HYDROCEPHALUS TREATMENT IN UGANDA:
LEADING THE WAY TO HELP CHILDREN

HEARING

BEFORE THE
SUBCOMMITTEE ON AFRICA, GLOBAL HEALTH,
AND HUMAN RIGHTS

OF THE

COMMITTEE ON FOREIGN AFFAIRS
HOUSE OF REPRESENTATIVES

ONE HUNDRED TWELFTH CONGRESS

FIRST SESSION

AUGUST 2, 2011

Serial No. 112-102

Printed for the use of the Committee on Foreign Affairs

&R

Available via the World Wide Web: http:/www.foreignaffairs.house.gov/

U.S. GOVERNMENT PRINTING OFFICE
67-679PDF WASHINGTON : 2011

For sale by the Superintendent of Documents, U.S. Government Printing Office
Internet: bookstore.gpo.gov Phone: toll free (866) 512—-1800; DC area (202) 512—-1800
Fax: (202) 512-2104 Mail: Stop IDCC, Washington, DC 20402-0001



COMMITTEE ON FOREIGN AFFAIRS

ILEANA ROS-LEHTINEN, Florida, Chairman

CHRISTOPHER H. SMITH, New Jersey HOWARD L. BERMAN, California
DAN BURTON, Indiana GARY L. ACKERMAN, New York
ELTON GALLEGLY, California ENI F.H. FALEOMAVAEGA, American
DANA ROHRABACHER, California Samoa

DONALD A. MANZULLO, Illinois DONALD M. PAYNE, New Jersey
EDWARD R. ROYCE, California BRAD SHERMAN, California

STEVE CHABOT, Ohio ELIOT L. ENGEL, New York

RON PAUL, Texas GREGORY W. MEEKS, New York
MIKE PENCE, Indiana RUSS CARNAHAN, Missouri

JOE WILSON, South Carolina ALBIO SIRES, New Jersey

CONNIE MACK, Florida GERALD E. CONNOLLY, Virginia
JEFF FORTENBERRY, Nebraska THEODORE E. DEUTCH, Florida
MICHAEL T. McCAUL, Texas DENNIS CARDOZA, California

TED POE, Texas BEN CHANDLER, Kentucky

GUS M. BILIRAKIS, Florida BRIAN HIGGINS, New York

JEAN SCHMIDT, Ohio ALLYSON SCHWARTZ, Pennsylvania
BILL JOHNSON, Ohio CHRISTOPHER S. MURPHY, Connecticut
DAVID RIVERA, Florida FREDERICA WILSON, Florida

MIKE KELLY, Pennsylvania KAREN BASS, California

TIM GRIFFIN, Arkansas WILLIAM KEATING, Massachusetts
TOM MARINO, Pennsylvania DAVID CICILLINE, Rhode Island
JEFF DUNCAN, South Carolina

ANN MARIE BUERKLE, New York

RENEE ELLMERS, North Carolina

VACANT

YLEEM D.S. POBLETE, Staff Director
RICHARD J. KESSLER, Democratic Staff Director

SUBCOMMITTEE ON AFRICA, GLOBAL HEALTH, AND HUMAN RIGHTS
CHRISTOPHER H. SMITH, New Jersey, Chairman

JEFF FORTENBERRY, Nebraska
TIM GRIFFIN, Arkansas

TOM MARINO, Pennsylvania

ANN MARIE BUERKLE, New York

DONALD M. PAYNE, New Jersey
KAREN BASS, California
RUSS CARNAHAN, Missouri

1)



CONTENTS

WITNESSES

Benjamin Warf, M.D., Director, Neonatal and Congenital Anomalies Neuro-
surgery, Department of Neurosurgery, Children’s Hospital Boston ................
Steven J. Schiff, M.D., Director, Center for Neural Engineering, Pennsylvania
State UNIVETSITY ..eccvierieiiieiiieeiieiie ettt eeite et stesteesiae e bt esabeenteeseveebeesaseenseas
Mr. Jim lCohick, senior vice president of specialty programs, CURE Inter-
NATIONAL L.eiiiiiiiii et e s e eareee

LETTERS, STATEMENTS, ETC., SUBMITTED FOR THE HEARING

Benjamin Warf, M.D.: Prepared statement ..........cc.cccecovieeriiiieecieeecieeecieeceiee e
Steven J. Schiff, M.D.: Prepared statement ..
Mr. Jim Cohick: Prepared statement ..........cccccceeeeiiieniiiiinniiieinieeeeeeeee e

APPENDIX

Hearing NOTICE ......eevvuiiiiiiie ettt et e et e e e e st e e e baeessbaeeennaeesnns
Hearing MiINUEES .........cocciiiieiiiiceiec ettt e e e e e e e e e e s seree e e saeeesaeaeeenneaeeanes
The Honorable Russ Carnahan, a Representative in Congress from the State
of Missouri: Prepared statement ...........ccoecuveveviiieiiiiiiiiiieeiicceeee e
Written response received from Mr. Jim Cohick to question asked by the
Honorable Ann Marie Buerkle, a Representative in Congress from the
State of New YOrk .....cccocooviiviiiiiiiiiiiiiiiiiiiiccee e
Mr. Jim Cohick: Material submitted for the record .............ccocceeviiiiiiiniiinicennenns
Benjamin Warf, M.D.: Article on Hydrocephalus in Uganda and selected
papers submitted for the record ........ccccooeciiiiiiiiiiiiiieeeeeee s

(I1D)

Page

11
17

13
19

36
37

38
39
40
48






HYDROCEPHALUS TREATMENT IN UGANDA:
LEADING THE WAY TO HELP CHILDREN

TUESDAY, AUGUST 2, 2011

HoOUSE OF REPRESENTATIVES,
SUBCOMMITTEE ON AFRICA, GLOBAL HEALTH,
AND HUMAN RIGHTS
COMMITTEE ON FOREIGN AFFAIRS,
Washington, DC.

The subcommittee met, pursuant to notice, at 2 o’clock p.m., in
room 2172, Rayburn House Office Building, Hon. Christopher H.
Smith (chairman of the subcommittee) presiding.

Mr. SMITH. The subcommittee will come to order. I want to thank
you for joining us this afternoon for this hearing on this serious
and seriously neglected health condition and a relatively inexpen-
sive, technologically sophisticated advancement for curing it, cre-
ated, designed, and perfected by one of our distinguished witnesses,
Dr. Benjamin Warf.

I had the opportunity to learn more about hydrocephalus when
I was traveling in Africa last March. Children who suffer from hy-
drocephalus characteristically have heads that are far out of pro-
portion to the size of their small bodies. I was horrified to learn
that in Africa, where superstitions still are widespread, hydro-
cephalus is commonly perceived as a curse, or caused through
witchceraft. A child may be subjected to horrific abuse and even
killed as a result. It was, therefore, a real eye-opener for me to see
the cultural context of hydrocephalus in Africa and the extraor-
dinary efforts of a number of courageous, compassionate individ-
uals who are addressing it.

The human brain normally produces cerebrospinal fluid which
surrounds and cushions it. The fluid also delivers nutrients to and
removes waste away from the brain. This fluid is drained away
from the brain and absorbed into blood vessels as a new fluid is
produced. Hydrocephalus occurs when this draining process no
longer functions properly. The fluid levels inside the skull rise,
causing increased pressure that compresses the brain and poten-
tially enlarges the head. Symptoms include headaches, vomiting,
blurred vision, cognitive difficulties in balance, convulsions, brain
damage, and ultimately death. Hydrocephalus can occur in adults
but most commonly is present at birth.

Our witnesses will testify that there are believed to be more than
4,000 new cases of infant hydrocephalus in Uganda and 100,000 to
375,000 new cases in sub-Saharan Africa each year. By compari-
son, in the United States, hydrocephalus occurs in 1 out of every
500 births. Another 6,000 children under the age of 2 develop hy-
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drocephalus annually. The U.S. National Institutes of Health esti-
mates that 700,000 Americans have hydrocephalus, and it is the
leading cause of brain surgery for children in this country. A major
difference between the United States and sub-Saharan Africa is the
number of neurosurgeons available to treat this condition. The
United States has 3,500 neurosurgeons, whereas Uganda, for ex-
ample, has only 4. Dr. Warf said earlier today, and will say in his
testimony, the number is about 1 per 10 million Africans. There is
just such a dearth of this very important and needed specialty.

Another major difference between the United States and sub-Sa-
haran Africa is the methodology employed to treat hydrocephalus.
In the Western world, doctors surgically insert a shunt into the
brain in order to drain the fluid through the neck and into another
part of the body where the fluid can be absorbed.

A shunt is only a temporary solution, and there is always a dan-
ger that any one of a number of things may go wrong. For example,
the tube may become blocked, an infection may develop, catheters
may break or malfunction due to calcification, or the valve may
drain too much or too little fluid. In almost half of all cases, shunts
fail within the first 2 years, and when they do, the patient must
have immediate access to a medical facility and a doctor who can
correct the problem.

This precarious situation must be a constant source of concern
and stress for people in the United States who suffer from hydro-
cephalus and for their families. However, in a place like sub-Saha-
ran Africa, a shunt is fundamentally impractical. Trained neuro-
surgeons, as I noted earlier, are extremely few in Africa, as are
properly equipped hospitals; and roads and transportation systems
on the African continent make travel arduous and long for the vast
majority of people, even under the best of circumstances.

A hydrocephalic child in a place like Uganda, even if he or she
could be treated with a shunt, would have little hope of living for
more than a couple of years.

In March of this year, I had the privilege of meeting with Dr.
John Mugamba, one of the four neurosurgeons in Uganda. With the
help of a video such as we will be viewing during this hearing, Dr.
Mugamba explained the fascinating surgical procedure, again de-
veloped by Dr. Warf, that he is performing several times daily in
Uganda to cure small children of hydrocephalus. This treatment is
being provided at CURE Children’s Hospital of Uganda and is not
only overcoming a medical barrier that children inflicted with the
condition face, it is also serving to educate Ugandan communities
that the condition is not the result of a curse and is not a reason
to kill a child.

Parents whose children have been cured are helping other par-
ents to identify the condition early in an infant’s life and know
where to go for treatment. As I said, one of our witnesses, Dr. Ben-
jamin Warf, was the first to identify neonatal infection as the chief
cause of pediatric hydrocephalus in a developing country. He also
developed a new surgical technique, ETV/CPC, which holds great
promise not only for the children of Africa but potentially for chil-
dren in developed countries as well. As Dr. Warf will soon testify,
hydrocephalus has never been a public health priority in devel-
oping countries. Most infants in Africa do not receive treatment.
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And even when treated, they often succumb to premature death or
suffer severe disabilities. Therefore, it is imperative that we find
the causes in order to develop a public prevention health strategy.

I am very pleased to welcome our distinguished witnesses who
will explain these innovative procedures, efforts being undertaken
to determine the causes of hydrocephalus, and initiatives to end
the suffering caused by this life-threatening condition. I would
plead that all stakeholders who care about the children of Africa,
including African ministries of health, nongovernmental organiza-
tions, and our own U.S. Agency for International Development, ur-
gently provide tangible support for these efforts and for these ini-
tiatives.

I would like to now yield to my good friend and colleague, Mr.
Payne, for his opening.

Mr. PAYNE. Thank you very much. Let me begin by thanking
Chairman Smith for calling this hearing, helping us to shine a
light on the terrible condition that we have heard him describe and
that we will be discussing today. We certainly appreciate the ex-
perts who have given their time to come here today to enlighten
us on this situation.

As Chairman Smith has mentioned, hydrocephalus is an exces-
sive accumulation of the cerebrospinal fluid in the brain, and can
be congenital or acquired. Congenital hydrocephalus may be caused
by parental factors or genetic abnormalities caused by infections,
tumors, or head injuries. The disease can be fatal if left untreated.

I am hopeful that by providing prenatal care to mothers, the
President’s Global Health Initiative can help prevent the infection
that causes the disease.

The prevalence rate of hydrocephalus is not well known or not
well documented. However, CURE International estimates that
there were roughly 400,000 new cases in 2010. I believe that the
numbers of cases in east Africa and the developing world is much
greater due to a high rate of neonatal infections. In east Africa, as
a region, it is estimated that 6,500 new cases occur each year and
more than 45,000 in sub-Saharan Africa. The actual number of hy-
drocephalus cases in Uganda is unknown. Conservative estimates
have the number at 1,000 to 2,000 new cases occurring each year.
Roughly 60 percent of these are reportedly attributed to neonatal
infections.

While Dr. Warf, CURE International, and others are making an
impact in Uganda, it is clear that these innovative interventions
are needed throughout Africa. The resources available to combat
this disease are severely lacking in Africa and the developing
world. In addition to the lack of funding and access to health facili-
ties, the expertise needed to combat such a disease is rare. There
is an estimated one neurosurgeon for every 10 million people in
east Africa; and as has been noted, the number in Uganda is one
trained neurosurgeon per 8.6 million. So, believe it or not, it is a
little bit better in Uganda than other east African countries.

And really, if you take other countries in Africa, it is even worse
because it is documented that there are no trained neurosurgeons
in a number of countries in Africa—zero, not one. So we see that
we have a very serious situation where in the U.S., we have 2.67
physicians per every 1,000 people; and for the neurosurgeons, we
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have 1 neurosurgeon for every 88,000 people in America. So if you
see where we have 1 per 88,000 in the U.S., and 1 for 10 million,
or zero for millions, we see why we have such a serious problem.

Of course the resources available to combat this disease are se-
verely lacking, as we can see by the number of physicians. And in
addition to the lack of funding and access to health facilities, the
expertise needed to combat the disease is rare, as we mentioned,
with the lack of trained people to deal with this.

I am interested in hearing from our experts here today about
how the U.S. Global Health Initiative can best promote the train-
ing of specialized doctors and surgeons to combat this disease and
ones like it. I am also interested in learning about what measure
can be taken to prevent the disease altogether.

So I think we need to really try to work on prevention. It is going
to be difficult to get people in to treat and to care for, but if we
can deal with an overall prevention, I think that our dollars will
go much further and really keep a lot of agony from people.

So I certainly look forward to hearing the witnesses. And actu-
ally kind of the fact that we lack the training, I just want to men-
tion that I am cosponsoring a bill on African higher education. We
call it the African Higher Education Advancement and Develop-
ment, we call it the AHEAD Act for 2011, where we are really try-
ing to deal with higher education in Africa, regardless of whether
it is medicine, whether it is just basic education, whether it is
teacher training.

As we see Africa moving more to universal elementary education,
most countries now have decided that there is universal elemen-
tary free education, although there are still school fees but they are
minimal. And now that the girl child has finally been recognized
as an entity that ought to be included in elementary and secondary
education, at least we are seeing a move for girls in elementary
education, and hopefully we will see it in secondary education.

And of course, finally, getting into higher ed, I think that we
need to try to move forward assistance in higher education so that
doctors and neurosurgeons and people that we need to have posi-
tioned in Africa, Africans themselves, will be able to have the
training so that we can deal with this issue. So, Mr. Chairman, I
yield back the balance of my time.

Mr. SMITH. Mr. Payne, thank you very much.

We are joined by the chairman of the Commerce, Justice,
Science, and Related Agencies Subcommittee of the Appropriations
Committee, Congressman Frank Wolf.

Mr. WoLF. Thank you. I want to welcome the witnesses. I will
thank Mr. Smith for having the hearings. We were talking about
this issue on the floor. I don’t serve on this committee. I have to
go to another place soon, but I just wanted to come by to hear your
testimony. Thank you for the invitation, Mr. Smith.

Mr. SmITH. Chairman Wolf, thank you very much.

I would like to now introduce our very distinguished panel, be-
ginning with Dr. Benjamin Warf who began his career in pediatric
neurosurgery at Children’s Hospital Boston in 1991 as the first pe-
diatric fellow in neurological surgery. In 2000, he and his family
moved to Uganda to help found a hospital for pediatric neuro-
surgery with CURE International, a nonprofit Christian medical
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mission organization. While at CURE, Dr. Warf served as medical
director and established the only pediatric neurosurgery hospital in
sub-Saharan Africa.

Dr. Warf was the first to identify neonatal infection as the chief
cause of pediatric hydrocephalus in a developing country, and re-
mains involved in working to uncover its pathogenesis in order to
ultimately construct prevention strategies. He developed a novel
surgical technique for treating hydrocephalus in infants, known as
ETV/CPC. Since returning to the U.S., Dr. Warf has investigated
the role of ETV/CPC in North American instances and also con-
tinues to work in international neurosurgery development.

He rejoined the team at Children’s Hospital in Boston in 2009,
and was appointed director of Neonatal and Congenital Anomaly
Neurosurgery. He is associate professor of surgery at Harvard Med-
ical School and has an affiliate appointment with the Program for
Global Surgery and Social Change in the Department of Global
Health and Social Medicine.

We will then hear from Dr. Steven J. Schiff, Brush chair pro-
fessor of engineering and director of the Penn State Center for
Neural Engineering. He is a faculty member in the departments of
neurosurgery, engineering science, and mechanics and physics. A
pediatric neurosurgeon with a particular interest in epilepsy, hy-
drocephalus, and Parkinson’s disease, Dr. Schiff holds a Ph.D. in
physiology and an M.D. from Duke University School of Medicine,
and trained in adult and pediatric neurosurgery at Duke and Chil-
dren’s Hospital in Philadelphia. He is perhaps the only fellow of
both the American Physical Society and the American College of
Surgeons, and he serves as a divisional associate editor of Physical
Review Letters. He has been listed in the Consumers Research
Council of America’s guide to top physicians and surgeons, and he
plays the viola with the Nittany Valley Symphony. There is no
time for that today, though.

We will then hear from James Cohick who has served as a health
care executive in the fields of specialty medicine and surgery since
1983. For 16 years, he served in field and in corporate administra-
tion with U.S.-based specialty hospital networks. And for the past
dozen-plus years, he has been a part of internationally focused pe-
diatric specialty hospitals and organizations.

In 1997, Mr. Cohick and his family moved to Kenya to start and
to run the first CURE International hospital, the first of its kind
on the African continent. In addition to serving as executive direc-
tor of the hospital, he directed regional operations for east Africa
for CURE, which involved the creation of the two other facilities.

Returning stateside in 2000, he continued to provide oversight of
CURE International’s growing network of hospitals and initiated a
CURE global clubfoot program. After completing his MBA and
studies at the Kellogg School of Management, he served as hospital
administrator at the Shriners Hospital for Children in Chicago and
was elected to the board of directors for Metropolitan Chicago
Healthcare Council, a number of committees for Illinois Hospital
Association, and continues to be a fellow with the American College
of Healthcare Executives.
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Now, as senior vice president of specialty programs at CURE
International, Mr. Cohick provides executive leadership to CURE
Clubfoot Worldwide and CURE hydrocephalus.

Dr. Warf, if you could proceed.

STATEMENT OF BENJAMIN WARF, M.D., DIRECTOR, NEONATAL
AND CONGENITAL ANOMALIES NEUROSURGERY, DEPART-
MENT OF NEUROSURGERY, CHILDREN’S HOSPITAL BOSTON

Dr. WARF. Thank you very much, Chairman Smith, Congressman
Payne, members of the committee. It is a great honor to be here
today, and I appreciate the opportunity to testify about this dev-
astating condition affecting ultimately millions of babies in Africa
and across the developing world. I am currently at Children’s Hos-
pital Boston and am an associate professor of surgery at Harvard
Medical School. But from 2000 to 2006, my family and I lived in
Uganda as medical missionaries to help start a specialty hospital
for pediatric neurosurgery, CURE Children’s Hospital of Uganda.

From its opening, our hospital was inundated with a steady
stream of mothers seeking treatment for their infants with hydro-
cephalus, a condition in which the fluid is unable to circulate out
of the brain and be absorbed normally. This leads to mounting
pressure, rapid expansion of the infant’s head, progressive damage
to the developing brain, and usually death, if untreated.

Astonished by the staggering volume of patients, we were pre-
sented with two questions: One, what were the chief causes and
burden of disease in this part of the world? And two, what was the
best way to treat this condition in the context of rural sub-Saharan
Africa?

The burden of hydrocephalus in Africa is arresting. We estimate
there are between 100,000 and 375,000 new cases of infant hydro-
cephalus each year in sub-Saharan Africa, with an annual eco-
nomic burden of untreated hydrocephalus from $1 billion to tens of
billions of dollars, depending on the type of economic analysis used.

