
says Michael Albert, 
MD, chief, division of 
orthopedics at Dayton 
Children’s. “We contin-
uously strive to be on 
the cutting edge of the 
latest innovations in 
orthopedics for chil-
dren, including options 
you will find nowhere 
else in the country. This 
allows us to strengthen 
children today, as well 

as protect their  
future growth and  
development.” 

This is the first year in 
the rankings for Dayton 
Children’s Orthopedics 
Division. It’s part of  
a Level I Trauma  
Center, and a member 
of the Setting Scoliosis 
Straight collaborative 
to improve spinal  
surgery outcomes.   
The division offers 
innovative techniques 
such as magnetic limb 
lengthening, BandLoc 
spinal surgery, gait 
and motion analysis, 
scolio-pilates® and are 
currently involved in a 
national study involving 
a new device for fu-
sionless spine surgery.

It’s the third year that 
Dayton Children’s 
pulmonology division 
ranked in the maga-
zine’s annual survey  
of children’s hospitals. 
It is a Cystic Fibrosis 
Center, one of  
120 Cystic Fibrosis 
Foundation-accredited 
care centers provid-
ing expert care and 
specialized disease 

management across 
the country. The net-
work combines clinical 
research with medical 
care best practices, and 
has been cited by the 
National Institutes of 
Health as a model of 
effective and efficient 
health care delivery 
for a chronic disease. 
Dayton Children’s also 
formed the Dayton 
Asthma Alliance, a 
group of more than 20 
community agencies 
working in partnership 
in a global strategy to 
address asthma trig-
gers in a child’s entire 
environment — where 
they live, learn and play. 

“We are proud to once 
again be recognized by 
U.S. News and World 
Report Best Children’s 
Hospital for the expert 
specialty pediatric care 
in pulmonology we 
provide,” says Daniel 

Evans, MD, chief,  
division of pulmonolo-
gy at Dayton Children’s. 
“Our team works hard 
to go above and  
beyond for each child, 
ensuring they and their 
families have the very 
best care in a personal-
ized plan that works for 
their unique needs.” 

“Even in the midst  
of a pandemic,  
children have health 
care needs ranging 
from routine vaccina-
tions to life-saving  
surgery and chemo-
therapy,” said Ben 
Harder, Managing  
Editor and Chief of 
Health Analysis at 
U.S. News. “The Best 
Children’s Hospitals 
rankings are designed 
to help parents find 
quality medical care for 
a sick child and inform 
families’ conversations 
with pediatricians.”  
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Dayton Children’s  
neurology department 
is now accredited  
by the National  
Association of  
Epilepsy Centers as a 
level 4 epilepsy center. 
This means that our 
providers have the  
professional expertise 
and facilities to  
provide the highest 
level of medical and 
surgical evaluation, and 
treatment for patients 
with complex epilepsy.

“The division of  
neurology is very 
pleased to have at-
tained the certification 
of a Level IV epilepsy 
center by the National 
Association of Epilep-
sy centers. We are the 
only Level IV center in 

Dayton Children’s is accredited as a  
Level 4 Epilepsy Center

this region including 
the adult hospitals,” 
says Dr. Gogi Kumar, 
division chief of  
neurology.

”In the last two years 
our division has dou-
bled in size, and our 
new EMU has shown an 
exponential growth in 
volume. We have a first 
seizure clinic to pro-
vide easy access and 
comprehensive care 
to children who are 
presenting with a first 
time seizure as well as 
a multidisciplinary in-
tractable epilepsy clinic 
for ketogenic diet, 
vagus nerve stimulation 
(VNS) and epilepsy 
surgery evaluation.” 
In addition, we have a 
tuberous sclerosis (TS) 

clinic accredited by the 
TS Alliance.

Our center is well 
known for its impact  
on our community. 
Neurology nurses  
visit schools and day 
care centers to provide 
education about rescue 
medication and VNS 
therapy. Our epilepsy 
team has advanced  
imaging with 3T MRI, 
and three pediat-
ric neurosurgeons 
equipped with robotic 
stereotactic EEG. We 
are participating in 
drug research trials and 
providing cutting edge 
comprehensive  
epilepsy care.  

We feel that Level IV 
accreditation will  
ensure that our  

community is confident 
in our competence 
and expertise, and and 
families can receive 
compassionate and 
comprehensive care 
close to home. 

