
A number of patients who 
need urgent surgery for 
ruptured aneurysms, brain 
traumas, brain tumors, or 

other neurological injuries need to 
have a portion of their skull removed 
that’s later replaced, necessitating a 
second operation, a “cranioplasty.” 
That second procedure puts them at 
risk of adding insult to injury and may 
leave them looking significantly dif-
ferent in comparison to their presurgi-
cal appearance, says Johns Hopkins’ 
neurosurgeon Judy Huang. Replacing 
the portion of missing skull at a later 
date, which involves peeling back the 
scalp to expose the brain, may cause 
significant blood loss, can increase the 
risk of seizure, and sometimes leads 
patients to regress in their neurological 
recovery. In addition, the placement of 

bone or implant during cranioplasty 
reconstruction is often less than ideal, 
leaving an indentation in the tempo-
ral region that makes it obvious that 
a patient has undergone major brain 
surgery.

“It’s hard for patients whose lives we 
saved to say that they’re unhappy with 
the side of their head,” Huang says.

Though she and other neurosur-
geons have been performing the skull 
replacement procedure in much the 
same way for more than a century, 

she adds, it was clear that there was 
room for improvement. So Huang 
and a group of neurosurgeons teamed 
up with Johns Hopkins’ craniofa-
cial plastic surgeon Chad Gordon. 
With Huang’s support and guidance, 
Gordon developed a novel repair tech-
nique that could prevent further brain 
trauma and risk for infection, while 
also preserving the skull’s original 
appearance.

Rather than peeling back all five 
layers of the scalp, the new technique 
leaves the layer closest to the brain—
the pericranium—attached, thereby 
preserving the brain’s protection and 
the pericranium’s blood flow. Work-
ing together to perform the second 
procedure, Huang and Gordon place 
either the portion of original skull or 
a custom bone-like implant between 
the pericranium and overlying layers of 
scalp instead of directly onto the brain.

This innovative procedure spares 
the brain from additional insult while 
leaving healthy layers of tissue sand-
wiched around bone or implant, which 
in turn prevents the replaced material 
from getting infected and additional 
surgery to remove it. “It not only 
creates a healthy environment around 
whatever material is used, but also 
prevents a necessary dissection around 
the brain, thereby leading to safer 
surgery,” Gordon explains.

In addition, he says, having the 
expertise of both a craniofacial plastic 
surgeon and neurosurgeon for the 
second procedure allows a more pre-
cise cranial reconstruction with better 
aesthetic results.

Huang and Gordon say this unique 
solution has most likely eluded neu-
rosurgeons since the 1890’s because 

the skull replacement surgery is done 
primarily by the neurosurgeons them-
selves, whose training focuses mainly 
on the brain. The ability to work to-
gether in a multidisciplinary capacity 
as part of a newly formed clinic—the 
Multidisciplnary Adult Cranioplasty 
Center—has allowed Huang and 
Gordon to combine their knowledge 
to improve patients’ experiences.

They, along with several others in-
cluding neurosurgeons Henry Brem, 
Jon Weingart, Michael Lim, Alfre-
do Quinones and Geoffrey Colby, 
now see cranioplasty patients together 
in clinic before surgery, giving patients 
an opportunity to have both doctors 
answer all their questions and the sur-
geons a chance to jointly plan for each 
complex procedure. 

“What we found is that adult 
patients are just as nervous for the 
aesthetic aspects of craniofacial recon-

struction as they are for the lifesaving 
brain surgery,” Gordon says. “They 
don’t know how much of their hair 
will be saved, what incisions will be 
used, what materials will be used, and 
if sutures or staples will be present. 
Our team can reassure them of all of 
this in just a single visit, saving many 
patients from extra hassle and travel.”