This economic burden is comparable to published estimates of
other common surgical conditions in Africa, such as malignancies,
perinatal conditions, congenital anomalies, cataracts, and glau-
coma. Yet we are the first to highlight infant hydrocephalus as a
serious health burden in any region of the developing world.

In the U.S., most infant hydrocephalus is either congenital or re-
lated to brain hemorrhage in very premature babies. We discovered
that in marked contrast to developed countries, 60 percent of the
Ugandan cases were caused by infections, mostly within the first
month of life, the neonatal period. The infections were character-
ized by a febrile illness, usually accompanied by seizures, which
was followed by rapid enlargement of the infant’s head. In addition
to the resulting hydrocephalus, the brains of these children con-
tained frank pus and blood and substantial destruction of tissue.
We could successfully save the vast majority of these children by
treating the hydrocephalus. But the primary brain injury from the
original infection was often devastating. In a study now in press,
we found that a third of these children had died by 5 years and
a third of the survivors had severe disabilities. The importance of
prevention or early treatment of these infections was obvious. But
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we were unable to isolate any bacteria from the fluid at the time
of the surgical treatment.

This is where my valuable colleague Dr. Schiff here and his team
at Penn State have come to the rescue, as he will give testimony.

Infant hydrocephalus is almost always treated by implanting a
tube, called a shunt, which drains the fluid from the brain into the
abdomen. In the U.S., the average patient requires two to three op-
erations per shunt failure during their childhood. Shunt failure is
a life-threatening emergency in children. But in rural Africa, ac-
cessing emergency neurosurgical care is impossible. We developed
a novel way to treat hydrocephalus using a scope that avoided
shunt dependence in more than half these babies overall, including
those with postinfectious hydrocephalus. The operation makes a
new pathway for the fluid to escape the spaces in the brain and
cauterizes the tissue that makes the fluid, thus decreasing its rate
of production. We have since learned to predict which patients are
most likely to be treated successfully in this way, and have trained
and equipped other surgeons in the technique which will be dem-
onstrated shortly in a brief video.

Detailed economic analysis estimates a lifetime treatment cost of
around $90 per disability-adjusted life-year averted using the treat-
ment paradigm we developed at CURE Children’s Hospital of
Uganda. This cost compares very favorably to the few other sur-
gical interventions that have been studied in developing countries.

Hydrocephalus has never been a public health priority in the de-
veloping countries. Most infants in Africa receive no treatment.
Training and equipping centers in an evidence-based treatment
paradigm is essential, and it is imperative that we identify the
causes of infection in these babies so that public health strategies
for prevention can be constructed and millions of lives saved. These
are the challenges that lie before us. Thank you very much.

And we have a video now that I would like to show. The man
you will hear, Dr. Mugamba, a Ugandan neurosurgeon whom I
trained in the technique and worked with me for a couple of years
in Uganda before I came back to the U.S.

[Video was played.]

Dr. WARF. This is a scene in our operating room in Uganda. It
just takes about 1%2 minutes or so to demonstrate the setup in the
operating theater. There is Dr. Mugamba making the small inci-
sion in the infant’s scalp just over the soft spot, the anterior fon-
tanelle. And in a few moments, he will insert a small flexible fiber-
optic endoscope into the cavity in the brain, the ventricle of the
brain. And you will see, as I will point out, where he makes the
opening to allow the fluid to escape.

That is a view from inside the brain. On the left side of the
screen is actually where the pituitary gland is. To the right, just
off screen, is the brainstem. This is the floor of the third ventricle.
He is making an opening in the floor of the third ventricle where
the fluid is trapped. And now the fluid will be able to exit this new
opening which bypasses levels of obstruction and allows the fluid
to escape to the outside of the brain into the spaces where it can
normally circulate and be absorbed. This part of the procedure is
called the choroid plexus cauterization. This is the tissue that is
being cauterized, the tissue that makes the spinal fluid. We found
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that in infants, the endoscopic third ventriculostomy success rate
was greatly increased by addition of this procedure at the time of
the surgery. The innovation here was combining the two techniques
which hadn’t been tried before.

Thank you very much.

Mr. SMITH. Dr. Warf, thank you so very much.

[The prepared statement of Dr. Warf follows:]

Statement of Benjamin C. Warf

Director, Neonatal and Congenital Anomalies Neurosurgery
Children’s Hospital Boston
Associate Professor of Surgery
Harvard Medical School

August 2, 2011

House Committee on Foreign
Affairs, Subcommittee on Africa, Global Health, and Human
Rights

Chairman Smith, Congressman Payne, and members of the committee it is an honor to be
here today. Thank you for the opportunity to testify about a devastating condition
affecting millions of babies in Africa and across the developing world.

[ am currently the Director of Neonatal and Congenital Anomalies Neurosurgery at
Children's Hospital Boston, and Associate Professor of Surgery at Harvard Medical
School, with an Affiliate appointment in the Harvard Medical School Department of
Global Health and Social Medicine.

In 2000, my family and I moved to Uganda as medical missionaries to help start a
specialty hospital for pediatric neurosurgery, the CURE Children’s Hospital of Uganda.
From its opening, our hospital was inundated with a steady stream of mothers seeking
treatment for their infants with hydrocephalus: a condition in which the cerebrospinal
fluid made in the cavities of the brain is unable to circulate out of the brain and be
absorbed normally. This leads to mounting pressure, rapid expansion of the infant’s head,
progressive damage to the developing brain, and usually death if untreated. Astonished
by the staggering volume of patients, we were presented with two questions: 1) what
were the chief causes and burden of disease in this part of the world; and, 2) what was the
best way to treat this condition in the context of rural sub-Saharan Africa?

The burden of hydrocephalus in Aftica is arresting. We conservatively estimate there are
100,000 to 375,000 new cases of infant hydrocephalus each year in sub-Saharan Africa.
Our recent work has demonstrated an annual economic burden of hydrocephalus in sub-



Saharan Africa from $930 million to $1.6 billion using a human capital approach, and
$1.4 billion to $56 billion using the value of a statistical life approach. This economic
burden is comparable to published estimates of other, more common medical conditions
in Africa such as malignancies, perinatal conditions, congenital anomalies, and cataracts
and glaucoma. Yet, we are the first to highlight infant hydrocephalus as a serious health
burden in any region of the developing world.

In the US, most infant hydrocephalus is either congenital or related to brain hemorrhage
in very premature newborns. We discovered that, in marked contrast to developed
countries, 60% of the Ugandan cases were caused by infections — mostly within the first
month of life. The infections were characterized by a febrile illness, usually
accompanied by seizures, which was followed by rapid enlargement of the infant’s head.
In addition to the hydrocephalus caused from infection the brains of these children
contained frank pus and blood and substantial destruction of tissue. We could
successfully save the vast majority of these children by treating the hydrocephalus, but
the primary brain injury from the original infection was often devastating. In a study now
in press, we found that 1/3 of these treated children had died by 5 years, and 1/3 of the
survivors had severe disabilities. The importance of prevention or early treatment of these
infections was obvious; but, we were unable to isolate any bacteria from the fluid at the
time of surgical treatment. This is where my invaluable colleague Dr. Schiff and the team
of scientists he assembled at Penn State have come to the rescue, as he will explain.

Infant hydrocephalus is almost always treated by implanting a tube, called a shunt, which
drains the fluid from the brain into the abdomen. In the US, half of these fail and need
revision within 2 years and 80-90% fail at least once in the first decade, with the average
patient requires 2-3 operations for shunt failure during their childhood. Shunt failure is a
life-threatening emergency in children, but in rural Africa accessing emergency
neurosurgical care is impossible. We developed a novel way to treat hydrocephalus using
a scope (endoscopically) that avoided shunt dependence in more than half of these babies
overall, including those with post-infectious hydrocephalus. The operation combines
endoscopic third ventriculostomy (ETV), which makes a new pathway for the fluid to
escape the cavities (ventricles) of the brain, and endoscopic choroid plexus cauterization
(CPC) which cauterizes the tissue that makes the fluid thus decreasing its rate of
production. We have since learned to predict which patients are most likely to be treated
successfully in this way, and have trained and equipped other surgeons in the technique,
which will be demonstrated momentarily in a brief video. Detailed economic analysis
estimates a life-time treatment cost of around $90 per disability adjusted life year
(DALY) averted, with a minimum benefit to cost ratio of 7:1, using the treatment
paradigm we developed at CURE Children’s Hospital of Uganda. This cost compares



10

very favorably to the few other surgical interventions that have been studied in
developing countries.

Hydrocephalus has never been a public health priority in developing countries. Most
infants in Africa receive no treatment. Training and equipping centers in an evidence
based treatment paradigm is essential. Post-infectious hydrocephalus, even when treated,
leads to premature death or severe disability in the majority. [t is absolutely imperative
that we identify the underlying organisms that infect these babies so that public health
strategies for prevention can be constructed and millions of lives saved. These are the
challenges that lie before us. Thank you.
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Mr. SMITH. Dr. Schiff.

STATEMENT OF STEVEN dJ. SCHIFF, M.D., DIRECTOR, CENTER
FOR NEURAL ENGINEERING, PENNSYLVANIA STATE UNI-
VERSITY

Dr. ScHifFr. Chairman Smith and Congressman Payne, thank
you very much for the invitation to testify today.

I am a pediatric neurosurgeon who started my career practicing
at the Children’s Hospital here in Washington, DC. I now direct
the Center for Neural Engineering at Penn State University, seek-
ing solutions to problems that lie at the intersection of medicine,
engineering, and science.

I have known Dr. Warf for many years. And hearing of his efforts
to address childhood illnesses in Uganda, I visited him in 2006 to
see how our engineering center might help his patients. It was
readily apparent that he and his colleague, Dr. Mugamba, were in-
undated with cases of postinfectious hydrocephalus. At that time
they had treated over 1,000 patients without being able to culture
any of the causative organisms in their laboratory.

I asked Dr. Warf what the single most important problem was
that he faced at the hospital, and he said, Finding out what causes
these cases. I have since devoted much of my professional effort to-
ward seeking those answers.

We began by bringing specimens from Ugandan infants back to
Penn State and we threw the book at them in terms of advanced
ways of growing organisms. We grew nothing. We then turned to
DNA collection tools police use at crime scenes and set up a little
forensics lab at CURE Hospital. We gathered DNA from the brain
fluid of infants at the time of surgery to sequence the bacterial
genes that might be present.

My Penn State colleagues, Vivek Kapur, Mary Poss, and I found
evidence of bacteria within the brain fluid in nearly every one of
these children. The bacterial types appeared consistent with those
found on a farm, with animals. The bacterial spectrum also was
noted to change with the various seasons and with the rainy sea-
sons in Uganda. The most prevalent bacteria was called
Acinetobacter, a notorious organism that has caused terrible wound
infections in our military personnel in both Vietnam and the Iraq-
Afghanistan conflicts. We then undertook field work to track down
the infants in which we had found evidence of Acinetobacter infec-
tion.

Environmental samples from huts, dung, and water supplies
yielded very close genetic matches for the organisms that we had
previously retrieved from these infants’ brains. Our findings were
significant, but did not determine what initially made the infants
sick. Most of them developed serious infections within the first
month of life, called neonatal sepsis.

The World Health Organization estimates that infections lead to
the death of 1.6 million infants each year, the majority in sub-Sa-
haran Africa and southern Asia. The causal bacteria in the devel-
oping world appear different from those we see in the U.S. And
most of the culture results from septic African neonates have failed
to grow out organisms in any laboratory.
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We began a study last year of neonatal sepsis at one of Uganda’s
major referral hospitals at the Mbarara University of Science and
Technology. Last year we recruited 80 mother/infant pairs, and in
partnership with their head pediatrician, Dr. Julius Kiwanuka, col-
lected spinal fluid and blood from the babies and birth canal speci-
mens from the mothers. We are now collaborating with the J. Craig
Venter Institute in Washington, DC, to perform an exhaustive se-
quencing of the bacterial and viral content of these samples.

Since CURE treats all the hydrocephalus that develops in
Mbarara patients, once we have studied a sufficient number of pa-
tients with neonatal sepsis from Mbarara, we will know which in-
fections lead to hydrocephalus, treated at CURE Hospital.

Recently, by fusing Dr. Warf’s case data with U.S. NOAA sat-
ellite data, we demonstrated a strong link between climate and
post-infectious hydrocephalus. Infants get sick at intermediate lev-
els of rainfall, emphasizing the role of the environment in this con-
dition. Our work demonstrates that we are benefiting from the
United States’ technology in ways we had never anticipated.

We are committed to optimally surgically treat the large num-
bers of children who have hydrocephalus. However, we will never
operate our way out of this problem. A critical long-term goal is
more effective treatment for children with neonatal sepsis to de-
crease the brain complications in the survivors. And most impor-
tantly, once we understand the root causes, we need public health
measures to prevent these infections.

Hydrocephalus is thus a global health issue well beyond the spe-
cifics raised by a small, very fine African hospital, a great U.S.
charitable organization that brings the highest-quality medical care
and compassion to children around the world, and the finest physi-
cian I have ever met, Dr. Warf.

Of the 130 million children born around the world each year, we
are inadequately addressing the 1.5 million who die of preventable
newborn infection. As a physician and scientist and as a father, I
am struck by how much we don’t know about newborn infections
in developing countries. I am concerned that one reason is that the
newborn infants who die there have no political voice.

I will offer three conclusions in closing: First, we have not paid
sufficient attention to the massive loss of human life from newborn
infections in the developing world; second, we now have the tech-
nology to shed new light on the causes of a substantial fraction of
these deaths; and third, we can now develop sustainable strategies
and scalable technologies to more effectively prevent the deaths
and tragic survivals from these devastating illnesses. The fate of
millions of lives depends on our actions. Thank you.

Mr. SMITH. Dr. Schiff, thank you so very much.

[The prepared statement of Dr. Schiff follows:]
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Statement of Steven J. Schiff

Director, Center for Neural Engineering
Brush Chair Professor of Engineering
Penn State University

August 2, 2011

House Committee on Foreign
Affairs, Subcommittee on Africa, Global Health, and Human
Rights

Chairman Smith and Congressman Payne, thank you for the
invitation to testify today.

| am a pediatric neurosurgeon who started my career practicing at the
Children’s hospital here in Washington, DC. | now direct the Center
for Neural Engineering at Penn State University, seeking solutions to
problems that lie at the intersection of medicine, engineering, and
science.

I have known Dr. Warf for many years, and hearing of his efforts to
address childhood ilinesses in Uganda, | visited him in 20086 to see
how our engineering center might help his patients. It was readily
apparent that he and his colleague Dr. Mugamba were inundated with
cases of postinfectious hydrocephalus. At that time, they had treated
over 1000 patients, without being able to culture any of the causative
organisms in their laboratory. | asked Dr. Warf what the single most
important problem was that he faced at the hospital, and he said
finding out what causes these cases of postinfectious hydrocephalus.
| have since devoted much of my professional effort towards seeking
those answers.

We began by bringing specimens from Ugandan infants back to Penn
State and ‘threw the book at them' in terms of advanced ways of
growing organisms. We grew nothing.
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We then turned to DNA collection tools police use at crime scenes
and set up a small forensics lab at the CURE hospital. We gathered
DNA from the brain fluid of infants at the time of surgery to sequence
the bacterial genes that might be present. My Penn State colleagues,
Vivek Kapur and Mary Poss, and | found evidence of bacteria within
the brain fluid in nearly all of the children. The bacterial types
appeared consistent with those found on a farm with animals. The
bacterial spectrum changed during rainy seasons.

The most prevalent bacteria was Acinetobacter, a notorious organism
that has caused terrible wound infections in our military personnel in
both the Vietnam and the Irag-Afghanistan conflicts.

We then undertook fieldwork to track down the infants in which we
found evidence of Acinetobacter infection. Environmental samples
from huts, dung and water supplies yielded very close genetic
matches for the organisms that we had previously retrieved from the
infants’ brains.*

Our findings were significant but did not determine what initially made
the infants sick. Most of them developed serious infections within the
first month of life, called neonatal sepsis. The World Health
Organization estimates that infections lead to the death of 1.6 million
infants each year, the majority in sub-Saharan Africa and southern
Asia. The causal bacteria in the developing world appear different
from those we see in the US. And most of the culture results from
septic African neonates have failed to grow out organisms in any
laboratory.

With funding from the Penn State Clinical and Translational Sciences
Institute, and the endowment funds of Harvey F. Brush, we began a
study of neonatal sepsis at one of Uganda’s major referral hospitals
at the Mbarara University of Science and Technology. Last year we
recruited 80 mother-infant pairs, and in partnership with their head
pediatrician Dr. Julius Kiwanuka, collecting spinal fluid and blood from
the babies and birth canal specimens from the mothers.

We cultured the specimens on site at Mbarara and shipped the DNA
samples to the U.S. We also collected specimens for viral RNA
analysis, to ensure that we did not overlook any important viral role in
this syndrome.
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We were able to culture bacteria from the blood and spinal fluid of
only a minority of the infants, and we found no evidence of significant
transmission of maternal bacteria to them or any relationship to HIV
infection in the mothers.

We are now collaborating with the J. Craig Venter Institute near
Washington, DC, to perform an exhaustive sequencing of the
bacterial and viral content of these samples. We have further
received clearance from the Mbarara hospital, and the government
agency that oversees human research in Uganda, along with Penn
State and Harvard human investigations oversight committees, to
proceed with extensive additional sampling.

Since CURE treats all of the hydrocephalus that develops in Mbarara
patients, once we have studied a sufficient number of infants with
neonatal sepsis from Mbarara, we will know which infections lead to
hydrocephalus treated at the CURE hospital. Once we have identified
the organisms, we can determine the routes of infection.

Recently, by fusing Dr. Warf’s case data with US NOAA satellite data,
we demonstrated a strong link between climate and postinfectious
hydrocephalus. Infants get sick at intermediate levels of rainfall,
emphasizing the role of the environment and consistent with our
bacterial DNA findings. Our work demonstrates that in fully unraveling
the mystery of postinfectious hydrocephalus we are benefitting from
US technology in ways we had not anticipated.

We are committed to optimally surgically treat the large numbers of
children who have hydrocephalus. However, we will never operate
our way out of this problem. A critical long-term goal is more effective
treatment of children with neonatal sepsis to decrease the brain
complications in the survivors. And most importantly, once we
understand the root causes, we need public health measures to
prevent these infections.

Hydrocephalus is a thus global health issue well beyond the specifics
raised by a small, very fine African hospital, a great U.S. charitable
organization that brings the highest quality medical care to children
around the world, and the finest physician | have ever met, Dr. Warf.
Of the 130 million children born around the world each year, we are
inadequately addressing the million and a half who die of preventable
newborn infection.
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As a physician and scientist, | am struck by how much we do not
know about newborn infections in developing countries. | am
concerned that one reason is that the newborn infants who die there
have no political voice.

What we learn in Uganda needs to be replicated in other countries,
such as Kenya, Tanzania, Rwanda, Zambia, Sudan and South Africa.
All of them have similar cases.

We need to create inexpensive technologies that can be used
indigenously to reduce the costs of identifying the microorganisms,
determining their resistance to drugs and developing environmental
and public health strategies.

| offer 3 conclusions:

1) We have not paid sufficient attention to the massive loss of
human life from newborn infections in the developing world;

2) We now have the technology to shed new light on the causes
of a substantial fraction of these deaths; and

3) We can now develop sustainable strategies and scalable
technologies to more effectively prevent the deaths and tragic
survivals from these devastating illnesses.

The fate of millions of lives depends upon our actions.

Thank you.

*Li L, Padhi A, Ranjeva SL, Donaldson SC, Warf BC, Mugamba J, Johnson D, Opio Z, Jayarao B,
Kapur V, Poss M, Schiff SJ, Association of Bacteria with Hydrocephalus in Ugandan Infants,

Journal of Neurosurgery: Pediatrics, 7:73-87, 2011.
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Mr. SMITH. Mr. Cohick.

STATEMENT OF MR. JIM COHICK, SENIOR VICE PRESIDENT OF
SPECIALTY PROGRAMS, CURE INTERNATIONAL

Mr. CoHICK. Chairman Smith, Congressman Payne, and mem-
bers of the committee, thank you for inviting me to discuss the
problem of hydrocephalus in the developing world and what CURE
International is doing to heal children suffering from this dev-
astating condition. It is an honor to be here with Doctors Warf and
Schiff, who have contributed enormously to the understanding of
this condition and innovative new treatment techniques which
make possible the healing of infants in the world’s poorest coun-
tries.