We are fotunate to 
have an amazing team 
of physicians, nurses 
and EEG techs who 
have worked extremely  
hard to achieve this 
milestone. I am  
especially grateful  
to Dr. Goenka,  
Dr. Agarwal,  
Dr. Vacchrajani,  
Dr. Lober and Dr. Ey 
as well as Samantha 
Mescher, RN for their 
exemplary efforts in 
getting the epilepsy 
surgery program off 
the ground,” says  
Dr. Kumar.

25
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coronavirus (SARS-CoV-2/COVID-19)  

updateupdated as of August 10

COVID-19 background

The 2019 novel coronavirus (SARS-CoV-2 that causes COVID-19) pandemic first was recognized in  
December 2019 in Wuhan, Hubei Province, China. It has spread to more than 180 countries, including 
the United States. There have been more than 20,000,000 confirmed cases and over 730,000 deaths 
reported worldwide since December 2019. Since the beginning of the pandemic, there have been over 
5,000,000 confirmed and presumptive positive cases in the U.S., including over 162,000 deaths.  
All U.S. states are reporting community spread of COVID-19. Different parts of the country are  
seeing different levels of COVID-19 activity.  

pediatric COVID-19

Most reported cases of 
COVID-19 in children 
aged <18 years appear to 
be asymptomatic or mild. 
The American Academy 
of Pediatrics (AAP) and 
the Children’s Hospital 
Association recent-
ly reported that more 
than 338,000 children 
have tested positive for 

COVID-19 since the onset 
of the U.S. epidemic, 
with 97,078 new cases 
reported in the July 16-30 
period. Children <18 years 
of age account for < 2% 
of laboratory-confirmed 
cases. The AAP noted 
“severe illness due to 
COVID-19 appears to be 
rare among children.”¹

However, while uncom-
mon, some children can 
develop severe COVID-19 
illness. From March 1– 
July 25, 2020, 576  
pediatric COVID-19  
cases were reported to 
the COVID-19–Associated 
Hospitalization Surveil-
lance Network (COVID-
NET), a population-based 
surveillance system that 

collects data on  
laboratory-confirmed 
COVID-19–associated 
hospitalizations in 14 
states.² The cumulative 
COVID-19-associat-
ed hospitalization rate 
among children aged 
<18 years during was 
8.0 per 100,000 popu-
lation, with the highest 
rate among children 

by Sherman Alter, MD
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aged <2 years (24.8). 
Hispanic and non-His-
panic black children had 
higher cumulative rates 
of COVID-19–associated 
hospitalizations (16.4 and 
10.5 per 100,000, respec-
tively) than did non- 
Hispanic white children 
(2.1). Forty-two percent 
of children had one or 
more underlying medical 
conditions. One-third of 
children were admitted 
to the ICU. Treatment is 
primarily supportive, but 
investigations are ongo-
ing looking at specific 
management strategies. 

Findings in laboratory 
confirmed, symptomatic 
U.S. children include fever 
(subjective or document-
ed), cough, or shortness 
of breath (73%), myalgia 
(23%), runny nose (7%), 
sore throat (24%), head-
ache (28%), nausea/
vomiting (11%), abdominal 
pain (6%), diarrhea (13%). 
Median age in one report 
was 11 years (range 0-17) 
and 57% of pediatric 
cases occurred in males. 
About 23% had at least 
one underlying condition, 
most commonly chronic 
lung disease (including 
asthma), cardiovascular 
disease, and immunosup-
pression. Some patients 
develop worsening of 
illness during the sec-
ond week of symptoms. 
Findings of bilateral 
infiltrates, multiple areas 
of consolidation, ground 
glass opacities on chest 
imaging and lymphope-
nia occur in some  
hospitalized patients.3

The multisystem  
inflammatory syndrome 
in children (MIS-C) asso-
ciated with COVID-19 was 
first reported by the  
United Kingdom at 
the end of April 2020. 
MIS-C is a rare but severe 
condition that generally 
occurs 2–4 weeks after 
the onset of COVID-19 in 
children and adolescents. 
Cases may have overlap-
ping clinical findings with 
toxic shock syndrome 
and atypical Kawasaki 
disease. Most patients 
with MIS-C have features 
of shock, with cardiac 
involvement, gastrointes-
tinal symptoms, and  
significantly elevated 
markers of inflamma-
tion, with positive lab-
oratory test results for 
SARS-CoV-2.⁴ In a recent 
CDC summary of 565 
MIS-C patients, all had 
a positive test result by 
reverse-transcriptase 
polymerase chain reac-
tion (RT-PCR) or serol-
ogy. Hispanic and black 
patients accounted for 
the largest proportion 
(73.6%) of reported 
MIS-C patients. Over 
80% of patients had four 
or more organ system 
involvement. Two-thirds 
did not have preexist-
ing underlying medical 
conditions before MIS-C 
onset. Common signs 
and symptoms included 
abdominal pain (61.9%), 
vomiting (61.8%), skin 
rash (55.3%), diarrhea 
(53.2%), hypotension 
(49.5%), and conjunctival 
injection (48.4%).  
Most patients had  
gastrointestinal (90.9%), 
cardiovascular (86.5%),  
or dermatologic or 