After treating nearly 200 patients 
with this procedure, Huang says it’s 
clear that it offers significant ben-
efits compared to the conventional 
procedure. “Our patients,” she says, 
“have been extremely happy with the 
results.”   n
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Neurosurgeon Judy Huang and craniofacial plastic surgeon Chad Gordon have 
recently teamed up to offer cranioplasty patients a novel reconstruction tech-
nique that can reduce complications while offering a better aesthetic result.
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Medications designed to stop brain damage 
that leads to memory loss in Alzheimer’s 
patients have thus far failed in clinical 
trials—possibly, many researchers say, 

because they are given to those who already have 
symptoms and too much damage. Finding biomarkers 
that can predict Alzheimer’s progression long before 
symptoms appear could give drugs more time to work 
and a greater chance of success, says Marilyn Albert, 
director of the Johns Hopkins Alzheimer’s Disease 
Research Center.

“Early treatments keep heart disease patients from 
getting worse, and the same may be true for those 
with presymptomatic Alzheimer’s,” Albert says. “But 
it’s been hard to see Alzheimer’s coming, even though 
we believe it begins developing in the brain a decade 
or more before the onset of symptoms.”

In a recent study, Albert and her colleagues say they 
are beginning to get the answers that biomarkers re-
searchers have been waiting for. By measuring the rela-
tive amounts of the proteins phosphorylated tau and 
beta amyloid found in cerebrospinal fluid (CSF), they 
can identify whether someone is at increased risk of 
developing the cognitive impairment associated with 
Alzheimer’s years before the first symptoms appear.

For the new study, the team used CSF collected for 
the Biomarkers for Older Controls at Risk for Demen-
tia project between 1995 and 2005, from 265 middle-
aged healthy volunteers. Some three-quarters of the 
group had a family member with Alzheimer’s, a factor 
putting them at higher risk of developing the disorder. 

Annually during those years and again beginning in 
2009, researchers gave the subjects neuropsychological 
tests and a detailed clinical exam.

They found that particular baseline ratios of two 
proteins—phosphorylated tau and beta amyloid found 
in CSF—were a harbinger of mild cognitive impair-
ment more than five years before symptom onset. The 
rate of change over time in the ratio was also predic-
tive. The more tau and the less beta amyloid found in 
the spinal fluid, the more likely the development of 
symptoms. The more rapidly the ratio of tau to beta 
amyloid goes up, the more likely the eventual develop-
ment of symptoms.

Researchers have known that these proteins were 
in the spinal fluid of patients with advanced disease. 
“But we wondered if we could measure changes in 
these proteins when people were cognitively normal 
to give us some idea of when they might develop dif-
ficulty,” Albert says. “The answer is yes.”

Albert cautions that the ratio is not yet accurate 
enough to predict whether a particular individual will 
develop symptoms, and further analysis is needed.

However, she says, if the findings prove valid, they                 
could guide the use of early treatments with drugs 
that become available and also help test new drugs 
by seeing if they alter the rate at which the proteins 
change over time.  n

An Alzheimer’s Early Warning?

Marilyn Albert and her colleagues have identified 
biomarkers that could help predict who will 
develop Alzheimer’s characteristic cognitive 
impairment years before symptoms first appear.

Dizziness so disabling that sufferers can’t tell 
up from down can be a symptom of dam-
age to the inner ear or other senses. But in 
many cases, the problem instead appears to 

stem from a disruption of the processes in the brain that 
translate input coming from the inner ears about the 
pull of gravity and the eyes about our visual sensations 
into what is known as upright perception.

The human brain has an automatic capacity to 
know which way is up even when our bodies are askew, 
says Johns Hopkins neurologist Amir Kheradmand. 
But exactly where the processing network for upright 
perception is located within the brain was unknown—
giving researchers no area to target for treatment. 

In a new study, Kheradmand and Johns Hopkins 
colleagues David Zee and Adrian Lasker pinpointed 
a likely location for this processing site: an area in the 
human brain that seems to play an important role in 
the subconscious recognition of which way is up and 
which is down.