Fifteen years ago, as the executive director of the first CURE
International hospital in Kenya, I opened and then ran the hospital
for a number of years. I now serve as the senior vice president of
specialty programs for CURE International, an American-based
nonprofit organization. Our mission is to heal disabled children. We
operate hospitals throughout the developing world, from Afghani-
stan to Zambia. CURE Hydrocephalus is perhaps our most ambi-
tious and innovative initiative.

Our unique work at CURE Children’s Hospital of Uganda is the
endoscopic treatment of children with hydrocephalus—that condi-
tion is more commonly known as water on the brain—which can be
present at birth or caused later by infection.

The CURE Hydrocephalus Initiative was born at the CURE
Uganda Hospital because of the work of Dr. Warf during his tenure
as medical director there. While there, he also trained Dr. John
Mugamba, the current medical director, and over a dozen other
surgeons from both the first and developing world arenas.

More than 650 surgical procedures are performed annually at the
CURE Uganda Hospital to treat hydrocephalus, more than any
other hospital in the world. We estimate that in 2010, there were
more than 4,000 new cases of infant hydrocephalus in Uganda and
nearly 300,000 in the developing world, using a ratio of 3 per 1,000
births. Virtually all these children, if left untreated, die. Over the
next 5 years, that means as many as 1.5 million infants in the de-
veloping world could die from hydrocephalus.

The majority of hydrocephalus cases treated at our hospitals,
when medically appropriate, involve the novel combination of two
surgical procedures described by Dr. Warf, commonly known as
ETV/CPC. The ETV/CPC technique truly is a cure for children suf-
fering from hydrocephalus, as it eliminates the need for a shunt in
the brain, the standard hydrocephalus treatment, which can need
a replacement two to three times, even up to five times over a
child’s lifetime. As you can imagine, this is a huge logistical and
economic challenge in developing-world locations like Uganda. Too
many children with hydrocephalus are never treated and die. And
many treated with a shunt live only a short time before their shunt
fails and their families are unable to access further medical care.

Mr. Chairman, hydrocephalus is a global concern that is wide-
spread in poor countries and vastly underreported. With new tech-
niques like ETV/CPC, we have the opportunity to save thousands
of children and to end the suffering of their families. What is need-
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ed is to scale-up proven treatment by increasing training of na-
tional surgeons and creating the proper infrastructure to support
their ongoing work.

To give you a sense of the scale of this problem, there are four
trained neurosurgeons in Uganda, a country of 33.6 million people.
There is approximately one neurosurgeon for every 10 million peo-
ple in east Africa, as was mentioned before. In the United States,
we have 3,500 board-certified neurosurgeons, which means we have
110 times the access to treatment than that of the people living in
east Africa.

Our effort to address this problem is summed up in four initia-
tives that make up CURE Hydrocephalus: First, strengthening na-
tional health systems through training and equipping national sur-
geons from the developing world in advanced surgical treatment
methods for hydrocephalus. Second, enabling those surgeons to use
their new skills by providing them the appropriate operative equip-
ment. Third, developing the IT infrastructure to capture patient
care data to facilitate research with our strategic partners to ad-
vance the understanding of causes, the understanding of best prac-
tices, and the effective methods of prevention of postinfectious hy-
drocephalus.

And, finally, demonstrating compassionate care and concern for
the world’s most vulnerable children, their parents and their fami-
lies by ongoing follow-up.

Training, treatment, research, prevention, and compassionate
care will change how hydrocephalus is treated. It will translate
into significant cost savings for fragile, developing world-health
systems.

Mr. Chairman, thank you again for your personal interest in this
life-threatening medical condition and your leadership in helping to
establish creative and effective ways to save more lives and end the
suffering of many thousands of children. My colleagues and I at
CURE International and our partners are excited and stand con-
fident to go forward as we are called upon to do so.

Mr. Chairman, this may have already been handled but I do
have a document to submit as part of the record, if that would be
permitted.

Mr. SmiTH. Without objection, it will be made a part of the
record. And any additional materials from any of our three distin-
guished witnesses will likewise be added.

Mr. CoHicK. Thank you.

Mr. SMITH. Mr. Cohick, thank you very much for your testimony.

[The prepared statement of Mr. Cohick follows:]
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U.S. House Committee on Foreign Affairs
Subcommittee on Africa, Global Health and Human Rights

“Hydrocephalus Treatment in Uganda: Leading the Way to Help Children”

Prepared Statement by
Jim Cohick
Senior Vice President for Specialty Programs
CURE International
Lemoyne, Pennsylvania
Tuesday, August 2, 2011

Chairman Smith and Congressman Payne, thank you for inviting me to discuss the problem of
hydrocephalus in the developing world and what CURE International is doing to heal children
suffering from this devastating condition. It's an honor to be here with Drs. Warf and Schiff --
who have contributed enormously to the understanding of this condition, and innovative new
treatment techniques which make possible the healing of infants in the world’s poorest
countries.

Fifteen years ago as the first Executive Director of the first CURE International hospital in
Kenya, I opened and then ran that hospital for a number of years. I now serve as Senior Vice
President of Specialty Programs for CURE International, an American-based non-profit. Qur
mission is to heal disabled children. We operate hospitals throughout the developing world,
from Afghanistan to Zambia. CURE Hydrocephalus is perhaps our most ambitious and
innovative initiative.

Our unique work at CURE Children’s Hospital of Uganda is the endoscopic treatment of children
with hydrocephalus, more commonly known as “water on the brain,” which can be present at
birth or caused later by infection. The CURE Hydrocephalus initiative was born at CURE Uganda
because of the work of Dr. Warf during his tenure as Medical Director. While there, he also
trained Dr. Mugamba, the current Medical Director, and about a dozen other surgeons from
both the first and developing world.

More than 650 surgical procedures are performed annually at CURE Uganda to treat
hydrocephalus, more than any other hospital in the world. We estimate that in 2010, there
were more than 4,000 new cases of infant hydrocephalus in Uganda, and nearly 300,000 in the
developing world (3 per 1,000 births). Virtually all of these children, if left untreated, die. Over
the next 5 years, as many as 1.5 million infants in the developing world will die from
hydrocephalus.

The majority of hydrocephalus cases treated at our hospitals, when medically appropriate,
involve the novel combination of two surgical procedures, endoscopic third ventriculostomy and
choroid plexus cauterization (ETV/CPC), developed in Uganda by Dr. Warf. The ETV/CPC
technique truly is a cure for children suffering from hydrocephalus as it eliminates the need for
a shunt in the brain - the standard hydrocephalus treatment, which must be replaced 3-5 times
over a child’s lifetime. As you can imagine, this is a huge logistical and economic challenge in
developing world locations, like Uganda. Too many children with hydrocephalus are never
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treated and die, and many treated with a shunt live only a short time before their shunt fails
and their families are unable to access further medical care.

Mr. Chairman, hydrocephalus is a global health concern that is widespread in poor countries,
and vastly underreported. With new techniques like ETV/CPC we have the opportunity to save
thousands of children, and to end the suffering of their families. What’s needed is to scale up
the proven treatment by increasing training of national surgeons and creating the proper
infrastructure to support their on-going work. To give you a sense of the scale of the problem,
there are 4 trained neurosurgeons in Uganda, a country of 33.6 million people. There is
approximately one neurosurgeon for every ten million people in East Africa. In the United
States, we have 3,500 board certified neurosurgeons, which means that we have 110 times the
access to treatment than that of people living in East Africa.

Qur effort to address this problem is summed up in 4 initiatives that make up CURE
Hydrocephalus:

First, strengthening national health systems through training and equipping national surgeons
from the developing world in advanced surgical treatment methods for hydrocephalus.

Second, enabling surgeons to use their new skills by providing them the appropriate operative
equipment.

Third, developing the IT infrastructure to capture patient care data to facilitate research with
our strategic partners to advance the understanding of causes, best treatment practices, and
effective methods of prevention of post-infectious hydrocephalus.

And finally, demonstrating compassionate care and concern for the world’s most vulnerable
children and their families by on-going follow-up.

Training, treatment, research and prevention, and compassionate care will change how
hydrocephalus is treated. It will translate into significant cost savings for fragile developing
world health systems.

Mr. Chairman, thank you again for your personal interest in this life-threatening medical
condition and your leadership in helping to establish creative and effective ways to save more
lives and end the suffering of many thousands of children. My colleagues and I at CURE
International are excited and stand confident to go forward as called upon.
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Mr. SMITH. Mr. Wolf, do you have any questions?

Mr. WoLF. No. Thank you, Chairman.

Mr. SMITH. Let me begin with opening questions. First of all, I
think it needs to be shouted from the rooftops that hydrocephalus
is a preventable tragedy. And the solutions that you have pio-
neered, and have done so for over a decade, remain the best-kept
secret, I think, in Washington. There are many people, Africans,
who have been working health issues—and I have seen it myself
and I have raised and handed out some of the materials that you
have provided to my office and to me and they are shocked—they
had no idea the prevalence—up to 375,000 as, Dr. Warf, you testi-
fied—new cases per year. And no idea, frankly, that there is an on-
going and very, very effective, efficacious solution that you are em-
ploying every day, but you need more people and more resources
to expand the solution.

So again, on behalf of—I know Mr. Payne and I, all members of
our subcommittee, we thank you for the pioneering humanitarian
work that you have done. It is absolutely extraordinary.

If you could perhaps, Dr. Warf, describe the life cycle of a child
with hydrocephalus. You know, as the pressure builds, the pain
perhaps that he or she may experience, and what is the ultimate
consequence if untreated?

Dr. WARF. Yes, sir. Well, as the fluid is trapped in the spaces in
the brain and as the brain continues to make more fluid at the rate
of about an ounce every hour, the head begins to expand, some-
times to enormous sizes. The soft spot on the baby’s head begins
to bulge. The veins on the scalp begun to bulge. The eyes begin to
be deviated downward in something called a sunset sign. The chil-
dren become listless. They feed poorly. They are irritable. They are
in pain. They vomit. About half of them will be dead by the age
of 2; the other half will be severely devastated.

Sometimes hydrocephalus, after it becomes quite advanced, can
sort of accommodate or spontaneously arrest itself, and that is why
some of them survive. The bad news is that they all virtually either
die or are badly disabled. The good news is that it is an imminently
treatable condition.

If hydrocephalus is the only problem—for instance, a congenital
cause of hydrocephalus—and you treat the hydrocephalus early,
those children can be quite normal. In a case where the hydro-
cephalus is secondary to another event, such as an infection or a
hemorrhage, there is sometimes varying degrees of primary brain
injury, like we described in the children with postinfectious hydro-
cephalus.

I would also add that children that are shunt-dependent—even
in developed countries, in our own practices here in the U.S.—are
fortunate to have access to a safety net, such that when their shunt
malfunctions, they almost always have emergency access to
neurosurgical care, and we fix those shunts at 2 o’clock in the
morning, or whatever it takes, because it is an emergency.

But one of the things that drove me to look for other solutions
and to push the envelope a little bit on the endoscopic kinds of
treatments was knowing that when I put a shunt in one of these
children and they went back into the bush, that when the shunt
failed later in their life, when the soft spots of the skull had closed
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up, that they would almost certainly die before they could find
their way to a hospital where anybody could do anything about it.

Mr. SMITH. Thank you. Dr. Schiff, you talked about the discovery
of—you said the most prevalent bacteria was Acinetobacter, a noto-
rious organism that has caused the deaths or wound infections to
our military personnel in Vietnam and Iraq and Afghanistan.

Is that the only one? Were there other bugs, if you will, or infec-
tions? And secondly, Dr. Mugamba—and you implied this as well—
when we met with him in Africa, he said that a likely major cause
of hydrocephalus—and I think it is based on the work that you
have done as well, the breakthrough work in Uganda—is the use
of cow dung, which is cheap and plentiful, to cauterize the umbil-
ical cord following birth, which normally occurs at the mother’s
home. And I am wondering if that is one way that some of these
children are contracting hydrocephalus, infection—you know,
born—and whether or not the ministries of health, for example, of
Uganda have shown any interest in better birthing practices to
mitigate the passage of this terrible infection?

Dr. ScHIFF. I hope that in a few years we can come back and be
very clear that we truly have worked all of these mysteries out. We
find a great deal of evidence for Acinetobacter and related orga-
nisms in the brains of these children. That doesn’t tell us, though,
what caused the initial devastating infection that may often have
destroyed a great deal of brain and leaving them in a devastated
state.

So we are conducting several different clinical trials, trying to
untangle this. We have a trial at the CURE Hospital where we are
comparing children with hydrocephalus, who have a history of seri-
ous newborn infection, with those who don’t. It is entirely possible.
You and I brush our teeth in the morning. We shower our bodies
with bacteria. It may be that these children are exhibiting for us
a great deal of the environmental bacteria that they encounter as
newborn infants.

In field work, I must say, it is rather an eye-opener for one of
us to go to the rural settings and understand the conditions in
which these newborn infants need to survive. The huts are actually
lined with dung, purposefully. It is a very good insulator against
both rain, and it keeps out ants, which are unpleasant. The patios
around the huts are stripped of vegetation, and dung is pounded
in to keep the dust down and the vegetation away. Granaries are
lined with dung for ants and rain. So there is tremendous expo-
sure, in addition to cultural practices of certain Nilotic peoples and
the Maasai, for instance, of using dung on umbilical stumps. So in-
fants are exposed to a great deal of this.

One of the other things we need to do is to nail down what
causes the very common scenario that Dr. Warf mentioned, not just
high fevers and a serious infection in the newborn period, but al-
most all of these children have had epileptic seizures to go along
with it. And we have what appears to be organisms that have a
predilection to get into the brain. Are they bacteria or viruses, one
or more, early in life, that opens things up so that they are very
able to show you what they are exposed to in the environment, be-
cause we then sequence it from the CURE Hospital. This is an ex-



23

ample of the kind of complexity that we face. And being able to
work all this out now is straightforward.

We fortunately have the ability to go—even in burned-out infec-
tions, go back, find the fragments of the organisms, use new tech-
niques to do this. And I think one of our challenges will be how
do we bring this to the next country. You can’t have the major
science institutes in the United States running very expensive se-
quencing and sampling on every site in the developing world. But
I really do think that in the coming years, being able to understand
how to go into another country, whether it is east Africa, southern
Asia, and the other sites that seem to have many, many of these
cases, learn how to uncover the organisms, learn how to keep sur-
veillance in those countries so we can do two things: Learn how to
better treat the infants when they are sick and, most important,
be able to institute rational public health strategies to cut down
the numbers of these infections. Thank you.

Mr. SmiTH. Goal number four obviously seeks to drastically re-
duce the number of children who die, childhood mortality, and, I
would add, morbidity as well. Has UNICEF and other U.N. agen-
cies, NGOs in general that deal with health issues, including the
USAID, the European Union and its health initiatives, particularly
in Africa, have they addressed the hydrocephalus epidemic that is
occurring, which is a preventable and very treatable—preventable,
if you stop the infection in the first place, obviously the children
don’t get sick, but you also have a solution if they do get sick. Are
they addressing this?

Dr. WARF. To my knowledge, no, sir. There has not been much
of a focus on this at all. I mean there are many overwhelming prob-
lems obviously, and I think hydrocephalus has been below the
radar screen. I recently attended the World Health Organization
rollout of their report on disability. And many things were men-
tioned in that report. But hydrocephalus and the infection of these
children were not among the things that are talked about in that
report. So I think it is something that just needs to be brought to
the attention of the kind of bodies that are able to fund work in
this area.

Mr. SMITH. Which is precisely what you are doing. So I think you
are doing an enormous service for those children and their parents
and siblings.

If T could, has the Gates Foundation or the ONE Campaign or
any of the other very laudable and noble charities, have they joined
in as far as you know?

Dr. WARF. Not yet.

Mr. SMITH. Not yet. Let me just ask, with regards to ETV/CPC,
what is the acceptance of that domestically here in the United
States, could you compare the costs of shunt interventions versus
that procedure that you have created and perfected?

Dr. WARF. Well, yes. That is sort of a multianswer here. So first
of all, I should make it clear that ETV has been done for quite
some time. It was found to be not very successful in babies under
1 year of age, or even under 2 years of age, and it was rarely done
and still isn’t done that often. In an effort to find a way to make
it more successful and to be able to avoid shunt dependence in ba-
bies from the beginning, what we did was we added an old idea
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which had been practiced a number of years ago, before shunts ac-
tually, as an idea of how to treat hydrocephalus, and that was to
reduce the tissue that makes the fluid. But that had been largely
abandoned. It was not effective by itself. The idea of combining the
two procedures was to address both the obstructive problems with
the hydrocephalus, bypassing the fluid obstruction to getting it out
of the brain and allowing an exit for that, and also addressing what
some people call a communicating hydrocephalus which is left over
sometimes in babies after the ETV. They can’t handle absorbing
the fluid once it gets out. So by reducing the tissue somewhat and
reducing the rate of production, we found in a fairly large study
that there was a significantly increased success rate with the ETV.

There is a growing acceptance of this in the U.S. It is our pre-
ferred primary treatment of infant hydrocephalus at Children’s
Hospital in Boston. There are others that have begun to use the
technique. And I think the main shift in culture has been a shift
away from simply placing a shunt in a baby, to thinking could this
be avoided by a bit more sophisticated of a technique that takes
some different skills but it is very often well worth doing.

For instance, a common cause of hydrocephalus in the U.S. is
that which is associated with spina bifida. About two-thirds of
those children have hydrocephalus that needs to be treated. Those
children were all treated with shunts up until fairly recently. What
we had found was that the ETV by itself was only successful in 35
percent of those babies. But with the combined procedure, it is suc-
cessful more than 75 percent of the time. That is not only the
Ugandan data but is now, as the numbers grow, we are matching
those same success rates in the U.S. There is a growing interest
in that, especially in the spina bifida community. So it is a matter
of practice change and those things can happen fairly slowly.

Mr. SMITH. Dr. Schiff, you talked about how the data from Dr.
Warf’s cases and NOAA satellite data demonstrated strongly a link
between climate and postinfectious hydrocephalus. And you pointed
out that infants get sick at intermediate levels of rainfall. Why is
that? Do we know?

Dr. ScHirFr. We don’t know for sure yet. But it is very substantial
and it points to an environmental component to this, which we will
need to understand and then take into account, to know how to ra-
tionally reduce the numbers of infections. There are other serious
infections in the world where this type of rainfall link has been
shown. The one that is most famous is called melioidosis. It is a
terrible skin infection in southeast Asia and northern Australia.
The bacteria is so nasty, it is on our select agent list now. But in
speaking to the doctors who have worked that out, they had to
learn how the soil temperature and the soil moisture allowed that
bacteria to get to the surface at certain times of year and then in-
fect people directly.

Those are the kinds of things that, if we need to do that here,
then it is straightforward and it will give us the answers to design
good preventive measures.

Mr. SMmiTH. Has the CDC worked with you on that? Because it
seems to me this is the beginning of a prevention strategy that will
drastically—potentially—reduce the number of hydrocephalic chil-
dren suffering from hydrocephalus.
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Dr. ScHIFF. Not yet. But this is all relatively new findings and
we will now be in the process of raising the resources that we need
to get to the bottom of this.

Mr. SMITH. Thank you. Mr. Payne.

Mr. PAYNE. Thank you very much. I certainly appreciate your
testimony. And just sort of on this whole question of water-borne
diseases, even though it is kind of off the specific topic here, in
your opinions, how much preventable diseases are actually caused
by impure water, you know, water-borne diseases, things like diar-
rhea, just diseases in general, and especially for newborns and in-
fants and children?

In your opinion, investment in clean water—do you think that
that probably would be one of the greatest preventative methods to
preventing many childhood diseases and even in particular what
you are talking about, although you are talking about rainfall,
which is a little bit different than the question of clean water and
things of that nature. Would any of you like to tackle that?

Dr. ScHIFF. Congressman Payne, there is nothing I think I have
seen more shocking in my work than unprotected wells in rural vil-
lages in Africa, and what people need to drink and to bathe their
children in. And there is no question that you are right; that the
availability of potable drinking water that is safe is an enormous
factor in public health around the world.

When [ started this work, I thought that was going to be the
likely answer to these children. But we see these cases in villages
with excellent government-drilled boreholes, very good water sup-
plies, and in villages with terrible water supplies. I am not going
to discount that there may not be an important role from water
supplies; and if that is what we find, then the answers are going
to be straightforward. But my suspicion is that it is going to be,
as with everything else in this story, more complicated than we
had hoped.