mucocutaneous (70.9%) 
involvement. Substantial 
numbers of MIS-C  
patients had severe 
complications, includ-
ing cardiac dysfunction 
(40.6%), shock (35.4%), 
myocarditis (22.8%), 
coronary artery dilatation 
or aneurysm (18.6%), 
and acute kidney injury 
(18.4%). The majority of 
patients (63.9%) were 
admitted to an ICU. The 
median length of ICU stay 
was five days.⁵ Through 
early August 2020, we 
have managed six  
patients with MIS-C  
at Dayton Children’s. 

The CDC MIS-C case 
definition includes:

• An individual aged <21 
years presenting with 
fever (> 24 hours) 

• Laboratory evidence 
of inflammation (CRP, 
ESR, fibrinogen;  
procalcitonin, d-dimer, 
ferritin, LDH, or IL-6, 
neutrophilia, lymphope-
nia, low albumin)

• Evidence of clinically 
severe illness requiring 
hospitalization

• Multisystem (>2) organ 
involvement (cardiac, 
renal, respiratory, hema-
tologic, gastrointestinal, 
dermatologic or  
neurological), AND 

• No alternative plausible 
diagnoses, AND

• Positive for current or 
recent SARS-CoV-2 
infection by RT-PCR, 
serology, or antigen 
test, or COVID-19  
exposure within the 
4 weeks prior to the 
onset of symptoms

Treatment of MIS-C 
utilizes a multidisciplinary 
approach of many pedi-
atric specialists, including 
but not limited to cardi-
ology, infectious disease, 
immunology, hematology, 
rheumatology, pediatric 
hospital medicine, and 
critical care. Patients with 
MIS-C have been treated 
with intravenous immu-
noglobulin (IVIG), steroid 
therapy (methylpred-
nisolone) and biologics 
(such as anakinra). Many 
patients have received 
concurrent antibiotic 
therapy given the need 
for early intervention and 
the necessity to initiate 
treatment for multiple 
possible etiologies. As-
sessment of clotting risk 
and need for treatment/
prophylaxis is warranted. 
Distinguishing patients 
with MIS-C from those 
with acute COVID-19 and 
other hyperinflammatory 
conditions is critical  
for early diagnosis  
and appropriate  
management.
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steps we are taking to stop the spread at Dayton Children’s 

screening, 
masks 

and hand 
sanitizer

clean, 
clean 

and clean 
again

the right tools 
for the right care in the 

right spaces

social 
distancing 

made 
easy

limiting 
people 
on site  

Our number one priority 
at Dayton Children’s will 
always be the health and 
wellbeing our staff and 
the patients and families 
we care for every day.  
We continue to make 
changes to our  
policies and procedures 
as COVID-19 is a very fluid 
situation. Some of the 
changes include: 

• Mandated masks for 
anyone over the age 
of two in indoor public 
spaces where social 
distancing is not  
possible. This was 
mandated by  
Governor Mike DeWine 
in July and we  
continue to align  
our policies around  
the state’s  
recommendation. 

• Screening for staff and 
families has become  
a permanent part  
of entering Dayton 
Children’s as we 
continue to navigate 
through the pandemic. 

• Starting August 14 all 
patient facing staff are 
required to wear eye 
protection including  
goggles or a face 
shield in addition to 
their mask. 

• We are allowing two 
adult caregivers for 
patients but encourage 
one when possible. No 
other caregivers are 
permitted, including 
siblings. These restric-
tions apply for both 
clinic appointments 
and inpatient stays.

o If a parent is 
COVID-19 positive 
and isn’t able to 
attend their child’s 
appointment,  
we do allow a 
non-parent or 
guardian (i.e. 
babysitter, aunt, 
grandma, etc.) to 

attend if the parent 
signs our consent 
form. This form 
can be found at 
childrensdayton.
org by searching 
“patient forms” and 
selecting “Consent 
to treat without 
parent.”
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related Links 

• CDC’s COVID-19  
gateway page:  
CDC.gov/coronavirus

• NIH’s Coronavirus 
(COVID-19) gateway 
page links to news re-
leases on vaccine trials: 
nih.gov/health- 
information/coronavirus

• WHO’s Coronavirus 
Disease (COVID-19) 
Outbreak gateway page 
links to WHO’s Situation 
Reports web page:  
who.int/emergencies/
diseases/novel- 
coronavirus-2019 

• Johns Hopkins  
University’s Coronavirus 
Resource Center  
gateway page provides 
data on COVID-19 that 
is updated every  
morning. 

