
Since the ketogenic diet’s inception in the 
1920s, it’s gradually become accepted as a 
mainstream method for treating intrac-
table epilepsy in children. However, say 

pediatric neurologist Eric Kossoff and dietitian 
Zahava Turner, many specialists and parents 
don’t realize that the high-fat, moderate-protein, 
low-carbohydrate diet can be used in the very 
youngest patients, toddlers and even infants just a 
few months old.

Though the ketogenic diet has proven enor-
mously successful in reducing seizures in older 
children, Turner explains, doctors and parents 
had long assumed that babies and toddlers weren’t 
an ideal population for imposing such a restric-
tive regimen. “There’s been a fear of their ability 
to tolerate the diet and worries about their growth 
and development,” she says. A lack of commercial 
ketogenic foods on the market made administer-
ing the diet to very young patients exceedingly 
difficult, Turner adds.

However, Kossoff says, research in the last several 
years has shown that the ketogenic diet can be safely 
given to babies and toddlers and can be effective, 
successfully cutting or eliminating seizures in many 
of these patients. With an abundance of new keto-
genic prescription formulas now available, parents 
can administer the diet even to very young infants 
long before they’re eating solid food. An increasing 
number of specialized centers scattered around the 
country, including the Johns Hopkins Ketogenic 
Diet Center, now use the ketogenic diet as one of 
the first lines of treatment for pediatric epilepsy 
rather than a treatment of last resort.

“Between a third and half of patients starting this 
diet are now under age 2,” Kossoff says. “That’s a big 
change compared to just 10 years ago.”

Because the diet can have significant side ef-
fects—from the easily treatable, such as constipa-
tion, to the more serious, including high choles-
terol, kidney stones and slow growth—it must be 
administered under physician supervision. At the 
Johns Hopkins Ketogenic Diet Center, children 
of all ages identified as candidates for the diet are 
admitted to the hospital with their parents for four 
days to start their new plan under close monitor-
ing. Before admission, the ketogenic diet team—
composed of Kossoff and Turner, along with a 
nurse practitioner, pharmacist, Child Life specialist 
and members of the nursing team—meet to dis-
cuss the details of each patient’s case. They craft 
individual care plans, taking into account patients’ 
medical history and lab work, caloric needs and 
allergies, whether mothers are breast- or formula 
feeding, and families’ religious and cultural prefer-
ences regarding food.

For four days, parents learn the particulars of 
feeding their children the ketogenic diet while pa-
tients start their new eating plans. Members of the 
care team monitor patients to see whether the diet 
is reducing seizures while watching carefully for 
side effects. 

Infants and toddlers come back for appointments 
every few weeks to months for checkups so the 
care team can keep a close eye on their growth and 
development. Between appointments, Turner says, 
parents can call as often as they like to ask questions. 
“We keep in very close contact with parents of our 
youngest patients,” she says. “They require a lot of 
support, and we’re very willing to provide that.”

Though babies and toddlers with epilepsy can be 
challenging patients, Kossoff says, treating them ef-
fectively is extremely rewarding: “We’re very excited 
by the success we’re seeing with the diet.” n
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For physician‑to‑physician referrals, call 410‑955‑9444  
or 1‑800‑765‑5447 24 hours a day, 7 days a week

Eric Kossoff and Zahava Turner use the ketogenic diet—a high‑fat, moderate‑protein and low‑carbohydrate 
diet—to treat babies and toddlers with epilepsy. 

For more information: 410-955-4259



Cerebrovascular Disorders

Strokes are always a medical emergency, but 
in children, they’re often also a medical 
mystery. One potential cause for strokes in 
pediatric patients is moyamoya, a disease 

that causes brain arteries—primarily the internal 
carotid artery—to thicken and constrict for no 
known reason. Although collateral circulation de-
velops around these narrowed blood vessels to ease 
the bottleneck, the new vessels tend to be small and 
weak, making them prone to hemorrhage, aneu-
rysms and thrombosis. In imaging studies, the col-
lateral circulation looks hazy like a puff of smoke, 
which translates to moyamoya in Japanese.

Moyamoya can be a tough disease to diag-
nose, says pediatric neurosurgeon Edward Ahn.  
Though it tends to cluster in certain geographic 
regions, such as East Asia, worldwide incidence 
is exceedingly low, on the order of about one in 
a million. Complicating diagnosis is the fact that 
strokes—typically the first outward manifestation 
of the disease—are also rare in children.

As a result, says Ahn, “many practitioners might 
initially misinterpret what’s happening and miss the 
opportunity for a faster diagnosis and treatment.”

Moyamoya is usually diagnosed from the char-
acteristic appearance of affected blood vessels on 
MRI and cerebral angiogram. For patients whose 
disease is in the early stages, therapy often centers 
on aspirin or other anticlotting agents. But as the 
disease progresses, surgery eventually becomes 
the only way to stem the recurrent strokes this 
disease causes. 