Mr. PAYNE. Thank you. Although it is not well documented, gen-
eral estimates note that the developing world has a significantly
higher prevalency of hydrocephalus than the developed world. Is
there one form of hydrocephalus that is more common in the devel-
oped world versus the developing world? And in your opinion, what
accounts for such differences?

Dr. WARF. I can answer that, Congressman Payne.

There is a huge difference. So what we showed in Uganda was
that 60 percent of our cases—and this has continued on as we have
gone into the thousands of cases and we keep looking back, it per-
sists—60 percent of cases that we see of infant hydrocephalus are
secondary to these infections.

We rarely see hydrocephalus from that cause in North America,
for instance. A common cause of hydrocephalus here is one that we
never see in Africa and that is hydrocephalus secondary to hemor-
rhage in the brain of prematurely born infants, which obviously
don’t survive in Africa because they don’t have neonatal intensive
care units to keep them alive.

So I like to say that post-infectious hydrocephalus is a disease of
poverty, and post-hemorrhagic hydrocephalus is a disease of pros-
perity. There are other causes in the U.S. which are common, con-
genital causes, congenital obstruction of one of the pathways that
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the fluid has to get out, the hydrocephalus associated with spina
bifida and so forth.

But what we don’t see very much of ever are these post-infectious
cases. So what I suspect is that with the high birth rates in Africa,
we probably see the same incidents of the other causes of hydro-
cephalus that we see in developed countries and then, on top of
that, another 60 percent from the infections that we don’t see at
all here.

Mr. PAYNE. Actually, with the sort of health care costs say in
Uganda and throughout the developing world—of course, we know
it is much higher than in other places, due to lack of the resources
and the ability of the average income of people, the level of con-
sumer income—what does the U.S. and the international commu-
nity need to do to make treatment more accessible for patients and
families in the developing world? Are what are the differences in
terms of costs and technical barriers in using stints versus the ETV
or the combined ETV/CPC? Can more be done to prevent the dis-
ease, and would preventable measures be more cost-effective?

Dr. WARF. I think preventable measures are certainly more cost-
effective, if we can eliminate the neonatal infection that causes not
quite two-thirds of the cases, that would be almost certainly more
cost-effective. However, there will always be hydrocephalus and
fairly large numbers of it in populations that have high birth rates
because it is not an uncommon disease of childhood from congenital
causes.

In regard to the endoscopic treatment versus shunting, we have
actually done fairly detailed—well, people I worked with that are
economists, I should say, have done fairly detailed analysis of costs.
And what we found is that the more patients, hydrocephalus pa-
tients, that you have in your population with shunts, the less cost-
effective the treatment, the more cost burden there is because
those shunts require maintenance.

The numbers that we used for determining this was based on the
type of shunt we were using in Uganda, which was a very inexpen-
sive shunt that cost about $35 that is made in India. I did a pro-
spective randomized trial that was published in 2005 that showed
that the outcomes for a year of using that shunt were no different
than the outcomes for using one of the commonly used American
shunts, which costs $650. And the shunts that we typically use now
in my practice cost around $1,000, which is impossible for children
in Africa. So even at the cheap shunt numbers, the more children
that you can spare shunt dependence and treat endoscopically, the
more cost-effective it is.

We also looked at the initial cost of treatment in our hospital, in-
cluding everything, keeping the lights on, salaries, depreciations,
all those kinds of things, including the cost of the shunt and the
cost of the endoscopy equipment. And we found the upfront cost of
treatment to be almost the same, so the cost benefit is there.

Mr. PAYNE. Actually, what happens to an infant, I mean, that
goes untreated in some remote village in a country where there is
just no care? What happens? Does it grow? Does the child have ex-
cruciating pain? Do they die after a certain number of years? What
is the life of an untreated person?
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Dr. WARF. I can give you about three different scenarios. In
Uganda at least, a baby with a growing head like that is often
thought to be the result of a curse, and sometimes those babies are
killed. So they die in that way. We know that to be true.

The second scenario is the child who has the progressive head
growth, the mother does the best she can. The head gets very
heavy, and the child gets hard to handle. It eventually dies either
directly from the elevation of pressure in the head or dies from fail-
ure to thrive, because of poor feeding and vomiting and the general
effects of being so debilitated.

And the third scenario is the child that actually survives the
early childhood hydrocephalus. The course arrests itself, but the
patient, the person has a very large head is, is quite cognitively
disabled, usually or often blind and spastic, much like a person
that you might see that is severely involved with cerebral palsy.

I never will forget visiting one village when I first moved to
Uganda and before we opened the hospital, I was trying to get a
feel for how things were, and I visited an area where 1 was told
there was a patient with hydrocephalus. This was a teenage girl
with a head about the size of a basketball, whose mother dragged
her out and put her on a mat under a tree every day and gave her
a mango to chew on. Her mother took very good care of her, but
she was totally disabled and unable to communicate or do any-
thing. So there is death, and then there is tragedy beyond death.

Mr. PAYNE. Thank you.

I yield back.

Mr. SMITH. I recognize Ann Marie Buerkle, who, just by way of
background to our witnesses, combines a unique background. She
is former Assistant New York State Attorney General, so she is a
lawyer, but she is also a registered nurse.

Ms. BUERKLE. Thank you, Mr. Chairman, and thank you for or-
ganizing and hosting this extremely important hearing today. I am
much prouder of my background in nursing; I often lead with that.

But in my profession as an attorney, I represented a hospital so
I have spent my life in health care, so this is certainly of impor-
tance to me.

I have a couple of questions, and Mr. Cohick this is for you, but
anyone else who might have an answer to it. We hear that our
country is a very generous country, and we fund HIV/AIDS, ma-
laria, many other diseases throughout the world. As you all know
and you have suffered through these debt negotiations and all that
has been going on here in Washington, money is becoming much
more of a premium. Help us to justify this cause in funding for hy-
drocephalus.

Mr. CoHIcK. Well, I think I personally and we all recognize we
are in that situation, and it is a difficult time to indeed bring this
type of scenario to you and what can be done.

Somewhat germane to one of the questions and answers given
before, this is very cost-effective. The comparison between what we
do in Uganda and what is done in the U.S. is roughly at 5 percent,
our cost, looking at surgery, one surgery done in Uganda versus
one surgery in the U.S., is roughly 5 percent of what it costs in the
U.S. When you take into account the surgeries or the subset of
those that can be helped by the ETV-CPC, where it may be one
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and done, versus the shunts that are two or three or four revisions,
that 5 percent grows—or I should say shrinks down to close to 1
percent. So it is very cost-effective to go forward.

We have found the partnerships to allow us to go forward with
training when Dr.Warf was there, and it continues on with Dr.
John Mugamba, who is his successor as well. We are eager to do
what is the most effective and efficacious manner going forward.

It is a difficult thing to ask for a substantial amount of money
at this point in time, but we think, and we believe, and we feel it
is strong evidence that it is as well spent and it brings value be-
yond its numbers.

We also concur with those who have come out earlier this year
that have noted the public health emphasis on prevention, which
is absolutely needed, needs to be balanced with those efforts to cre-
ate better abilities, better capacity, I should say, for technology and
for surgery that is wanting in areas because that is a hard price
to pay no matter what the economy is.

Ms. BUERKLE. Thank you.

Dr. Warf.

Dr. WARF. Yes, thank you very much. I can actually give a few
comparative numbers that might help put things into perspective
a little bit. This is from a study that is in press through our Har-
vard Medical School, Department of Global Health and Social Med-
icine, and we have been looking at the cost-effectiveness of treat-
ment of hydrocephalus in Uganda, partly based on our data from
Uganda and extrapolating that. Depending on what kind of eco-
nomic analysis you use, we have reported that in sub-Saharan Afri-
ca, if you use one economic model, human capital approach, the
cost of hydrocephalus is around $1 billion. And if one uses the
value of a statistical life approach, which is that which I think is
used by certain government organizations like the EPA, it is on the
order of tens of billions of dollars, $1.4 billion to $56 billion in eco-
nomic burden to sub-Saharan Africa.

The other way that we gauge burden of disease and cost-effec-
tiveness, as I am sure you know, is the daily adjusted—disability
adjusted life year, the DALY so called, and that is 1 year of healthy
life lost. And you can compare the gravity of different diseases by
these kinds of assessments using the disability adjusted life year.
So, for instance, when we look at treating hydrocephalus and the
cost of treatment, it costs us about $37 to $80 per disability ad-
justed life year averted with the initial treatment. That is com-
pared to about $75 per DALY averted for treating a person with
AIDS. That is not prevention. Prevention is always much more
cheaper. You can prevent AIDS with a dollar for disability adjusted
life year.

There have few examples of surgeries done in developing coun-
tries where these kinds of analyses have been done. One is with
trauma surgery. In Nigeria, the published number is $172 per
DALY averted; in Haiti, it is $223 per DALY averted for taking
care of a trauma patient. This is verus $58 per DALY for treating
hydrocephalus.

So we do have some hard numbers, as hard as they can get when
working with an economist. And it seems to be there is an enor-
mous burden, and the cost-benefit ratio we have determined to be
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a minimum of 7-1, or the other way around cost-to-benefit, 1-7,
but potentially as high as 1-50 in terms of economic benefit to the
society. So I think those kinds of things need to be taken into per-
spective when you are comparing them with the high-profile dis-
eases.

Ms. BUERKLE. Dr. Schiff, did you have anything to add?

Dr. ScHIFF. I couldn’t, no.

Ms. BUERKLE. Thank you all very much.

Thank you for being here. I yield back.

Mr. SmITH. Ms. Buerkle, thank you.

Dr. Cohick, if I could just ask you, did you run into any problems
with CURE International’s effort on hydrocephalus children in
Uganda, for example? Was there a disbelief or lack of buy-in from
the government, or were they pretty open to the idea when you
sited your hospital there?

Mr. CoHICK. Well, our hospital began in 2000, and actually, we
were—there was a lot of, as you can imagine, preparation done be-
fore the site was selected, and actually all those arrangements
were made for where we would build and the fund as well. I guess
to answer your question, Dr. Warf was there at the beginning, and
I participated with him as well as the other leadership in over-
seeing the hospital.

And our first goal was to be part of the medical community and
the continuum of medical education. We realize that we were
bringing something new and different. I think that became more
evident as discussions were held with district and other officers of
the medical system and others, but if I could allow a segue to Dr.
Warf to probably explain better. His focus on making sure that—
his presence and his desire to be part of the community, not only
in rendering care, but teaching and education, I think was well re-
ceived. They might have been a little skeptical at first because of
others who may have promised similar things, but with his genuine
and consistent manner in staying there and doing what he had
promised and to share his expertise with those of us that were part
of the hospital and hospital system, as well as those in the medical
teaching community were well received. Our efforts certainly were
much more than what were inside of our hospital walls.

Mr. SMITH. Let me briefly ask you, Ministries of Health, do they
show profound interest in what you are doing? Do they just allow
to you operate or do they embrace it? When we talk about the num-
ber of physicians, there is clearly a capacity problem. I think you
have said, at least previously in previous conversations, obviously,
the skills that a newer surgeon will acquire are applicable to a host
of other trauma and head injuries that might occur, again des-
perately lacking in Africa, so not only are hydrocephalic children
going to get lifesaving and enhancing treatment, others will benefit
as well. I hope that is appreciated, both in our Government, which
has yet to act, and NGOs that could be philanthropic, NGOs that
could be helpful.

This is a whole area of health care that has been ignored. You
have paved the way. You have done the hard work of proving the
model, particularly in Uganda. Now the bugs are out of it so to
speak, and it seems to be “replication” should be the action word,
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let’s grow this everywhere. But if you could, how many doctors, the
applicability of the skills to other trauma and problems.

Dr. WARF. So to address your first question about the Ministry
of Health, we started from the beginning in Uganda with a memo-
randum of understanding with the Ministry of Health and worked
with them. We worked with them on education and referral from
district and regional hospitals. After about 4 years, it was recog-
nized that we were sort of the national referral center for hydro-
cephalus and other neurosurgical problems in children. And in rec-
ognition of that, the Parliament included us in their budget, which
amounted to about 1 month of running costs, but it was quite grati-
fying, not so much just from the financial end of it, but the fact
they had embraced us as part of their—acknowledged part of their
medical service.

But we always did, and I was the only non-Ugandan physician
there. We had an all-Ugandan nursing staff, except for some people
who came for training. We hired people out of medical school and
internships to come and work with us and train. And we fostered
their training as we go forward.

So I think that that was—we became a sort of integral part of
that. Other Ministries of Health are interested in what we are
doing. We are currently in some conversations with the Govern-
ment of Rwanda, and I met with their Minister of Health and so
forth. So I think Ministers of Health generally do value what we
are doing as part of the bigger picture.

Mr. SMITH. Would anybody else like to add anything?

Mr. Payne, do you have any final questions?

Mr. PAYNE. Only that I certainly command you for the out-
standing work that you all were doing. I do know that you are in
the right country to move forward in medical attention. As you
know, 30, 40, 50 years ago or even longer, Uganda was known for
having an outstanding medical school. I guess the Makerere Med-
ical School, where doctors or potential doctors from, in particular
East African communities, would go there to study. I first visited
there about 40 years ago and did hear about the medical school,
and other East African countries. I think Kenya had the school
where you wound up to be a good lawyer and you would go there,
but Uganda was the place to go for good medical attention.

Dr. WARF. That is right.

Mr. PAYNE. So I am glad that they have continued and at least
tried to give the support. I also have some appreciation about what
Uganda’s—of course, it has nothing to do with this in particular,
but they have provided about 8,000 000 troops to Somalia, where
the Ugandan forces are assisting the transitional Federal Govern-
ment of Somalia, which is weak. And without the U.N. support for
the Ugandan and Burundian troops, I think that the al-Qaeda
forces of Al Shabaab would probably have taken over Somalia,
which would just wreak havoc on the whole Horn of Africa. So as
a matter of fact, as you may recall, there was a bombing during
the World Cup at a restaurant in Uganda, and that was primarily
because the Ugandan troops were there in Somalia, much of it sup-
ported by the U.S. through peacekeeping through the U.N., and so
it is a long stretch. But the al-Qaeda people felt that they should
do harm, and about 20 or 30 people were killed because the Ugan-
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dans were supporting the Government of Somalia, which we sup-
port, and therefore directly should be penalized.

So I do appreciate work there in Uganda. Have to work a little
bit with president for life, but you know, we are doing something.
I tell him sometimes—he is a farmer, and I tell him, why don’t you
go back to the farm? He said, well, I still visit the farm on the
weekends. I say, why don’t you just visit it all the time?

I really do commend you for the great work you are doing, thank
you.

Mr. SMITH. Ms. Buerkle.

Ms. BUERKLE. Thank you, Mr. Chairman.

I just have one question, in these developing nations, how many
centers do you think would it take to address this problem ade-
quately?

Dr. WARF. I would probably have to do a little bit of arithmetic,
but I would say probably two per country, depending on the size
of the country, a place like Congo would need more, more like half
a dozen; smaller countries, maybe one, but it depends on the size
of the country, the population density, and how bad the infrastruc-
ture is for transportation obviously.

But I think that a huge impact would be made by starting with
the goal of one center per country and more in the bigger countries,
like Congo.

Mr. CoHICK. Part of our plan is to continue to expand the train-
ing we have where there are treatment centers in place because of
those surgeons that have been trained. As we have the capacity to
allow those that have the desire, willingness and abilities to be-
come trainers themselves obviously helping that whole scenario is
somewhat akin to what Dr. Warf has said.

Dr. WARF. What we are not envisioning is building more centers.
What we want to do is to come into existing government hospitals
with what you might call a vertical program, and you train and
equip the people that are there who have a commitment to taking
care of these children anyway and just don’t have the tools. And
we have done some of that and hope to do more of that.

Ms. BUERKLE. Sure.

Dr. Schiff.

Dr. ScHIFF. I also might add we also envision a very similar sus-
tainable way of allowing countries to do the appropriate discovery
of their organisms, surveillance and institute both better treatment
of the sick infants as well as prevention strategies without having
to rely on what is a very large scale at present effort to do that.
And I think that is very doable. One could attack both the children
who need surgery and simultaneously and parallel with that ad-
dress the root causes.

Ms. BUERKLE. Thank you. If you did what you are talking about
and you found existing centers and you dropped in the vertical pro-
gram, have we talked about how much that costs?

Mr. CoHICK. As part of record, we have submitted a plan that
is scalable. The plan itself as it is presented is multi-year and
multi-millions of dollars, but results in over 100 surgeons being
trained and going on and over that course of time close to 27,000
surgeries having been done, but having a ongoing rate of at least
10,000 and obviously growing more if it were to continue on its
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course. That is at least the plan that is in consideration. Again, it
is scalable to become the right size as needed.

Ms. BUERKLE. Thank you.

I just want to echo my colleague, Mr. Payne, in thanking all of
you for your efforts and your hard work and for paving the way in
giving these children a chance, an opportunity to survive and to
live normal lives. So thank you very much. Thanks for being here
today as well.

I yield back.

Mr. SMITH. Thank you.

Let me just ask, finally, the ranking of the countries of Africa,
do you have a sense of what countries have the most compelling
need that goes unmet?

Dr. WARF. Yes, sir. The DRC to my knowledge has one neuro-
surgeon that I have met who told me he is the only one. I know
of two mission hospitals in Congo that see a stream of these chil-
dren and don’t have the wherewithal to treat them. So that is one
place.

Mr. SMITH. What do they do when a child presents?

Dr. WARF. Well, send them away, say there is nothing to do.

Mr. SMITH. So, obviously, we have a huge challenge of capacity
building.

Dr. WARF. Yes, sir.

Mr. SMITH. And prioritization within our own Government and
the NGO community, which, again, you have provided extraor-
dinary leadership on for years, which has gone under-recognized, I
would say, by Congress and by the White House and by the State
Department, no matter who is at the helm.

I think you wanted to say something further.

Mr. PAYNE. Not, of course, once again, not anything to do with
the hearing here, but I would like to certainly commend you all for
your testimony.

But I was just looking at a Ugandan Little League team that was
qualified for playing in Williamsport, and they defeated a Saudi
Arabian team, and they played in Poland on July 16th, which is
my birthday, kids supposed to be 11 to 13 and they won. Our State
Department just declined to allow them to come to play in the
World Series. It is a real World Series. Of course, now they bring
in Taiwanese kids usually win the championships when we watch
these games. I am going to dash off a letter to the State Depart-
ment to ask them why are they denying these young kids from
Uganda. If there is a question about AIDS, sometimes that be-
comes an issue, but they won’t disclose what the issues are. And
they come from the Reverend John Foundation, so it can’t be any
better than that. Whoever Reverend John is, it sounds good to me.

So I am going to follow up to try to find out why are these Little
Leaguers, 1 think it would be great to finally have an African base-
ball team to go back to their country. Also, I think it is a great ex-
perience for Third World kids to get an opportunity to visit our
country, because sometimes that is the greatest ambassador for de-
mocracy. And when they get back and see how it is here, then they
can be ambassadors in their country. Once again, thank you, Mr.
Chairman, for calling this important hearing.

Mr. SmiTH. Thank you very much.



33

Anything you would like to add before we conclude?

Dr. WARF. Well, I would like to say how much we all appreciate
this. It is the kind of thing that I never thought I would have a
chance to do, so I am very honored and humbled by the whole
thing and just want to thank you.

Dr. ScHIFF. I would certainly like to echo Dr. Warf’s sentiments.

Mr. CoHIcK. I add my thanks, thank you so much.

Mr. SMITH. Again, you are pathfinders. You are saving lives each
and every day, and we need to expand capacity. I know this sub-
committee stands ready to leave no stone unturned in trying to
help kids suffering from this debilitating but preventable and treat-
able condition known as hydrocephalus.

So thank you so much. The hearing is adjourned.

[Whereupon, at 3:33 p.m. The subcommittee was adjourned.]
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OPENING STATEMENT OF
THE HONORABLE RUSS CARNAHAN (MO-03)
SUBCOMMITTEE ON AFRICA, GLOBAL HEALTH, AND HUMAN RIGHTS
U.S. HOUSE COMMITTEE ON FOREIGN AFFAIRS

Hearing on
Hydrocephalus Treatment in Uganda: Leading the Way to Help Children
Tuesday, August 2, 2011, 2:00 P.M.
2172 Rayburn House Office Building

Chairman Smith and Ranking Member Payne, thank you for holding this hearing on
hydrocephalus, an underreported global health concern that disproportionately impacts the
developing world. Today, 1 hope our dialogue promotes ways to combat hydrocephalus and
other global health challenges.