Recruiting eight healthy subjects for the study, the 
Johns Hopkins team placed each person in a dark room 
and showed them lines illuminated on a screen. The re-
searchers instructed the subjects to report the orientation 
of the lines by rotating a dial to the right, left or straight.

The subjects then received transcranial magnetic 
stimulation (TMS) to an area in the right parietal 

cortex. Studies in stroke victims 
with balance problems suggested 
that damage to that part of the 
brain was involved in upright 
perception. For this part of the 
experiments, each subject had 
an electromagnetic coil placed 
against the scalp in a 2-centime-
ter wide location across the right 
parietal lobe, behind the ear. This 
spot was found by mapping a 
small cortical region of the pari-
etal lobe in one subject.

At the identified location, the 
subjects received 600 electromagnetic pulses over the 
course of 40 seconds. After each session, the subjects 
were again asked to show researchers which way each 
illuminated line on the screen was oriented. The 
effects of TMS, which painlessly and noninvasively 
delivers electromagnetic currents to precise locations 
in the brain that can temporarily disrupt the function 
of the targeted area, wore off quickly and the subjects 
could again be tested on another day.

The researchers found that each subject reported 
that his or her sense of being upright was skewed in 
the same way after TMS in the same spot in the pari-
etal cortex: the supramarginal gyrus.

Kheradmand says the study’s results raise the pos-
sibility that TMS could potentially be used to treat 
chronic dizziness. “If we can disrupt upright percep-
tion in healthy people using TMS, it might also be 
possible to fix dysfunction in the same location in 
people with dizziness and spatial disorientation,” he 
says. “We’re excited that this could someday be a key to 
helping people who have dizziness and spatial disorien-
tation to feel better.”  n 

Through experiments using transmagnetic stimulation, Johns Hopkins 
researchers Amir Kheradmand (left), Adrian Lasker (center) and David 
Zee (right) have identified an area of the brain that appears to be key in 
processing upright perception.
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At Johns Hopkins, laboratory 
research and clinical care are 
a two-way street—questions 
that arise in the clinic become 

targets for research, and findings from 
research circle back into potential new 
treatments for patients. That’s exactly 
how Michael Lim’s latest clinical trial 
got started.

The Johns Hopkins neurosurgeon 
treats patients with many kinds of 
cancers in the brain and spinal cord, 
both those that arose there and those 
that arrived from elsewhere through 
metastasis. He also studies many of 
these same cancers in the lab. While 
caring for patients with melanoma that 
metastasized to the brain, Lim noticed 
that a subset of brain tumors that were 
irradiated developed a robust inflamma-
tion in this area.

At the time, he was also studying 
a family of cancer drugs known as 
checkpoint inhibitors. This class of im-
munotherapies targets molecules on the 
surfaces of cancer cells that effectively 
shut off the body’s immune response, 
allowing these cells to evade death and 
proliferate unchecked. Two particu-
lar checkpoint inhibitors, antibodies 
against the proteins PD-1 and CTLA-4, 
have shown promise in helping extend 
survival for several different types of 
cancers. However, neither of them alone 
has proven to be a cure.

Because the inflammation Lim saw in 
the clinic in irradiated patients indicated 
an immune response, he wondered 
whether combining radiation with one of 
the checkpoint inhibitors might deliver 
a one-two punch to patients’ cancers, 
providing a more effective therapy than 
either modality on its own.

To test his idea, he first looked at 
a mouse model of glioblastoma, an 
aggressive primary brain cancer that’s 
proven particularly resistant to treat-
ment. Exposing these animals to radia-
tion and to PD-1 produced a significant 
number of long-term survivors—ani-
mals whose cancer never reappeared. 
Even more remarkable, when Lim and 
his colleagues reinjected the treated ani-
mals with tumor cells, they remained 
cancer-free. “It showed us that their 
immune system was now trained to kill 
cancer,” he says.