Striking Strokes in Moyamoya Patients

Spinal Tumors
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Steven McDonough, a 23-year-old student at the Univer-
sity of Missouri-St. Louis, is a lifelong athlete. With a love 
for sports and a passion for fitness, he’d played football, 
hockey, basketball, volleyball, golf, and kept in shape with 
a heavy workout regimen for years. So in 2007, when he 
started getting numbness in his arms and hands and feeling 
a pain in his neck, he assumed he’d just overdone it in the 
weight room. 

To be on the safe side, his workout partner—the 
family chiropractor—suggested that McDonough get an 
MRI. Results showed that, rather than a simple strain, 
the source of McDonough’s symptoms was a large mass 
covering nearly his entire cervical spine. A biopsy soon 
established his diagnosis as a grade 2 intramedullary spi-
nal cord ependymoma. Because these tumors arise from 
cells inside the spinal cord, the tumors themselves grow 
inside this exceedingly delicate structure. Consequently, 
the cord itself needs to be cut open for tumor resection, 
making the risk of neurological deficits from resection ex-
ceedingly high. 

“Every surgeon we saw told me I needed surgery to 
remove it,” says McDonough, “but that if they did surgery, 
I’d be paralyzed from the chest down, and I would live on 
a ventilator for the rest of my life.” Putting off this frighten-
ing fate, McDonough received radiation and went on a 
steroid for months, hoping to shrink the tumor, or at least 
stop or slow its growth. But these treatments didn’t stop 
the lesion’s inexorable spread, making surgery inevitable. 

Hoping that her son’s future could be less grim, McDonough’s mother, Mary, spent hours in medical 
libraries researching Steven’s condition and searching for a surgeon who might be able to help him with-
out dire consequences. Eventually, she found Johns Hopkins pediatric neurosurgeon George Jallo. 

McDonough and his family expected Jallo to give them the same prognosis they’d received from 
other neurosurgeons. But Jallo, who’s performed dozens of similar resections, had different news: He 
felt that with his experience and the neurophysiology team monitoring Steven’s motor and sensory path-
ways, not only could he remove the tumor, but McDonough would walk away from the hospital in two 
weeks. 

Although the operation would require cutting through healthy spinal cord tissue, Jallo was confident 
that he’d be able to remove the tumor without causing any deficits. As an extra safety measure, Jallo 
would be working with Johns Hopkins’ intraoperative neurophysiological monitoring team, keeping an 
eye on McDonough’s nerve function throughout the procedure.

When Jallo opened McDonough’s spinal cord in April 2008, he found that the structure was nearly 
triple its normal size because of the tumor within. Parting the cord like the pages of a book, he teased 
out the ependymoma without damaging healthy tissue. Readings from McDonough’s neurophysiologi-
cal monitoring remained normal throughout the procedure, assuring Jallo that his patient’s neurologic 
function remained unscathed. 

McDonough remembers waking up after the four-hour procedure and feeling an immense sense of 
relief. He could wiggle his feet, move his hands—and knew he was okay.

After a spinal fusion in 2009 that Jallo and Johns Hopkins orthopedic surgeon Michael Ain per-
formed to repair damage McDonough suffered from radiation, McDonough set about getting back into 
shape. Today, with the exception of playing heavy contact sports such as football and hockey, he’s back 
doing everything he was able to do before his tumor was diagnosed—a fact that’s still a shock, he says, 
after being told he’d never walk again. 

“Even if I have to wake up at 6 or earlier every day, I still do it,” he says. “All these people were 
rooting for me, and I owe it to them to be the best that I can be.” n

To view a video about Steven’s journey, 
visit bit.ly/Steven‑Hopkins.
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After being told he may never walk 
again, patient Steven McDonough 
is back playing golf three years 
after surgery to remove a large 
intramedullary spinal cord 
ependymoma.
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Striking Strokes in Moyamoya Patients

For Madison Burkhardt, now 16, the head-
aches started two years ago. Without warn-
ing, and seemingly without cause, the high 
school student would be debilitated with 

pain up to five days every week. Lying in bed in 
a dark room or taking ibuprofen or acetamino-
phen sometimes helped. But when these measures 
didn’t work, says her mother, Sara, Madison 
would sometimes vomit.

Nearly a year later, Madison’s sister, Camden, 
also developed unbearable migraines. 

“My husband and I knew that nobody, es-
pecially a child, should have a headache every 
day,” Sara says. “We thought, what are we 
doing wrong?”

For answers, they turned to Johns Hopkins, 
where both Madison and Camden came under 
the care of Chris oakley, director of Johns 
Hopkins’ Pediatric Headache Clinic. The clinic is 
one of the few centers in the country that specifi-
cally treats headaches in children.

Most patients of Oakley and his physician as-
sistant, Candie Marchand, have nearly daily, 
primary headaches, with no known etiology of 
tumor, infection, trauma or other causes. For the 
vast majority, Oakley says, the most important part 
of his workup is taking a detailed history.

“I spend about 45 minutes talking with each 
patient,” he says. “If I had my say, I’d probably 
be spending hours. It’s critical to truly understand 
each patient and family and build a relationship.”