The incidence of hydrocephalus in Sub-Saharan, and particularly East Africa, is significantly
higher than the developed world, with such trends characterized by a far higher percentage of
cases cased by neonatal infections. Insufficient logistical and public health infrastructures in
countries like Uganda further compound the debilitating impacts of hydrocephalus—resulting in
high probably of severe disability or loss of life even among those who receive treatment. | want
to commend the work of our panelists here today to shed light on this disease and advance causes
that save the lives of children in Africa and throughout the developing world.

Your work to advance research of root causes and cost-effective treatment methods reflects the
importance of U.S. technology and innovation. In fact, my district in the St. Louis region is
widely recognized is an important hub for healthcare research and education. At Washington
University and St. Louis Children’s Hospital, neurological experts are also working to advance
biomarker diagnostics and early treatment of hydrocephalus.

While working to implement important technological advancements in the developing world,
CURE International also prioritizes training local nationals to promote sustained access to health
care. This core principle—capacity building through health systems strengthening—is also a
tenet of the U.S. government’s Global Health Initiative. Through an emphasis on local
ownership, we seek to address some of the most dire public health challenges in Aftica, from
malaria and neglected tropical diseases to HIV/AIDS. We must continue to working with our
international partners to improve weak health systems, poor infrastructure, and powerful social
stigmas that continue to perpetuate epidemics in Africa.

The world’s poor continue to face stark health crises, and I'm grateful to the witnesses for their
leadership on this issue: Thank you for your presence here today, and T look forward to hearing
your testimony.
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Information from Mr. Jim Cohick, in response to a question from Rep. Buerkle regarding cost
of addressing hydrocephalus globally.

As discussed in the hearing, it is conservatively estimated that this year alone over 300,000 newborns
will suffer from congenital or acquired hydrocephalus in the developing world where access to life-
saving surgical treatment is virtually nonexistent. The vast majority of these children will not be
treated and therefore will die or suffer devastating lifelong physical and mental disabilities.

Training local doctors and medical professionals in the “shunt-less” surgical technique (ETV/CPC)
along with the treatment process for successfully addressing hydrocephalus and conducting ongoing
research on the causes of hydrocephalus in order to help prevent a portion of new cases, is a
sustainable, long-term solution for addressing this global health concern head on. The only such
initiative, begun by Dr. Benjamin Warf and continuing at the CURE Children’s Hospital of Uganda
through the CURE Hydrocephalus Surgeon Training Program (CHSTP), is currently being scaled up.

A five-year $75 million effort for emergency surgical treatment and training additional surgeons
from the developing world would be the beginnings of a much needed effort to address such a global
health concern. Such a global hydrocephalus treatment and training program would begin by
targeting training for more than 100 surgeons from the developing world and creating on-going
annual capacity for over 11,000 life-saving surgeries. As more local surgeons are trained, and they in
turn train other developing world medical professionals, the number of cases treated will grow
exponentially. More investment would mean a greater number of surgeries provided and doctors
trained, thus reaching a larger percentage of children suffering from hydrocephalus.

The value of this life-saving effort 1s realized both individually and aggregately. A child is healed
and her life expectancy is extended well beyond her second birthday. More broadly, using the
DALYs and statistical economic value of life (accepted public health measurements) referenced by
Dr. Wart, provides strong evidence that the cost per hydrocephalic child treated with the ETV/CPC
technique rivals the cost of many low-cost immunization programs in that many thousands of
children are immunized who may actually never need it in order to save the few who do.

A 2011 Harvard University study' citing 2 billion of the world's population not having access to
proper surgical care motivates CURE International to pursue this effort. And yet the effect of training
surgeons in developing world settings goes well beyond the treatment of hydrocephalus patients. Tt
has a broader and deeper impact on building the capacity of fragile developing world health systems,
which is a major objective of the U.S. Government. Surgeons are equipped to leverage high quality
care and patient safety in other aspects of their work. A cadre of trained medical professionals is
created across nations for on-going medical education, clinical research, and other collaboration.
Goodwill is strengthened or created at the grass roots and at government ministries between
developing world nations and the United States.

! Dr Luke M Funk MD, Thomas G Weiser MD, William R Berry MD. Stuart R Lipsitz ScD, Prof Alan F Merry FANZCA, Prof Angela
C Enright FRCPC, Tain H Wilson FRCA, Gerald Dziekan MD, Atul A Gawande MD, Global operating theatre distribution and pulse
oximetry supply: an estimation from reported data, 1'he Lancet, 2011
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Infant Hydrocephalus: A Global Health Concern

Infant hydrocephalus is one of the most common congenital abnormalities affecting the nervous system of
children around the globe. Commonly referred to as “water on the brain,” infant hydrocephalus can be congenital
(existing from birth) or acquired. Hydrocephalus is an abnormal medical condition that develops when the normal
flow and absorption of cerebrospinal fluid (CSF) in the brain is hindered or blocked resulting in excessive
accumulation of fluid in the ventricles of the brain. This excessive accumulation of CSF creates severe and harmful
pressure on the brain and eventual swelling of the head. Left untreated, in addition to pain and suffering,
infant hydrocephalus leads to significant brain damage, severe developmental delays, blindness, and
ultimately death.

Hydrocephalus is a life-threatening medical condition that goes vastly untreated in developing countries because
neurosurgical care is simply not available. This year alone, it is conservatively estimated that nearly 400,000
newborns (3/1,000 births)>* will suffer from congenital or acquired hydrocephalus around the globe and over
310,000 (79%) of these children will be born in the developing world with limited or no access to critical life-
saving care {Appendix I). Over the next five years, as many as 1.5 million infants in the developing world
will die from hydrocephalus.

Children suffering from hydrocephalus in the developing world have not been a significant priority for resource
poor nations’” Ministries of Health, major international actors in global health, or other international development
groups to date. With this in mind, CURE International, an international health network dedicated to healing
children with correctable physical disabilities, has launched a global initiative, CURE Hydrocephalus, to address
the needs of these underserved children and expand the medical infrastructure necessary for addressing this
significant global health concern

CURE Hydrocephalus: A Global Response

Over the past ten years, CURE has become a global leader in the efforts to save the lives of children with
hydrocephalus in the developing world by providing surgical treatment to infants and training programs for
neurosurgeons. In December 2000, CURE officially opened the CURE Children’s Hospital of Uganda (CURE
Uganda), the first pediatric neurosurgical hospital in Sub-Saharan Africa. CURE Uganda began under the
leadership of Benjamin C. Warf, M.D. Dr. Warf, a pioneering neurosurgeon from the U.S., relocated his family to
Uganda and served as the hospital’s first medical director for six years while establishing the neurosurgical practice
and training programs at the hospital.

Since inception, CURE Uganda has provided surgical care to over 4,000 children suffering with hydrocephalus and
trained 11 neurosurgeans from ten developing countries. CURE Uganda’s leadership as a center of excellence for
the treatment and management of children with hydrocephalus has resulted in the hospital treating more
children with hydrocephalus than any other hospital in the world over the last decade

CURE Uganda also leads the way in the endoscopic treatment of hydrocephalus. During Dr. Warf's tenure as
medical director of the hospital, he pioneered a novel surgical procedure (endoscopic third ventriculostomy
combined with a choroid plexus cauterization, or ETV/CPC) to effectively treat infant hydrocephalus without shunt
dependency. In developing countries where shunt dependence is life-threatening due to limited access to
emergency care, this innovative ETV/CPC procedure offers significant advantages for treating hydrocephalus.
Published in numerous peer-reviewed medical journals, Dr. Warf has proven the superiority of the ETV/CPC
procedure over traditional shunting through his treatment results for the largest volumes of hydrocephalus
patients in the world. His work continues to expand through the training program he established for surgeons at
CURE Uganda. One of Dr. Warf’s first successful trainees, Dr. John Mugamba, became his successor at CURE
Uganda. Dr. Mugamba, CURE Uganda’s current Medical Director, has now surpassed Dr. Warf in
performing more ETV and ETV/CPC procedures than any other surgeon in the world.

More recently, the Beit-CURE Hospital of Zambia (CURE Zambia) established a similar neurosurgical
practice and has completed over 1,000 hydrocephalus surgeries in its first three years of
implementation. Dr. Kachinga Sichiza, another graduate of CURE Uganda’s initial training program, is the
current head of neurosurgery at CURE Zambia
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Building on over a decade of experience in delivering hydrocephalus treatment and surgical training, CURE
Internaticnal launched CURE Hydrocephalus (CH) in 2011. CH is focused on building global health systems’
capacities for treatment, training, research, and prevention to address infant hydrocephalus in the developing
world. The mission of CURE Hydrocephalus is to save lives through the elimination of untreated hydrocephalus and
its preventable causes.

As a division of CURE, CH has been launched to develop a world-class network of Hydrocephalus Treatment
Centers (HTCs) in the developing world that target the following primary program pillars:

#  Treatment — Expanding access to life-saving surgical treatment for children with hydrocephalus;

Training - Strengthening national health systems by training and equipping national surgecns from the
developing world to provide advanced surgical treatment methods for hydrocephalus;

s Research and Prevention - Developing the IT infrastructure to capture patient data to facilitate research
with CH's strategic partners in an effort to advance the understanding of the causes, best treatment
practices, and effective methods of prevention of post-infectious hydrocephalus; and

% Compassionate Care — Demonstrating compassionate care and concern for the world’s most vulnerable
children.

Implementation

CH’s primary strategy is to train, develop, and expand a fully functioning network of surgeons in the developing
world skilled at treating children with hydrocephalus. By doing so, the ultimate goal of saving the lives of
thousands of vulnerable hydrocephalic children every year will be achieved. This strategic plan includes the
following goals and strategic elements for implementation over the next five years which will be further cutlined in
the *Program Description & Implementation” section of this document:

1. Global HTC Network - Establish a network of as many as 100 HTCs in the developing world over
the next five years.

2. Life-Saving Surgical Treatment — Expand global access to life-saving surgical treatment through the
HTC network by achieving surgical volumes of as many as 11,300 infant hydrocephalus cases annually
by year five and 26,900 cumulative cases over the first five years (Appendix ll).

3. CH Surgeon Training Program — Recruit, train, and equip gualified surgeons in the ETV/CPC procedure,
shunt placement procedure, and the Uganda Score Methodology, through the following structure

a.  CURE Pediatric Neurosurgical Hospitals (CPNHs) — Utilize 4 CURE hospitals (CURE Uganda, CURE
Zambia, CURE Ethiopia, and CURE hospital TBD) as centers of excellence for training and
equipping as many as 100 surgeons (neurosurgeons and general surgeons) from the
developing world over the next five years.

b. Annual Training Cycles - Facilitate the training of 30 new surgeons annually by year five (10
surgeons per three-month training cycle/three cycles annually).

¢.  Hydrocephalus Treatment and Training Centers (HTTCs) — Expand the number of new trainees
through the creation of additional training locations in the future.

4. Leadership Team and Staff — Initiate and implement CH goals and strategies through the key leadership
team, including the Executive Director, Senior Medical Director, Medical Faculty Director, Operations
Director, Medical Advisory Board, CH Affiliate Surgeons, Patient Care Coordinators, and Regional Program
Directors.

5. Patient Care Coordination Program — Initiate the social work program under the lead of Patient Care
Coordinators (PCC) as an essential component to the delivery of effective, holistic care to children and
families suffering from hydrocephalus

@ The Uganda Score is a success prediction tool developed by Dr. Warf at CURE Children’s Hospital of Uganda which prescribes the surgeon to
follow a logical sequence of assessments of certain co-morbidity issues. The methodology includes ameng other things, factoring the cause for
the onset of the candition, the age of the patient, and other cantributing aspects such as the presence of infaction, the extent of scarring, and
the appearance of key areas within the brain cavity surrounding the third ventricle and aqueducts
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6. IT Infrastructure, Clinical Data Tracking System, Quality Assurance, and Collaborative Research
Initiatives — In collaboration with Dr. Benjamin Warf, establish uniform evidence-based treatment
protocols across the HTC network, as well as the protocols for capturing and reporting clinical data. This
will entail developing the necessary IT infrastructure to enable high quality data feedback from the
network

financial Surmmary

Over the next five years alone, as many as 1.5 million children will be born with or acquire hydrocephalus in the
developing world, a fatal condition in this setting. CURE Hydrocephalus has an extremely ambitious mission of
eliminating untreated hydrocephalus and its preventable causes. Transforming this program into a global
health initiative will require significant strategic partnerships and leadership level financial investments
from major players in order to rapidly scale up the CURE Hydrocephalus program model over the next five years.

In order to accomplish these goals and develop the capacity of global health systemns to effectively address infant
hydrocephalus in the developing world, a total funding investment of $75.6 million will be necessary over
the next five years (see ‘Finandials’). With these finandial resources, the CURE Hydrocephalus maodel will be
expanded to achieve significant measurable results on a global scale:

As many as 100 trained surgeons from the developing world will be operating within a global network of
HTCs.

As many as 100 HTCs will be established.

As many as 27,000 children’s lives will be saved through surgical intervention over the next five years.

The global health systemns’ capacity will be expanded to provide life-saving surgery to over 20,000 children
with hydrocephalus each year.

2 A fully-trained CH Affiliate Surgeon working in a typical developing world government hospital will be
equipped to perform a life-saving surgical treatment for hydrocephalus for less than $750.

Critical clinical data continue to be gathered and utilized for research aimed at breakthroughs in reducing
preventable hydrocephalus.

Since 2000, CURE has utilized the underlying program of CURE Hydrocephalus to provide life-saving surgery for
over 5,000 children, effectively proving the success of our model. It is our hope that over the next decade,
hundreds of thousands of infant deaths from hydrocephalus will be prevented through the establishment
of treatment and training centers, breakthroughs in research, and implementation of effective prevention methods
as this global health concern is broadly recognized and addressed.
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About CURE International

Founded in 1996, CURE International’s passion is to provide healing to disabled children in the developing
world that suffer from correctable conditions such as clubfoot, dleft lip and palate, hydrocephalus, and other
physical deformities. We truly believe that curing a child’s disability eliminates a major obstacle to overcoming the
challenges of growing up in rescurce-poor countries and contributes to the alleviation of poverty for the family of
that child. It is estimated that as many as 80 million children in the developing world have a physical disability;
CURE focuses on those children whose physical condition can be corrected through medical care or surgery, so
they can have a chance at a normal life.

Currently, CURE operates surgical teaching hospitals in 11 nations (Afghanistan, China, Dominican Republic,
Ethiopia, Honduras, Kenya, Malawi, Niger, Uganda, the United Arab Emirates, and Zambia), and has also begun a
pediatric orthopedic surgical program serving disabled children in Egypt.

In addition to the wide range of disabling conditions treated at our hospitals, CURE has also initiated CURE
Clubfoot Worldwide (CCW), a community-based, non-surgical clubfoot program that impacts a total of 16
countries, including Afghanistan, Cambodia, the Democratic Republic of Congo, Dominican Republic, El Salvador,
Ethiopia, Guatemala, Ghana, Haiti, Honduras, India, Kenya, Malawi, Niger, Rwanda, and Zambia. A recent grant
from the U.S. Agency for International Development (USAID) will expand this program to include Burundi, Liberia,
Mozambique, Sierra Leone, and Togo.

Since inception, CURE International has provided medical care during more than 1,200,000 patient visits,
while performing more than 84,000 life-changing surgeries and training over 800 national medical
practitioners.
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Total New Cases of

Total New Cases of

Total New Cases of

Infant Hydrocephalus -Infarit Hydrocephalus -~ Infant Hydrocephalus
Country Region Population: 2010 | (2 per 1000 birth)® - (3 per 1000 hirth)(m (5 per 1000 birth) "
Afghanistan South Asia 26,121,286 2220 3329 5,549
Albania Europe & Central Asia 3659616 13 159 282
Angola Sub-Saharan Africa 13,068,161 1,132 1,699 2831
Armenia Europe & Central Asia 2,966,802 76 113 189
Azerbaijan Europe & Central Asia 8,303,512 295 442, 737
Bangladesh South Asia 158,065,341 7524 11,286 18,810
Belize Latin America & Caribbean 314,522 17 25 4
Benin Sub-Saharan Africa 4,056,010 700 1051 1,751
Bhutan South Asia 599,847 27 -4 69
Balivia Latin America & Caribbean 6,947 418 501 751 1,251
Burkina Faso Sub-Saharan Africa 16,241 811 1,429 2043 3572
B urma East Asia & Pacific 53,414,374 2,082 3123 5,205
B urundi Sub-Saharan Africa 9,863,117 817 1226 2,043
Cambodia East Asia & Pacific 14,753,320 760 : 1,144 1,901
Cameraon Sub-Saharan Africa 19,294,149 1,296 .. : 1',9;1.rlf 3,239
Cape Verde Sub-Saharan Africa 508,559 2 33 55
Central African Republic ~ Sub-Saharan Africa 4,844,927 356 535 891
Chad Sub-Saharan Africa 10,543,464 846 1,269 2115
China East Asia & Pacific 1,330,141,295 32376 48,563 80,939
Comoras Sub-Saharan Africa 773,407 54 - 134
Congo, Democratic X
Republic of the Sub-Saharan Africa 70916439 5,954 8,991 14,985
Congo, Republic of the  Sub-Saharan Africa 4125916 338 508 846
Cote d'lvoire Sub-Saharan Africa 21,058,798 1326 1,989 3315
Djibouti North Africa 740,528 38 57 95
E cuador Latin America & Caribbean 14,790,608 &01 902 1,503
Egypt North Africa 80,471,869 4027 5,040 10,067
£ | Salvador Latin America & Caribbean 6,052,064 219 328 547
E ritrea Sub-Saharan Africa 5,792,984 388 T BRYE 970
£ thiopia Sub-Saharan Africa 88,013,491 7629 11444 19,073
Gambia, The Sub-Saharan Africa 1,824,158 136 - 204 340
Gaza Strip Middle East 1,604,238 116 175 291
Georgia Europe & Central Asia 4,600,825 98 148 246
Ghana Sub-Saharan Africa 24,339,838 1367 2051 3419
Guatemala Latin America & Caribbean 13,550,440 743 1114 1,856
Guinea Sub-Saharan Africa 10,324,025 768 1,152 1921
Guinea-Bissau Sub-Saharan Africa 1,565,126 m 167" 278
Guyana Latin America & Caribbean 748,486 26 1) 66

15
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Total New Cases of ** Total New Cases of Total New Cases of

Infant Hydrocephall Infant Hydrocephal Infant Hydrocephalus
Country Region Population: 2010 | {2 per 1000 birth)® - (3 per 1000 birth)"? (5 per 1000 birth)"?
Hatti Latin America & Caribbean 9,203,083 528 792 1321
Honduras Latin America & Caribbean 7989415 409 614 . 1,023
India South Asia 1,173,108018 50,068 : 75,102 125171
Indonesia East Asia & Pacific 242,968,342 8,966 13048 22414
Iran Middle East 67,037,517 2,324 3,485 5809
Iraq Widdle East 29,671,605 1,745 < 2618 4,363
Jordan Iiddle East 6,407,085 347 TR0 867
Kenya Sub-Saharan Africa 40,046,566 2814 4,99 7036
Kiribati Fast Asia & Pacific 99,482 5 7 1
Korea, North East Asia & Pacific 22,757,275 664 995 1,659
Kyrgyzstan Eurape & Central Asia 5,508,626 260 390 649
Laos East Asia & Pacific 6,993,767 468 702 1,169
Lesotho Sub-Saharan Africa 1919552 104 156 261
Liberia Sub-Saharan Africa 3685076 281, : 373 703
Madagascar Sub-Saharan Africa 21,281,844 1,613 2419 4,032
Malawi Sub-Saharan Africa 15,447 500 1,275 12613 3,188
Maldives South Asia 395,650 1" 17 29
Mali Sub-Saharan Africa 13,796,354 1272 1.908 3179
Marshall lslands East Asia & Pacific 65,859 4 & 10
Mauritania Sub-Saharan Africa 3,205,060 216 374 540
Micronesia, Federated
States of East Asia & Pacific 107,154 5 7 12
Moldova Europe & Central Asia 4,317,483 96 145 24
Mangolia Fast Asia & Pacific 3086918 130 195 325
Moracco North Africa 31,627,428 1227 1341 3,068
Mozambique Sub-Saharan Africa 22,061,451 1,668 - 2,502 4,170
MNepal South Asia 28,951,852 1,299 1948 3247
MNicaragua Latin America & Caribbean 5995928 273 g 683
Niger Sub-Saharan Africa 15,878,271 1,622 2,433 4,055
Nigeria Sub-Saharan Africa 152,217,341 10,981 CA6HTT 27452
Pakistan South Asia 177,276,594 8,896 13,344 22239
Papua New Guinea East Asia & Pacific 6,064,515 327 490 817
Paraguay Latin America & Caribbean 6,375,830 226 339 565
Philippines East Asia & Pacific 99,900,177 5,131 1,696 12,827
Rwanda Sub-Saharan Africa 11,055,976 824 1,236, 2,060
Samoa East Asia & Pacific 192,001 9 43 22
Sao Tome and Principe | Sub-Saharan Africa 175,808 14 21 34
Senegal Sub-Saharan Africa 14,086,103 1,024 . 1537 2,561
Sierra Leone Sub-Saharan Africa 5,245,695 407 610 1,017
Solomon [slands East Asia & Pacific 609,794 33 49 82
Somalia Sub-Saharan Africa 10,112,453 876 1,315 2,191