Since antibodies against CTLA-4 are 
FDA-approved to treat melanoma, but 
antibodies against PD-1 aren’t yet, Lim 
and his colleagues repeated the experi-
ment using CTLA-4 in a mouse model 
of metastatic melanoma. These results 
were similarly exciting, Lim says. 

The lab studies combining radiation 
and CTLA-4 have been so promising 
that Lim and his Hopkins colleagues, 
including Evan Lipson in medical 
oncology, Lawrence Kleinberg in 
radiation oncology, and Xiaobu Ye in 
neurosurgery, recently opened a clinical 
trial to test the effects of this combina-
tion in patients with metastatic mela-
noma.

“We’ve been very encouraged by 
what we’ve seen in the lab,” Lim says. 
“We hope that our trials will change the 
natural course of this disease in a posi-
tive way.”  n

{ www.hopkinsmedicine.org/neuro }

from the clinic to  
the lab, and Back
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Michael Lim and his colleagues recently opened up a clinical trial to test 
the combination of a new therapeutic vaccine and radiation in patients 
with metastatic melanoma.
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IMAGING

Cutting Radiation 
Exposure in Kids

More than 62 million CT scans are performed each year in 
the United States, 4 million of them in children. Many 
of these young patients are receiving periodic or urgent 
monitoring for hydrocephalus. When the shunts used 

to treat this fluid-accumulating condition need adjusting or fail, 
patients often require quick and accurate diagnosis that precludes 
imaging alternatives such as MRI, leaving children exposed to 
whopping doses of ionizing radiation—and a significantly increased 
risk of cancer that could emerge decades after exposure.

But Johns Hopkins neurosurgeons Jonathan Pindrik and Ed-
ward Ahn say fast and precise diagnosis need not take a backseat 
to minimizing radiation exposure. They and their colleagues have 
hit on a new method that dramatical-
ly cuts ionizing radiation delivery to 
children without sacrificing diagnos-
tic accuracy.

Their approach calls for using only 
seven “slices” of the brain taken by 
CT scanners instead of the usual 32 
to 40 slices. A recent study found 
that this method reduced radiation 
exposure by an average of nearly 92 
percent per patient compared with 
standard head CT scans, while still 
rendering the images diagnostically 
accurate.

“Traditional thinking has been that fewer slices would, by 
definition, mean less clarity and less accuracy, rendering a CT scan 
suboptimal,” says Pindrik, “but our findings show otherwise.”

In the new study, the investigators compared two standard CT 
scans with two limited-slice, low-dose CT scans for each of 50 
children, ages 17 and younger, treated for hydrocephalus over five 
years at the Johns Hopkins Children’s Center. In all 50 patients, the 

By developing a new way to analyze fewer “slices” in CT scans, 
Edward Ahn (left) and Jonathan Pindrik (right) say that they may be 
able to cut radiation exposure in children.
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radiation-minimizing technique produced 
clear and 100 percent accurate images of the 
brain ventricles, the draining system that 
carries cerebrospinal fluid in and out of the 
brain. When capturing changes in ven-
tricle size, however, the low-dose approach 
resulted in a 4 percent error rate: Two of the 
50 images were visually ambiguous, gener-
ating confusion among the clinicians who 
reviewed them.

Although there were no false negatives in 
the low-dose images and no instances of cli-
nicians falsely perceiving normal ventricular 
size, there were three instances of clinicians 
perceiving a change in ventricular size when 
there was none. On balance, the radiation-
minimizing approach was clearly adequate, 
the researchers say, and would have not 

compromised treatment outcomes.
Pindrik and Ahn say the radiation-

minimizing technique could be especially 
valuable in pediatric emergency rooms, 
where it’s urgent to get quick and accu-
rate diagnosis, or for routine evaluation in 
smaller community hospitals that may lack 
MRI equipment.

“We have been searching for ways to 
minimize radiation exposure in kids with-
out sacrificing the diagnostic accuracy of 
the images, which is no easy feat,” says Ahn. 
“We believe that our limited-slice CT scans 
achieve that balance.”  n
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