• The Ohio Department 
of Health’s coronavirus 
site COVID-19 (Novel 
Coronavirus) - Ohio 
provides statewide 
data and recommenda-
tions. coronavirus.ohio.
gov/wps/portal/gov/
covid-19/home

• The Point-of-Care 
Solutions COVID-19 
webpage for the 
AAP’s Red Book  
Online provides  
information and links. 
https://redbook.
solutions.aap.org/
selfserve/ssPage.as-
px?SelfServeConten-
tId=rbo_outbreaks_
page_3

• The AAP’s Critical 
Updates site provides 
daily guidance, practice 
management infor-
mation, and advocacy 
resources to help ad-
dress COVID-19 and 
pediatrics. https://
services.aap.org/en/
pages/2019-novel- 
coronavirus- 
covid-19-infections/

stay up to date on the  
latest coronavirus information 

Many institutions and organizations continue to  
monitor the SARS-CoV-2 pandemic. Be sure to  
check the resources below for the latest  
information. Stay in touch with your local  
and state health departments.

Please feel free to contact the division of 
infectious disease at Dayton Children’s at 
937-641-3329 if you have any questions 

or need additional information.
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name ___________________________________

practice name ____________________________

street address ____________________________

city_____________________________________

state/zip code ____________________________

office telephone __________________________

office fax ________________________________

e-mail __________________________________

signature ________________________________

program testprogram evaluation
1. The material presented in this publication met 

the mission to enhance health care delivery 
in our region through education based on the 
essentials and policies of the Accreditation 
Council for Continuing Medical Education.  
c Strongly agree c Agree c Neutral 
c Disagree c Strongly disagree

2. Did the material presented in this publication 
meet the educational objectives stated?

c Yes c No

3. Did the material presented in this publication 
have a commercial bias?     
c Yes    c No

4. Please rate the contents of this issue using the  
 following scale:  
 1 = Poor, 2 = Fair, 3 = Good, 4 = Very good,  
 5 = Excellent (Circle one response for each.)    
                Poor          Excellent
 Timely, up-to-date? 1 2 3 4 5 
 Practical? 1 2 3 4 5
 Relevant to your practice? 1 2 3 4 5

5. Please describe any changes you plan to  
make in your clinical practice based on the 
information presented in this program. 
 
 ______________________________________

6.  Are there any other topics you would like  
to have addressed in this publication or  
future educational programs for health  
care providers?   
c Yes   c No  If yes, please describe: 
 
 ______________________________________

7.  Please describe how you will incorporate  
information obtained from this publication 
into your practice. 
 
 ______________________________________

8. Letter to the editor — Letter to the editor  
may be emailed to alters@childrensdayton.org 
or attached to this evaluation and may  
be published in the next issue.

physician accreditation statement and credit designation
This activity has been planned and implemented in accordance 
with the Essential Areas and Policies of the Accreditation  
Council for Continuing Medical Education (ACCME) through  
the joint providership of Wright State University (WSU) and 
Dayton Children’s Hospital.

WSU designates this Journal-based CME Activity for a  
maximum of 4 AMA PRA Category 1 Credit(s)™. Physicians 
should claim only the credit commensurate with the extent  
of their participation in the activity.

This test must be received by December 31, 
2020 for the credit to be awarded

to obtain CME credit you must:

Read and reflect on each article.

Answer the questions from each article and complete 
this test — http://cmequiz.childrensdayton.org/ 
SummerPedForum2020. 70 percent correct answers 
are needed to obtain the full 4.0 AMA PRA  
Category 1 CreditsTM.

Complete the program evaluation.

Return your completed test and program evaluation by 
email, mail or fax to: Sue Strader, coordinator 
Department of Continuing Medical Education 
Dayton Children’s Hospital, One Children’s Plaza,  
Dayton, Ohio 45404-1815 
Fax: 937-641-5931

E-mail: straders@childrensdayton.org

Take test online: childrensdayton.org/providers

pediatric forum  |  volume 34, issue 2 

your answers to CME questions  
(Please circle the BEST answer.)
1. a b c d 
2. true false
3. a b c d
4. true false 
5. true false 
6. true false
7. a b c d
8. a b c d
9. true false
10. true false
11. a b c d
12. a b c d
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