16
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Total New Cases of -~ Total New Cases of Total New Cases of
Infant Hydrocephalus Infant Hydrocephalus (3 Infant Hydrocephalus (5
Country Region Population: 2010 (2 per 1000 birth)® " per 1000 birth)? per 1000 birth)("?
Sri Lanka South Asia 21,513,990 683 - 1,025 1,708
Sudan Sub-Saharan Africa 41,980,182 2,792 4188 6,979
Sviaziland Sub-Saharan Africa 1,354,051 73 : 110 184
Syria Middle East 22,198,110 1,085 : ~ 1,628 2,13
Tajikistan Europe & Central Asia 7487489 397 - g 992
Tanzania Sub-Saharan Africa 41,892 895 2,802 S4.203 7004
Thalland Fast Asia & Pacific 66,404,688 1750 7632 4386
Timor-Leste Fast Asia & Pacific 1,154,625 60 S 90 150
Toga Sub-Saharan Africa 6,199,841 4o 674 1,123
Tonga East Asia & Pacific 122,580 4 3 11
Tunisia North Africa 10,585,025 324 : g 811
Turkmenistan Europe & Central Asia 4,940,916 194 - 291 485
Uganda Sub-Saharan Africa 33,398,682 3176 4764 7941
Ukraine Europe & Central Asia 45,415,596 874 AR b 1 2,184
Uzhekistan Europe & Central Asia 27,865,738 976 : 1.464 2,440
Vanuatu East Asia & Pacific 21,552 97 . 14 23
Vietnam East Asia & Pacific 89,571,130 3007 0 R vl 7,743
West Bank Middle East 2,514,845 125 Lo 88 313
Western Sahara North Africa 491,519 EZRNN : 48 80
Yemen Middle East 23,495,361 1615 2423 4038
Zambia Sub-Saharan Africa 12,056,923 963 U Tadd 2,407
Zimbabwe Sub-Saharan Africa 11,651,858 736 b : 1,104 1,839
Annual Totals (Developing World) 472,521,596 22221 k ! 33,332 55,554
Annual Totals (All Countries) 6,827,659,482 263783 395,674 659,457
Percentage of Totals in "Developing” World - 8% 8% 8%
Notes: ‘
*The World Bank defines Low-income and Middle-income economies as developing economies
* Incidence of congenital hydrocephalus in the developed world 0.5 case per 1,000 live births ™7
* Overall incidence of total neonatal hydracephalus in the developed world: 310 5 cases per 1000 live births "%
* CURE Uganda's rate of PIH per nevs infant cases treated for hydrocephalus: 60% ™
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Association of bacteria with hydrocephalus in Ugandan
infants
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Engineering Science and Mechanics,

Object. Infantile hydrocephalus in East Alrica is predominanily postinfectious. 'I'he microbial origing remain
elusive, since most patients present with postinfectious hydrocephalus afler antecedent neonatal sepsis (NS) has
resolved.

Methaods. To charactenze this syndrome in Ugandan infants, the authors used polymerase chain reaction target-
ing bacterial 163 ribosomal DNA (rom CSF to determine if’ bacterial residua from recent infections were detectable.
Bucleria were identified based on the relationship of genetic sequences oblained with reflerence bacteria in public
databases. The authors evaluated samples from patients presenting duning dry and rainy seasons and performed envi-
ronmental sampling 1n the villages of patients.

Results. Bacterial DNA was recovered from 94% of patients. Gram-negative bacteria in the phylum Proteobac-
teria were the most commonly detected. Within this phylum, Gammaproteobacteria dominated in patients presenting
after infections during the rainy scason, and Betaproteobacteria was most common following infections during the

dry scason. Acinetobacier

ccics were identified in the majority of patients admitted after rainy scason infection.

Conelusions. Postinfectious hydrocephalus in Ugandan infants appears associated with predominantly enteric
gram-negative bacteria. These findings highlight the need for linking these cases with antecedent NS to develop more
cffective treatment and prevention strategics. (DO : 10.3171/2010.9.PEDS10162)

Key Wokrps ¢ hydrocephalus
tropical medicine +  pediatrics

ort.D Health Organization estimates suggest a

\’s’- worldwide yearly toll near 1.6 million neona-

ial deaths [rom inlection.*® Neonatal mortality

disparily ranges [rom 5 cases per thousand live births in

developed countries to 42 cases per thousand in some

African countries. There are 2 classes of NS: early on-

sel, within the Ist week of life [rom intraparlum organ-

ism transmission; and late onsct, within weeks 24 ol lifc
from community and nosocomial sources.*

Abbreviations used in this paper: NS = neonatal sepsis; PCR =
polymerase chain reaction; P11 = postinfectious hydrocephalus.

# rs. i and Padhi and Ms. Ranjeva contributed equally to this
work.
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central nervous system infection ¢
developing country

‘I'he occurrence of hydrocephalus in survivors of neo-
natal meningitis was well described by the 1960s, with
incidences in developed countries as high as 31%." By
the 1970s, pneumoencephalography demonstrated that in
such patients, there were intraventricular septa and locula-
tions, which appeared related (0 a progressive ependymal
inflammatory process.* Ventriculoscopy has recently pro-
vided direct observation of ependymal and choroid plexus
scarring, postinflammatory aqueductal obstruction, and
intraventricular deposits of pus and hemosiderin** The
latter linding appears (o be the pneumocencephalographic
detritus described in such cases by Handler and Wright,*
who reported that PTH accounted for 30%—40%: of cases in
a South African population of infants with hydrocephalus,
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with a disproportionate percentage of these patients repre-
sented in the nonwhite peoples they treated.

It has recently been reported that most cases (> 60%
of infantile hydrocephalus in East Africa may be postin-
fectious.®* Hydroccephalus is estimated to develop in be-
tween 1000 and 2000 Ugandan infants each year® 'I'he
microbial origins of these infections remain elusive, since
the majority of patients present with I’1H after antecedent
NS has resolved and CSI' cultures have been consistently
negative.

‘I'he spectrum of bacteria causing NS in the developed
countries 1s well known and relatively homogeneous in
North America, Curope, Australia, and South Alrica: group
B Streptococcus, Escherichia coli, and Listeria monocy-
logenes.” When gram-negative enieric bacleria cause NS
in industrialized countrics, risk factors typically include
neural tube defects and urinary tract anomalics.®” In con-
trast, the spectrum of bacteria infecting nconates in the de-
veloping world is biased toward gram-negative organisms
and appears 1o diller at cach site from which high-quality
(culturce positive) data are available.2615 There is a striking
absence of group B Streptococcus in many studies in the
developing world* despite the fact that maternal carriage
rates of this organism may be similar®* In Handler and
Wright's cases, the nonmeningococcal organisms were
found to be gram-negative enteric bacteria (Escherichia
coli, Acinetobacter, and Enterobacter cloacae).

‘I'he advent of modern molecular techniques permits
us lo identily the presence of microorganisms by the am-
plification of their genetic material through PCR. The
amplified gene can then be used 1o establish a taxonomic
relationship among microbes. Tor bacleria, the 168 rRNA
gene has become a standard for classifying bacteria,'? of-
ten (o the level ol individual species. This new approach
o bacterial identilication has provided a signilicant
clinical breakthrough; it provides a means of identilying
bacteria that arc not casily distingnishable based on bio-
chemical propertics and, most significantly, it allows for
the detection of bacteria that cannot be cultured. In this
study, faced with a large paticnt population with clinical
infection residua but without successful bacterial cnlture
results, we used amplification and sequencing of the bac-
terial 765 rRNA gene to further study these patients.
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We performed the [ollowing cohort study o delineate
the nature of PIH in a Ugandan infant population present-
ing weeks (o months alter NS [or neurosurgical treatment
of their hydrocephalus.

Methods

All research was performed with institutional review
board approval from the CURE Children’s Hospital of
L ganda and Penn State University.

Our criteria for PIITin infants presenting with hydro-
cephalus under 1 year of age were as follows: no history
of hydrocephalus at birth and either a history of febrile
illness and/or scizures preceding the onset of hydroceph-
alus, or endoscopic or imaging findings indicative of prior
ventriculilis such as scarring, loculations, thickened ep-
cndyma, or purulent intraventricular debris (Iig. 1). Inthe
overwhelming majority of infants presenting with PIH,
their antecedent serious febrile illness had developed
within the 1st month of life,*? demonstrating that PTH
very likely derives from preceding NS. One of the key
motivations [or our work is that CST' sampled at the time
of endoscopic third ventriculostomy or shunt insertion
has been consistently culture negative in more than 1000
such children treated at the CURE Children’s Hospital of
Uganda since the vear 2000.

At the time of endoscopic third ventriculostomy or
shunt insertion, we collecled samples of CSIF [rom 3 co-
horts of infants meeting the above criteria for PIH: Co-
hort 1, specimens (rom 23 consccutive patients collected
in January 2008 [or DNA analysis; Cohort 2, specimens
from 235 consecutive patients obtained in July 2008 for
culture; and Cohort 3, specimens from 25 consecutive pa-
ticnts obtained in October 2008 for DNA analysis. Fach
specimen was obtained from an individual patient. ''here
arce 2 rainy scasons in Uganda: generally April-May and
October-December. Cerebrospinal [luid samples [rom
Cohort 1 were collected during the dry season in Janu-
ary 2008, and those from Cohort 3 were oblained at the
beginning of the rainy scason. Becausce the infants were
ages 1-6 months and the mean/median time (tom illness
to the onset of PIIT was 0.8/0.5 months,* patients present-

Fic. 1. Characteristic CT scans from 3 Ugandan infants younger than 6 months of age at the time of their treatment for PIH.
In addition to severe hydrocephalus, frequent evidence of severe scarring and loculations within the ventricular system is visible
(arrows).
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ing in January were presumplively infected during the
rainy scason, and the October cohort was presumptively
infected during the dry season.

All CSI' samples were collected under strict sterile
conditions in the operating room. Samples were collected
upon entrance to the brain, almost always with an endo-
scope but occasionally with a shunt catheter. Several mil-
liliters of CSF were collected using a syringe and placed
in a sterile bowl on a sterilely draped Mayo stand, and
sterile and DNA-free pipette tips were used on a cali-
brated pipettor to place 50-ml aliquots of CSF onto DNA
collection cards or into tubes. All handling of the DNA
specimens was performed using an aseptic technique with
gloves to reduce sample exposure to contaminants. Two
collection techniques were ulilized [or DNA sampling:
Whatman FTA cards and Biomatrica CrudF. tubes. The
recovery of IDNA sequences was similar for both methods
of stabilization, and the re re pooled in this report.
Both methods permil the stabilization ol nucleic acids for
long-distance (ransport at room lemperature.

Separate samples ol cach specimen were sent (o the
laboratory in Mbale for bacterial culture, where chocolate
agar, and in some cases blood agar, failed to demonstrate
any growth. In cohor( 2, we used bacterial transporl tubes
(Beceton Dickinson BBL CultureSwab Plus Collection
and Transport System conlaining Amies agar gel media
with oxygen-scavenging agents) for the transportation of
both aerobic and anaerobic organisms to Penn State to
altempl recovery ol [astidious organisms. No bacleria
were cultured from these specimens, cither at Mbale or at
Penn State, affirming the high quality of the sterile tech-
nique usced and the absence of culturable bacteria in the
samples.

Extraction of DNA from the FI'A cards was conduct-
ed using the procedure described by Biek et al.” Briefly,
the enfire area conlaining sample was shed, minced,
and eluted with 300—400 ul water at 95°C for 60 minutes
by using sterile reagents and instruments. The paper and
eluate were transferred to a spin column to remove solid
malerial, the liltrate was adjusted with 1 M Tris to 10 mM
Tris pII8, and DNA recovery was achieved using a Qlagen
DNeasy blood and tissue kit.

‘T'he PCR reacti cted using primers 168-

5-AGAG ATCCTGGCTCAG) and 168-534R
ATTACCGCGGCTGCTGGC). Polymerase chain re-
action products were sequenced directly or cloned into
the pGEM-T vector (Promega), and cloned products were
sequenced.

Sequences were aligned using the DNASTAR pack-
age, version 7, and MEGA, version 4.¢ Tor accurate re-
construction ol the relationships ol bacteria based on the
16S rRNA genc, a model of how the sequences evolve must
be developed. Over 50 models of sequence evolution were
evaluated, and the best model for each dataset was selected
using the Akaike Information Criterion' as implemented in
the Modeltesl, version 3.7 T'he phylogenetic lrees, which
display the genctic relationships among the individual sc-
quences of Acinetobacter species, were produced using a
maximum likelihood tree method implemented in the pro-
gram PhyML, version 2.4.4." Using the same program, the
strength of support for each node in the tree was eslimal-
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ed with 100 bootstrap replicates (a statistical resampling
mcthod) in the same program. To infer the relationships
among individual bacterial sequences within each Acineto-
bacter species, parsimony networks were reconstructed us-
ing TCS, version 1.2.1.° Gaps were treated as missing data,
and all the sequences were set to connect at the 95% con-
fidence limit.

Results

To determine if bacteria were present in the CSF sam-
ples, we amplified the bacterial /6s rRNA gene by PCR
and sequenced the products with or without cloning. 'he
composite phylogeny (Fig. 2 and Appendix Figs. 5-11, for
phylogenelic representation ol each bacterial phylum),
which shows all unique sequences oblained [rom these
ienls, demonstrates that the bacterial diversity in the
CSF samples was high and that many could not he classi-
fied. Surprisingly, in the 21 patients in Ciohort 1 for whom
the gene for bacterial 168 rRNA was amplified, Gamma-
proteobacteria (a class of gram-negative bacteria in the
phylum Proteobacteria, which includes Pseudomonas,
Escherichia, and Acinetobacter) were identilied in 19,
Acinetobacter specics were represented in 95% of these
samples (Fig. 3). We subscquently took samples from
another 25 consecutive children presenting with ’IH in
July (Cohort 2) to attempt (o improve our cullure recovery
ol gram-negative bacteria such as Acinefobacter, but we
were unsuccesslul despile the incorporation of multiple
media types (Table ). For Cohort 3, we again focused
on DNA extraction and 765 rRNA gene amplification to
determine bacterial presence. roteobacteria (a phylum
containing Beta- and Gammaproteobacteria) were also
dominant in this cohorl, although Betaproteobacleria
(gram-negative bacteria such as Burkholderia) were more
comumon (14 of 21 patients) than Gammaproteobacteria
(8 of 21 patients). There were also more sequences that
could not be classified. The groupings of all GGamma- and
Betaproteobacteria 765 rRNA gene sequences based on
evolutionary relatedness obtained in Cohorts 1 and 3 are
shown in Appendix 1dgs. 5 and 6.

Ciiven the findings of enteric bacterial DNA in these
children’s CSF, we speculated that environmental ex-
posure might play a role in PIH. Complicating the liv-
ing conditions in proximity to domestic farm animals
are cerlain cullural praclices among some Last Alrican
peoples (Masai in Kenya and Tanzania or related Nilotic
peoples in northern Uganda) involving bovine dung use
on umbilical stumps, which has been associated with
neonatal tetanus. From such reports' emerge estimates of
NS rates, which have approached 80 cases per 1000 births
in regions of East Africa that are close to where we work.

We collected samples for culture [rom hut floors,
nearby animal dung, and water supplies [rom the villages
of 8 of 17 Cohort 1 patients with evidence of Acineto-
hacter specics in their CSE Our culture efforts targeted
gram-negative bacteria, and a wide variety of species
were recovered. Out of 39 surveillance cultures, Acineto-
bacter was recovered from 2 hut floors and 1 cow dung
sample. ''he 765 rRNA genes were amplified from these 3
posilive cultures (o identify the bacterial species. We note
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Fic. 2. Depiction of the phylogenetic relationship of all unique 16S rRNA gene sequences obtained from patient CSF samples.
Organisms are classified based on relatedness to known bacterial sequences. The data indicate the diversity of bacterial phyla

detected.

that these environmental samples were collected during
July 2008 and represent dry scason specimens.

We further characterized the relationship between
Acinetobacter species from patients and those from en-
vironmental sources and compared them with relerence
strains. These analyses demonstrate how closcely related
individual bacterial sequences are [rom cach patient
sample (Fig. 4 and Appendix Figs. 10 and 11, for more
detailed analysis of individual samples). T'he majority of
sequences [tom Cohort 1 [ormed a highly related cluster
that 1s most similar 10 A. junii. Within the A. junii clus-
ter, only 1 sample was derived from a patient in Cohort
3 (who was infected in the dry season). A second smaller
cluster of Cohort 1 sequences malched more closely with
A. parvus, which is a close relative ol A. junii. Acineto-
bacter was only amplified from 2 other patients in Cohort
3; these sequences and those obtained from the environ-
mental samples [rom the hut floor or dung collected dur-
ing the dry season were most closely related 10 A. gyllen-
hergii. I'he other sequences from environmental samples
were related to A. schindlerii, and no patient samples
were found in this cluster. There are 2 important results
[rom this analysis. Iirst, the [indings of multiple lineages
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ol Acinetobacter [rom diflerent patients suggest that the
bacteria were not from a single source, which would be
the case il the samples were contaminated postprocess
ing. Significantly, it appcars that there is scasonality to
the species of Acinetobacter identified in patients with
PIH, and the prevalence of A. junii is particularly high in
the rainy season.

Discussion

Our findings extend those of Handler and Wright'*
and now support the conclusion that the majority of infant
hydrocephalus cases in an Cast Alrican populalion are
postinfectious. We [ound cvidence ol [ragments of bac-
terial DNA in almost all paticnts, with a predominance
ol gram-negative enleric bacteria as well as evidence [or
shilting spectra of microbial species depending on the
season of the year. The important clinical implication is
that most of the hydrocephalus in this population may be
preventable.

While previous studies have suggested that neonatal
Acinetobacter infections are most commonly due to A.
baumannii and are nolorious [or being nosocomial, little

J Neurosurg: Pediatrics [ Volume 7 [ Junuary 2017



52

Association ol bactleria with hydrocephalus in Ugandan infants

L

Percent Composidon

3 4% 250 U S

¥ Phetifoaid fenn
W skt

# Adhwiekag

Fatignt Mumbar

Fic. 3. Upper: Graph showing the percentage compasition of the different bacterial classes in each patient. Taxonomic place-
ment was determined using criteria of the Ribosomal Database Project (see Lebel st al,, 1988). Lower: Percentage composi-
tion of different genera of Gammaproteobacteria in different patients. Samples from patients in Cases 26-50 were evaluated by

culture only.

is known about the routes ol nconatal infection in a de-
veloping world setting. Tn reexamining WTIO data [tom
Fthiopia, The Gambia, Papua New CGuinea, and the Phil-
lipines,* we note that the speetra of bacteria [rom infants
vounger than 1 year of age is similar to the Gammaproteo-
bacteria obscrved in our infants with PIH. Further WHO
data revealed a predominance of Gammaproteobacteria
in community-acquired meningitis among infants young-
cr than 90 days of age, with the most common agent be-
ing Acinetobacter, in infants from slums clustered about
Manilla.'®

In an intriguing study from the Sudan, Aziz* demon-
strated strong scasonality of PITT coinciding with yearly
meningitis cpidemics. Although presumably meningo-
coceal in origin, there was no associated bacteriological
identilication in these data, and neither is it pos
determine the precise timing of the cansative infection
from their records (they correlated the time of surgical
treatment with meningitis peaks). Our cases in Lganda
originated south of the scasonal African meningitis belt®
and appear to be linked to prior NS, and we found no
bacterial DNA consistent with the prior presence of Neis-

TABLE 1: Matrix of culture techniques applied by Penn State personnel to attempt recovery of viable organisms*

Medium Aerobict Anaerobict
blood agar RT (approx 22°C); 30°; 37°C 37°C +5%CO0, +37°C +5%CO, + 5%H, + 90% N,
chocolate agar RT (approx 22°C); 30°; 37°C 37°C +5%CO, +37°C +5%CO, +5%H, + 90% N,
MacConkey agar RT (approx 22°C); 30°; 37°C 37°C +5%C0, +37°C +5%CO, + 5%H, + 90% N,
* approx = apy ly; RT = room

T Three temperatures at which tests were run.
1 Conditions under which tests were run.