It’s that solid relationship that makes patients 
more likely to follow his treatment recommen-
dations on the sometimes-long road to easing 
chronic headaches, Oakley explains. While 
researchers are working toward gaining a better 
understanding of headaches, it’s still unclear what 
causes them, and there is no cure—only ways to 

manage the pain and prevent onset.
Working toward that goal, Oakley and 

Marchand use a three-pronged approach. The 
team first helps patients attain a healthy lifestyle, 
complete with maintaining good hydration, get-
ting enough exercise, not skipping meals, eating 
a healthy diet, getting enough rest, and minimiz-
ing stress and anxiety. Establishing good habits 
can help prevent headaches before they start, 
Oakley says.

Next, based on each patient’s lifestyle, they 
suggest some alternative approaches, such as 
physical therapy, meditation, biofeedback and 
behavioral therapy.

Finally, if these don’t significantly reduce  
the number and severity of a patient’s head-
aches, Oakley and Marchand prescribe preven-
tive drugs for daily use and abortive drugs for 
acute headaches. 

“I stress to patients and their families that med-
icines are not a cure. Our goal is to decrease the 
headache frequency and severity by as much as 
possible,” he says. “If we decrease their headaches 
by 50 percent, that’s a success from a medication 
perspective. We try to do much better than that 
and are often successful.”

At the new clinic, Oakley and Marchand 
see patients together for the initial visit, and 
Marchand sees them for follow-up visits.

“I tell families up front that I don’t focus on 
how many headaches kids have and what they 
feel like. I focus on disability and dysfunction,” 
Oakley says. “I want kids to get back to them-
selves and feel normal again.”  n

treating Headaches in the Youngest Patients

www.hopkinschildrens.org

Edward Ahn and his colleagues 
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operations in children with 
moyamoya each year.
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Ahn and his Johns Hopkins colleagues tailor 
their operations depending on the specifics of each 
case. The option they most commonly choose in-
volves taking a blood vessel not affected by the dis-
ease—usually the superficial temporal artery—and 
redirecting it on top of the brain. Even when they 
do not connect it directly to affected vessels, the 
brain grows its own new vessels to tap into the new 
blood source.

“In cases where the disease has progressed far 
enough,” Ahn explains, “the brain responds to a new 
blood supply very well. It’s starving for new blood. 
If we supply that, the brain readily picks it up.”

For children who continue to have strokes even 
after these treatments, Ahn and his colleagues 
perform a procedure recently developed in Korea. 
Rather than transplanting blood vessels, the neuro-
surgeons transplant a layer from the scalp directly 
onto the brain, encouraging the growth of new 
blood vessels with this tissue.

Ahn estimates that he and his colleagues perform 
an average of 10 operations for children with moy-
amoya each year, making Johns Hopkins one of the 
most active medical centers for treating this disease. 
In most cases, he says, surgery can successfully pre-
vent new strokes in his young patients.

“We have the potential,” he says, “to turn 
around patients’ lives.” n
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Chris oakley uses a multi‑tiered 
approach to treat headaches in children.
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Pediatric Stroke Program di-
rector Ryan Felling special-
izes in evaluating and treating 
children with a wide range of 
cerebrovascular disorders, in-
cluding the acute diagnosis and 
treatment of stroke, as well 
as long-term management of 
the neurological consequences 
of stroke in children. in the 
laboratory, he is investigating 
the cellular basis of repair and 
recovery following injury in the 
immature brain. after earning both 
his M.d. and his Ph.d. in neuroscience at Penn State col-
lege of Medicine, dr. Felling completed residency training 
in pediatrics at the children’s Hospital of Philadelphia. He 
also completed residency training in pediatric neurology 
and a fellowship in vascular neurology at Johns Hopkins.

Pediatric neurosurgeon 
Eric Jackson focuses on a 
broad range of conditions 
including congenital mal-
formations of the brain and 
spine, hydrocephalus (includ-
ing endoscopic treatment), 
spinal dysraphism, brain and 
spine tumors, craniosynos-
tosis and traumatic brain 
injuries. among his research 
interests are the genetics and 
treatment of pediatric brain 
tumors. He earned his medical 
degree at University of Michigan Medical School and 
completed his neurosurgery residency at the Hospital 
of the University of Pennsylvania. Jackson completed a 
pediatric neurosurgery fellowship at children’s Hospital 
Boston/Harvard Medical School and practiced for three 

years at Nationwide children’s 
Hospital, columbus, Ohio.

Sarah Kelley specializes in 
treating children with epilepsy, 
particularly those who continue 
to have seizures after trying 
multiple medications. as the di-
rector of the Pediatric epilepsy 
Monitoring Unit, she evaluates 
and cares for children with 
difficult-to-control or difficult-
to-diagnose epilepsy, and those 
who may be candidates for 
epilepsy surgery. She earned her 
medical degree at SUNY Buffalo School of Medicine and 
completed her pediatrics residency and child neurology 
training at the Johns Hopkins Hospital. She also com-
pleted her fellowship in clinical neurophysiology/pediat-
ric epilepsy at Johns Hopkins. n
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