J Neurosurg: Pediarrics [ Volume 7 [ January 2011
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Fic. 4. Genetic clustering among the Acinetobacter species detected from Cohorts 1 and 3 and environmental samples. The
size of each circle is proporticnal to the number of sequences. The lines connecting the circles represent the number of mutations
(see key in the figure) that separate groups of related sequences. The species level Acinefobacter identification was based on the
phylogenetic tree shown in Fig. 10. Also see Fig. 11 for the individual relationships among all patient and environmental samples.

seria meningitidis in any of the samples. ‘I'he implication
is that there are probably multiple bacterial routes to PIH
specific to geography and time in sub-Saharan Africa that
require untangling.

Although we isolated staphylococcal DNA from 6
patients (Appendix Fig. 8), we rarely encountered strep-
tococeal strains (3 patients), as opposed (o Acinerobacter
isolates (22 patients). Consistent with these data, we have
[ound no evidence of the nontyphoid Salmonella men-
ingitis scen in older infants with postmalarial anemia.”
Similarly, we have not observed the predominance of
Streptococcus pneumoniae meningitis scen in associa-
tion with HTV/ATDS, perhaps duc to the modest pereent-
age of HIVIATDS cases (3%—4%) among these Ugandan
children. Among Betaproteobacteria, the Burkholderia
species were most common (Appendix Fig. 6), and yet we
are aware of only 1 case report of communily-acquired
Burkholderia species meningilis in the lilerature. ™

Contamination is always a concern when interpret-
ing DNA samples such as ours in the absence of viable
organisms. Our elforts o ensure sample integrily in-
cluded the following. Tirst, samples collected at the time
of surgery were stored using 2 methods: filter paper and
CrudF tubes. These samples were prepared for sequenc-
ing at different times and in different labs at Penn State.
‘I'he initial set of samples was prepared in a lab conduct-
ing diagnostic microbiology, and the subsequent set was
prepared in a microbiology b: h lab. Both labs
used sterile procedures. None of the organisms identified
in patient samples were those under investigation in either
lab. Second, we sequenced both directly from PCR-am-

S
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plified fragments and from clones of PCR products. I'he
latter is more sensitive to detecting bacterial diversity and
is an excellent means of assessing contamination with
ubiquilous laboratory organisms. None were detecled.
Third, our phylogenetic analyses indicated that species
identified from different patients were not identical. If
sample contaminalion had occurred during processing,
the contaminating bacteria should be overrepresented
and identical. While our analysis docs show that identical
sequences related to A. juaii were recovered from sev-
eral patients, there is sufficient diversity among the Ac
netobacter sequences recovered to suggest that they do
not arise from a common origin. T'hus, even removing
the identical Acinetobacter sequences, our interpretation
of the relations among the Acinetobacter sequences and
the proportion of different bacterial classes would not
change. I'ourth, in our efforts to cullure viable organisms
[rom Cohort 2, we [ound no growth in any sample re-
tricved under sterile conditions at surgery, which is con-
sistent with both the quality of our retricval technique and
the local microbiological findings at the Mbale hospital
over the past 10) years.

Because the treatment for NS involving meningi-
tis/ventriculitis should be significantly more prolonged
than for NS that does not involve the nervous system,*'
the delineation of NS routes to ’IH becomes clinically
and economically important. It is believed that much of
the harm to the brain [rom well-treated meningitis is re-
lated to inflammation.'? Vascular inflammation produc-
ing thrombosis of arachnoidal and subependymal veins is
described in the pathogenesis ol the type of PIIT that we

J Neurosurg: Pediatrics [ Volume 7 [ Junuary 2017
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have observed,? as are the protrusions of (ibroglhial tults
through denuded ependyma,® and is consistent with our
hndmg% of arachnoidal and ependymal scarring and se-
vere leukomalacia in typical cases of PIH in anuda (kig.
1). The possibility of preventing the progressive formation
of ventricular sepla and loculations with corticosteroids
in PIH was discussed by Schultz and Leeds.* W hether
immune modulation®*'* during NS might reduce this de-
gree of damage (0 the brain in such patients remains an
open question.

Significant issues suggested by our (indings must now
be addressed. We do not know if the isolates we charac-
lerized were causative of PIIT or sccondary environmental
inlections. We perlormed environmental sampling only [or
culturable organisms, focusing on gram-negative isolates.
Patients in a certain number of cases presented with bloody
CSF despite meeting the criteria for PIH. and whether such
hemorrhages were postinfectious is unclear at present. We
have not excluded that viruses might play a role in these hy-
drocephalus cases.*” Although we screened all infants with
PIH for the presence of malaria parasites on blood smears,
we cannot exclude prior plasmodium infection from play-
ing a role in this syndrome. At the time of this writing, we
arc pursuing clinical trials characterizing clinically PIIT
versus non-PII1 in infants, as well as a trial characterizing
the microbiology of neonatal sepsis in Ugandan infants, 1o
[urther address these issucs.

Conclusions

As medical technology expands in developing coun-
tries and demands for the treatment of hydrocephalic chil-
dren increase, the present standard ol medical care con-

linues to focus on the lechnical neurosurgical treatment of

PIIT with a combination of ventriculoperitoneal shunts and,
increasingly, endoscopic third ventriculostomy with the ad-
Jjunctive use of choroid plexus caulerization 2 Neverthe-
less, most of the children who survive these infections have
severely damaged brains, and their future quality of life
will remain seriously impacted. Our findings suggest that
delineation of a microbial cause and prevention, rather than
surgical fluid diversion, will be needed to substantially im-
prove the present approach to these children.
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Hydrocephalus in Uganda: the predominance of infectious
origin and primary management with endoscopic third
ventriculostomy

BExJaMIN C. WARE, MLD.
CURE Children’s Hospital of Uganda, Abale, Uganda

Ohject. 'The aim of this prospective study
cy of endoscopic third ventriculostomy
to guide paticm selection.

Methods. "I'hree hundred consecutive children, 81.3% of whom were younger than 1 year of age, underwent ven-
triculostomy preceding LTV as an initial treatment for hydrocephalus, In 179 paticnts (60%) the hxdwcn,phalua was
caused by Lerebrmplndl (luid infection; in 76% of patients the infection had oceurred in the first month of life. In
229 patients (76.3%) 1{1'V was completed; 2% of patients were lost to follow up after less than 1 month and the sur-
gical mortality rale was 1.8%. The [irst ETV was success(ul in 115 palients (52%); the mean ollow-up period was
15.2 months. 'The mean time 1o repeated operation following a failed attempt al KTV was 1.5 months. Sixty-live
patients underwent a second endoscopy; 37 underwent a second 111V, of which 14 procedures (38%) were suc-
cess(ul (mean [ollow-up period 12.25 months). The overall success rate for ETV was 59%. Tn patients older than |
yeur ol age, 22 (81%) ol 27 with postinlectious hydrocephalus (PTHC) and 18 (90%) ol 20 with nonpostinlectious
hydrocephalus (NPIHC) the procedure was success(ul. The success rate of ETV among (hose patients younger than
1 veur of age was 39% (60 ol 101) Tor patients sulTering (rom PTHC and 40% (21 of 32) for those sulfering [rom
NPIHC Agc correlaled with success for NPIHC (p = 0 0002) and PIHC (p = 0.0421). "The success rale ol (he
surgery for palients with myelomeningocele and hydrocephalus who were younger than 1 year of age was 40% (8
ol 20). The success rale of the surgery for PTHC in infants younger than 1 year of age was 70% (44 of 63) among
paticnts with aqueductal ebstruction but 45% (14 of 31) among paticnts with aqueductal patency (p = 0.0254),
Fourth ventricular size as demonstrated on cranial ulirasonography or computerized tomography scanning predict-
ed whether the aqueduct was patent (p = 0.0001).

Conclusions. Infection is the most common cause of hydrecephalus in Tganda. In all children older than 1 year
ol age und in (hose younger than | yeur ol age with PICH and aqueductal obstructions, which were reliably pre-
dicted by cranial ultrasound imaging, TV was cffcetive.

qas to investigate the causes of hydrocephalus in Uganda, the effica-
TV in this cnvironment, and whether existing parameters should be used

Key WorDs «  endoscopic third ventricul v * hydrocephal . atal invitis ¢

ventriculitis +  myclomeningocele *  developing country ¢ pediatric ncurosurgery

HE incidence of hyvdrocephalus in Fast Africa is

very high. The use of shunis in a developing coun-

try—even if the difficulties of cost and availability
are surmounted—presents unique problems. The compl-
cations of shunt malfunction and infection are manageable
when competent ncurosurgical carc is available on an
urgent basis; in a situation like that in Uganda, however,
ready access to such carc is impossible for most paticnts
because of financial and logistical barriers. Long-term
shunt dependency is more dangerous under (hese circum-
stances than it is in the developed world.

Abbreviations used in this paper: AIDS = acquired immunode-
ficiency syndrome; BS= basilar artery, C cercbrospinal fluid;
CPX = choroid plexus cauterization; LTV = endoscopic third ven-
triculostomy; HIV = human immunodeficiency virus, NPIHC =
nonpostinfectious hydrocephalus; PINIC = postinfectious hydro-
cephalus; VP = ventriculoperitoncal.

J. Newrosurg. (Pediatrics) - Volume 102/ January, 2005

In adeveloping country, ETV presents an attractive option
for potentially treating hydrocephalus in a permanent way
without the use of a shunt and its attendant expensc, risks of
infection and malfunction, and nced for life-long mainte-
nance. The usefulness of ETV has been clearly demonstra-
ted in cases of aqueduclal stenosis in older children and
adults;*'>” however, questions have lingered concerning its
use in infanis,*"*"** in cases of hydrocephalus secondary o
and in thosc associated with myclomeningo-
cele.51% The majority of our patients present for treatment
when they are younger than 1 year old, and the most com-
mon cause of hydrocephalus appears to be infections such as
ventriculitis and meningitis. From the outsct, therctore, the
usetitlness of ETV in our setting was uncertain. Nonetheless,
the difficulty and danger of maintaming shunts in the envi-
ronment of a developing country provided compelling rea-
sons Lo study the ellicacy of ETV as the initial treatment for
hydrocephalus of all origing in children of all ages.
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Comparison of endoscopic third ventriculostomy alone and
combined with choroid plexus cauterization in infants
younger than 1 year of age: a prospective study in 550

African children

BenzamiN C. Warr, M.D.

CURFE Children’s Rospital of Uganda, Mbale, Republic of Uganda

i. The aim of L
charoid plexus
to ETV alone.
Metheds. A lulal of 710 t,l
bydrc 1]

were younger than | y
tious (NPTH) in 152 ¢

meun follow up was 19 months for TV and $
was superior (o that of BTV alone (47%) among infants younger than 1
combined procedure was superior in patients mth s myelomenin

0.0045) and thosc with NPTH ¢

7
nificant for PIIT (62% compared with 32% st
there was no di

tients at least | year of

cephalus in infants, particularly for tho

is prospective study was lo determine whether, and in which
trization (CPC) in combination with endoscopic third veniriculos

n Umicm ent ventriculose

.2 months for E

s, he outeome for bilul-
my (EL'V) was superior

7 as candidates for DTV as the primary
6(\ underwent a ¢ mnt‘inn.d ETV-CPC pro

-CPC. Overall, the suceess rate of BTV-CPA
:1gc (p =

success, p 5). Although thy ditference was not sig-
d out (pow . Fi

uccess tor each, p = 1.0000).

1 the two procedur

and the infection rate was less than 1%.
uccessful than KTV alone in infants younger than 1 v

rof age. Tn devel-

is dange L, TTY-CPC may be the hest option for treating hy

> with NPIT and myelomeningocele.

KEY WorDs *  hydroc 1l *

myel i ele  »  endoscopic third veniriculostomy

choroid plexus cauterization ¢ developing country  »  pediatric neurosurgery

wel-
aped countries because of the obstacles that prevent
0 competent inervention in the event of shunt mal-
iection. I have previously demonstrated e

cy of UTV as the priovary treatment for hydroceph-
atus in this context.®® An TV was successful in managing
h)dlouphalm without recourse 10 a shunt in more than
80%: of children older than 1 year of age, regardiess of the
cause of the hydrocephalus; Tiowever, among younger in-
fants (< 1 year old), only those with postinfectious chstruc-
tion of the aqueduct had an acceptable outcome (70% suc-
cess). For all other infants younger than 1 vear of age (with

nunt dependency in children with hydrocephalus is
more dangerous in cmerging countrics than in de

b
chareid plo

rosury: Pediatrics / Volume 103 / December, 2005

open aqueducts, congenital agqueductal obstruction, or hy-
drocephafus associated with a myelomeningocele) the suc-
oess of the BTV was 50% or less.® A hetter treatmient solu-
don needed to be developed for these infanis.

ecause a deficiency n CSF absorption may have con-
tributed o the faiture of TTVy among infants, it was de-
cided that the addition of hilateral CPC at the time of the
TV, to simultancously reduce the rate of CST production,
might improve the outcone. Although CPC alone has
been previously reporied,h 145 the combination of the
two procedures has not been investigated. Therefore, a
prospective trial was conducted in which a CPC was per-
formed in addition to an LTV, On this paper T compare the
outcomme of the combined ETV-CPC procedure with that
of ETV alone among 550 children in whom either proce-
dure was completed at the CURE Children’s Hospital of
Uganda berween Fune 2001 and December 2004 and iden-
tily the paticnt subgroups that appearced to benefit from the
combined procedure.
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Ciinical Material and Methods

Data Collection und Ciinical Evaluation

Data were coflected pr vely and entered into a Mi-
crosolt Access database (Microsoit Corp., Redmond, WA).
Clinical information included history, neurological exami-
nation, head circumicrence, and characier of the fontancl,
Laboratory data included CSF analysis at the time of the
operation. Radiological information included cranial wltra-
sonography and, when it became available later in the se-
ries, a head CT scan. Data recorded at the time of the oper-
ation inclnded a description of the intraventricular anatomy
and of the BTV procedure (inclading fonestraton of addi-
tional mentbranes below the iloor), whether the interpedun-
cular and prepontine cisterns were open ot scareed, whether
a seplostomy was performed, and the extent of the CPC.
The patients were categorized as follows according to the
origin of their hydrocephatus: PHH, NPIH, hydrocephalus
duc to a myclomeningocele. and PHH. Paticnts with PTH
and NPIH were further subcategorized (as previously de-
scribed) according to age and the statas of the agueduct as
noted at the tme of ventriculoscopy: Type A (<< 1 year old
with an open aqueduct). Type B (= 1 year old with an open
aqueduct), Type C (<< 1 year old with a closed aqueduct),
and Type D (= | year old with a closed aqueduct: Table
1).'® This scheme was not applied to patients with myelo-
meningocele, however, hecanse of the possibility of unoh-
served obstruction distal wo a patent ostivm. Patients with
PHH were 00 few in nwnber for further subdivision.

FPatient Selection

Berween June 2001 and December 2004, ETVs were
performed as the initial treatment in 55 i i
with hydrocephalus. The majority of

Tganda, but others were [rom Kenya, Tanzania, Malawi,
Somatia, Rwanda, Congo, and Mauritins. The mean and
median ages were 14 months and 5 months, respectivaly;
339 (63%) of 550 were 6 months of age or younger, and
443 (B19%) of 350 were vounger than 12 months of age. Af-
ter evaluatng the initial results. it was decided o perform
bilateral lateral ventricle C1XCs in addition to the ETVs ©
assess the henefit, if any, of the combined procedure among
the different paticnt subtypes.

in the first 230 consecutively treated patients, an LTV
alone was performed (with the exception of throe patienis,
who also underweni CPC). Tn the subsequent 250 patients,
a combined ETYV-CPC procedure was performed (with the
exception of 34 children who underwent ETV alone for
various reasons, including a scacred CP). Results of a pre-
liminary analysis in these initial 480 patients resulfed in re-
finement of the protocol for the final 70 patients as follows:
1y an ETV alone in patients at least 1 vear of age; 2) an
TTV-CPC in all infants with NPTH or PTH Type A (aque-
duct open); 3) an ETV-CPC in all infanis with myclome-
ningocele; 43 randomization of infans with PIH or NPIH
Type C (aqueduct closed) to cither an ETV or ETV-CPC.
Overall, a total of 266 patients underwent a combined
ETV-CPC, whereas in 284 ETV alone was performed.

Overview of Surgical Technique

The equipment used for the procedure inchuded a flexi-
bie endoscope (model 11282 BN), telecam (maode! ST. pal
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TABLL 1
Paiient subtypes based on age and agquedneial potency

Paticnt Type Age (yss) Aqueduet
A <1 open
B =1
C <1
i =1

20212020, xenon nova light source (model 20131320). a
Bugby electrocautery wire (all purchased from Kardl Storz
Co., Tutthingen. Germany), and a monitor (Triniron PVM-
TANSMDE;: Sony Corp., Tokyo, Japan). The details of ster-
ilization of the endoscope and camera, operative setup, and
the ventricnloscopy procedure in this setting have alrcady
been reported.”®

The floor was fenestrated with a Bughy wire just hehind
the dorsum sellae by applying briel pulses of electrocautery
on the surface followed by blunt penctration through the
floor. The wire was used 1o gradually dilate the opening by
gently strerching the tissues. (Fogarty microballoon cathe-
fers used by many neurosurgeons to dilate the opening were
not available.) The endoscope was passed throngh the open-
ing in the (foor and, when necessary, additional membrancs
(for example, the Liliequist membrane or arachnoid adhe-
sions resulting from prior inflammation) were peneirated
until the endoscope conld be passed froely into the in-
terpeduncular and prepontine cisternal spaces. I entry was
made anterior to the vertical portion of the Liliequist mem-
brane, obscuring the BA, blunt dissection was accom-
plished with the tp of the wire to fenestraie the membrane.
If the cisterns were found o be scarred from prior menin
tis, a similar technique of blunt dissection to open them was
also undertaken. The goal of this intracisiernal dissection
was the direct visualization of a “naked” BA, its branches,
and the cranial nerves. The endoscope was withdrawn from
the ventricnlostomy, and evidence for flow across the stoma
was noted.

As previously described, the lamina terminalis was used
as the ETV site il use of the oor was not feasible {usually
as a result of scarring from prior ventricnlitis), although this
is not the preferred site.®

Special mention should be made of performing the TV
in paticnts with a myclomeningocele. The variations in an-
atomy seen on ventriculoscopy among these paticnts bave
already been deseribed ' The typically enfarged massa in-
termedia only racely precluded access o the foor, which
was almost aiways thickened and revealed no evidence of
the BA position below. Interhypothalamic adhesions were
common but were usually preserved because (he [loor was
approached around them en passant. The floor was gently
and bluntly penetrated posterior to the infundibular roc
and anterior 1o e wammillary bodies, taking advantage,
possible, of a small segment of the floor that was often
thinned out. There was commaonly a prominent interhypo-
thalamic adhesion crossing the (loor in this vicinity. As the
floor was gradually penetrated, the dorsum sellae, piwmitary,
and brainstem came inw view. The endoscope was then
gently threaded over the wire into the interpeduncular and
prepontine cisternal spaces {after fenestration of the Lilie-
quist membrane if needed). which were typically very

J. Neuwrosurg: Pediatrics / Volume 103 7/ December, 2005
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Endoscopic third ventriculostomy alone and combined with CPC

operat] opic view of the CP in the right lateral ventricle
ighi: Same view demonsirating

Monre. Note the prominent superior choroidal vein,

st posterior (o the foramen of

Bugby wire. Nole blatching und shriveling of the CP as weli as progressive coagulation of the superior choroidal vein.

crowded from anterior displacement of the brainstem and
BA complex. In addition, the top of the BA was usually
displaced candally, with its bifurcation forming an acutely
angulated Y. As i other cases, blunt dissection of arach-
noid adhesions with the iip of the Bugby wire was some-
times required to open up the cistern.

After the LTV, attention was turned to the CPC. Begin-
ning at the foramen of Monro and gradually moving pos-
teriorly, the CP of the laieral ventricle was thoroughly cau-
terized using fhe Bugby wire and 1 low-voltage monopolar
coagulating current. In cases of severe ventriculomegaly,
a portion of the CP in the anterior roof of the third ventricle
was often available for canterization as well. Care was ta-
ken to avoid injury to the thalamostriate and internal cere-
bral veins or ependymal surfaces. Special attention was
paid to coagulating all ve within the CP completely, in-
cluding the superior choroidal vein along its entire length.
At the level of the atrium, the glomus portion of the CP was
thoroughly cauterized. Then, passing the endoscope posie-
rior (o the thalamus, its Gp was flexed and urned to direct
the procedure along the CP of the temporal horn, which was
then cauterized in similar fashion beginning [rom its an-
terior extreme and advancing the wire posteriorly along its
length. Cautery was continued until all visible parts of the
CP had been coagulated and shriveled (Fig. 1). For cascs in
which the septum pellucidmum was infact, a septostomy was
performed superior to the posterior edge of the foramen of
Monre 1o gain access 1o (he contralateral CP, in which the
same procedure was performed in the contralateral ventri-
cle. The bilateral CPC iypically added 15 to 30 minuwies ©
the entire procedure.

1 the CP was partially scarred from prior inflammation,
all resicual parts of the CP were cauterized. In several pa-
tients with PIH, the CP was sulliciently cifaced by scar tis-
sue such that no cauterization was possible. The patients
with a myelomeningocele typically had a redundant, robust
CP loosely tethered by a thin vascular sheetlike membrane

mber, 2005

eurosiry: Pediairics / Velume 1037 De

n addition to a carpet of CP adherent to the ependymal sur-
face along the curve of the thalamus.

In cases in which the child presented with infected, tur-
hid, or bloody CSF that precluded initial veniriculoscopy,
areservoir was placed for serial tapping until the fuid was
sufficiently clear, as described previousiy.™

Postoperative Follow Up

Patients were generally discharged from the hospital on
the 3rd postoperative day, unless their home was too far
away. When possible. they were then followed up at £, 3.
and 6 months postoperatively and every 6 months therea
ter. Paiients lost to [ollow up were aggressively soughit for
home visits, often deep in the village, by our social work-
ers, although this was not possible in regions of insecurit;
In follow-up examinations, head circumierence, character-
istics of the fontanel, symptoms, neurological examination,
and developmental progress were assessed. Cranial nitraso-
nography or hicad CT scanning was also performed at cach
visit.

Criteria for Success

Success was defined as the avoidance of shunt insertion
according 1o criteria that included a shilt in head circunler-
ence growih (0 a normal or less than normal rate as plotted
on a standard growth chart, decompression of the anteri-
or fontancl, relief from symptoms of clevated intracranial
pressure {(such as irrtability and vomiting), resolution of
eve findings (for example, sunsetting or sixth cranial nerve
palsy), and a deercase or arrest in ventriculomegaly as de-
termined on ulirasonography or CT scanning by using the
Hvans index or frontooccipital horn ratio.

Siatistical Analysis

Two-tailed probability vakues, as calculated nsing the
Tisher cxact test, were used to assess the significance of
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outcome differences between treatment groups. A proba-

value less than 0.05 was considered significant. and
statistical power greater than 0.8 wias considered neces-
sary to prove the null hypothesis.

Resuits

A combined ETV-CI’C procedure was performed in 766
and LTV alone in 284 patients, for a total of 550 patien
the 550 paticnts, 21 (3.8%) were lost to follow up at les ﬂ!dn
1 month postintervention, and these were excluded (rom any
farther analvsis. Scven patients died within 1 month of the
operation (1.3% surgical mortality raic). The mean {(ollow
up was 19 months for the ETV group and 9.2 months for the
LETV-CPC group.

Origin of Hydrecephalus

The origin of the hydrocephalus tn cach patient was clas-
sified according to previously described parameters.’ Brief-
Ly, the deslgmmon of PLH was given if there was 1) no his-
tory consistent with hvdrouplmlus at birth and either 2) a
history of febrile illness and/or scizures preceding the onsct
of chinically obvious hydrocephalus or 3) alternative con-
vineing {indings at the tinwe of endoscopy indicative of prior
ventriculitis. Patients without an apparent infectious origin
of the hydrocephalus were classified as NPIH with the ex-
ception of the myelomeningocele group or those i whom
the onty known antecedent was intraventricular hemorrhage
(PHH group). These were considered as distinet groups.
The onum was PTH in 320 pationis (58%), NPTH i 152
{28%) mvelomﬂhnvmek, in 73 (13%), and PHH in five
{1%:). Thh resudt continues fo confirm infection as the prin-
cipal causce of hydrocephalus in Uganda, as previously re-
ported.'®

Outcome Bused on Treatment

The results according to age are summarized in Table 2
Tor patients younger than 1 year of age, the ontcome suc-
cess m those undergoing ETV-CPC (66%) was significant-
1y beuer than that in those underpoing ETV alone (47%, p
< (L0001, This berier owtcome held we in infants with
myelomeningocele (76% compared with 35%, p = 0.0045)
and NPIH (70 % compated with 38%, p = 0.0025) and
approached significance in infants with PIH as well (62%
compared with 52%, p = 0.1607, power = 0.3), as present-
ed in Table 3. or patients 1 year of age or older, there was
no difference in outcome hetween the two procedures (80%
for cach. p= 1.0000).

The results for the various patient types (according to
origin of hydrocephalus, and whether the agueduct
was patent) are summarized in Table 4, Despite the small-
or mumbers among these individual groups, a significantly
superior cutcome for ETV-CPC was apparent among llu~
NPIH Type A paiients (63% compared with ‘O/r,
0.0037). The difference appeared marked for the PTH ! }/p&,
A proup as well, but only approached signilicance (37%
compared with 39%, p = 0.1687). For this group, there was
insuificient statistical power (0.3) to rule out a dilierence,
and a larger smdy group might have revealed a statistically
significant result, Thus, for infants with NPIH and PIH, the
advantage of the combined DTV-CPC procedure was most
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TABLE 2
Differences in owicome based on procedure and age
Paticnt Age
Procedure & Significunce =1 W =1 Yr Totud
ETV only
no.of successes (%) 08 (47) 47 (8D) 145 (54)
Lotal procedurcs 209 59 268
ETV-CPC
no. of successes (%) 14166 3300 174(68)
total procedures 4 41 255
p value 0ol 1,000 0.0012

pronounced among those with patent aqueducts (tat is, the
Type A group).

Among the other patient subtypes, the difference in out-
come between ETV and ETV-CPC procedures was not sig-
nificant. {Table 4), however, there did appear to be an im-
proved omteome for TTV-CPC in the NPTH Type C group
(78% compared with 34%, p = 0.1251) and the statstical
power (0.4) was not sufficient to rule this ont. The same
could be observed in pauunts with PIH Type D (83% com-

pared with 60%, p = 0.2357, power = 0.3). The number of
patients with PIH Type B w. ufficient to determine any
difference. The patients classilied in (he PIH Type C and
NPIH Type D groups did not appear to benefit from the ad-
dition of CPC. No conclusions can be drawn from the small
group of patients with PHH. each of whom wnderwent the
combined procedure.

The mean and median times to falture of the initial pro-
cedure among all patients were 1.8 and 1.4 months, respec-
tively. Amono patients who experienced failures, 93% prL-
sented within 6 months of the procedure and 75% within 2
months. Five children (2.5%) with {ailurcs, all with PIH.
presented Iate (> 12 months posioperatively). In 61 patents
with failure of the initial TTV or TTV-CPC procedure,
reopening of an occluded ETV or dissection of membranes
below the floor (with or without CI'C) was performed, lead-
ing to sustained success in 27 who have undergone follow
up of more than 1 month.

The overall surgical mortality rate (death [rom any
cause within 30 days of the operation) was seven (1.3%)
of 350. One paticnt died of ventriculitis, two of cardiac ar-
rest, one of aspirarion, one of pneumonia, and two of un-
documented illness at home. There were no intraoperative
deaths. In patients undergoing ETV alove, the mortality

TABLE 3
Differences in otitc
Rydrecephalus in patienis

s oFigia of
2 1 year of age™

Origin of Hydrocephalus

Procedure & Significance PH NPIH MM PHH
ETV only
WED 2 ER) 735 —
134 53 20 —
T ORI AT 2ED
total procedures 117 46 45 5

p value 0.0607  0.0025 O
* MM = my i ; — = not applicabl
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TABLE 4
crences in owicome for PIH and NFPIH by patient iype™

Patieat Type
Procedurc & Significance A B < D
j211]

TTV only

13 (39} 667y 54 a1y 9 {60y
33 9 13 15

no. of successes (%)
total procedures

8 (8Y) 4< ®5) 103

9 12

b value 0.5763 0 65203 0.2357
NPII
FTV only
n0. of successes (%) 320 46Ty 14 ¢34y 17100y
total procedures 23 3 26 17
Erv<

no. of

sses (%) 1561 6(6) 1408 (70
total pracedures 24 7 18 7
p value 00037 05394 01251 0.0761

as 1.8% (live) of 284 patients and in those undergo-
TYCPC it was 0.7 (lwo) of 266 patients. There-
fore, mortality rates did not increase with the addition of
CPC. There were no cramial neuropathics (except [or one
patient undergoing TV who had a transient mild ptosis)
or other newrological deficits. No patient suffered inury to
the BA, and there were no known endocrinopaihics. The
infection rate was less than 1%.

Discussion

The history of choroid plexectomy and CPC has been
reviewed by others. % The terms “choroid plexectomy”?
and “CP coagulation™ have also been used in reference 1o
the application of electrocautery to desteoy CP, but “CPC.,”
as used by Scarff, was scttled on for this report. Pople and
Eules™ described the largest clinical sexies involving endo-
scopic CPC in their retrospective study of 104 patients who
had been examined over a period of 20 years, with suffi-
cient data for evaluation obtained in 92. The mean and med-
ian ages at the time of operation were 2 vears and 5 months,
respectively. Only two of 18 patienis with obstructive by-
drocephalus were considered to have a successful outcome,
whereas 13 %) of 34 of rhﬂsc, with comnunicating hy-
drocephalus and 14 (47%) of 30 of those with hy dr(mph-
alus associated with spina bifida were successtul in avoid-
ing the need for a shunt. These patients had undergone CPC
in the tight and feft Jateral ventricles (many on separatc oc-
casions) via an oceipital approach by using a rigid endo-
scope. Other authors have reported the resulis of CPC for
hydranencephaly and chronic infected hydrocephalus in a
handful of patients.'"''¥ There have been no prior reports
concerning combined TTV and bilateral CPC progedures.

In this scries, care was taken 0 cauterize the eniire CP
thoroughiy in each lateral ventricle. This can be accom-
plished with the [exible, siecrable endoscope, as described
in Clinical Material and Methods. Tn contrast, other authors
have described cauterization that is limited ro the segment
of CP [rom the foramen of Momro to the wigone, 3 and it
has heen suggested that CP within the temporal horn is en-
doscopically inaccessible.”® In the present study, access t©
the anterior extent of the femporal hom CP was gained in
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: s, and the more complete canterization may have
contributed to the success. Furthormore, care was taken o
coagulate all vessels within the plexus, including the supe-
rior chorgidal vein. The procedure was not considered com-
plete until all visible parts of the CP and the associaled ves-
sels had been thoroughly blanched and shriveled. Although
the severity of ventriculomegaly usually encountered in our
practice (because of tardy preseniation} clearly facilitated
endoscopic access to the CP, the temporal horn could be ac-
cossed even i pationts with moderale ventriculomegaly.

I have previously described the hazards of fong-term
shunt dependency in sub-Saharan Africa and the advan-
tages as well as the efficacy of hydrocephalus treaiment by
ETV.® In that study. ETV alone was suceessful in more
than 80% of children at least 1 year of age regardless of the
cause of the hydrocephalus. In addition, in children young-
rthan 1 year of age who had PTH Type C an BTV was
successful in 70%. For e remainder of children younger
than 1 year of age, however, an LTV was successful in on-
Iy 31 o 48% of the various patient subtypes (NPH T pe
A, PIH Type A, NPIH Ty pe C, and h\dmu'phdlus a8
ated with m
with the T

reported outcomes ‘TVs in children younger than 6
months of age with aqueductal cbstruction that were the
same as those in children older than 6 months, and Hellwig
and coauthors® have recently provided an excellent review
of the literature.

1 postulated that the patients with open aqueducts who
were successfully treated by ETV alone may have had an
obstrection 10 CSF outilow {distal (0 the aqueduct ostium)
that was effectively bypassed by the ETV {as previously
sted by Kehler and Glienwols®, and that those who
had failures may have experienced them because of inad-
equate CSI absorption, whether or not any simultaneous
obstructive component existed. Similardy, ETVs may have
failed in infants with congenital aqueductal obstruction
{NPIH Type C). because sufficient exiraventricular CSF
pathways and absorptive capacity failed to develop. Con-
versely, in{ants with postinfectious (as opposed 10 ¢
ital) aqueductal obstruction (PIH Type C) may have done
well alter the ETV because their capacity for CSF absorp-
don could develop prior to the onset of ventriculitis and its
resulting obstructive hydrocephalus.

Tt followed thar for those in whom ETV failed because of
an imbalance between CSU production and absorption, re-
ducing the rate of CST production might remedy the prob-
lem in some cases. Milhorat and coworkers®? demonstrated
in a rhesus monkey model that bilateral lateral ventricular
plexcetomy reduced the rate of CSF production by approx-
imately 30%. Furthermore, although CPC alone has not
gained acceptance as a primary treatment for hydrocepha-
Tas, it has proven modestly successful among patients with
communicating hydrocephalus. ™

It was the premise of this study that for an infant in whom
the development of CST absorption had been inhibited due
1o congenital obstruction (NPTH Type C), even a (emporary
reduction in CSF production after bypass of that cbstruction
(by ETV) might allow the procedure to be inunediately suc-
cessful and allow for the further developmesnt of CSF
absorption. {This scenario could be the case even if al-
temative sources for CST production or any potential regen-
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cration of the CP allowed for wltimate restoration of the nor-
mal CSF production rate.) It was further postulated that Lor
infants in whom the aqueduct is observed to be open (Type
A PTH and NPTH) as well as {or infants with myclomenin-
2ocele, a reduction in CSF production through CPC would
potentially offset any imabalance between production and ab-
sorpton, whereas the ETV would bypass any obstruction to
CSF egress distal to the aqueductal ostium {and thus not ob-
servable by ventriculoscopy). This strategy seemed particn-
larly reasonable for the myclomeningocele group, as dis-
cussed later.

Whatever the explanation, paticnts younger than 1 year of
age benefited from the combined ETV-CPC procedure.
This benefit held trae in all infanis with congenital hydro-
cephalus (those with NPIH and myelomeningocele} and
neared stati significance in those with PIH a5 well.
Maost of the patients with myelomeningocele were observed
to have an open but narrow aqueduct on endoscopic mspec-
don: however, the cause of hydrocephalus in patients with
myclomeningocele is reported o be multifaciorial, stem-
ming from obstruction at some point along the aqueduct, the
fourth ventricufar outicts, the craniocervical j junction, or the
arachnoid granulations.* The latter concept mﬂke< the ETV-
CPC approach cspecially Iogical in these patients. (There-
fore, for the purposes of this study, the distinction between
open and closed agueduct was not made in the paticnts with
myelomeningocele. } For patients vounger than 1 year of age
with NPIH and PIH, the superiority ol ETV-CPC over ETV
alone was most evident among those with open aqueducts
(Type A). These pationt groups (myelomeningoceic and
Type A) were precisely those for whom it was hoped that
the addition of CPC would be heneficial. The NPTH Type C
group (infants with congenital aqueductal obstruction) also
appeared to have, as hoped, an improved outcome with the
combined procedure. Although the superior cutcome for
ETV-CPC did not reach significance for cither the NPIH
Type C or the PLH Type A group, the small numbers of pa-
dents in diese subgroups [ailed 1o provide sullicient
cal power to exclude this from bemu the case. As anticipat-
ed, there appeared 1o be no added benefit in undergoing
ETV-CPC for those with PIH Type C.

Tt must be pointed out thar in our Tast and Central Afri-
can paticut population, PHH in surviving premature infants
is rare, and the data presented here shed little light on the
cilicacy of ETV-CPC in this speciad group of patients.

For patient types older than 1 vear ol age (with the ex-
caption of NPIH Type D), the resulrs for LTY—CPC ap-
peared slightly hetter than for TV alone, but the differ-
ences lor these small numbers of patients were not
statistically significant. Tt is conceivable that for some an
ad\ranlqgg, mlghl have been demonstrated with a larger
study group.

Having conducted this trial in a randomized fashion
would have added weight to the conclusions; however,
when initial observations strongly suggested a benefit for
HTV-CPC over LTV alone, it w conviction that be-
ginning a randomized controlled m'xl would not be appro-
priate {because of insuf(i specially in our
unique circumstances. Only late in the serics was random-
ization bogun among groups in whom the benelit of the
combined procedure was not yer clear.

it could be argued that in the present case better results
with TTV-CPC might be due to a leaming ourve cffect
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(that is, improved technigue with the TTV alone), becanse
CPC was added o ETV in the latter half of the patient
series.” Although this is a consideration that would have
been climinated by a randomized controlled wial, it is an
unlikely explanation of the result. An analysis of the suc-
cess rate in the initial 50 children treated consecutively
(with > ] month {ollow up) undergoing ETV alone (28 of
50} compared with that in the final 50 children wreated prior
to the time CPC was added o the treatment protocol (26 of
50y demeonstrated no difference (p = 0.8417). despite the
experience gained over the intervening period of 1 year,
during which time LTV was performed in more than 100
additional children. Furthermore, an overall improvement
in the ETV technique with time should not account for the
remarkably different result between age groups on adding
CPC (<2 1 year, p << 0.0001; = 1 year, p = L.ODOO).

From this cumulative experience, then, with 550 paticnts
having undergone either ETY or ETV-CPC, it is apparent
that shunt placement.can be successtully avoided in most of
the patients, regardless of age or the origin of hydroceph-
alus. An V was successtul in 80% of children older than
1 year 2. The ETV-CRC combination was successful
in 73% of miants younger than [ year of age witli congen-
ital forms of hydmcephﬁlm and in 62% of those with hy-
drocephalus resulting from infection (Table 3). Perhaps the
most surprising and encouraging result was the (inding that
shunt dependency could be avoided from the very begin-
ning in more than 75% of infants with hydrocephatus and
myelomeningocele.

These results suggest that TTV-CPC is an cffective pri-
mary treatinent for hydro( ephalus in infants, especially in
doveloping countries. Not only might the longor-torm risks
of shunt dependency be aveided in the majority, but other
advantages may pertain as well. In our hospital. both the in-
fection and surgical mortality rates for shunt placement pro-
cedures are higher than those reported here for the ETV-
CPC procedure.” In emer countries in which poverty,
poor infrastructure, and political insceurity render shunt de-
pendency more dangerous, the ETV-CPC procedure may
prove to be a good alternative. The stark difference between
the respective practice cnvironments showld raise caution,
however, in interpreting the relevance of these data to devel-
oped countries. Although a strong argument. can he made
{or avoiding shunt dependency in developing countrics, any
long-term advantage of the nenroendoscopic treatment of
hydrocephalus in infants and children compared with shunt
insertion bas et to be proven, especially with regard o neu-
rocognitive ontcome and the incidence of late failure. The
importance of fonger follow up is understood, and this goal
will continue 1o be pursued.

Conclusions

The primary conclusions that can be drawn from this
study are as follows: 1} The ETV-CPC pmccdurd is supe-
vior to BTV alone in infants younger than 1 year of age.
particularly among those with NPIH and my elomenmm-
cele. 2) derogephﬂus can be treared successfully in the
majority of African infants and children without the use of
a shunt, but longer follow up with neurocognitive as
ment will be ne ry to determine whether this approach
is ultimately proferable.
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